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EDITO Model Lab : Underlying Models for Digital Twin Ocean
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To ensure an operational European Digital Twin Ocean
(EDITO) core infrastructure by 2024, the building blocks
of the initiative are underway through the Horizon
Europe-funded sister projects:

P@® EDITOINfra

P@ EDITOModellab

Together, these two projects will build the Digital Twin
Ocean platform, incorporating a data lake, processing
engine and virtual simulation environment.




What EDITO will deliver ?

An integrated platform New services

Explore
Use the Digital Twin

Ocean platform

Contribute
_ Add data & services
N to the Digital Twin
Ocean platform

Create o—/@ |

Build your external
third-party services
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A consortium based on ocean modeling expertise

TM€

3-year project j‘*
Kickoff meeting 21-22 Feb 2023 4
7
13 partners from 8 countries with expertise in : Tk *"’jﬁs"f' '
I = o W
 Ocean modeling from global scale to coastal, for oS i e R
ocean physics, biogeochemistry and marine s T\ e
environment e = hérgan)
. . . . = " Deltares (. _.
«  Supercomputing including experts from computing 4 A
centers === @
- Artificial Intelligence applied to ocean application - gg';ggwn Wit
- Software development, model and tools co- o o e LRy
development M (@%;“ 'o' b\ {
« Operational oceanography with strong links with ~ - S == B

Copernicus Marine, Ocean Predict and UN decade

* Intermediate to final User applications
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Project organisation
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Project status

Review of main achievements performed yesderday
Co design phase is finalised

Integration phase is started

Demonstration is planned for 2025

Development are on going as presented yesterday :

 We have first emulators

 We have a large diversity of model configurations from global to coastal

* We have a co development environment based on EDITO platform

* We started to develop the demonstrators that are the showcase of
EDITO project.
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Agenda — DAY 2

DAY 2 morning — USER SESSIONS

Wednesday | 17 January 2024 Ground floor, Conference Room

9:30 - 10:30 User Session 1 CMCC, DMI, HEREON, UniBO Advisory Board
WiS#1 - Nature Based Solutions for Biodiversity and coastal hazards External Users
1-Presentation of Application
2-Demo
3-Discussion with users

10:30-10:50 User Session 2 CMCC, UniBO, DMI Advisory Board
WiS#2/FA#3 — Zero Pollution External Users

1-Presentation of Application

m Break with cofree (Ground floor, Coffee Break Room)

11:20-12:00 User Session 2 MOi Advisory Board
WiS#2/FA#3 — Zero Pollution External Users
2-Demo
3-Discussion with users

12:00-12:40 User Session 3 Deltares Advisory Board
FA#1 — Marine Protected Areas for Biodiversity External Users
1-Presentation of Application
2-Demo

3-Discussion with users
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USER SESSION 1

WiS#1 - Nature Based Solutions for Biodiversity and coastal hazards
Moderator: CMCC (G Coppini)

General Assembly, 16-18 January 2024 — Lecce, Italy .. EDITOModell ab ‘ MERCATOR




USER SESSION 1 - Nature Based Solutions

1-PRESENTATIONS

1-Presentation of Application

* What-if-Scenario in Nature Based Solutions: On-demand
modelling for coastal Hazards, HEREON (W Chen) (10’)

e Nature Based Solutions for Coastal Hazards In Northern
Adriatic Sea, UniBO/CMCC (J. Alessandri) (10’)
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What-if Scenarios #1

What-if-Scenario in Nature Based Solutions:
On-demand modelling for coastal hazards

Helmholtz-Zentrum Hereon (W Chen, B Jacob, J Staneva)

Introduction: Coastal erosion & nature-based solutions

Region and motivation
Models (Associated tools): SCHISM-WWM-XBeach

Prototype example and results

: 9 "hereon p@ EDITOModellab



What-if seagrass for coastal erosion mitigation

Coastal hazard

Lac

it
W e

Coastal erosion

Salt intrusion

SALT WATER

flooding
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Wadden Sea

* 15,000 km2 => 73% protected areas

* UNESCO World Heritage Site since 2009

* Diverse hydrological, morphological and ecological
characteristics

* Very fertile feeding, nursery and breeding grounds
for fish, mammals and birds

* 10,000 faunal species
* 40 fish species
* 6 mio migratory birds present at all times

« a macrotidal environment with varying geometry

- difficult-to-couple interactions between the variety of
meteo-oceanographic and morphodynamic factors
acting on a limited area

The Wadden Sea
World Heritage Site

R\ DENMARK
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Seagré’S’sm_e,,a_dows are an examplé ef nature- # \:
based solutions for:coastal resilience thaj\: will be
addressed. | * 'y

Enable relocatable Setups on EDITO platform

with configurable NBS (seagrass, mangroves)




Models (tools)

>1000 cores

Hydro-model Hydrodynamics
(SCHISM-WWM)

Provides water level,
Wwave spectrum as

SCHISM-WWM model domain

boundary forcing
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Models (tools)

>1000 cores

Hydro-model Hydrodynamics +
(SCHISM-WWM)
SCHISM 175 >100 cores
: model domain
Provides water level, 5.0
wave spectrum as
boundary forcing p— 12'5-§- SCHISM-WWM model domain
¥ ‘ 100¢% =0
Morph-model . 75 &
P P Morphodynamics ——— = 40
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a&ﬁerm\éﬁdﬁlgj el oo 30'§
s3.7n T e : 5 £
71E 7:2€. 726 73E 7.3E <
Q.
208
54.0N
Elbe Lss
53.5N .
% o
Lo
53.0N . : : . —L
5.0E 6.0E 7.0E 8.0E 9.0 10.0E

.@ hereon D@ EDITOModelLab




Models (tools)

Hydro-model
(SCHISM-WWM)

Hydrodynamics

SCHISM
Provides water level,
wave spectrum as

boundary forcing 53.8N
! ;

>1000 cores
+
>100 cores

SCHISM-WWM model domain

Depth [m]

Morph-model

Morphodynamics ———
53.7N 1

(XBeach)

T T  Whatif . |

Norderney

Evaluation of

\}\( ] Different seagrass

\ Y characteristics

Different location ‘%f .1‘
and size of the ~—---—---—-
meadow

--—-—7

Coastal Erosion

Halmholtz-Zentrem

 hereon P® EDITOModellab
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Hybrld model chain (EDITO Model Lab will integrate NM, powered by Al and operating on HPC.)

advanced numerical modelling

« Al developments as part of
Hydro-model Hvdrotyiais . Offshorfa wave
(SCHISM-WWM) Char. (dir. Hs) the modelling system to

Provides water level, l

SCHISM
enable faster simulations

wave spectrum as
boundary forcing

v
i - —

What if ... What if ...
Coastal erosion risk
Sea state

| |
Without With Without With
seagrass seagrass seagrass seagrass
correlations ! |:> High
Different sensitivities Different :
experiment experiment : |:>
scenarios scenarios !

Categorization of

Medium

v

- Evaluation of Low
Training Data Coastal Erosion =




What-if Scenarios: Example of results

Sea Level Waves Velocities Sediment
2
low seagrass - os
coverage 1
6.6E 7.4E _ _8.1E 05 ! ; 00§ ? ' 0.0
: 4 . 5.6E 7.4E 8.1E 6.6E 7.4E 8.1E
Vegmax R_?f = Vegmax-Ref Veq max-Ref
reduction for & e ﬂ"ﬁ\_‘
extensive coverage 1 “ @* v
L A
6.6E 7.4E .8.1E 5.6E 7.4E _ B.IIE s - :;E 8,I1E
-— 4@ L e N SEE-—— Ll —
-0.05 0.00 0.05 -0.5 0.0 0.5 -0.1 0.0 0.1 ~01 0.0 0.1
Amean() [m) Amean(HS) [m] Amean(u <z>) [m/s] Amean(Ceotptm) [9/L]

e seagrass can efficiently reduce kinematics (30-80%) and resulting sediment mobilisation

® Seagrass has a limited direct effect on flooding, but can contribute implicitly via sediment
accumulation -




Address the question: the best seagrass layout and landscaping for optimal coastal protection.

Bed profile

Cross-shore distance




Address the question: the best seagrass layout and landscaping for optimal coastal protection.

> Different meadow sizes and locations,
depending on the combination of the

controlling parameters yield varied
erosion volumes.

