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Objective: Climate change stands out as one of the most pressing environmental
challenges of the modern era, exerting profound impacts on aquatic ecosystems—
particularly wetlands. This study investigates the influence of climate change on three
wetlands in Chaldoran County, West Azerbaijan Province—Pir-Ahmadkandi, Naver, and
Zavieh-ye Sofla—spanning the period from 1984 to 2023.

Methods: To achieve this, climate data were obtained from the TerraClimate database
and CMIP6 model outputs under four emission scenarios. Landsat and Sentinel-2 satellite
imagery, along with JRC/GSW data, were processed to evaluate changes in wetland
surface areas. Annual wetland extents were extracted and compared against climatic
parameters (temperature, precipitation, actual evapotranspiration, and snow water
equivalent) using time-series analysis, Pearson correlation, and multivariate regression.
Additionally, the Delta Method was employed for downscaled climate data to project
possible trends over the next 20 years.

Results: The results indicate that rising temperatures and evapotranspiration constitute
the primary drivers of wetland shrinkage. Pir-Ahmadkandi and Naver have lost over 27%
and around 20% of their surface area, respectively, whereas Zavieh-ye Sofla exhibits an
irregular, seasonal reduction due to human interventions and agricultural runoff.
Projections suggest that wetland surfaces—especially in Pir-Ahmadkandi and Naver—
will continue to decline, potentially exacerbating drought conditions, diminishing
biodiversity, and reducing water quality.

Conclusions: These findings underscore the necessity of implementing sustainable water
resource policies, controlling evaporation, and incorporating human impact assessments
into conservation measures. Moreover, harnessing advanced hydrological modeling
techniques and integrating remote sensing data with machine learning approaches may
offer more effective strategies for safeguarding these vital wetland ecosystems.
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EXTENDED ABSTRACT

Introduction

Climate change is recognized as one of the most critical environmental challenges of our time,
significantly influencing the structure and functions of wetlands. Rising global temperatures,
changes in precipitation patterns, and an increased frequency of extreme events such as
droughts directly impact these ecosystems. Wetlands serve essential roles in hydrological
regulation, carbon storage, flood control, and water purification; yet, when their water levels
decrease or they dry out completely, they lose these vital services and may even become net
emitters of greenhouse gases. Investigating the impacts of climate change on wetlands not only
aids in resource management but also provides valuable insights at a global scale regarding the
future of aquatic ecosystems. In this context, the present study focuses on the influence of
climate change on three wetlands—Pir-Ahmadkandi, Naver, and Zavieh-ye Sofla—in the
Chaldoran region (in West Azerbaijan Province, Iran) between 1984 and 2023. Given the
importance of these transboundary wetlands in local water supply and biodiversity
conservation, they serve as an appropriate case to evaluate both climatic and anthropogenic
effects on hydrological stability.

Methods

In this study, climate data were obtained from the TerraClimate database (spanning 1958 to
present) and from CMIP6 model outputs under four emission scenarios (SSP1-2.6, SSP2-4.5,
SSP3-7.0, and SSP5-8.5). Changes in wetland areas were derived using JRC/GSW data and
Landsat imagery (1984-2021), while Sentinel-2 images and the Scene Classification Layer
(SCL) were employed for 2021-2023 to enhance water-surface detection accuracy. After data
preprocessing, annual wetland extents were quantified and analyzed using time-series methods,
Pearson correlation, and multiple linear regression (MLR). These techniques evaluated the
relationship between climate variables (temperature, precipitation, evapotranspiration, and
snow water equivalent) and wetland surface area. To project future trends, the Delta Method
was applied to downscale CMIP6 climate projections, and regression models derived from
historical data were used to estimate wetland extent changes over the next 20 years.

Results

Findings indicate that rising temperatures and increased actual evapotranspiration are the
primary contributors to wetland shrinkage across the three sites, while precipitation has shown
no significant trend. Pir-Ahmadkandi Wetland lost over 27% of its area, Naver Wetland around
20%, and Zavieh-ye Sofla Wetland displayed irregular seasonal fluctuations. Correlation
analyses revealed that actual evapotranspiration exerts the strongest influence on Pir-
Ahmadkandi, whereas mid-year temperature has the most pronounced effect on Naver. In
Zavieh-ye Sofla, anthropogenic factors—especially artificial inflows from agricultural runoff—
have complicated straightforward climate-driven patterns. According to scenario-based
projections, Pir-Ahmadkandi may lose an additional 3% of its area over the next two decades,
and Naver could face up to a 10% reduction. Predicting changes in Zavieh-ye Sofla remains
challenging due to the significant role of human interventions. These findings are consistent
with other global studies emphasizing the vulnerability of wetlands to elevated temperatures
and evapotranspiration. Effective resource management and the adoption of strategies to
mitigate evaporative losses and human encroachments are therefore essential for safeguarding
these ecosystems.
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Conclusion

Long-term observations (1984-2023) underscore that climate change—especially rising
temperatures and evapotranspiration—significantly contributes to the decline of these critical
wetland systems. If current trends persist, these wetlands are likely to experience intensified
drought conditions, posing threats such as reduced biodiversity, degraded water quality, and
disruptions in carbon sequestration. Future research should consider sub-surface water tables,
water quality changes, and geomorphological dynamics for a more comprehensive assessment.
Employing advanced hydrological models like SWAT or VIC, alongside machine learning
approaches, can further refine wetland predictions and management strategies. Finally, this
study highlights the urgent need for sustainable water-resource policies and climate-mitigation
actions to protect and preserve these vulnerable aquatic habitats.

Keywords: Wetlands, Evapotranspiration, Climate Change, Remote Sensing, Water Resource
Management.
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