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Motivations for Groundwater (GW)
management

The global volume of GW is twice as big as the volume of water
stored in icecaps and glaciers (Freeze and Cherry, 1979).

GW exceeds the volume contained by rivers, lakes and wetlands by a
factor of 226 (Gleeson et al., 2015).

In times of drought GW is the key strategic reserve which provides
freshwater for ecosystems (Famiglietti, 2014).

Groundwater is the most important natural strategic freshwater
reserve in the Mediterranean (MED) region and the only one in
the southern MED.
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The MED region

= The MED sea is a hotspot of species
diversity...

» The MED sea is one of the top tourism
destinations in the world, hosting more than
320 million tourists in 2015 (> double of
1995)....

= The total population of the MED countries is
about 500 million, with >50% living in the
coastal region....

= Agriculture depends on irrigation (>80%)....

Additional anthropogenic pressures
Population growth (incl. migration)

- Increasing food demand

- Growth of urban and industrial areas

- Growing energy demand

- Socio-political & environmental changes
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Climate change: additional pressure
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Increasing number & severity
of droughts (Palmer Drought
Severity Index*)

Med region:
Temperature: + 2°C,
Precipitation: - 20% since 1970
(Plan Bleu, 2009),

Decrease in available water
resources: up to 50 % by 2100
(EC, 2007),

* Determines aridity through
precipitation and temperature
information (part. for long-term
prognoses; < -4 = extreme drought)

Source: NCAR images, 2010




The far future (2080-2099) is more severe!
Reducing recharge rates (Hartmann et al 2016)
800 1200
humid regions : ,
— spatial 9 e MO0 1 mountain regions
g 600 + |variability 20°C £ spatial
N . . o 800 — | variability o
< _ Smulationuncertainty oo 2 4.9 °C
Sa04H == heterogeneous==="V-12% 5 600 simUlation Unara:
® temporal variability o el
g S 400 temporal Va;;aEiFn; ‘heterogeneoys z-:.;l-za%
€ 200 - = ]
® © 200 _
mhﬂ%
0 A T | T T T 1
2000 2020 2040 2000 2020 2040 2060 2080
4007 Mediterranean : R S TR
“ : spatial cdesert reqgions
— epatial  F€giONs - variability SE—— 8.1°C
E 300 4 |variability . -ﬁ,_;
g sir : E 60 -
.‘:E‘; 200 - '* TE&BE@Q@H@; 52 OC E
o B iy = emso o aeaeas S 40
[ To=——___“helerogengp e~ l 0 -
§ &4 o temporal variabl'?it; ﬁfﬁ—“‘ﬂk.: e @
®© = 20
-
T emssneons e :
0 [ T I T T 1 e 0
2000 2020 2040 2060 2080 2000 2020 2040 2060 2080
/) MOAY TEXNEIO KPHTHE June 27, 2027 5

3 TECHNICAL UNIVERSITY
OF CRETE




THE MIDDLE EAST AND NORTH AFRICA IS THE MOST
WATER-STRESSED REGION ON EARTH

BASELINE WATER STRESS B

Extremely  High Medium- Low- Low Ardandlow Nodata
high (40-80%) high medium  (<10%)  Wwateruse
(>809%) (20-409)  (10-20%)

Source: wriorg/aqueduct
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According to the World
Bank, the MED area is
expected to face great
economic losses from
climate-related water
scarcity (~6-14% of
GDP by 2050).

wri.org/aqueduc




Therefore, sustainable groundwater management
IS needed

for all the costal aquifers in the MED
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Question: What is the approach for sustainable
groundwater management for coastal aquifers?

Pillar 1 Pillar 2 Pillar 3 Pillar 4
Strengthening Prevention of Active Reinforcement
of coastal water coastal engagement of g of monitoring and

resources I groundwater I the concerned communication
management against pollution stakeholders in a
options social learning
process
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Pillar 1

Strengthening o
of desirable
coastal water
resources
management o
options.

Pillar 2

Prevention of
coastal
groundwater
against
pollution.
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Detailed site characterization
Stakeholders’ active engagement
High Resolution Monitoring
Multi-criteria Decision Support System

Learning process involving “main identified polluters
“4R principle: Reduce; Recycle; Reuse & Recover”
Flow & pollution plume transport prediction using
numerical models

June 27, 2027 9



Pillar 3  Raising awareness on water management
Active * Interactive living labs & workshops to create new

engagement of _ _
the concerned social learning spaces

stakeholdersina ¢ Digital ICT approaches, smart, adapted and visualized

social learning web apps attractive to new generation
process.

