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OUTLINE

• Planetary Boundries and Digital Twins of the Ocean

• Black Sea and BRIDGE-BS Approach to DTO Demonstrator

• Node 1 Ecosystem Services link to DTO (Data, Modelling Framework

Decision Support Tools and Resilience Analyses)

• Node 2 Blue Growth Incubators link to DTO (Smart Observations 

Living Labs and Socioeconomic Analyses)

• Black Sea DTO portal demonstrator



BACKGROUND: MARINE MANAGEMENT

Complex Interactions:​ 

Ecosystems​ Human 

Activities

CHALLENGES

• Economic and

Social Benefits

• Sustainable Use of 

Resources

• Protecting 

Marine Ecosystems

• Climate Change Mitigation



PLANETARY BOUNDARIES FOR A BLUE 
PLANET

Nash, K.L., Cvitanovic, C., Fulton, E.A. et al. Planetary 
boundaries for a blue planet. Nat Ecol Evol 1, 1625–
1634 (2017). https://doi.org/10.1038/s41559-017-
0319-z



WHAT IS A DIGITAL TWIN?

A digital twin is a virtual representation of an object or system 
designed to reflect a physical object accurately. It spans the object's 

lifecycle, is updated from real-time data and uses simulation, machine 
learning and reasoning to help make decisions.



EUROPEAN DIGITAL TWIN OF THE OCEAN (EUROPEAN DTO) 

The Digital Twin Ocean will give governments, 

researchers, businesses, activists, and citizens alike 

the power to make informed decisions, backed by 

science and data, to restore marine and coastal 

habitats, support a sustainable blue economy and 

mitigate and adapt to climate change.

ILIAD capitalises on the increasing wealth of data and advanced computing infrastructures by 

combining these diverse data in a semantically rich and data-agnostic approach allowing simultaneous 

communication with real-world systems and models.

The DITTO aims to support ocean protection, governance, and a sustainable Blue Economy through the 

use of DTOs. It seeks to develop a common understanding of DTOs, establish best practices, and create a 

digital framework to empower ocean professionals worldwide.

EDITO INFRA is 2-year project that will build the public infrastructure backbone for EDITO by integrating 

key data service components (among which Copernicus Marine Service and EMODnet), and by sharing 

cloud processing capabilities and software into a single digital framework

EDITO Model Lab is a 3-year project aiming to develop the next generation of ocean models, 

combining artificial intelligence and high-performance computing, to be integrated into the EDITO 

public infrastructure, providing access to focus applications and simulations of different what-if scenarios



GAME CHANGER: DIGITAL TWINS OF THE 
OCEAN

• Virtual interaction between physical, 

chemical and biological properties with 

assets and human activities

• Data contextualization

o Data Sources / Data lakes

o Observations and data assimilation

• Integrating AI-driven data science and 

analytics

• New ways of interacting with and 

presentation of data

• Interoperability / Standardization

• Modelling "what-if" scenarios for decision 

making





BRIDGE-BS APPROACH TOWARDS BLACK 
SEA DTO DEMONSTRATOR

The overall objective of BRIDGE-BS is to advance the Black Sea’s 
marine research and innovation to co-develop Blue Growth pathways 
under multi-stressors for the sustainable utilization of the ecosystem 
services. To do so it will develop an ecosystem-based management 
framework to enable policy uptake and  foster citizen engagement.

BLACK SEA DTO 
DEMONSTRATOR 







BLACK SEA DTO 
DEMONSTRATOR 



BRIDGE-BS fosters Black Sea DTO across multiple
dimentions, contributing it through the all work packages. 

BLACK SEA DTO 
DEMONSTRATOR 

Portal and DataBase (WP1) Ecosystem Models (WP2)

Risk Based-cumulative Effect Assesment Tool (WP4)

ResilienceAnalysis (WP3) 



BRIDGE-BS OCEANOGRAPHIC AND ECOSYSTEM 
MODELS: ENSEMBLE APPROACH 



• When setting up the model and tuning it a major influence on eutrophication in the simulations

was found to be the input of nutrients through the rivers.

• Having a robust estimation of nutrient influx from rivers provided by the watershed model

detailed above has been critical in achieving the eutrophication simulation.

Kızılırmak and Yeşilırmak rivers

BRIDGE-BS OCEANOGRAPHIC AND ECOSYSTEM MODELS:
ENSEMBLE APPROACH 
MODELLING FRAMEWORK



Renewabl

Aquaculture

Biotech

Socio-Economic Scenarios 

SSP1-2.6, (SSP2-4.5), SSP5

1. River nutrients

2. Fishing pressure (PS2, PS6, PS7 

+basin)

3. Plastic delivery (PS2, PS6, PS7 

+basin)

4. Aquaculture (PS2, PS6, PS7 

+basin)

ECOSYSTEM SERVICES UNDER INTERACTING 
MULTISTRESSORS AND BLUE GROWTH SCENARIOS
PILOT SITES ECOSYSTEM SERVICE - SECTOR SPECIFIC SCENARIO 
RUNSSectors

• Climate regulation (carbon

seqestration, GHG emission)

• Recreational (plastics, 

eutrophication)

• Food provisioning (fisheries, 

aquaculture)

Tourism

Fisheries

Renewable

Energy

Fisheries

Fisheries

Aquaculture



BLACK SEA DTO 
DEMONSTRATOR 

SMART OBSERVATIONS AND TECHNOLOGIES (WP5)

LIVING LABS (WP6)

SECTORAL INPUT (WP7)

LIVING LABS (WP6)



BRIDGE-BS DIGITAL TWIN DEMONSTRATOR

• METU has educational organization 
license for ESRI ArcGIS Enterprise 
that includes ArcGIS Server, ArcGIS 
Portal, Data Store. 

• All the data (in situ, satellite, model 
results, etc) in BRIDGE-BS project 
can be stored in METU ArcGIS 
Enterprise and can be published as  
web services

• These web services can be used by 
Map Viewer in ArcGIS Enterprise & 
ArcGIS Online or the other GIS 
applications to create a Web Map.

BRIDGE-BS Digital Twin Demonstration Tool Web Map

Model Results

Time Slider

Depth Slider



BRIDGE-BS DIGITAL TWIN DEMONSTRATOR

• ArcGIS Enterprise has a dashboard 
app to show Serial charts, Pie charts, 
Lists, Tables and Web maps in a 
dashboard.

• The data can be 
• Model Results, 
• In situ data, 
• Real time data
• Environmental data
• Demographic data
• Economic data
• …

A Dashboard sample in ArcGIS Enterprise



BRIDGE-BS DIGITAL TWIN DEMONSTRATOR

Monthly Mean Temperature at surface in 2010 Monthly Mean Temperature at surface in 2030

Evidence of sea surface temperature warming within 20 years



BRIDGE-BS DIGITAL TWIN DEMONSTRATOR

Monthly Mean Salinity at surface in 2010 Monthly Mean Salinity at surface in 2030

Evidence of increase in salinity over 20 years



BRIDGE-BS DIGITAL TWIN DEMONSTRATOR

Monthly Mean Chlorophyll  at surface in 2010 Monthly Mean Chlorophyll  changes with depth in Jan 2010

Strong winter bloom followed by spring bloom Deep chlorophyll maximum at depth



THANK YOU!

STAY TUNED!

@BRIDGEBlackSea@BRIDGE_BlackSea BRIDGE Black Sea


