Technische .
Universitat

Berlin

MedWater

Sustainable management of politically and economically relevant
water resources in hydraulically, climatically and ecologically
highly dynamic carbonate aquifers of the Mediterranean region

(Duration: 1.7.2017 — 30.6.2020)

Prof. Dr. Irina Engelhardt
Fachgebiet Hydrogeologie, Institut fir Angewandte Geowissenschaften

SPONSORED BY THE
ﬂ% Federal Ministry
&9 of Education
o and Research

M e d GLOBALE RESSOURCE WASSER

Das Projekt wird vom Bundesministerium fur Bildung und Forschung (BMBF) im Rahmen der FérdermalRnahme ,Globale Ressource
Wasser (GRoW)“ geférdert.



MedWater — German Partners oy [

Universitat
Berlin

Koordination:
l'ﬁ « TU Berlin, Chair for Hydrogeology - Prof. Dr. Irina Engelhardt

German Partners:
Cm * University of Gottingen, Chair of Applied Geology - Prof. Dr. Martin Sauter

E UNIVERSITAT « University of Bayreuth, Chair for Ecology and the Environmental Sciences
- Prof. Dr. Thomas Koellner

I unversitit « University of Wiirzburg, Department of Remote Sensing - Prof. Dr.
Christopher Conrad, Dr. Sarah Schonbrodt-Stitt

VisDar “~- * VisDat GmbH - Dr. Micha Gebel

geodatentechnologie

* BAH Berlin (Office for Applied Hydrogeology) - Dr. Ruben Miller

Federal Ministry

GRoW Status Conference — Frankfurt, 20.02.2019 |||||||.= G ROW ﬂé I of Education
----- HH and Research

Page 2 -.
GLOBALE RESSOURCE WASSER




MedWater — International Partners ngh;,.-;;;-llﬁ
o

Montpellier Méditerranée Metropole, France - Dr. Arnaud Vestier ~

Mompelller

Mefropole

Sestancis peer Lo Terme dursble

(1= A

CIRA Centro Italiano Ricerche Aerospaziali — Dr. Edoardo Bucchignani
¢ MEKOROT

MEKOROT Israel National Water Co Ltd., Israel - Dr. Yossi Guttman e i
Hydrological Service Israel (HSI) — Dr. Yakov Livshitz | (i
Ben-Gurion University of the Negeyv, Israel - Dr. Meidad Kissinger Omses) /‘
Hebrew University of Jerusalem, Israel - Prof. Efrat Morin ersn

ARIEL\‘

UNIVERSITY

Ariel University, Israel — Dr. Yaakov Anker

1@

: O

Palestinian Water Authority, Palestine - Dr. Subhi Saham and Dr. Hazem Kitana

Federal Ministry

GRoW Status Conference — Frankfurt, 20.02.2019 ,|||“|ini'! 1& E G ROW * I ofﬁucat.onh
and researc

Page 3 e
M d GLOBALE RESSOURCE WASSER




Motivation ﬂﬁ

Universitat
Berlin

« The Mediterranean region is already
affected by water scarcity in many areas

« ltis expected to be a “hotspot” for climate
change

Temperature change [°C]
12°C

1°C

- Carbonate aquifers are characterized by a 2o« =5 == ol
high hydraulic diffusivity (T/S) which | __ __ .. "f"’"“”
implies a low storage capacity. : o

[ carbonate rock

— Carbonate aquifers require
dedicated water management concepts

— A fully integrated approach is needed
taking into account groundwater resources,
recharge, and the ecosystem.

Predicted mean change in temperature
and precipitation until 2090 (Hartmann et
al., 2014)
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What are the Effects of Climate Change? ;::::,;znﬁ

Simulation results (scenario RCP 4.5) for precipitation and
temperature between 2010 and 2070 in the recharge area of the
Western Mountain Aquifer, Israel, show:

Modelled Annual Average Climate Conditions in Recharge Areas of WMA

1000 BN Precipitation
. — P 10-year mean
* Increase in mean o — Tempersture |[ ¢
winter temperature > 2°C 5 e
£ N e
% 600 ~TRNT \""\»—-“\ o g
« 20% reduction in 10-year 2 (2
mean precipitation g oo 1 205
a
) 200 | I
« Clear trend of a reduction HH it -'M"IF. 1"11' 'r 0
of very wet years 0 | s
1980 2000 2020 2040 2060
Year

Visualisation Climate Prediction - CIRA
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What are the Specifics of Karst Systems? -|

