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Introduction

STREAM scientific and technical partners contributed to the dissemination of project achievements
to the scientific community through the publication of papers in relevant journals. Some of the
project results were included in scientific publications describing the most innovative aspects of the
methodological approach used within the project. The scientific partners of the project published a
total of 19 articles in scientific journals, 14 more than was prescribed in AF.
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PUBLIC PERCEPTION OF THE URBANMN PLUVIAL FLOODS RISK—
CASE STUDY OF POREC (CROATILA)
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Keywords: urban pluvial flood risk: risk perception factors: public pErception survey
1. Introduction
sial flooding is caused by intense rainfall events when the amount of precipitation
ceeds the stormmeater drainage systemn’s capatown and the soil's ability to infiltrate the
risz & Burrsll, Z0O06: Rossnzweig et al. 2018). This type of flooding is related
o urban areas where it is becoming a growing problem due to a combination of
rapid urbanizaton and a simultanecus climats change-driven increass in heavy precipitation
(Bradrord =t al.. 2012). This omplex twpe of flood T Manages bacause it is difficult
to pre has relativel ning times (Houston et al., 2011). The damage from a
hazard is directy related risk awarensss, preparsdness Tor the danger and
impilementation of pre on measurss £t al. 2015). In corder to prewent or
minimize pluvial fliood-related damage, it is ry to implemant long-term mitigation
measures (
Perceptions o a major role in motivating individuals to take actions to awvoid, mitigate.
adapt, or eswven ignore risks [Wachinger

3). Taking precautionary measures is

~Corresponding suthor. e-m nizd. hr

1a7

Modelling the public perception of urban pluvial floods risk (PFR)- case study of Porec
https://www.researchgate.net/publication/362838266 Public Perception of the Urban Pluvial Floods R
isk - Case Study of Porec Croatia Journal of the Geographical Institute Jovan Cvijic SASA 72(2):147-158
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Automated Coastline Extraction Using the Very High Resolution WorldView (WV) Satellite Imagery and
Developed Coastline Extraction Tool (CET) https://doi.org/10.3390/app11209482 Applied Scieces
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Development of the new methodological framework for multiscale modelling of urban
pluvial flooding
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In recent years pluvial (rain-related) floods are causing more and more damage to urban areas. In the future, an increase in ongoing urbanization and in extreme precipitation
events are expected, which imposes the need to develop a comprehensive (multiscale) methodological framework that could prevent and mitigate adverse consequences of
pluvial floods. In this paper, we present a new methodological framewaork for multiscale modeling of urban pluvial flooding developed in the STREAM (Strategic development of
flood management) project, funded by the Italy-Croatia cross-border cooperation program 2014-2020. This newly developad framewaork includes three levels of research (macro
- meso - micro). The macro-level encompasses the catchment area of the Zadar settlement, meso-level the administrative border of the city and, the micro-level encompasses a
small pilot area (<5 ha) within the Zadar Spatial data with a resolution of several milimeters up to 60 em will be collected and processed using a wide range of geospatial
technologies. This developed multiscale framewark can be considered as an important decision-support tool that can further improve existing decision practices in relation to
urban drainage.
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Development of the New Methodological Framework for Multiscale Modelling of Urban Pluvial Flooding
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Sumarski list, Vol. 145 No. 11-12, 2021,

|zvarni znanstveni clanak
https:/doi.org/10.31298/s1.145.11-12.3
Usporedba GEOBIA klasifikacijskih algoritama na temelju Worldview-3 snimaka u izdvajanju Suma primarskih Cetinjata
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Satetak

Sume primarskih tetinjata, sa svojom ekaloskom, ekonomskom, estetskom i druétvenom funkejom, predstavljaju vaZan dio eurapskih Sumskih zajednica. Osnovni cilj ovoga rada je
usporediti najkoristenije GEOBIA (engl. Geographic Object-Based Image Analysis) klasifikacijske algoritme (engl. Random Trees - RT, Maximum Likelihood - ML, Support Vector
Machine - SVM) s ciljem izdvajanja Suma primorskih Cetinjaca na visoko-rezolucijskom WorldView-3 snimku unutar topografskag slijevnog podrugja naselja Split. Metodoloski okvir
istrazivanja ukljucuje (1) izvadenje izodtrenog multispektralnog snimka (WV-3yc-a); (2)testiranje segmentacijskih korisnicka-definiranih parametara; (3) dodavanie testnih uzoraka;
(4) klasifikaciju segmentiranog modela; (5) procjenu tofnosti klasifikacijskih algoritama, te (6) progjenu totnosti zavrénog modela. RT se prema koritenim pokazateljima (correctness
COR, completeness - COMi overall quality - 0Q) pokazao kao najbalji algoritam. lterativno postavijanje segmentacijskih parametara omogudilo je detekciju najprikladnijih
vrijednosti za generiranje segmentacijskog modela. Utvrdeno je da sjene mogu uzrokovati znacajne probleme ako se klasificiranje vréi na visoko-rezolucijskim snimkama.,
Madificiranim Cohen's kappa coefficient (K) pokazateljem izraunata je tocnost konacnog modela od 87,38%. WV-3)5se moze smatrati kvalitetnim podatkom za detekciju Suma

primorskih Cetinjaca primjenom GEOBIA metode.

