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ABSTRACT
Introduction

Knowledge of groundwater resource potential is important for groundwater
management and sustainable use. Groundwater potential is directly dependent on
recharge (Tilahun & Merkel, 2009, 1443). Drying lakes and rivers, declining
groundwater resources, land subsidence, water contamination, water supply rationing
and disruptions, forced migration, agricultural losses, salt and sand storms, and
ecosystem damages are the modern waterrelated issues of a nation which was once
recognized as the pioneer of sustainable water management for thousands of years
(Madani, 2014, 315). The evaluation of the groundwater recharge is considered as an
important step to assess and manage the sustainable use of the groundwater resources.

Methodology

The WetSpass-M model, a GIS-based spatial distribution model, estimates groundwater
recharge. Cell-by-cell, this distributed model calculates water balance components—
including evapotranspiration, surface runoff, and groundwater recharge. Input data for
the model include meteorological data, such as temperature, precipitation, and wind
speed, sourced from meteorological, rain gauge, and synoptic stations from 2006 to
2020. We obtained topographic maps, including DEM with a spatial resolution of 12.5
meters, from ALOS PALSAR and then created a slope map.
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We extracted soil texture maps from the Global Soil Map (USDA), with a spatial resolution of 250 meters. We acquired
land use maps from the Sentinel satellite, with a spatial resolution of 10 meters at a global scale. We also used remote
sensing data, including snow cover data from the MODIS product with a spatial resolution of 5000 meters (MOD10CM)
and the Terra—Aqua combined 8-day product Leaf Area Index (LAI) dataset with a 500-meter pixel size (MCD15A2H).
We resampled all input layers to a 500-meter resolution, maintaining the same number of rows and columns. Then, we
converted them in ArcMap software to ASCII files to read by the WetSpass-M model. We prepared 180 raster files in
text format for each variable (15 years,180 months). Each raster layer consisted of 113 rows and 80 columns, with a
500-meter resolution. We calibrated the model using historical data and compared the estimated annual recharge values
for 2009 and 2019 with observed data obtained from the Scanlon method (Scanlon, 2002). We evaluated model
performance using metrics such as Kling-Gupta Efficiency (KGE), Percent Bias (PBIAS), Root Mean Square Error
(RMSE), and Mean Absolute Error (MAE). This model's flexibility allowed for incorporating diverse hydrological
parameters, thereby improving the accuracy of recharge estimates.

Results and Discussion

We conducted the model calibration based on the parameters listed in Table 1. We adjusted these parameters
until the initial values approached optimal levels. Subsequently, we input monthly data from 2006 to 2020
into the model. Except for the layers representing elevation, slope, land use, and soil texture, the remaining
data were applied monthly. The model outputs included runoff, evapotranspiration, total runoff, and recharge
amounts, with their annual sums for the specified statistical period presented in Fig. 4. In these maps, each
pixel represents the yearly value of each component in mm. As observed in this study, the western and
northwestern parts of the aquifer received more precipitation, with the highest runoff occurring in the west of
areas that experienced the most rainfall. High recharge values were noted in the northern, western, and
southern regions. In addition to precipitation, other variables, such as land use, influenced recharge amounts.
Specifically, pasture and certain agricultural areas exhibited the highest recharge, while residential areas
showed the lowest recharge values. Despite high rainfall in residential areas, a more significant runoff was
observed. Regarding evapotranspiration, the western and central parts of the watershed demonstrated high
rates due to substantial rain, whereas the northern areas exhibited lower evapotranspiration rates. Additionally,
from the annual average between 2006 and 2020, approximately 47.54% of precipitation was allocated to
recharge, 24.14% to evapotranspiration, 26.3% to runoff, and 2% to interception.

Conclusions

This research provides valuable insights into groundwater recharge dynamics in the Urmia aquifer basin. The
WetSpass-M model proved effective in estimating recharge rates and understanding the interactions of
hydrological components. The findings underscore the necessity of identifying high recharge potential areas
for sustainable groundwater management. Effective land use practices are essential to enhance groundwater
recharge and mitigate the risks of depletion due to excessive extraction. Awareness of areas with high recharge
potential serves as a strategy to improve water resources, preventing the depletion of groundwater reserves
due to excessive extraction. Additionally, optimal utilization of floodwater contributes to the sustainability of
aquifers. Identifying areas suitable for artificial recharge improves the speed and accuracy of research and
implementation efforts while avoiding unnecessary costs.
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Figure (4): Spatial maps of annual precipitation, b) recharge, ¢) ET, and d) runoff (mm) for 2006-2020
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Figure (5): Thiessen polygons for piezzometric wells in Urmia aquifer plain
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Figure (6): a) recharge layer from Scanlon method (mm/year), b) recharge layer by Wetspass in 2009
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