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ABSTRACT: Within the Italian national hydrometeorological early wagnsystem,21 regional offices
(called “Decentralized Functional Centres” - CFIB§ planned to be operative in few years. CFDs aoedi-
nated by the Central Functional Centre (CFC) atNh&onal Civil Protection Department (DPC) in Rame
The CFD belong to Umbria Region, in central Itatyhere presented. The Umbria CFD provides technica
tools able to support decisions when significaobdl/landslide events occur, furnishing 24h supfmrthe
whole duration of the emergency period. The algstesn is based on a hydrometric and rainfall thokeshset
of three different increasing critical levels aatiog to the expected ground effects, together witletailed
procedure for the management of critical eventwhich the different role of various authoritiestitigions
involved is defined. For the real time flood forsitag system, several hydrological and hydraulicdet®
were developed. Recently, in December 2008, afgigni flood event occurred in Upper-Medium Tiber
River catchment represented a significant “testiig” for the CFD and the whole activities set gphere de-
tailed.

1 INTRODUCTION simulation models, cartographic and thematic GIS
data (vectorial and raster type), planning studées

The interest towards accurate methodology anthted to flooding areas mapping, dam managing

modeling for the flood risk evaluation and manageplans during flood events, non instrumental informa

ment is continually increasing, due to the seriousion from direct control of “territorial presidium”

flood events occurring more frequently in Europear(Provinces of Perugia and Terni, Reclamation Bu-

regions. Compared to other European countriey, Italreaus, other intermunicipalities offices).

is one of the most flood risk prone areas and, more The paper purpose is to present the activity of

in particular, the Umbria region, in central Italg, CFD of Umbria in terms of real time operating pro-

almost yearly affected by landslide and flood esentcedures for the flood risk mitigation.

at different scales.

Following recent laws and regulations concerning

extreme natural events management, such as the rfa-UMBRIA TERRITORY

tional directive DPCM 27 February 2004 concerning

the “Operating concepts for functional managementTrhe Umbria Region (8500 Khis crossed from the

of national and regional alert system during flood-Upper-Medium Tiber River. The Tiber River is one

ing and landslide events for civil protection activ of the most important Italian river (the third for

ties purposes within the Italian national hydrome- length and the second for watershed extension) get-

teorological early warning network of Decentralizedting the capital city, Rome. The Upper-Medium

Functional Centres (CFD), the one belong to Umbridiber basin (12700 kf presents a complex topog-

Region was created in 2006. raphy, mainly hilly/mountainous with elevation
Due to its “linking” role between Civil Protection ranging from 50 to 2500 m a.s.l.. It is mainly car

“real time” activities and environmental/planning terized by terrigeneous facies and flysch deposits

“deferred time” ones, the Umbria Region CFD is inconsisting of clayeyschistose and clayey-marly

charge to acquire and collect both real time andediments; the 53.6% of the total watershed area is

quasi-static data: quantitative data from monirin covered by agriculture/arable land, the remaining

networks (hydrometeorological stations, meteo raarea is 39.2% forest and 4.7% urban.

dar, ...), meteorological forecasting models oytput The Tiber River basin’s precipitation regime,

Earth Observation data, hydraulic and hydrologicabased on monthly rainfall distribution for yearnca



be classified as a sub-coastal precipitation regimemportant to cope, especially in terms of large gam
Higher monthly precipitation values generally occurbehaviour and their management during heavy rain-
during the autumn-winter period and floods, causedall.
by widespread rainfall, normally occurred. A pre-adoptedFlood attenuation plan by dams
Mean annual precipitation is about 1000 mm;was defined in order to assess the best conditbns
mean annual temperature is 11°C; snowfalls at altiupstream water storage for flood attenuation pur-
tude below 500 m are unusual. poses (through the surplus disposal works manage-
The territory is covered by a real time hydromete-iment), both in a static way (fixed volume) and dy-
orological network (1 station every 150 Rnoperat- namic way (releases from outlets in according & th
ing for more than 20 years. Nowadays the system i®al time upstream conditions) preserving down-
made up by 120 stations (72 hydrometers, 85 raistream areas. This plan involves the National Civil
gauges, 74 weather stations, 12 Radio repeaters,Piotection Department along with the Tiber River
Meteoradar). Basin Authority, the Umbria, Toscana and Lazio
Regions involved, dams management companies,
National Dams Service.