Comparison of geobia classification algorithms based on worldview -3 imageryin the extraction of coastal
coniferus forest https://hrcak.srce.hr/268074 Sumarski list
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GEOBIA and Vegetation Indices in Extracting Olive Tree Canopies Based
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Reilated info Link Abstract
More by Authors Links In recent decades, precision agriculture and geospatial technologies have made it passible to ensure sustainability in
an ofive-growing sector. The main goal of this study is the extaction aof alive tree canopies by comparing two
spproachies, the first of which is related to geographic object-based analysis (GEOSIA), while the secand one is
based on the use of vegetation indices (Vis). The research area is 2 micro-location within the Lun alives garden, on
the islznd of Pag. The unmanned aedisl vehicle (UAV) with a multispectral (MS) sensor was used for generating a
Aricie W 133 very high-resolution (VHR) UAVass madel. while snather mission was perfarmed to creale a VHR digital cethophoto
(DOP}. When implementing the GEOSIA approach in the exiraction of the ofive canopy, user-defined parameters and
on N clasgification algorithms support vector machine (SVYM), maximum likefhood clessifier (MLC), and random trees
claszfier (RTC) were evalusted. The RTC algorithm achieved the highest overall accuracy (OA) of 0.7565 and kappa
coeficent (KC) of 0.4615. The second approach incuded five diffierent Vis madels (NDVI, NDRE, GNDVI, MCARI2,
and RDVI2} which are oplimized using the proposed VITO (VI Threshold OpSmizer) toal. The NDRE ndex moded
was seiecied as the most acournte one, according to the ROC accuracy measure with a result of 0.888 for the area
Table of Contents -~ under curve {AUC).
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Graphical Abstract

1. Infroduction

The ofve tree i= one of the cidest species in the Mediterranean area [1,2,3] which has been spresding
throughout history and shaped the recopnizable Medilerranean landscape [4.5]. Resistance 1o extreme clinatic
conditions and adapLabiity to different types of poorly fertie soils ensure the alive’s social, ecological, and econoemic
benefis [6,7]. Sustainabiity and preservation of olive trees are especally important [8] due 1o the frequent impacts of
various econamic activities such as industry. widfires [S], and touri=m sectar activities [10.11). Preservation mastly
depends on sustainable environmental management and precision agnculture (PA) methadologies [12.13,14.15].
Geospatial technologies and ther products have bocome easily available and widely sccessile in everyday life,
which has advanced and acoelersied their use n various research [16,17,18.19]. The development of advanced
geospatial technologies haz enabled PA in the olive management sectar, especally in the context of precize canopy
extractan for management [20.21,22), monitaring [23,24,25], s=ses=ment of crop quality [26], disease detection [27],
and preventive actions [28]. Thernfore, have 3 meaningful rale in the abseration and

GEOBIA and Vegetation Indices in Extracting Olive Tree Canopies Based on Very High-Resolution UAV
Multispectral Imagery https://doi.org/10.3390/app13020739 Applied Sciences
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Pluvial Flash Flood Hazard and Risk Mapping in Croatia: Case Study in
the Gospic Catchment
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Abefract

Since the beginning of the 215t Century, Eurape has been afiecied by desiruclive fleads. Eurspean Unien Membes
States have an obligation to develop food hazard and flood sk maps as support o the Fleod Risk Management
Flan (FRMP). The main objective of this study is o propose a methodological framework for hazard and risk
assessment af phevial flash foods i1 Croatia at the cetchment level, which can be integrated inte the FRMP.
Therefare, a metiodology based on the source-pathway-consequence approach for flood risk assessment is
presented, which complies with the EU Floods Directive. This ntegrated and comprehensive methodalogy is based
on high-resclulion open data avaiable for EU Member States. Three scenarics are defined for = kw, medium, and
high prababiity, defined by design starms af diferent durations. The proposed methodalagy consists of flaod kazard
analysis, wulnerabifty assessment, and risk analysis. Plevial flash faod hazards are analyzed using a 20 hydrokgic
hydraulic madel. The faod vulnerability assessment cansists of 2 G1S analysis to dentfy receptars potentizly 2t risk
of flaoding and an assessment of suscepsbilty 1o potentiz| lood damage using deplh-damage curves. Flood risk is
assessed bot qualitatively in terms of risk levels and quantitatively in terms of diect damages expressed in
manetary teems. The developed methodalagy was applied and tested in o cose sidy in the Gosnie catchment in
Craalin, which zurraunds 3 small rural tiown freguently afiscied by plusial fash foods.

Keywards: flagh fioods; flogd rizk: flood modeding; Nicod mapping: Flaods Directive

1. Infrodustion

Between 1995 and 2015, floods accounted for 43% of all dooumented nastural disasters, affecting 2.3 bilion
pecale worddwide and causing USD bilians in damage [1]. Tatal economic damages causad by weather- and dimate
related extremes in the European Economic Area (EEA) amounted o maone than EUR 433 bilian in the period 1880
2015, with the largest share of seoncmic impacts (36%) caused by Rosds [2.3] Furlhermone, extremes feading in
Eurape betwesn 1958 and 2008 cavsed more than 1100 desths and the dzplacement af aboul one milion pecple
[4].

The mast catastrophic food evenls are coused by exdreme rminfl bul $e conseguences of focding mre ks
pxacaaled by ineficienl fver regulation messures, deforestation, and (unplanned) srbanization in foodplsin aneas
[5]. Over the years, mary communities in the EU have bean affecled by some form of fooding. Recognizing that
fload impacts and damages are likely to increase in the near fulure due to climate varishiliy and change, increased
urbanization, and migration rends [B.7.8.9), awareness of the imporiance of flood nsk management plans (FRMP) to
mitigale the consequences of flanding has increesed [10,11,12).

The bestknown sxample of @ mtermational document that refers o food sk management pacs is the EU
Floods Direclive (FD} (200780EC, 2007) [13.14]. The main abjective of the FD is to assess, redece. and manage
ihe rizks that floods pase o human health and life, the environment, cubural heritage, and economic activities n he
Eurapean Unian {EU). The FO requires all U Member States 1o undedake » peeliminesy lood fsk assessment
(PFRA} of their river baszins and coastal areas to dentify areas where there = a polentially significant flood risk

[12.14] They rmuedt alen prepoee and decelon Aaad haeaed mape, oo rick mope, o fond ek monsgeeneet plaes

Pluvial Flash Flood Hazard and Risk Mapping in Croatia: Case Study in the Gospi¢ Catchment

https://doi.org/10.3390/su15021197 Sustainability
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Abstract
Tables (&) During the last three decades, ensemble modelling has switched the focus from
deterministic to probabilistic outcomes after its successful application in meteorological
B Toble1 forecasting. This work involves the application of Ensemble Prediction System (EPS)-
B Toble2 based results as forcing for a coastal EWS employing the mor phedynamic model XBeach
| Tosles in a so-called (semi-)probabilistic way. First, calibration following the GLUE approach is
[ Table s performed for a profile in Cesenatico (Emilia-Romagna coast, Italy), while the
- (semi-jprobabilistic system is implemented subsequently for two nearby locations.
. Ensemble mean and standard deviation from the Transnational Multi-Model Ensemble
H Tables

