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Conditions that enable
individual and collective actions

® Inclusive governance
e Diverse knowledges and values
* Finance and innovation

* |ntegration across sectors
and time scales

® Ecosystem stewardship

» Synergies between climate
and development actions

* Behavioural change supported
by policy, infrastructure and
socio-cultural factors
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resilient development

— Equity and justice
[
= £ SDG achievement
o
2 g of \
%EE g M
TER % 4 —
v O —
:_g% ‘A
2I8 & : L
27 g High emissions
S0E £ 3 Entrenched systems
S Past conditions Y : >/ I\

(emissions, climate

Conditions that constrain
individual and collective actions

® Poverty, inequity and injustice

* Economic, institutional, social
and capacity barriers

* Siloed responses

® Lack of finance, and barriers
to finance and technology

¢ Tradeoffs with SDGs

change, development)
have increased warming
and development gaps persist

Prospects for climate
resilient development will
be further limited if global
warming exceeds 1.5°C and
if progress towards the SDGs
is inadequate
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2. measures
3. good practices
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Scope 1

Port direct

O
=B

Port-owned fleet
vehicles, buildings,
stationary sources
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Scope 2

Port indirect
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Purchased electricity for
port-owned buildings and

operations

Scope 3

Port tenants and other sources

| 9@

Ships, trucks, cargo handling
equipment, rail, harbour craft, port
employee vehicles, buildings,
purchased electricity
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TOETAVAD MATERJALID

Organisatsioonide KHG jalajilg

Meetmete kliimamoju hindamine

Kliimavaldkonna uuringud

%\ KESKKONNAMINISTEERIUM y\ @) Otsing >

Rahvusvaheline Kaasamine, Ministeerium,
Ringmajandus Kliima koostdo, keskkonnateadlikkus kontakt,
v v vilisrahastus v v uudised v

2  Klima  Toetavad materjalid ~ Organisatsioonide KHG jalajélg

Organisatsioonide KHG jalajalg

Selleks, et hinnata ettevotte tegevuse mdju kliimale ning kavandada organisatsiooni

KHG jalajalg on iks osa organisatsiooni keskkonnamajust.

Keskkonnaministeeriumi tellimusel koostatud suunised ja arvutusmudel toetavad Eesti ettevdtete ning organisatsioonide KHG jalajélje

arvutuste uhtsetele alustele viimist.

tegevusi selle vahendamiseks, on oluline arvutada vélja kasvuhoonegaaside (KHG) jalajalg.

Ukraina
info



Linking different
technologies and
databases:

Huge data and
analysis challenge




MS Dynamics 2009 Database.
MS SQL Server 2008
v v v v v v
& N T\ ™ Z N 2N\
[ W \ /Auxiliary fleet services | | i i \ Vehicles
Electricity consumption Heat production and in port ;re)a(;r‘l’v: s (FlexPort) Fuel consumptions
(Axapta) consumption (Axapta) (FlexPort) ( ) (Axapta)
A 'SOL query was writien A SQL query was written
A SQL query was written to cqllecf A SQL query was written Vto collect A SQL query was written to to collect data on ship o collect data on vehicles| | ASQL query was written _to collect
data on electricity consumption. data on heat consumption and collect data on workfleet S e from ship data on fuel consumption by
Tne_ r_esult is stored i'n a table production. The result i_s storedina | |services. The result is stored in storéd in a table arrivalvsldepartqres The transport. The result i_s storedin a
"electricity_consumption_axaptg" | table “heat_consumption_axapta" a table "vessels_axapta" result is stored in a table | | table “fuel.consumption_axapta”

4 \'vessels_axapta_workfleet”/ \_ "machinery_axapta" )y ¢

& > <

\.

/
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BlueFlow mail import
TS LAEVAD
TARK SADAM
Written program for processing data coming to
the address co2@ts.ee. It reads mail and saves |

data to a table "BlueFlow"

Written program for getting vehicles data from
ro-ro arrivals/depariures. The program runs
manually. It saves data to table

A “vehicles_tarksadam”

AIS Receiver
Transport Administration

The program AlS_Data_Viewer_V1.2

collect AIS data and saves to database AlS DSl GXLIEIDE Thquest 10 I8 TLarspiors

Administration
C02 Data base Written program for getting vehicles parameters from ARK
register based on input from Tark Sadam. The program
runs manually. It saves data to table
"unique_vehicles_emission_parameters”

The VISITING_SHIPS_UPDATER program
manages the AlS data viewer, EMSA data and
calculates ship emissions during voyages for the
visiting_ships

EMSA
report CO2 emissions
Visits to the Old Harbor Marina

EMSA (http://iwww.emsa.europa.eu/we-
do/digitalisation/2-news/3602-thetis-mrv-a-look-
at-the-first-reporting-period-of-co2-emissions-
data himl) emission parameters, which reports
the carbon emissions of ships calling at the Port

of Tallinn.