3.1 Alerting thresholds

The Umbria Region CFD alert system is based on As previously mentioned, hydrometric and rain-
hydrometric and rainfall thresholds of three diéier fall thresholds for floods and landslides alarmsewe
critical levels according to the expected ground efassessed.

fects (ordinary, moderate and high), along withhwit  For water levels a simplified procedure was de-
a detailed procedure for the management of criticaleloped in order to estimate three increasing \&lue
events in which the different role of various autho for hydrometric thresholds (considering catchments
ties/institutions involved has been defined. Thertal with spatial extension wider than 400 ®¥m

system is referred to 6 different warning areas in - Attention corresponding to a ordinary critical
which the territory has been divided as shown irlevel useful to the “warm up” period of the emer-
Figure 1. gency office (evaluated through a statistical regre
sion of ordinary events with 1 year recurrencerinte
val);

- Pre-Alarm corresponding to a moderate critical
level and it allows a mean period of at least 1rhou
before arriving to the successive critical levédpan
case of minor streams;

- Alarm: corresponding to an high critical level
(effective high risk situation) which requires ta-u
dertake civil protection actions. The monitoring
network shows high intensity rainfall in the same
river basin of the automatic hydrometrical station
where this threshold is exceeded. This water lakel
lows almost 3 hours before the real flooding.

Previous values were assessed from the hydro-
metric thresholds corresponding to over-bank flow
to flood prone areas.

For the rainfall both local and areal thresholds ar
defined, for landslide and flooding risks respesiipv
Values were established considering the regional
rainfall frequency analysis procedure proposedhén t
VAPI Project (CNR-GNDCI 2000a, b). The three
rainfall threshold levels are evaluated considering
different return period (2, 5 and 10 years).

The defined hydrometric and rainfall threshold
values require continuous updating based on new
data acquisition and on the improvement of the sci-
entific/technical knowledge.

, , . , : , Based on these thresholds, at the Umbria Region
Zhgduﬁar%inzrgféffeglon' Upper-Medium Tiber Riveasin CFD an automatic phone-call and SMS alert system
is operating.

The Upper-Medium Tiber River basin includes
also regional trans-boundary areas with issues very
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3.2 Alerting procedures (QPF), are available: the event based mordiash

- - andMike-DRiFt(DHI, 2001), the latter coupled with
Based on previous mentioned thresholds CFD for e hydraulic modeMike-11 (DHI, 2001): and the

casts and management activities for a severe eve . , .
are organized into three different phases: physically-based continuous moddOBIDIC (Dis-

: i tributed and Continuous Model for the Hydrological
%' Ei)/;en(iastlng (Pre-event) Balance) developed by the Florence University in
3. Post-event cooperation with the CFD of Tuscany Region

. : . . (Campo et al. 2006, Castelli et al. 2006).
During the Forecasting period three conditions The X-Nash and Mike-DRiFt models were per-

are possible depending on the weather forecast and . . ;

e expected grund efects: Normaltp expected "7, 1 VS SPRECMECLYT Tt P ol
ground effects), Pre-Alefexpected ordinary groun ’ . .

effects) and _Attention (expected moderate/high d?\\g?(laOB?r(ljbIg tg'r(:‘itgr‘;ee basins covering almost the

ground effects) states. In these phases a connuo Two further hydrological models, using observed

monitoring is guaranteed by the 9h/day office activ . :
ties and a 24h remote controller (laptop and pda d&at@ by the real time hydrometeorological network,
were implemented; the first one is an event based

wcg?j mg]t\rﬁgl\éygrﬁtsghase if moderate or high rainSeMi-distributed rainfall-runoff hydrological model

