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11.1.  
The need of downstream products
11.1.1. Blue Economy

The importance of the ocean for global society and econo-
my is represented in the context and framework of the Blue 
Economy and is also very relevant for the Sustainable De-
velopment	Goal	14	(SDG14):	Life	Below	Water	🔗1. The ocean 
is	the	single	largest	natural	asset	on	the	planet,	contains	
97% of all the water on Earth and about 99% of the habit-
able	space	on	this	planet,	and	delivers	numerous	benefits	to	
humanity. The ocean is responsible for the oxygen in every 
other breath we take. It supplies 15% of humanity’s protein 
needs. It helps to slow climate change by absorbing 30% 
of carbon dioxide emissions and 90% of the excess heat 
trapped by greenhouse gases. It serves as the highway for 
some	90%	of	internationally	traded	goods,	via	the	shipping	
sector.	If	the	ocean	were	a	country,	with	several	trillion	dol-
lars per year of economic activity it would rank 7th on the 
list of largest nations by GDP. The ocean is also the source 
of	hundreds	of	millions	of	jobs,	in	sectors	such	as	fisheries,	
aquaculture,	shipping,	tourism,	energy	production,	etc.	It	
is also the source of about 30% of the world’s oil and gas 
resources but this percentage will change if the necessary 
transition to a low carbon development pathway will suc-
ceed. Millions of the world’s poorest people depend heavily 
on the ocean and coastal resources for their subsistence 
and livelihoods. Small-scale fisheries catch about half of 
the world’s seafood but engage 44 times as many jobs per 
ton	of	fish	as	industrial	fisheries	do.

According to the Water and Ocean Governance Programme 
of UNDP 🔗2,	the	Blue	Economy	is	a	sustainable	ocean	eco-
nomic paradigm and is the natural next step in the overall 
conceptualization and realisation of sustainable human 
development.	On	the	other	hand,	there	is	the	important	
aspect related to the impact that the Blue Economy might 
have on the ocean. The European Commission stated 🔗3 
that	all	blue	economy	sectors,	including	fisheries,	aquacul-
ture,	coastal	tourism,	maritime	transport,	port	activities	
and	shipbuilding,	will	have	to	reduce	their	environmental	
and climate impact. Tackling the climate and biodiversity 
crises requires healthy seas and a sustainable use of their 

1. https://sdgs.un.org/goals/goal14
2. https://www.undp.org/blog/blue-economy-sustain-
able-ocean-economic-paradigm?utm_source=EN&utm_me-
dium=GSR&utm_content=US_UNDP_PaidSearch_Brand_En-
glish&utm_campaign=CENTRAL&c_src=CENTRAL&c_src2=GS-
R&gclid=Cj0KCQiAweaNBhDEARIsAJ5hwbdEFafpkIcJuzISsld-
Lg4UzxIkqOhAo6MClAjSwEBvBA_ZHi10o_8IaAn_0EALw_wcB
3. https://ec.europa.eu/commission/presscorner/detail/en/
ip_21_2341

resources,	as	well	as	creating	alternatives	to	fossil	fuels	and	
traditional food production.

Transitioning to a sustainable Blue Economy requires invest-
ing	in	innovative	technologies.	Wave	and	tidal	energy,	algae	
production,	 fisheries	management,	restoration	of	marine	
ecosystems,	etc.,	will	create	new	green	jobs	and	businesses	
in the Blue Economy. 

Downstream services provided by the operational ocean-
ography community should be able to facilitate and sup-
port this transition towards a more sustainable Blue Econ-
omy worldwide.

11.1.2.  Applications and services

Operational oceanography is available nowadays to many 
users	through	solutions	(services	and	products)	dealing	with	
several	SDGs,	and	societal	and	scientific	challenges.	Oceano-
graphic products from global to regional scale are produced 
by national and international forecasting centres. They are 
then	downscaled	to	sub-regional	scales,	transformed,	and	
provided	to	users,	private	companies,	public	users,	stake-
holders,	and	citizens	through	an	ocean	products	value	chain	
that	includes	development	of	specific	solutions,	advanced	
visualisation,	usage	of	multi-channel	technological	plat-
forms,	specific	models,	and	algorithms.	Figure	2.1	in	Chapter 2 
shows a representation of ocean value chain: forecasting 
centres	manages	Marine	Core	Service,	which	produces	In-
formation	(e.g.	forecast	products)	that	are	delivered	to	In-
termediate Users through ad hoc Interfaces managed by the 
Central	Information	System.	Then,	such	information	is	elab-
orated by Developers and transformed for Multiple Down-
stream Services that use customised end user information to 
deliver new information to End Users.

Important steps forwards have been carried out in order to 
facilitate the dialogue among service providers and users to 
identify	requirements	and	needs,	and	to	co-develop	and	test	
the applications and solutions. Collaborative frameworks 
like	the	Copernicus	Users	Uptake	programme,	the	interna-
tional	initiative	Geo	Blue	Planet,	the	GOOS	Regional	Alliances	
downstream	effort,	the	IOC	and	WMO	working	groups,	etc.,	
are in support of the Blue Economy’s growth.

The private sector has been playing an important role in the 
development	of	operational	systems,	providing	operational	
services in areas that in the past were covered only by pub-
lic institutions. Some businesses are impacted every day by 
oceanographic	conditions,	and	sometimes	disrupted	by	ex-
treme events. Accurate and reliable oceanographic and me-
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teorological	predictions	may	increase	business	productivity,	
if appropriate standards of safety are adopted. 

The public sector mostly focuses on protecting lives and prop-
erty. Often this is not enough to protect economic operations 
at	sea,	in	which	monitoring	and	forecast	information	is	need-
ed on a regular basis and representing local scale processes. 
Downstream applications play a key role addressing (and ad-
justing	to)	end	users’	needs,	while	simultaneously	justifying	
global scale modelling and monitoring investments done by 
the public sector in the past.

Most of the developments in downstream applications have 
been driven by international grants and individual countries. 
In	some	areas,	end	users’	willingness	to	pay	for	such	applica-
tions is very low. There is a need to improve the applications 
but also to promote and disseminate information on existing 
applications. The main reason is that a reasonable cost/ben-
efit	relationship	for	businesses	must	be	achieved	to	have	a	
market driven demand for downstream operational services.

It is therefore of paramount importance to show how research 
and technological development in the different application 
fields	(e.g.	advanced	visualisation,	usage	of	multi-channels	
technological	platforms,	and	development	of	specific	models	
and	algorithms)	have	advanced	in		recent	years,	and	that	more	
accurate and user friendly applications are available for users.

International standards have been developed and should 
be further consolidated to support interoperability and a 
common formatting of ocean application products and ser-
vices,	as	well	as	quality	assessment.	Downstream	applica-
tions are an essential component contributing to ocean lit-
eracy through the dissemination to the public of operational 
oceanography knowledge. Economic sustainability and mar-

ket exploitation of downstream application is a key aspect to 
fill	the	gap	towards	a	fully	sustainable	development	of	op-
erational oceanography added value services and products.