Reservation report and log when importing Old Town
Marina file was created by "Marina Ahoy Ltd"
Import the file into the database table yachts_input

Presentation Layer

TS OPERATORS WEB APP KPI WEB APP

PowerBl report

D TS data sources (Axapta, Tark Sadam) External data sources |:| CO2 Database . Applications




Tallinn Port Emission DB Application

PERFORMING OPERATORS' SURVEYS EDITING MAIN TABLES

OPERATORS’ SURVEY TABLES MAIN TABLES

Key building blocks:

electricity consumption electricity consumption Tallinn Port electricity consumption

heat production heat pi Tallinn Port fuel consumption

heat consumption heat consumption Tallinn Port heat consumption

machinery machinery Tallinn Port machinery

e central database

Blue Flow workfleet

Smart Port yachts

e supporting databases
e e * calculation scripts

vehicle types vehicle fi distrit

fuel types fuel prices gate parameters

| e visualization tools

e —— AIS

- 4&— THETIS-MRV R
MASTER QUERY

Tables managed by Tallinn Port MASTER TABLE
Tables generated by scripts

Tables generated by operators app!

Parameter tables

Emission reports
by
Power BI




COLLECTING DATA FROM TENANTS &
| [ SIMPLER DATA HANDLING

[ Y Operaatorid Alexela Logistics AS, Alexela Terminal AS

olectricity consumption . tricity corsumption Tallinn Port electricity comumption Operaator Taitja Ametinimi Telefon Email

" Alexela Logistics AS, Alexela Te Aleksandr Dalton Aleksandr.Dalton@alexelaterminal ee
beat production production Lalinn Port fuel consumption Loo kdigile uued kiisimustikud
‘N - . salvesta JCTEARIY
heat comumption (ontemption Tallunn Fort heat conumpthon Kopeeri CSV  EXCEL PDF Otsk:
N Staatus
machinery Nimvery Tallinn Port machinery el
Operaator L THitia (aruandluse Loo jargmise aruandluse 3asta kiisimusti m
aasta)
r wevsels visiting vessely )
Alekon Property AS Esitamata (2020) Aruandluse aasta Sadam Staatus Kuupiev
Alexela Logistics AS, Alexela | 2 2 10.09.202
Flow workfleet .g X A ksands bafton Esitatud (2020) 2020 Paldiski ldunasadam Esitatud 0.09.2021
Terminal AS 2019 Paldiski Iunasadam Esitatud 28.07.2021
Smant Pont yachts Aster Metal OU & Kernel

viadimir.astermetal@gmail.com Esitatud (2020)
Trading 00, Hoidla tee 00

Autolink Group AS, Autolink

kristjan reigo Esitatud (2020

PDI Services OU

Baltic Bearin=~F==sa=:Afl  ~llasimeAbil aioac .

Baltic Oil Ser

Bulk & Tank ¢
DET AS
akixses porty emiulan wourcet ESTEVEAS
vohicle typesy vehicle frequency distifdution emiSUon parameten L"“""’:JUE Seadme tiiiip * Keskmine kiitusekulu (kWh tunnis)
HHLA TK Estq
tuel types fuel peiee §ate parameten inflot AS Laadimisvars 15
ITT Baltic OU i
Katoen Natie TEI.Efon Emall
- Kiituse liik * Aastane keskmine kasutus iihe seadme kohta (tundi)
FERGRES Aleksandr.Dalton@a
EIEkter - —
AlS & THETIS-MRV Arv Kiitusekulu kokku (kWh) *
MASTER QUERY T
* Taiitmine kohustuslik
- Staatus Kuupdev
Tadie Telbon Port | Y
Tables generated by scrigts

Esitatud 28.07.202
Tables generated by operstors app

Parameter tables

020)

ZEZ: 2020 Oldised kiisimused Liikuv tehnika jm seadmed Statsionaarsed seadmed Soojustarbimine Soojustootmin Elektritarbimine
020)

o) JKNr Seadme tiilip Arv Keskmine kiitusekulu Aastane keskmine kasutus iihe seadme kohta (tundi) Kiituse liik
29 1 Laadimisvars 1 15 kWhtunnis Elekter
020) 2 Torustike elektrikiite 1 76 kWhtunnis Elekter