Umversvt

« ~10% of the Earth’s continental area are carbonate rocks

» Karst aquifers supply ~25% of the world population with drinking water (Ford &
Williams, 2007)

« Carbonate systems show a highly variable hydraulic response to hydrological

waste rock d;?)loussts /
i
preferential flow paths , deposits orthogonal —J—j
,j:"f“ S joints/fractures 1

- = !
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S (L ol — - | |
\‘-.I. ". 4 ~ - [T
‘:\ } / ) shaft —;Jff _____ =S ‘ a fault
W = r{E\ widened = _ -
44-;3 fracture/joints i Ly -
E W i B 1
| _

""""""" i

Conceptual model of ————== — T ‘
infilration within karst | & o0 f ‘
(Kordilla et al., 2018) [Ty

=2 T = —— water table
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What are the Specifics of -"E
the Mediterranean Region? St

« Precipitation occurs as episodic and erratic events
* Recharge and discharge are often based on small numbers and highly variable

« High urbanization trend and population growth

1S
, This map doe <.
essarily ref ﬂect h
of the ESPON -
M ring Committee [’A.'
&
€.
o Density of
(3 - . .
o population in
ESP.N © Mcrit, ITAN, 2013 o me 1o
Population density —F F § F 0
(mhabltants /I km2) o 6 1o 2o 50 100 200 500 1000 2000 5000
Raster cell information at 5x5km, based on EEA, complemented with national s in the ESPON Space. In Neighbouring countries total population is distributed accordin

o accessibility to tra portnetw orks and validated against NASA satel II( magesa dUMZ
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What does the Integrated Approach of -I'E
MedWater consist of? L

Integrated approach accounts for:

* Interaction of climate change, ecology,
surface water and groundwater

« High variability of the hydrological system
and its event-based pattern

« Complex recharge mechanisms

Expected results comprise:
 Global transfer of the obtained results

« Optimized water management strategies

» Decision Support System (DSS)

GRoW Status Conference — Frankfurt, 20.02.2019
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What is the basis for process and
data based Water Management Tools?

Phase 1

WP2 and WP4

Ph
Wi

nomic
factors

Sce

Socio-eco-

Regional srst&m\

Water resources

* ground and
surface water

* sewage

* brackish water

* desalination

* water import

Indicator and Trigger-Response relationships

* food supply
* jrrigation
* drinking water

1

¥ CO, storage

¥ erosion control
|* nutrient storage
i* habitat services

Technische '
Universitat

Berlin

Technical
factors

M

b \Hﬁluhalfa:turs
0\ & Applications:

“ Regional system

Mountain-Aquifer, Israel / West Bank
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What is the basis for process and oy [

data based Water Management Tools? =
Phase 3
WP6 and WP7 Transfer into global

assessment matrix

Verification

at transfer locations
Alento catchment, Italy
Lez catchment, France

“ |Real-Time DSS
A3 |for optimal
. Imanagement of
¥~ . \vulnerable

-~ |carbonate
aquifers

CGMW (2010), Williams & Fong (2010) ; red = carbonate aquifers
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Statistical Model for
System Characterization

Technische .
Universitat

Berlin

Simplest, lumped parameter model, just based on precipitation and
spring discharge time series which predicts the system behavior

only in the observed domain.

« Transfer Function (TF) derived in the
frequency domain to convert input signal to
output signal (e.g. Dupuit, Linear Reservoir)

« The a coefficient represents the fraction of the
rapid bypass component (Moléant, 1999)

o
input ] : * Loutput
o) 1 Aquifer >

Combined Model
|H(w)|comb - |(Haquif(w)(1 _ a) + C()|2

GRoW Status Conference — Frankfurt, 20.02.2019
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Transfer Function

001
1

TF for idealized models in
frequency domain and influence of
rapid flow component a, varied
between 0 and 0.3 (Moléant, 1999)
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Single Continuum Model 1 i
considering the Karst Development

Berlin

Numerical model with reasonable data
demand and less predictive power:

Legend
Aquifer:
Upper Lower

Recharge Area
High Karst Density
Medium Karst Density

* Reduced number of parameter due to
data scarcity and parameter uncertainty

Low Karst Density

fEEEN

Minimal / unknown Karst

Geophysical Log Location

Paleocanyon Trace

* Increased density of conduits close to
paleo-canyons

Mediterranean Seg {

» Distribution of karstified areas that display
the genesis of the karst system during
the geological history

