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aRPa Outline (CTP)

d Why do we need a digital twin of the environment (EDT)?
] General features of a EDT at local scale

 Key point for the implementation of a EDT

O The EDT implemented by ARPA FVG
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Real

A EDT is a virtual copy of the states and
the processes of the complex dynamical
system we name the Environment, that Real
aims to look like and to behave

identically to its real-world partner.

Digital




Diagnostic purposes: to fill in information where there are no measurements available
Prognostic purposes: to see in advance environment evolution and possible scenarios




dRPagle Concepts featuring a digital twin of the environment. (CTP)

The Environment is a complex dynamic system

;;;;;

The structure, is composed by elements (sub systems)
There are interactions between the elements
= It cannot be considered an isolated system

= [ts objective is to reach an overall (dynamic)
equilibrium

The behavior of the Environment is a consequence of its structure, the
interactions among its elements, and the overall objective
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Software has: Hardware has:

» to describe the elements composing the environment « g execute the software as fast as possible
= toinclude the objective (function) of each element » to store all the generated simulation of the reality
= toreproduce the interactions among the elements = to be fast in recovering the stored information




aRPa EDT requires interaction between the reality and the software (CTP
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Real

Information flow
(data)

Continuous information flow from the reality into the software: NES:
= to correct the trajectory of the system on the phase space continuously

= to let the software to learn an to improve the virtual copy of the reality
] Software Upgrade (SU) + Machine Learning (ML) + Artificial Intelligence (Al)




dRPALMAS  The Environment System main components (CTP)

Environment




aRPa Components of the EDT maybe subsystems too. l@
Aggregation Level 1 Aggregation Level 2

Aggregation Level 0

TR g

Hydrosphere" SRS 102

: "@'1-'5‘5.-h




dRPAIME  [nteractions among the system components (CTP)

In a Digital Twin, interactions among the system components have to be described as
representative of reality as possible.

Shortwave Radiation +

i + Sensible Heat Flux
Longwave Radiation #¢ |

Transpiration ¢ = . ¢ Sublimation -
CaEnopy Waters Precipitations + Deposition Maan LAl el fecl
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Canopy Water+ o1 4+ Direct Soil Evaporation an infiltration _
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ranspiratio
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IE! Surface Routing —6—@
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Soil
/I Channel Routing evapofation
Iol Ponded Water sle ercolation rate
~Underground Runoff

What does it mean as representative of reality as possible?

It depends on the accuracy and the detail requested to the Digital Twin. Be aware of the
feedback and non linearity response of the components. In the Digital Twin, software implements
the component behavior and its interaction with the other components and the boundary




dRPAlAN® 1 ihore unique representation of the system elements? (@

No. Usually there are more than one according to representation details,
complexity of behavior, computational costs, implementation software, etc.

1 Model A
§ Model B - SW 1
>
©
c
Q
O Model B - SW 2
Y
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>
>
>
= Model C
&
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aRPa Is there any feedback between the reality and the digital twin? (@

Yes, when the information form digital twin are used to act on environment
Example: Mitigation to Climate Change

Digital Twin of the Environment

, Mitigation actions ’ \_\
Drivers Responses Real Digital

Hon°
. qatiof a¢
Reduction \\1\\’&\9
e
Pressu@
Improvement State

State of the Environment

DPSIR logical framework. Smeets E., Weterings R., Environmental indicators: typology and overview, Technical report No. 25,

European Environment Agency, Copenhagen (1999) 19 pp.




