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HUMAN ACTIVITIES HAVE  IMPACTS

Human induced pressures become more intense and diverse and result in 
the loss of habitats



Baltic Sea is a transboundary ecosystem 
with large watershed area







HELCOM Baltic Sea action plan (BSAP) environmental targets

But how?



Complex system: 
human activities and 
related pressures in 
the Baltic Sea



Complex ecosystems 
with multiple 
feedback loops



The structure and functioning of marine ecosystems is the result of myriads of components and processes 

acting simultaneously. Addressing this level of complexity requires data- and analysis-demanding schemes.

Disconnection in the flow of knowledge between science 

(specific/technical) and policy (general/layman approach). 

How to effectively bridge the gap between science and policy? 



Ecological digital twin for dynamic impact assessments and 
mitigation strategies



Ecological digital twin: New generation ecosystem models

Connectivity

Communities & processes

Cumulative impacts

Mitigation & restoration



Ecological digital twin: Overcoming the challenges of data 
scarcity and quality



Ecological digital twin: Overcoming the challenges of data 
scarcity and quality
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Communities and processes: 
Single species and function modelling

Machine learning

e.g., BRT

Structure:

e.g., point data of species biomass

Environment:

GIS-layers of environmental data

Functioning:

e.g., primary production, nutrients assimilation 

and content, growth deploying Dynamic 

Energy Budget modelling and similar

Spatial prediction:

e.g., NPC sequestration maps



Communities and processes:
Measuring and modelling carbon capture

Quantifies the benefits of various nature assets in the context of future scenarios



Communities and processes: 
Joint Species Distribution Modelling (HMSC)

Ovaskainen et al. 2017 Ecology Letters



Communities and processes: 
Joint Species Distribution Modelling (HMSC)

Incorporating non-linear responses and working with over 10,000 samples



Integrating 3D hydrodynamics with biological 
process modeling, enabling dynamic feedback 
loops (e.g. dynamic energy budget models)

Communities and processes:
Environmental carrying capacity modelling



Connectivity

• Diverse, disconnected methods, each with 
unique assumptions, strengths, and 
weaknesses.

• Shift from single-species focus to 
community, metacommunity, and 
ecosystem-based approaches.

• Future direction: develop algorithms for 
integrating these methods.

tagging and telemetry chemical markers

genetic approaches modelling



Extract data from 

relevant publications
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Positive effects

Negative effects

Meta-analyses and 

calculation of effect sizes

Matrix of effects

Cumulative impacts: Knowledge inventory

Shift from expert judgment to data-driven analysis



Calculating cumulative impacts

Presenting potential positive and negative outcomes of human impact scenarios and our restoration efforts



Ecological digital twin: Management model

A transition from current management to true ecosystem-based management



Ecological digital twin: Sustainability assessment



Conducting analyses across multiple dimensions while safeguarding the sustainability of natural systems



Innovation



Ecological digital twin: Facilitating the creation of a shared vision
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Ecological digital twin: Decision Support Tools

https://gis.sea.ee/bluebiosites/



A potential of algal and mussel farming

NP

developing novel foods

assessing environmental 
impacts (positive, negative)

developing cultivation methods



Mussel farming: Habitat restoration



Seaweed farming: Positive environmental impact

• Baltic Sea: Low salinity environment.

• Existing cultivation technologies from 
other seas are not viable.

• Necessity to utilize local species and 
forms.

• Potential for positive environmental 
impact.



Source: Ecopelag
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