It is also of fundamental importance to improve the dialogue 
among	producers	and	users	to	identify	requirements,	as	well	
as co-developing and testing the applications. Engaging end 
users in the analysis and evaluation process is critical in or-
der to tailor downstream products in the best way.

An effort for gathering and promoting applications by world-
wide	producers	should	include	different	sectors,	such	as:	a)	
Fishery	and	aquaculture;	b)	Tourism	and	sports	activities;	c)	
ICZM	and	MSP;	d)	Transport	and	harbour	services;	e)	Marine	
digital	services;	f )	Technologies	for	maritime	safety;	g)	Cli-
mate change and anthropogenic impacts on marine environ-
ment;	and	h)	Energy	from	the	sea.

To	achieve	this	goal,	producers	are	asked	to	manage	and	pro-
mote the adoption of an international standard to support 
interoperability and a common formatting of ocean applica-
tion	products	and	services,	as	well	as	quality	assessment.	
It is fundamental to promote market development of down-
stream applications as well as liaise with and gather input 
from	the	other	international	and	national	initiatives	(e.g.,	
EuroGOOS,	Geo	Blue	Planet,	IOC,	WMO).	

With	a	view	to	the	Ocean	Decade	implementation,	in	this	
chapter	will	be	discussed	key	challenges,	best	practices,	rel-
evant	examples	of	applications,	as	well	as	the	present	ad-
vanced capabilities and future challenges in the following 
applications	fields:	1)	Sea	Situational	Awareness	(web	pages	
and	other	dissemination	mechanisms);	2)	Oil	spill	observing	
and	forecasting;	3)	Ports;	4)	Voyage	planning;	and	5)	Fisheries	
and aquaculture.
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11.2.1.  Sea Situational Awareness (web pages 
and other dissemination mechanisms)

Dissemination services provide users with databases on rel-
evant environmental information and set up their formatting 
to support marine and maritime activities. These services 
include the collection and validation of existing information 
and the production of new geo-localised information to us-
ers. Mechanisms for data sharing among databases are of-
fered	to	intermediate	and	final	users,	so	that	the	integration	
with existing services is facilitated.

The mechanisms of access to databases from private and 
public users is a matter of concern for the dissemination 
services as it could limit the accessibility of the services. Us-
ers should be able to access information in the applications 
through	the	Internet,	using	either	desktop	or	mobile	phone.	

These issues are quite critical since information on marine 
and	coastal	areas	is	currently	dispersed	in	heterogeneous,	
not	connected,	poorly	known	and	not	accessible	systems.	
Consequently,	it	is	important	to	develop	systems	that	widen	

availability,	improve	information	sharing,	and	facilitate	ac-
cess to the data. Public and private users are supported by 
mechanisms	of	open	and	free	access,	including	massive	(e.g.	
FTP,	THREDDS,	P2P)	and	system	communication	services	(e.g.	
web	services,	tiling	services).	4

11.2.1.1.  The Copernicus Marine Service MyOcean Viewer

The Copernicus Marine Service MyOcean Viewer (🔗5)	allows	
exploration of most of the online catalogue with multi-pro-
jection	maps,	graphs	vs.	time,	and	elevation	and/or	distance.	
Using information from both satellite and in-situ observa-
tions,	the	CMEMS	provides	state-of-the-art	analyses	and	
forecasts	daily,	which	offer	the	capability	to	observe,	under-
stand,	and	predict	the	marine	environment	state	(Figure	11.1).	
The Copernicus Marine Service MyOcean Viewer has been de-
veloped by Lobelia Earth. The Basemap layer contains infor-
mation from the GSHHG dataset provided by the University 
of Hawaii and the US NOAA.

4,	5.	https://myocean.marine.copernicus.eu/

Figure 11.1. Examples	of	screenshots	from	MyOcean	Viewer	web	application,	including	visualisation	of	sea-
water	velocity	for	the	Global	Ocean	and	time	series/time-depth	plots	in	a	specific	location	(source:	🔗4).

11.2.  
Examples of advanced downstream systems
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11.2.1.2. SeaConditions

An example of web service for sea situational awareness 
is SeaConditions (🔗6).	 It	is	a	service	providing	weather	
forecasts,	including	oceanographic	and	sea	state	forecasts	
(sea	surface	temperature,	surface	currents,	significant	wave	
height	and	direction,	wave	period,	sea	level),	meteorological	
forecasts	(air	temperature,	mean	sea	level	pressure,	precip-
itation,	cloud	cover,	and	10	metre	winds),	bathymetry	and	
satellite	observations	of	chlorophyll-a,	and	water	transpar-
ency. Forecasts are referred to a time period of 5 days and 
are	based	on	state-of-	the-art	meteorological,	oceanograph-
ic,	and	wave	modelling	that	allow	obtaining	high	quality	data	
(Figure	11.2).	SeaConditions	includes	data	from	Copernicus	
Marine	Service	(including	satellite	data)	and	the	ECMWF.

SeaConditions covers the Mediterranean Sea: it has commer-
cial and free versions available on the web and download-
able	for	mobile	(Google	Play	and	Apple	Store).	Its	users	are	
more than 100000.

11.2.1.3. Marine-Analyst

The Marine-Analyst (🔗7)	is	a	platform	for	searching,	viewing,	
processing,	transferring,	advertising,	and	disseminating	ma-
rine	spatial	data	from	numerous	data	sources	(Figure	11.3).	

6. https://www.sea-conditions.com
7. http://marine-analyst.eu/

Launched	in	October	2020,	it	is	powered	by	WEkEO	(🔗8),	the	
Copernicus DIAS. The Marine-Analyst.eu enables users to ac-
cess data and key analyses for the location of their choice in 
Europe. It offers a personal dashboard where each user can 
collate the reports created for the chosen datasets. Generat-
ing	on-demand	data	analyses	for	any	location,	the	platform	
is	able	to	address	multidisciplinary	challenges,	for	example:

8. https://www.wekeo.eu/

Figure 11.2. SeaConditions web service for the Mediterranean Sea.

Figure 11.3. Example of data accessible from 
Marine-Analyst.eu application.
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• Maritime spatial planning: it represents a solution for 
coordinating	decision-making	on	identified	areas	and	
specific	activities,	by	considering	a	basin	as	a	whole	or	
partitioning	it,	including	its	ecological	functioning	and	
the	activities	it	supports,	e.g.	zonation	based	on	essen-
tial biophysical ocean parameters (such as chlorophyll 
Chla	and	light	attenuation	Kd)	(from	Copernicus	Marine	
Service),	human	activities	inventory	(from	EMODnet),	etc.	
(“MSP	challenge”	at	the	Ocean	Hackathon	Brest	2020);

• Climate change: addressing climate change not only 
requires	better	science,	but	it	is	also	crucial	to	inform	
journalists,	interested	citizens,	and	the	wider	public.	
The Marine-Analyst facilitates access to information 
and	transparent	analyses,	e.g.	sea	surface	tempera-
ture trends and anomalies (from Copernicus Marine 
Copernicus),	coastal	erosion	(from	EMODnet)	(“Climate	
change at my Beach challenge” at the Hack the Ocean 
Hackathon	2019).