Boundary conditions

.‘/‘ Initial conditions .‘/‘
.‘l ‘ Spatial (time) resolution .‘/“
h‘\ @ Description complexity .‘/‘

/‘ Behavior complexity

g
.‘/‘ Computation costs

n §
D




dRPALMAS | ocal scale EDT advantages and disadvantages (CTP)

O Boundary conditions essential and often o s
characterizing the evolution (disadvantage)
= Dependence from external sources of information
= Sources redundancy required

H20 losses

= Quality sensitivity from outer quality

iy
FUSE S =l e
WRFHyd ro Shallow 'water. Hyénoq%ca)m‘igFinile‘EIemenl‘Moge[ DD

=N

et A

Climate PCiv

O Some feedbacks are negligible for several
applications (advantage)
= No need to couple models
= Simplified workflows
= Reduced computational costs

WRE> _ =
< * WRFHydro




aRPa What is needed to implement a EDT? - Skills (CTP)

Regional Environmental Modelling Centre

@RP FVG

aaaaaaaaaaaaaaaaaaaaa

\\\\\\\\\\\\\\\\\\\\\\

o Conceptual models
o Analytical models

o Numerical models ? A

o High Performance Computing

i

Permanent staff
7 people (3 women + 4 men)

o Big Data analysis and handling

o Data and metadata archival +

Temporary employees (for project
purposes)




aRPa What is needed to implement a EDT? — HPC + Workflows  (CTP

High Performance Computing: operational and on demand + Workflow manager

FENICE operative Been|CE development > WRF tser g
(STl TS ~ | |FENICE_development

- FENICE operative

AIR_LOCAL TRAJ oper @
BKups @
CMEMS_download 4@
CPSM_download
DATAIN_oper
FARM_diagn @
FARM_diss 4@
FARM_panel &
F_Air SG a@
GNOME_in 4@
GNOME_inputs 4@
HYPASHY &
ISPRA_download @
MANAGE_ARCH &
METEO_plots 4@
OMNIA_extract @
Panoptes
PYGNOME_run 4@

[ |SHYFEM_oper 4@
SMHI_download @
STZ_data_display
WRF_2 DIA @
WRF_dis 4@
WRF_oper 4@

v v v v v v T T FYF Y FYF YT YT YT YTYTYTYTYTTTYTTTW

WRF post &

b | |ARPAV_rivers

ARSO _rivers
CALMET run
EFAS_download
FARM diss 5G 4@
FUSE_oper

» [LIIF_Air LT

¥ [IIF_Air_SG 4@

» [ [|MARINE litter 4@

b [ [INAUSICA gen ~ @
¥ [ [/OMNIA_extract 4@
b | |PCIV_download A @
b | |SHYFEM forecast plots 4@
¥ | |WRF_2 SHYFEM 4@
» [ [|WRF_AAZD A@

» [ |WRF_MWM 4@

» [ /WRF_oper 4@

» [ ||WRF_post

k| |AIS_download

b | |BUFR_conversion

b WRF _tser|

4 KRIG_PM25

- vy v v v

TS T
ETRTEE

CPUs Total:
Hosts up:

Hosts down:

780
13
0

14 computational nodes

4 service nodes

> 25 operational suites
> 1000 operational tasks
Tens of pre-operational suites

GRIDFVG - AMARO, UD Cluster Network last day

b

15 M
¥
“
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W
o
o |
> 5HM
w

E -

Wed B8:88 Wed 12:88
H In W Out

W
i
£ 18T
o

6.8

Wed 68:00 Wed 12:00

W Memory Used
O Memory Buffered

W Memory Shared H Memory Cached
B Memory Swapped

B Total In-Core Memory

Load

288

[

| SESESENEN

0

Wed 00:08 Wed 12:08
O 1-min Load [@ Nedes [ CPUs [ Running Processes

Abo
Abo

ut 84 TB of data
ut 200 TB capacity




aRPa What is needed to implement a EDT? — collaborative dev. env. [CTP

O arpa-crma

() Overview

B Repositories 4

B Projects 3 & Packages A Teams

A\ CRMA™

3

arra

ARPA FVG - CRMA

Regional Center for Environmental Modeling

& Repositories

Q, Find a repository...