Seagrass meadow in white area

(b) h, = 0.6 m; h, = 2.0 m;

Reduced erosion volume

2.2 1
(a)
0.9
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X (m) 0.7 %
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Results: Efficiency index of seagrass meadow on mitigating erosion

Small size
-~

Y
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~
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L
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l\
~
~
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~

Less eroreduc. ~~_

i: Optimal size h -h,

High  combination

1 A

ii: potential size h -h,
combination

> the most significant
reduction is not found at

the h -h, combination
where meadow size is the
maximum.

Chen, W., B. Jacob, J. Staneva. Sci. Total Environ. (under
review) P® EDITOModellab



What-if Scenarios #1

User scenarios D@ EDITOModelLal o e e
HUYBSHBH%’ =) LD EAR =
1) Definition of seagrass scenarios - papap Wi i
Parameters and distribution: —yrv—
density, diameter, drag,height - U

1) Simulations and analysis on Edito
infrastructure
2) Exploration of results

write_regioni)

User Input - Xbeach parameters

/> héreon M@ EDITOModelLab



Initial

User interaction
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/erosion
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WP7
What-If scenarios

EDITOModellLab

European Digital Twin Ocean

o cl1oey W WiS#1 - Nature Based Solutions for Coastal Hazards In
o Camsament Cimate; & )7 UNIVEISITA D BOIOGNA N Orth ern A d riati C S ea

J. Alessandri (UNIBO)
l. Federico (CMCC)
S. Causio (CMCC)
N. Pinardi (UNIBO)
G. Coppini (CMCC)

EDITO Model Lab — General Assembly
16-18 January 2024, Lecce, Italy



What-if Scenarios in EDITO Model Lab

 cmee

sui Cambiamenti Climatici

[ WP7 - What-if scenarios

\

What-if scenarios 1
Nature Base Solutions
and Coastal Hazard

J

What-if scenarios 3
Marine plastic for zero
pollution

What-if scenarios 3
Aquaculture for zero
carbon

WiS#1

.

Seagrass as NBS to
reduce coastal hazard

P@® EDITOModelLab



Study site and related hazards cmcce

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

The Emilia-Romagna (ER) coast has a valuable natural environment, with unique
ecosystems, composed by pine forests, wetlands, dunes and beaches interacting
with the sea. The coast has also a hig economical value due to beach tourism,
phishing activity and resources exploitation.

--------------------- Hazard along ER coast |--------------------

Floods

Coastal erosion

Eutrophication

P® EDITOModelLab



Seagrass and its Ecosystem Services ool i

sui Cambiamenti Climatici

All species

No change

Declining
o .reasing

species along

European coasts

EDU_IJDLU D1331S0

D2IUD3I0 DI
pSOPOU D3JOP wffé

Key processes of vegetated coastal hab/tats for

Distribution and
: ) c//mate chane m/t/at/on and adatat/on
trajectories of ST B ﬂ @324 Y,

—!“IJ,
seagrass sites in : o :
Europe (1896-2016) |

de los Santos, C § | 3
reversal for decllnlng European seagrass meadows. Nat
Commun 10, 3356 (2019). https://doi.org/10.1038/s41467-019-11340-4.

» Climate change adaptation — act as buffers against rising
sea level and wave action by dissipating energy and
acting as physical barriers.

» Particle trapping and sediment stabilization.

» CO, uptake.

» Marine plants are able to grow, self-repair, and adapt.

» Loss of these habitats reduces coastal protection.

Duarte, C., Losada, 1., Hendriks, I. et al. The role of coastal plant communities for climate change mitigation
and adaptation. Nature Clim Change 3, 961-968 (2013). https://doi.org/10.1038/nclimate1970.

Oppor“t"uﬂ”ty for

.| //expansion/conservation
] / \;\ P L/ Je |

formation

("4,"-' = " 1

Sediment
stabilization



WiS1: Models and domain set-up cmcc

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

*SHYFEM

.' System of HYdrodynamics
* Finite Element Modules

» Meteorological Forcing: ECMWEF IFS at 9km.
» Initial and open boundary conditions:
CMEMS MFC analysis at 1/24.

» Bathymetry: Emodnet at 250 m + multibeam
observations.

» Rivers: Observations (Po river) + climatology.

> Output: Binary files that are converted into NetCDF
(Both unstructured or interpolated on regular grid)

WaveWatch Ill ®

» Meteorological Forcing: ECMWEF IFS at 9km.

» Open boundary conditions: CMEMS waves
dataset.

» Bathymetry: Emodnet at 250 m + multibeam
observations.

» Output: Netcdf files.

GITIEY
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Table of experiments and models validation cmcc

sui Cambiamenti Climatici
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Ayyappan Pillai, U., et al.,: Wind-wave characteristics and extremes along the Emilia-Romagna coast, Nat. Hazards . ' EDITOModellLab

Earth Syst. Sci., 22, 3413-3433, https://doi.org/10.5194/nhess-22-3413-2022, 2022. ML R O O N, W O .




cmccC

Seagrass parameterization ki
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Mendez and Losada, 2004

Meéndez, F.J., Losada, 1.J., 2004. An empirical model to estimate the propagation of random
breaking and nonbreaking waves over vegetation fields. Coast. Eng. 51, 103—118.
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Beudin et al., 2017

[

Beudin, A., Kalra, T.S., Ganju, N.K., Warner, J.C., 2017.
Development of a coupled waveflow-
vegetation interaction model. Comput. Geosci. 100, 76—86.

Zhang, Y.J., Gerdts, N. et al. 2019. Simulating vegetation effects on flows in
3d using an unstructured grid model: model development and validation. P@® EDITOModelLab

Ocean Dyn. 70 (2), 213230.



Seagrass as NBS for wave energy reduction cmcce

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

- DIGITAL TWIN FOR COASTAL NATURE BASED SOLUTIONS zostera marina_) cymodocea nodosa ) - s
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Umesh, P.A.P., Pinardi, N., Alessandri, J., Federico, I., Causio, S., Unguendoli, S., Valentini, A.,
Staneva, J., 2022. A digital twin modelling framework for the assessment of seagrass nature based

solutions against storm surges. Sci. Total Environ. 847, 157603. https://doi.
org/10.1016/j.scitotenv.2022.157603

WaveWatch |1l ® D@ EDITOModelLab




Seagrass as NBS for wave energy reduction

sui Cambiamenti Climatici

w2017 Aug. . . 2017 Now.

Mean monthly % variation of Hs : :
The inclusion of

vegetatfion term in
WW3 induced a
sfrong Energy
dissipation

ation 1

Strong seasonality
in the wave energy
reduction.
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Umesh, P.A.P., Pinardi, N., Alessandri, J., Federico, 1., Causio, S., Unguendoli, S., Valentini, A., Staneva, J., 2022. A digital twin modelling framework for the '. EDITOModelLab

assessment of seagrass nature based solutions against storm surges. Sci. Total Environ. 847, 157603. https://doi. org/10.1016/j.scitotenv.2022.157603



Centro Euro-Mediterraneo
sui Cambiamenti Climatici

Seagrass as NBS for flow energy reduction @
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The role of Seagrass flexibility cmcce

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

. Study area (Cala Millor, Mallorca, Spain)

00

G0

: SR e » The flexibility of seagrass is tested reproducing the
. i:: é P S %] results of Infantes et al., 2012.
> : U, AAIRRRIN G n :il,.”_ ' g

» The height of seagrass stem is replaced with an

Y [m]

xof I8 1 i ‘effective lenght’ that account for seagrass flexibility.
100 - c; .’E. £ ' L > . . . . o .
S e » Overestimation of wave damping with rigid seagrass.
o 200 400 xﬁg—?—,} 86{] 1000 1200
Advancement with vegetation modelling including flexibility of seagrass plants
Luhar and Nepf (2011) and Beaudin et al. (2017)
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Infantes, E., Orfila, A., Simarro, G., Luhar, M., Terrados, J., Nepf, H., 2012. Effect of

a seagrass (Posidonia oceanica) meadow on wave propagation. Mar. Ecol. Prog. Ser. '. EDITOModellLab
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Conclusions

» Seagrass used as an NBS is effective in decreasing wave energy and bottom velocity

» In the framework of WP7, the seagrass flexible parameterization will be developed to
evaluate impacts of NBSs on waves and currents.

