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Al-based image recognition for flood management

(1,2) .y, ;n"nwmon

(1) NN TNI N2 NOTIN P1aN
(2) Newcastle University

Urban flooding, driven by climate change and rapid urbanization, poses significant challenges to cities
worldwide. In the UK alone, it is projected to affect up to 3.2 million urban residents by 2050, with annual
damages estimated at around £1 billion. Traditional methods of flood detection and prediction, such as
rain gauges, hydrological models, and remote sensing, though widely used, face limitations in real-time
accuracy and spatial coverage. In recent years, advancements in Al and machine learning, particularly in
image recognition component, have introduced new approaches to flood detection and post-disaster
analysis. Al models can analyze vast amount of visual data from sources like CCTV cameras and social media
to identify disaster events, offering the potential for faster and more accurate real-time monitoring
compared to traditional systems. This article explores the use of Al-based image recognition models for
real-time flood detection using images from CCTV cameras across the Tyne and Wear, a metropolitan area

in North-East England.
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Sequestration of Desalination Brine and CO; in Saline Coastal Aquifers
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Carbon dioxide (CO,) emissions from burning fossil fuels for energy are increasing globally and is one of the
main factors causing climate change and sea level rise. Additionally, Reverse Osmosis (RO) desalination,
which is one of the leading technologies for coping with the increasing water demand, produces about 0.4-
6.4 kg COx-eq m?3. Furthermore, the RO process also pollutes the environment with the rejected brine
generation and its subsequent discharge into the near-shore environment. The environmental hazards of
producing potable water through RO desalination must be mitigated for sustainable water and energy
nexus operation. In this work, we suggest mitigating these environmental hazards by saturating the brine
with CO; from an adjacent power plant and injecting it into the saline part of the confined coastal aquifer.
The CO,-saturated brine solution would sink to the bottom of the aquifer due to its higher density than its
surroundings and may also react with the host rock to form carbonate minerals. That may serve as a
sequestration method for storing CO; for a long time scale and eliminating the environmental impact of
brine discharge to the nearshore marine ecosystem. Here we show PHREEQC results for CO, sequestration
in Israel's deep saline coastal aquifer. We calculate CO, saturation levels in seawater (SW) and saline
groundwater (SGW) desalination brines under aquifer pressure, examining the resulting changes in pH and
dissolved inorganic carbon (DIC) concentrations. Our preliminary findings indicate that both SW and SGW
brines sequester considerable amounts of CO,, which leads to some dissolution of CaCOs and an increase
in pH values. In future work, we aim to explore the hydrological implications of this method and develop a

combined geochemical-hydrological model for this system.
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Development and Characterization of Integrated Nano-Sensors for
Organic Residues and pH Field Detection
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Meteorological ingredients of heavy precipitation and subsequent lake
filling episodes in the northwestern Sahara

Armon, M. (1,2), Rieder, J. C. (2), Dente, E. (3), Aemisegger, F. (2,4)

1) The Hebrew University of Jerusalem

(1)

(2) ETH Zurich

(3) University of Haifa
(4) University of Bern

The dry Sahara was potentially wetter in the past during the warm African Humid Period. Although debated,
this climatic shift is a possible scenario in a future warmer climate. One major line of evidence reported for
past green periods in the Sahara is the presence of paleo-lakes. Even today, Saharan desert lakes get filled
from time to time. However, very little is known about these events due to the lack of available in-situ
observations. In addition, the hydrometeorological conditions associated with these events have never
been systematically investigated. This study proposes to fill this knowledge gap by examining the
meteorology of lake-filling episodes (LFEs) of Sebkha el Melah — a commonly dry lake in the northwestern
Sahara. Heavy precipitation events (HPEs) and LFEs are identified using a combination of precipitation
observations and lake volume estimates derived from satellite remote sensing. Weather reanalysis data is
used together with three-dimensional trajectory calculations to investigate the moisture sources and
characteristics of weather systems that lead to HPEs and to assess the conditions necessary for producing
LFEs. Results show that hundreds of HPEs occurred between 2000 and 2021, but only 6 LFEs eventuated.
We find that LFEs are generated most frequently in autumn by the most intense HPEs, and characterize
their main ingredients. The runoff coefficient, a very useful characteristic to assess storm impacts on water
availability, ranges across five orders of magnitude for the 6 LFEs investigated; much lower than the ratios
often cited in the literature. Based on the insights gained into Saharan LFEs in the present-day climate, we
suggest that the initial filling and persistence of Saharan lakes may be related to changes in the intensity,
frequency, or synoptic pattern of HPEs, rather than a change to mean precipitation alone. Future studies
can leverage these insights to better assess the mechanisms involved in the greening of the Sahara in the

past and potentially in a warmer future.
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Hydrological modeling of a heterogeneous basin — the Lake Kinneret
Watershed, Israel

