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Aims and tools of the study

Goal

« Assessing the reliability of a real time flood forecasting system,
coupling meteorological and hydrological models, analysing the
guantitative forecasting precipitation and temperature fields over
mountain basins in different weather conditions

Tools

e Set up an hydro-meteorological chain as an operative real time flood
forecasting tool in mountain basins: MAP-D-PHASE Project

« Evaluation of the forecasted atmospheric forcing errors: in particular
the key role of air temperature that can affect the Quantitative
Discharge Forecast (QDF) and the whole hydro-meteorological alert
system in the Alpine region
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N\ |MAP-D-PHASE Project

m
» A Forecast Demonstration Project (FDP) of the WWRP (World Weather Research Programme of WMO). It
aims at demonstrating some of the many achievements of the Mesoscale Alpine Programme (MAP), in
particular the ability of forecasting heavy precipitation and related flooding events in the Alpine region.

* The MAP FDP addresses the entire forecasting chain ranging from limited-area ensemble forecasting, high-
resolution atmospheric modelling, hydrological modelling and nowcasting to decision making by the end users,
by setting up an end-to-end forecasting system.

» The D-PHASE Operations Period (DOP) has been from 1 June to 30 November 2007, but it is still working!
 The real-time end-to-end forecasting system includes: centralised Visualisation Platform

(VP, www.d-phase.info) and Data Archive (DA, cera-www.dkrz.de)

Created: 08.08 2007 150343

D-PHASE

a WWRP For nstration Project

Source: Ravazzani, G., Ceppi, A., Rabuffetti, D.,
Mancini, M. 2009; dphase fest: hydrological model
FEST run by Politecnico di Milano for the MAP D-
PHASE project. World Data Center for Climate. [doi:
10.1594/WDCC/dphase_fest]

Analyzed watersheds by POLIMI: the Toce, Maggia, Ticino

D-PHASE hydro-meteorological warning codes

6 times a
year

No data

Visualisation platform for the Map-D-Phase
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http://www.d-phase.info/

Area of study

11 BASINS Lag time [h] Area [km?]
Ticino basin (closed at Bellinzona) 9 1537
Maggia basin (closed at Solduno) 6.8 902
Toce basin (closed at Candoglia) 9 1534
Sesia basin (closed at Palestro) 18.8 2606
Po basin (closed at Carignano) 18 3960
Stura basin (closed at Fossano) 9.5 1239
Tanaro basin (closed at Farigliano) 14.8 1457
Belbo basin (closed at Castelnuovo) 15.1 421
o . FE%, g Bormida basin (closed at Cassine) 23.2 1523
Ef;r:gj:dilli : Orba basin (closed at Casal Cervelli) 14.2 750
Scrivia basin (closed at Serravalle) 10 617
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The POLIMI hydro-meteorological chain: the forecasting cascade system

» Weather forecasts are useful to predict possible extreme hydrological events, in order to active in advance mitigation
measures and alert systems, above all over small-medium size mountain basins where lag times are low.

* In the present day, operational real time hydro-meteorological forecast systems are realized by use of one-way coupling,
I.e. the meteorological output variables are driven into hydrological models.

- ~al .
Meteorological _
chain Modelling Modelling
ARPA Piemonte COSMO-LEPS FEST-WB Skill scores
Meteo Swiss MOLOCH Statistical analysis

» The initial hot start is sent daily by ARPA-Piemonte which runs
CINZIALZATIONRUN T the same hydrological model with weather observations.

i other fnrcings| station 1

| temperature |stalinn1 -

« The current hydro-meteorological chain includes:
; a) probabilistic forecasts based on ensemble prediction systems
now ~with lead time of a few days

precipitation | station 1 20 i FEST-WEB

station 2 50

station N

------------------------------- e '~ b) short-range forecasts based on high resolution deterministic
state atmospheric model

| FORECASTINGRUN |

| _ Q : . , ,

- otverforongs| + The hydrological model used to generate the runoff simulations

‘”_”"_f’:‘”"-‘H_ ST 5 Is the FEST-WB model, developed at Politecnico di Milano.

