Turkish Journal of Agriculture - Food Science and Technology, 14(7): 5102-5108, 2026

DOI: https://doi.org/10.24925/turjaf.v14i7.5102-5108.8733

i/
P

Turkish Journal of Agriculture - Food Science and Technology

Available online, ISSN: 2148-127X | www.agrifoodscience.com | Turkish Science and Technology Publishing (TURSTEP)

Water Management Challenges and Adaptation Strategies to Climate Change

in Alanya, Tiirkiye

Sinan Kartal®", Firat Arslan'’

!Alanya Alaaddin Keykubat University, Faculty of Rafet Kayis Engineering Faculty, Biosystem Engineering Department, Alanya 07400

Antalya, Tiirkiye
*Corresponding author

ARTICLE INFO

ABSTRACT

Review Article

Received : 17.01.2026
Accepted : 03.02.2026

Keywords:

Climate Change

Water Management
Agricultural Adaptation
Tropical Fruits

Water Use Efficiency

Climate change has emerged as a major threat to agricultural sustainability and food security,
primarily through its impacts on water availability. Agriculture is highly sensitive to climatic
variability, and increasing drought frequency and extreme precipitation events place significant
pressure on water-dependent production systems. In Mediterranean-climate regions such as
Tiirkiye, growing water scarcity poses a serious challenge to balancing agricultural, domestic, and
tourism-related water demands. Recent shifts toward water-intensive crop cultivation in subtropical
areas have further intensified pressure on limited water resources. In regions such as Alanya,
inefficient irrigation practices driven by inadequate technical knowledge regarding crop water
requirements and irrigation scheduling contribute to excessive water consumption and reduced
production efficiency. Although modern irrigation systems are increasingly adopted, the absence of
volumetric water monitoring and parcel-level assessment of real-time crop water needs limits their
effectiveness. In addition, irrigation pricing mechanisms based on cultivated area rather than actual
water use reduce incentives for water conservation. This study emphasizes the need for integrated
adaptation strategies to enhance agricultural resilience under changing climatic conditions. Key
measures include improving water use efficiency through precision irrigation technologies,
strengthening farmer training and extension services, and modernizing irrigation infrastructure with
targeted public support. The reuse of treated wastewater also represents a promising alternative for
alleviating pressure on freshwater resources. Overall, sustainable water management, combined
with climate-resilient agricultural practices and innovative technologies, is essential for maintaining
productivity and ensuring long-term agricultural sustainability in water-stressed regions.
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Global warming and climate change are currently
perceived as one of the most significant threats to
agricultural production and food security in the 21st
century. Agriculture, particularly in terms of water
resources, is a climate-sensitive sector, with changing
climatic conditions especially droughts and extreme
rainfall events imposing significant pressure on
agricultural systems worldwide. In regions with a
Mediterranean climate, such as Tiirkiye, water scarcity has
become an urgent problem, and the balance between water
supply and demand is increasingly difficult to maintain.

Climate has continuously changed due to natural
processes throughout geological eras, from the formation
of the Earth to the present day (Gonenggil, 2008; Tiirkes,
2013). However, in recent centuries, human-induced
(anthropogenic) activities such as industrialization, fossil
fuel consumption, rapid population growth, urbanization,
and intensive land-use changes have significantly altered

this natural variability (Johns et al., 2003; Rosenzweig et
al., 2008; Tiirkes, 2008; Anderson et al., 2012; Abatzoglou
& Williams, 2016). As a result, atmospheric greenhouse
gas concentrations have increased, leading to a marked rise
in global temperatures since the 20th century (IPCC, 2001;
Hook & Tang, 2013). While the global mean temperature
has increased by approximately 1°C (ranging between 0.8
and 1.2°C) compared to the pre-industrial era (IPCC,
2018), this increase has reached nearly 1.5°C in the
Mediterranean Basin.

Rising global temperatures have caused significant
changes in the hydrological cycle and have increased the
frequency, intensity, and duration of extreme weather
events such as droughts, forest fires, floods, and
inundations (Trenberth, 1999; Meehl et al., 2000;
Easterling et al., 2000; Tiirkes, 2008). These extreme
events have direct and indirect impacts on socio-economic
sectors, ecological systems, and natural resources,
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particularly the agricultural sector. According to the
International Disaster Database (EM-DAT, 2018),
approximately 61.7 million people worldwide were
affected by extreme weather events in 2018 alone.

