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Outline

« The Joint research Centre

« Hydrological modelling: LISFLOOD

- Forecasting and monitoring system for droughts and floods
* Flood (inundation) modelling: LISFLOOD-FP - CA2D

* Flood modelling at local scale

- Flood modelling at continental and global scale
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The Joint Research Centre

- .

Agriculture and food security

« The Joint Research Centre (JRC) is the
European Commission's science and
knowledge service

PN N

Economic and Monetary Union

Energy and transport

« JRC supports EU policies with independent
scientific evidence throughout the whole
policy cycle SR ———

- JRC manage and make sense of knowledge
and develop innovative tools and make them
available to policy makers

« Research areas: environment and climate
change, economy, energy and transport,
consumer health and safety and more...

3 ‘ Nuclear safety and security |




Hydrological and flood modelling at JRC

Why?

- JRC supports the design and
implementation of climate and water
related policies
- disaster risk management
- influence of policy and land use changes on

water resources :
- climate change impacts on water resources =
and hydrological extremes P
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Hydrological and flood modelling 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 hydrological extremes

- We produce analyses of hydrological
processes under present and future

> climate and socio-economic conditions European

Commission




Hydrological and flood models at JRC

We need models suitable to work at large scale (Europe or
global)

We need to provide information useful for our end users (policy
makers, national authorities, emergency responders etc)

We both use existing models and develop in-house models
Hydrological modelling: LISFLOOD

Flood (inundation) modelling: LISFLOOD-FP - CA2D
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The LISFLOOD model

LISFLOOD is a hydrological model developed at JRC
for research and policy support:

disaster risk management (EFAS, EDO etc)
water resources (climate impacts)

the water-energy-food-environment nexus
(WEFE)

Evapo-
transpiation

Versions:

5km Europe
*EFAS - floods
*EDO - droughts

0.1° Global
eGloFAS - floods
eE20 Tierl&2

0.083° Africa
¢JRC nexus studies

0.5° Global
eHELIX
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The LISFLOOD model
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The LISFLOOD model

Infiltration] | \ T oS\ @ X .
AT abstraction .

Cpref Surface runoff
routing
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River channel

Reservoirs (+ energy)

Lakes

Embedded irrigation demand (+vyield)
Surface water abstractions

9 « Groundwater storage / abstraction
Rainfed agriculture crop vyield

European
Commission




The LISFLOOD model

- Tailored for modelling water balance AND peak flows (floods)

- Can simulate with observed weather or climate scenarios

- Specific datasets for applications in Europe (reservoirs, land use, water
demand, agriculture, urban areas)

« Simulates water availability vs demand

- Takes env. flow threshold into account (temporarily stopping abstractions)

- Simulates lakes & (hydropower) reservoirs (v3: energy)

- Embedded irrigation water demand estimation (v3: crop yield)
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LISFLOOD: outputs
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V H b I » 99.9 percentile river discharge, LISFLOOD simulations 1990-2014
ariables. o

River discharge + flow return periods

- Soil moisture s s AL

- Lake and reservoir volume dynamics s T
- Groundwater recharge e B
- Reservoir outflow —— T \
*  Energy produced (anomalies)

«  Crop yield (anomalies)

Indicators: |

«  Vegetation/Crop growth stress (RWS) o

- Water Exploitation Index (consumption vs availability)

- Falkenmark Indices (water per capita)

- Water dependency (upstream dep.)

Flood & drought indicators
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99.9 percentile river discharge, LISFLOOD simulations 1990-2014
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Average Monthly Water Demand (all sectors) (m3)
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Water Exploitation Index (WEI+) (consumption): 1990-2016
LISFLOOD reference run forced with observed meteo data (JRC-EFAS)
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LISFLOOD applications: hydrological extremes

LISFLOOD is at the core of JRC monitoring and forecasting systems
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European Flood Awareness System (EFAS)

Early warning information for t.

the major European and
Mediterranean rivers

> based on deterministic and
ensemble weather forecasts
and hydrological modelling