» The next development will consider the usage of a ML algorithm on different NBS
landscapes and then allow the user to compute the specific wave reduction along the
EMR coastal area
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USER SESSION 1 - Nature Based Solutions
2-DEMO

2-DEMO

* On-demand modelling for coastal hazards, esp. High resolu on,
on-demand runs for storm surge cases, DMI (J She, V Freshfield)
(20)

3-Discussion with users (20’)
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EDITOModellLab .
European Digital Twin Ocean On-dema nd mOdelllng for coaStaI

hazard what-if scenarios

Jun She, Vilnis Frishfelds and
Jens Murawski (DMI)



Two-way nested solution for on-demand modelling

Open-source based software and input data “T
Operational model HBM code )

Bathymetry (EMODnet, OpenStreetMap) o
open source scripting-designing tools (Python, - ,
Fgrtran, QGIS, tintgr) gning (Py 4 i 12 domain operational

"L setup at UL:
3.5km — 1.76km —
0.88km — 293m — 73m —
37m (4 ports).

Free weather/boundary forcing (DMI
HARMONIE)

Establish a background regional sea configuration
(Baltic-North Sea) to reach operational quality

B

Generate a “subModel-builder” allowing to
automatically generate any sub-domain with HR up
to 37m

Stress tests to make “subModel-builder” mature
Apply on-demand HBM for coastal hazard WiS
Develop a GUI for on-demand usages

Applications using containers and EuroHPC




A bathymetry generator based on Q-GIS and python

. Generate a 37 m (1/50 nm)
bathymetry&land-sea mask using
EMODnet+OpenStreetMap data

. Auto-match coastline and bathymetry:

set up wet/dry points,

=

ensure connections of water bodies using

vector layer of waterways

Narrow land forms are ensured with a
vector layer of dams

Remove disconnected features

Waterways to ensure connections

Bathymetry-coastline matcher

Narrow land forms (dams)
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Adding user-defined bathymetry

EmodNET bathymetry covers
open sea but not necessary ports
and lakes connected to the sea.
Regional areas may have much
better local bathymetry

Thus, we need to add local
bathymetry, e.g., of a port.

This feature will be enabled in the
later stages of EDITO project.

Riga and

Jurmala
- -~ ports with
7 lakes

dEi

Liepaja
port and
lake

"""""

P@® EDITOModelLab



Quality of the background setup: intercomparison with

operational models

model performance for stations, weekly RMSD, 2015.01.01 - 2016.01.01

— EBS.exe_lss
_——— hofor
2015 —i— DEemo_rea
10° 1
J’F ~
Z| 3 OS: HBMosV1, blue, HIRLAM
, L ' HF: HBM_BALMFC, brown, HIRLAM
! - \
J e ! NEMO: NEMO_ran, green, ERAS
f; “
I
E \ :
[=1 1 [
£ % ! | —
— \.i' i 4 \\
v v \
A" //\\ I'
x FR Baltic Sea
\‘H‘-_._ /1 \ /‘\
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:
Ta & 2 ETEREES TygEEofEaifgpTt ity Zgp SFF S
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Experiences with high resolution coastal setups

It is better to have nested open sea and coastal setup rather than keep
the separate one-way nested setups. Better results both in open sea and
at coast.

Gradual nesting is beneficial using (5-6) nesting levels as compared to
nesting with large ratios. Less stability problems, less artifacts, better
results.

Resolutions up to 1/50 nm are achievable, without major slow down of the
computational performance in open seas.

It is possible to include intense river sources in very fine grid domains. It
may be necessary to redistribute river inflow to more than one grid point.
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Stress tests for on-demand HBM (different setups)

Variants/Domain H. Resolution Application

Straits-1/@resund 0.02nm Storm surge

High connectivity (HC)-1/@resund 0.1nm Variability in OWF (Kiegers Flak) and seaweed farm

HC-1.1/KiegersFlak W. 0.02nm Submesoscale analysis, impact of Wind Turbines

HC-1.2/KiegersFlak E. 0.02nm Submesoscale analysis, impact of wind turbines

HC-2/E. Germany Bight 0.1nm Variability in OWF Helgoland and seaweed/mussel
farms

HC-3/Estonian offshore 0.1nm Variability in Seaweed/mussel/fish farms

HC-4/Limfjord 0.1nm Oyster farming

Port-1/Latvia 0.02nm Port management

Port-2/Latvia 0.02nm Port management

Port-3/Latvia 0.02nm Port management

Port-4/Latvia 0.02nm Port management

Port-5/Latvia 0.02nm Port management

P@ EDIOIVIOOEILaD



Stress tests for HBMos: relocatability, downscalability, stability, quality

ime = 1872-11-13T10:00:00.000444288 time = 2013-12-02T12:30:00

1000y storm surge event: 13
Nov. 1872; 37-180m
resolution

5601

e Left: modelled sea level around
peak time

* Right: sea level peak errors at DK
stations (cm)

Mo

= >200y storm surge event: 20
Oct. 2023 in W. Baltic Sea; 37-
180m resolution

“*1 Model RMSD (cm) Peak error (cm)

HBMos 5,8 -7,7
= | DKSS 7,7 13,4 _
CMEMS 9,9 234 . Comparison of sea level forecasts

from HBMos, DMI-DKSS, CMEMS
BALMFC vs observations at
Sonderborg station

sea feved fom]
_-

. HR improves block effects in the
" - . Straits

< ® Danmarks Fe g o o oo & oS T

= & £~ +

o ® Meteorologiske P@® EDITOModelLab
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WiS examples for storm surge

250

200

=
o
o

sea level [cm]

-
=1
L=

level at Assens

30% wind increasing —

20% wind increasing

« obs mov. av
= woto_Fyn
=== woto_Fyn 0.2
— woto_fyn 0.3

BalMFC

== DKSS

— CMEMS

Red and green lines: WiS for
increased wind forcing by 20%
& 30%. Sea level peaks are
enhanced by 32% and 50%,
respectively.

With on-demand model, many
different WiS for storm surge
can be made: e.g., for broken
dikes, for future climate
conditions with +SST and +SSH.
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troduction & demo of a

oModel builder using a GUI



Design a GUI for on-demand modelling using HBM

* This GUI consists of four modules:

* Creating geometry files for HBM with automatically nested lat-lon domains. User
choses a template and makes desired modifications (e.g., adding/modifying
subdomains)

* Creating script for execution of HBM application for desired period of time. GUI will
take care of metforcing, river runoff, boundary/initial conditions, etc.

* Executing the HBM application using HPC resources and transferring the results to
NetCDF format in parallel. Limited postprocessing will be available at execution stage
to monitor the runs on the fly.

* Postprocessing the results, i.e., viewing the results of NetCDF files and sea level files.
The GUI will be designed for a quick display of main HBM results

P@® EDITOModelLab



GUl illustration: prepare geometry

Edito GUI interface for HBM North Sea - Baltic Sea

Model category CPH Found such saved categories: CPH OLE3 BalMFC OLE

NS Prepare geometry | Prepare execution script | Execute | Postprocessing |
BS ! .
DWW Add domain | Edit domain | Remove domain
Wadden Create HBM setup | timestep [25.0
Domains CPH
Domain name Oresund Exclude parts Bottom fric. rect.
West 12.0 Add | Update | Remove | Add Update | Remove |
2d plot | 1d plot | N oo Arse 2 0 2
' i P East 13.3038 11.99, 56.5, 12.308, 55.6 12.0014, 56.1092, 13.1931, 55.5192, 2.2
A€ +Q= B South 54.9508
. Select parent grid domain(s) to selected domain X
Resolution 5
- - T E
Time step power factor [4 Select pzr:rltsznd domain(s) from the list
Depth levels 2 98D1 4 18D8 2025 20C B85 50
56.0 Nested fine grid domains 6 IDW 25
: Wadden 50
Select parent grid Save domain
Current domain: Oresund with resolution 5 .
55.8
Apply nesting__
! . | T,
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User defined setup

. Provide corner points of rectangular domains

. Provide discrete resolution for each domain as integer factor (1, 2, 3, ...,
150) to the base 1/50 nm resolution

. Set layer depths for each domain
. Set which domains nests
. Set relative time step, bottom friction, etc.