Pillar 4

Reinforcement i _ ) C e .
of monitoring and  * Integration of international clusters and initiatives

communication. e Cross-country interactive dissemination strategy
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The Overall Approach

Site
characterization

Decision
support system

Socio-economic
assessment &
innovative High-resolution
governance monitoring

= Smart modeling

i

June 27, 2027
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Site Characterization

Surface water Data

Groundwater Data

Water Quality Data

Governance System Description

|dentification of Sectors that Require Attention
& Specific Challenges
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Database development

A unified, open source, SQL(Structured Query Language) database for the
management of meteorological data from multitude monitoring stations
alongside with the development of an infrastructure with a user interface.

1ydh  Station

7 station ¥
| ! idstation INT [
Name VARCHAR(SS) |
» sDepartment VARCHAR(45) |
¢ — = O lon_wgs_84DECIMAL(8,6) Hi— —

idWind INT | - BESE, idTemp INT
2 windDate DATE ]l !DRD-L&RY E : J tem pDate DATE
> windAVGSpeed FLOAT I fe==t T | tempM ALOAT
) windH FLOAT : I I  tempH FLOAT
> windHTime TIME I | I ) tempHTme TIME
> windDirecton VARCHAR(3) B —1 - ;k = l——h‘é  templ. RLOAT
# Staton_idStation INT ] rain_measurement ¥ > templTime TIME
v idRain INT 1® Station_dStation INT
PRIMARY rainDate DATE b
fe_WindMeasurem ent_Station_idx J rain FLOAT PRIMARY
indexdate  Station_idStatian INT fi_TemperatureMeasurem ent_Station_idx
> | v lindexdste
4 :PRMRY e la size
fic_RainMeasurement_Station_idx
iodesioke | oo
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Database development

Asking Questions

1. Simple guestion
mode: lets the user
filter, summarize and
visualize data.

2. Custom guestion
mode: gives the user
a powerful notebook-
style editor to create
more complex
guestions that require
joins, multiple stages
of filtering and
aggregating or
custom columns.

3. The SQL/native
guery editor.

Standard dewahon of TempH by TempDate: Month
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| Identify Hotspots

@ Watershed outlet

@ Drain area — Agricultural
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Ben Salem et al., 2019
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Living Labs
e Stakeholders representing different sectors of the civil society and administration
should get involved in each aquifer management area.

e Participatory tools such as play games and a future oriented approach which
supports thinking and dialogue are used during these Living Labs.

e At the end of the process a series of recommendations on innovative governance
options and approach will be produced to better orient and inform policies and
water management interventions.
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High-resolution monitoring

Assess parameters of interest in terms of spatial and temporal
dynamics

_High-Resolution Monitoring

Use of integrated High-

Resolution Monitoring
Approach (HRMA)

RiverWatcher Mob App

N CCES

3D printed boat
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High-resolution monitoring using sensors

Installation of sensors
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Smart modeling

To predict the effects of stakeholder-suggested prevention and
mitigation options and to test climate change scenarios

Wadi El Bey - TUNISIA Erdemli - TURKEY Arborea - ITALY Malia - GREECE

.......
AN

29
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Saltwater Intrusion Zone by Ghyben-Herzeberg
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Climate Scenarios

The scenarios are a combination of
Regional Climate Models (RCMs) and
General Circulation Models (GCMs)

They are based on the Representative
Concentration Pathways (RCPs) 4.5 and
8.5

Data from 1976 — 2005 consist of
historical simulation which is the control
period

2006-2098 is the scenario period

/ MOAY TEXNEIO KPHTHE June 27, 2027
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Climate Scenarios Results — Hydraulic Head
RCP4.5

(University of Parma, Italy)
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Socio-economic assessment

Set-up of socio-
economic features and
system boundaries in

case studies

/IMOAYTEXNEIO KPHTHE
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Assess costs and
benefits under different
options for
groundwater
sustainable
management and
pollution prevention

Socio-
economic
assessment

June 27, 2027

Identify most
socioeconomically
efficient options &

governance features to

deliver multiple benefits
with less environmental
conflicts

Interactivity with
stakeholders

Social learning
processes

24



Socio-economic assessment

Estimating cost efficiency and cost-benefits of selected preventive options and cost-

benefits of innovative governance features
EXAMPLE

actions

Step 1: Set up the decision-making problem by introducing the possible Bayes risk

* Groundwater use only
* Alternative scenario

sy Step 2: Provide the state of the goal function

e Groundwater cost (pumping and volume)

e Lost value of groundwater as a sustainable source

e Mitigation measure cost

¢ Annual operational cost for the examined auditing period

e Risk probability: water needs not to be covered from available water resources of the study area
and

e Supplementary water supply (i.e., water transport)