Within this context, the present study examines the
overall impacts of climate change in Tiirkiye, with a
specific focus on the Antalya Sub-region of the
Mediterranean Region. The vulnerability and adaptation
capacity of coastal settlements such as Alanya to risks
including sea-level rise and increasing temperatures are
analyzed, and key water management challenges along
with potential adaptation strategies are discussed.

Climate Change in Tiirkiye

Tiirkiye is located in the eastern Mediterranean basin,
within the Mediterranean macroclimate region of the
subtropical zone. Due to this geographical position,
Tiirkiye is among the regions most affected by global
climate change (IPCC, 2022; Anonymous, 2024). The
country is influenced by mid-latitude migratory pressure
systems and cyclones originating in the Mediterranean
Basin, with maritime tropical air masses associated with
the Azores High prevailing in summer and polar air masses
dominating in winter (Kogman, 1993; Ering, 1996; Erol,
2014).

According to the Sixth Assessment Report of the IPCC,
global mean surface temperature has increased by
approximately 1.1 °C since the pre-industrial era, and
global warming is projected to reach nearly 3 °C by the end
of the 21st century if current emission trends continue
(Anonymous, 2024). Climate change—induced hazards
such as droughts, floods, and extreme weather events are
already being experienced in Tiirkiye, and the country’s
vulnerability to these hazards is expected to increase
further in the coming decades (Anonymous, 2024). Over
the past 50 years, a marked increase has been observed in
both the frequency and intensity of climate-related
disasters across the country (Anonymous, 2024).
According to international assessments, Tirkiye is
considered one of the European countries that are
particularly vulnerable to extreme weather events (IPCC,
2022).

Numerous studies conducted across Tiirkiye reveal
statistically significant increases in temperature-related
indices (Kostopoulou & Jones, 2005; Erlat & Yavasl,
2011; Karabulut, 2012; Acar Deniz & Gonencgil, 2017;
Abbasnia & Toros, 2018; Diin & Gonenggil, 2021). In
contrast, a decreasing trend in annual precipitation
amounts and the number of rainy days during winter and
spring seasons has been reported for the Eastern
Mediterranean coasts (Gonencgil & Igel, 2010). These
findings suggest that the most pronounced evidence of
climate change is reflected not only in changes in long-
term averages but also in shifts in the frequency and
intensity of extreme events. As illustrated in IPCC (2001),
variations in mean temperature and temperature variance
substantially affect the probability distribution of climate
extremes. An increase in mean temperature results in fewer
cold and frosty days and more frequent extreme heat
events, while an increase in variance raises the likelihood
of both hot and cold extremes.

Given Tirkiye’s location within a semi-arid climate
zone, improving water quality, increasing available water
resources, and ensuring the sustainability of the
protection—use balance are of critical importance
(Anonymous, 2024). In this context, the Twelfth
Development Plan (2024-2028) emphasizes -climate
change adaptation and disaster risk reduction under the
framework of disaster-resilient living environments and a
sustainable ecosystem approach (Anonymous, 2023).

Adaptation to climate change has multidimensional
implications for ecosystems, economic sectors, and human
health (Anonymous, 2024). Adaptation can be defined as
the process of developing, strengthening, and
implementing strategies and policies aimed at mitigating
climate change impacts, managing associated risks, and
adjusting to changing climatic conditions. This process
requires an integrated and cross-sectoral decision-making
approach encompassing agriculture, food systems, water
management, public health, tourism, disaster management,
insurance, infrastructure, biodiversity and ecosystems,
energy, finance, urbanization, transportation, industry,
migration, and social development (Anonymous, 2024).
Recognizing the significance of adaptation policies,
Tiirkiye has taken concrete steps in areas such as
vulnerability and risk assessments, information systems,
and legal and institutional arrangements to enhance
national adaptive capacity (Anonymous, 2024).

Climate Change in Antalya

In the Mediterranean Basin, temperature increases
exceeding the global average are observed, particularly
during the summer months. This situation renders Antalya
and its surrounding areas among the regions most strongly
affected by climate change. An analysis of changes in
temperature and precipitation extremes in the region for the
period between 1980 and 2019 indicates that significant
climatic shift points occurred during the 1990s and the
early 2010s (Durmus et al., 2021).