~Tutire ~+ Statistical analyses are used to calculate the skill scores for
| hydrological applications
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Meteorological models: Cosmo-Leps and Moloch

COSMO-LEPS Model (Marsigli et al., 2005)

» Spatial Resolution: 10.0 km (0.09°)

 Temporal Resolution: 3 h

 Vertical levels: 40 (non-hydrostatic)

« Ensemble members: 16 nested <10

on ECMWEF EPS 9
e Forecast range: +132 h 5
* Run starting at: 12:00 UTC  E&50w 4
* Owner: ARPA Emllla_Romagna 2 Different spatial resquFions used by.the two weather
MOLOCH Model waiguzz et al. 2006) O W Tod on 2 Nevemeer 2007 is shown i Gorsus
+2 degreem's
» Spatial Resolution: 2.3 km (0.02°) +4
 Temporal Resolution: 1 h +6
 Vertical levels: 50 (non-hydrostatic) +8
* Deterministic model, nested on BOLAM,  »>+10 I
nested on ECMWE ')
° .
R sarting ot 0000 UTE
g at: 00: :

e Owner: ISAC-CNR
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PoliMi - Distributed Hydrological Model: FEST-WB

Atmospheric forcing

Spatial interpolation: Thissen, IDW

The snow model includes the
snow melt and the snow
accumulation dynamics

1) snow accumulation dynamic

v Soil 0 >T, <T,;
P =aP T -T
ﬁ/lno(;/vl > parameters L aP =< ¢ inf S T'jnf < Ta < Tsup
ode \4 . DEM PS = (I—Of)P Tsup _Tinf
\egetation
Soil Water 1 ST, > Ty
< parameters The partitioning of total 4
balance S N
precipitation, P, in liquid, PI,
| X and solid, Ps, phaseisa 1 }----------------3 ;
* v ) function of air
_ Surface River network temperature, Ta (Tarboton !
Drainage Runoff definition etal., 1994). . . o
I Tins and Ty, are calibrated Tinr TSUP
1 ] parameters
) Routing: (Corbari et al., 2009).
_Routing: Muskingum — Cunge 2) snow melt dynamic
| The snow melt simulationis Cn is an empirical coefficient
based on the degree day depending on meteorological

Outflow hydrograph

Full scheme of the

rainfall-runoff

distributed

hydrological model FEST-WB, physically based
(Mancini, 1990 - Ravazzani et al., 2010)
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concept (Martinec et al., 1960) conditions and geographic location

Ms = Cm(Ta —Tb)

The melt rate in ms?, M, is proportional to the difference between
air temperature T, and a predefined threshold temperature, T,
(Salandin et al., 2004)
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1-5 November 2008: stratiform event

e . b,

==

IJ.-—wuuu

ot s Prtions Ambiern

BOLLETTINO +

ALLERTA METEOIDROLOGICA

NASS Rador Accumulation: 02Nov2008 00Q0UTC —24h

BOLLETT. N® DATA EMISSIONE WALIDITA AGGIORN AMENTO SERVIZID A C
309/2008 04/11/2008 ore 1300 36 ore  |05/11/2008 ore 13:00 Arpa Centro F) Regiones Piemonie
2 RISC GICO ED
5 VIGILANZA METEOROLOGICA TE
s Prossime 28 ore Oltre 36 ore Prof
& | Livellidi Fenomeni rilevant Quotal  Fenomeni Liv rritorio
i vigilanza - neve rilevani
e e G 2o
B| s A remeren /« Lo s e
| i B e | Q. e v v
‘¢S A
.\ i S R,
D| wereo I Piegge Fort e " | conseguarte  pogefor
DINARILA
E SITUZAZIDNEl. ‘I - 7 10 14 20 28 30 54 T4 103 |4 mm
ORDINARIA I V
. . ipitazi naria Criticia f I
South-East winds ~ [F| %= |7 /||| - @ccumulation (mm) over
G AVVISO / 1 Precipitazicn Ordinaria Criticita nte and South SWItZerIand
METED / - - OROINARIA Ciffuse conseguente a piogge forti
Days Toce | Ticino - o |l 1 [prsbiczon| owesacen  ((|[DO | Bormida | Orba | Scrivia
H
2300 ORDINARIA Diffuse conseguente a piogge forti
BK
1 November 2008 | 6.5 4.4 '\ / S I IR N - e 1.4 3.4 1.7