(TMES) forecasting system are combined in varied ways and used to force XBeach. A
testing period of two months is analyzed (March and April 2020) together with the
already operational deterministic implementation with one specific day of high sea
conditions being used to assess the performance of the system. The deterministic results
present higher outcome variability compared to the usage of the TMES mean and mean
plus/minus one standard deviation (SD). Adding two SDs to the TMES mean results in
higher variability than the deterministic approach. The (semi-)probabilistic system

Ensemble technique application to an XBeach-based coastal Early Warning System for the Northwest
Adriatic Sea (Emilia-Romagna region, Italy) https://doi.org/10.1016/j.coastaleng.2022.104081 Coastal
Engineering
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Local and large-scale controls of the exceptional Venice floods of November &5
2019
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ARTICLE INFO ABSTRACT

Keywards: On 12 ber 2019, an il flood event toak place in Venice, second only to the one that occurred
Coustal flooding an 4 ber 1966. with four ly high tides since 11 November 2019, this was the worst
PAW surge week for flooding in Venice since the beginning of sea level records (1872). The event that struck Venice
s:"“"\" and the northern Adriatic Sea on 12 November 2019, although having certain coaditions seemingly typical
Venice of the events exceptional high waters, had some peculiar characteristics not observed before, which

deserved an indepth analysis. Several factors made this event exceptionak: the in-phase timing between the
peak of the storm surge and the astronomical tide; a deep low-pressure cyclone over the centralsouthern
’I‘yrmmhnSuMmﬂmﬁm(mmly)mdsmmemmdmmh
pushing waters to the north; a fast-moving local dep ~and the iated wind -
indlemrdlwcﬂwlrddlru:ﬂnewadnanc&nahagtbelﬂhnmmlmlmm:vcy
strang winds (28 m s' on average with 31 m s~ gusts) over the Lagoon of Venice, which led to a rise in
water levels and damages to the historic city: and an anomalously high monthly mean sea level in the Adriatic
&Lmhcﬁw-mh!mm:dm”mmdgmmhﬂnlmw
wndlhtgenle‘ 1 ¥ Indmnndyﬁ\elargesadnlﬂnhkmﬂmsmd
high il i i i hvebunuxdm ify the ioa of the i &Iverxm
tbepeakoldrﬂoodmmmdnlnmnpmmependur“mﬂmdm ditions over the

Sea during the Venice floods of November 2019.

1. Introduction

The sea level at a given coastal location is the sum of several

sea to the airpressure and wind driven by a mesoscale atmospheric
phenomenon surpasses the equilibrium response, a meteotsunami wave
isgenemled.lnbaysorharbours,mchmmmilikewavambe

cnnlrlbuums. such as mean sea level varlahility ical tide,

in sea p and the Y, dogical surge,
seiche, river runoff, and wave setup and run-up, acting on differ.
ent temporal and spatial scales (Woodworth et al, 2019). Different
atmaspheric controls on the sea level are characterized by dnn’etem

d ics, with synoptic and pl y-scale (pk 'y

ve, hereinafter PAW) disturb d ver periods of a
daytoafewweeks(smrmsmgeandPAW surge, mspecuvely). while
mesoscale forcing are affecti ing at iods lower

than the inertial period (Vilibi¢ et al, 2020). If the response of the

* Corresponding author.

lified th ugh the harb with
effects (V lh!uc and Sepi¢, 2009). In semi-enclosed sea‘ the sea level
could also be strongly influenced by sub-daily oscillations (seiche)
triggered by storm surges (Cerovecki et al, 1997).

As discussed by Vilibi¢ et al. (2017), all the mentioned components
play a role in controlling the sea level variability in the Adriatic Sea, an
B00 km long and 150 km wide elongated semi-closed basin separating
the Italian Peninsula from the Balk and icating with the
Mediterranean Sea only through the Otranto Strait. Storm induced

E-mail addresses: ¢ ferraring@ismar.car.it (C. Ferrarin), marco bajogfismar.car.st (M. Bajo), alvise benetazzog ssmar.carat (A. Benetazzo),
luigi.cavaleri@ismar.cnr.it (L Cavaleri), jacopo.chiggiatog@ismar.carit (J. Chiggiato), silvio.davison@ve.ismar.cnr.it (S. Davison), s.davolic@isac.cnr.it
(s lio), pierok 1ho@ it (P. Lionello), ardicé@ich.bw (M. Orli€), georg umgiesseriismar.cnrit (G. Umgiesser).
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r Short summary

The city of Venics relies
AbStra Ct crucialty on a good storm
surge forecast to protect
it= population and...

Thiz paper reviews the state of the art in storm surge forecasting and its particular application in the northern Adriatic Sea. The city

of Wenice already depends on operational storm surge forecasting systems to warn the population and ecenomy of imminent ¥ Read more

flood threats, as well as help to protect the extensive culoural heritage. This will be more important in the future, with the new

miabile barriers called MOSE (MOdwio Sperimentale Elettromeccanico, Experimental Electromechanical Module) thatwill be (~ Share

completed by 2021. The barriers will depend on accurate storm surge forecasting to control their operation. Im this paper, the oS D n

physics behind the flooding of Venice i
challenges for the surge forecasting sy

iscussed, and the state of the art of storm surge forecasting in Europe is reviewed. The m
2ms are analyzed. especially in wview of uncertainty. This includes consideration of selected

historic extreme events that were particularly difficult to forecast. Four potential improvements are identified: (1) improve [ Special issue
meteorological forecasts, develop ensemble forecasting, (3) assimilation of water level mezsurements and (4) develop 2 Wenice flooding:
multimodel approach. understanding

m capabilities,
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1 Introduction

The city of Yenice is situated inside the Venice Lagoon, which is connected to the Adriatic Sea by three inlets (Fig. 1). Due to its low

