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Key findings

* We applied the Soil & Wa-
ter Assessment Tool (SWAT),
which was originally developed
for porous medium, to per-
form high-resolution recharge
calculations for the karstified
Western Mountain Aquifer
(WMA).

The WMA shows great spa-
tial differences in groundwater
recharge. The northern and
western parts of the recharge
area contribute most to total
recharge.

About 34% of annual precipi-
tation enters the WMA as re-
charge.

According to two climate pro-
jection models, groundwater
recharge may decrease bet-
ween 6% and 25%.

Motivation
Groundwater recharge is an es-
sential component of ground-

water simulations that serve as
important assisting tools for ma-
nagement decisions. The accurate
estimation of recharge is critical
for sustainable water use on a cat-
chment scale. Recharge calcula-
tions for the Western Mountain
Aquifer (WMA) in Israel and the

West Bank have so far solely been
based on empirical equations and
therefore are limited in their spatial
and temporal resolutions. Empirical
equations calculate recharge of the
entire aquifer by using monthly or
annual means of precipitation data.
With the Soil & Water Assessment
Tool (SWAT;Arnold et al., 1998), we
calculate the entire water balance
for the WMA on a daily basis with
a particular interest in determining
groundwater recharge. The goal is
to create an accurate model that
shows the spatial and temporal dis-
tribution of recharge and is able to
simulate the effects of extreme we-
ather events.

Methodology

SWAT is a hydraulic-hydrological
model that is based on empirical
equations calculating the water cyc-
le within a defined system. It can be
used to assess water quantity and
quality. Furthermore, SWAT can si-
mulate the influence of different land
use types on the hydrological cycle.
For these calculations, SWAT requi-
res specific information about soil
properties, topography, vegetation,
and land use in a watershed.This in-
formation serves to create Hydrau-
lic Response Units (HRUs) in each
sub-catchment. The characteristics
of each HRU are combined with dai-
ly climate data (precipitation, max-/
min- temperature, relative humidity,
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solar radiation, wind) to calculate
the water balance on HRU scale
with empirical equations. SWAT cal-
culates the actual evapotranspirati-
on, surface and subsurface runoff as
well as recharge to the deep aquifer.
In addition to creating models on a
large spatial extent, SWAT works
over long periods of time with avai-
lable climate data. Therefore, it is
able to simulate long-term climate
developments as well as single ex-
treme weather events on the wa-
tershed, sub-basin, or HRU level.

Soil & Water Assessment
Tool (SWAT)

The Soil & Water Assessment
Tool (SWAT) calculates the wa-
ter balance on a daily basis with
spatial information about land
use, soil properties, and topogra-
phy, which form unique Hydro-
logical Response Units (HRUs),
and time-dependent climate
data. The calculations are ba-
sed on empirical equations and
provide accurate data with high
temporal and spatial resolutions.
The SWAT model can be cali-
brated with any observed data
such as surface runoff or actual
evapotranspiration and adjusts
sensitive parameters such as
transmission loss.
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Results

The problem of modeling a karst
instead of a porous aquifer is sol-
ved by simulating influent conditi-
ons within the wadis. This models
the fast flow component of karst
aquifers, while the large-scale per-
colation covers the slow flow com-
ponent. It was due to this addition
that surface runoff after extensive
rainfall events was able to decrease
rapidly after calibration.The calibra-
ted SWAT model shows high spatial
variations of groundwater rechar-
ge in the model area, which covers
around 80% of the WMA's recharge
area (Figure |). Overall, groundwa-
ter recharge shows similar trends
as precipitation, which decreases
with increasing elevation to the east
and south. On average, 34% of pre-
cipitation in the recharge area con-
tributes to groundwater recharge,
while the rest evaporates or beco-
mes surface runoff. SWAT calculates
an annual average recharge of 199
mm. After calibration, we applied
the SWAT model to predict futu-
re recharge rates based on climate
projections with resolutions of 3x3
(unpublished) and 8x8 km (Hoch-
man et al., 2018). In the long-term,
as total precipitation decreases, we
also observe a negative trend in
recharge (Figure 2). According to
the 8x8 km grid climate predicti-
ons, mean groundwater recharge in
2050-2070 is only 84% of the mean
recharge in the period 1980-2000.
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The observed decrease for the 3x3
km grid climate predictions is with
25% even higher.

Application

Calculating recharge in a highly kars-
tified aquifer is challenging but of
great importance due to its compa-
ratively lower storage potential. This
makes karst aquifers highly vulnera-
ble to potential decreases in preci-
pitation and recharge caused by cli-
mate change. With SWAT, we were
able to create the first high-resolu-
tion recharge map for the WMA. In

the future, the significance of each
land use type could be investigated
to provide more detailed manage-
ment recommendations that help
store water and slow down the
rapid congregation and downstre-
am flow after heavy rainfall events,
which will intensify according to
the climate models. Awareness of a
possible recharge deficit is import-
ant to adjust future pumping rates.
In addition, alternative freshwater
sources should be identified to limit
water stress in Israel and the West
Bank.

Figure 1:Annual means of precipitation, recharge, and the recharge/precipitation ratio on HRU

level for 1990-2018

Figure 2: Recharge projections based on 8x8 km and 3x3 km grid climate models.The additional

line graphs show the 10 year rolling means.
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