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Abstract

In the present day, coupling meteorological and hydrological models, it is

Area of study

Operational real time hydro-meteorological forecast

by scientific as a n ary way to forecast extreme ' | ! ! ! ©
hydro\oglcal phenomena, in order to active useful mitigation measurements and one-way coupling, i.e. the meteorological output va  riables are driven into
alert systems in advance, above all over mountain basins where lag times are hydrological models
low.
" : P " " The Hydro- - in H-
A real-time flood forecasting system is described in this study with a re-analysis Meteorolfogical Local M-l Basin H-!
of some operational case studies occurred between 2007 and 2008 in the . delli i
chain Modelling Modelling
Piedmont Region, North-West of Italy.
ARPA Piemonte COSMO-LEPS Skill scores
We check if hydrological simulations, coupled with weather forecasts are able to 11 BASINS [ Legtmen) | Areakm 3 FEST-WB
predict possible flood occurrences with sufficient lead time, valuing the efficiency Ticino basin (dosed at Bellnzona) o 537 Meteo Swiss MOLOCH Statistical analysis
of hydro-meteorological chain in case of exceeding warning code. Maggia basin (closed at Solduno) 8 %02 R « Theinitial hot start is sent daily by ARPA-Piedmont which runs every day
The goal is to evaluate how the of forecasts Toce basin (closed at Candoglia) 9 1534 P Q the same hydrologica[ model wm»h weather observations for nowcasting
the performance of hydrological predictions in terms o' Quantitative Discharge Sesia basin (closed at Palestro) 188 2606 s [ 1 e monitoring and as a civil-protection tool.
Forecasts (QDFs) over different catchments. In particular, we investigate how the Po basin (closed at Carignano) 18 2960 - = + The current hydro-meteorological chain includes: .
meteorological forecasts are efficient into hydrological forecasting system at Stura basin (closed at Fossano) o5 1239 L a) ‘F"’:bil""a'sf"c fzreycsasts based on ensemble prediction systems  with lead
different days in advance, focusing the attention on key role of air temperature ranaro basin ) ime of afew daj
(cosed at Farighano) 18 1457 -
which is a crucial feature in determining the partitioning of precipitation in solid % Q b) Sh"é‘e(ar‘ge forecasts based on high resolution deterministic atmospheric
snow) and liquid phase (rainfall) that can affect the river discharge prediction in Belbo basin (closed at Castelnuovo) 11 a2t sruraal " o
Exutum)n seasczl)n oeer Pie(dmont )walersheds Further, we try to nder how t Cassine) 232 1523 PEMONTE o + The hydrological model used to generate the runof simulations s the
: ' ylo a Digital Elevation Model of the area in the siudy. The @it FEST-WB model, developed at Politecnico di Milano.

the effect of meteorological model spatial resolution and soil moisture initial Orba basin (closed at Casal Cervell) 142 750 9 i i

s " . . . boundaries of each basin are shown in red, while walershed Statistical analyses are used to calculate the skill scores for hydrological
conditions can influence discharge forecasts and warnings over mountain basins. Scrivia basin (closed at Serravalle) 10 617 gauging stations are illustrated with yellow dots. applications.

