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Abstract

Climate change and desertification are pressing global challenges with profound implications for
ecosystems and human societies. This paper reviews the human and natural drivers of climate change,
summarizes recent direct observations and future projections, explores the connections between climate
change and desertification, and details the actions taken by the World Meteorological Organization
(WMO) to address these issues through observation, prediction, early warning, risk management, and
international cooperation. Climate variability and extreme weather events continue to intensify,
threatening food security, water resources, and sustainable development in vulnerable regions.
Understanding the interactions between land degradation and climate dynamics is essential for designing
effective adaptation and mitigation strategies. Improved monitoring and early warning systems can help
communities build resilience and reduce the impacts of droughts and floods. International collaboration
and capacity building are critical to managing transboundary climate risks and promoting sustainable land

management.
Keywords: Climate Change, Desertification, Early Warning Systems, Sustainable Land Management

Introduction

Climate change has become one of the dominant environmental concerns of the 21st century, intricately
linked with land degradation and desertification processes. Human activities have accelerated greenhouse
gas emissions, altering the Earth's radiative balance and amplifying natural climatic variability [1]. The
World Meteorological Organization (WMO) supports nations in monitoring, understanding, and managing
these risks through robust scientific and technical programs [2]. Climate change influences temperature,

precipitation patterns, and the frequency of extreme weather events, which in turn affect soil quality and
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vegetation cover. Desertification is not only a result of climate factors but is also driven by unsustainable
land management and overexploitation of natural resources. Drylands, which cover about 40% of the
Earth's surface, are particularly vulnerable to the combined impacts of climate change and desertification.
Rising temperatures can reduce soil moisture, increase evaporation rates, and intensify drought conditions,
further degrading arable land. Changes in rainfall distribution can lead to unpredictable water availability,
threatening agricultural productivity and food security. Communities living in arid and semi-arid regions
often depend directly on natural resources for their livelihoods, making them highly sensitive to climatic
shifts. Strengthening adaptive capacity, improving early warning systems, and promoting sustainable land
use practices are crucial for minimizing the socio-economic impacts of these interlinked challenges.
International cooperation, technology transfer, and knowledge sharing are vital for addressing the complex

interactions between climate change and desertification on a global scale.

Root Causes: How Humans and Nature Drive Climate Change

Climate change is influenced by both natural factors and anthropogenic activities. Among the primary
human drivers are fossil fuel combustion and extensive land-use changes [3]. These activities alter
atmospheric concentrations of greenhouse gases (GHGs) and modify the Earth’s surface properties that

affect the absorption and reflection of solar and terrestrial radiation [4].

Since the Industrial Revolution, the concentration of carbon dioxide (CO-) has risen dramatically from a
pre-industrial level of about 280 ppm to approximately 379 ppm by 2005 [5]. This increase is primarily
due to the large-scale burning of coal, oil, and gas [6]. Methane (CHa4) concentrations have increased from
around 715 ppb to about 1,774 ppb by 2005, driven largely by agricultural activities and fossil fuel
exploitation [7]. Nitrous oxide (N20) has risen from about 270 ppb to roughly 319 ppb over the same

period, mostly due to fertilizer use and animal husbandry [8].

While natural phenomena such as volcanic eruptions and solar fluctuations also affect the climate system,
the IPCC has concluded that human influence has been the dominant cause of observed warming since the
mid-20th century [9]. Human-driven deforestation reduces the planet’s capacity to absorb carbon dioxide,
accelerating the accumulation of GHGs in the atmosphere. Urbanization contributes to the heat island
effect, further amplifying local and regional warming trends. Industrial processes and waste management
also release additional greenhouse gases, adding to the radiative forcing on the climate system.
Agricultural practices such as rice cultivation and livestock rearing produce significant methane emissions,
which have a stronger short-term warming effect compared to CO.. Land degradation and soil erosion
caused by unsustainable farming diminish the ability of soils to act as carbon sinks. The combustion of
biomass for cooking and heating in many developing regions remains a notable source of carbon
emissions. Natural feedbacks, such as thawing permafrost, can release trapped methane, amplifying

warming trends. Oceanic processes and changes in sea surface temperatures also influence climate
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variability but are increasingly affected by human-induced warming. Addressing both direct emissions
and land use practices is critical for mitigating the human contribution to climate change while accounting

for natural system responses.

Signs in the Data: Tracking Today’s Changing Climate

Multiple lines of evidence confirm that the global climate system has warmed significantly. Eleven of the
twelve years between 1995 and 2006 rank among the warmest since 1850 [10]. Average global surface

temperature increased by approximately 0.76°C from the period 1850-1899 to 2001-2005 [11].