,,,,,,,,,,,

Flood and flash floods forecasting

» 10-day streamflow and flash
flooding forecasts updated
twice per day

Latest events Access the map viewer Latest news

» Forecasts available EFAS /
partners (e.g. hydrological
services, civil protection) Bt
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Global Flood Awareness System (GIoFAS)

Operational flood predictions
for the major global rivers
Based on combined
hydrological models (H-TESSEL
+ LISFLOOD) running at
0.1°resolution with ensemble
weather forecasts from ECMWF

30-day streamflow forecasts
updated once per day

Early warning information
available to registered users
(National Hydrological Services,
Red Cross, humanitarian
organizations, researchers)
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COPERNICUS EMERGENCY MANAGEMENT SERVICE

Global Flood Awareness System

European Commission > JRC Science Hub > IES > GloFAS-IS

.-
s soutH korea Ik
g e wxnonos |

s

g

© MYANMAR ALY e
Y
LAOS

uuuuuuuu

— EPS mean - 1e+05
-- 25%-75%

wwwwwww

vvvvvvvv

vvvvvv

£ European
i Commission




European and Global Drought Observatory

The Europe (EDO) and Global
(GDO) Drought Observatory —

GLOBAL DROUGHT ‘ DROUGHT REPORTS DATABASE OF DROUGHT EVENTS
provide drought-relevant i
) ) . g 2 AP s A ® A | | O ¥ EH (PHeip | RiskofDml:q':flmiadﬁfnr?ﬁ:lkur:
information and early-warnings : e S

Affected countries in the current map

o Lesotho alol
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. . . | B zimbabve &gl
Different indicators of drought ===
7 /K Mozambique elg|

conditions and impacts B
-0 _ mm Ecuador elgl
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(Drought News) are published

Bl surkina Faso alol
L —

1 1 H = o R == Botswana aln
in case of imminent droughts. R T T
ol — e = i-:ﬁ

e alo|

e o Uzbekistan glJ

connect drought data providers
and users from global to
regional levels. https://emergency.copernicus.eu/
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LISFLOOD goes open source

Aim:

- increase the transparency of the
model and its results for all users Open Source Lislod  ECC b

« engage a large community of
developers to further improve - “ﬁ | —

developed by the Joint Research Centre (JRC) of the European

| . X e | [T ; | c ion since 1997.
LI S LO O D | \ it &-{ - - | ommission since
* 1 ISRy I |
| : X | - 2 - | [@ Model Docs | B User Guide | © Source Code
‘ B

https://ec-jrc.github.io/lisflood/

Lisvap

LISVAP is a a pre-processor that calculates potential
evapo(transpi)ration grids that can be used as input to
LISFLOOD.

- LISFLOOD source code

- LISFLOOD manuals and user
documentation

* Use cases with data (example river | .osme s premammmomen  Calibration
basin) ;::::J = A

- Auxiliary tools (calibration, netCDF
utilities)
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Flood modelling
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Flood modelling

Flood models are used when water overflows drainage network
Flow dynamics is complex due to terrain altimetry and interactions
with embankments, dikes etc.
River channel models (1D models generally used in hydrological
models) cannot reproduce well flood dynamics especially in large-scale
events
Two-dimensional (2D) models are nowadays widely applied to model
flood processes

Channel flow conditions Flooding conditions




What is a 2D hydraulic model?

e Hydraulic model: a mathematical model that describes water flow
by solving governing flow equations with a numerical scheme

e Two-dimensional (2D) model: during most flood events, water flows
essentially on a XY grid

o flow equations are integrated over the vertical component >
Shallow Water Equations (SWE)

Real event Modelling scheme

European
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Simplified 2D models

Shallow water equations (SWE) Opm) , Opmu) | pm) _
are complex to solve. Models B("”) 65’“‘ "’ly -
pIY pruv
based on the complete SWE are 5% 52 (pnu2+§pgn2) =gy =0
generally used for limited areas a(gtm) . 3([()91711,1)) Lo (pm2+lpgn2> Y
x Oy 2
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Simplified 2D models