Ben-Zur, E. (1,2), Gvirtzman, H. (1), Gal, G. (2), Be’eri-Shlevin, Y. (2)

(1) The Hebrew University of Jerusalem
(2) The Kinneret Limnological Laboratory, Israel Oceanographic and Limnological Research

The Lake Kinneret Watershed (LKW), located in northern Israel, is a significant water system feeding the
largest freshwater reservoir in the Levant, Lake Kinneret. Over the past two decades the region has suffered
from water scarcity due to longer and more frequent drought years and increasing exploitation of
freshwater. These trends are expected to intensify due to climate change and population growth. The LKW
is characterized by high spatial variability of topography, precipitation and land use. Its main water source
is groundwater that is fed by a number of aquifers. A revised version of the Soil and Water Assessment Tool
(SWAT+), a physical, semi-distributed, and continuous watershed-scale model, was applied to study the
LKW surface and groundwater processes, including regions that have not been modeled to date. Currently,
the model is run with a focus on surface processes, as the main springs are simulated as point sources and
a time-series of their discharge is an input to the model. In the future, the model will be used to evaluate

the long-term effects of various stressors under climate change scenarios and water management actions.

Results of this version of the model show good correlation between observed and calculated monthly
discharges of the LKW main streams (e.g., NSE > 0.6 for Meshushim, Dishon, Hermon and Upper Jordan
streams). The watershed spatial variability is reflected by different values of the subbasins parameters. The
extended version of the model, which includes simulations of the phreatic aquifers of the LKW by
application of the gwflow module, is still under development. Preliminary simulations show a good fit
between locations of main springs and cells in the model with a ‘saturation excess’ flux. Using the extended
model, the LKW can serve as a case study of modelling a heterogeneous watershed, with an important
groundwater component. In addition, the model could be used as an operative tool for the management

of the LKW.
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Effects of ripple celerity on the fate of trace organic compounds in
streams and their streambeds

Gafni, A. (1), Acuna, T. (1), Villa, A. (2), Spahr, S. (2), Lewandowski, J. (2), Arnon, S. (1)

(1) The Zuckerberg Institute for Water Research, Ben Gurion University, Israel
(2) Leibniz Institute of Freshwater Ecology and Inland Fisheries, Germany

Trace organic compounds (TrOCs), including pharmaceuticals and personal care products, persist in aquatic
environments due to incomplete removal in wastewater treatment plants. Streams receiving treated
wastewater, stormwater runoff, or leaky sewer water often exhibit high TrOC concentrations, posing risks
to ecosystem health and water quality. Water and solute exchange between the stream and the sediments
(i.e., hyporheic exchange) facilitates TrOC attenuation by transporting contaminants into streambed
sediments, where biotransformation and other processes occur. However, the influence of hyporheic
exchange at high streamflow velocities, where the streambed is under motion, on the fate of TrOCs remains

poorly understood.

In this study, we conducted flume experiments under various streamflow velocities to quantify the effect
of streambed migration (celerity) and dissolved oxygen distribution on TrOCs attenuation. We hypothesized
that increasing celerity would initially enhance TrOCs removal due to greater hyporheic exchange flux and
oxygen penetration. However, at higher celerities, reduced residence time in the bed could limit
attenuation efficiency. Our results provide new insights into the interaction between streambed dynamics,
redox zonation, and TrOCs degradation. Understanding these processes is essential for improving water

guality management in dynamic stream environments.
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PFAS Contamination in Israel’s Water Resources: Pathways and
Distribution in Groundwater and Surface Water

Kessler, N., Katz, H., Gasser, G., Gal, H.