Step 3: Development of subjective prior distributions for each parameter

|7 guantifying previous information (hydrological balance)

|7 Step 4: Cost Benefit calculation using Bayesian Risk method

g Step 5: Proposed sustainable water resources use and management

/ MOAY TEXNEIO KPHTHE June 27, 2027
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Cost Benefit Analysis

Proposed sustainable water resources use and management in each case study based on field
data

Current situation (using in situ data on an annual base)

Case studies Wadi El Bey, Erdemli Arborea, Malia,

Tunisia Turkey Italy Greece

Groundwater use 30%+7 34%+8 30%z2 30%+3
Surface water use 25%14 43%+5 47%3 55%+3

Other sources e.g.
waste water treatment 45% 23% 23% 15%
plant effluent

77%+11 81%+9 75%+5 80%+5
Aquifer recharge of groundwater of groundwater of groundwater of groundwater
use use use use
INOAY TEXNEIO KPHTHXE June 27, 2027 26
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The cost-benefit analysis model provides estimates of the required aquifer recharge to
retain the improved WEI category. According to the UN SDG 6.4.2 (SDG#6 — 06.41 (UN
20022) Water exploitation index) “level of water stress: freshwater withdrawal as a
proportion of available freshwater resources (2019)” the countries where the MED sites

are located belong to the following categories:

!
& e

T - ] -
= -y w_ 5%

Fresirmaney whdrasal as & propormses of f
available frestaner Iesources (%)

W 100 Craticad
W 75100 High
B 5075 e
#2550 Low
B 02540 sven

B Doma e pvalabin
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A cost benefic analysis was also performed using a weighted moving
average impact for the following climate change scenarios:

'CNRM_CERFACS_CNRM_CM5_CCLM4_8 17'
DMI_HIRHAMS5_NorESM1-M'
'\CHEC_EC_EARTH_HIRHAMS'

'|PSL-INERIS_WRF381P_IPSL-CM5A-MR'
'KNMI_CNRM-CMS5'
'MPI_M_MPI_ESM_LR_RCA4'

"~k ) MOAYTEXNEIO KPHTHX June 27, 2027 28
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2031

Case studies

Malia,

Greece

Groundwater use
Surface water use
Other sources e.g.
waste water
treatment plant
effluent

Aquifer recharge

_/MOAYTEXNEIO KPHTHE
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Wadi El Bey, Erdemli Arborea,
L' GINE Turkey Italy
36%18 40%x5 39%16
21%+7 35%+6 38%+7
43%+9 25%16 23%18
67%+15 72%+12 68%%10

of of of

groundwater groundwater groundwater
use use use

June 27, 2027

36%16
51%+5

13%+9

76%%11

of
groundwater
use

29



2041

Case studies Wadi El Bey, Erdemli Arborea, \ElIER

Tunisia Turkey Italy Greece

Groundwater use 28%x7 30%=8 27%%2 25%%3
Surface water use 27%14 39%15 51%3 62%%3
Other sources e.g.

[/waste water

45% 31% 22% 13%
treatment plant
effluent
75%+11 71%+9 77%+8
72%%7 of of of

Aquifer recharge

of groundwater use groundwate groundwater groundwa
ruse use use
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Innovative Governance

PARTICIPATIO!
Multi-stakeholder

b engagement and
stakeholder mapping

Design and facilitate dialogue,
communication & engagement
among multiple water related

stakeholders on water related
issues through bottom up and
participatory approaches

Water governance using Good

governance

new social learning spaces

Dialogical
learning space

Dialogue among different
actors, participatory
interactive sessions and
Living Labs

Hybrid Scientific

4
%
£

knowledge q?\ knowledge

~]

S

&

oy

Conflict mediation

exploration
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INVOLVEMENT

Stakeholder mapping
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Comparative assessment of
governance structure and processes

+ |ldentification of governance
characteristics that contribute to more
sustainable water management

+ Clear legal framework
@ + Public and decentralized water network
+ Private sector involvement
+ Stakeholder engagement
+ Public agencies for hygienic-sanitary-
environmental monitoring

+ ldentification of governance
characteristics that prevent sustainable
water management

@ + Low levels of participation

+ Fragmentation

+ Cumbersome bureaucratic procedures

/) MOAY TEXNEIO KPHTHE

3 TECHNICAL UNIVERSITY
j OF CRETE

programming and control activities

Ministero dell’Ambiente
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LA RASGIONI

IL TRIBUNALE DEL CAMBIAMENTO
1

Environmental conflict mediation

» Collaborative practices such as mediation can be
effective ways of managing and preventing ~
environmental conflicts gy ===