Breprint
elevation with respect to mean zea level. for centuries the ity was subject to occasional floods due to storm surge events, called
Acqua alta. During the last century the frequency of flooding has steadily increased (Ferla et al., 2007; Lionello et al., 2021a) due to
., 2004; Zanchettin et al., 2027)

ocel land subsidence and relstive sea level rize driven mainly by climate change (Carbognin et
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OPEN Venice as a paradigm of coastal
flooding under multiple compound
drivers

Christizn Farrarin™, Piero Lionello®, Mirko Orlic®, Fabio Raicich” & Gianfausto Salvador®

Full comprehansion of the dynamics of hazerdows sas bevels i indispensabls for assessing and
managing coastal flood risk, sspadally tndar & changing cimsts. Tha 12 Movernbar 2019 dewvaststing
flood inthe histoocal city of venice {1taly) stimulsted new investigations of the coastal flooding
problem from different perspectives and timsscalas. Hera Venics is used 8s & pamdigm for coastal
flood risk, dua to the complaxity of its flood dynamics facing thoss of many other loceticns worldwida.
Spactral deompaosition was spplisd to the long-term 1572-2019 san-leval tima series in orderto
investigats tha relative Importance of diffarent drivers of coastal flocding and their tamporel changas.
Marecvar, 8 mulirarists anabysis via copules provided statistical models indispansabls for cormactly
understanding and reproducing the interacticns batwean the varisbles at play. While storm surges are
the main drivars of the most sactrame events, tides and long-term forcings assocated with planatary
atmosphenc waves and seasonal to inter-annuvel cscillations are predominant in detenmining recurrent
nuisanca flocding. The non-stationary analysis rewsalod & positive trend in the intensity of the non-
tidsl contriburtion to axtramae ses lewals in tha lest thres docadas, which, slong with relative soa-lewal
risa, contributed to an inoreass in the frequency of ficods in Venice.

Cioastal flood evenls are among he most disasirows natural phenomena. of major risk Lo the safety and susiain
ability of moasial communitics workiwide. Coastal (lood risk has increased world -wide in the last decdes, masily
duwe o mean-sea level rise' . Coaslal flooding is determined by anomalowsly high sea levels which are the sum
ol several tdal and non-1kdal processes acling al diiferent Lemporal and spattal scles’. Meso-scale atmaspheric
disturbances, synoplic-sale phenomena, scasonal oscillatbons and planclary atmosphenic waves generale sca
level disturbamces al differenl requencies. Selches, river floods, ocean waves, inler-annual and inber-decadal
dymamics and relative sea-level rise cm also conlribube Lo the (odal sea level.

In this study, we ambyze the kong lerm sza-level Ume serles recorded 10 the low-lying historical oty of
Venice {Haly), bocated in the morthern end of the Adriatic Sea, a semid-endosed regional basin with one of the
largest tidal range {the height difference between high tde and kow tidz) and extreme sea levels (ESLs) in the
Mediterranean Sea*. As a resull of the devastaling series of flocds ocourring in Movember 2019, Venice has
been defimed as the “canary in a coal mine™ for coastal Sooding worldwide”, also because with 15 flood events
I 2 month It experienced something similar to whal the Sooding requency will be in the fulune with 30 cm
of zea bevel rise”. The city of Ventce represents a key study sile for coastal floo-ding for several reasone: (1) it has
a long-lasting record of sea-lewel observatbons (since 1872), (1) Venloe is requently exposed Lo lloods, loclly
called Agua Alia {Incrally, high waler}, (1) the requency of Sood events has increased over lme and 15 likely Lo
comiinue incresing in the fisture mainly dise (o se-levd rise and subsidence, (v) 10 bas a worldwide roon
relevanoe as the sile 1s present in the N ESCC) workd heriiage Hst (hps:fwhe unesooong/end11s0 38407, (v) an
experimental and extenstve fleod prodection plan bazed on Lhe MoSE maobile barrier systemn has been designed
{hitps: 'vww moseveneria o).

“The unexpected and pecultar characteristics of Movember 3019 floods™ reveal the need to lariher explone
\he processes delermining coastal flooding. | ity nghi, such a ph belongs ko the dass off
so-called compound evenls, of wimost Inlerest In recent geophysical research'™. The specific objectives of Lhe
proesend research are 1o (1) investigate the relattve imporiance of the different contributions 1o extreme sea levels,
{11} study thetr iemporal change. (01) examine helr non-linear nlersctions and (v} estimale the probability of

*CHR - Matoral Ressarch Coundl of maly, ISMAR - Instihete of Marne Sciencas, vanias, taly. SDiSTEEA
- Daparman: of Eiclogical and Enwvironmental Scences and Technologies, University of SaleTo, Leoca,
maly. *Caparmmsant of Gaophysics, Faouty of Scienm, University of Zagreb, Zagrab, Croata. *CMR - hationa
Rusaanch Coundl of taly, ISMAR - Institwts of Maring Soencss, Triests, Haly. *Departmant of Mashamatics and
Physics, University of Sakentn, Leccs, Haly. Mamail: c fermaringisman.or it

Scimntific Ruports [amza)ameree Blpasideiorg 0. LIEEHA1 P98 023-0598532.5 e P oo

Venice as a paradigm of coastal flooding under multiple compound drivers Available on:
https://rdcu.be/cKLO1 , Scientific Reports
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Developing a framework for the assessment of
current and future flood risk in Venice, Italy

Juliu= Schiumberger B4, Christian Ferrarin, Sebastiaan M. Jonkman, Manuel Andres Diaz Loaiza,

Alessandro Antonimi. and Sandra Fatoric

Abstract

Flooding causes sericus impacts on the o/d town of Venice, its residents, and its cultural heritzge. Despite thiz existence-defining

condition, limited scientific knowledge on flaad risk of the old town of Vienice is available to suppart decisions to mitigate existing

and future flood impacts. Therefore, this study proposes a risk assessment framework to provide a methodical and flexible

nstrument for decizion-making for flocd risk management in Venice. We first use a state-of-the-art hydrodynamic urban model to

dentify the hazard characteristics inside the dty of Venice. Exposure, wulnerability, and corresponding damage are then modeled

by a8 multi-parametric, micro-scale damage model which iz adapted to the specific context of Wenice with its denses urban structure

and high rizk awars!