AdriaClim
This is the AdriaClim (INTERREG IT-HR) project repository for PP11 - ARPA FVG purposes

Shell

CASCADE

Private

i1 #Mcooio F¥o ©o 1o

Private

Updated on Jun 29, 2023

2 A People 7

Type ~

This is the CASCADE (INTERREG IT-HR) project repository for PP4 - ARPA FVG purposes

aRPA L

trac

Integrated SCH & Project Management

cennssse come gisicttid | E

wid Cronologia Obiettivi Segnalazio
Indice dei repository
Nome Dimensione _ Rev Eta Autore Ultima modifica
< _1 operative_workflows aallfle & 8 settimane | CRMA operative user <[omitted]> Replaced the bulletin date with the v
b 1 development 1441845 & 2 mesi CRMA operative user <[omitted]> SHYFEM forecast: vertical reference
< _] operative aallfle & 8 settimane | CRMA operative user <[omitted]> Replaced the bulletin date with the v
» ] AIR_LOCAL_TRA]_oper aSLa7df & 3 mesi CRMA operative user <[omitted]> Bug fix in cleaning tasks.
b 1 BKups RS G 6 anni operative Updated the BKups suite to include t
» 1 BRONX 4503295 € 3 anni CRMA operative user <[omitted]> Added possibility to run the BRONX |
» ) CMEMS_download aallfle & 8 settimane | CRMA operative user <[omitted]> Replaced the bulletin date with the v
» ] DATAIN_oper elecacE & 4 mesi CRMA operative user <[omitted]> Bug fix.
> 1 E_Air e & 6 anni | operative The spy node tspy_fair had a problel
> 1 F_Air_SG MWD B 14 mes CRMA operative user <[omitted]> Aggiunta la funzionalit al filtro di ke
» 1 FARM_diagn SRR G 2 mesi CRMA operative user <[omitted]> Added new transfer procedure for fu
b ] FARM_diss o704 S 3 mes CRMA operative user <[omitted]> Added automatization of alert procec
b ] FARM_oper S7eefe & 6 anni | operative Updated the FARM_opaer suite to m
» ] FARM_panel bSGedde & 16 mes CRMA operative user <[omitted]> Moved FARM_panel, MANAGE_ARCH
» ] GNOME_in 41923 % 8 settimane | CRMA operative user <[omitted]> Update due to the release of new
» ] GNOME_inputs S8R & 3 anni | CRMA operative user <[omitted]> Fixed a bug in the diagnostic of wind
b ] HYP4SHY LR & 13 mes CRMA operative user <[omitted]> The "ecFlow” suite named "HYPASHY
b 1 ISPRA_download dSlardf & 3 mesi CRMA operative user <[omitted]> Bug fix in cleaning tasks.
» ] MANAGE_ARCH 406133 & 14 mes CRMA operative user <[omitted]> Messa in operativita lo scaricamento
» 1 METEO_plots FAFRE L 6anni operative Updated all the operative and the de
b ] OMNIA_extract 385F & 8 mes CRMA operative user <[omitted]= Necessary changes for new OMNIA ¢
b ] Panoptes 3O H 15 mes CRMA operative user <[omitted]> Bug fix: if the path of temporary dire
» 1 PYGNOME_run BB B 11 mes CRMA operative user <[omitted]> The "ecFlow” suites "GNOME_in" anc
b ] SHYFEM_oper 5419238 8 settimane | CRMA operative user <[omitted]> Update due to the release of new €M
b 1 SMHI_download GLaTdE & 3 mesi CRMA operative user <[omitted]> Bug fix in cleaning tasks.
b 1 STZ_data_display cB6aadl & 8 mesi CRMA operative user <[omitted]> Added OMNIA estraction | INSERT 5|
» ] WRF_2_DIA 8I6E B 21 mes CRMA operative user <[omitted]> Added a new family in WRF_2_DIA ¢
b 1 WRF dis 9604242 & 8 mesi CRMA operative user <[omitted]>  Minor chanae, added directory existe