• Marine protected areas:	park	managers	benefit	from	
simplified access to various information comprising 
key	information	for	the	management	of	their	MPA,	e.g.	
MPA	bulletins	(from	Copernicus	Marine	Service,	fore-
cast	products),	vessel	density	hierarchical	clustering	
and	statistical	analysis	(from	EMODnet)	(Environmental	
impact	of	Shipping	traffic	at	the	Blue	Innovation	Hack-
athon	2021).

11.2.1.4. NOAA Sea Level Rise viewer

NOAA provides map viewer and applications for marine 
data such as the Sea Level Rise - Map Viewer (🔗9),	which	
gives users a way to visualise community-level impacts from 
coastal flooding or sea level rise (up to 10 feet above av-
erage	high	tides).	Photo	simulations	of	how	future	flooding	
might	impact	local	landmarks	are	also	provided,	as	well	as	
data	related	to	water	depth,	connectivity,	flood	frequency,	
socio-economic	vulnerability,	wetland	loss	and	migration,	
and	mapping	confidence.	The	viewer	shows	areas	along	the	
contiguous	United	States	coast,	except	for	the	Great	Lakes.	
The maps are produced using detailed elevation maps with 
local and regional tidal variability. By using real photos at 
some	specific	locations,	the	viewer	is	able	to	show	the	im-
pact	of	a	certain	sea	level	rise	in	the	“real	world”	(Figure	11.4).

11.2.2. Oil spill forecasting

In	the	past	decade,	much	effort	has	been	made	to	support	
operational oil spill modelling as a crucial component of the 
response. The most advanced systems are fully operation-
al	24/7,	meet	the	robustness	and	accuracy	criteria,	as	well	
as the real-time requirements in terms of performance and 
dynamic service delivery. Examples of these systems are: OS-
CAR	(Aamo	et	al.,	1997),	GNOME	(Zelenke	et	al.,	2012),	OilMap	

9. https://www.climate.gov/maps-data/dataset/sea-level-
rise-map-viewer

Figure 11.4. Example of NOAA Viewer.
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(Spaulding	et	al.,	1992),	MOTHY	(Daniel,	1996),	MEDSLIK-II	
(De	Dominicis	et	al.,	2013),	COSMoS	(Marcotte	et	al.,	2016),	
and	OpenDrift	(Dagestad	et	al.,	2018).	Oil	spill	models’	ca-
pabilities range from prediction of sea surface and upper 
layer transport to fully 3D oil and associated gas move-
ment,	 including	 intrusion	formation	and	high-pressure	
physics effects. 

Incorporated oil spill models are coupled to up-to-date 
meteo-ocean monitoring and forecasting systems that pro-
vide	the	fields	of	ocean	circulation,	wind,	and	waves	on	a	
regular basis. The Copernicus Marine Service provides such 
data to most European systems. This information not only 
allows	computing	the	oil	drift,	but	it	also	helps	to	simulate	
the oil transformation processes and interaction with sed-
iments,	both	coastal	and	seabed.	The	results	are	typically	
represented by oil mass balance time series delineating 
what fraction of the original spilled oil is expected to be 
kept	afloat,	evaporated,	dispersed	in	the	water	column,	
beached or sedimented.

During	the	oil	spill	accidents,	tight	coordination	between	the	
oil spill detection/monitoring unit and operational model-
ling	is	vital	for	starting	the	spill	forecasts,	ground-truthing,	
and fast decision making. Real oil spills provided unique op-
portunities to examine the predictive skills of operational oil 
spill	models,	using	observations	carried	out	during	oil	spill	
accidents. Such combined studies have been conducted on 
spills in many geographic regions: the Prestige disaster in the 
Atlantic	Spanish	coast	in	2002	(Castanedo	et	al.,	2006;	Daniel,	
2010),	the	Fu	Shan	Hai	wreck	in	the	Baltic	Sea	in	2003	(De	
Carolis	et	al.,	2013),	the	Lebanon	crisis	in	2006	(Coppini	et	
al.,	2011),	the	Kerch	Strait	oil	spill	in	2007	(Ivanov,	2010),	the	
Deepwater Horizon oil spill in the Gulf of Mexico in 2010 (Liu 
et	al.,	2013),	the	Agia	Zoni	II	oil	spill	in	the	Aegean	Sea	in	2017	
(Coppini	et	al.,	2018),	the	Sanchi	spill	disaster	in	the	East	Chi-
na	Sea	in	2018	(Qiao	et	al.,	2019),	the	Ulysse-Virginia	oil	spill	
in	the	Ligurian	Sea	in	2018	(Liubartseva	et	al.,	2020a;	Daniel	
et	al.,	2021),	and	in	the	Grande	America	accident	in	the	Bay	of	
Biscay	in	2019	(Daniel	et	al.,	2020).

Since	oil	transport	is	mainly	controlled	by	ocean	currents,	the	
accuracy of oil spill simulations crucially depends on the res-
olution of the hydrodynamic models used. To resolve coastal 
scale	processes,	downscaling	techniques	that	switch	from	
high-resolution	hydrodynamics	to	ultra-fine	scales,	with	a	
resolution	of	around	100	m,	are	being	developed.	As	an	ex-
ample,	an	operational	decision	supporting	system	for	oil	spill	
emergencies addressed to the Italian Coast Guard was devel-
oped	by	Sorgente	et	al.	(2020)	in	the	Western	and	Central	Med-
iterranean Sea. Progress in downscaling led to operational oil 
spill	modelling	in	harbour	and	port	areas,	such	as	the	Port	of	
Taranto	in	south	Italy	(Liubartseva	et	al.,	2020b)	and	the	Port	
of	Tarragona	in	Spain	(Morell	Villalonga	et	al.,	2020).	In	these	
three	examples,	the	MEDSLIK-II	oil	spill	model	was	applied	in	

various	configurations.	Two	examples	of	oil	spill	forecasting	
applications are described in the following subsections.

11.2.2.1. MOTHY

MOTHY	is	a	dual	system	consisting	of	an	ocean	model,	de-
veloped	to	best	represent	the	surface	current,	and	a	slick	
or	object	model	(Figure	11.5).	It	operates	worldwide,	and	
can	be	implemented	immediately,	24	hours	a	day,	by	the	
marine forecasting service of the National Forecasting Cen-
tre	of	Météo-France	(🔗10),	located	in	Toulouse.	This	Centre	
provides met-ocean support and drift forecasts to assist au-
thorities in charge of accidental marine pollution and search 
and rescue operations. The oil spill forecasting system was 
developed	by	combining	the	Cedre's	(🔗11)	expertise	in	oil	
chemistry	with	the	Météo-France's	expertise	in	weather	and	
ocean forecasting and modelling to provide a robust oper-
ational	service	maintained	by	Météo-France.	The	system	is	
operated	at	Cedre's	request	in	support	of	oil	spill	response	
operations and at the request of the Maritime Rescue Coor-
dination Centres in support of search and rescue operations. 

