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ATMOSPHERE

CATCHMENT
RIVER

Air temperature, total
precipitation, precipitation
intensity/duration,
snow cover and snowmelt, 
short and long-wave
radiation

River 

morphology, 

conveyance,

roughness, water 

level, runoff,

floodplain 

storage, river 

channel

vegetation

Infiltration 
capacity, runoff 
coefficient,
water storage 
capacity,
evapotranspiration

The processes in all three compartments affect the characteristics of river floods. The relative 

importance of individual drivers depends on the local and on the boundary conditions.

Which processes contribute to floods?
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100%

0%

The probability of extreme discharge event (Q99%) being 
associated with an extreme precipitation event (P99%)

Across all sites only 36% of extreme precipitation 
events lead to a corresponding extreme 

discharge 
36%

ALL

When the precipitation is conditioned on the 
catchment being wet before the start of the 

event, this number increases to 62%...

62%

WET

13%

DRY
…contrasted with only 13% when the moisture 

conditions before the storm are dry

Which processes contribute to floods?

Initial soil moisture 

is even more 

important than 

precipitation in 

triggering floods 
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CASENTINO 

BASIN

30% increase of soil 
moisture produces a 

8-fold increase of 
peak discharge!

Why soil moisture for flood?
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1st December 2010
very WET

90% saturation

1st December 2011
very DRY

10% saturation

NORMAL NOW

Why soil moisture for flood?
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Why soil moisture for flood?
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Soil moisture for hydrological alert
Satellite soil moisture products for the 
operational applications of civil protection:
Training and Demonstration
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Exploiting satellite soil moisture for flood

 Data Assimilation 
(this morning, Gabellani - CIMA)

 Setting initial soil moisture conditions for flood 
simulation

 Improving\correcting rainfall through 
SM2RAIN

 Data Assimilation 
(this morning, Gabellani - CIMA)

 Setting initial soil moisture conditions for flood 
simulation

 Improving\correcting rainfall through 
SM2RAIN
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Initial soil moisture conditions for flood
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STRENGTHS
1) No need of continuous rainfall and 
evapotranspiration datasets.
Good in poorly gauged areas!
2) Parsimony and simplicity.
Good for operational purposes!

INPUT DATA:
• RAINFALL (only during floods)
• SOIL MOISTURE
OUTPUT DATA:
• DISCHARGE (only during floods)

2 PARAMETERS TO BE ESTIMATED

Initial soil moisture conditions for flood
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R600

R400

SpataKantza

Pikermi

Penteli

Rafina
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0° 
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km

Legend

Flow gauges

Metereological station

Rafina river network

Rafina cathcment

Elevation

High : 950 m

Low : 25 m

Early Warning 
System for Flood and 
Fire forecasting

ASCAT

AMSR-E

Initial soil moisture conditions for flood
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The model was applied to 35 Italian catchments
• areas ranging from 800 to 7400 km2

• Period 2010-2013  
• 593 flood events
• We used H07 and H14 (~ H113 and H27)

Initial soil moisture conditions for flood
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MISDc
NS =0.84

ASCAT+ECMWF~H27
NS=0.81

ASCAT~H113
NS =0.79

Po River at 
Carigliano
Area=3570 km2

PO AT CARIGLIANO

Initial soil moisture conditions for flood
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Soil Moisture and Rainfall: SM2RAIN
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SM2RAIN: rainfall from the bottom up

SM2RAIN is a new “bottom-up” 

approach (Brocca et al., 2014 JGR) for 

estimating the ACCUMULATED 

RAINFALL from satellite (and in situ) soil 

moisture observations 
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SM2RAIN: rainfall from the bottom up

Freely available @ Zenodo
https://zenodo.org/record/3405563

Data Period: January 2007-August 2019 - Spatial\Temporal Resolution: 12.5 km\1-day
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     222
1111  rKGE

Kling-Gupta Index 
(Gupta et al., 2009)

KGE= 0.52

KGE= -0.30

-∞<KGE≤ 0.3 0.3 <KGE≤ 0.7 0.7 <KGE≤ 1

UNSATISFACTORY 
MODEL RESULTS

ACCEPTABLE/GOOD
MODEL RESULTS

VERY GOOD
MODEL RESULTS

r = correlation coefficient
α = relative variability between observed and 

simulated discharge (i.e., conditional bias 
index)

β = bias normalized by the standard deviation.

