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Integrating knowledge and data for improved GHG 
emissions calculation: The Port of Tallinn case study







CLIMATE CRISIS

Climate neutral solutions: 
1. mapping 
2. measures
3. good practices







Linking different 
technologies and 
databases:
Huge data and 
analysis challenge





Key building blocks:

• central database

• supporting databases

• calculation scripts

• visualization tools



COLLECTING DATA FROM TENANTS &

SIMPLER DATA HANDLING



COLLECTING DATA FROM DBs 

MANAGED BY THE PORT OF TALLINN



BLUE FLOW (TSL ship fuel and electricity)



SMART PORT & TRANSPORT ADMINISTRATION



VISITING SHIPS



MASTER QUERY



POWER BI



GHG EMISSIONS CALCULATION SYSTEM FOR PORTS



Key messages

• Hybrid approach combining existing 
methodologies

• Using direct inventories wherever possible

• Data collection and validation is the most 
time consuming phase → need to 
automate this process

• Strong focus on visiting ships as shipping is 
important source of GHG

• Efficient GHG emission assessment



Future challenges

Ports must standardize their calculation 
methodologies for GHG emissions. This 
requires the development of IT tools that can 
integrate diverse databases, enabling 
meaningful comparisons of emissions across 
ports (Check out the results of the Sustainable 
Flow project).



GHG emissions are only part of the broader environmental 
and climate impact of shipping



HUMAN ACTIVITIES HAVE  IMPACTS

Human-induced pressures are intensifying and becoming more diverse, 
leading to habitat loss. These pressures stem from multiple causes 

operating across various scales.



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



Innovation



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



All models are wrong, but some 
are very useful

George E. P. Box

Modelling



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



Ecological digital twin: limited knowledge 
and ensuring high-quality information
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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: Decision Support Tools

https://gis.sea.ee/bluebiosites/
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PW4B: Simple-to-use web tool

@Jouni Niskakoski

The PlanWise4Blue tool quantifies cumulative human impacts on key ecosystem elements at 1 km2 spatial scale
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Key building blocks of the tool

@Jouni Niskakoski

Updated maps of nature assets

Any scenario involving a combination 
of human activities

Innovative algorithm predicting 
environmental impacts
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Innovative algorithm: GIS perspective

@Jouni Niskakoski

Reading scenario (spatial 
distribution of pressures) 

Reading nature values

Running GIS modelling

Publishing maps on impacts
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Workspace view (defining workspace)

@Jouni Niskakoski
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Workspace view (results)

@Jouni Niskakoski



Oil spills
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Addressing the Complexity of Oil Spill Impacts

Oil Spills Are Highly Specific Events:
• Vary by location, oil type, spill volume, and environmental conditions.

• Require real-time response to minimize immediate damage.

• Have long-term cumulative effects on marine ecosystems.

EcoSensitivity – A New Web Tool:

• Combines oil spill dynamics with cumulative impact assessments.

• Integrates real-time spill data, drift modeling, and ecosystem vulnerability.

• Helps authorities prioritize response actions and long-term restoration.

@Jouni Niskakoski
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ADSAM module

@Jouni Niskakoski

Seatrack Web PlanWise4Blue: human pressures (oil spill) Selection of nature assets

PW4B: Calculating impacts 

(Environmental Sensitivity Index)



| 46



| 47



| 48



| 49



alien species



• NIS pose a significant threat to ocean 
ecosystems. 

• But knowledge of the environmental 
effects of non-indigenous species on 
marine ecosystems is still rudimentary.



BENTHIC COMMUNITIES

Nutrients

Predators

BENTHIC COMMUNITIES

Nutrients

Predators

BEFORE AFTER

mud crab



The increasing amount of data on 
NIS impacts and new analytical 
techniques require a shift from 
expert judgement to data-driven 
analysis



Assessment of NIS impacts in the marine environment



Assessment of NIS impacts in the marine environment



Meta-analysis

Spatial 
modeling

Impact 
assessment

a) The impacts of NIS on the environment are known.
b) There is sufficient data to model the spread of NIS.
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a) The impacts of NIS on the environment are not known.
b) There is no data to model the spread of NIS.
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An inventory of cause-and-effect relationships  

Metaanalysis

An example of a knowledge inventory on 
Marenzelleria spp., focusing on the 
impacts of NIS on various abiotic 
properties of ecosystems.



Spatial modeling of 
species and habitats 
is not a theoretical 
prediction but a 
reconstruction of 
distribution patterns 
based on actual 
mapping data.

Spatial modelling



Response variable:

point data of 

substrate or species

Predictor variables:

GIS-layers of 

environmental data

Mathematical 

model
Model assessment

• importance of 

predictors

• relationships 

between predictors 

and response

• model validation

Prediction:

occurrence of 

substrate or species





Assessing the environmental impact of a NIS

Impact calculation

𝐼𝑚𝑝𝑎𝑐𝑡 = 𝑃𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 𝐻𝑒𝑑𝑔𝑒𝑠′𝑔 × 𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒

𝑆𝐸𝑝𝑜𝑜𝑙𝑒𝑑 = 𝑝2 𝑆𝐸𝑒𝑓𝑓𝑒𝑐𝑡
2 + ⅇ𝑓𝑓𝑒𝑐𝑡2 𝑆𝐸𝑝

2



Assessment of environmental status on 
non-indigenous species (D2) under the 
EU Marine Strategy Framework 
Directive

• Number of new non-indigenous species

• Abundance and spatial distribution of invasive non-
indigenous species

• Spatially explicit assessment of NIS environmental 
impacts: from sub-basins to assessments made on a 
1 km² scale.



NEAT

NEAT: Tool for assessing and 
mapping the impact of invasive 
species



Ecological digital twin: Facilitating the creation of a shared vision
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