MOTHY	has	been	operational	since	1994	and	was	widely	used	
during the Erika 🔗12	(December	1999),	Prestige	🔗13 (Novem-
ber	2002),	and	Grande	America	🔗14	(March	2019)	crises.	The	
system is activated about 20 times a week for actual spills 
or search and rescue operations. The search for objects or 
people constitutes almost three quarters of the applications.

The	model	is	regularly	updated	and	improved.	MOTHY	in-
cludes a Lagrangian model with the possibility of backtrack-
ing. The 3D version takes into account vertical buoyancy- and 
turbulence driven movement. There are 3 components:

• oil	or	any	substance	that	drifts	like	a	slick,	including	
vegetable oil or a few chemicals;
• cargo containers;
• search and rescue targets.

Drift predictions depend primarily on reliable and timely 
access to observed and predicted environmental data. From 
this	point	of	view,	Météo-France	is	equipped	with	the	best	
atmospheric models:

• The AROME limited area model covers the entire 
French	coastline,	with	a	1.3	km	resolution	around	France	
and 2.5 km around the French overseas territories;

10. https://meteofrance.com/
11. http://wwz.cedre.fr/en
12. http://wwz.cedre.fr/en/Resources/Spills/Spills/Erika
13. http://wwz.cedre.fr/en/Resources/Spills/Spills/Prestige
14. http://wwz.cedre.fr/en/Resources/Spills/Spills/
Grande-America
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• The ARPEGE 🔗15 global model with variable mesh (1/10 
°	or	1/2	°	depending	on	the	area),	centred	on	France,	for	
forecasts over the European seas and near Atlantic;
• The IFS 🔗16 global model of the ECMWF has a resolu-
tion of 1/8° and GFS at 1/4 ° in R&D mode.

and ocean models:

• Global ocean system by Mercator Ocean International 
🔗17 with a resolution of 1/12°;
• Regional	systems	(IBI	at	0.028°×0.028°	resolution,	
MedFS	at	0.042°×0.042°	resolution,	Atlantic-European	
NWS	at	0.014°×0.03°	resolution);
• SCHISM	in	New	Caledonia	(1/200°	resolution).

The	MOTHY	model,	which	calculates	the	three-dimensional	
drift	of	surface	and	subsurface	oil,	is	a	"superparticles"	mod-

15. http://www.umr-cnrm.fr/gmap/nwp/nwpreport.pdf
16. https://www.ecmwf.int/
17. https://www.mercator-ocean.eu/

el.	Superparticles	are	seeded	at	each	time	step,	according	to	
the	specified	location,	duration,	and	rate	of	release.

Being	operated	by	Météo-France's	Marine	Forecasting	service,	
MOTHY	is	free	for	the	French	authorities	and	certain	foreign	
weather services as a part of their public service mission. After 
requesting	an	account,	users	can	freely	perform	modelling	in	
the Channel - North Sea on the Noos-Drift online platform: 🔗18.

11.2.2.2. WITOIL

WITOIL	(Where	Is	The	Oil)	is	a	multi-model	oil	spill	forecast-
ing service providing predictions on transport and trans-
formation of actual or hypothetical oil spills for the global 
ocean,	the	regional	European	Seas,	and	selected	coastal	ar-
eas	(Figure	11.6).	Being	an	interactive	system,	WITOIL	requires	
the	input	of	data	about	atmospheric	winds,	sea	surface	tem-
peratures,	and	sea	currents.

18. https://odnature.naturalsciences.be/noosdrift/api/home/

MOTHY 2D+1D MODEL
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Drift (oil,
containers, SAR)
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Figure 11.5. General	diagram	of	the	MOTHY	system.	Blue:	static	data.	Green:	data	sets	stored	in	the	Météo-
France	database;	includes	all	Météo-France/ECMWF	atmospheric	models	and	Copernicus	Marine	ocean	models.
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WITOIL provides users with spatial-temporal distributions 
of oil concentration at the sea surface and on the coastline. 
WITOIL output consists of graphics and animations available 
through web browser and downloadable products (both 
ocean	and	atmospheric	fields	and	oil	slick	simulation	out-
puts).	Moreover,	WITOIL	provides	an	interoperable	service	
that can be accessed from and integrated in any GIS system.

Data	used	in	the	WITOIL	application	are:	i)	the	atmospheric	wind	
data from ECMWF provided by Italian Aeronautica Militare at a 
resolution	of	1/10°:	6-hourly	analysis,	1	hour	for	the	first	3	days	
of	forecast,	3	hours	for	the	following	3	days	of	forecast,	and	6	
hours	for	the	last	4	days	of	forecast;	and	ii)	the	ocean	current	
and SST data are provided by the Copernicus Marine Service.

In	particular,	the	following	domains	and	ocean	products	are	
used in WITOIL: 

1. The Global Ocean at 1/12° (from Copernicus Marine Ser-
vice)	and	1/16°	(Global	Ocean	Forecasting	System	by	CMCC);
2. Mediterranean Sea using the MedFS products at 1/24° 
horizontal resolution from Copernicus Marine Service;
3. Black Sea using the BSFS products at 1/40° horizontal 
resolution from Copernicus Marine Service;
4. Baltic Sea using the Baltic Sea Forecasting System at 
0.028°×0.017° horizontal resolution from Copernicus 
Marine Service;
5. Southern Adriatic and Northern Ionian Sea coastal ar-
eas using the CMCC SANIFS (🔗19),	based	on	the	SHYFEM	

19. http://sanifs.cmcc.it

unstructured	grid	ocean	model,	reaching	a	horizontal	
resolution of 10-100 m in the coastal areas; 
6. Several areas in the Persian Gulf using the CMCC 
ocean	forecasting	systems	based	on	SHYFEM,	reaching	
a horizontal resolution of 10-100 m in the coastal areas. 

Free-access	WITOIL	version,	a	web-based	application	at	🔗20,	is	
available	for	the	Mediterranean	Sea	in	English,	Italian,	French,	
Spanish,	Arab,	Greek,	and	Russian.	Advanced	multi-model	
WITOIL version is available upon request: 🔗21.

