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10- Brier Score
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13- Calibration Curve
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11- Stratified k-Fold Cross-Validation
12- Receiver Operating Characteristic
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Figure 3- Twenty-one groundwater-influencing Environmental Factors influencing groundwater
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Table 1-Groundwater Resilience Index.
Index Name Formulation Information

Calamity Resilience CRS = Xt = Groundwater level time series
System (CRS) P (XteU and Xt U = Years when groundwater levels are
+1e8)/(P(XteU)) lower than the time series average.
S = Years when groundwater levels are
higher than the time series average.
C= Groundwater level
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Table 2-Interpretation of the relative importance of influential layers in CRS index modeling.

Layer name Layer weight Explanation
Distance from Fault 0.022 Despite low influence, statistically significant
Drainage density 1.383 Moderate impact, weaker than other variables
Plan curvature 1.937 Topography critically shapes pressure and geomorphology
Pumping well density 2.071 Human activity stresses groundwater resilience
Distance from industrial wells 2.097 Industry directly lowers groundwater levels
Mean groundwater draw down 2.273 Depletion layer drives aquifer dynamics and resilience
distance from River channels 2.282 Hydrology strongly linked to water resource resilience
Distance from agricultural wells 2.525 Agriculture directly and substantially affects resilience
Kernel density of pumping wells 2.525 Needs nonlinear models
Aquifer thickness 2.961 Dominant factor in regional resilience
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Figure 4-Analysis chart of relative layers significance along with standard error.
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Figure 6-Predicted map generated by the model.
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16- False Positive Rate
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15- True Positive Rate
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Extended Abstract

Introduction and Goal

In the coming century, with the intensification of droughts and increasing human activities on
groundwater resources, assessing the resilience of aquifer system as an important indicator of
water resource sustainability is of particular importance. Therefore, to measure the ability of an
aquifer to return to its desired state after hydrological pressures, a quantitative index (CRS) was
used as a criterion. The Marvdasht Plain, with 148,000 ha of irrigated farmland and 22,000
hectares of rainfed farmland, is the agricultural hub of Fars Province. However, due to excessive
extraction of groundwater resources, various challenges have occurred, such as falling
groundwater levels, subsidence, and numerous cracks, and the risk of subsidence is also evident
in the ancient areas of Persepolis and Nagsh-e Rostam. Therefore, this study was conducted with
a comprehensive approach combining the Weight of Evidence (WoE) model, advanced feature
selection techniques, and validation methods, with the aim of predicting groundwater resilience
in the Marvdasht plain watershed, and a practical and reliable map of the spatial distribution of
groundwater resilience in this plain was produced for management decisions.

Materials and Methods

In this study, 21 environmental, hydrogeological, and climatic variables were initially identified
as factors determining groundwater status and prepared in the form of raster layers. Then, using
a multi-step approach, features based on dispersion, correlation, collinearity, and mutual
information were selected. In this study, 10 of the most effective factors (including kernel density
of exploitation wells, stream density, distance from agricultural wells, distance from fault, surface
curvature, distance from industrial wells, average drop, aquifer thickness, distance from main
stream, production well density) were selected for final modeling.

Article Type: Research Article

*Corresponding Authors’ E-mail: ghazavi@kashanu.ac.ir

Citation: Alizadeh, S., Ghazavi, R., Omidvar, E. 2026. Forecasting the Rresilience of the Marvdasht Plain
Watershed Using a Combined WoE-Based Framework Watershed Management Research. 39(2): 116-137.
DOI: 10.22092/WMRJ.2025.371489.1647

Received: 22 November 2025, Received in revised form: 11 December 2025, Accepted: 21 December 2025
Published online: 22 June 2026

Watershed Management Research, Vol. 39, No. 2, Ser. No. 151, Summer 2026, pp. 116-137.

Publisher: Fars Agricultural and Natural Resources and Education Center ©Author(s)

OMOoN



https://doi.org/10.22092/wmrj.2025.371489.1647
https://orcid.org/0000-0009-2475-0795
https://orcid.org/0000-0002-5487-4710
https://orcid.org/0000-0002-8784-3646

Watershed Management Research Vol. 39, No. 2, Ser. No. 151, Summer 2026

The relationships between the CRS index and these factors were determined using the evidence
synthesis method and calculating WoE weights. By summing the WoE weights, the final
resilience map was generated and then classified into five classes based on the quantile
classification method. Model validation was performed using three methods: random cross-
validation, the bootstrap method (1,000 replicates), and calibration analysis.

Results and Discussion

The model validation findings showed that the model's performance in predicting the groundwater
resilience index (CRS) was very good (AUC = 0.920) and its statistical stability was reliable. In
the studied watershed, groundwater resilience was identified with different classes and
appropriate accuracy. The final map, was classified into five classes based on the quantile
classification method: very low (0 - 0.223), low (0.223 - 0.367), medium (0.367 - 0.503), high
(0.503 - 0.669), and very high (0.669 - 1.000). These classes reflected the inherent variability of
the data. Because based on the empirical distribution of normalized index sizes, which were
calculated from the combination of WoE weights of the effective factors, each class comprised
approximately 20% of the studied area. In this study, low resilience index values in most of the
area (mean = 0.48) indicated very low resilience of the aquifer system to hydrological pressures.
Consequently, zones identified with the lowest resilience should be prioritized for critical
management interventions, such as reducing groundwater withdrawals, implementing artificial
recharge projects, and establishing intensive monitoring networks.

Conclusion and Suggestions

Based on the results of this research, it is possible to identify the critical areas with the lowest
resilience. Therefore, it is recommended that, based on the results obtained, areas that are in the
very low resilience category should be given top priority in management planning, such as
reducing unauthorized withdrawals, implementing artificial recharge schemes, establishing
technical-legal protection and monitoring areas, and that strict monitoring be carried out in them.
Also, it is suggested that this modeling framework be used as a generalizable scientific basis for
assessing groundwater resilience in other critical plains in the country.
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