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Mediterranean region Clmae cange. I s sty nEurcpe 1
Large increase in heat extremes o
Decrease in precipitation and river flow ;
Increasing risk of droughts

Increasing risk of biodiversity loss

Increasing risk of forest fires

Increased competition between different water users :
Increasing water demand for agriculture '
Decrease in crop yields . g
Increasing risks for livestock production
Increase in mortality from heat waves
Expansion of habitats for southern disease vectors © EEA (2016)
Decreasing potential for energy production

Increase in energy demand for cooling

Decrease in summer tourism and potential increase in other seasons
Increase in multiple climatic hazards

Most economic sectors negatively affected

High vulnerability to spillover effects of climate change
from outside Europe

o




Conclusion...

Measurements and projections indicate...

- severe impacts on water resources management &
key strategic sectors of regional economies

- a strong need for adaptation

- Dbut is all this knowledge useful for the local
stakeholder (water user, water manager)?

- modeling CC impacts on the local (catchment)
scale!
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Climate Induced Changes on the
Hydrology of Mediterranean Basins

CLimate Induced Changes on the Hydrology
of Mediterranean Basins —
Reducing Uncertainty and Quantifying Risk

e funded under EU’s FP7 Environment Theme
(Theme: Climate, Water & Security, ENV.2009.1.1.5.2)

e funding period 50 months (2010 — 2015)
e 20 beneficiaries

= 9 countries:

EU — Austria, France, Germany, Italy

SICA — Egypt, Palest. Adm. Areas, Tunisia, Turkey
Other — Canada



CLIMB — mission & objectives

- analyse future climate induced changes in hydrological budgets and extremes
- link the changes in hydrological quantities to vulnerability and associated risks

- quantify uncertainties in climate change impact analysis

1) Thau - 280 km?2 - Coastal
Lagoon - France

2) Rio Mannu - 473 km?2 -
Sardinia, Italy

3) Chiba - 286 km=2 - Cap
Bon - Tunisia

4) Noce - 1367 km?2 -
Southern Alps - Italy

5) Izmit Bay - 673 km?= -
Kocaeli - Turkey

6) Nile Delta - 1000 km?=2 -
Nile - Egypt

7) Gaza Aquifer — 365 km?= -
Gaza - Palest.-admin.
areas
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CLIMB — conceptual framework

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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CLIMB — Structure & Workflow

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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CLIMB — geophysical data acquisition
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Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)

e.d.
soil sampling and geostatistical
analysis for soil texture
regionalization
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> Remote Sensing
Parameter retrieval & -
Data assimilation
.|  Geophysical Data
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Location of Sampling points

- Rio Mannu & Rio di Costara -

Legend

@ Samples - Rio Mannu 10/2010

*+ Samples - Bulk density

& Samples - Costara 10/2010

® Samples - Costara 03/2011
] Azienda San Michele
Geology
[ Quaternary deposits
[ Tertiary sedimentary rocks
[ Late-Paleozoic intrusive rocks
[ ] Paleozoic metamorphic rocks

References.
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Geologica di base della Sardegna in scala 1:25k
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CLIMB — geophysical data acquisition

e.g.
Study Site Characterization hydrogeophysical
measurements for

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)

the regionalization
of soil hydraulic
properties
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CLIMB — remote sensing

| - e.d.
Study Site Characterization Multitemporal maps of land use for the study sites
(e.g. Chiba, Tunisia)

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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CLIMB — remote sensing

e.d.
Study Site Characterization Multitemporal soil moisture from radar remote

sensing (e.g. Thau, France)

Conventional data (soil, DEM,

-
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CLIMB — remote sensing

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)

e.

g.