Israel Water Authority

Per- and polyfluoroalkyl substances (PFAS) are persistent environmental pollutants increasingly detected
in water bodies and drinking water systems worldwide. Over the past four years, nationwide water quality
surveys in Israel have included monitoring and production wells, wastewater, and effluent reservoirs. These
surveys indicate widespread PFAS contamination across Israel’s water supply network. During the winter
of 2024/2025, PFAS concentrations were monitored in surface water at selected locations, revealing
substantial levels. These findings reinforce previous surveys, demonstrating extensive PFAS presence
throughout Israel’s water system. Additionally, they suggest that surface water may play a significant role
in PFAS transport between water sources, possibly explaining contamination patterns that deviate from
typical groundwater transport dynamics. Understanding these mechanisms is essential for evaluating

contamination risks and formulating effective mitigation strategies.
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Assessment of Satellite-Based Soil Moisture Data in the Mediterranean
Region in Hydrological Perspectives

Kimchi, Y., Morin, E.

The Hebrew University of Jerusalem

Soil moisture (SM) is a critical water cycle component, affecting infiltration, runoff generation, and flood
risks. In the Mediterranean region, rising temperatures and decreasing precipitation alter SM distribution,
contributing to a declining trend. Intensifying rain events driven by climate change further challenge SM’s
flood regulation role. Therefore, accurate SM assessments are essential for understanding these dynamics.
However, the scarcity of in-situ measurements necessitates reliance on satellite-based data, which offer
global coverage but involve uncertainties. This study aims to evaluate the accuracy of satellite-based SM
data in the Mediterranean and explore SM dynamics under climate change. SM data from NASA’s Soil
Moisture Active Passive (SMAP) mission was qualitatively analyzed using hydrometeorological data,
including rainfall and streamflow from the Yarkon-Ayalon basin in Israel. Due to the lack of in-situ data in
Israel, SMAP data was quantitatively assessed against in-situ SM measurements from the REMEDHUS
network in Spain. The methodology included data preprocessing, quality control, spatiotemporal averaging,
pixel-based and spatial average comparisons, and time-series analyses to assess SMAP accuracy at event
and seasonal scales. Results indicate that SMAP captures general SM dynamics observed in the REMEDHUS
network, though accuracy varies across stations and seasons. Spatial averaging reduces these errors and
improves data reliability. Comparisons with rainfall and streamflow data in the Yarkon-Ayalon basin reveal
consistent dynamics, underscoring SMAP’s utility in capturing hydrological responses to rainfall events and
seasonal variations. Based on these findings, further analysis will examine extreme SM events across
various Mediterranean basins, identify their meteorological and hydrological drivers, and analyze SM
trends concerning climate change. These insights will improve understanding of SM dynamics, enhance SM
predictions under climate change, and support flood risk and water resource management in the

Mediterranean.
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Evaluating the processes contributing to PFAS transport from the
unsaturated zone to the groundwater

Kolade, S. (1), Klint, K. (2), Ronen, A. (1), Dahan, O. (1)

(1) Department of Hydrology and Microbiology, Zuckerberg Institute for Water Research, Ben Gurion University
of the Negev, Sde Boker, Israel
(2) GEO, Denmark

Per- and polyfluoroalkyl substances (PFAS) are persistent anthropogenic chemicals primarily discharged
from firefighting sites, industrial facilities, landfills, and wastewater treatment plants, contaminating water
resources and environmental biota.

Our study investigated the factors governing the downward migration of PFAS through the unsaturated
zone using laboratory experiments and field observations at contaminated sites.

At the laboratory scale, a combination of four PFAS compounds with different chemical structures —
representing the dominant PFAS types found at firefighting sites — was applied to a 3 m-long, 0.4 m-
diameter, unsaturated soil column. Water percolation, along with PFAS and Br transport across the column,
was monitored through breakthrough characteristics at multiple depths. Short-chain PFAS (PFHXA, PFPeA)
exhibited tracer-like mobility, while long-chain compounds (PFOS, PFOA) showed notable retardation and
complex mobility patterns. Competitive adsorption was also observed among co-occurring PFAS, favoring
the preferential transport of short-chain variants.

In the field, vadose zone monitoring systems, which enabled frequent collection of sediment pore water
and continuous measurement of sediment moisture variations, were used to track PFAS transport. Two
monitoring stations were installed:

i) A firefighting response site in Ashkelon, Israel
i) A firefighting training facility in Korsgr, Denmark

At the Ashkelon site, PFAS concentrations remained steady during the dry season but showed a significant
release during the wet season. Similarly, at the Korsgr site, high concentrations of both short- and long-
chain PFAS were detected, with substantial release occurring during periods of high water infiltration,
spanning from the land surface to the water table.