__Hydro-Meteorological data Meteorological models:

FEST-WB

c L d Moloch —PoliMi - Distributed Hydrological Model: -
2000-2008 available database 0sSmo-Leps and violoc The snow model includes
Flash-flood Event-based Spatially— N the snow melt and the
(ARPA Piemonte and Meteo Swiss) COSMO-LEPS Model qvarsigi et at. 2005) distributed rainfall-runoff 1) snow accumulation dynamic snow accumulation
Transformation-Water Balance - P dynamics
« Spatial Resolution: 10.0 km (0.099 = i
« Temperature: 465 thermometers « Temporal Resolution; 3 h Spatial interpolation: Thissen, | OT el
« Relative Humidity: 186 hygrometers « Vertical levels: 40 (non-hydrostatic) o ST 5T,
« Ensemble members: 16 nested Snow T g The
. tation: partitioning of total precipitation, P, in liquid, PI, and solid, Ps,
Precipitation: 486 rain gauge stations on ECMWF EPS 6 phase is a function of air temperature,Ta (Tarboton et l., 1994)
« Solar Radiation: 92 pyranometers « Forecast range: +132 h 4 Ty and T,,,, are calibrated parameters (Corbari et al., 2009).
* Run starting at:  12:00 UTC 2 Diferent s
. patial resolutions used by the two,
* Wind Speed: 123 anemometers « Owner: ARPA Emilia-Romagna o vieather models over the Maggore Lake 1
. N basin: a temperaiure field on 27 November : §
« Hydrometer: 132 data @ basin close sections MOLOCH Model siguzs et al, 2006 42 2007is shown in Celsius degrees Calibration period: 2000-2002
gz et oc
i iod: o T T,
At heric f i . +4 Validation period: 2003 P o
mospheric foreing + Spatial Resolution: 2.3 km (0.029 w6 ) 2) snow melt dynamicC °°
Input values for the FEST-WB model may be derived from « Temporal Resolution: 1 h Temporal resolution: At = 1h X y . .
observed (ie. data from the h ¢ 8 The snow melt simulation is Cpyis an empirical coefficient
€ -e. < « Vertical levels: 50 (non-hydrostatic) Spatial resolution: Ax = 1Ikm  based on the degree day depending on meteorological
stations of ARPA Piedmont and of MeteoSwiss or from the « Deterministic model. nested on BOLAM, >*10 . !
forecasted data of the COSMO-LEPS and MOLOCH nested on ECMWE ' Dinamic equation|  Full scheme of the rainfall-runoff concept (Marinec etal, 1960)  conditions and geographic location
meteorological models. Afterwards, the FEST-WB simulation Forecast range: +48 h distributed hydrological model Ms = Cm(Ta=To)
calculates  different physical processes (snow dynamics, range ) FEST-WB, physically based The melt rate in ms%, M,, is proportional to the difference between air
infiltration, water balance, hypodermic and surface propagation * Run starting at: 00:00 UTC : T,andap threshold T
etc), and returns different hourly output. « Owner: ISAC-CNR Outflowhydrograph (Mancini, 1990 - Ravazzani et al., 2010) (Sala" din etal. 2004
The May 2008 event: worklng in real time 13-15 June 2007: convective event r 21-24 November 2007: stratiform event ~ —
The probability of exceeding the alert code 2 (top) and alarm code 3 (bottom) Moloch [2.3 km Effect of model spatial resolution Cosmo-Leps [10 km] Effects of soil
Discharge forecasts are based on the FEST-WB simulation, forced with - AN . B st moisture conditions
CLEPS meteorological data. The probability tables are reported as in the N v “@ Ranzi etal., 2009; Ceppi etal., 2009
EFAS Project (Younis et al., 2008). " ; N LA ;Dce Meteorological ALERT
. e oAl NI - [ asin
Erin e Alert ) //\\_/‘ [ —
S S — : : forecastasy 21 now
code 2 = - 3 21112007 5% | 2% [I]
T i addll (o i | s o (D D 2200 [T et o | ox | o |
1 f PSR N
Probability | i/ - MOLOGH forecast millimeters of rain)
of SBES VRS S ‘ o Py -
F T " basin 2112007
alw o exceeding . s MOLOCH
] o i ) Wb, ;
ot Soil Moisture 4@
o Alarm e o 20 November 2007: 25 November 2007 - -
! . -
i code 3 before the event afterthe event i oiogical alerts are not the exact
consequence  of  meteorological
— warnings. An alert issued on the basis

Nine panels of the probabilistic hydrological forecasts for the May 2008 event over the
Stura di Demonte basin. Forecasts are updated every day from 23 May to 31 May.
‘The black lines show the ensemble QDFs, and the biue lines show the ensemble
QPFs; alert code 2 is shown by the horizontal orange line and alarm code 3 by the red
horizontal fine.

of precipitation only cannot take into
account the actual state of the river
basin (in this example, dry antecedent
soil moisture conditions), which is
crucial in defining transformation into
runoff. Therefore it is necessary to

N 26-30 May 200:
Swrabasin |

Goal: think to be in real time...

+ Evaluate the efficiency of hydro-meteorological chain in case

of exceeding a warning code tion between

In this case study we show that probabilistic forecasts could be Errors in me[eorologlcaJ forecasts can be a consequence of the different spatial res

