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!  Example	
  of	
  concrete	
  applicaFon	
  to	
  show	
  
how	
  climate	
  model	
  results	
  can	
  be	
  used	
  by	
  
the	
  stakeholders;	
  

!  An	
  integrated	
  hydrological	
  (CHyM)	
  and	
  
hydraulic	
  (CA2D-­‐par)	
  approach	
  over	
  the	
  Po	
  
river	
  basin	
  (Italy);	
  

!  ProducFon	
  of	
  flood	
  risk	
  maps	
  using	
  
observaFonal	
  and	
  modeled	
  data.	
  

	
  



 The goal 

To	
  produce	
  FLOOD	
  RISK	
  
MAPS	
  over	
  the	
  Po	
  river	
  
basin	
  associated	
  to	
  
different	
  Return	
  Periods.	
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 The goal 

To	
  produce	
  FLOOD	
  RISK	
  
MAPS	
  over	
  the	
  Po	
  river	
  
basin	
  associated	
  to	
  
different	
  Return	
  Periods.	
  

A	
  10-­‐year	
  flood	
  has	
  a	
  1/10	
  =	
  0.1	
  (or	
  10%)	
  chance	
  of	
  being	
  
exceeded	
  in	
  any	
  one	
  year	
  
A	
  50-­‐year	
  flood	
  has	
  a	
  0.02	
  (or	
  2%)	
  chance	
  of	
  being	
  exceeded	
  
in	
  any	
  one	
  year	
  



T=500	
  years	
  
T=100	
  years	
  



Flood	
  hazard	
  maps	
  

setup of Lisflood, nine parameters are calibrated against
measured discharges using the Shuffled Complex Evolu-
tion Algorithm (Duan et al., 1994). Daily discharge data
at 481 gauging sites throughout Europe (see Figure 2)
were provided by the Global Runoff Data Centre (http://
www.bafg.de/GRDC). The calibration period varied
among the catchments depending on the availability of
discharge measurements, though a minimum of 6 years of
daily values between 1995 and 2010 was used. Overall,
no discharge observation was available for calibration in
37% of the considered European area. In these cases, a
standard parameter set was adopted.

Dynamic input and hydrological simulation

A 21-year continuous discharge time series with
European coverage is generated using the calibrated
Lisflood setup. The model is run from 1 January 1990
till 31 December 2010, and results are then used to derive
climatological information at each grid point. For sake of
brevity, it is hereinafter referred to as ‘discharge
climatology’. The meteorological input data forcing
Lisflood for the simulation period is obtained by
combining point measurements from the Monitoring
Agricultural Resources agro-meteorological database
(Rijks et al., 1998), the World Meteorological

Figure 1. Schematic view of the proposed approach

Figure 2. Discharge gauging stations used to calibrate the Lisflood model
for Europe (black circles) and area considered for the derivation of the

pan-European flood hazard map (in white)
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1995	
   2000....	
  1996	
   1998	
   1999	
  

N-­‐year	
  discharge	
  climatology	
  CHyM	
  hydrological	
  
model	
  or	
  	
  

staFons	
  data	
  
(Coppola	
  et	
  al.,	
  2003)	
  

The method: 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SyntheFc	
  Design	
  Hydrograph	
  (SDH)	
  
(Maione	
  	
  et	
  al.,	
  2003;	
  Beirlant	
  et	
  al.	
  2004;	
  Alfieri	
  et	
  al.	
  2014;	
  ...)	
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!  Hydraulic	
  model	
  used	
  to	
  simulate	
  the	
  flow	
  on	
  the	
  	
  
floodplain;	
  

!   Flow	
  is	
  controlled	
  by	
  topography	
  and	
  fricFon;	
  
!  Capable	
  of	
  simulaFng	
  grids	
  up	
  to	
  106	
  cells	
  for	
  
dynamic	
  flood	
  events;	
  

!  Predicts	
  water	
  depths	
  in	
  each	
  grid	
  cell	
  at	
  each	
  Fme	
  
step	
  (over	
  fluvial,	
  coastal	
  and	
  estuarine	
  
floodplains).	
  