Findings from both the laboratory and field scales indicate that PFAS transport is generally a nonlinear,
water content-dependent process. This process is influenced by multiple factors, including the presence of
co-contaminants, PFAS chemical structure and adsorption mechanisms, climatic conditions, and
environmental media heterogeneity, which collectively impact flow dynamics.
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Impact of climate change on flash floods in Eastern Mediterranean
drainage basins

Levin, O. (1), Rinat, Y. (2), Morin, E. (1)

(1) The Hebrew University of Jerusalem
(2) Geological Survey of Israel

Flash floods are a major natural hazard in the Eastern Mediterranean region, causing significant damage to
property, infrastructure, and loss of life. Climate change plays a crucial role in altering rainfall patterns,
directly impacting flash flood behavior. The Eastern Mediterranean, recognized as a climate change
hotspot, is expected to experience more intense extreme rainfall events, but lower rainfall amounts, both
potentially affecting flash flood severity. However, key knowledge gaps remain. First, there is a lack of
event-based studies utilizing high-resolution distributed models essential for capturing flash flood
dynamics. Second, the impact of climate-induced rainfall changes on flash flood dynamics remains
uncertain, particularly given their sensitivity to basin heterogeneity and local rainfall characteristics. This
study investigates flash flood behavior in the Yarkon-Ayalon basin, a large Mediterranean basin in central
Israel characterized by high spatial heterogeneity. We employ the Grid-Based Hydrological Distributed
Runoff (GB-HYDRA) model, which was developed to capture flash flood dynamics. The original model was
modified to improve its ability to represent diverse and complex basin characteristics, various hydrological
processes, and rainfall variability. The latter is achieved using the high spatiotemporal resolution radar
rainfall data as the model rainfall input. To assess the model’s performance, we have simulated 40 historical
flood events of varying intensities and durations. The model is currently undergoing calibration and
validation, focusing on key hydrological parameters to enhance its representation of the basin’s
hydrological response. This process aims to refine parameterization and improve the agreement between
simulated and observed runoff volumes and peak discharges at different sub-basins, ensuring the model
can reliably capture flood behavior under different hydrological conditions and at intra-basin scale. Future
work will further refine the model and expand its application to assess the influence of climate change on
flood characteristics. By analyzing shifts in rainfall patterns and their hydrological consequences, we aim to
identify key drivers of flood response under evolving climatic conditions. The insights gained from this study
will contribute to a broader understanding of flash flood dynamics in Mediterranean basins and provide a

foundation for improving flood risk management strategies.
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Shifting Flood Regimes Under Contradictory Precipitation Trends

Morin, E. (1), Rinat, Y. (2), Armon, M. (1), Goldschmidt, Y. (1), Nussbaum, R. (1), Marra, F. (3)

(1) Hebrew University of Jerusalem
(2) Geological Survey of Israel
(3) University of Padova

Global warming is driving an increase in extreme precipitation events across many regions worldwide, often
leading to intensified flooding. However, other changing precipitation characteristics may counterbalance
this effect. These include reductions in total event precipitation, precipitation coverage area, duration, and
frequency. The interplay of these often-contradictory trends remains poorly understood, with limited

mapping and quantification available.

Through a series of studies focusing on the eastern Mediterranean region, we identify this area as
susceptible to these contrasting precipitation trends. Our research reveals a decline in average
precipitation and the number of wet days, alongside an increase in extreme precipitation events for return
periods ranging from 10 to 100 years. Furthermore, storm total precipitation, coverage area, and duration

decrease while conditional precipitation intensities rise.

When these trends are incorporated into hydrological models to simulate catchment responses and flood
impacts, the role of soil moisture emerges as a critical factor in flood regulation. Due to lower precipitation
amounts and wet days number, average soil moisture decreases. Despite heightened precipitation
intensity, this leads to diminished runoff in most cases. Additionally, smaller storm sizes reduce runoff-
contributing areas, resulting in lower flow discharges within concentrating channels. However, urbanization
amplifies these dynamics, as urban areas are more sensitive to increased precipitation intensities due to
limited soil moisture regulation. Consequently, in future climate scenarios, the largest runoff events
produce higher peak discharges and total runoff compared to historical conditions. In contrast, lower-
intensity events exhibit reduced peak and total runoff. These effects are intensified as urban impervious

surfaces expand, making precipitation intensity a dominant driver of urban runoff.