=. Furthermaore. a set of individual protection scenarios are implemented to account for possible variability
n flood preparedness of the residents. This developed rizk sssessment framework was tested fior the flood event of

12 November 2019 and prowved able to reproduce fload characteristics and resulting damage well. A scenario analysis based ona

meteorological event like 12 Movember 2019 was conducted to derive flood damage estimates for the year 20680 for a set of =ea
evel rize scenarios in combination with a (partially) functioning storm surge barrier, the Madula Sperimentale

Elettromeccanico (MOSE)L The analysis suggests that a functioning MOSE barrier could prevent floed damage for the considered
storm event and sea level scenarios almost entirely. A partially closed MOSE barrier (open Lide inlet) could reduce the damags by
up to 34 % for optimistic sea |level rize prognoses. Howewver. damage could be 10 % to 600 % higher in 2060 compared to 2019 for a
partizl closure of the storm surge barrier, depending on different levels of indwidual protection.

Hows to cite. Schlumberger, J.. Ferrarin, C., Jonkman, 5. M., Diaz Loaiza, M. A., Antonini, A.. and Fatorig, 5. Developing a framework
far th .22, 2387-2400,
hops:

asseszment of current and future flood risk in Venice, lcaly, Mat. Hazards Earth Syst. 5

fdoiorg/10.5194/nhess-22-2381-2022, 2022,

Receved: 23 Sep 2021 - Disoussion starped: 18 Oct 2021 - Revised: 12 Jun 2022 - Accepted: 03 Jul 2022 - Published: 19 Jul 2022

1 Introduction

Flood events are among the most disastrous natursl catastrophes, causing significant damage and fatalities all arcund the world.

In Eurape, coastal flaod events are estimated to affect more than 100 000 citizens, causing losses of about EUR 1.4 billion annually

(Vousdoukas et al., 20200 Under consideration of climate change scenarios. future flood damage is expected to increase due to
rizing =ea level (Hinkel et al, 2074)

In this context, hazard and flood risk assessment has bean broadly implemented according to the 2007/60/EC directive in
the European Union (EU; Eurcpean Commissien, 2007). Accerding to the Intergovernmental Panel on Climate Change (IPCC), floed

rizk iz defined as the combination of & specific hazardous flood event; element.

g., infrastructure; pecple; Ivelincods;

environment and cultural. social, and economic assets) which might be exposed to a hazard in a certain area: and the vulnerabilicy

2 -

of these elements, meaning predisposition to be adversely affected (IPCC. 2021; Cardona et al.. 2012). As such, outcomes of a flood

risk aszeszment framewaork can support systemic and individual decizions to mitigate flocd damage or adapt accordingly,
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Abstract

Understanding the water circulation in oceans and coastal seas is among the key topics of
oceanographic and climate research. Hydrodynamic studies form the basis for many
oceanographic subjects, whether sediment transport, morphology, water quality,
ecological and climate changes are being investigated. Hydrodynamic modelling of
oceans and coastal seas has become a fundamental tool for describing the dynamics of
marine environments, revealing the human impact on the sea and promoting sustainable
dewelopment of marine resources. By complementing - through data assimilation — more
and more diffuse and integrared global and regional observing systems (composed of
coastal gauges, moorings, buoys, satellites, drifters), hydrodynamic models provide a
deterministic 4D view of the ocean state. In this context, the semi-enclosed Adriatic Sea

o ts a natural lon; ding laboratory for hydrodynamic modelling. The peculiar
historical, morphological and oceanographic characteristics of this basin and its complex
coastline stimulated over decades the development and application of several ocean and
coastal models. In this work, we review different aspects of hydrodynamic modelling

Hydrodynamic modelling in marginal and coastal seas — the case of the Adriatic Sea as a permanent
laboratory for numerical approach https://doi.org/10.1016/j.0cemod.2022.102123, Ocean Modelling
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Assessing the coastal hazard of medicane lanos through
ensemble modelling

Christian Ferrarin £, Florian Pantillon

io Dan
ton Pa

M

Juan Jesis Gonzalez-Alemén, and Emmanouil Flagunas

o Bajo, Mario Marcello Miglietta, Elenic Avolio, Diego 5. Carrig,
udio Sanchez. P

lazannis Pytharoulis.

Abstract. On 18 September 2020, medicane lanos hit the western coast of Greece resulting in floeding and severe damage at

several coastal locations. In this work, we aim at evaluating its impact on sea conditions and the associated uncertainty through

the uze of an ensemble of numerical simulations.

W= applied a coupled wave-current model to an unstructurad mesh
representing the whole Mediterranean Sea, with a grid resolution increasing in the lonian Sea along the cyclone path and the
zndfzll area. To investigate the uncertainty of modselling zes levels and waves for such an intensze event, we performed 2

multimodel ensemble of ocean simulations using = al coarse (10 km) and high-resolution (2 km) meteorclogical forcings from

different mesoscale models. The performance of th

ean and wave models was evaluated against observations retrigved from
fized monitoring stations and satellites. All model runs emphasized the coourrence of severe sea conditions along the cyclone path
and at the coast. Due to the rugged and complex coastling, ex

2 =23 levels are localized at specific coastal sives. However,

numerical results show a large spread of the simulated sea cone n= for both the =ea level and waves highlighting the large
uncertainty in simulating this kind of extreme event. The multi-model / multi-physics approach allows us to assess how the
unceriainty propagates from metsorological to ocean variables and the subseguent coastal impact The ensemble mean and

standard deviation were combined to prowve the hazard scenarios of the potential impact of such an extreme eventto be usedina

flood risk management plan.
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The timing and structure of the remote ocean forcing exerts a dominant Coptures
control on the regional distribution of storm surge.