Temperature Changes

e Average  Temperatures:  Average  maximum
temperature values generally increased by 2.4 °C,
while average minimum temperatures particularly in
coastal areas such as Alanya and Fethiye increased by
approximately 4 °C (Durmus et al., 2021). This
increase is considered one of the most serious
consequences of the climate crisis within the scope of
the study. Annual average temperature increases at the
Antalya and Alanya stations were determined to be
0.036 °C per year (Ozfidaner et al., 2019).

e Extreme Days: While the indices for frosty days (FD)
and icy days (ID) showed a decreasing trend, the
length of the growing season, which is important for
agriculture, exhibited an increasing trend. Frosty and
icy days, which are rare in coastal areas due to
maritime influence but more common in inland and
high-altitude areas due to continentality, generally
showed a decreasing tendency. In contrast, summer
days (SU) and tropical nights (TR) indices
demonstrated significant increasing trends, with a
greater increase observed at coastal stations.
Furthermore, analysis of the number of heatwave days
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(HWNTX90) revealed significant increases at the
Alanya station.

Urban Heat Island Effect: Average summer
temperatures in Antalya are relatively high. According
to long-term data for the 1971-2000 period, August
mean temperatures range between 26 and 27 °C,
increasing to 28-29 °C in coastal areas (Sensoy &
Demircan, 2007). In densely urbanized areas such as
Alanya, characterized by intensive construction and
high proportions of impermeable surfaces,
temperature increases are more pronounced. In such
settings, urban heat island effects can lead to
additional temperature increases of up to 12 °C
(Hawkins et al., 2004).

Precipitation Changes

Total Precipitation: In terms of precipitation extremes,
significant increasing trends were identified in coastal
areas particularly Demre and in high-altitude areas
such as Elmali facing the Mediterranean on the Teke
Peninsula, and it was found that extreme precipitation
events contributed most substantially to total
precipitation amounts. A decreasing trend in annual
mean precipitation has been observed in the Antalya
region (Eliasson et al., 2010). At the Alanya station,
decreasing trends although not statistically significant
were identified for both extreme and total precipitation
indices. In Alanya, global warming has altered the
precipitation regime in recent years, with long-lasting
winter rains increasingly replaced by short-duration,
high-intensity rainfall events. This shift enhances
surface runoff and leads to the transport of fertile soils
to the sea (Kuzkaya, 2024).

Seasonal Precipitation: Studies conducted along the
Eastern Mediterranean coasts indicate a decreasing
trend in both annual precipitation totals and the
number of rainy days during the winter and spring
seasons (Gonencgil & Icel, 2010).

Sea Level Rise: Coastal settlements such as Alanya are
located in highly sensitive geographical zones exposed
to the impacts of sea-level rise. Based on an analysis
of tide gauge measurements in the Eastern
Mediterranean for the period 1972-2009, the region
was identified as one of the Mediterranean areas
experiencing the highest rates of sea-level rise during
the 20th century, with increases of 1.57 mm/year in
mean sea level, 1.89 mm/year in maximum sea level,
and 1.36 mm/year in minimum sea level (Oztiirk,
2011).

Extreme Weather Events and Impacts

Heatwaves and Forest Fires: The increase in
heatwaves particularly at the Fethiye, Elmali,
Korkuteli, Burdur, Manavgat, and Alanya stations
indicates a heightened likelihood of forest fires in
these regions during the summer months, a
phenomenon that is already being observed. Antalya
and Mugla provinces experience wildfire disasters
more frequently and on a larger scale, causing
substantial impacts on local communities and
ecosystems (T.C. Cevre, Sehircilik ve Iklim
Degisikligi Bakanlig1, 2024). Rising temperatures can

also negatively affect ecosystems, agricultural
production, and tourism activities in Alanya.

e Agricultural Sector: Increases in average maximum
temperatures, the number of hot days, and heatwave
days contribute to crop scorching or yield losses, as
well as increased pest and disease pressure in
agricultural systems. Although the decline in frosty
days and the extension of the growing season in inland
areas may generate short-term benefits, intensified
evaporation and drought conditions associated with
higher maximum temperatures and prolonged hot
periods are expected to adversely affect crop yields
and agricultural water resources in the long term.
Potential impacts include a reduction in the CO:
absorption capacity of plants and water bodies,
declines in water quality and availability, deterioration
of soil quality and agricultural productivity, and even
biodiversity loss. Unconscious or inefficient
agricultural irrigation practices are likely to result in
declining water levels and may increase the risk of
lake desiccation in the Lakes Region. In addition, the
reduction of agricultural land is identified as a
structural weakness for Alanya.

e Tourism Sector: Changes in thermal comfort
conditions associated with rising temperatures are
expected to affect coastal tourism, which constitutes a
major economic sector for the region. Increasing
summer temperatures may lead to higher energy
demand, water supply constraints, elevated health
risks, thermal stress, and reduced air quality,
highlighting the need for targeted adaptation strategies
in the tourism sector. Furthermore, persistent increases
in summer temperatures may reduce Alanya’s
attractiveness as a tourist destination.