considered truly significant for taking precautionary measures with the two models: thus, systems should be supported a hycrological  rainfallrunoff
« How many days in advance is my operative system reliable? ~sufficient lead times (some days before the peak discharge on 30 May) by both the two models, i.e. probabilistic and deterministc. simulation and a coupling strategy.
The role of atmospheric forcing: precipitation rThe reliability of the hydro-meteorological chain: brief summary =7 r—The role of atmosphenc forcing:  temperature =
l || | ] 15 November 2008: BSforalamcode [ 077 [/014N 025 [ 032 |
Precipitation Sesia basin Discharge stratiform event Stura basin BS for alert code 0.56 002 | 010 0.10
Way 2008 event  hours before the main peak|_96-120 [\72-96/| 4872 | 2448
b 1 November output run: =
96.120 befre e man peak o Sesia basin BS for alert code 077 \ 047 [ 047 T/701a\]| | ] e R T
With the simulation runs started on | | November 2008 event hours before the main peakl_ge 120 | 72.96 [ 4872 [ \24-48/] o i .
1, 2, 3, November the COSMO- 1 /7 — .
LEPS 'model predicted  higher = /| Precipitation | [Temperature]
precipitation values for the 3 and 4 Moo WG W i Saa i saue e e s mia wse
November, i.e. 24 hours in advance
e e e e e e || et iy comparison with the observed Toce basin BS for alert code 031 ‘ 025 [ 031 [/ 0-%-'
values on 4 and 5 November. November 2008 event hours before the main peak |_95 120] 7296 | 4872 [\ 244 - Toce basin
2 November output run: Stura basin BS for alert code 0.25 0.06 039 0.56 : ; ;
- X 5 N Which is the interaction between
November 2008 event hours before the main peak (28120 | 72:06 | 4872 2L forecasted  temperature  and
These errors led to Why does not this : precipitation errors affecting the
ove;es(tudm:tlorh olcgg;léargedvlaluﬁ reliability subsist over BJI'.Ie“I' Score o peak discharge in a mountain
predicted by the model wit i 2
possible “false alarms" expected for Toce an_d Stura BS = 72 (¥, - Dk)z e i basins during cold seasons?
3 November. basins? niy
R Sensitvity analysis at finfte changes: e key role of emperature
3 November output run: — = = - rerwee s s)
48721 befare the main peak fow oo Qe ObsEIVEQ = 016 3 51 ool o o o e
No significant improvements in Qo FEST-WB =992 m* st azsars ) s
hydrological forecasts forced with | | 7 = 150 7m0 ooty
CLEPS data have been found during | | “
these first three days of simulation. & 0 100
e e e e s meua  dhue mew mua mwam e smue 50 > w0
ad G 4 November output run: A e
24-481 befoe the main peak fow
B JEp—— Jeitor  deiies MM W0SILO NSl WOSIOS  a0buor  ZNGIdS  R0ON0S  200m07  2omigs  mes1ios ;oAlior 209110  0iLOS 001107 ZGIL0S 20081100
e Only 24-48 hours beforehand (lead days days X s _ -
time 1), with the simulation started Af = Afp + AfT + AfPT Af, median(Que,[T) = Qe FEST-WB = +686 m* s Af - median(QpadPandT) = Qe FEST-WB = +849 m? s
3 on 4 November 2008, the forecasted . h ivity indi ' inal eff f . 31
o o precipitation for 5 November were Finite changes sensitivity indices (Borgonovo, 2010) Then we inverted the input factors: we re-ran the simulation with the Afp T marginal effects of interaction = +189 m? s
/ similar in terms of timing and Af ., median(QalP) = Qa FEST-WB = -26 m? s1 observed precipitation values, but this tme using the forecasted ’
w P temperatures of the COSMO-LEPS model; this new simulation is called Finally, we considered both the forecasted temperature and precipitation
= amount to the observed values, The first term (4,) is the difference between the FEST-WB simulation S, The discharge overestimation can only be attributed to an error of the fields by the CLEPS model in order to understand the simultaneous
producing matching in discharge (referred to as S,), forced with all observed values and the FEST-WB CLEPS forecasted temperature, because it was the only changed interaction of effects of the inpuited changes; the latter simulation is referred
sl e ey i wae mum  wbae wmhe e wene wena wensfOLIH0 MO Cometation. v i ohsonct! temperanre kg and the foreeasied CLEPS forecasted temperature, bec e,
N precipitation values of the COSMO-LEPS model.
[ Effects of temperature on the peak Effects of temperature on flood contributing area Conclusions

discharge: quantification of errors
Which is the acceptable temperature error in the
discharge forecast over mountain basins?

Set the precipitation
input using the
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Snow it
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Evaluation Discharge efror
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the other hydro-meteorological
variables unchanged (observed
precipitation and initial

conditions)

N

discharge
errors

field (raingauges) +05C +8% +05°C 1%
- oc -
MEC oo 2% wsc Main References
| celculated the discharge uanti 425G nnee- o «25¢ S o o o o AP
ifferences, changing the Q fy Los i
T[°C] Error o 5755 vy 3008, Conlorenes o of NP Bologne iy, 7280, 005
temperature input only, keeping - Trel Error e a5 o A €. 70 M. R G f o st

We correlate the increase in temperature to the ipsographic curve of each individual basin, which defines the contributing area in snow melt dynamics, to better investigate what happens over the.
Toce and Sesia basins respectively. The dashed coloured lines correlate the percentage of contributing area in runoff with different snow lines, related to our “synthetic” increase in temperature
fields (from 0.5C up to 2.5C). Rising the 0C line _over the Toce catchment, the snowal ine also increases, and the drainage area becomes greater. If we consider this in tems of discharge
simulations, a temperature increase, with a consequence higher snow line, results in more liquid water reaching the basin gauging station quicker. On the contrary, with a totally different
ipsographic curve over the Sesia basin even a rising of the temperatures and therefore the snow line, no relevant differences are shown i peak discharges.

Evaluation Discharge efror

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.
The use of ensemble prediction system (EPS) is very powerful, but due to the coarser resolution of
the model, a determinist model support with an higher grid resolution is suggested above all during
convective events: i.e. to set up a multi-model prediction system approach.

Precipitation is not the only forcing to be 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.

oeciss VAP 0.PHASE, Lo Houle Banch, 5. 55,104, 7005
ez, 0. R . Corbn . Cont & Marcn . Tesio CESTAVG, cotrous st el o cprtol it dscharse
Po he, ‘Cosenza (),
July 10:12 2008, 2010,
o, 3. Ramos, -4, o Thlen, 3. EFAS frcass fr e Morc-A0r) 2006 o n i Crech bn of e Ee Rver Basn— caso sy
4ol 10 10021361179, 2000




