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Abstract. The application of a flash-flood prediction chain, narios typical of medium and small mediterranean water-
developed by CIMA, to some testcases for the Tanaro riversheds.
basin in the framework of the EU project HYDROPTIMET  For such class of catchments, characterized by a response
is presented here. The components of the CIMA chain aretime of a few hours, social safety demands that hydrologists
forecast rainfall depths, a stochastic downscaling procedur@rovide reliable prediction of ground effects at least 12—-24 h
and a hydrological model. in advance (Siccardi, 1996). Therefore, to accomplish this
Different meteorological Limited Area Models (LAMs) task, it is necessary to use rainfall numerical model forecasts
provide the rainfall input to the hydrological component. The as input to rainfall runoff models.
flash-flood prediction chain is run both in a deterministicand Two major sources of uncertainty arise, however, in the
in a probabilistic configuration. The sensitivity of forecast- coupling of meteorological and hydrological models (Fer-
ing chain performances to different LAMs providing rainfall raris et al., 2002): the “external” uncertainty (numerical ap-
forecasts is discussed. The results of the application shoyroximation, boundary and initial conditions) at the meteo-
how the probabilistic forecasting system can give, especiallyrological scale and the “internal” uncertainty of the hydro-
in the case of convective events, a valuable contribution inlogical processes involved.
addressing the uncertainty at different spatio-temporal scales The external uncertainty may be quantified by using EPS-
involved in the flash flood forecasting problem in small and like and LEPS-like approaches (Molteni et al., 2001; Mon-
medium basins with complex orography. tani et al., 2001, 2003). However, such aspect is not con-
sidered here, because this special topic was not addressed
explicitly within the HYDROPTIMET project framework.
Impossible as it is to reach a reliable deterministic model-
ing of rainfall at the hydrologically demanded scale (Alder-

The project HYDROPTIMET is a European MEDOCC Man and Drog_emeir, 2002; Fgrraris et al., 2002; Siccardi_et
project coordinated by the Piedmont Region (ltaly) and al., 2005),.the internal .uncertamty can be addressed by using
CIMA is one of the Italian partners. This project was es- & '_stochasuc.dpwnscahng procedure that generates ensemble
pecially designed to define some general guidelines for thainfall predictions at small scales. _
management of the principal sources of uncertainty aris- 1 ne CIMA operational chain uses meteorological model
ing from the application of operational flash-flood prediction Predictions of LAMI (Limited Area Model Italian) with hor-
chains in small watersheds with complex orography, typicapzontal resolution of 7.0_km, a stochasuc_ downscaling pro-
of the Mediterranean area. Moreover, the development of £edure based on a multifractal downscaling model (Deidda,
safe, reliable and fast system for the exchange of hydrom#000) and a hydrological model DRiFt (Giannoni et al.,
eteorological data among the countries stretching along th€005)- However within the present work a few LAMs were
north-western coastlines of Mediterranean sea was empha€sted together with LAMI at 7.0km. They are LAMI at 2.8
sized. km (courtesy of T. Paccagnella, ARPA-SIM), Bolam (cour-

This paper presents the results provided by a flash-flood€SY Of A- Buzzi, CNR-ISAC) and Moloch (courtesy of A.
prediction chain, developed by CIMA, for some HYDROP- Buzzi, CNR-ISAC).

TIMET testcases representative of hydrometeorological sce- | N€ first three sections of this paper give a short overview
of the meteorological models, of the stochastic downscaling

Correspondence toA. C. Taramasso procedure and of the hydrological model used in this work.
(act@cima.unige.it) In the fourth section, two case studies which interested the