Significant impacts have been documented at continental and ocean-basin scales, including:

Rapid Arctic warming and dramatic sea ice loss [12];

Shifts in precipitation patterns, with more rainfall in high latitudes and decreases in many subtropical
regions [13];

Changes in ocean salinity, reflecting intensified hydrological cycles [14];

Modifications in wind patterns affecting regional climates [15];

Increased frequency and intensity of extreme weather events such as droughts, heavy rainfall, heatwaves,
and stronger tropical cyclones [16].

These observed changes align with the enhanced greenhouse effect due to human activities [17]. Glaciers
and snow cover in many mountain regions have continued to retreat, threatening freshwater supplies for
millions. Sea levels have risen due to thermal expansion and melting of ice sheets, posing risks to low-
lying coastal areas. Coral reefs are experiencing widespread bleaching events as ocean temperatures and
acidification levels rise. Many plant and animal species are shifting their geographic ranges in response to
changing climatic conditions. The length and timing of growing seasons have altered, affecting
agricultural productivity in multiple regions. Permafrost regions are thawing, which releases additional
greenhouse gases into the atmosphere. Heatwaves and prolonged droughts-have become more common,
stressing ecosystems and human communities. Observations show that extreme precipitation events are
increasing the risk of floods and soil erosion. Changes in climate patterns have also contributed to an
uptick in vector-borne diseases in some areas. Collectively, these direct observations underscore the

urgency of mitigation and adaptation efforts worldwide.
Looking Ahead: What the Future Climate Holds

Climate models project continued global warming throughout the 21st century, with the strongest warming
over land and at high northern latitudes due to positive feedbacks like the ice-albedo effect [18]. The global
average temperature is expected to increase by about 0.2°C per decade over the next two decades if current

emission trends continue [19].

Precipitation is projected to increase at high latitudes but decline in many subtropical and lower mid-
latitude regions, exacerbating drought risk and water scarcity [20]. Drought-prone areas are expected to
expand [21]. Hot extremes, heatwaves, and heavy precipitation events will likely become more frequent,

increasing risks of flooding, soil erosion, and land degradation [22]. These impacts threaten ecosystems
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and human livelihoods, particularly in vulnerable regions [23]. Rising sea levels will intensify coastal
erosion, inundate low-lying areas, and increase saltwater intrusion into freshwater aquifers. Small island
nations and delta regions are especially at risk from sea level rise and stronger tropical storms. Changes
in snow and ice cover will alter river flows and affect water supply for agriculture and hydropower. Shifts
in climate zones may lead to habitat loss and increased extinction risks for many plant and animal species.
Agricultural productivity could decline in some regions due to higher temperatures and water stress, while
others may see short-term gains. Food security will face new challenges as crop yields become more
variable under changing climate conditions. More frequent heatwaves could strain energy systems due to
rising cooling demands. Climate-related health impacts, including heat stress and the spread of vector-
borne diseases, are projected to increase. Urban areas may experience amplified impacts due to population
density and infrastructure exposure. These projections highlight the urgent need for robust adaptation

strategies and international cooperation to limit the magnitude of future climate change.

Drying Lands: How Climate Change Fuels Desertification

Desertification and climate change are strongly interlinked through complex feedbacks between land
degradation, rainfall, and soil processes [24]. Climate projections indicate significant hydrological shifts:
annual river runoff and water availability could rise by 10-40% in high latitudes and wet tropics but fall
by 10-30% in mid-latitude drylands [25]. Poor land management, combined with climate pressures, can

render soils infertile [26].
Impacts include:

Higher temperatures accelerating soil organic matter loss and nutrient leaching [27];

Declines in crop productivity in seasonally dry and tropical regions for even modest warming (1-2°C)
[28];

Severe impacts on African agriculture, including shorter growing seasons and shrinking arable areas [29];
Risks of salinisation and desertification in dry parts of Latin America [30];

Reduced water availability, hydropower potential, and crop productivity in Southern Europe due to
drought and heat stress [31].