Various systems collaborated to provide information support 
for a recent oil spill. On 25th	July	2020,	the	MV	Wakashio	hit	
a	reef	and	ran	aground	off	Pointe	d'Esny	on	the	southeast	
coast	of	Mauritius,	in	the	Indian	Ocean	(Figure	11.7).	In	the	
morning	of	6th	August,	oil	leaked	out	of	a	fuel	tank	and	oil	
pumping operations were carried out. They were completed 
on 12th August. On 16th	 August,	 the	 ship	 broke	 in	 two.	 On	
19th	August,	the	front	part	of	the	ship	was	towed	about	20	
kilometres from the coast. It sank on 24th August.

Following a request from the Mauritian authorities for assis-
tance	from	France,	the	Prefect	of	the	Reunion	Island,	activat-
ed a crisis cell. Meteo-France was then involved to forecast 
the	oil	drift	(Daniel	and	Virasami,	2021).	Also	CMCC	and	MOI	
produced oil spill simulations and forecasts with WITOIL and 
sent them to relevant authorities.

20. http://www.witoil.com/
21. witoil@cmcc.it

Figure 11.6. Example of the user interface and results of the WITOIL oil spill forecasting application.
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11.2.3. Ports

Ports	and	activities	linked	to	maritime	transport,	for	both	
commercial	and	tourism	purposes,	have	a	significant	econom-
ic value for coastal countries. Ports may be affected by very 
serious environmental issues that have consequences on the 
safety	of	port	activities,	as	well	as	be	a	vehicle	for	concentra-
tion and dispersal of alien species through ballast waters.

11.2.3.1. SAMOA service for Spanish ports

Approximately 85% of imports and 60% of Spanish exports are 
channelled	through	ports,	and	such	figures	highlight	the	vital	
role they play in the national economy. The ports suffer the ex-
treme	events	of	the	main	physical	variables,	in	particular	wind,	
waves,	and	sea	level.	These	phenomena	affect	the	installations	
throughout	all	phases	of	the	port	life,	from	design	to	operation.	
To	respond	to	these	complex	needs,	the	Spanish	Puertos	del	
Estado	and	Port	Authorities	co-financed	the	SAMOA	initiative.

SAMOA fully integrates a comprehensive set of products in a 
specific	visualisation	tool	that	is	managed	by	administrators	
in the harbours. It also includes an alert system via e-mail 
and	SMS,	fully	configurable	by	the	port	community	users.	In	

addition,	an	extended	set	of	applications,	such	as	oil	spill	
models	and	air	pollution	monitoring	tools,	have	been	fully	
integrated into the system.

The	main	functions	of	the	system	are:	1)	provision	of	infor-
mation for knowledge-based operation of infrastructures 
(e.g.	forecast	of	port	closure	due	to	extreme	events);	2)	aid	
for	pilot	operations;	3)	safer	and	more	efficient	port	opera-
tions (e.g. crane operations affected by winds and planning 
of	Ro-Ro	operations);	4)	fight	against	oil	spills	in	the	interior	
of	the	harbours;	and	5)	control	of	water	and	air	quality.

SAMOA is heavily relying on previously existing Puertos del Es-
tado	monitoring	networks	(25	buoys,	8	HF	radars	and	40	tide	
gauges)	and	it	has	been	used	to	detect	and	fill	gaps,	improving	
the	coverage	of	meteorological	stations	on	the	ports,	and	the	
control of the tide gauges by means of continuous GNSS.

The SAMOA wave component has been designed to provide 
a	three-day	forecast	of	agitation	(significant	wave	height	in	
the	interior	of	the	port)	inside	10	Spanish	ports	of	special	
interest:	Almería	(two	ports),	Gijón,	Las	Palmas	(three	ports),	
Málaga,	and	Santa	Cruz	de	Tenerife	(three	ports).	Prior	to	SA-
MOA,	Puertos	del	Estado	was	running	an	operational	wave	

Figure 11.7. A recent oil spill emergency: the August 2020 incident in Mauritius.
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forecast	able	to	provide,	using	the	SWAN	model,	wave	fore-
casts at the harbours mouth. Thanks to the development of 
SAMOA,	this	forecast	has	now	been	downscaled	to	the	interi-
or	of	the	ports	at	extremely	high	resolution	(2	m).

The SAMOA circulation component produces daily a short-
term	(three-day)	forecast	of	three-dimensional	currents	and	
other	oceanographic	variables,	such	as	temperature,	salinity,	
and sea level for nine Spanish ports in the Mediterranean 
(Barcelona,	Tarragona,	Almería),	the	Iberian	Atlantic	(Bil-

bao,	Ferrol),	and	the	Canary	Islands	(Las	Palmas,	Tenerife,	La	
Gomera,	and	Santa	Cruz	de	la	Palma).	The	three-dimensional	
hydrodynamic model used in the SAMOA circulation compo-
nent	is	the	ROMS	(Shchepetkin	and	McWilliams,	2005).

The SAMOA model outputs are freely accessible through the 
Puertos del Estado’s THREDDS catalogue (the THREDDS is a 
web server that provides access to data and metadata for 
scientific purposes using a variety of remote data access 
protocols).	Likewise,	free	access	to	some	products	is	grant-

Figure 11.8. The	SAMOA	visualisation	tool,	showing	the	circulation	at	Barcelona	Port	(upper	panel)	and	the	
real-time	measurements	at	Algeciras	Harbour	(lower	panel).	
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ed via a web interface (🔗22).	Additionally,	a	specific	tool	for	
port	authorities	-	the	CMA	shown	in	Figure	11.8)	-	has	been	
developed to properly exploit all SAMOA products and so far 
has	been	implemented	in	46	ports.	The	CMA,	developed	by	
Nologin Ocean Weather Systems (🔗23),	is	based	on	a	web	
interface (🔗24)	and	provides	easy	access	to	all	information	
generated	by	the	SAMOA	systems,	both	in	real	time	and	in	
forecast mode. Users can define thresholds for all spatial 
points inside the application (model points and measur-
ing	stations)	that	are	employed	to	trigger	alerts.	The	CMA	is	
also capable of creating custom PDF reports for each fore-
cast	point.	Furthermore,	a	user-friendly	oil	spill	model	and	
an atmospheric dispersion model have been developed and 
incorporated into the CMA. Port managers granted access to 
the	tool	can	define	the	level	of	permission	allowed	to	users.	
For	example,	some	users	can	get	permission	for	visualisa-
tion,	but	might	not	have	access	to	the	oil	spill	model.	The	
CMA	is	also	used	to	configure	personalised	alert	systems,	de-
fining	the	points	and	the	alerts	to	be	triggered,	as	well	as	the	
reception	method	(e-mail	or	SMS).	The	alerts	can	be	defined	
as	a	combination	of	parameters,	conditions,	and/or	thresh-
olds as complex as desired by the user. A very good example 
of	how	the	CMA	tool	should	be	used	is	the	Algeciras	harbour,	
in	which	it	is	utilised	by	a	community	of	500	users,	including	
the companies located at the facilities.