Pseudo-genetic Stochastic Karst
Simulator SKS (Borghi, 2012) to Modflow model that accounts for zones
generate the conduit network of karst density (Laskow et al., 2011)
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Total voids volum@cl.()()(}n;)

Soft Data Employed for Model Calibration ;::c::;:mﬁ

Berlin

Karstified zones and karst heterogeneity &3] ity | KT [ S8 | DF) [ Colivr
=& 0 250]0 200 [40 140 |0 35

from lithological data and geophysical _
borehole logs = -

|

High vertical heterogeneity of the WAB
displayed by total void volumes (Frumkin, 2006)
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Double Continuum Model -I.E
with a Deterministic approach o

Numerical model with high data demand and
high predictive power:

* Coupled model of surface and
subsurface flow

« Exchange between the two
domains (matrix and conduit) is
enabled using a Darcy-type head
controlled exchange term

W  Upper Aquifer

Discretization of the

gt L ERE i L WMA model
using
Yatta Fm. HydroGeoSphere
(HGS)
Lower Aquifer
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Factors beyond Hydrology that affect oy [

Universitat
erlin

Recharge and the Water Resources

The distribution of land use within the recharge area
of the WAB changed with respect to urbanization.

Legend
- Bare areas
' Cropland, rainfed L.’dln('.j usg .
distribution in 1992
Grassland
- Mosaic cropland

B vosaic natural vegetation

Mosaic tree and shrub

B shrubland

B sparse vegetation
B Trce cover needieleaved, evergreen

B uban areas Land use
D Recharge area Land use in the . distribution in 2015
[ israel-patestine border recharge area 2015
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Factors beyond Hydrology that affect -'.E
Recharge and the Water Resources L

MedWater also accounts for the impact
of different vegetation types on recharge

Mediterranean forest
Rainfall: 500-750 mm

Meonitoring units

Shrubs and grasses -
Mediterranean forest

Costal line sands -
Desert -
Negev mountain -

Arid south

~ Shrubs and Grassland \ 3
! Rainfall: 500-600 mm

Planted coniferous furest-
Loess areas -
West Negev dunes f;_ — :

Mot monitored
YT BﬂSi n —

Monitoring Units (State of Nature

Rainfall: <350 mm Report, 2016)
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Scenario Analysis — Water Supply -I'E

The numerical models allow for the implementation of climate
prediction calculated for Israel (MedCORDEX, Italian Aerospace

Research Centre) Consecutive Dry Consecutive Wet
Days, Winter days Days, Winter
= 10 = 2
« RCP4.5 climate scenario . I

7

 8km grid, focussed on Israel . |
4
« Daily time-step from 1980 to 2071 3
12
11

10 10
1-1
=2

Predictions:

* less rainfall, but more extreme events

* In winter longer dry periods (up to 8 d)
and shorter wet periods (up to 2 d)

-10 -2
Difference between ref. period (1981-2010)
and projection period (2041-2070)
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Definition of Socio-Economic Scenarios: -l

Three Scenarios from variation of
Six Management Factors:

F1.
F2.
F3.
F4.
F5.
6.

Irrigation efficiency

% water supply from desalination
% land area for agriculture / urban
% waste water treated

% land area for nature

Per-capita water consumption

Repeated for three population projections:

Climate Scenario: RCP4.5

ﬂigh-variant population projection

ﬂ/ledium-variant population projection

/ Low-variant population projection

/1 Baseline S2: Nature Conservation
F1 F1 |=S1 F4 (> S1
F2 [From F2 [= S1 F5 |> S1
National E3 |<s1| [F6 |< S1
F3
” Authority \ 4
= I\P/IIaster /83: Resource Intensive )
— ans F1]>s1| [Fa> st
o /| [F2lzs1| [F5]<st
F3 |> S1 F6 |> S1
\ q )/

Umversvt
Berlin

S1: “Baseline”:

« All factors from national authority
Master Plans

S2: “Nature Conservation”:
e < urban/agricultural land

> wastewater treatment rates
> |and for nature conservation
* < per-capita consumption

S3: “Resource Intensive”:
« > jrrigation efficiency

« > reliance on desalination
e > urban/ agricultural land
« > wastewater treatment rates
* < land for nature conservation
e > per-capita consumption
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Definition of Socio-Economic Scenarios

“Baseline” scenario based on national authority Master Plans:

