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karst ecohydrology perspective, this process results from complex interactions among
hydrogeological characteristics, structural features, vegetation cover, and climatic
conditions. The Dorfak karst-forested area in Gilan Province, characterized by humid
climate and complex topography, represents a typical example of ecohydrological
systems where groundwater recharge is strongly influenced by lithology, fracture
networks, soil type, forest cover, and climatic variables.

Methods

In this study, a modified APLIS model was employed to assess groundwater recharge
potential in this heterogeneous environment, incorporating not only classical parameters
but also ecohydrological variables including vegetation cover, drainage density, fracture
density, slope aspect, precipitation, and temperature. Spatial layers were prepared using
GIS and remote sensing data and weighted through the Analytic Hierarchy Process
(AHP). Subsequently, the final recharge potential map was generated using weighted
overlay analysis.

Results

Results indicate that 30.4% of the area exhibits moderate recharge potential (annual
recharge rate of 40-42%), while low (38-40%) and high (42-44%) recharge potential areas
comprise 23.1% and 22.4% of the region, respectively. Very high (exceeding 44%) and
very low (less than 38%) recharge potential zones account for 14.6% and 9.5% of the
study area, respectively. Analysis of results reveals a strong correlation between recharge
distribution and lithology, with karstic limestones demonstrating the highest recharge
potential. Annual recharge volume in this region, considering the mean annual
precipitation of 762 mm, and average recharge rate of 42%, is estimated at approximately
163 Mm3ly.

Conclusions

This study demonstrates that the modified APLIS approach, combined with AHP and
GIS, provides an efficient model for analyzing karst ecohydrology and assessing
groundwater recharge in humid, forested karst environments. The findings can serve as a
reliable basis for sustainable water resource management, protection of karst springs,
determination of water quality and quantity protection zones, and land-use planning in
forested areas.
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Extended Abstract

Introduction

Karst aquifers are vital freshwater sources globally, supplying about one-quarter of the world's
population. These aquifers exhibit complex hydrogeological behavior due to high permeability,
dissolution conduits, and structural heterogeneities, making recharge estimation a major
challenge in karst hydrogeology and ecohydrology. The recharge process is highly variable and
controlled by multiple interacting factors including lithology, fracture networks, soil properties,
topography, vegetation cover, and climatic conditions. In Iran, extensive carbonate units in the
Alborz and Zagros mountains require comprehensive understanding of karst hydrogeology,
particularly in humid, forested regions such as the Dafak karst-forested area in Gilan Province.
This region experiences abundant precipitation, steep slopes, and dense forest cover, creating a
complex ecohydrological system where groundwater recharge patterns are strongly dependent
on local conditions. The APLIS model (Altitude, Slope, Lithology, Infiltration, Soil), originally
developed by Andreo et al. (2008), is a widely used method for evaluating recharge potential
in carbonate aquifers. However, modified versions incorporating additional variables such as
forest cover, temperature, fracture density, drainage density, slope aspect, and precipitation
intensity improve estimation accuracy in humid and forested environments. This study aims to:
(1) assess the ecohydrological characteristics of the Dafak karst-forested area, (2) evaluate
groundwater recharge potential using a modified APLIS approach integrated with AHP
weighting and GIS analysis, and (3) quantify the annual groundwater recharge volume.

Method and Sampling Procedures

The study area is located in Gilan Province, southeastern Sefidrud River basin, covering
approximately 510 km2 of karstic formations. Elevation ranges from 73 to 2711 m above sea
level, with mean annual precipitation of 762 mm. A modified APLIS approach was employed
incorporating ten parameters affecting groundwater recharge. Digital Elevation Model (DEM)
with 12.5 m resolution was used to derive elevation, slope, and aspect layers. Lithological units
were classified from 1:100,000 geological maps into 18 classes based on permeability and
karstification potential. Soil types were classified as Alfisols, Mollisols, and Inceptisols based
on infiltration capacity. Infiltration-related parameters included: drainage density derived from
DEM stream networks, fracture density extracted from Landsat 9 imagery and geological maps,
precipitation interpolated from four meteorological stations using IDW method, temperature
estimated using elevation-temperature regression, and vegetation cover quantified through
NDVI from Landsat 9 imagery. Parameter weights were determined using Analytic Hierarchy
Process (AHP) with pairwise comparisons in Expert Choice software. Weighted layers were
integrated in GIS using Weighted Overlay analysis to generate the final recharge potential map,
classified into five categories: very low (<38%), low (38-40%), moderate (40-42%), high (42-
44%), and very high (>44%). Annual recharge volume was calculated using mean recharge rate,
total area, and mean precipitation.

Results

The modified APLIS model results indicate that 30.4% of the study area falls within moderate
recharge potential, representing the largest proportion. Low and high recharge potential areas
comprise 23.1% and 22.4% respectively. Very high and very low recharge zones account for
14.6% and 9.5% of the area. Strong correlation exists between recharge distribution and
lithology. Karstic limestone units (JK;, K;_;) in southern and central parts consistently display
very high to high recharge rates. Coarse alluvial deposits also exhibit elevated recharge
potential. Mixed carbonate-marl units show moderate to high recharge, while low-permeability
shale, marl, and volcanic units correspond to low and very low recharge zones. AHP weighting
yielded consistency ratio of 0.07 with lithology receiving highest weight (0.25), followed by
precipitation (0.15), fracture density (0.12), and vegetation cover (0.10). The mean annual
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recharge rate was calculated as approximately 42%, resulting in estimated annual groundwater
recharge volume of 163 million cubic meters.

Conclusions

This study demonstrates that the modified APLIS approach, combined with AHP weighting
and GIS integration, provides an efficient framework for assessing groundwater recharge in
humid, forested karst environments. Spatial distribution of recharge potential is primarily
controlled by lithology, with Karstified limestone units exhibiting highest recharge rates.
Ecohydrological parameters including vegetation cover, temperature, and fracture density
significantly influence recharge patterns and should be incorporated in karst assessments,
particularly in forested environments. The estimated annual recharge volume of 163 million m3
provides critical input for regional water balance assessments and sustainable groundwater
management. The methodological framework can be applied to other humid, forested karst
regions where conventional APLIS models may prove inadequate.
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