. Exclude some areas from the domains (e.g. they are disconnected or
accounted in finer grid)

P@® EDITOModelLab



EDITOModellab

European Digital Twin Ocean

_ ® Meteorclogiske
Institut

. @
mc &> ® Danmarks
Centro Euro-Meddermaneo
sl Cambiaments Climatici

= ALMA MATER STUDIC !-‘L
UNIVERSITA D1 BOLOG

MERCATOR
OCEAN

INTERNATIONAL

SOCIB
E ) hereon @

Deltares CINECA




General Assembly 16-18 January 2024 - Lecce, Italy

BACK AT 11:10 AM
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USER SESSION 2

WIiS#2/FA#3 — Zero Pollution
Moderator: CMCC (G Coppini)

Genera | Assembly, 16-18 Januar y 2024 — Lecce, ltaly .. EDITOModell ab ‘ )




USER SESSION 2 — Zero Pollution

1-PRESENTATIONS

1-Presentation of Application

* FAH#3 - Hazard mapping for oil spill pollution in the Mediterranean
Sea - UniBO (N Pinardi) (10’)

* WIiSH#2 - Relocatable Qil Spill Simulations for Zero Pollution, CMCC
(I Atake, G Coppini) (10’)

 WiS#2 - Marine microplastic modelling for zero pollution what-
if scenarios, DMI () Murawski) (10')
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USER SESSION 2 — Zero Pollution

1-PRESENTATIONS

* FA#3 - Hazard mapping for oil spill pollution in the Mediterranean
Sea - UniBO (N. Pinardi) (10’)
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FA-3: Oil Spill for zero pollution ® cmec

Relocatable Oil Spill forecasting

CMCC TEAM UNIBO TEAM
Alessandro De Donno Francesco Benfenat
Fabio Viola Marco Seracini
Francesco Trotta Nadia Pinardi
Giovanni Coppini

Igor Atake

lvan Federico

Luca Giunti

Matteo Scuro

Megi Hoxhaj, P@® EDITOModellab



FA-3: Oil Spill for zero pollution

Summary

Contextualization
Oil spill accidents

Objective

Why a relocatable approach

Proposed Methodology

How to achieve results within EDITO
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FA-3: Oil Spill for zero pollution

Oil Spill incidents

Point sources (e.g. tankers, oil platform,
refinery) in all seas and oceans

Data Sources

Official data provided by oil sourcing
companies. Is it the whole ground truth?

Time is crucial

The faster an oil spill is identified, the
faster a contingency plan could be applied

L
s ®
Spill size
® 7-700Tonnes ‘ ) J

® =700 Tonnes

(R4

Figure 3: Location of spills =7 tonnes* from 1970 to 2018 (All rights reserved © [TOPF)

CnCC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici
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FA-3: Oil Spill for zero pollution cmcc

sui Cambiamenti Climatici

Meteo-ocean Forcings

Not only oil spill data are needed, but as
well as currents, temperature and wind

Resolution not always
adequate

Specially for coastal incidents, some key
aspects of the dispersion could not be
reproduced due to the data resolution
available

CMEMS Global and Mediterranean data

P@® EDITOModelLab



Oil Spill for zero pollution

How to go from a
global/regional scale
to a local / coastal one?

And then simulate
an oil spill incident?

P@® EDITOModelLab




FA-3: Oil Spill for zero pollution CITICC |

sui Cambiamenti Climatici

Relocatable Hydrodynamic Simulations
(see"WP5.3 and 5.4)

Increasing the resolution and

changing the modsl physical

pararmetrization

Downscaling Data
Obtaining data in the area of interest / oil First Parant dognsir
spill simulation and then increasing AN Ay Az
resolution by additional modeling

SURF Framework

By coupling NEMO and SHYFEM, the
SURF framework is possible to simulate
high resolution hydrodynamical conditions
in almost anywhere in the world with
relative ease in a container solution

P@® EDITOModelLab



FA-3: Oil Spill for zero pollution

. Relocatable Oil Spill Forecast

Objective
Make it possible to run oil spill simulations anywhere in
the world by using SURF relocatable model framework
and MEDSLIK-II oil spill model

P@® EDITOModelLab



FA-3: Oil Spill for zero pollution

@ Relocatable Oil Spill Forecast

oo © D

Ocean
Simulation at
High Resolution

OIl Spill Forecast Forecast Results
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FA-3: Oil Spill for zero pollution

CnCC

Centro Euro-Mediterraneo

sui Cambiamenti Climatici

Relocatable Oil Spill Forecast

Ocean Simulation
at High Resolution

Oil Spill Forecast

Forecast Results

* Launch SURF in
desired area of
interest on the Edito-
infra cloud

* Store output as

netcdf in
ERDDAP/data-lake

Through a new user
interface, allows the
user to choose how
to lunch an oil spill
simulation with
Medslik-II

Also storing output
of the oil spill
simulation as netcdf
on the data
lake/ERDAP

Collects ocean and
atmospheric outputs
used in the simulations
along with desired oil
spill simulation output
and produce results such
as: Oil Fate in the
surface, Oil mass in the
coast, Simulation Mass
Balance

Visualize the oil spill and
meteo-oceanographic
products
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FA-3: Oil Spill for zero pollution

Relocatable Oil Spill Forecast

Proof of Concept
at the Adriatic Sea

Interface using medfs currents and sea
surface height

P@® EDITOModelLab



FA-3: Oil Spill for zero pollution cimcce

=
2.
Centro Euro-Mediterraneo 4
sui Cambiamenti Climatici

Relocatable Oil Spill Forecast

Ocean Simulation in High Resolution

Example at the Adriatic Sea

41.6 41.6

E O A Y e . w N

ORI I U8 AT | TR I |
41.4 1 [ Bt e e o ‘ 414

[T B I R | »

LU T R I I B B -

S S T I i R RGeS

R e T L YL TN RO - 2
41.2 1 SRy 41.2

TR o M T, S MR T ST T o
8 Vi G U O S Y S SO I W ML TS

AR YR AR TR R RN A A

41.0 A

Latitude

Latitude

40.8 -
Refined grid
not produced by SURF

40.6 -

30.4 -

' ’ ; T T T T T T
17.4 17.6 17.8 18.0 182 18.4 18.6 188 17.4 17.6 7.8 18.0 18.2 18.4 18.6 18.8

Longitude ‘ ) Longitude '. EDITOModellab
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FA-3: Oil Spill for zero pollution cimcce

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

Relocatable Oil Spill Forecast

Oil Spill Forecast

Relocatable Oil Spill Simulation

CmcCC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

European Diglital Twin Ocean

EDITO

Model Lab

_ Relocatable oil spill simulation with
SURF and Medslik-II

This application allows a ser to launch any oil spill simulations on an area of interest by using
environmental fields pro d by a high resolution from SURF Framework.
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FA-3: Oil Spill for zero pollution cimcce

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

Relocatable Oil Spill Forecast

Oil Spill Forecast

P@® EDITOModelLab



FA-3: Oil Spill for zero pollution

Relocatable Oil Spill Forecast

Forecast Results
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FA-3: Oil Spill for zero pollution cmece

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

Relocatable Oil Spill Forecast

Forecast Results

Oil Concentration Oil Concentration Simulation
on the surface on the coast Mass Balance
Kg/mz2 of oil for each Kg/ma2 for each % of modeled oil status
model grid cell coastal segment over output timesteps
u::é ul:§ E
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FA-3: Oil Spill for zero pollution ® cmec

Relocatable Oil Spill Forecast

Forecast Results

Data manipulation of products at wms

Overlaying of meteo-oceanographic fields

interoperability of results with users’ GIS

P@® EDITOModelLab



FA-3: Oil Spil' for zero pollution /&) cmcC
@ Architecture

SURF Relocatable Hydrodynamic modeling WITOIL Oil Spill Simulation

Providing info for oil spill

forecast >

Containers
Hosted in Docker

” EDITO Infrastructure

Eurapaan [hgital
Twin Dcean
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FA-3: Oil Spill for zero pollution
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EDITOModellLab . . , :
Marine microplastic modelling for zero

pollution what-if scenarios

Jens Murawski, Jun She and
Vilnis Frishfelds (DMI)



FA3 & WIS2: Zero Pollution, Microplastics in the Baltic Sea

Microplastic Pollution

i O Forced by currents and wave induced drift
P s Y /f “ N\ 0 Modelled as spherical particles with a biofilm shell (hyy)
5_5"_.“ 3 h\ e ' \\ O No shape dependent parameterization (fibers)
\(? ,*-'s'/q[\ "';é ' {}' O Sedimentation/resuspension, no beaching considered
o _./ N ¢ A O Size and density vary for different microplastic sources:
ST —— * Tyre Wear MP1, (5 um), heavier than sea water

* Household MP2, average fraction (42 um), lighter than sea water
* Household MP3, large fraction (300 um), lighter than sea water