These trends underscore the urgent need for integrated adaptation and land management policies [32].
Climate-driven desertification can intensify dust storms, which further degrade soil quality and air health.
Overgrazing and deforestation in drylands worsen the loss of vegetation cover, exposing soils to erosion.
Rising temperatures may shift dryland boundaries, expanding arid zones into previously semi-arid or sub-
humid areas. Changes in rainfall intensity can trigger flash floods, stripping topsoil and nutrients from
already fragile land. Communities in affected regions may face increasing food insecurity and forced
migration due to declining land productivity. Biodiversity loss in drylands reduces ecosystem resilience
and limits natural recovery from degradation. Climate change can disrupt traditional farming systems,
requiring new land management strategies. Socio-economic pressures often push marginal communities

to overexploit limited resources, reinforcing the desertification cycle. Effective climate-smart agriculture,
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reforestation, and sustainable water use are vital to break this feedback loop. International cooperation and

local community engagement are key to implementing sustainable solutions and restoring degraded lands.
WMO in Action: Fighting Climate Change and Desertification”

The WMO addresses climate change and desertification through several strategic programs and actions

[33]:

Upgraded Weather and Climate Surveillance: The WMO strengthens global, regional, and national
observing networks, ensuring high-quality data on atmospheric, oceanic, and hydrological variables [34].
Reliable observations are the foundation for accurate weather forecasts, seasonal outlooks, and climate
projections. By expanding observation coverage in vulnerable dryland regions, the WMO helps detect

early signs of drought and land degradation.

Proactive Risk Warning Systems: The WMO advocates for multi-hazard early warning systems that
provide timely alerts for droughts, floods, and storms [35]. Such systems enable governments and
communities to take proactive measures to protect lives, property, and natural resources. Early warnings

help farmers adjust planting schedules and manage water use more sustainably during dry periods.

State-of-the-Art Climate Forecasting Tools: Programs like the World Climate Programme and Global
Framework for Climate Services enhance forecasting capabilities [37]. Improved seasonal predictions
support decision-making in agriculture, water management, and disaster risk reduction. User-focused
climate services ensure that scientific information is translated into practical guidance for stakeholders at

all levels.

Hazard Exposure and Impact Assessments: By partnering with NMHSs, the WMO promotes hazard
mapping and assessments [38]. These tools help identify communities and ecosystems most at risk from
climate impacts and desertification. Understanding local vulnerabilities is essential for designing effective

adaptation strategies and policy responses.

Hazard Mitigation Strategies: Through initiatives like the Integrated Drought Management Programme,
the WMO supports mitigation strategies [39]. Risk management approaches emphasize preparedness,
response, and recovery planning to reduce the social and economic impacts of droughts and floods.
Integrated solutions combine scientific monitoring, community engagement, and sustainable land

management.

Strengthening Capacities and Collaborations: The WMO builds capacity and fosters collaboration with
the UNCCD and others [40][41]. Training programs, workshops, and knowledge sharing strengthen the
technical expertise of national meteorological and hydrological services. Collaborative projects encourage
cross-border cooperation in managing shared climate risks and addressing transboundary desertification

challenges.
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Key Findings and Final Thoughts

Climate change and desertification are two of the most pressing environmental challenges of our time,
with profound impacts on ecosystems, human societies, and global sustainable development goals. This
paper has outlined how human activities—especially the combustion of fossil fuels and unsustainable
land-use changes—are the dominant drivers behind the rapid rise in greenhouse gas concentrations and
the resulting changes in Earth’s climate system. Direct observations clearly show significant warming
trends, shifting precipitation patterns, sea-level rise, retreating glaciers, and more frequent extreme

weather events, all of which confirm the reality of human-induced climate change.

Projections for the 21st century indicate that these changes will intensify, with warming expected to be
greatest over land and at high northern latitudes. Vulnerable regions, such as drylands and subtropical
zones, face heightened risks of drought, soil erosion, biodiversity loss, and reduced agricultural
productivity. Desertification, driven by unsustainable land management and exacerbated by climate shifts,
threatens food security and livelihoods, especially in already fragile regions such as parts of Africa, Latin

America, and Southern Europe.

Recognizing these interconnected challenges, the World Meteorological Organization (WMO) plays a
vital role in supporting countries with advanced observing systems, effective early warning networks,
improved climate prediction capabilities, vulnerability assessments, risk management strategies, and
international partnerships. Its programmes help nations better monitor, prepare for, and respond to the dual

threats of climate change and land degradation.

In conclusion, addressing the twin challenges of climate change and desertification demands urgent action
at local, national, and global levels. Integrated policies that combine robust scientific data, sustainable
land and water management practices, community resilience building, and international cooperation are
essential. As climate impacts accelerate, institutions like the WMO provide critical leadership and
technical support to help societies adapt and safeguard ecosystems and livelihoods for current and future

generations.
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