References

Show full gutline v Reoders: 15
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g o _ : _ i Abstract

The dynamics controlling the spatial and temporal expressions of storm surges over the
coastal wetlands and communities of the South Atlantic Bight (SAB] is complex and not
well understood. Leveraging a newly developed high-density hyper-local network of
water level sensors in the North Georgia coast, we implement and test an unstructured

numerical coastal ocean model (up to 10-m horizontal resolution) that can resolve and
diagnose the storm-induced sea-level rise during the two Hurricanes Matthew {2016)

show 15 more figures s and Dorian (201%) that have shore-parallel tracks. Using a set of model sensitivity
analyses we decompose the drivers of the storm surge into a component that is

Tables (2) associated with direct surface forcing by the hurricanes over the targeted area (e.g., local
atmospheric wind and pressure condition in the nested model domain) and remote

M Table1 ocean forcing that is connected to hurricane-induced sea level anomalies and baroclinic

M Table2 effect through the open boundary of the model. For both hurricanes, we find that local

surface atmospheric forcing leads to a uniform alongshore response in water level along
the entire North Georgia coast with amplitudes that are proportional to how close to
shore are the hurricane tracks (e.g.. stronger in Matthew and weaker in Dorian).
However, the alongshore structure and location of maximum storm surge are determined
entirely by the arrival timing of ocean remote forcing. In the case of Matthew, the remote
forcing arrives within 2h of the direct passage of the hurricane over North Georgia and
drives peak surges in the northern region of the domain (e.g., the City of Savannah and
Tybee Island). In contrast, during Dorian, there is a 14-h difference between the remote
and lecal forcing, and maximum storm surges are found in the southemn region around
Sapelo Island. We estimate that if local and remote forcing were to be simultaneous, the
peak storm surge and the water level would be amplified by up to 30% for Matthew and
50% for Dorian. While this sensitivity analysis only includes two hurricanes and is
focused on a case study around North Georgia, it is clear that predicting and

The contribution of hurricane remote ocean forcing to storm surge along the Southeastern U.S. coast
https://doi.org/10.1016/j.coastaleng.2022.104098 Coastal Engineering
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Rivers clse o populated or stralegically impartant sress can couse damages and safety risks 1o peaple in e event
of @ Aood_ Tradtional fver food manitoing systems like radar and ultrasonic sensors may not be complesely nelistle
and require frequent on-site human intercentions for calirstion. This time-consuming and resousrce-intensive sclivity

has sttrcied the sttenSan of msny researchers losking far highly relisble camess-based soltions. In tis e we
propase an astamatic Computes Visien soltan o rver's witer-lewel menitonng, based an the processing of staff
gawge images acquired by a V-IoT device. The soluan is based an two madules. The first is implemented an the
Cltstians a edpe in oeder o ousid powes consumplion dus b the fransmission of poar guality frames, and anathes s
implemented on the Cloud serves, where the fames acouired and sent by the VoloT device ane processed for water
kewel extraction. The proposed system was lested on semple images releling to more than @ year of scquisitions at =
riwer site. The first madule of the propesed sokton achieved excelent peranmances in disceming bad guality fremes

Table of Contents - from good quality anes. The sscand matule achieved very good resulls oo, esoecially for what it concesns night
frarmes.
Abmtract Keywaorda: computer vizion; river liood; Visual-doT

Introduction
Misteriaks and Methads
Rl 1. Infradustion
Discussion
Condusions

Author Contributiors

Despite technological advancements and effarts. river basins are often source of damages and risks, especially
for the population lving in the neighbaring areas. The risk refated o flash flood, which can be uvsled based on
Eties [1], iz

multiple factors =uch as local harards, exposure. venesability, and emergency and recovery caps

Funding ncreasing ower the lime 2nd it is envisioned 1o get even worse due o chmate change snd atmasphesic warming [2].
Dt Avmitabiilily Staterment Several mesearchers atempied to dewelop models able o predicl folure focd hasards, highlightng alsa the
Ackreradedgrmenis corredation with climase changes [3.4], bt it is hard to develop area specific adaptation of such models. Far this
Cartliicts af Intorest remson most of the time Iocal public entiies e predisposed 10 control the seritory in which conlinuows manitoring
Sarple Avaiabilicy mechanizme for the safeguard of ciisens are used. In particular, connuaus ing syslems ane g et up
Abbrenisions making mandatory the human supervision and contribution. thus consuming strengths and resources that public

Ricfererim= administralion has = its dispesal, rom both an economic and werkfarce point of view. Despils the costs essocaled
1o such kind of monitoring mechanisms, the sooietal benefits have been estmated as higher [5]. However, 1o cope
with such 2 source of meficiency and wasie idenlified. L = necessary o envision and maolement =mart and

automatc solulions, by eeploiting innovatve lechrologies 2= In ogies, Serzing Tel gims, and
Artificial Inteligence, as some ressarchens already tried to address.

Automatic monitoing solulions are al the base of deweloging smart Early Waming (EW] systems for flood
hazmrds, which usually exploit, among relevant ingul data, the water leved of rivers [8,7]. Monetheless, the soiutions
propased in the litersture and focused on EW 8o not po inlo the details of how the water level is measured, apart
from saying the type of instrumentatan sdopted [8,5]. Commenly adopled l=chnolgies for monitaing river lood are
pressure transducers, rengefinders, strasanic, reder oz wel oz optical sensors [10]. Same of #ese kechnologies
reguire freguent calibration, alhenwizse, the scowacy becames wery low when objects Bk wooden logs pass

A Computer Vision System for Staff Gauge in River Flood Monitoring
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Natursl disasters couse enormous damage and losses every year, both economic and in terms of human lives. 1t is
esszential 1o develop systems to predict disasters and fo peneraste and disseminate limely warnings. Recenty,
Recommended Articles: Iechnologios such as the Internet of Things solulions have been integraled into slerl systems 1o pravide an efective
method to gather envimonmental dats snd produce alerts. This work neviews the iersture regarding Internet of Things
Relsted Info Links. solutions in the field of Early Warming for diferent natursl disasters: Aoods, esrhiguakes, sunamis, and kandslides.
The aim of the paper is o descrbe the adopled loT archilectures. define the constraints and the reguirements of an
More by Authors Links Eary Warning system, and systemalicaly determine which are the most used solutions in the four use cases
examined. This review al=a highlights the main gaps in lierature and provides suggestions to satisfy the
reguiremments for each wse case based on the arlicles and solulions reviewed, particulardy stressing e advantages
of integrating a Fog/Edge layer in the developed |oT archilectsres.
Keyworde: Internet of Things: sarly waming systems; flood early warning: earthquake sarly wamning;
Arthcia Viewa e teunami early warning; landslkds sarly warming