KGE Performance Score for Floods
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Simulation of floods over 
1318 basins in Europe 
through TMPA, CMORPH 
and SM2RAIN-ASCAT 
precipitation

SM2RAIN-ASCAT 
outperforms 
(significantly)
TMPA and 
CMORPH, 
particularly in 
the 
Mediterranean 
Area (KGE=0.49 
vs 0.15 with 
TMPA)

Improving flood simulation via SM2RAIN
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 Long latency products (GPCC, ERA5, GPMFR) cannot be used for flood prediction
 SM2RAIN-ASCAT outperforms GPM-ER in Africa also for flood prediction

Improving flood simulation via SM2RAIN
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GPM-ER

SM2RAIN-ASCAT

KGE=0.65

KGE=0.79

TSITSA BASIN 
SOUTH AFRICA

Improving flood simulation via SM2RAIN
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H SAF SOIL MOISTURE WEEK 2019
4-8 November 2019

Flood prediction through
H SAF satellite soil moisture products

Laboratory

Luca Brocca and the Hydrology Team

IRPI CNR

https://github.com/H-SAF/eumetrain_sm_week_2019/tree/master/FloodLab

https://github.com/H-SAF/eumetrain_sm_week_2019/tree/master/FloodLab
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Introduction to the exercise
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Area=5270 km²
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Introduction to the exercise

MISDc Rainfall-Runoff Model

Continuous and semi-distributed 
rainfall-runoff model.

INPUT: 
o Precipitation 
o Air temperature

OUTPUT:
o River discharge
o Root-zone soil moisture
o Actual and potential 

evapotranspiration

Recent review paper of MISDc 
performance: 
Masseroni et al. (2017 HYD RES, doi: 
10.2166/nh.2016.037)
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Introduction to the exercise

Satellite-based Soil 
Moisture

H113 = ASCAT

Surface soil moisture data 

record, based ONLY on 

satellite soil moisture data 

from ASCAT

H27 = ASCAT+ECMWF

Root-zone soil moisture 

obtained from the 

assimilation of ASCAT soil 

moisture into ECMWF IFS 

(Integrated Forecasting 

System). 4 layers

Rainfall

P = ERA5 reanalysis rainfall

SM2R = SM2RAIN-

ASCAT satellite rainfall 

obtained from H SAF 

ASCAT soil moisture

Air Temperature 
dataset

T = Obtained from the 

interpolation of 

meteorological stations

MERG =

MERGED DATASET = 

0.85*ERA5 + 

0.15*SM2RAIN-ASCAT

River Discharge

Q = Obtained from 

the gauging station at 

Monte Molino (Tiber 

River)



07 November 2019 SM Event Week http://hydrology.irpi.cnr.it/ 25

Introduction to the exercise

All the datasets are available at daily time scale from January 2007 to December 2014. 
The data are spatially averaged at the basin scale and saved in the file 
«TEVERE_DATA_NEW.txt» = Matrix 2922 rows (dates) x 11 columns (see below)
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RECURSIVE FORMULATION; easier to implement!

Introduction to the exercise

Soil Water Index
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Introduction to the exercise
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MISDc: Discharge simulation 2007-2014

Model performance are satisfactory with Nash-
Sutcliffe Efficiency (NSE) = 0.727 and ANSE (high 
flow NSE) = 0.728.
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H27 (ASCAT+ECMWF) vs Modelled SM

The higher correlation (R=0.939) is obtained with 
the third layer (0-100cm) that will be used in the 
flood simulations.
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SWI-H113 (ASCAT) vs Modelled SM

The higher correlation (R=0.880) is obtained with 
T=30 days, SWI(T=30) will be used in the flood 
simulations.

SWI applied to H113
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Linear Rescaling

The rescaling has a greater effect on H113 wrt H27.
Now the data are ready to be used for flood 
simulations.

Larger differences in 2012
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Flood simulation: SM from model

MISDc model is run for the period from 11-Nov-
2010 to 11-Dec-2010. Initial soil moisture from the 
model is equal to 0.87.
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Flood simulation: SM from ASCAT

MISDc model is run with the initial soil moisture 
from SWI-H113 before (0.43) and after (0.77) 
rescaling.

Simulation 
with H113 is 
wrong!
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Flood simulation: SM from ASCAT+ECMWF

MISDc model is run with the initial soil moisture 
from H27 after rescaling (0.76).
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Impact of SM on Flood Simulation

MISDc is run with different initial soil moisture 
conditions. You can test the sensitivity by yourself!
What is the impact of initial soil moisture?
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Flood Simulation: P from ERA5

MISDc is run with ERA5 reanalysis rainfall, this is 
the reference simulation: NSE=0.727.
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Flood Simulation: P from SM2RAIN-ASCAT

MISDc is run with SM2RAIN-ASCAT rainfall, 
performances are lower with NSE=0.560.
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Flood Simulation: P from ERA5+SM2RAIN

MISDc is run with the merged rainfall integrating 
SM2RAIN-ASCAT and ERA5, performances improve 
(NSE=0.758), particularly in terms of ANSE.



07 November 2019 SM Event Week http://hydrology.irpi.cnr.it/ 39

Flood Simulation: P from ERA5+SM2RAIN

The larger improvements are obtained in the period 
2013-2014 (SM2RAIN-ASCAT is more accurate). 
What is the benefit of SM2RAIN for improving floods?