e Infrastructure and Settlement: These climate-related
changes, which significantly affect settlements,
agricultural areas, and water resources, necessitate the
implementation of essential adaptation measures and
infrastructure  investments.  Alanya’s  current
Environmental Master Plan does not sufficiently
incorporate spatial adaptation strategies that account
for climate change realities, thereby increasing the
city’s vulnerability (Gokge, 2018). Excessive
urbanization limits groundwater recharge processes,
while the expansion of built-up areas contributes to the
narrowing and loss of agricultural lands and
exacerbates multiple factors that negatively affect
agricultural production.

Water Management Challenges and Adaptation
Strategies to Climate Change

Alanya, as a coastal settlement vulnerable and exposed
to the impacts of climate change, faces significant
challenges in water management.

Water Management Challenges

e  Water Scarcity and Imbalance: Water scarcity is an
urgent problem in regions with a Mediterranean
climate, and the balance between water supply and
demand is becoming increasingly challenging.
Insufficient and irregular precipitation constitutes a
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significant problem in Alanya. Due to Tiirkiye’s
location within a semi-arid climate zone, improving
water quality, increasing the availability of water
resources, and ensuring the sustainability of the
protection—use balance are of critical importance.
Water resources are diminishing, and water quality is
deteriorating. From a basin-based assessment
perspective, while no substantial change in water
potential is expected in some basins, water scarcity is
projected in others.

Groundwater Use: Uncontrolled groundwater abstraction
increases pressure on water resources. Over-extraction
and pollution threaten the sustainable transfer of
groundwater resources to future generations (Antalya ili
2022 Yilt Cevre Durum Raporu, 2023). Groundwater
levels are declining, and most renewable aquifers are
subject to excessive abstraction at rates exceeding their
natural recharge capacity.

Increasing Population and Tourism: Rapid population
growth and migration have increased demand for
urban space in Alanya, resulting in high-rise and dense
construction, particularly in the city center and coastal
areas, along with a reduction in green spaces. This
process increases both domestic water demand and
water consumption associated with the tourism sector.
Per capita water use in hotels and accommodation
facilities is considerably higher than residential use,
with average per capita consumption in hotels ranging
between 300 and 600 liters per day (Cakir & Cakar,
2010). Consequently, pressure on water resources
continues to intensify due to rising population levels
and changing consumption patterns.

Agricultural Practices: The rapid expansion of
cultivation areas for water-intensive tropical fruits,
such as bananas and avocados, has significantly
increased pressure on water resources in Alanya.
Another major challenge is the limited technical
knowledge of producers regarding appropriate
irrigation timing and quantities. Irrigation through
open channels reduces irrigation efficiency and results
in substantial water losses (Cevik et al., 2000).
Unsustainable agricultural practices further increase
water consumption, intensifying pressure on water
resources in the agricultural sector.

Urbanization and Infrastructure:  Urbanization
contributes to environmental problems such as the
sealing of natural surfaces, habitat loss, and water
pollution. Inadequate infrastructure, ineffective land-
use planning and policy implementation, insufficient
investments, and building stock with low disaster
resilience weaken the resistance and adaptive capacity
of settlements to climate change. Moreover,
insufficient and delayed infrastructure maintenance
reduces system efficiency, while urban sprawl poses a
direct threat to agricultural and forest lands.

Lack of Water Management Plan: The absence of a
comprehensive water management plan for Alanya, or
the failure of existing plans to adequately incorporate
climate change-related risks, increases the city’s
vulnerability (Kuzkaya, 2024). In general, systematic
water use management practices are lacking, and a
specific national “Water Law” governing water

resource management in Tirkiye has not yet been
enacted.

Adaptation Strategies: To reduce Alanya’s spatial
vulnerability to climate change impacts and to
strengthen its adaptive capacity, various spatial
strategies and policy actions should be developed and
implemented (Gokge, 2018; Kuzkaya, 2024).

Strategies for Areas with High Potential Impact and

Low Adaptation Capacity (e.g., Alanya's Low-Elevation
Coastal Zone)

Coastal  Ecosystem  Protection:  Flood  risk
management plans should be prepared, and measures
aimed at protecting coastal ecosystems should be
developed. Storm-related damages in coastal areas are
particularly severe.

