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This presentation

e FEWSPo “core business”

— Numerical and statistical models for flood and
drought forecasting

* New applications
— Water quality
— Eco-hydraulics models

— Random forest application for estimation of
threshold crossing probability



A national and interregional agreement
among public administrations

Italian Department of Civil Protection
Po river basin Authority
Interregional Agency for the Po river basin

Emilia-Romagna Region

Lombardia Region
Piemonte Region ‘
Valle d’Aosta Region *

Veneto Region




The Italian Decree on Po floods

Direttiva PCM 08/02/2013

26-4-2013 GazzETTA UFFICIALE DELLA REPUBBLICA ITALIANA
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Serie genera

DECRETI PRESIDENZIALI

DIRETTIVA DEL PRESIDENTE DEL CONSIGLIO DEI
MINISTRI 8 febbraio 2013.

Indirizzi operativi per Distituzione dell’Unita di Coman-
do e Controllo del bacino del fiume Po ai fini del governo
delle piene, nonché modifiche ed integrazioni alla Diretti-
va del Presidente del Consigllo dei Ministri del 27 febbraio
2004 e ive modificazi
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to nazionale ¢ regionale per il rischio idrogeolo)
idraulico ai fini di protezione civile» e successive
cazioni ed integrazioni» e s.m.i, ed in particolare

5 concernente le misure di previsione e prevenzig
strutturale finalizzate al governo delle piene, ove

sto che nei bacini di interesse interregionale e naj
in cui siano presenti opere di ritenuta iscritte nel

4. Unita di comando e controllo dell’asta principale de
Fiume Po.

L’'UCC rappresenta i protezione civile per
il governo delle piene ed ¢ costituita dai Presidenti delle
Regioni, o da loro delegati, dal Ministro dell’Ambiente
e della Tutela del Territorio e del Mare o da un suo dele-
gato (che potra essere un Sottosegretario o i1l Segretario
dell’ Autorita di Bacino a seconda del livello di rappresen-
tanza)e dalla Presidenza del Consiglho dei Ministr1 - Capo
del Dipartimento della protezione civile o suo delegato,
che la presiede. La convocazione dell’UCC ¢ effettuata
dal Dipartimento dellaprotezione—civile su richiesta di

/\

3. Modello previsionale per I'asta principale del Fiume
0.
La sede di Parma de 0, svolge e funzioni di cen-

tro prewsmnale per 1’asta principale del fiume Po, coor-
dinandosi con 1 Centri Funzionali Decentrati della Valle
d’Aosta, del Piemonte, della Lombardia, dell’Emilia Ro-
magna ¢ del Veneto.

L’AlPo, con il supporto della struttura di ARPA-SIMC
di Parma, Centro di Competenza per la modellistica idro-
logica, garantisce 1l funzionamento del sistema di model-
listica idrologica e idraulica (FEWS PO) e I’allineamento
degli analoghi sistemi di back-up operativi presso le Re-
gioni e presso il Centro Funzionale Centrale del Diparti-
mento della protezione civile.

I Dipartimento della protezione civile, I’ AIPo, il Mini-
stero dell’ambiente e della tutela del territorio e del mare,
il Ministero delle infrastrutture e dei trasporti ¢ le Regioni
interessate assicurano le risorse finanziarie per la gestio-
ne ¢ la manutenzione evolutiva dei sistemi modellistici,




Flood event on Aprile 2013
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Input data

Observed data
(Rainfall, Temperature, Snow level, Water level, Discha
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Input data

Observed data
(Rainfall, Temperature, Snow level, Water Radar and satellite
level, Discharge) (Precipitation fields, Soil moisture)

Radar:

All radar images are combined
providing unique image of
precipitation fields every 30 min.