1 Introduction
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Tanaro river basin in north western Italy (14-18 Novembera generalized terrain-following coordinate, an Arakawa
2002 and 24-26 November 2002) are presented: the firs€/Lorenz grid and a second order horizontal and vertical dif-
event had a prevailing convective nature, while the seconderencing approach. The physics of the model used in this
one was stratiform. work is based on several parameterization packages: a level
In the fifth section the performances of the direct coupling 2.5 moist turbulence parameterizationg-#wo stream ra-
of the LAM models with the hydrological model, without a diation scheme (Ritter and Geleyn, 1992), a two-layer soil
stochastic downscaling, are evaluated. This approach leadsodel (Jacobson and Heise, 1982) and a Louis formulation
to a significant underestimation of the flow peak and of theof surface fluxes (1979). The model includes a two-category
flow volume, especially when the meteorological conditionsice scheme. In the present work the 7.0 km LAMI version
are likely to develop convective cells. adopts a Tiedtke (1989) parameterization of moist convec-
The sixth section contains the application of the proba-tion, while the 2.8 km LAMI configuration, which is nested
bilistic approach which adopts, when necessary, the stochagn the 7.0 km LAMI forecasts, resolves explicitly the convec-
tic downscaling model to generate small scale spatio-tion. The 7.0km LAMI provides rainfall depth forecasts at
temporal rainfall events, and shows how this approach cara reliable temporal resolution of 3 h, while the 2.8 km LAMI
quantify the probability of occurrence of a flood conditioned at temporal resolution of 1 h.
to the meteorological forecast. The choice of using the down- The Bologna Limited Area Model (Bolam) is a hydrostat-
scaling model is mainly conditioned by the type of synoptic ical limited area model which uses 3D primitive equations in
conditions. In the case of a LAM forecast meteorological o coordinates (Buzzi et al., 1994, 2003a; Buzzi and Foschini,
scenario with a prevailing convective nature, the disaggrega2000), developed at ISAC-CNR in Bologna.
tion model plays a decisive role in generating rainfall fields A three-layer soil model is used to describe surface
at small spatio-temporal scales and solving problems of unprocesses, while radiation is parameterized through the
certainty at “internal-scale”. ECMWEF scheme (Morcrette, 1991; Morcrette et al., 1998).
Conversely, when the meteorological forecast has alhe microphysical scheme (Schultz, 1995) adopts five prog-
widespread stratiform character, the downscaling unit doegiostic variables (cloud ice, cloud water, rain, snow and grau-
not improve the quality of the hydrometeorological forecastpel). Bolam provides a moist convection parameterization
for civil protection purposes. In order to support this state-based on the Kain-Fritsch approach (1990).
ment, in this work, the hydro-meteorological chain is applied  The 3D non-hydrostatic, explicitly convection resolving
to the proposed events in two possible configurations: thegnodel Moloch has been created recently at ISAC-CNR for
first one with the downscaling part suppressed, the secondlery high resolution short-range weather prediction and re-
one activating it. The results of this experiment are discussegearch purposes (Buzzi et al., 2003b). Moloch is formu-
in detail focusing on the sensitivity of the chain results de-lated in terms of a fully compressible set of equations with
pending on the different LAMs used as input. prognostic variables (pressure, temperature, horizontal and
Therefore, in the case of events characterized by convecvertical velocity components) represented on the Arakawa C
tive activity, the major part of the underestimation of the peakdrid. The model uses terrain-following vertical coordinates
flow in the analyzed hydrometric sections disappears whervhich become horizontal surfaces as they move away from
the meteorological quantities are disaggregated at a scale afe earth surface. Time integration is performed with an im-
propriate for hydrology. In the case, instead, of stratiform Plicit scheme for the vertical propagation of sound waves,

events, the contribution of the downscaling procedure is lesgvhile the remaining terms are computed with explicit, time-
relevant. splitting schemes. The Moloch microphysical scheme is

based on the work of Drofa (2003). Some of the other phys-
ical schemes (e.g. radiation, vertical diffusion, turbulent sur-

2 Meteo-hydrologic forecasting chain face fluxes and soil models) are at the moment similar to
those of Bolam. For the testcases here discussed, Moloch

2.1 Meteorological models with horizontal resolution of 2.2 km is nested into BOLAM
(6.5km).

As said above in this work, a few LAM models are used: The Bolam and Moloch rainfall depth forecasts are avail-

LAMI, Bolam and Moloch. able at a temporal resolution of 2 h.