Our findings suggest that floods are not universally intensifying, even in the context of more extreme
precipitation. The dampening effects of other precipitation properties can offset flood magnitudes,

highlighting the complexity of flood behavior under changing climate conditions.
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Modeling of VOC Transport in a Large-Scale Thick Vadose Zone

Shalom, O., Lev, O., Gvirtzman, H.

The Hebrew University

Groundwater contamination by volatile organic compounds (VOCs) presents a pressing environmental
challenge, particularly in complex subsurface systems. As persistent pollutants, VOCs degrade water
guality, threaten ecosystems, and pose serious health risks, necessitating effective containment and
remediation strategies. In this study we employ transport modeling to investigate industrial contaminant
spreading in the Jerusalem Mountains, Israel, characterized by a thick, stratified, karstic, faulted, and folded
vadose zone, including two-story perched aquifers. Despite limited monitoring data and a 50-year delay in
detecting VOC leakage, our FEFLOW model successfully reconstructed key contaminant transport
processes, including convection, dispersion, retardation, volatilization, and attenuation. By integrating a
transport model with a calibrated flow model, we trace the evolution of the VOC plume over 70 years,
revealing critical dynamics within the vadose zone. Preferential flow occurs horizontally via perched
aquifers and vertically through faults, both enhanced by karstic networks. The vast extent of contamination,
with the plume reaching the deep regional aquifer several decades after the presumed onset of pollutant
dispersion, underscores the vadose zone's dual function as both a buffer and a facilitator of flow. While
rapid flow paths enabled the aquitards to be traversed, effectively spreading contaminants into the regional
water source, the majority of the unsaturated zone successfully contained the VOCs, mitigating their
migration toward residential neighborhoods and critical groundwater resources. Our modeling predicts
that, without remedial actions, the VOC plume will persist in the vadose zone, leaching slowly over time,
with negligible attenuation in the coming decades. By uncovering these dynamics, this research not only
aids local remediation efforts but also provides a framework for addressing similar challenges in complex

hydrogeological settings worldwide.
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The influence of Lake Kinneret level fluctuations on saltwater intrusion
through lacustrine groundwater discharge

Stein, S. (1), Sharabi, G. (2), Zilberman, T. (2), Levy, E. (2)

(1) Israel Oceanographic and Limnological Research, the Kinneret Limnological Lab
(2) Geological Survey of Israel

Lake Kinneret (the Sea of Galilee) is a key freshwater source in the water-scarce Eastern Mediterranean.
However, its relatively high salinity (~260 mg Cl/L) poses challenges for agriculture, groundwater quality,
and drinking water supply in Israel and Jordan. Salts enter the lake through onshore and offshore saline
springs (point sources) and seepages from surrounding sediments (non-point sources). Fluctuations in lake
and groundwater levels alter the hydraulic gradient, affecting Lacustrine Groundwater Discharge (LGD).
However, the impact of these changes on brine discharge and shallow groundwater salinity remains poorly
understood. To investigate these processes, shallow (~¥1 m) monitoring wells were hand-dug along the
shore near the Kinneret Limnological Laboratory. Groundwater was monitored using sensors (every 15
minutes) and water sampling (biweekly). Sensors recorded electrical conductivity (EC), water level,
temperature, dissolved oxygen (DO), and pH, while water samples were analyzed for major ions, trace
elements, and water isotopes (6'®0, 62H). Results show that as lake levels rose and flooded the monitoring
area, groundwater salinity increased. The hydraulic gradient between groundwater and the lake intensified,
leading to higher salt influx. Chemical and isotopic analyses revealed two distinct water sources: a fresh
end-member (Lake Kinneret water) and a saline end-member, a mixture of non-Ca-chloridic brine
(abundant around the lake) and fresh groundwater with a light isotopic signature. Since the saline end-
member is located beneath the lake, it contributes to well salinization when the lake level rises and
inundates the area. This occurs because the lake, as the lowest hydraulic head in the region, directs brine
flow toward it. This study demonstrates that lake level fluctuations influence brine discharge and
groundwater mixing. The monitoring approach can be applied to similar lacustrine environments to
distinguish water sources and LGD regimes, improving our understanding of saltwater intrusion in

freshwater lakes.
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