Cltations 37
1. Infraduction

An Early Warning System (EWS) is an inlegraied architecture of hazard manitoeing, forecasting and prediction,
disaster risk assessmenl communcation and preparsdeess adivities, systems. and processes Sl enables

Table of Contents - individuals, communifes, governments, businesses, and others o @ke limely action fo reduce disaster rsks in
advance of hazardous events [1] An EWS has the fallowing key elemenls: i) risk knowdedge and risk assessment,

Abstract (i} monilonng of parameters Bal can enhance or enable predictions and forecasts, (i) dissemnination of Gmely
Introduction warnings, and {iv] preparedness i respond 1o e disaster [2.3]. The United Malions Sendai framewark for disaster
Methadolagy reduction recommends o substantialy increase aailabilty and socess b muli-hazard eardy weming systems by
16T Architiect res for EW Systerrs: 2030 [4]. In 2020, anly 23 oul of 195 of the UN countries had @ warking mulS-hazard naSonal EW system. I these
Floods couniries. 93.63% of the populstion exposed io natursl disaster-relsied isks was seccessfuly pratected tirough
Eartrauskes peacuation fallowing the eardy warning [5], shawing the great efiectiveness of these systems. The societsl imgsct of 2
Touramis national Early Warning system in terms af risk preparedness and sk miigalion are expecied 0 be exiromely
R relevant. A survey in Califormia from 2016 showed that 88% of the popuation agreed abowt the importance af a
e vt ot national Early Wisning sysiem for sarthguakes [§], and mnather stedy showed how such a system on the Uniled
[ States West Cosst could reduce the risk of injuries by 50% by enhancing the papulstion preparedness o the event
: [7.8]. Fram a cost-benefit standanint, while a rigorous analysis is reguired for esch use case and i strangly depends
C“’"‘""”"_ _ on the frequency of the swent and the abiity of the system to avaid false alarms, emplaying an EW sysien can
fther Geniibtores provide great damage reduction. especisly when cougled with efficient infrassuctures and complementany safety
Funding meases. As such, EWSs are useful lools to prolect buman lives, valusble assels and the financial stability of
Institianl Reden Soard Statemen disaster-arone regions [5]. For examsle, it has been estimated that a Socd forecesting system can reducs up to 35%
Informed Consent Stalement of annual damages due 1o floods [10]. The benefits from damage and fatalilies reduction thanks fo an earthguake
Ackriaaiedgrments warning =y=tem could easily repay 1 yeer of operastion of said system [7], and the esfimated benef o cost ralio of 2
Carflicts af Interest tsunami EWS in the Indan Ocean would be 4:1 [11]. Mareaver, sceording to the Sendai framework. an efficient
Abboeyistionms disaster risk reducion framework reguires @ muli-hazard aparoach and indusive risk-informed decision making
P e S

Recent Advances in Internet of Things Solutions for Early Warning Systems: https://www.mdpi.com/1424-
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Abstract

In the framework of three projects co-funded by the European Union (EU), an X-band (8-12 GHz frequency
range) polarimetric radar was installed in the Marche Region territory (East-Central Italy) at Cingoli municipality,
province of Macerata. The radar site is located at about 750 m above sea level and about 30 km away from the
Adriatic Sea. The radar, managed by the Marche Region Civil Protection Service, is employed for weather
monitering purposes and is in pre-operational stage. It is known that radar measurements are affected by
various sources of error, to be addressed in order to improve the accuracy of final products, Among these, the
most important are radar calibration, ground and sea clutter, beam blockage, rain attenuation, wet-radome
attenuation, beam-broadening, non-uniform beam filling, vertical variability of precipitation and wireless local-
area-network (WLAN) interferences. Nowadays quantitative rainfall estimation using X-band weather radar are
essential to meet requirements for flood forecasting, water management and many hydro-meteorclogical
applications. Besides higher resolution, X-band radars are cost-effective compared to S- or C-band radars
because of smaller antenna size, On the other hand, main disadvantages of such systems are the large influence
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A Computer Vision System for Staff Gauge in River Flood Monitoring
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Rivers clse t populated or stalegically impartant areas can cause damapes and safety risks 1o peaple in e event
of a flood. Traditional river flood manitoring systems like radar and ulresonic sensors may nat be completely reliable
and require freguent an-site human interventions for calibration. This lime-consuming and resource-intensive sclivity
has atiracted the attension af many ressarchers looking for highly reliable camera-based solutions. In this arficle we
propose an automatic Compuler Vision saoluion for river’'s water-level moniloring, based an the processing of siaff
gauge images acquired by a VloT device. The saluion s based an bwo madules. The first is implemented an the
edpe in order o awoid power consumplion dee to the ransmission of poor guality frames, and anather is
implemented on the Cloud server, where the frames acguired and =sent by the V-1oT device are processed for water
kel extraction. The propossd system was tested on sample mages relating 1o mons than o year of scquisitions al o
riwerr site. The first module of the praposed saluion achieved excellent performances in disoerning bad guality frames
from good qualily anes. The sscand module achieved very good resulls foa, especially far what il concerns night
frames.

Keywords: computer wizlon: river flood: Wisual-loT

1. Infraduction

Despite lechnological advencements and efart=. river basins are oflen source of damages and risks, especially
for the population living in the neighbaring areas. The risk refaled o flash flcod, which can be vaked based on
multiple factors such as local hazards, exposure. vonerability, and emergency and recovery capabifties [1], is
increasing over the lime and it is envisioned 1o get even worss due o cimale change and aimasphesic warming [2].
Several researchers atempied o develop models able o predict fulure food hazards, highlightng alsa the
correlation with climate changes [3.4], but it is hard to develop area specific adsplation of such modets. Far this
remson most of the time local public enliies are predizposed (o contral the territory in which continuaus manitoning
mechanisms for the safeguard of cizens are used. In particular, connueous manitaring systems are generally set up
making mandatory the human supervision and contribation. thus consuming strengths and resources that public
administralion has =i s dispesal, from both an economic and workfarce point of view. Desgpile the cosis assccaled
1o such kind of monitaring mechanisms, the socielal benefits have been estimated a5 higher [5]. However, to cope
with such @ source of neficiency and wasle identified. it s necessary to envision and mplement smart and

automatic solulions. by exaloiting innovative technalogies as Information Technalogies, Sensing Technologies, and
Artificial Inteligence, as =ome researchers already tried to address,