Shallow water equations (SWE) opn) | Aems) | Bpm) _
complex to solve. Models based 8("”) 65’“7 f”ly
the complete SWE are generally —5—+4- (pnu2+§pgn2) n

used for limited areas 8(pm)  Apquw) B (
+ + —
ot or oy

However, nowadays approximated AV sn =A”;Qﬂf
SWE integrated over regular grids . gh A1)
can be applied up to continental 0., =b o

1+ gh ﬂowAtnzqo / h},(;/vf

and global scales

Several 2D models make use of
simplified SWE

9(pmuv)

Oy

, 1
pm? + 5/)9772) = 0.
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LISFLOOD-FP model

« LISFLOOD-FP is a 2D hydrodynamic model designed to simulate
floodplain inundation over complex topography
- Developed by the University of Bristol in 2000

P el
« Current version of the model includes L~
- Different solvers of flow equations E

over regular (square) grids *—i——
- 1D-2D flows and hydraulic structures
- Simulation of hydrological processes etc)
- parallel computing for improved code efficiency

Applications for river, pluvial and coastal flooding

Freely available for research purposes (under request)
http://www.bristol.ac.uk/geography/research/hydrology/models/lisflood/

European
Commission
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CA2D model

- CA2D is a 2D hydrodynamic model by the
University of Bologna in 2010
« Similar to LISFLOOD-FP
- Same set of flow equations
- 1D-2D flows and hydraulic structures
- Simulation of hydrological processes
- Different grid structure (unstructured )

Applications for river and pluvial flooding
Applications from local test areas to global scale

26 European
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Applications : local scale




Applications of CA2D: local scale

B ‘ ‘ 7N i =
River basin near JRSESCEECRENE SEENE s
Bologna, Italy Ly B e
catchment area i GR N 7 N e et >
6 km A / urbanization in D
% e & i) M Lhe lower part .
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Applications of CA2D: local scale

500 1000 Meters

TR 0 C

beginning of culvert section
downstream (artificial
drainage network)

TR




Applications of CA2D: local scale

CA2D applied to reproduce rainfall-runoff, channel flow and
flooding processes at catchment scale

Simulation of real events and hypothetical scenarios:
- ordinary event (validation): rainfall observed on 5/4/2013

- extreme event: scenario based on extreme values of historical
series (return period ~ 50 years)

Ordinary event: 24mm/6h \
Extreme event: Z0mm/2h

30 European
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Results: ordinary

event
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Results:
extreme event

rainfall (mm)

gilxinalalx NN
0 LI R R B |

10 20 30 40 50 60 70 80 90 100110120 130 140 150
I time (min)

- dischrge still low, the culvert

section is still able to drain the
inflow
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Results:
extreme event

rainfall (mm)

gilxinalalx NN
0 LI R R B |

10 20 30 40 50 60 70 80 90 100110120130 140150

time (minI

- culvert section not sufficient to
i drain incoming discharge (> 20
i, . m3/s)

» .4 . > water in excess starts flooding

+ the urban area, water depths up
to 1.5m.
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Applications: large scale




Applications of LISFLOOD-FP:

European flood hazard map database

;;;;;;

Hydrological input: EFAS
streamflow climatology (23 years)

Simulations with a 2D | - »
hydrodynamic model (Lisflood-FP) 5 _\
run for each section of the major ' | : AT

European river network

s
Tt R S

Catalogue of flood hazard
maps at 100m resolution,
for return periods from 10
to 500 years

"""""

Envelope of maps to derive

pan-European hazard maps y N _ \ g,
Flood hazard maps for Europe, return
» Freely available for download at period 100 years (Alfieri et al., 2014)

http://data.jrc.ec.europa.eu/collection/floods

35 European
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Use of flood maps in EFAS:

rapid flood mapping and impact assessment

Mississippi and Missouri river floods of 1993. Andrea Booher - FEMA

3 b
N X L} ’ s
D - 2 - v
PR 9 1 4"ng ';u;, | 3
]

Estimating flood prone areas and
potential impacts due to a forecasted
flood event is crucial in the
preparedness phase:

» to plan emergency responses (e.g.
reinforcing dykes, evacuating people)