The LAMI model, derived from Lokal Model (DWD, Ger- _ _
many), is operated in Italy by the regional meteorological 2.2 $o Disaggregation model

service ARPA-SIM: LAMI is the Italian LAM model of ref- ] ]
erence (Direttiva del Presidente del Consiglio dei Ministri, 1 "€ downscaling model used here to fill the gap between me-

27 February 2004, G.U. no. 59 dell'’11/3/2004, suppl. ord. teorological and hydrological scales is a multifractal médel
no. 39). based on a wavelet transformation (Deidda, 2000). The

This model is formulated by using the 3D primitive hydro- 15 new disaggregation model for the generation of precipita-
thermodynamical equations describing compressible nontjon fields at fine temporal and spatial scales, not based on the self-
hydrostatic flow in a moist atmosphere without any scale ap-similarity and self-affinity hypothesis (Rebora et al., 2005), is cur-
proximations (Doms and Schaettler, 1999). LAMI adopts rently being made operational.
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Fig. 1. Disaggregation domain (Coordinates LonSW: 6.20; LatSW:
43.80; LonNE: 9.20; LatNE: 46.20).

model adopts a positive definite wavelet expansioR’irand :
coefficients extracted from a stochastic cascade. Each term™ =

is obtained by multiplying the mother element by a random & !
variable#, called generator. The choice bfcharacterizes b

the multifractal behavior of the synthetic fields produced by
the model. We follow Deidda (2000) and use a log-Poissong, » |k sateliite image (16 November 2002, 03:30 GMT). Ar-
distribution governed by two parametérandC calibrated eas with low values of top IR radiance temperature (blue color) are

in the cited paper, identical for all LAMs and without any characterized by highest probability of heavy convective rainfall.
relation to the grid size of the models. The distribution of

the rainfall fields generated by the downscaling procedure is

consistent with those observed in radar measurements of thiodule is combined with a simple representation of soil in-

rainfall rate (Deidda, 2000). filtration properties (SCS-CN, 1985). Discharge at any loca-
The procedure of the operational application of this down-tion along the drainage network is evaluated by applying the

scaling model is described in Ferraris et al. (2002). For theconvolution integral of the time-variant Instantaneous Unit

testcases here discussed, the volume forecast by each LAMydrograph.

is disaggregated over a 25@56 km domain centered onthe  The parameters of the model have an intuitive and direct

studied area (Fig. 1). For each forecast, 100 precipitatiorphysical meaning and they are calibrated over a number of

events, equally probable and independent, with a resolutioatchments, including the target area of study (Giannoni et

of 0.5x0.5 are generated. al., 2000). The model gives good results in geomorphologic
homogeneous catchments with no variation in the parame-
2.3 Hydrologic model ters, regardless of the basin size and rainfall intensities. Its

robustness, according to the parameters of the model, makes
DRIiFt (DischargeRiverForecast) is a linear semi-distributedit not only a good research tool but also a convenient link
model based on a geomorphologic approach (Giannoni et alwithin an operational forecasting chain.
2000, 2005). DRIiFt focuses on the main characteristics of the
hydrograph: peak and time to peak. Its parameters have ap, ) _ /M (t _do(x)  di(x) 7 x) dx .
intuitive and direct physical meaning and they are calibrated Vo v1
by forcing computed hydrographs to respect some geomor-
phologic hypothesis (Giannoni et al., 2005).

This hydrological model takes into account the spatial3 Case studies

variation of inputs such as rainfall, morphologic, geological
and anthropic characteristics of the basin, but it is lumped inTwo events, within those considered in the HYDROPTIMET
parameters. That is why, DRiFt is in the class of calibrated-project, are here investigated: 14—18 November 2002 (event
parameters, semi-distributed models. This model present$) and 24—26 November 2002 (event 2) for the Tanaro basin
most of the advantages of both distributed and lumped modelosed at Alba (Fig. 1). The Tanaro basin is located in the
els and it relies on an efficient description of the drainage syshorth western part of Italy and closed at Alba has an area of
tem: hillslopes and channel networks. These are addresse2420 kn¥.
with two kinematic scales, which determine the base of the The synoptical scenario for these two events was
geomorphologic response of the basin. The morphologiomainly characterized by a sequence of two deep troughs

B
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Fig. 4. Run of the hydrologic model using recorded rainfall and
rainfall forecasted by the LAMI for the HYDROPTIMET test case
of 14-18 November 2002. The vertical line represents the starting
time of the hydrological forecast.

Tanaro at Alba [3420 km?