	
  	
  
	
  

CA2D-par  



CA2D-par  

Assumed	
  that	
  the	
  flow	
  between	
  two	
  cells	
  is	
  simply	
  a	
  funcFon	
  of	
  
the	
  free	
  surface	
  height	
  difference	
  between	
  those	
  cells,	
  the	
  grid	
  
scale	
  Manning’s	
  fricFon	
  coefficient	
  for	
  the	
  floodplain	
  and	
  the	
  
local	
  water	
  acceleraFon.	
  
	
  

Floodplain	
  flows	
  are	
  described	
  in	
  terms	
  of	
  conFnuity	
  and	
  
momentum	
  equaFons,	
  discreFzed	
  over	
  a	
  grid	
  of	
  square	
  cells	
  



CA2D-­‐par	
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  (2008)	
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  &	
  depths	
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SyntheFc	
  Design	
  Hydrograph	
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!  DEM	
  90	
  m	
  
resoluFon	
  

!  34	
  staFons	
  
!  34	
  simulaFons	
  
using	
  CA2D-­‐par	
  

	
  

The available observations 



The	
  network	
  of	
  the	
  
observaFonal	
  
staFons	
  is	
  not	
  
dense	
  enough	
  to	
  
simulate	
  the	
  river	
  
flow.	
  
ObservaFons	
  are	
  
not	
  sufficient	
  to	
  
produce	
  the	
  flood	
  
maps.	
  

Flood with available observations 
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CHyM: the “virtual” stations 
	
  
We	
  have	
  created	
  a	
  
new	
  set	
  of	
  virtual	
  
staFons	
  (one	
  every	
  
10	
  km)	
  along	
  the	
  
river	
  network	
  and	
  
run	
  CA2D_par	
  for	
  
each	
  staFon	
  with	
  
data	
  from	
  the	
  
hydrological	
  model	
  
CHyM.	
  



Example: observations vs  model 
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Example: observations vs  model 
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Flood map over Po Western Basin 



Flood map over Po Western Basin 

November	
  2016	
  



Observed	
  flood	
  
from	
  

CosmoSkyMed	
  
satellite	
  



Modeled	
  	
  
flood	
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The entire Po Basin 
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The other regions 

Temporal	
  coverage	
  



Use of RegCM4 regional climate model data 

!   CHyM	
  increases	
  spaFal	
  coverage	
  and	
  allows	
  the	
  
use	
  of	
  observaFonal	
  data	
  of	
  precipitaFon;	
  

!   The	
  use	
  of	
  a	
  regional	
  climate	
  model	
  guarantees	
  a	
  
complete	
  spaFal	
  and	
  an	
  extended	
  temporal	
  
coverage;	
  

!   ValidaFon	
  staFon	
  by	
  staFon	
  is	
  complicated,	
  
model’s	
  error	
  is	
  more	
  uniform	
  and	
  easier	
  to	
  
correct.	
  	
  	
  	
  
	
  



Use of RegCM4 regional climate model data 



Use of RegCM4 regional climate model data 



Use of RegCM4 regional climate model data 
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Use of RegCM4 regional climate model data 
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Use of RegCM4 regional climate model data 
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Use of RegCM4 regional climate model data 

T=100	
  yr,	
  RegCM	
  
T=100	
  yr,	
  Obs	
  A=8056,62	
  	
  km2	
  

A=9124,08	
  	
  km2	
  



Conclusions 

!   RegCM4	
  is	
  able	
  to	
  reproduce	
  the	
  Po	
  river	
  flood	
  
extent	
  obtained	
  using	
  CHyM	
  and	
  the	
  
observaFonal	
  data	
  with	
  an	
  error	
  of	
  11,7%;	
  

	
  
!   We	
  can	
  now	
  use	
  the	
  regional	
  climate	
  model	
  with	
  

climate	
  scenario’s	
  data	
  to	
  project	
  flood	
  paderns	
  in	
  
the	
  future	
  and	
  evaluate	
  the	
  impact	
  of	
  climate	
  
change	
  on	
  river	
  flood	
  risk!	
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Use of RegCM4 regional climate model data 
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