53.3 6.6 0.4

10.3 22.3 14.1

/ / ) - recipitazion naria Criticta
2 November 2008 72 00 |— :‘V;‘_I:g M Fingge Fort - - DRD]ARI.& F B?fliz ccns(ejgzle"'.ea:-oggefor.i
M SITU&ZIDNEP ‘I R _ _ -
3 November 2008 | 52.2 31.8 i
NOTA:
4 November 2008 | 79.0 | 22.7 yoesema T BT e s cosnorove | LEGENDAdorsimbol
di Allerta alli Oreo, Lanze, Sangone (TO) es5una icona: assenza di fenomeni significativi

D Valli Susa, Chisene, Pellice, Po (CN-TO)
E Va' Varaita. Maira, Stura di Demonte (CH)
F Valle Tanaro (CN}

G Belbo, Bormida (AL-AT-CN)

5 November 2008 | 95.4 48.1

s

u n Flopgia

55
e
‘}L v @ = H Serivia (AL)
s | Fianura Settentricnale (AL-AT-BL-NO-TOVC)
i ﬂ;}v‘"’ﬁ L Pianura Torinese, Colline (AL-AT-CN-TO)
T M Pianura Cuneess (CN-TO)

Temporale
&IE‘? Hevicata

Cumulated
Precipitation [mm]

240.3 | 107.0

lcona chiara: fenomeno non intenso
lcona scura: fenomeno intenso - AVWVIS0O METED

63.8 82.5 42.0

25.0 37.1 324

Anomalia di
Freddo

o0 73
H WVento .

i

153.8 119.6 90.6

Attenzione: per una corretia interpretazione ed approfondimenti consuftare sempre il discipinare
Diffusiane:

2 hitpofwaw.ruparplemonte. Ifmetee’ - hitpiintranetruparplemontz. itmetec’ con password dl accesso
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Www.arpa.piemonie.it
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The role of atmospheric forcing: precipitation

Discharge W'lzo h 1 November output run:

96-120 h before the main peak flow

3000 - -
+ ) / \/\ Missed 1.0 . .
| . F48-721D Aaim Sesia basin | ...
" /j \/\ _ -= BS for alert code
"’E 2000 - N — 08 |4~ N\
O 1500 - . ’h 0.77
.\ 0.6
1000 > 0 0.47 0.47
500 - o Xt 04
2008-11-01  2008-11-02  2008-11-03 ~ 2008-11-04  2008-11-05  2008-11-06 o o
02 —
days g \. 0.14
300 — min-max ensemble 0.0
______ FEST-WE AT 1 ini 1 nov ini 2 nov ini 3 nov ini 4 nov
o p————— Precipitation <> !

Median

I e Brier Score 1
200 e BS = H z (yk — 0, )2
k=1

* n = number of forecasting istances

* y, = the probability that an event was forecasted

* 0, = the actual outcome of the event at instance k (O if it
doesn't happen and 1 if it happens)

* Best score =0

150 -

100 -

Cumulated Precipitation [mm]

a
o
T

/ The BS is essentially the mean-squared error of the probability forecasts,
0 w considering that the observation is 0=1 if the event occurs and 0=0 if the

2008-11-01 2008-11-02 2008-11-03 2008-11-04 2008-11-05 2008-11-0¢ event does not occur. The score averages the squared differences between
pairs of forecast probabilities and the subsequent observations (Wilks,

days 2006).
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The role of atmospheric forcing: precipitation

Discharge

300

2008-11-04 2008-11-05 2008-11-06

2008-11-08 2008-11-09

Cumulated Precipitation [mm]
N
o
o

a
o

Precipitation

200 -

150 -

100 -

0 : :
2008-11-04 2008-11-05 2008-11-06

days

T T
2008-11-08 2008-11-09

BS

4 November output run:
24-48 h before the main peak flow

1.0 ;| - .