. loped using the freely available platfoHec-
fall/hydrometric thresholds are exceeded Pre-AIam‘EIeve ; .
and _Alarm conditions are respectively formally HMS (USACE, 2000) chosen because of its flexibil-

adopted and CFD office starts 24h opening. ity and it was developed for the three basins. &or

Finally, during the Post-event phase CFD guaran™°"® accurate evaluation of the antecedent moisture
tees support until the end of critical condition iSCOI’ldItIOI‘I of sub-basins, which is a key factor dor

reached. correct runoff volume evaluation (Brocca et al. 200

Each phase has detailed subdivisions of role@rocca et al. 2008), a continuous soil moisture

L o - - odel was developed. The Hec-HMS model is also
among different authorities and subjects mvolveornoleoleol with the hydraulic modelHec-RAS

and is defined by bulletins/advices emanation anﬁ\J ;
.. : : o SACE, 2008) performed for the Upper-Medium
adoption; CFD provides continuous decision suppor iber River branch (Berni et al. 2008, Berni et al.

for national/regional Civil Protection offices atet- 2009). The second model is the routing hydrological

ritorial presidium. .
: . _modelSTAFOM(STAge FOrecasting Model) devel-
In Figure 2 the CFD synthetic procedures flow oped by the Iltalian Research Institute for Geo-

chart for the Pre-event and Event phases is shown. Hydrological Protection of the National Research

Council (IRPI-CNR) (Barbetta et al. 2008,
Moramarco et al. 2006). This model is an adaptive
model for on-line stage forecasting for river
branches where significant lateral inflow contribu-
~o tions occur based on Muskingum method. Up to
now, it is implemented for the main Tiber River
- branch and it allows a forecasting lead time ufGo
sﬁ'-?l'.i‘-ﬁ.?km hours for the downstream river section.

The hydrological - 2D hydraulic mod€&LO-2D
is also used at the Umbrian CFD for “off line” flbo
mapping where risk assessment studies are not avail
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Figure 2. CFD procedures flowchart for the Pre-évand
Event phases.

3.3 Hydrological and hydraulic models

For the real time flood forecasting system, at the
CFD several hydrological and hydraulic models are
operating.

Three rainfall-runoff hydrological models, using
different quantitative meteorological forecasts
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Figure 3. Hydrological and hydraulic models implenesl at
the Umbria CFD.

3.4 Web-based operational decision support tool:
www.cfumbria.it

_—
E

Umbria Region CFD was able to set up, in coopera§ )
tion with Tuscan CFD, an entirely “open source”: -
web platform (PHP and MySQL codes), for real time"
data and information exchange with all the admini- =
strations and subjects involved (different levets o
policies through user id and password), bulle
tin/advices dissemination, modeling predictions, et
Website (Fig. 4) is accessible from PC, Laptop, PDA

devices and all the equipment able to connectédo thy casSgE STUDY
internet.

www.cfumbria.it website is able to publish the pecently, during the period orf'4o0 16" December
following sections (for advanced users/institutiona >nog  Umpria territory was interested by a signifi-

[t o w8 = g 8

Figure 4. Websitevww.cfumbria.it main Umbrian CFD oper-
ating platform for decision support activities.

subjects): . o cant rainfall event causing many floods and land-
~ Meteorological qualitative and quantitative pre-gjijes. The mean areal recorded rainfall depth was
dictions (QPF) for next 72 hours; over 100 mm all over the major-minor Tiber River
- Updated Bulletins/Advices and formal docu- aichments (10 years return time period) (Fig.n) a
ments; . almost every branch of Umbria hydrographic net-
~ Meteosat Second Generation images; work was involved, especially the Tiber River (Fig.
~ Lightening maps; 5), Sovara and Cerfone Streams (2-10 years return