Satellite:
Images from




Input data
Meteorological models

(Rainfall and temperature fields from deterministic
and ensemble models)
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COSMOI5 — 5km resolution, 76
hours lead time, two time a day
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COSMOI2 — 2km resolution, 48
hours lead time, two time a day

COSMORUC - 2km resolution,
16 hours lead time, 8 time a day

COSMO LEPS — Probabilistic 16
members, 5 days lead time




Input data
Meteorological models

(Rainfall and temperature fields from deterministic
and ensemble models)

The EPS Model
Ensemble Prediction System (EPS-LEPS)

Dim 2

Possible

"W, evolution Atmosphere is a chaotic
system and small errors in
initial conditions (different
states of the atmosphere)
and numerical forecast
model uncertainties can

Initial Dim 1

L > lead to different results
conditions

—16 scenarios




Hydrological and hydraulic chains

Hydrological and
hydraulic chains
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The applied techniques are attractive because they take in account the effec
uncertainty on hydrological forecasts, offering an approach to a probabilistic predi
and improving tha same hydrological accuracy as well.




Hydrological models

Precipitation Evapotranspiration

ALTITUDE DISTRIBUTED
SNOW MODEL
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depression
Surface runoff
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Infiitration
Tension, Upper
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storage ; storage storage

* HEC-HMS
* DHI-NAM
* TOPKAPI

Percolation J

Groundwater flow
- .

Groundwater
layer 1 storage

Percolation

Groundvater flow
I

Groundwater
layer 2 storage

Deep
percolation
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‘ Precipitation (P)
Eavporation

LTy

non saturation rone
in upper goil layer
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in lower soil layer

saturation rone
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Hydrodinamic models
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Downstream boundary conditions

e Sea levels (ADRIA-ROMS model)

‘I Data Display
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Adria-Roms

meteorological forces .
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Forecast output

* Water level and discharge at each river station

* Performance indicators (BIAS,MAE,RMSE,MSE,NS...)
e Results elaboration (post correction, AR models ecc.)
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DEWS — Drought Early Warning Sys

PRECIPITATION
TEMPERATURE Observed/Telemeasure

LEVEL/DISCHARGE

PIEZOMETRIC HEA'?F LM + 15 days/Seasonal
Forecasts + 3 months

METEOROLOGICAL
MODELS

| VALIDATION, INTERPOLATION the
AND DATA TRANSFORMATION (DE\I+IS) system
takes care
TOPKAPI

Rainfall-runoff model

RIBASIM Water balance model




Seasonal and long term meteorological products

Meteorological centre of ARPA EMR gives an elaboration of ECMWEF forecasts feeding t
hydrological chain:

1. Are composed of precipitation and temperature fields, given by seasonal and long term foreca
products

2. The spatial domain is northern Italy with a grid step from 16 (deterministic) to 35 (seasonal) k
daily precipitation and 6 hours for temperature.

3. The daily detail of seasonal forecasts is given by a statistical post processing, that is a weather
generator.

The process contains an harmonization of computational grids and data assimilation.

=deterministic forecast ECMWF (0-6 days) — daily updated

===ensemble forecast ECMWF EPS (7-14 days) — daily updated (median or scenarios)
====monthly ens forecast (15-30 days) — weekly updated (median or scenarios)
====seasonal ens forecast (1-3 months) — monthly updated (median or scenarios)

| |
0 7 15 30 2° month

ool >

th



Hydrological model TOPKAPI

Hydrological, distributed and physically based model

Starting from a
meteorological input and
from physical and
morphological
characteristics of the river
basin, it represents
discharge hydrograph.

It is not necessary to
describe in an accurate
mode the river section
geometry, but it is sufficient
to give a schematic
representation of it.

Thematic cartography:

Digital Elevation Mode
Soil types

Drainage soil coefficie

Soil use and plant cove

Mean monthly temper:
(PET)

Precipitation

Evapo-transpiration

Snow storage and melt

Infiltration

| Surface runc

Percolation

—Subsurfa

Transfers to

lake
/reservoirs

drainage
network




The water balance model : RIBASIM (Rlver BAsin SIMula )

View Data




Schematization of Ribasim

RAPPRESENTAZIONE SCHEMATICA DI UN AFFLUENTE DIPO NEL MODELLO DI
BILANCIO RIB ASIM

Inn ngresso modello

idralogice TOPKAR|
(zezione di calibrazione)
Ingrezso modello
idrolagic TDPKAﬁl (l J L,
(interbac Q)

Ewertuale presenza di
laghi & relative regale
di gestions

Eventuale sezione di
controllo monitorata

RAGGRUFPAMEMTO
COMCESEIONI IRRIGUE

l\

Ingres=so modello
idrologico TOPKAP]

(interbacing)

\

Linea delle Asorgive  ——————————— S d oo

Ingrezzo modello '\1 d alibrazions
idrologic: TUF‘Kﬁl.Fl (. d |I'I'|0d || d bl RlBﬂSlM
(nerbac

RAGGRUPPAMENTO
COHCESSIONI IRRIGUE

Ribasim gets in input TOPKAPI
outflow related to the mountain
part of the basin.