Project monitoring
Code documentation
Code versioning
Continuous integration
Resources monitoring

(I I W Wy

To-dos @

Sort -

Language ~

£ Jenkins

Jenkins *~ »  WRF-Hydro

4 Ritoma al cruscotto

[ CCCCOT EL L (¢

0, stato

== Modifiche
@ Diccamination

AdriaClimPlus_4_PP2 &

=] R\'Epilcgu@ O Board
trova X J |4
Panoramica dello stato Attivita recente

£ Impostazioni del progetto

Cronologia compilazioni andamento =

lenco (3 Calendario & Timeline ¥ Approvazioni £ Moduli B Pagine & Allegati @ Ticket L=Report & -

@ #8

Ottieni un'istantanes dello stato cegll element, Visu.
glement

Rimani aggiomato su cosa accade nel corse del progetto.

VENERDI 3 MAGGID 2024 a

@ #17
Gisiotti D. ha modificato lo stato a Permanente su [ FIRST.
nterazion

1 giomi

@ #15

28-lug-2023

Da completare

B ncorso

17-lug-2023

Gisiotti D. ha aggiornato Rank di [ FIRST-9 - Interazion

56%

W o NN ow

17-lug-2023 8.43 B Permanente

Da completare B completata
o #2 3-lug-2023 10.24 Total
otale

20-qiu-2023
- Gisiotti D. ha modificato Priorita in “Low’ su [

nterazione tra rogetti

INCORSO 2 ... PERMANENTE 2

Completare 2 RDA per Contributo alla comunicazione Fioritaria Tipi di lavoro

‘acquisizione di beni e senviz progetiusle
@# e o TS ne globale elie priont attriouite 2l lavora, Ottien un sugaivisions degll lement in base 211070 100, U
ntrando il tuo tesm ol element
20008 £3140
@#
FIRET-2 B Firsts & Tipo Distribuzione Conteggio
INEY o2 » ) sottotask L ) 56% 5
_ Task o 4% 4
Forum per discussione att Interazione 12 progett
progettua
o #4 O Gestisci | tipi
Communication Interactions
{29 AR m31406 =
FIRST-1 [ FrsT2 - | ‘1
-~ =
+ Crea 4 Crea High Medium Low Lowest

A ATLASSIAN

Jira




aRPa Another important aspect is to retrieve information easily

O Fast response of the hardware

[ Metadata for search and archival

% Catalogo CRMA - Centro Regionale di Modellistica Ambientale

Browse by

INSPIRE themes Topic

Type of resources

-
Dataset
=

@12

Latest news Most popular Comments

~  Q Search

& Map

Search ...

Search 242 data sets, services and maps,

Maps and graphics

(CTP

Data file format
. netCDF

+  GRIB1/GRIB2
O Data formats supported by community software and apps .

O Intelligent system to help you in answer search

Binary
« ASCI
« CSV

*  Binary
« XML

« BUFR

-~

Topografia globale ad alta riscluzione (SRTM, 3 arc-sec)

Data set di topografia (Digital Elevation Model - DEM) prodotto da SRTM (Shutiie Radar Topegraphy
3 secondi darco (3 arc-sec), cioé circa

iesto dal programma “geogrid" del WPS del modelio
uddiviso il globo) Ia cui letiura & descrita da

Iile sono archiviati nel file system "lustre” del cluster FENICE allintemo della cartella:
)_srim_3s/. s0no forniti nel file README al

Suo intemo.