— Real time hydrometeorological data (rainfall, hy-time period approximately).
drometric levels, computed discharges, winds di-* A gay before the intense rainfall Attention state

rection and velocity, barometric values, etC.)yas formally adopted and during the event the Pre-

compared to thresholds; ~ Alarm and Alarm conditions were also declared.
— Statistics and reports of passed extreme events; Analogously for the major flood event occurred

— Soil moisture punctual/areal values and mapg, 2005, dams played a very important attenuation

(soon); role also for interregional trasboundary issues:
~ Meteo radar maps; . . Montedoglio dam (Tuscany) stored all inflows,
~ Hydrological and hydraulic modeling outputs;  casanuova dam (Umbria) stored part of inflows with
— Alarm zones interactive description; its controlled bottom outlets, Corbara dam (Umbria,

— Monitoring network details;



close to Lazio administrative border) avoided Rome Attention
flooding, especially thanks to a real time applaat _Pre-Alam
of STAFOM hydrological model and HEC- 7/\ =~ Overtank

el (m)

HMS+RAS model system (Fig. 6).

During the mainly critical phases CFD furnished
24h decision support for the national/regional Civi:
Protection offices. The official web site
(www.cfumbria.i) represented a very useful devicef
furnishing good performances for the monitoring .
and data dissemination to all the subjects invalved

Hydrometric and rainfall thresholds were finally
“testedn presentlng gOOd accordance Wlth Survey 12/04/08 12/06/08 12/08/08 1210/080a;:/1(2il::8m/d1d2//1y4;(;8 12/16/08 12/18/08 12/20/08
and automatic alerting system was very effective.  Figure 5. December 2008 event: hydrometric level tmesh-

Real time hydrological and hydraulic models pro-olds at Monte Molino section.
duced preliminary but encouraging results, allowing
also a better understating about their main perdorm ™
ances and limits. o

During the flooding event a continuous contact s
with the National Department, regional Civil Protec
tion offices, territorial presidium and local publi
services, along with real time monitoring and now-
casting hydrological activities performed by avail-
able models, represented a suitable link betweez ,
practice and science in CFD operational forecastin

S B momemmeomomomomom.

rometric Le'

drometric level (m)

observed

system at local, regional and national scale. 1 HEC HNIS+RAS

No casualties were registered during the emer o STaron
gency period. After the post-event recognitions-eco zroos 12/11/08 12/1208 12/1308
nomical losses around 100 millions of euros were e Data (mm/ddiyy)

timated Sf:igure 6. December 2008 event: observed and sietilay-
Imated. drometric levels with Hec-HMS+RAS and STAFOM modals
Monte Molino section.
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e The December 2008 event showed that the Umbria
Region Functional Centre was able to provide a reli
able decision support to Civil Protection acti\stiat
local, regional, interregional and national scales.

Open sourcewww.cfumbria.it website repre-
sented a very good operational tool as first soafce
information for all the administrations/subjects in
volved. For this reason, all the available modeis o
puts (also for a remote control of ground effects p
diction) are going to be implemented inside the
website.

Territorial presidium played a fundamental role
providing non instrumental/on-site direct informa-
tion; although they need to raise funds for empewer
ing their contribution.

However, some overlapping of competencies of
different administrations are still going on; this
situation can generate confusion and conflicts abou
different subjects roles: for example, local govern
ment offices still need to clear their role during
emergency phases.

In spite of the hydrological and hydraulic models
‘ produced preliminary good results, predictions un-
Figure 4. December 2008 event: rainfall depth fer Upper- Qerta'nty as_ses_sment pro_cedur_es,_ COUpIed_ W'th real
Medium Tiber River basin, also the dams locatioshiswn. time dynamic risk scenario definition and visualiza
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tion (possibly coupled with Web-GIS tools) would

HEC-HMS: Technical Reference Manu&PD-74B. U.S.

add extra value to the whole alerting and decision Army Corps of Engineers, Hydrologic Engineering @en

support system.
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