RIBASIM calculates water balance
on the basis of different elements
of the system, such as
groundwater component,
agricultural demand, hydropower
demand, target low flow in the
river..




— Simulated flow Reda
— Montored flov Reda
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Real time application during summer drought 2012
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Standardized Precipitation Index and Standardized Flow Index
PRECIPITATION AND FLOW ANOMALY

& FEWS-PO 2.00 - Secure Client * Januany 2010 - (Operator Client)
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Stochastic modelling

Frequency analysis of droughts
Run method (Yevjevich, 1967)

SECONDARY

This method is based on daily discharge Q
RETURN PERIOD

Given a threshold level gD, for example qqso, G90%
A drought is identified by 3 components:

D = drought duration : qBl<q, la masst
S = drought severity

D

D, days
S = [ (alt)- g, ) ~

0 qn feresenduensansanrahansnrsrrnansrarsnanssrrssnassnpepnnsnngnfenanasalonaanassennd hsnsnannnssnanalen

. _ iy
I = drought intensity _  wm

.

- & at-ao
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Statistical analysis of consecutive days with no rain
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CLARA project: PWA service

PWA (Parma river basin Water
Assessment) service aims to
supply a climate service in
order to include climate
change in planning and
emergency actions in the
selected area of the Parma
river basin.

Water quality

The user will be able to query:

Habitat

Water resources management




Water quality: DELWAQ analysis

The aim is to analyze the nutrient » Database of chemical -
concentration evolution in  the ‘ physical — morphological and
Parma river basin using numerical hydrolqglcal parameters |

models. * Analysis of diffuse and point

sources in the basin.

Parameters considered:
* Nitrogen
* Phosphorus

These parameters are fundamental for life and their biogeochemical cycle has been
deeply compromised by anthropogenic actions that in very high values can lead to
eutrophication.




Data

The water quality service is based on the
analysis of two macronutrients: nitrogen (N)
and phosphorus (P). The anthropic loads
have been estimated evaluating the main
impactful sectors into the basin. The data
used, regarding year 2010, are obtained
consulting ISTAT (ltalian National Institute of
Statistic) and include agricultural,
zootechnical and human compartment.




Water quality: DELWAQ analysis

Ribasim DELWAQ model is a component of Ribasim model that allows to evaluate the spread
of pollutants in the basin. It is used to evaluate the trend of N and P into the system, therefore
it allows to distribute the N-P loads over the fields. Relating the rainfall and discharges with the
pollutant load, it's possible to define the water quality.

AIR: Advanced IRrigation node

Pws: Public Water Supply node O

IND_Pws: INDustry Pws node O




Observed data — Simulated data

Nitrogen load at Ponte Dattaro (Parma river), year 2010

Load [g/s]

—— Simulated load _— Opbserved load




Weighted Usable Area - WUA

The target is to evaluate the
change of habitat suitability in a
portion of the Parma river, for the
adult life stage for three different
fish species.

The data used are:
» stream flow series

» Weighted Usable Area (WUA) -
Q curves

Barbus plebejus

Leuciscus cephalus

Salmo trutta

N.B.: the only discriminating factor considered is the STREAM FLOW



WUA - Q curves

The WUA - Q curves (Weighted Usable Area - Flows) used to evaluate habitat
suitability, derive from a “Minimum Flow” study led by ARPAE and
R.E.R. (Emilia-Romagna Region) using the PHABSIM software. The WUA-Q
relate discharge with the available habitat area. These curves are site and
species-specific.