Infrastructure Improvement: Infrastructure systems
need to be improved particularly through increasing
drainage capacity and made more flexible to adapt to
flooding and saltwater intrusion. Establishing a more
resilient and adaptable urban infrastructure network is
essential (Anonymous, 2024).

Protection Areas and Evacuation Plans: Specific areas
should be designated as protection zones against flood
risk, and suitable locations for post-disaster
evacuation should be allocated. Priority should be
given to the identification, rehabilitation, and
transformation of urban areas exposed to flood and
inundation risks, the creation of evacuation corridors,
and the establishment of protection zones around
riverbeds (Anonymous, 2024). Within urban
residential areas, environmentally sensitive zones such
as water bodies, wetlands, agricultural lands, and
forest areas should be strictly protected, and urban
development should be restricted within designated
buffer distances.

Spatial Development Restriction: Spatial development
in low-elevation coastal zones should be avoided or
strictly limited due to high exposure to flooding and
sea-level rise risks.

Port Infrastructure Protection: Appropriate protective
and adaptation measures should be implemented to
safeguard port infrastructure against climate-related
hazards.

Strategies for Areas at Risk of Extreme Temperature

Increase (e.g., Densely Built Urbanized Areas)

Urban Greening: Urban greening should be increased
systematically (including residential roofs, gardens,
medians, playgrounds, and park areas) and made
accessible. Suitable areas should be designated as
"afforestation areas." This will help reduce the urban
heat island effect. The scarcity of natural surfaces and
green areas, coupled with the increase in covered
surfaces, exacerbates the impact of extreme heat in
urban areas.

Density Limitation: It is necessary to limit densities in
urban development areas and promote climate-
sensitive  building designs. Revising building
regulations to include safety measures and renewable
construction practices (e.g., raising foundation levels,
placing power supply boxes higher) is suggested.
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Climate-Sensitive Planning: Zoning regulations
should be reviewed and revised within the scope of
climate change, and guiding principles that consider
climate data should be developed (Anonymous, 2024).

Strategies for Areas with Moderate Potential Impact

and Low Adaptation Capacity (e.g., Forests, Agricultural
Lands, and Water Resources)

Urban Greening: Urban greening should be increased
systematically including residential roofs, gardens,
medians, playgrounds, and park areas and made
accessible to the public. Suitable locations should be
designated as afforestation areas. These measures
would contribute to mitigating the urban heat island
effect. The scarcity of natural surfaces and green
spaces, combined with the expansion of impermeable
and built-up areas, exacerbates the impacts of extreme
heat in urban environments.

Density Limitation: It is necessary to limit
development densities in urban growth areas and to
promote climate-sensitive building designs. Revising
building regulations to incorporate safety measures
and resilient construction practices such as elevating
foundation levels and placing electrical infrastructure
at higher elevations is recommended.
Climate-Sensitive Planning: Zoning regulations
should be reviewed and revised within the context of
climate change, and guiding planning principles that
explicitly consider climate data should be developed
(Anonymous, 2024).

Strategies for Areas with Moderate Potential Impact

and Low Adaptation Capacity (e.g., forests, agricultural
lands, and water resources)

Protection of Natural Areas: Forests and agricultural
lands should be strictly protected and not opened to
construction. Measures should be implemented to
safeguard agricultural and forest areas, as well as
ecologically sensitive regions located at the interface
of new and existing settlements (Anonymous, 2023a).
Water Resource Management: Population projections
should be aligned with the carrying capacity of
available water resources, and water resources should
be protected and managed accordingly. The
widespread use of alternative water sources including
rainwater, greywater, reclaimed wastewater, seawater,
and brackish water along with the establishment of
incentive mechanisms is necessary. In this context, the
reuse rate of treated wastewater should be increased to
15% by 2030. Basin-scale studies should be conducted
to determine total water footprint levels and to identify
reduction measures (Anonymous, 2023b). Increasing
groundwater recharge structures is also recommended.
Water consumption can be reduced through practices
such as rainwater harvesting and greywater reuse.
Furthermore, comprehensive studies on groundwater
bodies should be carried out, and water meters should
be installed at groundwater abstraction wells.
Sustainable Urban Form: To enhance energy
efficiency and reduce environmental pressure,
compact urban development should be prioritized over
dispersed urban sprawl.