Source mapping for rivers and coastal catchments:

(1.) Emissions per country: (2.) Pathways of m|croplast|cs (3 ) Integrate over the catchment
70 T " v
i i issi i ] ' o ?a’%%s’aw, gl
Tyre microplastic emission per capita il - 3 i ¢ 5 L. . .
(kg/y) o | & SooTOU > Emissions are estimated using
i . | © 1()}&)..LI-125.L;JUI;I' : ."'u', & . . 4
160 ol L 107 | ooy > 2 available statistics for each country.
1.40 By 62 : . '
120 @ 10" 1 ? ) Pathways: Estimate pathways of
1,00 e ., e el W . .
0.0 5 s b "’i:-:"m B microplastics from road
2 5 2 PR T X ] j
E‘Zz = i F g . 8 .},»- . ;g.»a:: transpotation to soil, air, seawage
620 I 1. s “ Y » water, WWTP?, rivers and seas.
0.00 s ' L4 10 - (Y i g " |
DK DE SE NO Fl PL LT IV EE UA RU & SK BY ' : sa; * ‘#"" .
_ _ _ _ =1 IS : A 108 Fhie™ @ o @
o e e L e O e stands for Waste Water
EE= Estonia, UA=Ukraine, RU=Russia, CZ=Czech Rep., 10 15 20 25 0 35 w 10 15 20 25 30

SK=Slovakia, BY Belorussia '. EDITOModelLab



Microplastic drift modelling, an overview

Tyre Wear
(5um) ' .

Bornholm basin (15.9833°E 55.2500°N): Microplastic concentration, light fraction (5:m) g/m?

UL S

01-01-14 20-07-14 05 02-15 24-08-15 11-03-16 27-09-16 15.04-17 01-11-17 20-05-18 06-12-18 24-06-19
Household MP Bornholm basin (15. 9833°E 55.2500°N): Microplastic concentratlon average fractlon (42;m1] g/m?

Average M ” l
ALY m‘n M

Fraction °
(42um) 4o

01-01-14 20-07-14 05-02-15 24-08-15 11-03-16 27-09-16 15-04-17 01-11-17 20-05-18 06-12- 1B 24-06-19
Household MP  Bornhalm basin {15.9833°E 55.2500°N): Microplastic concentration, large fraction (300xm)

60
Large
Fraction *°
(300um) 4o

60

so| |

BO

01-01-14 20-07-14 05-02-15 24-08-15 11-03-16 :_70916 15-04-17 01111? 200518 06-12-18 240619

Profile of microplastic concentration at station BMPK2, Bornholm Deep (July
2013 to Dec 2019). The development of a biofilm shell leads to sinking and
sedimentation of microplastics during the growth season.

O Wave and current induced drift. (WAM
and HBM model, setup in 0.5 nmi

resolution)

O Mixing: Turbulent horizontal (Smagorinski)
and vertical (k-w) mixing (circulation

model HBM).

QO Biofouling: Empirical growth model for the
biofilm thickness, using saturated growth
functions. Seasonal dynamic through chl-a
dependent activation of biofilm growth.

Q Vertical dynamic: Stokes formulation for
the sinking/raising velocity of spheres,
dependent on the eddy viscosity of the

model.
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FA3: Seasonal dynamic of microplastic pollution

Tyre Wear MP1
0.8

Householtg {VIP3

——MPL 3D — MPL surface MPL water column — MPL near sea bed — HBF surface

=r7 7 )

01-01-14 20-07-14 05-02-15 24-08-15 11-03-16 27-09-16 15-04-17 01-11-17 20-05-18 06-12-18 24-06-19
_ Baltic Sea average micro plastic conc,, large fraction (300xm)

01-01-14 20-07-14 05-02-15 24-08-15 11-03-16 27-09-16 15-04-17 01-11-17 20-05-18 06-12-18 24-06-19

Baltic Sea, average microplastic concentration (July 2013 to Dec
2019).

The model has been tuned to reproduce a
stable seasonal cycle.

Time series can be provided for subdomains or
location.

Concentrations at the surface (grey), near the
sea bed (red), In the water column (blue), as
well as biofilm thickness (green).

The Seasonal cycle, controlled by river runoff,
biofilm growth. River concentrations are kept

Peak time controlled by biofilm growth:

Tyre Wear MP1, first half of March.

Household MP2, end of March to beginning
of April

Household MP3, end of April
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FA3: Spatial pattern of microplastic pollution

g/m?

Tyre Wear MP1: surf conc., 2014-2019
T 3 T T .I T

-, 3
Cs, m=3e-01g/m s
62°E Contour; le-04g/m° ¢

=1 tfyr.
1,...,10 t/yr.
10,...,20 tiyr.
20,...,30 tiyr.
30,...,60 tiyr.
60,...,80 tiyr.
80,...,150 t/yr.
=150 tfyr.

T

10~

) “ 10
60"E -~ _ o
§  Stockholm g o
A 2
4 y
1 Petersburg |
58°E
% 10-5
Daugava
56%E -
Surface
pattern
O L i
S4°Eq A | 10°6
10°E 15°E 20°E 25°%E 30°%E

Average microplastic
concentration and transport
(Jan 2013 to Dec 2019).

ES

Tyre wear MP1:

) e S—
+ =1ty
+ 1,.,10 tly
» 10,...20 t/y
s 20,...30 tiy
@ 30,...,60 t/y

cymt=7.8e-10g/m? I

64

62

Residence pattern: Percentage of
time with surface concentrations
larger than 0.78 ng/m3.

Contours at 50%, white dotted areas
at 99% of the 6 year period 2014-
20109.

100

75

50

25

Surface pattern are persitent and located
near major rivers and coastal outlets.

3D data sets (surface, near seabed, profiles)
can be provided for subdomains or locations

The occurrence of microplastics can be
studied using Residence pattern.

Data sets for tyre wear and household
microplastics are available.

Marine surface transport with the mainly
cyclonic circulation in the Baltic Proper leads
to higher concentrations along the south-
eastern coast of the Baltic Sea.

P@® EDITOModelLab



Assessment of spatial and temporal pattern of microplastic

pollution using TTU data from reqular monitoring cruises.

Regional assessrnent using TTU observations

=0=TTU Observatuons
== Model data

Comparisson of indivividual data points
reveals that the variability in the observed
data sets is larger, especially for the
measured maximum values, which the

el
in

(%]
=4

I.O

Mean particle concentration [pcs,n’mjl
=
(%))

g . ._ L
1 2 g 8 | ?M@NE GoR mOdel can not reprOduce.
0.5 '; j : Spatlal Pattern:
52 e : : °. [ The model is able to reproduce the average conditions in the sub-
O'NBP Suurérraik NE-GoR Tallin coast Tallin offshore SE-GDF domains, (CC:O-S]_' P-Value:0.0S]-)

Monthly mean particle concentrations, TTU observations

2] ' ' "1 Seasonal Pattern:

@

QO Spring and Summer: The Seasonal variability of the averaged
microplastic distributions is qualitatively reproduced.

O Autumn: The increase of measured (blue) concentrations after the
summer is not captured by the model. The reason could be that the
simplified biofilm model does not include biofilm removal processes,

@
O -

°® e Re. like grazing and that the biofilm concentrations are to high.
3 o i

ol TS b N septemberoctoner  DOtS represent model values (red) and obs. (blue), whereas D@ EDITOModelLab
Monthyof the.year bars and lines represent time averaged values

Monthly mean particle concentration [pcs!m3]




Effect of an overall reduction of all land based sources

Application of a 30% reduction of all microplastic sources in the Baltic Sea

R

S

05-02-15

Baltic Sea micro plastic canc. at the surface, average fraction (42:m)

——Surfacel100%] ——Surface(70%) == Surface(100% +70%) river load

\\ Near the surface

270315 16-05-15 05-07-15 240815 131015 02-12-15
« 10 'Baltic Sea micro plastic conc. 3D and in the water column {WC], average fraction (42um)

3D and in the water column
//ik\/ :

R
— 30 L00%) ——3D(T0%) w—30100% - T0%) WC{1009| WC{TO%) WEC{100% - 70%) river load
05-02-15 27-03-15 16-05-15 05-07-15 24-08-15 13-10-15 02-12-15

Baltic Sea micro plastic conc. near the seabed, average fraction (42.m)