Identification Distribution Spatial rep. Ref. system Metadata
Data identification

Citation

Date (Publication)
Mar 2024

Purpose

1 fomato del data set (cioé in file binari con file “index” descrittive) & quello richiesto dal programma

geogrid di WRF-WPS per creare la topografia sul grigliato del modello
Status

Completed

User

= ARPAFVG - CRMA

9 ARPAFVG CRMA Centro Regionale di Modeliistica Ambientale , Paimanova - UD , Friuli Venezia

Giulia , 33057, Haly

Maintenance and update frequency
As needed

Keywords
« DEM

« Topografia
- 3amsec
- Modeli

- WRF

Fannria

@ Overviews

Q Spatial extent

¥ Keywords

8 Provided by

,‘Eu“ \

(e Share on social sites
v f in | =

@ Access tothe portal
Read here the full details and access 1o the data

@ Associated resources




dRPa lglle State-of-the-art of FVG ETD

(CTP)

What we simulate (forecasts, analyses, events and impacts)

Accidental events and impacts

Fires, Qil spill, Environmental impacts assessment

Weather

Forecast
Analyses

Air quality
Forecast
Analyses

7 ltalia

Physical Sea

Forecast
Analyses

Hydrology

Forecast
Analyses

Local scale climate scenarios

*  Atmosphere, Lagoon, Sea and impacts




aRPa Atmosphere (CTP)

Weather (forecaStS and analyseS) Altezza geopotenziqlegm] (contorn_?
) temperatura[C] a 500hPa (colori

3 domains y—— g e

Q from 50 km to 2 km resolution

O 1 run/day O0UTC

O upto +120h

Precipitazione(mm)

Certified quality EN ISO 9001

12Z14DEC2023

SE 6E 7E BE SE 10E 11E 12E 13E 14E 15E 16E 17E 1BE 19E
12Z14DEC2023




aRPa Air Quality (CTP

Air quality (forecasts and analyses)

Pasian di Prato - Previsione delle concentrazioni particolato sottile con diametro inferiore a 10ym

Serie temporale concentrazioni PH18

prevision eneesa il 20231214 60 /2023 | 15/12/2023 | 16/12/2023 |ERIFCIEREEY 18/12/2023
sul punto PASIAN DI PRATO BT [T70] HermagerPresseo0er See Cerca comune
90 T g T T T T T 1 T appa Satellite V°° i
o0 L A Cadore el Tl Ze 1\ o ) aspoldstein 1
v ] ]
| e i ‘ T T e : -
Y A - i..... 3. S i i i s o Bl - = - 9 chiudi tutte le box reset
< H : i i Ay I Legenda e controllo visualizzazione
¥ 6o
g Indicat.
z 99 PM10 - concentr. media giornaliera v[
o
C
'g Tl I o o R B L Spatelic s Griglia grigliaB0x80_2x2 v
® i i i Tolmino’ S ;
85 BTUTTI
B finoao Hg/Nm?
LA ~ "30-: 10 pg/Nme
i 10 = 20 pug/Nm?

8 1 1 L I I 1 1 1 L
14712 14712 15712 15712 16/12 16712 17/12 17/12 18712 18/12 19/12
:1:] 12 :1:] 12 ;] 12 a8 12 ;1] 12 ;]

Aidussin 20 + 30 yg/Nm’?
30 + 40 pg/Nm?
4 40 + 50 pg/Nm’?
50 = 60 pg/Nm?

®®360+ 70 pg/Nm’

San Dona 5570 - 80 pg/Nm?®

O 2 km resolution G gle B dPee o cumm oy ¥ 550 = 90 pg/Nm’

Aogliano S
Vegneto [r—— R Scorciatoie da tastiera | Dati mappa ©2023 GeoBasis-DE/BKG (£2009),Google:  Termini | | >90 pg/Nm’

I run/day O0UTC ¥ % DATO NON RILEVABILE
O upto +120h

Tenpo [gg/mn hhl
concentrazione oraria === linite giornaliero
nedia giornaliera =

1T domains @

Treviso

Forecasts for each Municipality and services for the
Certified quality EN ISO 9001 activation acute air pollution prevention plans

wwn.c




dRPa|gie Hydrosphere (CTP

Hydrology (forecasts, estimates and measures)