Retrieval of spatially distributed vegetation

parameters (e.g. Noce, ltaly & Kocaeli, Turkey)

Acquisition

> Remote Sensing
Parameter retrieval & -
Data assimilation
.|  Geophysical Data
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CLIMB — Structure & Workflow

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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CMs Auditing & Downscaling — main steps

The objectives of “Climate Models (CMs) Auditing and Downscaling” were
pursued in five (5) steps:

1. Climate Model selection (i.e. use a common subset of 4 regional
climate models for hydrological simulations in all target basins)

2. Large-scale bias correction (RCM scales, — 25 km)
3. Catchment-scale bias correction (250-3500 km?)

4. Small-scale interpolation and downscaling (i.e. provide high
resolution input for hydrological models, about 1 km)

5. Overall uncertainty of climate forcing (i.e. evaluate the uncertainties
related to the climatic component)
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CMs Auditing & Downscaling — main steps

Catchment “riumannu” - Validation period: 1951-2010 GH.ZEI Ca]ibrated Precipitation Data
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CLIMB — Structure & Workflow

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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Hydrological modeling — a multi-model approach
(Perra et al. @EGU 2017)

[ The 5 hydrologic models differ in their representation of ]

t?@%

Terrain features Numerical complexity

Physical processes
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Hydrological modeling — a multi-model approach

(Perra et al. @EGU 2017)
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Hydrological modeling — a multi-model approach
(Perra et al. @EGU 2017)

Discharge Soil water content Real evapotranspiration
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The 5 hydrologic models present larger variations considering the
monthly scale as compared to the annual scale.
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Hydrological modeling — Rio Mannu: soil water content

Soil Water Content (Vol.-%) Rio Mannu 2041 - 2070 , X =187
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Hydrological modeling — Rio Mannu: Max number
of consecutive low flow days

Maximum length of consecutive low flow days per hydrological year in a timeseries of 30 years from WaSiM simulations, Rio Mannu di San Sperate
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Hydrological modeling — Some examples: Chiba

Precipitation from WaSiM simulations, Chiba Runoff from WaSiM simulations, Chiba
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Hydrological modeling — chiba: Flow duration curve

Flow duration curves (FDC) from WaSiM simulations, Chiba
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CLIMB — Structure & Workflow

Study Site Characterization

Conventional data (soil, DEM,
vegetation, water availability
and consumption etc.)
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Uncertainty assessment

Handling of Uncertainty in science is central to its
support of sound policy making” (smith & stern, 2011)

Main sources of uncertainty

Process
representations
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Uncertainty assessment - 1
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Uncertainty assessment - 2

Certainty Map of key indicators (here TAW)

Annual Monthly

increse
trend
Direction of Change [Sum of Runoff] in the Chiba-Catchment; based on 4 Models
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Uncertainty assessment - 3

Spatial representation of Uncertainty (COV in %): Chiba
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COV[%] Tomato 2041-2070 in Chiba basin [Wasim]
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Integrating Uncertainty and Risk

Chiba basin
Rio Mannu

Yield modelling
AQUACROP

Crops: tomatoes e

Loss of yield

+ winter wheat
Management: and income
Rain-fed +

irrigation
= Value-at-risk

- S—
4 climate VAR
forcings

P(Critical value)

Tourism Loss of Fixed probability
modelling income
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Tourism — Value at Risk
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Tourism — potential CC-impacts

Expected change in overnight stays (in %) due to a change from
reference (1971-2000) to future (2041-2070) climatic conditions

Sardinia (Italy)
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Tourism — future water demand scenarios

Change in future water demand (2041-2070) of tourism (Nabeul) durig
spring for different growth and water use scenarios
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change in average water consumption per os

- CC impact (multi-model-mean)
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Ag riculture - Tomatoes (same water usage as current)

March Plantings
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August Plantings
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March plantings

- Yield 4 17%
August planting

- Yield ¥ 17%
Results are soil dependent

- Sandy clay loam strongly
affected
- Sandy loams least affected
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Ag riculture - Tomatoes (10% less water usage as current)

March Plantings
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August Plantings
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March plantings
- Yield I 86%

— Crop failure 45%

August planting
- Yield 4 17%

Total harvest: 50% less vield

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUONCHEN

SEVENTH FRAMEWORK ’ L M u
PROGRAMME

ICTP — Workshop, Trieste, 15 June 2017




Agriculture — Adaptation recommendations

Agricultural risk can be minimised through adaptation
For crops / management systems at risk