05-02-15

w—Seabed(100%) ——Seabed(70%| w==Seabed(100% —+70%) river load

Near the sea bed

27-03-15 16-05-15 03-07-15 24-08-15 13-10-15 02-12-15

30% source reduction, applied at the 1th of February 2015

&2

Microplastic surface (nnt:x?r um): AM S 14 MlcruEIasdc surface conc., 30% reduction: AM afr (I'E T
61t 64
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Contaur al 0.0001g(m’ ¥ Contiowr ot 0.0001gdr’ Cenlour ok 0.000Lam’ &
f : 62 E;
N ! ;
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Y : | : A
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-‘-.'-"H‘}. e 7 s6 |- S i o
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i 1 sal |

h i e | sy o
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Microplastic concentrations in the ocean adapt relatively fast to
changing pollution levels in the rivers, due to the action of
removal processes, i.e. biofilm growth, sinking and sedimentation.
Microplastic concentrations in the sediment are expected to
adapt at a much slower pace.
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WIS2: Study of the contribution of individual sources

The study of individual sources using scalable

Tyre Wear micro plast. (5um), Neva I'IT’G-'I'I‘3 _ Effect of an BO percent reduction of river discharge _"ﬂﬂn'mz
e <1ty Pt <1ty
1,10ty 1..,10 by
10....20 by 10....,20 Uy
20,....30 ty 20,..,30 Uy
30....60 Ly + 30...60ty
64 60,...B0 ty | 64 60,...80 thy || .
s 80,.,150 ty 10 » 80,..150 ty 10"
| =150 tiy | » 150my |
€% =73 moim’ Coi =146 mg/m’
B2 62
1071 107
" =t | <
e il e »
e | B
&0 - p | 60

58 58

Neva river:
Surface pattern
of microplastic
pollution

15 20 25

56

80 % reduced
river discharge

Tyre Wear micro plast. (S5um), Jan. to Dec. 2018, Neva

Hourly discharge and

' 45
—time integrated discharge [g]
----- spatially integrated conc. [g]

E- 10+ remaoval: sedimentation and export [g] integrated COncentration

i Hourly discharge [g/s] 40

: =
g I
i ! | 8
5 ° [ \ | E
E 1300
D L

‘c-',; 4 T M ;}:
E_\ |

g |28

pollution pattern (Greens Functions) allows
the assessment of cleaning impacts.

Cleaning strategies can be developed and
tested, in terms of coverage and impact.

13 major sources in terms of runoff have been
investigated: Neva, Oder, Vistula, Nemunas,

Daugava, Kemijoki, Indalsalven, Ume, Tornio,

Gavlean

............ Neva, Impact of a source reduction of
" £ 50%: Simulated changes in
= SNy concentrations of middle-size micro
G h _;,,-,,,;"{W ‘ plastics (42 um) in the HELCOM MPAs in
e (\ the Gulf of Finland (impact assessment
Yoad Y " P = (- by MSI)
s, " g L " P@® EDITOModelLab



WIS2: Attribution of microplastic offshore concentrations

Micro plast. {5um) surface concentration
b e

: _tul'n3 ) Percentage coverage of the 10 largest rivers o k] 100

<1tly L . <1ty

© L..loty © L. l0ty
=0 gy || The contribution of each river to the
Bt 60,....BO ty 64t B0, BOtY . . .
L S || [ microplastic concentration at offshore
cMog.1 gim? Max=100.01 %

mpl

locations can be estimated using the drift
pattern of individual sources.

13 major sources in terms of runoff have been
investigated. That is 13/455 = 3% of the total
number of Rivers in the Baltic Sea.

River | percentage _|River _____|Percentage

Surface Neva 0.05 % Narva 0.16 %
pattern Vistula 46.17 % Indalsalven 0.07 %
A 'V 1 i L Nemunas 38.94 % Ume 0.06 %
15 20 aa 2 15 20 25 30 Daugava 0.7% Tornio 0.0%
. . . . . . . Kemijoki 0.0% Gavlean 0.07 %
Microplastic concentration Attribution of microplastic Total 26,24 %
at the December 31, 2018 ollution using the contribution Y .
LT P ) g ) Table: Attribution for offshore location 56°N 20°E
after 1 year of simulation. of 10 major Rivers: Neva, Vistula,

Nemunas, Daugava, Kemijoki,
Indalsdlven, Ume, Tornio, Gavledan

P@® EDITOModelLab
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USER SESSION 2 — Zero Pollution
2-DEMO

2-DEMO

* Marine Platic for Zero Pollution, MOi (S Van Gennip) (20’)

3-Discussion with users (20’)

P@® EDITOModelLab



EDITOModellLab . . , :
Marine microplastic modelling for zero

pollution what-if scenarios

Simon van Gennip
(Mercator Ocean)



Latitude

Context

Modelled Plastic distribution 2 year drift from coastal positions

|2 L 1 1 i 1 1 1 - 1 1 1
75 L e T E e e (1010 | L .
s ey =% : BT - 10-107 e
%01 T ) 10°-10° sy SNl
45 . T =it g% oo | 10%-10° _ H
i R SR . e
! 4 = :
e ] Vi, ol . . o
b
i = o
.. : -~ ] s £ ¥
! >
A

730 days

-180 -150 -120 -90  -60  -30 ] 30 60 90 120 150 180 = = 0 days
Longitude

Plastic pollution is a global problem

Coastal connectivity is function of ocean circulation (far away doesn’t mean not
connected!)

A coastal area’s exposure to plastic is not a local problem

Need to develop user relevant tools to inform on the impact of potential action
plans D@ EDITOModelLab



Step 1: Monitoring plastic waste

What are the impacts of river and continental inputs of plastics, at what spatial
and temporal scales?

3. Monitoring plastic,

1. Plastic waste input 2. Transport in the ocean and quantifying exposure

Lagrangian modeling

fesoy Bangladesh -
Trajectories (365 Days) 04/2018

BOOD

z
2

MPW kg yr-1)

4000

2000

Lebreton 2017

4. What if Scenario :

What'’s the impact of potential plastic removal action plans on local exposure
e.g. focus on coastal vs riverine?

P@® EDITOModelLab



* 6 hour average surface u,v field
* 1/12 horiz. degree resolution
* QOcean currents + Stokes drift

Simulation:

* Passive, surface 2D

* 4releases per month
* 2 year drifting time

Simulating Lagrangian particle drift

/- Ocean Model: SMOC N\

* From 2010to 2019 /
1Jan 2010 31 Dec 2011
| »
1 >
1Feb 2010 31 Jan 2012
1 Mar 2010 28 Feb 2012

»

TZyears /
e age
* Plastic_river _
* Plastic_coastal \_
e Eeztravelled
48 runs x 10 years —
~20 Million traj.
15 Dec 2019 14 Dec 2021
L
" 22 Dec 2019
|

Globally: ~42,00
gridcells

0 coastal

OCeq

tO
/{O

land

L

/C;astal cell

/

“%ﬁ)ﬁ%ﬁjolde ILab




Step 1: Monitoring plastic waste

Pre-calculated

trajectories

Series of NetCDF files of
lagrangian simulations
(uploaded on shared S3 space)

Access to MDS for visualizing
current streamlines

Plagiic Abundance 01/2013 (Lebraton &1 al. 2019)

$

Density_FMD.py

Preprocess_data.py —

Generation of one NetCDF files

containing: Visualize Abundance (output
*  particle positions for given period of Netcdf, png)
interest

* +origin and time of release
(computation time ~ 15min)

2 years x 48 runs x 42,000 particles = 4M particles in the ocean
Age between 1 day and 2 years

December 2011

1Jan 2010 3] Dec 2011 48 runs x 10 years —
I ~20 Million traj.
1 Fleb 2010 31Haf1 2012
1IM|ar 2010 28 Ft;b ?012 -
|  18Dec 2019 14 Dec 2021

1 >
22 Dec 2019 “%ﬁ%ﬂﬁdelmb




Exposure to floating plastic and sources

MPW

Connectivity matrix Sri Lanka : 2013-01

Cman

Madagascar

Particle connectivity Sri Lanka: sources (timescale 0-2 years) India  IlTE [ =
Mozambique
Yemon
Meaysin
Comores
Eritroa
Inconesia
Maldives E B

Bangladish

s o oy Tanzanla
[ = W panya Mew Guinea

Fagrsa e i & Sri Lanka
§ Djibouti
Myanmar

Andaman and MNicobar
East Timor

Connectivity _EEZ.py -

esgernon of garmichy 5]

Kanya |
Thaitard
ran

Saudi Arabila

Vietnam

Seycheles s
Phiippines
Pakistan d ”_ b
: l, 2delLa
23 @ 21 20 W B 7 18 5 4 13 2 1 W 8 & 7 & & 3 3 2 t
timescale [#months)




Access to MDS for visualizing
current streamlines

\ Config_user.ini

Selection of geospatial entity, period of interest "
l Access to hydrodynamic model for visualization of curr
as streamlines
Density_FMD.py
Pre-calculated
) . Preprocess_data.py A B e
traJectorles —— S

Series of NetCDF files of Generation of one NetCDF files
lagrangian simulations of particle positions for given
(uploaded on S3 shared space ) period of interest

(computation time ~ 15min)

Connectivity_EEZ.py

o NN . .