» to support the planning and
allocation of rescue assets,

» to get a first estimate of the
forecasted flood event’s potential
SOCio-economic consequences.
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Use of flood maps in EFAS:

rapid flood mapping

For any forecasted
event we identify
- river sections affected
- local flood magnitude
(return period)

| 4
[.
Flood return

periods .
B high S

2
[ medium

L 2
low
2
37

Dottori et al., 2017 - NHESS
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Use of flood maps in EFAS:

rapid flood mapping

For any forecasted Location and magnitude
event we identify

- river sections affected b 4 flood
- local flood magnitude map library and tloo

(return period) protection maps to

derive event-based

are used with the flood

hazard maps

Flood return Flood return

periods » periodrs]_ ) .
high b 19
B hig | S [ | ~
[ medium [ | medium
[ @ PS
low low
& .
38
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Use of flood maps in EFAS:

rapid flood mapping

Display of the event-based flood extent map at 100m in EFAS
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Use of flood maps in EFAS:

Impact assessment

For any forecasted Location and magnitude
event we identify

- river sections affected b 4 flood
- local flood magnitude map library and tloo

(return period) protection maps to

derive event-based

combine flood maps
are used with the flood _
with exposure and
vulnerability
information to assess

potential impacts
hazard maps

Flood return

Flood return
periods

% periodrs]_ ) .
high S 19
| ig S H | o~
[ medium [ | medium
- e .
low low
— — o
L 2 <
40
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Use of flood maps in EFAS:

Impact assessment

Display of forecasted impacts @
on the EFAS interface: Ihsam—
- land use types affected
- Population affected

A Report an Error

T

Population Affected

« Urban areas at risk e _
- Potential economic damage B

Low likelihood

Protected and un p rotected | RapidImpact Assessment for Veneto region
scenarios f

Estimated peak time 1 1
Estimated mean return period [yr] 180 180
Estimated protection levels [yr] 161 161
Population affected [Nr. of people] 85200 85200
v
Total roads affected [km] 805 5372
Artificial surfaces [ha] 127 1710
Agricultural surfaces [ha] 14212 61567
Forest and seminatural [ha] N/A N/A ¢ L
~ Fontebel
Potential monetary damage [M Euro] N/A N/A e v-'; Cts -
S ) ‘vy‘t'uilsc
M Cities/proportion affected [%] N/A N/A n_xgis ~ Nofo #
4 Mo /
S RRRIS A TR nraacT P—— 7 B Y ljoveul’ di Ragusa
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Applications of CA2D: global flood hazard maps

Objectives

» Develop a consistent set of flood hazard maps at global scale
» Provide a valuable tool to increase preparedness and reduce flood
impacts in developing countries and data-scarce regions

» Integrate flood maps in the GIoFAS forecasting system

METEOROLOGICAL HYDROLOGICAL STATIC EXTERNAL WMS add &~

Rampion -2
InchcarisSeo  ABOUT GLOFAS =
SOUTH'KOREA
'oDaegu

PHILIPPINES

42
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Global flood hazard maps

» Hydrological input: GloFAS
streamflow climatology (ERA-Interim)

» Based on 2D hydrodynamic modelling
and freely available data

» 30" resolution (~1km)

» return periods from 10 to 500 years
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B o sita
A Y] Flood hazard map for the F/_ood hazard map for the Amazon
Ganges-Brahmaputra rivers, River, return period 100 years
return period 100 years (Dottori (Dottori et. al, AWR 2016)

et. al, AWR 2016)

» Freely available for download at
http://data.jrc.ec.europa.eu/collection/floods
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Linking GIoFAS to global
floo hzad maps

Ber;in ity ¢ | Benin Ciiy’ -
I 2 ) 18
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Global flood hazard maps: evaluation

Dispur

Shiuonglndia,

» Validation with official flood hazard maps
(Europe)

» Comparison with flooded areas from satellite
images (South-America, Asia, Africa)

» Comparison with existing global flood models

Validation against satellite
observations and other global flood
models (Bernhofen et al., ERL 2018)

Global Model CSI Scores
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Thank youl!