Building	on	the	success	of	SAMOA,	a	SAMOA	2	project	is	now	
on	its	final	stage	of	implementation.	This	second	phase	will	
include	new	components,	such	as	a	wave	overtopping	fore-
cast	and	extremely	high-resolution	wind	prediction	(2	m).	In	
2022,	once	SAMOA	2	is	completed,	the	system	will	have	the	
following components: 44 CMA implementations in different 
ports	(of	a	total	of	46	ports	in	the	national	system),	20	1-km	
resolution	atmospheric	forecasts,	21	agitation	systems,	31	
circulation	systems,	19	new	meteorological	stations,	eight	
GNSS,	15	very	high	wind	forecast	systems,	plus	other	addi-
tional modules. Work is ongoing on how to use the new mod-
els	to	explore,	for	example,	the	wave	current	interactions.

With	the	new	system	in	place,	the	most	important	challenge	
for the Spanish port system will be to implement the meth-
odologies necessary to make proper use of all the new avail-
able tools. While some ports are very active and are already 
making	good	use	of	the	new	information,	others	are	still	not	
able to fully exploit it. Several initiatives will be launched 
to reduce this gap. Making operational oceanography a core 
part of the port management business is probably the most 
significant	result	of	SAMOA.	

22. https://portus.puertos.es/index.html?locale=en#/
23. https://www.nologin.es/en/nowsystems
24. https://cma.puertos.es

11.2.3.2. AQUASAFE

The AQUASAFE platform (🔗25)	aims	to	increase	efficiency	in	
management	of	maritime	operations,	providing	real	time	in-
formation and its integration with forecast and diagnostics 
tools. This platform is operational for all Portuguese Ports 
and	in	the	Port	of	Santos	(Brazil).	It	is	also	used	to	support	
aquacultures,	inland	navigation,	irrigation,	and	water	utilities.

Measured	data	(sensors,	remote	detection,	etc.)	and	mod-
elled	data	(meteorology,	hydrodynamics,	waves,	etc.)	are	
integrated in a platform which synchronises all of them in 
time,	space	and	dimensional	units	to	provide	easy	and	ro-
bust access to real time and forecast information. The global 
architecture of the Platform is presented in Figure 11.9.

AQUASAFE	has	a	micro-service,	cloud	native	architecture.	
Each	one	of	the	platform's	components	(data	download,	data	
formatting,	model	execution,	etc.)	is	implemented	in	a	com-
pletely	isolated	way,	facilitating	both	its	maintenance	and	
scalability.	It	also	uses	Container	technology	(from	Docker)	
so that each component is portable and consistent and can 
be quickly instantiated.

The	Client	Applications	(User	 Interfaces)	connect	to	Data	
services via a state-of-the-art authentication layer. A Data 
services layer is managing the Data acquisition (ingestion 
of	data	from	external	systems	to	the	platform,	and	storage)	
and the Processing Services (which performs computation-
al	loads	that	generate	new	data).	It	also	manages	Reporting	
and	Alarms.	Data	Processing	Services,	Reporting	and	Alarms	
are processed through a common Scheduler.

Using	this	system,	port	operations	have	better	efficiency	
and safety as it improves the match between tight sched-
ules	of	container	ships,	or	tight	security	of	liquefied	natural	

25. https://hidromod.com/?s=aquasafe

Figure 11.9.  Architecture of the AQUASAFE platform. 
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gas	(LNG)	carriers,	and	the	operational	weather	limits	of	each	
Terminal.	Thus,	the	impact	in	the	logistic	chain	including	
ports is extremely positive.

In	this	context,	PIANC’s	Maritime	Navigation	Commission	
Working Group 54 produced a set of recommendations “on 
the use of hydro/meteo information for navigational chan-
nel	and	port	basin	operations,	including	the	determination	
of	operational	limits”	(PIANC,	2012).	The	AQUASAFE	platform	
was developed along those recommendations.

Hydrodynamics and wave propagation modelling methodolo-
gy used in the operational systems implemented with AQUA-
SAFE	is	based	on	downscaling	global	models	to	local	scale,	to	
correctly	forecast	parameters	like	sea	level,	currents,	or	waves	
(Figure	11.10).	Meteorological	forecasting	also	has	a	similar	ap-
proach,	but	institutes	or	companies	specialised	in	meteorolo-
gy	are	usually	used	as	data	suppliers	(e.g.	MeteoGalicia).

This downscaling methodology is also embedded in the con-
cepts behind some modelling systems like WRF (atmospheric 
model)	or	SWAN	(waves	nearshore).

11.2.4. Voyage planning

Shipping	moves	the	global	commerce	as,	according	to	UNC-
TAD,	around	80%	of	the	volume	of	international	trade	in	

goods is carried by sea 🔗26. This tremendous effort comes 
with	a	significant	environmental	footprint.	According	to	the	
Fourth	GHG	study	of	the	IMO,	shipping	accounted	in	2018	for	
nearly 3% of global anthropogenic CO2 emissions. Container 
ships,	bulk	carriers,	and	oil	tankers	are	the	greatest	emit-
ters	of	the	world	fleet.	When	it	comes	to	per-ship	emissions,	
cruise ships also distinguish themselves for their carbon 
footprint.

Various measures are presently discussed both at IMO 🔗27 
and at the European Union level 🔗28 for reducing the GHG 
emission from shipping. In the short term (i.e. the current de-
cade),	more	efficient	operations	for	both	old	and	newbuild	
ships would be possible via a blend of design and operational 
measures.	Among	the	operational	ones,	both	speed	limitation	
and voyage planning could be considered. Speed limitation 
leads to reduction in emission at the cost of longer voyage 
durations,	and	could	be	viable	for	delivering	non-perishable	
goods.	However,	for	all	ship	types,	the	environmental	bene-
fits	of	speed	limitation	could	be	enhanced	through	voyage	
planning or weather routing. This wording may refer to quite 

26. https://unctad.org/topic/transport-and-trade-logistics/
review-of-maritime-transport
27. https://www.imo.org/en/MediaCentre/MeetingSumma-
ries/Pages/MEPC76meetingsummary.aspx
28.	https://eur-lex.europa.eu/legal-content/EN/TX-
T/?uri=CELEX%3A52021DC0550

Figure 11.10. AQUASAFE	platform:	wave	model	at	the	Port	of	Leixões	(Portugal).	
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different	systems	supporting	the	definition	of	the	route	to	
be sailed. It is possible to distinguish among:

• Strategic/Tactical planning. The former refers to op-
timally	deploy	the	fleet	of	a	given	shipowner	to	pursue	
some	benefit,	while	the	latter	to	the	shape	of	a	specific	
route between given ports of call;

• Global/Local optimization. The former refers to op-
timise	some	figure	of	merit	integrated	along	a	voyage	
(such	as	total	voyage	GHG	emissions),	while	the	latter	
to	locally	constrain	the	vessel	behaviour	(wind,	waves,	
or	ship	motions	below	a	given	threshold);

• Single/Multiple	Objectives.	In	the	former	case,	the	
optimization	objective	(such	as	emissions,	duration,	
cost,	and	comfort)	is	one	at	time,	while	in	the	latter	
multiple,	conflicting	objectives	can	be	addressed	(usu-
ally	making	use	of	some	mathematical	compromise);

• Deterministic/Stochastic.	In	the	former	case,	an	algo-
rithm is used to deliver exactly the same solution for given 
boundary conditions (usually a proof of optimality is avail-
able),	while	in	the	latter	stochastic	approaches	(such	as	
genetic	ones)	are	used	for	speeding	up	computations	at	
the cost of losing full optimality and reproducibility.