14
— - Low Variant
2 124 — Medium Variant
g —— High Variant
E 10
S
:% 8 z.’—:‘"::--""”’
= /.’-2:"’
EL 6 \ne g?—?‘:’
g |pale==®
L=
4 Data: UN-DESA (2017)
2015 2020 2025 2030 2035 2040 2045 20
West Bank Water Demand
1200 Data: National Water
—— Urban total and Wastewater Policy
— i . and Strategy for |
- 10001 —— Industrial total Palestine (2013)
E‘ —— Agricultural total
O 8007 — Total demand
=)
S 600-
c
£ 400-
GJ //'

UN Population Projections

50

O T T T T T T
2015 2020 2025 2030 2035 2040 2045 2050

Year

GRoW Status Conference — Frankfurt, 20.02.2019
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Israel Water Sources

Data: Israeli Water Authority Master Plan (2012)

Supply (1000 MCM/a)

o

15 2020 2025 2030 2035 2040 2045 20
Israel Total Demand

50

Data: Israeli Water Authority Master Plan (2012)

e —

0 T T T T T T
2015 2020 2025 2030 2035 2040 2045 2050

Year
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Natural freshwater

Brackish (direct consumption)
Treated wastewater
Desalination of brackish waters
Desalination of sea water
Additional Required

Total supply

Urban total
Industrial total
Agricultural total
Environmental total

—— Reservoir storage total

Total demand
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Import and Export of Virtual Water ;::c::;:mﬁ

Berlin

Development of interregional SWAT models to examine virtual water
fluxes and its impacts on ecosystem services and wetland biodiversity

Brazil: ﬁ
=

« import of virtual water via

wheat, maize, and soybean
(60% of all crop imports) mainly
from USA, Ukraine and Brazil

« export of virtual water via
potatoes (28% of crop exports), j :
vegetable (18%), fruits (13%), Representati:/e watersheds for Iérel’s

i virtual water imports cosystem rops and
juices (10%) and cotton (2%) P Ecosyst crop

virtual water flows

=

SPONSORED BY THE

impacts

Federal Ministry

* of Education
o and Research

GLOBALE RESSOURCE WASSER

GRoW Status Conference — Frankfurt, 20.02.2019
Page 20




Multi-Objective Optimization (MOO) -I.E

Development of an external MOO-Algorithm for simulation-based optimization

Definition of contrary fitness criteria (e.g. salt water intrusion due to overpumping,
reaching the “green or red line”, minimize energy consumption, etc.)

Input:

« Groundwater level from the calibrated IO -
groundwater model Optimization
extraction rates, ecology, alternative Multpicator __ Muliplicators

water resources

Extraction
Extraction

Output:
* Optimized well positions
» Optimized extraction pattern for well groups

Federal Ministry

% of Education
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Transfer from Regional to Global Scale .. J{f

Berlin

One of the key goals of MedWater is to develop an upscaling method
to generalize the results:

1. Step: Upscaling of plot-scale processes to
regional scale

. MEDITERRANEAN
2. Step: Regional models of Israel are transferred CLIMATE REGIONS

and verified at further study areas in Italy

commonly cultivated in Mediterranean climates. Five

an d F ran Ce s areas around the world have a Mediterranean climate,

which is characterized by hot, dry summers and mild,

wet winters with only occasional frosts.

3. Step: Development of transfer functions allow to

e diverse habitats in the world. In the Cape Floristic
LY BT P P P R Region of South Africa alone, there are over 9,000
transfer results from regional to the global et e Tty sl e s
- - - that occur in the U.S. and Canada — an area 200 times
sc al e ( Me d iterranean C lim ate re g ion S) the sizelUnfortonately, Mediterransan plant
communities are threatened by human disturbances
such as habitat destruction, invasive species
introduction, and climate change. Visit our website

(www.USBG.gov) to learn about plant conservation.

MEDITERRANEAN CLIMATE REGIONS

NG

J
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Discharge Response of Karst Aquifers T'E

Tech
Unive
Berlin

Step 1. The development of transfer function requires understanding
of the interaction of individual compartments in a karst system

1.1 Surface zone
(recharge model)

The final signal is composed of
effects and characteristics of;

?
_________________________ 1. Atmospheric input
oz 2. Anthropogenlc input
3. Aquifer

(Surface zone (1@

Output signal (discharge, heat, transport)

= Vadose zone (1.2)
» Phreatic zone (1.3)

1.3 Phreatic zone
matrix

Qmodel)

i

GRoW Status Conference —
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Hydro-Pedotransfer Functions for Surface _.“jJlf

Zone Processes within Karst Aquifers

Step 2: Hydro-Pedotransfer functions (HPTFs) enable
calculation of daily recharge at regional scale

Soil maps

« Derived by calculating water fluxes inthe & Z— y
unsaturated zone for synthetic scenarios | « o heterogene MR

Nutzung
g 7

ey i

: =) !