« Mediation processes generate inclusive, shared, ; '
legitimate decisions that are endorsed by both
authorities and social communities

« Creating an innovative dialogical space to identify
opportunities and barriers for mitigating pollution
and promoting sustainable groundwater
management

/ NOAYTEXNEIO KPHTHE June 27, 2027 34
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Some outcomes from the living labs
| |Aborea | WadifiBey  |Maia  |Edemi

Farmers focus on

=) ) Perceptions Nifrate pollution Little sense of Little sense of
- on water- : their short-term urgency urgency
) = . «Double bind»
- .. related issues situation:  productivity needs (access)
) 0 @ B 0 vs. environment
' —— : (e dilemma
B D00 E RD PWD
~ / ) Water Perceived Perceived Decentralized water Focus on technical
COMMAND @ = T governance ineffectiveness of top-  ineffectiveness of governance system fixes
AND down measures top-down measures  prevents conflicts F q
o NGACE AND ALIEN . , ragmentation and
CONTRSL £ Water and |nc.r§?ses users lack of
management isa = collaboration
technical but also a  Focus on technical among institutions
social matter fixes
Climate Perceived impact on Willincrease the risks  Not perceived as a Perceived impact
change livestock and crop of groundwater pressing threat at the  on agriculture
systems salinization caused moment
Impact on water not by overpumping
perceived
Emerging Circular economy Need to invest in Regenerafive tourism Need foinvestin
;:h(:_lng;es/:;:‘ro Investment on NBS for social f _Iearning vs. mass fourism social learning
egiesforthe mitigation of spaces to increase spaces
future awareness and
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groundwater pollufion

Need to investin
human capital and
social learning

June 27, 2027

support action

Non-conventional
water resources
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Decision Supporting System

* To establish a Decision Support System (DSS)
in order to determine the suitability and Increase ~ \dantify the

vulnerability of coastal aquifer in terms of Jwarenssstor factors that
- - - - t drive & affect
industrial, domestic and agricultural use magﬁ:fg'e" water use &
under the pressure of dynamic variables (such stakeholders pollution
as climate, land use and water consumption)
and static variables (such as soil type,
geological and some hydrological factors), by
evaluating multiple criteria to be established
. . R ing DSS C h i
with stakeholders in each case study. e e ape to
current & establish multi-
. . future scenarios criteria DSS
* To increase awareness for sustainable
groundwater management among the
different stakeholders including: farmers, Weighting
farmer associations, SMEs, local environment different
. . e thematic maps
and agriculture councils, touristic industry and
civil society.
Ji
g.;{pnonv'rEXNslo KPHTHE June 27, 2027 36
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Decision Supporting System (DSS)

vy ° Depth to water table

[ ]
PV I 7 PR I e e L recharee

"\| *Aquifer media

s IS Soil media
T Topography
|| *Impact of Vadose zone

s ¢ Hydraulic conductivity

W cendwedmses
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* Malia Coastal Aquifer (MCA) Crete -GREECE
D: Depth to water table R: net Recharge A: Aquifer media S: Soil media
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Vulnerability Maps
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Decision Supporting System (DSS)
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4 MATLAB App
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4 MATLAB App
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In conclusion

e \Water resources management and water governance in coastal
aquifers is an important and urgent challenge.

» Despite the big effort to develop comprehensive water laws and
policies and to harmonize features and goals In water
governance (e.g., decentralisation, basin-wide management
planning, better coordination of horizontal and vertical decision-
making, multi-stakeholder participation and increased role for

the private sector), there are still weaknesses on the effective
Implementation of water governance.
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“To achieve more effective water governance, it is necessary to
create an enabling environment, which facilitates private and
public-sector initiatives as well as private-public partnerships that
fit within the social, economic and cultural setting of a given
society. Water governance Is perceived as competent when it iIs
open and transparent, inclusive and communicative, coherent and
Integrative, equitable and ethical, accountable, efficient,
responsive, and sustainable.”

Report of the Conference on Water Governance in MENA and wider Mediterranean region,
December 2017, Barcelona, Spain
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This work was developed under the scope of Sustain-COAST and
InTheMED PRIMA projects.

Sustain-COAST is funded by the General Secretariat for Research and
Innovation of the Ministry of Development and Investments under
the PRIMA Programme.

INnTheMED is part of the PRIMA programme supported by the
European Union’s Horizon 2020 research and innovation programme
under grant agreement No 1923.

PRIMA is an Art.185 initiative supported and co-funded under Horizon
2020, the European Union’s Programme for Research and Innovation.
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