Tagliamento (C800)

stime di portata dal 15/09/2023 al 13/12/2023, previsioni fino al 18/12/2023 feature_id = 3, latitude = 41.41264, longitude ...
. 03 =1
1000 4 . — 2
L —_—
==  FUSE » o —
Tipo Fonte mE 2004 B e
SGRI ~ o )
© 1004 30 4 -
oo E : WRFHydro
£ 501 £
. S H
Misure PCiv . + 20
2
104 <
ARPAV T T T T T T T T T T T T T T T
T 2 % 8§ g © o g £ ° & & § = ]
o o & g o g e B 3 2 5 3 @ g i
ARSO & & bt o o o o o = =1 2 z o o o
0-

pallini neri: stime da livelli idrometrici misurati
ARPAV linea blu: 'ensemble mixture' delle previsioni 'fuse'
fascia azzurra: intervallo di confidenza al 90% della previsione , ~0)

Stime S :
PCiv Tagliamento, Cellina, Corno, Fella, Slizza, Natisone 55 LIRRE
CRMA Isonzo, Tagliamento, Stella, Cormor, Ausa HDINE b L% V' % shyfem rivers_coords
X 5 Vv B Q previs HYPEmodel
( /( V B Q previs EFAS
CRMA (FUSE) Isonzo, Tagliamento, Stella, Cormor Aaments ; AR 5 : gﬁﬁhnm’"
v © Qstime PCiv
CRMA Stella, Turgnano, Cormor, Zellina, Corno, Ausa, Na OO o ‘ v © Qstime arso
- - . . . PR v O Qstime arpav
(WRFHydro) Rio Ospo, Rizana, Badasevica, Dmica, Dragonja, | O ey 7| ® Qstiave CRMASFUSE
.. . SMHI (HYPE)  Fiumi individuati?
Previsioni

PCiv (MIKE) Isonzo, Tagliamento, Stella, Cormor

Timavo, Isonzo, Tagliamento, Livenza, Stella, (Piav

EFAS
Ausa+Como, Dragenja

AbdAO | SWAT)




dRPa [@Ye

Sea and Lagoon Hydrodynamic

Physical Sea (model)

(1 nwerrey
Italy Croatla

hallow water, Hydrodynarmc ane Elemem Model DD

|©@ 2 | ‘jJ “;2\,;\

ARPJA [A'/® In ARPA FVG since 2021

Lon. [°E]: 12.75119 + 13.81224
Lat. [°N]: 45.15940 + 45.80302
Prof. media [m]: 21.5

Prof. max. [m]: 34.7 'H\;enem
N° nodi: 18311

N° elementi: 33100
N° livelli verticali: 22

Ris. spaziale: da pochi km (mare aperto) a
circa 10 metri (canali lagunari)




dRPAIME  Se; and Lagoon Hydrodynamic — cont'd (CTP

Physical Sea forecasts

13.0 132 134 13.6 138 - Gp§fn1£ L.JS

Surface current [cm/s]
g g . CO pernicus Sas e (0 s iz
— Marine Service . 5
0 & & ] ;
Q > Shallow'water. Hydrod;"namlc Fl'ﬁiie E|arnem Model

- ,,«:t ﬂ\\ag““ Q’ N

O bkl

./././/.///././././ AL

1834

nto & 10m{m/s] (coke
isotocche € vettori)

7 Atmospherlc for§ |
Atmosphere .
e

13.0 13.2 13.4 13.6 13.8 | ‘




dRPAIM [ rther applications of ETD - Hydrodynamics for climate (CTP)

Local scale climate scenarios

Open sea Lagoon
Temperature monthly Mean difference of all scenario respect to 2018 Temperature monthly Mean difference of all scenario respect to 2018
benchmark at point: MX001 benchmark at point: LX001
35 1 3.57
W Ensemble RCP 8.5 - N.sim=4 W Ensemble RCP 8.5 - N.sim=4
Ensemble RCP 4.5 - N.sim=4 ] Ensemble RCP 4.5 - N.sim=4
Ensemble RCP 2.6 - N.sim=2 | Ensemble RCP 2.6 - N.sim=2
3.0 ® Ensemble mean [ 30! @ Ensemble mean