4000 |
——observed hydrograph
3500 | —raingauges m
3000 ; —BOLAM ||
Fig. 3. IR satellite image (26 November 2002, 11:30 GMT). Ar- Warning level 2 MOLOCH
eas with low values of top IR radiance temperature (blue color) are 72°%° .
characterized by highest probability of heavy convective rainfall.  “E 2000 !
o Warning level 1 |
1500 - :
. . o . 1000 ;
progressively extending their influence over the Mediter- !
ranean basin. 500 1 ' O\
In both cases, due to a minimum isolated south of Sar- 0 ; ' ; 3
dinia, the flow became southerly and moist air impinged on 24/11/02  25/11/02  26/11/02  27/11/02  28/11/02
0.00 0.00 0.00 0.00 0.00

the Alps and the Appenines, thus generating relevant precip-

itations in the area of northern Piedmont (Toce basin), SOUtr]:ig. 5. Run of the hydrologic model using recorded rainfall and

western Piedmont (event 1, Tanaro basin) and western I"gFainfaII forecasted by the Bolam and Moloch for the HYDROPTI-

uria. . ) ) _MET test case of 24—28 November 2002. The vertical line repre-
However, as testified by the analysis of some classic stabilzents the starting time of the hydrological forecast.

ity indices (showalter index and sweat index; Mueller et al.,
1993) evaluated at the sounding station of Cuneo-Levaldigi

in the Tanaro river are, event 1 was characterized by congast py each LAM feeds directly the hydrological model
vective activity, while event 2 was mainly stratiform. This pRrjrt without the application of the disaggregation model.
result is also supported by Meteosat images (Fig. 2) whichrhe hydrographs in the hydrometric station of Alba are sim-
showed, during event 1, the development of cloud structures;|ated by using the observed rainfall up to 12:00 UTC 15
with low values of top IR radiance temperature especially in November, for the first event, and up to 12:00 UTC 25
the south western mountainous part of the Tanaro catchmengyovember for the second event. The following 36 h are sim-
Such cloud structures are currently interpreted as areas chafjjated with the rainfall fields forecast by the different LAMs.
acterized by convective activity (Bolla et al., 1996; Lanza figyres 4, 5 and 6 show the results of the deterministic fore-
and Conti, 1995; Velden et al., 1994). In the case of event 2¢4t for the two events depending on the different LAMs rain-
these areas of convective activity were not observed over thgy|| forecasts available: LAMI at 7 and 2.8 km for event 1,
Tanaro basin area (Fig. 3). all LAMs for event 2. These figures also show the simula-
. tions of the hydrographs obtained with raingauge observa-
SW1 = Tsoo = Tps00- tions and they represent the validation of the rainfall-runoff
model. The results allow us to observe how the peak dis-
4 Deterministic flash-flood prediction charge, obtained by combining DRiFt directly with LAMs
rainfall depth forecasts, underestimates the observed peaks
First we follow a “deterministic” approach by suppressing and the discharge volumes in particular for the first event
the disaggregation step. The sequence of rainfall fields fore¢14—18 November 2002), while in the case of event 2, mainly
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Tanaro at Alba [3420 km’] Table 1. Exceedence probability of the first warning level for the
4000 | different LAMSs forecasts for event 1.
3500 . ——observed hydrograph | |
I —raingauges
3000 : i AV - 14-16 November 2002 event
2500 Warning level 2 ' Meteorological model  Exceedence probability
@
°E 2000 | Warmine lovel 1 ! LAMI 7.0km 60%
arning leve | 0,
1500 i LAMI 2.8 km 65%
1000 |
500
0 w ! w w Table 2. Exceedence probability of the first warning level for the
24/11/02 25/11/02 26/11/02 27/11/02 28/11/02 different LAMSs forecasts for event 2.
0.00 0.00 0.00 0.00 0.00
. . ) ) 24-26 November 2002 event
Fig. 6. Run of the hydrologic model using recorded rainfall and Meteorological Model ~ Exceedence Probability
rainfall forecasted by the LAMI for the HYDROPTIMET test case
of 24-28 November 2002. The vertical line represents the starting LAMI 7 km 25%
time of the hydrological forecast. LAMI 2.8 km 23%
Bolam 30%
Moloch 40%

stratiform, there is only a slight difference between the ob-
served and the modeled peak times.

