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Extended Abstract

Introduction

Hydrological fluxes are crucial for maintaining healthy ecosystems, serving as pathways for water, energy, and
essential nutrients. Surface net water flux (NWF), determined by the balance between infiltration and
evapotranspiration, plays a pivotal role in replenishing groundwater reserves. Understanding NWF is essential
for managing water resources effectively, particularly in regions facing increasing urbanization, agricultural
intensification, and climate change. The Urmia Lake Basin, in northwest Iran, exemplifies the challenges of
water management in a changing environment. This study investigates the mechanisms of NWF and its impact
on ecological and hydrological parameters within this basin, aiming to provide insights into sustainable water
resource management.

Materials and Methods

The Urmia Lake Basin, located in northwest Iran, encompasses approximately 51,801 square kilometers. It is
bordered by the Zagros Mountains to the north, the slopes of Mount Sabalan to the south, and the flanks of
Mount Sahand to the north, west, and south. The basin features Lake Urmia, a significant water body situated
1276 meters above sea level and covering approximately 5750 square kilometers. Surrounding the lake are 16
wetlands, highlighting the region's ecological sensitivity. This study investigates soil moisture dynamics using
Level 4 data from the SMAP satellite. SMAP data provides valuable insights into hydrological and climatic
processes, including runoff, flood modeling, and drought monitoring. Additional data sources include the
CHIRPS dataset for precipitation, MODIS products for evapotranspiration and vegetation indices, the GLDAS
2.2 product for groundwater volume, and local databases for Lake Urmia water levels. An analytical model,
developed by a previous research team, was used to estimate surface net water flux (NWF). This model relies on
direct soil moisture data and applies Warrick's solution to Richards' equation, a well-established model for
describing soil moisture dynamics. The model's advantage is its ability to accurately predict NWF without
requiring calibration, making it computationally efficient and suitable for environmental studies and water
resource management.

Results and Discussion

Analysis of surface net water flux (NWF) in the Urmia Lake Basin from 2015 to early 2021 revealed significant
fluctuations, indicating a strong seasonal pattern driven by hydrological conditions. Periods of increased NWF
coincided with rainy seasons, as increased precipitation led to higher surface and subsurface water flows toward
Lake Urmia. Conversely, NWF decreased during dry seasons due to heightened evaporation and transpiration,
reducing water inputs to the basin. The overall trend in NWF did not exhibit a consistent long-term increase or
decrease but was primarily influenced by annual and seasonal variations. Annual box plots showed stable
medians, but data variability across different years was notable, with 2018 and 2020 exhibiting particularly
significant fluctuations. These variations likely reflect climatic conditions or land-use changes, highlighting the
sensitivity of NWF to both environmental and anthropogenic factors. Further analysis using a correlation
heatmap demonstrated strong relationships between key environmental variables, including soil moisture,
vegetation indices, and Lake Urmia water levels. This underscores the interconnectedness of the ecosystem's
water dynamics. These findings are crucial for strategic water resource management, emphasizing the need for
comprehensive data and the consideration of water use policies to guide informed decision-making. This study
demonstrates how integrated data-driven approaches can enhance our understanding and management of water
resources in ecologically sensitive regions.
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Conclusion

This study estimated NWF in the Urmia Lake Basin from 2015 to 2020, using soil moisture data from the SMAP
satellite and an analytical model. The results show that NWF, which represents the balance between infiltration
and evapotranspiration, is a critical factor in maintaining the water balance and influencing Lake Urmia's water
levels. Seasonal and annual variations in NWF significantly impact soil moisture, precipitation, evaporation, and
groundwater storage. Furthermore, strong correlations exist between NWF and key environmental parameters
like soil moisture, the normalized difference vegetation index (NDVI), and land surface temperature (LST).
Effective water resource management in the Urmia Lake Basin necessitates a deep understanding of the complex
interactions between hydrological and ecological parameters. Such knowledge enables the development of more
effective management strategies to conserve water resources and protect associated ecosystems. This study
underscores the critical importance of utilizing satellite data and advanced modelling techniques to analyse and
manage water resources in a sustainable manner. Given the growing challenges posed by climate change and
human activities, developing methods for sustainable water resource management is essential for maintaining
ecosystem balance and meeting human water needs.
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Figure 2 - Time series chart of surface net water flux parameters, soil moisture, precipitation, ET, NDVI, LST, underground water
storage, and the water level of Lake Urmia.
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Figure 5 - Correlation analysis between hydrological and ecological variables of the Urmia Lake basin
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Monthly Pattern: Net Water Flux and precipitation
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Daily Net Water Flux(cm/d) over Urmia Basin for Different K Values
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Figure 7 - Model sensitivity analysis for parameter K
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