In	most	 items	of	the	above	taxonomy,	voyage	planning	is	
related	to	weather	and	ocean	state,	both	observed	and	pre-
dicted,	to	be	used	for	either	constraining	the	navigational	
options	or	defining	the	route’s	optimization	objectives.	A	re-
cent joint IMO-WMO symposium 🔗29,	highlighted	that	routing	
optimization may help ships to increase their operational ef-
ficiency	and	simultaneously	reduce	emissions,	while	it	is	es-
pecially relevant for safety of navigation in extreme marine 
conditions. Voyage planning tools are developed by several 
research	organisations	in	various	countries,	such	as	(non-ex-
haustive	list):	Sweden	(Li	et	al.,	2021),	Portugal	(Vettor	and	
Guedes	Soares,	2016),	Poland	(Krata	and	Szlapczynska,	2018),	
Italy	(Mannarini	et	al.,	2016a),	South-Korea	(Lee	et	al.,	2018).	
An attempt to classify ship routing models can be found in 
(Zis	et	al.,	2020).

Finally,	for	its	contribution	to	GHG	emission	reduction,	voy-
age planning embeds a potential to contribute to several 
targets of the UN Sustainable Development Goals (🔗30),	no-
tably	to	12.2,	12.4,	and	13.

29. https://library.wmo.int/doc_num.php?explnum_id=10305
30. https://sdgs.un.org/goals

11.2.4.1. VISIR

The VISIR is a voyage planning model developed since 2012 
by	the	CMCC	and	the	University	of	Bologna.	It	can	be	defined	
as	a	tactical,	global-optimization,	single-objective,	deter-
ministic model system for ship route planning. It is based 
on	an	exact	graph-search	method	(Dijkstra’s	algorithm)	
modified	for	dealing	with	dynamic	environmental	fields.	It	is	
coastline-	and	sea-bottom-aware,	thanks	to	a	masking	pro-
cedure in preparing the graph. It was used for both motor 
and sailboat routing in the Mediterranean Sea (Mannarini et 
al.,	2016)	and	in	the	Atlantic	Ocean	(Mannarini	and	Carelli,	
2019).	So	far,	VISIR	has	been	used	in	conjunction	with	both	
analysis	and	forecast	wave	and	current	fields	from	Coper-
nicus	Marine	Service,	and	with	wind	fields	from	ECMWF	or	
COSMO-ME	(Mannarini	et	al.,	2015).	

In	its	first	version,	VISIR	computed	only	least-distance	and	
least-time	routes.	However,	starting	from	version	2,	also	a	
least-CO2 route algorithm was embedded into VISIR. VISIR-1 
used polar plots for representing sailboat speeds through 
water	(STW)	in	dependence	of	wind	magnitude	and	direction	
(Mannarini	et	al.,	2015),	while	wave	fields	were	used	for	mo-
torboat	routing	(Mannarini	et	al.,	2016).	VISIR-1-b	made	use	of	
sea surface currents for correcting STW for sea current drag 
and	drift	(Mannarini	and	Carelli,	2019).	Starting	from	VISIR-1b,	
the angular resolution of the routes was enhanced thanks 
to a higher degree of connectivity of the underlying graph. 
While all VISIR-1 versions are based on a parametrization of 
calm	water	and	wave	added	resistance	for	motorboats,	VI-
SIR-2 can alternatively make use of a ferry response model 
derived from a ship simulator. This allows for inclusion of 
wind-wave	angle	of	attack,	a	more	accurate	representation	
of	involuntary	speed	loss	in	waves,	as	well	as	of	fuel	con-
sumption	and	CO2	emissions	(Mannarini	et	al.,	2021).	

The validation of the path planning component of VISIR was per-
formed	via	both	analytical	benchmarks	(Mannarini	and	Carelli,	
2019)	and	model	inter-comparison	(Mannarini	et	al.,	2019).

VISIR is an open-source model and its updates are usually re-
leased upon documentation on peer-reviewed publications. 
In Table 11.1 is provided an overview of VISIR features across 
its versions (🔗31).	So	far,	only	version	1.a	and	1.b	have	been	
released,	which	were	coded	in	Matlab.	However,	the	model	
version currently being developed is coded in python. VISIR-2 
powers	an	operational	service	for	ferries	in	the	Adriatic	Sea,	
available at 🔗32.

In Figure 11.11 an example of optimal routes from the most 
recent version of VISIR is displayed.

31. http://www.visir-model.net/
32. https://gutta-visir.eu
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Version Released Language Ship model Fields Angular 
resolution

Objectives

1.a

1.b

2.a

2016

>2021

2019

matlab

python

matlab

Semiempirical parametrization 
of resistances

Semiempirical parametrization 
of	resistances	or	fitted	ship	

simulator response

Semiempirical parametrization 
of resistances

Waves	(height,	
period)

Waves	(height,	
direction)	&	

currents

Waves	(height, 
period)	&	currents

distance,	time

distance,	time,	
CO2

distance,	time

26.6º

14.0º or 
better

7.1º or  
better

Table 11.1. Overview of features in VISIR model versions.

Figure 11.11. Optimal	routes	for	a	ferry	of	125	m,	computed	via	VISIR-2.	Left	panel:	bundles	of	East-bound	
CO2-optimal	routes	for	25	departure	times	any	3	hour	and	three	engine	load	values	(70,	85,	or	100%	of	max-
imum	engine	power).	Right	panel:	least-distance	(cyan),	least-time	(red),	and	least-CO2	(green)	route	from	
Patras	(Greece)	to	Brindisi	(Italy)	for	departure	date	and	time	as	in	the	title	and	engine	load	at	70%.	Relative	
CO2 and CII savings with respect to the shortest route are also indicated.

a) b)
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11.2.5. Fisheries and aquaculture

New technologies are developing for management and mon-
itoring	of	fisheries,	valorisation	and	protection	of	fish	spe-
cies,	enhancing	environmental	standards	for	sustainable	
aquaculture,	reducing	wastes	and	improving	safety,	develop-
ing	commercial	platforms	for	direct	selling	of	fish	products,	
and tracing products in innovative ways. Another aspect to 
take	into	consideration	is	the	characterization	of	fisheries	
and	aquaculture	products,	with	the	purpose	of	diversifying	
products and innovating traditional practices. Information 
technologies can assist in the development of important 
systems	to	support	the	economic	sustainability	of	the	fishing	
industry,	which	may	help	fishers	to	guarantee	the	quality	of	
products,	as	well	as	get	information	on	sea	conditions	and	
on	fishing	models.	In	the	following	subsection	are	present-
ed three examples on the use of operational oceanographic 
products	for	stock	assessment,	and	management	of	fisheries	
and aquaculture.