15 D ,, { '[

WETRE T S | AT Bl
gt L ey
o IT SN SR NSNS S WU NN S | vl Il ___________ e Tls ___________ I . l _____________

-05 1 0l s !
:

Delta sea surface temperature [°C]
— b
Delta sea surface temperature [°C]
=
— o] ——i

2025-20357 2035-2045 2045-2655 20552065 26652075 207550@35 27078"57:2693 ) -10° 2025:2035 2935;2045 2045:2055 2955l2055 2055:2075 2075:2035 zngglgugg

Decade Decade




dRPAlAN®  iher applications of ETD — Qils spill simulations (@

Accidental events and impacts (oil spill operational + on demand)

ID Spill location Spill start hour Last update
00/01|02|03|04|05
i 06|07|08|09(10| 11
18E0F10248_0000 2023-12-14

v 12 (13 (14 15TTOrr
18(19(20| 21 (22| 23 -
00|01|02|03|04|05
i 06|07 |08(09(10| 11
18E0F10248_0001 2023-12-14
12 13(14|15]|16| 17

18[19]20| 21123

00/01|02|03|04|05
N 06|07|08(09(10| 11
18E1F10348_0002 i 2023-12-

1213|1445 (16| 17

18] 19 #6]21]22]23




dRPAIM [ rther applications of ETD — Marine Litter accumulation (CTP

12°15' 12°30' 12°45'
— — — —

16 sources: 45°45'
Trieste O Simulate the LE transport
Monfalcone .
Isonzo g
Lagun(::ﬁclj\(fl)arano 3 refloating parameters: D CompUte the LE reaChIng 5030 ﬂ X i _‘ '
Tagliamento 76 days ! T
lIg_i\.'enza X 15[)d::ys the beaCh p0|ygon
Piave 273 days
e O Compute the beached LE
Po ‘ The same beach type | ie1s
Reno
Koper U Identify the source of LE
Piran
Rovinj
Pula
45°00" A5 — S —
lon lat count place . . . e . oo ‘248 13°00'
8 Daily statistics of beached particles for the Banco d'Orio beach
13,5617 45,5328 31238 Piran refloating parametar- 272 dave
13,0979 45,6395 25813 near Tagliamento mouth 20000 13°20' 13°30 13°40° 13°50' 14°00
13,0979 45,6379 23145 east faro punta Tagliamento oo 0
13,6147 45,0895 17300 Fogarolica in front of Rovigno 16000
13,0979 45,6411 15001 near Tagliamento mouth g 14000
13,1509 45,6913 11464 Lignano beach 2 12000
13,1663 45,701 11248 Isola Marinetta %lﬂﬂﬂﬂ
13,1531 45,6945 10295 Lignano near the source of Marano Lagoon Eé 000
12,2785 44,63 10222 Beach in porximity of the Reno mouth © e
12,2763 44,6316 10206 Beach in porximity of the Reno mouth 000
13,0957 45,6347 10032 west faro punta Tagliamento e
12,3204 45,1752 8863 Bacucco
13,3717 45,68 8440 east faro Grado
13,5219 45,7641 8440 Lido di Staranzano
13,0979 45,6428 8096 near Tagliamento mouth
13,5197 45,7609 7931 south Lido di Staranzano
13,3607 45,68 7917 Banco d'Orio near sorurce
13,5197 45,7592 7764 south Lido di Staranzano
13,1001 45,646 7674 Lignano just neare the Tagliamento mouth no

. 13°20"° 13°30' 13°40 13°50' 14°00'




aRPa Further applications of ETD — Fires and pollutants dispersion (CTP

Accidental events and impacts (Fires and pollutants dispersion)
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Accidental events and impacts

Fires, Qil spill, Environmental impacts assessment
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