— Mulching
— Alter planting dates to follow seasonal changes

— Switch crops / management systems to lower risk systems
that require less irrigation

— Discontinue high risk irrigation of crops / management
systems on specific soils

— Discontinue high risk irrigation of crops / management
systems completely

Severity

Use irrigation water saved on remaining crops or for other
purposes (tourism)
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CLIMBPortal — the window to the inside/outside
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Conclusion: CLIMB — mission & objectives (revisited)

This is what we announced:

- to analyse ongoing and future climate induced changes in
hydrological budgets and extremes

- yes, but we had no means to look at all extremes
> to link the changes in hydrological quantities to vulnerability and
associated risk
- yes, a very comprehensive framework was established,
but could only be filled partially
- to quantify (reduce?) uncertainties in climate change impact
analysis

- we managed to somewhat quantify (and even rank) uncertainties in
some cases; but there was/is no way to effectively reduce it...
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CLIMB — Some closing remarks

What needs to be done
(some personal thoughts for scientists and the EC):

> monitoring, monitoring, monitoring...
> uncertainty analyses!
- broaden the view (looking at ‘climate induced changes... alone

iImposes limits) and improve the networks among projects

- continuity?

- Dissemination activities
- Portals
- Project follow-ups...
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Thank you for www.cliwasec.eu
your attention!

www.climb-fp7.eu

“Prof.: Dr. Ralf Ludwig
CLIMB Co-ordinator
Department of Geography == - Fs i : AN
LMU Munich, Germanye== iy S0 Nuraghe Arrubiu Dam
K — Sardinia (ltaly)

r.ludwig@Imu.de o W -F'l
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Developing the cluster

B Quick facts
FP7-Topic:
Funding period:
Coordinator:

Partners:
Website:
Contact:
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ENV.2009.1.1.5.2

01/2010 - 03/2013

Centro Euro-Mediterraneo
per i Cambiamenti Climatici
(CMCC, ltaly)

12

www.wassermed.eu

Prof. Roberto Roson
(project co-ordinator),
roson@unive. it

Simone Mereu
(project manager),
simonemereu@gmail.com

M Quick facts
FP7-Topic:
Funding period:
Coordinator:

Partners:

Website:
Contact:

5‘ 4
Chmate Change. Hydro conficts. and
Human Securty

8SH.2009.4.2.1
01/2010-12/2012
Universitat Autonoma de
Barcelona (UAB-ICTA, Spain
14

www.clico.org

Prof. Giorgos Kallis

(project co-ordinator),
giorgoskallis@gmail.com

Dr. Christos Zografos
(research co-ordinator),
czografos@gmail.com

LMU

Critical mass of
46 Partners

B Quick facts
FP7-Topic:

Funding period:
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Partners:
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Contact:

ENV.2009.1.1.6.2
01/2010 - 12/2013
Ludwig-Maximilians
Universitat Miinchen
(LMU, Germany)

20
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Prof. Dr. Ralf Ludwig
(project co-ordinator),
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(project manager),
ammerl@bayfor.org
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Objectives of the CLUSTER

e Scientific Synergy

Study Sites are comple-
mentary in scope,
region and scale

France

i ) Spain
- share information

and data u

Marocco

- ldentify common stake-
holder groups

- compare and integrate
model results

- joint publications

- joint science-policy
briefs

Tunisia

Niger

Turkey
g
&
Gaza
] |
®n W mJodan
il
Egypt

Sudan

&l
Ethiopia

B WASSERMed
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Summary for Policymakers
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A Summary for Policymakers from the
CLIWASEC cluster of projects

The Eurcpean Cormrmizaion acively prepores Euope end
naghbenng ragons tor dimets induced codogica and
8000 Goonamia chalkenges that lic ohcad ord hes placed
melated prioriy rescanch bopios in the Savanth Framenerk
Program for Rassarch ard Techrolagosl Desslopment
[FP7). I arcdar o btter nasass the consequances and
unoarisiniss regarding o mate mpects upon human-an-
wrnmant systams, & coordinated topic had baen o
chad in 2009 betwsen Thema & (Ermomert find.
clmats chongsl] and Thama 8 [Socio-Economic Sdiar-
s and the Haraniies) of the programmatic sstup of
FR7.

