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Outline

- Modelling climate and hydrological extremes: why and
how?

- Impacts on water resources
« Flood and drought risk concepts
« Modelling future flood impacts

* Modelling future drought conditions
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Hydrological and flood models at JRC

Why?

- JRC supports the design and
implementation of climate and water
related policies
- disaster risk management for Europe and

the World (e.g. emergency response) ,
- influence of policy and land use changes on
water resources '
- climate change impacts on water resources
and hydrological extremes

How?

«  We develop monitoring and forecasting
systems for flood and droughts

- We produce analyses of hydrological
processes under present and future
climate and socio-economic conditions
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Why modelling climate-related risk?

» Climate-related hazards have huge socioeconomic impacts (e.g. flooding
caused more than $1 trillion and 220,000 fatalities globally in 1980-2013)
» Climate and socioeconomic change are likely to increase impacts in the future

Number of extreme events with recorded impacts

250. Understanding future disaster risk

is indispensable for planning

Citolosica NatCatSERVICE suitable adaptation measures to
- Imatological events safeguard population and secure core
| ®Hydrological events functions of our societies.

Meteorological events

W Geophysical events
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Why modelling risk at global scale?

Many climatological extreme events are connected to, or driven by, short and
long term global weather systems (e.g. El Nifo)

Major events may have significant economic and social impacts in all parts of
the world due to interconnected global economy

Local risk models not available/feasible in many regions of the globe
Increasing request from international bodies (e.g. Red Cross, UNISDR, etc),
governments, private companies (construction, insurance etc), NGOs
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Risk analysis — methodological framework

Climate hazards Exposed assets Reported Damages
- , (Vulnerability)

The International
Disaster Database

EM DAT Database
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intensity of
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Risk analysis — methodological framework

Climate hazards Exposed assets Reported Damages
— (Vulnerability)

The International
Disaster Database

Frequency and
intensity of
hazards

future

/ \ Future human and
economic impacts

Change in the

frequency and

intensity of
hazards
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Water resources and global warming

» Under present climate conditions,
there is imbalance between natural
supply and demand in many regions

» Natural supply and demand are
sensitive to climate change

11
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Water resources and global warming

» Under present climate conditions,
there is imbalance between natural
supply and demand in many regions

» Natural supply and demand are
sensitive to climate change

» How will water availability (soil water
stress, water exploitation etc.)
change in Europe and around the
world with global warming?

LISFLOOD forced with climate projections
(e.g. Euro-Cordex projects — 11 model outputs)
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LISFLOOD with Euro-Cordex model outputs: 2°C warmer climate

Change in annual soil water stress Change in JJA soil water stress
~ TISRRTAL

.{\\,j’ 4:‘.\’3\‘ ) )

——

European |
Commission



Water Exploitation Index (WEI+) (consumption): 1990-2016
LISFLOQOD reference run forced with observed meteo data (JRC-EFAS)
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Water Exploitation Index (WEI+) (consumption): 2degree climate

ensemble of 11 Euro-Cordex scenarios run with LISFLOOD
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Water Exploitation Index (WEI+) (consumption): rcp85 climate 2070-2099

ensemble of 11 Euro-Cordex scenarios run with LISFLOOD
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Seasonal change in Water Exploitation Index (WEI+)
2°C temperature chanage 2070-2099 RCP8.5
DJF MAM DJF MAM
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Hydrological extremes and global warming

» Drought and river flooding have a
wide range of impacts and
implications on societies

» How will hydrological extremes
develop around the world with global
warming?
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Global drought hazard assessment

e ke
month periods analysis
on SPEI-12
DEMAND ‘ series
Standardized ‘
Precipitation
Evapotranspiration Frequency
Index Magnitude
SPEI-12 Duration

High resolution

climate projections

Naumann et al., GRL 2018
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Changes in natural supply and demand
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Changes in drought frequency

If warming continues at the present rate, current 1-in-100-year droughts would
occur every two to five years for most of Africa, Australia, southern Europe,
southern and central United States, Central America, the Caribbean, north-west
China, and parts of Southern America.

Magnitude of 50-yr drought
in baseline and future
return period for this
drought magnitude at
different warming levels
(1.5°C, 2.0°C and 3.0° Q).

Naumann et al., GRL 2018
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Changes in drought magnitude

» We found that the magnitude of droughts is likely to double in
30% of the global landmass under stringent mitigation policies

(1.5°C)

Bseline

2 4 6 8 10 -100 100 300 500

gWL = 210°C SWL = %.o_gc

Naumann et al., GRL 2018
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Baseline drought
magnitude (upper-
left plot) and
relative changes
[%] in drought
magnitude with
respect to the
baseline for three
global warming
levels (1.5°C,
2.0°C, 3.0°0C).
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Changes in drought duration
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River flood hazard and risk assessment

St high-resolution
climate models climate scenarios

24 European

Commission




River flood hazard and risk assessment

= = 22
- o high-resolution
climate models climate scenarios
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River flood hazard and risk assessment

. vulnerability
SOCiO-economic fi): #" Flood damage functions ‘
scenarios J
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River flood hazard and risk assessment

vulnerability

“" Flood damage functions o
>
-

socio-economic
scenarios

Multi-sectoral
economic
modelling with

! MAGE model
e 25

e e high-resolution
climate models climate scenarios
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Risk components -

Hazard: probability and magnitude of
relevant flood events

» Type of flood process(es)

» Probability of occurrence

» Flood extent, water depth, flow velocity

» Sediment and pollutant load
Exposure of population and assets
Population distribution