11.2.5.1. Bluefin tuna33

The SOCIB and the IEO have developed a habitat model for 
predicting spawning distribution of Atlantic bluefin tuna 
(Thunnus	thynnus)	in	the	Western	Mediterranean.	Observed	
data for larvae location are incorporated in a predictive 
system	of	the	habitat	model,	forced	by	operational	ocean-
ographic	products	from	the	Copernicus	Marine	Service,	such	
as	satellite	altimetry	and	chlorophyll,	as	well	as	sea	surface	
temperature and salinity from hydrodynamic models for 
forecasting	the	Bluefin	tuna	habitats	(Alvarez-Berastegui,	
2016;	Ingram,	2018).	Analysis,	satellite	data,	and	forecast	by	
the	MedFS,	in	situ	data	for	OC,	SST,	and	Total	Allowable	Catch	
set by ICCAT are used in the application. Description of the 
application is available at 🔗34.

11.2.5.2. Harmful algal bloom warning system

The Harmful algal bloom warning system provides near re-
al-time forecast information for the aquaculture industry 
along	Europe’s	Atlantic	coast,	it	is	of	vital	importance	for	mit-
igating the effects of HABs. It was originally developed in the 
FP7	Asimuth	project	(Cusack	et	al.,	2016),	subsequently	further	
developed	in	H2020	AtlantOS	(Cusack	et	al.,	2018)	and	Inter-
reg Atlantic Area PRIMROSE (🔗35).	The	warning	system	has	
been operational at the Irish Marine Institute since 2013 and 
subsequently deployed in Spain by IEO and in Norway by the 
NIVA. HAB information is disseminated in the form of a weekly 
bulletin to a wide audience with plots easy to interpret and ex-
planatory text. The EOVs are used to develop data products for 
the weekly HAB bulletin and include: phytoplankton biomass 
and	diversity,	sea	surface	temperature,	ocean	colour,	ocean	
surface	stress,	 sea	surface	height,	 subsurface	 temperature,	
surface	 currents,	 subsurface	 currents,	 sea	 surface	 salinity,	
subsurface	salinity,	and	ocean	surface	heat	flux.	Other	EOVs	
required to produce the HAB bulletin are the biotoxins and/
or phycotoxins produced by some phytoplankton species that 
can	accumulate	in	shellfish.	Numerical	models,	satellites	and	
in-situ data are integrated and undergo expert interpretation 
before	finding	their	way	to	the	weekly	bulletin.	

11.2.5.3. Weather window tool

The Weather window tool provides a user-friendly interface to 
short-term wave forecasts. It was developed by the Marine In-
stitute,	Ireland,	in	the	framework	of	AtlantOS	(Dale	et	al.,	2018)	
and is currently developed further in MyCOAST (Interreg Atlan-
tic	Area)	to	include	more	locations	along	the	European	Atlantic	
coasts. Availability of “coordinated” coastal observatories and 
forecasting models is the prerequisite for the transferability 

33. https://www.digitalocean.ie
34. http://www.socib.es/index.php?seccion=detalle_noti-
cia&id_noticia=191
35.	https://www.shellfish-safety.eu/

Figure 11.12. The Weather window tool  
(source: 🔗33).
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of	this	tool	to	other	locations.	To	this	aim,	MyCOAST	project	de-
veloped a guideline to the standardisation of data from the 
observing and forecasting systems based on the NcML 🔗36. 
The	user	of	the	tool	selects	a	location	from	a	dropdown	menu,	

36. https://www.unidata.ucar.edu/software/netcdf-java/
v4.6/ncml/Tutorial.html

Figure 11.13. A conceptual model of aquaculture 
site selection approach using GIS (source: Dale et 
al.	2017).

PHYSICS BIOGEOCHEMISTRY BIOLOGY	&	ECOSYSTEMS

● Sea State* ● Oxygen ● Phytoplankton Biomass & Diversity

Ocean Surface Stress Nutrients Zooplankton Biomass & Diversity
● Sea Ice Inorganic carbon ● Fish Abundance & Distribution

Sea Surface Height Transient Tracers
●  Marine	turtles,	birds,	mammals	

abundance & Distribution
● Sea Surface Temperature Suspended Particulates ● Live Coral

Subsurface Temperature Nitrous Oxide ● Sea Grass Cover
● Surface Currents Carbon	Isotope	(°C) Mangrove Cover

Subsurface Currents Dissolved Organic Carbon ● Macroalgal Canopy
● Sea Surface Salinity ● Ocean Colour

Subsurface Salinity

Ocean	surface	heat	flux

*Wave height is essential for site selection

Mature Pilot Concept ● Useful for site selection

Table 11.2. 	 List	of	physical	variables	for	building	the	aquaculture	site	selection	(source:	Dale	et	al.,	2017).

inputs a cut-off wave height that is deemed by the user as safe 
for	specific	field	activity	at	the	site,	and	selects	the	time	pe-
riod	up	to	a	week	(limited	by	the	duration	of	wave	forecast).	
Two	graphs	are	then	displayed:	i)	significant	wave	height	time	
series with the cut-off height marked and safe dates and times 
coloured	green;	and	ii)	wave	period	and	direction	as	a	supple-
mentary information. A snapshot of the tool is presented in 
Figure 11.12.

11.2.5.4. Aquaculture site selection

Aquaculture site selection is a key factor in aquaculture op-
eration,	including	offshore	aquaculture,	and	proper	site	se-
lection is a prerequisite for the economic sustainability of 
the	operation,	for	animal	welfare,	and	for	product	quality.	It	
is	possible	to	base	the	identification	of	suitable	sites	for	off-
shore aquaculture on observational and modelling systems. 
In	response	to	the	industry	requirement,	a	relevant	demon-
stration of this service was performed in the framework of 
AtlantOS	(Dale	et	al.,	2017).	GIS	approach	has	been	used	as	
it	offers	a	means	to	organise,	process,	and	analyse	different	
data	types	and	data	models,	as	well	as	to	perform	a	spatial	
multi-criteria	evaluation.	A	set	of	criteria	needs	to	be	fulfilled	
for a site to be suitable for offshore aquaculture. These cri-
teria,	presented	in	Table	11.2,	are	related	to	physical	factors	
like	temperature,	waves,	and	currents,	as	well	as	legal	or	ad-
ministrative	factors	such	as	distance	to	ship	routes,	marine	
protected	areas,	offshore	windmills,	etc.	A	conceptual	mod-
el of the aquaculture site selection approach using GIS is 
presented in Figure 11.13.
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