A deeper understanding of these results can be obtained _ . . .
on the basis of the following considerations. All LAMs, in ©f about 30 min. Then, these rainfall fields feed the rainfall-
the case of event 1, produce an underestimation of the obtunoff model DriFt.
served cumulated rainfall over the Tanaro catchment (about Each peak discharge value of the simulations has a proba-
30%), mainly in the mountainous part of the basin, and alsability of occurrence equal toQ;” ;- , wherei=1,...,n num-
arelevant uncertainty as far as the position of clusters of preber of realization;=100.
dicted heaviest precipitation is concerned (Fig. 7). This re- The results are summarized as a probability curve of ex-
sultis valid both for coarser and finer LAMs rainfall predic- ceedence of the peak discharge, conditioned to the precip-
tions, suggesting that for this event LAMs are unable to cap-tation volume in the target area derived from each model
ture the fine scale convective activity discussed in the preoutputs.
vious section (Fig. 3). In the case, instead, of the 24-26 | 4 civil protection framework this probabilistic curve is
N_ovemb_er 2002 event these inconsistencies are less emphg—very important element: an early flood warning can be is-
sized (Fig. 8). . _ _ _ sued as long as the forecast peak discharge exceeds a pre-
The next section describes how the disaggregation stegetermined threshold (first warning level) in the hydrometric
can somehow capture the small scale convective activity obsection of reference.
served during event 1 and, therefore, compensate the major Figures 9, 10 and 11 show the cumulative distribution

part of the underestimation of the peak flow and dischargenctions of the peaks for the Tanaro at Alba plotted on a
volume arising from the direct combination of rainfall depth 5 mbel chart. The dotted vertical line represents the ob-
forecast and hydrological model. served peak flow.

Besides, the disaggregation is also applied to the stratiform e hrobability of exceedence of the first warning level for

case (event 2) in order to highlight the difference between the gifferent LAMSs forecasts is shown in Tables 1 and 2.
two cases and to show how, as expected, the contribution of For both testcases. on the basis of the information de-

the downscaling approach is less important. rived simply from deterministic LAMS runs, no early warn-
ing would have been issued because no peak flow exceeded
the threshold discharges in the Alba hydrometric section.
5 Probabilistic flash-flood prediction chain Conversely, if a probabilistic approach, based on the dis-
aggregation step, had been considered, the civil protection
In order to account for the scale gap between meteorologygcenario would have been different. In fact, in the case of
and hydrology each LAM forecast is disaggregated with theevent 1, the one more intense and convective from a hydrom-
multifractal model described above. The downscaling modeleterological standpoint, the probability of exceedence of the
uses as input the cumulated rainfall forecast by the LAMsthreshold peak flow is more than 0.6 for LAMI (7.0 km and
and generates, for each model, 100 possible and equall2.8 km), thus calling for precautionary measures. Such result
likely precipitation events, independent of one another, withshows how important and useful the downscaling procedure
a spatial resolution of about 0.5 km and a temporal resolutiorcan be in order to address the “internal-scale” uncertainty
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Fig. 7. Observed cumulated rainfall and forecasted cumulated rainfall for the HYDROPTIMET test case of 14—18 November 2002.
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Fig. 8. Observed cumulated rainfall and forecasted cumulated rainfall for the HYDROPTIMET test case of 24-28 November 2002.
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|
the probability of exceedence of the threshold peak flow _ ;
would have been lower than 30-40% for all LAMs. Such as- &
pects assess the low degree of risk associated with this event’ 0.95
and highlights that, in the case of stratiform events, the dis- \

The vertical dotted line represents the observed peak. The vertical dotted line represents the observed peak.
i i | ; : \
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. ; ’&&%%00 * @,00 |
The situation would have been different for event 2, since  os — M&&
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[
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These results confirm that approaching the flash flood fore- ‘ ; ‘
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and for convective meteorological scenarios, cannot be con-

sidered particularly useful and reliable (Ferraris et al., 2002;Fig. 11. Peak discharge exceedence probability plotted on a Gumbel
Siccardi et al., 2005). Itis, therefore, necessary to use a probehart for the HYDROPTIMET test case of 24—26 November 2002.
abilistic forecasting system able to address the uncertainty athe vertical line represents the The vertical dotted line represents
the different scales involved. the observed peak.

6 Conclusions which had a prevailing stratiform nature, the contribute of the
disaggregation step is less significant.
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