Automalic monitonng sclulions are al the base of developing smant Early Waming (EW) systermns for flood
hazands, which usually exaloit, amang relevant inpul data, the water level of rivers [8,7]. Nanetheless, the solulions
propased in the literature and focused an EW do not go inlo the details of how the water level is measured, apart
from saying e type of instrumentation sdopted [8.5]. Cammenly adopled technologies for monitaing rives foad ane
pressure fransducess, rangefinders, wirasanic, redar as wel as optical sensors [10]. Same of these lechnolgies
reguire fecuent calibeation, olherwise, the scowacy becomes wvery low when ohiects ke wooden logs pass
undernesth, or when the wind causes waves. Morsover, these lechnalogies are prone i measoement ermors which
could happen especially during dry riverbed and during exireme weather condifions like heavy rainfall, which are
those conditians to be contralled mare strictly for food menilonng purpases. This has led many public entifes o ==t

up low-cost cameras for remote monitoring and viswa spection af river sites. In such sites the camerss can also

frame the st=fT gauge which is generally nstalled 1o indicate tie water level of the rver. Using sich cameras able to
provide images related to the water level, it is passible (o develon 2 Computer Vision {EW) systemn far lood hazards.
Therefare, many ressarchers in recent years focused on using opfical ssnsors lke cameras 10 monilor e water
lerwel [10]- A camera equipped with remate transmission capability and eventually processing capability can be used

= Wisual baT device (WoT) for estimating e waler level. Developing swech WoT sy=tems require less effar for
calibration respect o using sanic and radar sensars. s economically viable. and allows the creation of a relisble

A Computer Vision System for Staff Gauge in River Flood Monitoring
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Italy Is Fragile: Soil Consumption and Climate Change Combined Effects
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[This arlicle belengs 1o the Spedal kssue Sustainabliity In Uncertaln Times: Pandemic, Climate, Economy and
Urban and Rural synlarnm

Abatract

The arfide kboks for relations between growth of expanding dties. number of cetasirophes and reduction of
inhabitants in inlend regions, The siudy explores these aspects throwgh cartographic readings aimed at highlighting
the relatinship betwesn =il consumption, the shandooment of peripheral areas, sod envrenmental risks dus to
Noads, landslides and eartbquakes, The research analyoes the whole of llaly as a case study between 1950 and
2019 to ged an accurate inlepretation of the relaions between these phenomena. The condusions alert us o the
need to redirect llaly's development and its resilence projects. The siedy outlines the need of a rediving plan for
lialian ineer areaz |8 weuld be the saly securty process really capable af taking core of the sarritory.

Keywaorde: climate changs; dleaztar; soll consumption

1. Infraductlon

Raly is carrenily experiencing the efects of an expansive building cyde thal toak place bebween 1980 and 2006,
Thiz process has led 10 an increase in construction and the consumplion of oil. This expansion has aken place in
areas which have been mainly remased from agricultural wse. in the richest areas of the couniry. The expansion bas
comsobdated melopalifan arsas and exisling setlements, reinforcing the wrban sprowl. This pheromenan has
soourred abave 2l i the greal plains of nodhern and cenlral Baly near e major gateweys, These profound
transfarmations have not only affected lalian territory lhrough expansian. b its fnel phass (from 2008, the great
Buiding cyde of expansion’ [1] has also produced e shandonment, wideruse. or disuse of buildings,
mfasiruciores, and builup sress, We can view this as an expression of ‘growh increasiegly decsupled frem
dewelopment, which has left rubble on the ground’ [2].

I the =ame years, the smargencies and disasiers that have sfected the Ralisn landmass [3] justified tsritoeial
palicy choices. Thess policdes hawe lended fo stuale lemitarial planning projects in 3 framewock of emesgency
management and fast recowery. Ungency and emerpency. remowved from their stictly professional conlext, hawe
coused a renuncialion of the design and planning perspective. The rhetaric of emergency has tended o codude the
actual character of lalian teritory, which by its nature is fragie, unstable, and, for the most part. very difficult to
inhabil. The resulis of these polides can be seen in three ways. The first refers 1o a remedial teritorial policy aimed
ik ther rapid resolulion of events without a desp understanding of lecal constraints. A second is concerned wilh the
processes of city expansion in the mosl shanized parts of the counlry with the conssguence of exensive soil
comsumpton. A tird trend, in per-urban and inland sreas, is e lack of medien- and lang lerm planning for the
mainienznos of exisfng Serilorial infasiruciures, such as wooded shpes and water netwarks, resuling inoa
widespread increase in fragike conditions. Climate change is acting as = catalyst for tis setling of events, causing a
significant increa=e in the number of floeds, run-affs, and minor landslides on a territorial scale, tesSng tertorizl
capacity far adaptation and resilience [4].

This arficle explores the svolulion of alizn teritary and the corelated increase of f=l tiroagh casagraphic
resdings. The maps produced asim 1o highlighting the refationship between soil consumption, the abandanment of
peripheral arees, and environmental risks due to loods, landslides and carhquakes. The perod discussed is that of
the sixih building cyde, between 1285 and 2010, which was the maost significant urban expansion sinoe the post-war
periad in terms of inlensity and duration, as ientified in the Cresme Insttute's reparl on the constuction market [1].
The paper will demonstrate the correbtion of sseeral fundamenisl issses the sxpansion of #e buill ervirament and
the produciion of utben wasie aress; the abandonment of perpheral leriloies: snd e risks of looding,
parthquakes landslides and overflawing, derived fam the national database ediled by the lsituta Superices Par L
Ricerca Ambizntale [Higher Institute for Envionmaentsl Ressaech) [3].
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Conclusion

Total of 19 scientific papers ensure to reach a wider range of stakeholders of different countries to
extend the dissemination beyond the countries involved in the project STREAM.
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