Agricultural Crop Pattern and Irrigation: Agricultural
policies and legislation should be revised and updated
to establish a sustainable and competitive agricultural
sector that is resilient to climate change, compatible
with basin-scale water availability, and aligned with
the regional water budget (Anonymous, 2024).
Recommended measures include the adoption of
modern irrigation systems and the cultivation of
tropical fruit varieties with lower water consumption
requirements (Kuzkaya, 2024). The use of pressurized
irrigation systems should be promoted to improve
irrigation  efficiency (Anonymous, 2023b). In
particular, the installation of drip irrigation systems
should be encouraged, and irrigation efficiency should
be systematically increased. The reuse of agricultural
return flows is also recommended.

R&D and Innovation: Supporting and expanding
research and development (R&D) activities related to
climate change impacts and adaptation in the
agricultural sector is essential. In this regard,
strengthening policy and legal frameworks, increasing
data and information production, and enhancing
institutional capacity in water resources management
are critical priorities (Anonymous, 2024). Conducting
scientific research to generate evidence-based
knowledge and innovative solutions is strongly
recommended.

General Strategies

Integrated Planning: It is important to integrate climate
change adaptation into all policies and strategies
(Anonymous, 2024). Action options should be
developed based on sectoral vulnerability and risk
analyses.

Institutional Capacity: Strengthening institutional
capacities is essential to enhance the knowledge base
supporting decision-making processes and to improve
expertise, training, database development, monitoring,
and research and development (R&D) activities
related to climate change (Anonymous, 2024).
Addressing conflicts of authority and coordination
gaps among institutions involved in water
management is particularly important, as multiple
institutions in Tirkiye hold overlapping duties,
powers, and responsibilities related to water resources.
The development of comprehensive  water
management legislation is therefore critical. In this
context, basin-scale management plans should be
prepared and effectively implemented. Furthermore,
the establishment of monitoring and information
systems, the creation of inventories for surface and
groundwater resources, and the compilation of sector-
specific water consumption data are essential for
effective water and wastewater management. The
capacity of local governments to address climate
change challenges should also be strengthened.
Raising ~ Awareness: ~ Awareness-raising  and
educational activities should be expanded to
encourage public participation in climate change
adaptation efforts (Anonymous, 2024). Increasing
awareness among the general public and businesses
regarding efficient and responsible water use is
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necessary. In addition, integrating water literacy topics
into school curricula is recommended. Informative
and educational content should also be disseminated
through digital platforms, including social media, to
reach broader audiences.

Conclusion

Climate change poses serious environmental,
economic, and social threats to Tiirkiye, particularly to the
Antalya Sub-region of the Mediterranean Region.
Empirical evidence indicates that temperature increases in
the region exceed the global average, with minimum
temperatures rising significantly in coastal areas,
accompanied by a decline in the number of frosty days and
an increase in summer days and tropical nights (Durmus et
al., 2021; Ozfidaner et al., 2019). In addition, alterations in
precipitation regimes and ongoing sea-level rise further
intensify the vulnerability of coastal settlements such as
Alanya (Oztiirk, 2011).

Alanya’s water management challenges include
insufficient and irregular precipitation, uncontrolled
groundwater abstraction, increasing water demand driven
by population growth and tourism activities, water-
intensive  agricultural  practices, and inadequate
infrastructure (Arslan & Kartal, 2023; Kuzkaya, 2024).
Moreover, the failure of existing Environmental Master
Plans to adequately incorporate climate change
considerations significantly constrains Alanya’s adaptive
capacity (Gokge, 2018).

Addressing  these  challenges  requires  the
implementation of urgent and comprehensive adaptation
strategies. Proposed measures include the widespread
adoption of modern and water-efficient irrigation systems,
prioritization of low-water-consuming crop varieties, reuse
of treated  wastewater, improved groundwater
management, construction of water-harvesting structures,
and the implementation of public awareness campaigns
(Kuzkaya, 2024; Anonymous, 2023). In parallel,
expanding green infrastructure in urban areas, limiting
construction density, and adopting climate-sensitive urban
design principles are of critical importance (Gokge, 2018).

At the national scale, climate change adaptation
strategies and action plans are being developed, supported
by sectoral risk analyses and the formulation of adaptation
measures across multiple domains (Anonymous, 2024). In
order to effectively address these multidimensional
challenges, it is essential to strengthen legal, institutional,
administrative, scientific, human, and financial capacities,
to adopt integrated planning approaches, and to promote
collaborative solutions involving all relevant stakeholders
(Anonymous, 2024; Revi et al., 2014).

Ultimately, adapting to emerging climate realities by
understanding historical climatic norms constitutes a vital
requirement for ensuring the sustainability of both socio-
economic systems and the natural environment in the
context of climate change (Durmus et al., 2021).
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