Threa indepandont projocts fommed tha rsserch clastor
CLWASEG {Climata changa impacts cn Watsr and SE-
Curity v cliwassec cu) for mutidiscpinery sciemtic
mynangy end improved pdicy outreach. Tha duster com-
prised 4 oriticdl mass of sciantists fom 44 parmem 20
iratibuion from tha EL, 5 ireritbubiors from 58T couninios:
and 10 imernational institriions) o buld rolstiorships with
reksvartt policy represemintices and sinksholders ot £
kvd ad Madiomancen end neighbourng couninas

covared by tha projocts. & tackiad most relvan reacarh
quasticna'with rgard 1o cimela change impaois on water
reacuncas os A thrast to soourty in an integted way:

B WASSEFMed - Viator Avalabifty and Sacurityin Sou-
thern Eumpa and the Mediemanasn furded urdar
EP7EMW, co.omdnsted by Prot Aoberis Foson
[CMCE, haly]

) msnarTE Gu

B CLICO - Clivmis Charge, Hydre-Condicts and Hu-
wan Secusity funded under FP7S5H, co-crdinated
by P, Bicepom Kalls uncd D Chiisice Zogrados (A
ICTA, Spain)
wmnacdiooog

H CLIME - Cimats Induced Changas on the Hydrobogy
of Mediararean Basre fundad undar FPT.EMV]
eowordinatad by Prof, Dr. Fadf Luckwig (LML, Garmary)
wawachimb AT au
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Summary for Policymakers

WASSERMed - Research Highlights

o The warming trend and changes in precipitation patterns could affect the
composition and functioning of natural and managed ecosystems.

o Growing non-agricultural water needs will strongly affect agricultural water
shortages in the Southern Mediterranean; Water resources for environmental
preservation, are likely to decrease, especially in the MENA region.

o Intra-Mediterranean virtual water trade is likely to decline, with virtual imports
from central and northern Europe increasing.

o Improved water efficiency appears to significantly mitigate the economic
Impacts of water scarcity, especially in the Northern areas.

o0 A seasonal change in tourism is probable due to improving climate conditions
in spring and autumn and a slight deterioration in summer.

o Crop water requirements are very likely to increase in all case studies,
requiring specifically adapted management practices.
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Summary for Policymakers

CLICO - Research Highlights

o Climatic and hydrological factors seem to be less influential than political,
economic and social factors for most water-related conflict situations.

o Democracies are likely to have more domestic water conflicts than
autocracies, but autocracies are likely to have more violent water conflicts
than democracies.

o Wars and violence increase the vulnerability of the population to hydro-
climatic hazards.

o States can maladapt, that is they pursue adaptation policies that end up
increasing, instead of decreasing, the vulnerability of parts of their
population.

o Social security and civil security institutions — such as entitlement schemes,
unemployment insurance, universal health care, or flood relief agencies — are
central for reducing vulnerabilities and providing human security.
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Summary for Policymakers

CLIMB - Research Highlights

O
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Climate change contributes, yet in strong regional variation, to water scarcity in
the Mediterranean; other factors, e.g. pollution or poor management practices
are regionally still dominant.

Rain-fed agriculture needs to adapt to seasonal changes; stable or increasing
productivity likely depends on additional irrigation.

Tourism could benefit in shoulder seasons, but may expect income losses in the
summer peak season due to increasing heat stress.

Local & regional water managers and water users, lack, as yet, awareness of
climate change induced risks; emerging focus areas are supplies of domestic
drinking water, irrigation, hydro-power and livestock.

Data and knowledge gaps in climate change impact and risk assessment are
still wide-spread and ask for extended and coordinated monitoring programs.
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