PHYSICAL HABITAT

B WUA(Q) = [ f(v,d,ci) dA

MANUAL - VERSION Il

INSTREAM
FLOW
INFORMATION
PAPER NO. 26

WUA (Q) is the physical habitat at the
streamflow Q

*dA is an incremental area

*A is the total area at the streamflow Q

*v is the velocity

«d is the depth

c/ IS an index for the channel characteristics

BIOLOGICAL REPORT 83(16)
SEPTEMBER 1989



WUA

The WUA curves show the habitat suitability for the target species, considering the discharge
variations. It is possible to find out a suitable habitat, from an hydraulic point of view, when the
WUA is greater than 50%. This value represent the discriminating limit between potential
suitable and potential non-suitable habitat.
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Maintaining the identified threshold value is possible to evaluate not only the present
conditions but also climate change scenarios conditions.



Eco-hydraulic model for the habitat of the
birdlife along the Po river

N The model allows to analyze
X habitat availability of avian species
linked to aquatic environment,

particularly for one phase of life:
nesting.

Common Tern Little Tern

"IUCN Red list"




Model structure

Hypothesis

¢ Fixed bottom

Components

. = 3
e Hydro-morphological [@rthophotos

e Biological

EIaboratlon @ .

e Habitat conditions




When and where?

Necessary condition for species reproduction

¥

The potential suitable area for nesting has not to be flooded for a continuous period of
at least 45 days (laying period + breeding period)




Results

Comparison between observed and simulated

Surveyed colonies (2009 and 2012) Optimal habitat frequency

Bogliani, 2012 (modificata) 80% + 100%
20% + 50%
O 0% + 20%




EWS-RER - Sistema Fews Regione Emilia Romagna (Operator
File Tools Options Help

Medie Areali Sottobacini
Triratnri di marfamanss ¥

'W Trebbia Valsigiara
'V Valpeliine Prele’-Buthier

'W Vakavar. EauxRousses-Save
W Valtournenche-Maen-T.Marm
W Varallo Mastalione

W Varano

(W veggiola

W vergato

'W Verolengo Dora Baltea

v O [~} Merual Forecast i Date Dispiay

} . .

551 (0]

. INESUING Prooaplliity (7o

4.51-

: manager 40

25 INFO - ManualForecast, Started: Manual forecast <31-10-2019 11:00:00 HabitatSterne > has been sent to the task scheduler

59 INFO - TimeSeriesIndex, Compactrinished: 13 seconds, removed rows 458852/1300618, remaved time series 9738/173484, removed groups hremd 3.5
seconds

ompact

.52 INFO - Reading 841727 time series row ids from database finished in 1 10

146 INFO - Login.Firished: Successfully logged in to Master Controller: EMRMCO0, Session ID EMRMC00:002244680 g
2.5

20
15
1.0
05
0.0

rent system time:31-10-2019 11:00 CET 10:11:14

3,000

1,500

2,250

2,000

1,500

1.250

iy

1,000

730 e

« Discharge (m?3s ——

22-10-2019 23-10-201% 24-10-2019 25-10-2018 26-10-2019 27-10-2019 28-10-201% 25-10-2019 30-10-2019 31-10-201%
00:00 0000 00:00 00:00 00:00 00:00 00:00 00:00 00:00 15100







Random Forests

A random forest is basically an ensemble of decision trees. Random forests also provide a
natural way of assessing the importance of input variables. It allows to associate a
probability of occurrence to the results obtained.

Question
~e? Yo
Question Question
@& o @& %
Question Question (] Question
@ Yo 4e° Yo i Yo
@ o0 ® ® @

Benefits of Random Forests:

Accuracy
Runs efficiently on large data bases
Gives estimates of what variables are important in the classification

Generates an internal unbiased estimate of the generalization error as the forest building
progresses



Random Forests

FEWS implementation
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Thank you for your attention

Contact e-maill

idrologia@arpae.emr.it

Dott. Fabrizio Tonelli

Dott.ssa Selena Ziccardi
Dott.ssa Chiara Montecorboli
Dott. Ing. Marco Brian

ftonelli@arpae.it
selena.ziccardi@gmail.com
chiaramontecorboli@gmail.com

mbrian102@gmail.com
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