Enten

[
p——

aource EEZ
»
fgie
3

Fimya s

Fnbpeend |
Pobintan|

LT P N R R T



Work yearl

Assess exposure and connectivity: user experience

Config.ini

i Launcher * & Conlig Madagascar_2013-1 x
. [PLASTIC_INFO|
YEAR = 2013

HONTH =
#choose plasti
PLASTIC INPUT
TARGET EEZ= Madagascar

User input:

Source of plastic:
riverine, coastal, all

Zone of interest (e.g.
EEZ)

Max. age of plastic

List EEZ

Estonia

Hayotts

Oyerlapping claim Jatar ¢ Saudi Arabia / Unite. .,
Caneraon

Finland

Bassas da India

Gilbsrt I

Colombia / Dom )
Nigeria
Pakistan

dvertapping claim: Venezusla /

overlapping claim: Kenya / &
Philippines

Bahraln

British Virgin Tslands
Cuba

Johnston Atoll

Guyana

tverlapping claim South
Equatarial Gu.
Wigtnam

Matthew and Hunter Islands

E List EEZ ba

Plastic Abundance 012013 (Lebraten at al. 2017]

\.'_\\‘%:‘;{

R

Particle connectivity Sri Lanka: sources (timescale 0-2 years)

Tauwa

source EEZ

Morarena
-204 =
| s
= 0
~30+
| i g
— o
40 &0 8O 100 120 140

Oman
Madagascar
India

Mozamiique 1

Yemean
Mazaysin
Comares
Eritrea
Indanesin
Madives

Bangladesh 4

Tanzania

Pagua New Guinsa
Sri Lanka

Djitssati

Myanmas
Ardaman and Nicobas
Enst Timor

Kenya

Thailand

feany

Saua! Arabia
Wietnam
Seychebes
Phifppings
Fakislan

Connectivity matrix Sri Lanka : 2013-01

@ o oa om W

17 1. 15 4 M 2 ft W 9 & 7 B 5 4 3 P
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Simulate action plan

Particle connectivity Sri Lanka: sources (timescale 0-2 years)

Plastic Abundance 012013 (Lebreton at sl 2019)

=y \:({—' e ; -_-Is EI wiig
Work year2 IS5 wy .
BT = e —— _-I—." = ! :E
User input: B, e e RNy B Before
Source of plastic: B s < = oo
riverine, coastal, all AT S S e il
Zone of interest
(e.g. EEZ)
Max. age of plastic
Scenario: . > Qi

River cut: 20% ¢
O
Source EEZ: India ’7@%.” ; After
7/
Coastal cut : 0% &

P@ EDITOModelLab



User Session 2 - Zero Pollution | Presentation

Overview:

Creation of application for assessing exposure

Optimization of R&D code (computation and volumetry)
Implementation on Edito platform (ongoing)

Design user-relevant metrics that enable actions (codesign with regional
conventions)

Set up What if Scenario and evaluate impact

Further work:

Enable user to upload own spatial area (e.g. new MPA), change origin (LMEs,

catchment areas)

Generate longer trajectories, long enough (~5years) to fill the gyres (accumulation

zones)

apply a plastic decay factor on the mass, so to reach total mass in the

accumulation zones in agreement with observations

Implement updates so to resolve transport as close to near real time

Implement other types of plastic (neutrally buoyant, sinking particles) D® EDITOModelLab



3 levels of interaction: Explore

Explore @

A user will be able to explore & visualize: JSETHE DIGITAL T OCEAN PLATEORM
» Model configuration: streamline of ocean currents to understand impact or currents
(and variablility) on exposure and visualise plastic input data emissions
»> Assess Plastic pollution of spatial entity (currently: EEZ, future: user uploaded
Shapefile e.g. new MPA) and evaluate potential reductions scenarios
proportion from coastal sources
proportion from river discharges

Contribute <=

ADD DATA & SERVICES TO THE DIGITAL TWIN

. . OCEAN PLATFORM
A user will be able to contribute by:

» Providing an update plastic emission dataset for a given region (Improve initialisation)
» Simulating own lagrangian trajectory datasets (different ocean models, parameggrisation,
types of plastic) Create

BUILD YOUR EXTERNAL THIRD-PARTY
SERVICES

P@® EDITOModelLab



USER SESSION 3

FA#1 — Marine Protected Areas for Biodiversity
Moderator: CMCC (G Coppini)

General Assembly, 16-18 January 2024 — Lecce, Italy .. EDITOModell ab ‘ MERCATOR




USER SESSION 3 — Biodiversity in Marine Protected Areas

1-Presentation and demonstration

* Habitat Suitability Mapping in the Wadden Sea (F Dols) (20’)

2-Discussion with users (20’)

P@® EDITOModelLab



EDITOModellLab

European Digital Twin Ocean

Focus Application 1
demonstration

Development team Deltares:

Felix Dols, Ghada El Serafy, L6rinc Mészaros, Jelmer Veenstra,
Hidde Elzinga, Mostafa Farrag, Lauriane Vilmin & Jimena Medina
Rubio

Support team Mercator Ocean: Renaud Dussurget, Chloe
Delpont-Ramat, John Brouillet & Mathis Bertin

17-1-2024, Deltares



Focus Application 1 - Habitat Suitability Mapping in the Wadden Sea

Habitat species can offer food for birds (e.g. shellfish) and shelter for fish
(e.g. seagrasses).

Healthy, clean and undisturbed habitats are essential for local and global
ecosystems and can be used as indicator for biodiversity (Kirsten et al., 2023).

Understanding the response of habitat species to physical conditions can be
used to map the spatial distribution of suitability.

Which support planning of protective & restorative measures.

e, e
Photograph by Shane Gross (Canada): Juvenile “Atlantic Photograph by lan Kirke (UK): An
cod” hiding in eelgrass (Zostera marina). “Oystercatcher” with a cockle. P® EDITOModelLab




Geographical application — Dutch Wadden Sea

Marine Protected Area & World Heritage

Intertidal mud- and sandflats offer
habitat for higher trophic animals, like
threatened ground-nesting birds.

! Nl

Source: Stichting Visit Wadden

The Wadden Sea
World Heritage Site

[ 1 World Heritage Area

nnnnn

North Sea

Niedersachsen
Olden.nurg

JBremen

THE NETHERLANDS GERMANY

Source CWSS: Area of the World Heritage site.

In red highlighted the Dutch Wadden Sea. P® EDITOModelLab



How to compute Habitat Suitability Maps?

We combine:

« Spatial environmental data

« Ecological knowledge rules (habitat response to physical parameters)
« Ecological Impact assessment tool

e.g. Year averaged water depth (m) + HSI of Pacific Oyster to water depth =  Habitat Suitability Map of 1 parameter
54 54.0 1.0
0.8 \
\ 53.8
\ 0.8
05 \ 53.6
53.5 \
= 051 \ 53.4 0.6
= < 53.2
3 \ < 0.4
53 \ 53.0
0.2 4 %
i " 52.8 02
\ 52.6
525 : J : ; : . ' . : 0.0
4 45 5 55 6 65 7 75 0 20 40 i Ho Lo 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 '

. Water depth [m] .
Longitude [7] Al Longitude



End-to-end technical workflow for Habitat Suitability Mapping

Pre-process Simulation Post-processing Analyze

Dfm_Model_Builder Delft3D-FM Sub-setting (optional): D-Ecolmpact apply

create boundary & Transforming spatial knowledge rules to

N 7 * _ _
forcing files [1] * SeEIMATHSe! ) data to U-grid format spatial data [4]

Define knowledge
rules for habitat
species [3]

*Only applicable for
on-demand modelling

B Component published on EDITO platform in the service catalogue

(] Component deployed on EDITO platform

(] Componenttemporarily necessary for external simulation software
P@® EDITOModelLab



[1] Pre-process with dfm _Model Builder

» User defined spatiotemporal domain and —resolution.
» Automatic download of atmospheric- and marine data
» Automatic model generation (grid, boundaries, config files, etc.)