\%

Land use distribution

vV Vv

Location of critical infrastructures, cultural
heritage buildings...
Vulnerability of population and assets
» Flood protection measures
» Emergency plans
» Damage functions of structures
» Supply and distribution networks etc.

river flooding
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Future flood risk in Europe

« Seven climate projections from the EURO-CORDEX database (RCP 8.5)
 Runoff and river flow simulated with the LISFLOOD model

« Peak Over Threshold (POT) and L-moments EVA routine to identify
frequency and magnitude of relevant flood events

 flooding processes simulated with the LISFLOOD-FP model

EU datasets of exposure (Corine LC), flood protection (Jongman et al.
2014) and flood-loss relations (Huizinga et al 2007)

future socio-economic and land scenarios considered (SSPs) under
present-day vulnerability conditions

Quantified impacts: population exposed, direct damages
Evaluation of adaptation measures
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Future flood risk in Europe

« Presently, 216,000 people exposed and €5.3 billion damages annually.

« Under a 2°C global warming scenario (early 2040s for RCP8.5) and current
socio-economic conditions, flood impacts could more than double

« For the period 2071-2100, over 700,000 people annually exposed to floods
while direct flood damages could see a more than three-fold increase
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Expected Damage [B€/year]

Expected Damage [B€/year]

Adaptation to river flooding

« Different adaptation measures can be put in place
« However, their effectiveness and convenience has to be evaluated
« Ongoing research on cost/benefit analysis
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Future global flood ris

Different GCMs projections:
downscaled EC-EARTH database
and ISIMIP ensemble (10 GHMs
X 5 GCMs) for RCP 8.5

Runoff, river flow and flooding
simulated with different models
(CaMaFLood, LISFLOOD-CA2D)

Multisectoral economic modelling

future socio-economic and land
scenarios considered (SSPs)
under present-day vulnerability
conditions

Quantified impacts: population
exposed, number of fatalities,
direct damages, welfare changes
(indirect economic effects)

Flood hazard mapping
(Dottori et. al, 2016)
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Global flood risk: exposure and vulnerability

GHSL basic concept. From Earth’s surface to built-up area

» Population maps from Global Human
Settlement Layer (GHSL) GRSL pop (Pesares et. al, 2013) w IF-
Land use from GlobCover 2009 - |
» Global flood damage functions at
continental/country scale (Huizinga et al.,
2017) with GDP data

Economic modelling for welfare impacts
Flood defence information (FLOPROS)
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Future global flood risk

* Flood risk is projected to rise

1d O«
o g 85 5| e, . g .
£ < = = o 2

s ‘BN g2 it og s in most parts of the world,

s e £ 0§ £l 2 - ES : |28 8% 2 =2 3

: 08 8 0§ 38 P o oG og£: 8 og with impacts increasing with

the level of warming.

225} 170

3 *% « Human impacts could double
i = =t e at 20C and triple in a 3°C
e warmer world

75+
120
50

410

+
i i | et emid ez asdd emad 2] m=dily

people exposed (top) and fatalities (bottom) for the « Flood impacts are further
SSP5 (ensemble average and min-max spread) shown to have an uneven

| - regional distribution, with the

251

@ il © g © = 2 .
E . 1 greatest losses observed in
3 2 < 3 < _ 58 < o 52 5 ° 5 . .

g 8 0§ % 30§ B ogr % o5/ % & 3 the Asian continent at all

= analysed warming levels.

| =% « Higher warming implies higher
L é é L uncertainty in projections of
otential human and

" 0 EéH =£é ==k ééé Eé iéé& géél aarﬁé R -aL; _ll aég B é ELL a;LLO p . .

economic impacts.

Eg éE:EHHH HHHH HHHH UUHB E=mm - mmmme Uﬂﬂm e A HUHH

34 See Dottori et al., Nature Climate Change (2018) European

Commission




Multi-model risk projections in Europe

« We compare three different model ensembles (1 European, 2 Global)

« All flood risk projections show increasing trend in most of Western and
Central European countries, and on a decreasing trend in Eastern
countries.

« Considerable increase in flood risk even under the most optimistic scenario
of 1.5 °C warming

,; Population affected - Model agreement at +1 5°C ,; Population affected - Model agreemen at +2 °C ,; Population affected - Model agreementat +3 °C

S IR S <

Changes in population affected by river floods at 1.5°C (left), 2°C (center), and 3°C
(right). Darker shades of red (green) indicate larger agreement on increasing
(decreasing) flood risk as compared to present values.

35 See Alfieri et al., Climate (2018) #y European |
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Multi-model risk projections in Europe
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Impacts on other climate extremes

iy i 1 :

"'PORT o BAYOR
ACCES INT,
& Sauf-Ser




Future coastal flood risk in Europe
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By the end of this century,
5 million Europeans
currently under threat of a
100-year Extreme Sea Level
could be annually at risk
from coastal flooding.

Vousdoukas et al., Earth’s Future, 2016
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Increase of coastal flood
impacts with 2 to 3 orders
of magnitude by 2100

Vousdoukas et al.,
Nature Climate Change, 2018
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Projections of multiple hazards in Europe

Heat Cold  Drought Fire Flood Coast Storm
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Impact on Europe’s population
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Weather-related
disasters could
affect about two-
thirds of the
European
population
annually by the
year 2100,
compared to 5%
at present.

Forzieri et al., The Lancet
Planetary Health, 2017
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Multi-hazard damages to critical infrastructures
in Europe

Evolution in the 21st century of climate hazard
| | g -] | damages to critical infrastructures in Europe
D under a business-as-usual emissions scenario
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