* Results are analysed using non-linear
multiple regression analysis

« Data from remote sensing are employed
to apply HPTFs to further karst aquifers in
the Mediterranean region.

:Land cover maps

Annual Recharge

Application of the TUB-BGR Method (HPTFs)

for annual percolation rates in Germany

GRoW Status Conference — Frankfurt, 20.02.2019
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Test Site in Italy for Transfer Methodology -|§

Umvers:tat

New installations in the Capudifume
Catchment:
* Precipitation: Rain Gauges

 Meteorological data: Weather Station

« Spring Discharge: CTD Divers and
Multiparameter Sensor

 Soil moisture sensors

Recharge zone Capodifume Catchment

Saoil m0|sture sensors (measurlng’ depth 10 cm) Rain gauge on tp of Monte Chianiello

s T Federal Ministry

* of Education
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Global Transfer T.E

Universitat
Berlin

Step 3: Remote sensing data are used for global transfer and provide valuable
information such as:

» Global data such as land use, soil, climate, and topography of global
carbonate aquifers

» Local-specific data such as land cover and soil moisture information for
identified carbonate aquifers

e gy . I |
-@ﬁﬂw Day SO|I Water Index s . Soil Water Index
- e ' « Globally available with a
12.5 km grid
* 1 m depth

« Since 2007 — ongoing

« Time step: daily, averaged
for 10 days

Io 4B

Federal Ministry
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Simulated water level (m)

Results - | ] i

Calibration of the Double Continuum Model "

 Initial single-continuum model to pinpoint boundary conditions
» Calibrated to the GWL under undisturbed conditions (prior to 1950s)

» Drying up of the Yarkon as a calibration target

—~ 30
600 - RMSE: 3.62 m % Taninim obs. Yarkon obs.
E — Tahninim sim. Yarkon sim.
< 20 A
400 4 @)
=
S 10
200 - o 7
[(»]
§ M.h“wh“\“““\’\\& rnf\.\

0 200 400 600 1955 1965 1975 1985 1995 2005
Observed water level (m) Year
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Results —

Calibration of the Double Continuum Model
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Products — Decision Support System (DSS) ;::c::;:mﬁ

Berlin

The DSS consist of three interlinked components:

1. Import routine converts numerical model results and configuration files into the
DSS data environment

2. Control environment to select “passive” scenarios (basedata) and configure
“active” scenarios (e.g. add wells, change pumping rate, live processing)

3. Graphical user interface (GUI) to visualize the modelling results

DSS G U I SPONSORED BY THE
GRoW Status Conference — Frankfurt, 20.02.2019 G R w PR | Federal Ministry
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DSS Workflow and Data Storage -llﬁ

Berlin

Based on close cooperation and interaction with our stakeholder in Israel a
concept of the Web-based DSS was developed and continuously adjusted:

MF Data
convertel i

-

DSS Server

L s contigEngect]single ez’

riot “Teopere Londas (rostor) | System code
- Output ot « e Landuse g=mes

| formatting code! = [ ]
e Jirve, stevstgprocess.2in)

DSS Client

Madhiue 053

change -

S 5tring + “sags cad orld ovlhdtine “Dusrs 10 GrAR" DOVE-" s TAISILE o * o) Rt

_6atput MF files

ANt Propere Landise (eklissifistares & - Achee 3, CRST-/Mnintes 3) .."

TU Berlin Server

Climate ——
change

Management sz
options

Q |

Base data / ,passive” scenarios

The DSS simplifies the
modeling process for the
Expecte end-user.

/ ~ groundwat
levels

It focusses on the impact
of water extraction and
shifts in climate on the

Define /redraw well
Change pumping rate
Select analytical function

Groundwater modeling /,active” scenarios

Mot D55

J

Live processing of ava| Iable Water resou rCGS .

water table drawdown

GUI shows key results
as diagrams and gives
recommendations.
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Dissemination & Knowledge Transfer -I.E

Berlin

» Design of data platform to ensure data handling under high security issues
 Workshop for scenario catalogue — needs and concerns of stakeholders
« Homepage to inform about the project progress and new activities

« Training and workshops of local users for application of the DSS

MedWater
Homepage
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Intermediated Project Summary
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Thank you for your attention ;;:::::;fﬁ'E

Berlin
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