12.6 0

12.5
—1000
12.4

to sea

12.3

ve

—2000

lat
level [m]

> 12.2 -

on re

12.1

Elevat

12.0

—4000
11.9

11.8 T T
—68.4 —68.2 —68.0

Snapshot of Digital Twin Ocean Viewer S

https://digitaltwinocean.edito.eu/map i T3l
odelLa



[1] Pre-process with dfm_Model Builder on EDITO

C m |
© AdisintemetSeve.  [Y Report 1-5A38 Vi, 5 D-Flow Flexible Me,. ) Detaresidbm tools. () DetaesshatyaniHe., ) senmemuis/gism3-e.. @) Files-mein 055/, [3) TD5Catslog [ 545 Visusl Anabtic. € [DIDFMNGQ-3204]U.
Deltares

a" Microsoft
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[2] Simulate with Hydrodynamic-, Biogeochemical- & Wave models

Data from previous simulations is made FAIR (Findable, Accessible, Interoperable, Reusable)
So only run models when required parameters are not available for the scenario of interest.

Delft3D-FM: Hydrodynamics & Water Quality simulates e.g.:
temperature, salinity, inundation time, SPM, flow velocity, water
depth, concentrations of Dissolved Oxygen & Chlorophyll-a.

Continental Shelf Model, to 800m res.
i iml

Dutch Wadden Sea Model, to 100m res.
54

53.5

Latitude [*]

Latitude []

53

45
525

4 4.5 5 5.5 6 6.5 i
ey . i . o
15 10 5 o 5 10 & Longitude [7]

Longitude [7]

Figure 2.2 Overview of the DWSM mode! bathymetry (entire model domain).
Figure 2.5 Dverview of the DCSM-FM model bathymetry (depths meistve to NAP, on a foganthmic scale),

2D SWAN: Waves
simulates e.g. orbital
velocity & wave height

Dutch Shoreline Model

~
th
Hmu [m] Corrie

P® EDITOModelLab



[2] Simulate with Delft3D-FM on EDITO

- run in the cloud or on high
containerized performance computing,
no installation required

o
N
versnew:  JOCK@( £DITO
Software suite for simulating 1D/2D/3D platform
flow, sediment transport, morphology, r 1

waves, water quality and ecology

P@® EDITOModelLab

apptainer.org J_;



[2] Simulate with Delft3D-FM on EDITO

< 0 @

/datalab.digitaltwinocean.edito.eu/cata

S oW

© Adi intemetServee.  [4) Report 1-5258 Vie, T D-Flow Flexible Me.. ) Deltaressdfm toclss. () Detiavesrhatyan:Ho., Y senneruisfgtem3-ec. ) Files.main 055/ [} TDSCatalog [ 545 Visusl Ansdytic.. € [DIDFWNQ-32041 L.

é@ EDITO Home Trainings and tutorials Datalab Viewer About EDITO Support

aa Service catalog

€ Reduce
© Explore, launch and configure services with just a few clicks. X
My account You are exploring Helm Chart Repository IDE: Services for datascientists.
gg Service catalog Q
IDE Databases Automation Ocean Modelling Playir
@ My Services ‘ < =
‘o Jupyter-python Rstudio )G Vscode-python G Jupyter-pyspark
@ My Secrets < Jupyter-py PY s Jupyter-pysp

& MyFiles

': Jupyter-python-gpu : Jupyter-pytorch o Jupyter-pytorch-gpu e Jupyter-r

—

nee Jupyter-tensorflow s Jupyter-tensorflow-gpu Rstudic-gpu Rstudio-sparkr

2017-2023 Onyxia ) Contribute

® English Termsofservice w781 £
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[3] Use or create ecological knowledge rules

e.g. Year averaged water depth (m) + HSI of Pacific Oyster to water depth = Habitat Suitability Map of 1 parameter
54 54.0 1.0
\ 53.8
\\..\ 0.8
\\ 53.6
535
5 05 \\ 53.4 0.6
o \ o
% g 04 \'\.,\ % 53.2
— \ 0.4
53 A 53.0
\
i 8y 52.8 03
S,
525 0a- g 52.6
4 45 5 55 . 6 6.5 ¥ 7.5 ) 0 20 a0 60 80 100 4.0 4.5 50 55 6.0 65 7.0 75 »

Water depth [m]

/

Longitude

Longitude [7]

(Create a configuration file (.yaml), using knowledge
rules from HABITAT repository or create new rules

P® EDITOModelLab



[3] Create knowledge rules on EDITO

EDITO

My account

My Services

My Secrets

My Files

2017 - 2023 Onvxia () Contribute

Service catalog

Explore, launch and configure services with just a few clicks.

You are exploring Helm Chart Repository |DF

IDE Databases Automation

@ Jupyter-python

The JupyterLab IDE with Python, julia, and a
collection of standard data science

packages.

@ Jupyter-python-gpu

The JupyterLab |DE with Python, Julia, and a
collection of standard data science
packages, with GPU support.

Ocean Madelling

Playground

@ Rstudio

The RStudio |IDE with a collection of
standard data science packages.

@ Jupyter-pytorch

The JupyterLab IDE with Python and the
deep-learning framework PyTorch.

Home Trainings and tutorials Datalab

‘:@ Vscode-python

The Visual Studio Code IDE with Python,
Julia, and a collection of standard data

science packages.
Sanen pom

@ Jupyter-pytorch-gpu

The JupyterLab IDE with Python and the
deep-learning framework PyTorch, with GPU
support.

Viewer About EDITO Support

@ Jupyter-pyspark

The JupyterLab IDE with PySpark, an
interface to use Apache Spark from Python.

@ Jupyter-r

The JupyterLab IDE with R and a collection
of standard data science packages.

© Enefish  Termsofservice w781 &

P@® EDITOModelLab




[4] Produce habitat suitability maps with D-Ecolmpact

» We aim to produce maps like these

Fostera marina HSI: Orbital velocity

Fostera marina H5l:Fraction Fine Sediment Zostera marina HS1: Water Column Depth

45 50 55 60 65 70 15
Longitude

55 60 oD
Lengitude

Zostiera marina HSI: Water Temperature Zostera marina HSI: Inundation time

13

HEI_Temperature

oo 0

Latitude

Weighted Habitat Suitability of Zostera Marina

Suitable

53.8 70
53.6

60
53.4

50 &
53.2
53.0 4 40
52.8

30
52.6

Longitude
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[4] Run D-Ecolmpact on EDITO platform

Home Trainings and tutorials Datalab Viewer About EDITO Support

& My Files

© Here you can browse your S3 Buckets.
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3 levels of interaction
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USE THE DIGITAL TWTN OCEAN PLATFORM
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3 levels of interaction: Explore

Explore @

‘ USE THE DIGITAL TWTN OCEAN PLATFORM

Explore
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3 levels of interaction: Explore

A user will be able to explore & visualize data:
» Model configurations [1]

» Spatial environmental data [2]

» Repository of knowledge rules [3]

» Habitat Suitability maps [4]

Latitude []

4 45 5 55 6
Longitude []
Figure 2.2 Overview of the DWSM model bathymetry (entire model dormain).
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3 levels of interaction: Contribute

" Contribute <%

ADD DATA & SERVICES TO THE DIGITAL TWIN
OCEAN PLATFORM
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3 levels of interaction: Contribute

A user will be able to contribute by:

» Relocation: create a new model configuration from scratch [7]

» Producing spatial environmental data: run models on-demand /2]
» Ecological knowledge rules: creatinq response curves [3]

> Habitat suitability data: run D-Ecolmpact for other species [4]
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3 levels of interaction: Create

_ |
9 Create

BUILD YOUR EXTERNAL THIRD-PARTY
SERVICES
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3 levels of interaction: Create

Intermediate users will be* able to execute this workflow
with (their own) third-party models and data and are
enabled to use the components to create services for
end-users.

*To be developed during the EDITO Model Lab project:
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User discussion

What did you like?

Where to improve?

How to make it more applicable for you?
Are you interested in shaping the evolution?
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General Assembly 76-18 January 2024 - Lecce, Italy

BACK AT 3 PM
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