Sesia basin w

\+ BS for alert code\

0.8

0.77.\
0.6

0.47 0.47 m

0.4 ~— _
0.0

ini 1 nov ini 2 nov ini 3 nov

Lead Time

min-max ensemble

— = = = = = FEST-WB

Hit

Observed
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Median
Q25-Q75
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The reliability of the hydro-meteorological chain: brief summary

| I
BS for al d —
Sesia basin or alert code 0.77 0.47 047 |/ 014\
Novermber event OUrS before the main peak | 96-120 72-96 48-72 \24-48}
"
Hit
: BS for alert code 0.31 0.25 0.31 /m
Toce basin | 96-120 | 72-96 | 48-72 |\ 24-48)
November event hours before the main peak - - - - |
Why does not this False
reliability subsist over
Toce (and Stura) Alarm O

basins?
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The role of atmospheric forcing: temperature

|
4000

3500 +

Discharge

3000 -

— 2500 -
—

™ B
c 2000

@ 1500 1

1000 +

500 +

—T

2008-11-07

0
2008-11-04

2008-11-05 2008-11-06 2008-11-08 2008-11-09

days

Precipitation

N
al
o

200 -

150 -

100 -

Cumulated Precipitation [mm]

50 -

Toce basin

0
2008-11-04

2008-11-05 2008-11-06 2008-11-07

days

2008-11-08 2008-11-09
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Temperature

Temperature [°C]
S

-2
2008-11-04

2008-11-05 2008-11-06 2008-11-07

days

2008-11-08 2008-11-09

min-max ensemble
FEST-WE
Observed

Median

C25- 175

Which is the interaction between
forecasted temperature and
precipitation errors affecting the peak
discharge in a mountain basins
during Autumn/Winter period?
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Sensitivity analysis at finite changes: the key role of temperature

|
2500
——————— FEST-WB
2000 + Observed
Median KB et B | itiion
— Q25-Q75
o RBbseaattd thFomy ettt ere
E
O’ 1000
AF = Af, + Af + Af
500 - P T PT
N~ ,, Source: Borgonovo, 2010
2088-11—04 2008-I11-05 zooa-“u-oe zooa-“11-07 zoos-uuoa M11m Finite changes sensitivity indices
days
Qrax ObBErVed = 016 m3 5 AT median(QuadPangT) = Quax FEST-WB = +849 m3 s

Qrax FEST-WB = 682 m3 ¢+ Af,  median(QuedP) - Qux FEST-WB = -26 m? s

Af. median(QuadT) - Quax FEST-WB = +686 m? st

Afp’T marginal effects of interaction = +189 m3 s
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Effects of temperature on the peak discharge: quantification of errors

Which is the acceptable temperature error in the
discharge forecast over mountain basins?

Set the precipitation
input using the
observed precipitation
field (raingauges)

| calculated the Q differences,

changing the temperature input Quantify

only, keeping the other hydro-

meteorological variables > diSCharge

unchanged (observed

precipitation and initial errors

conditions)
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Effects of temperature on flood contributing area: Toce basin

.
4500 . .
V4 'g Snow limit:
4000 - CJ
_f’i‘ 1700-2100 m
3500 §— -
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Sim (+0.5)
Sim (+1.0)

o 2008-11-06
days

Evaluation Discharge error

+0.5°C +8%
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Effects of temperature on flood contributing area: Sesia basin

m
Z4000 120
3500 \ Snow limit; [ 100
1800-2100 m |-
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. 1 \ 20
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2008-11-05 2008-11-06
days

Evaluation Discharge error

+0.5°C +1%
+1.0°C - - ---- +3%
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| Conclusions
||

1) The hydro-meteorological chain is a very useful tool to predict
In real time (generally with 24-48 hours before the main peak
discharge) possible river floods in advance over mountain
basins, where lag times are generally lower.

2) Precipitation is not the only atmospheric forcing to be
considered. The quantitative discharge forecast (QDF) is
Influenced by temperature errors and it is related to the basin
Ipsographic curve, therefore to the percentage of area that
contributes with more liquid water (rain) over watershed.
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Last flood in Milan urban area: the river Seveso...

36-48 h before the main peak flow

16 September 2010 output run:

200

150

Discharge

1
1
o | '

Cumulated Precipitation [mm]

200

Area: 195 km?

150

Precipitation Seveso basin

100

50

A

—

CLEPS-FEST

16/09/2010 12:00 |

17/09/2010 00:00 :g‘
17/09/2010 12:0
18/09/2010 00:0
18/09/2010 12:0
19/09/2010 00:00 ]
19/09/2010 12:0

days

Forecast Reliability: 37.5%

1Ensemble 25-75

=== Eean
=== median

20/09/2010 00:0
20/09/2010 12:0

8 —P observed

- = Q sim Fest-WB

21/09/2010 00:00
21/09/2010 12:00
22/09/2010 00:0

—alarm code R

- Ensembles
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