12020)




COLLECTING DATA FROM DBs
MANAGED BY THE PORT OF TALLINN

P
P
e 2EED -
5 S
3 N
R
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\\
~
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Bl
l
AIS o THETIS-MRV i

MASTER QUERY




ehectricity comaumption

heat production

he #t contumption

NNy

akaxses porty
vehicle types vehicle frequency distiibutions
tuel types tuel peiesy

Tallinn Port electricity conmumption
Talinn Port fuel contumetion
Tallenn Port heat comumption
Tallinn Port machinery

visting vessely

N LOuUrced

On parameten

$2ie parameten

AIS &— THETIS-MRV

MASTER QUERY

Tabies managed by Tallnn Port
Tables genevated by scrpts

Tables peneratad by Operstors app

Pasameter tables

BLUE FLOW (TSL ship fuel and electricity)




SMART PORT & TRANSPORT ADMINISTRATION

" l
!
oy
/3858 TRANSPORDIAMET \ Q otsing >
R Rlian Port fual consumgtion Ohutus ja Maanteed, veeteed, Liikuvus ja Maa-, vee-, Uudised, ametist ja Laevad
'n Tallenn Port hea 0N jarelevalve v ohuruum v transpordikorraldus v ohusoiduk v kontakt v Eestilipu alla
T wy Port Naery

akases port emisia urce
vohicle type vehicle frequency distiibution emisUon paramets
tuel peiees gite paramete

4— THETIS-MRV
MASTER QUERY

Tabies managed by Tallnn Port

Tables generated by scrigts

Tables generatad by operstors app

Pasameter 1able
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MASTER QUER

pe

Y

THETIS-MRV

VISITING SHIPS

L O, EMISSION REPORT

7 on ths meeitading,raporting and verlfcation of €0 amissians frem madims iranspor. Informaton is acesssbla thisisgh 13 ssarch tool ur can b Gaported I a speaadshaal s arihar analysis

Fubiicsion of information in accardanc wiih Aricks 71 of Ragulaon (EV)

W shauld b Notad that 2021 5 4 fest s or which THETIS-MRY 10, impace ¢ s United Kngsom's withdriwal om the EL (39 [atich 2 Sakaha

o

Technical efficiency

Total €0 emissions €0, emiss. par distance
™o Hame ship Tyse - Reporting Feriod - e —
Tope (ge0y/enm)
=3 5362304 ASTORIA Bassenger ship e 16816 2018 2451283 022
= a7 maRco poo Passanger s e sass as araz
=n sa17097 MARCO POLO Passenger ship ot agpiicable 2018 2568903 4308
ssinas ReD sTAR 1 Ro-pax s e 5 2018 P 198.08
=n ss1128 RED STAR 1 Ro-pax ship av peees 2018 ta41.34 71
Update visiting ships - a x

START |Step 1 Step 2|Step 3 |Step 4 Step 5 Step 6 Step 7 Step 8

Configure update of vsiting ships

Last update 2022-12-31 Save configuration

Update frequency 4

[ automatic update

ignore steps with start/stop AlS Data Viewer
[ delete AIS data from database on complete
delete AIS data CSV files on complete

Start manually ‘ ‘ Run now 1 cycle ‘

Automatic update not started. ‘

28, al e vertiod Infurmation submiisd by companies a tha Eurepean Commission fo iha rspariing yaar 2018 s acsasslblo

€0 vmiss. par transp. work

2129.78 g O3 / pax - miles

993,14 5 COx / pax - n mides.

52.52 g COs { pax - n miles

839,96 5 CO1 / pax - n miles

474949

€03 / pax - n miles.
511.21 5 CO3 / m tonnes - 1 miles

2.07 g €03 / pax - nmiles
2,60 CO3 / m tonnes - n miles




MASTER QUERY

---- FUEL.CONSUMPTION_AXAPTA accountnum !'= 4211 - not aux fleet, other, marked as PC

SELECT
1 as scope
,mt.YEAR as year
,mt.MONTH as month
,'fuel.consumption_axapta - accountnum != 4211 as datasource
,(select alias_name from aliases where field_name = 'machinery' and lang = @language) as source
,"" as VessellD
,(select alias_name from aliases where field_name = 'mobile_equipment' and lang = @language) as
source_category_1
,(select alias_name from aliases where field_name = 'PC' and lang = @language) as
source_category_2 --- ???

,(CASE
WHEN mt.SADAM = 'Sadamavalitsus'
THEN (select alias_name from aliases where field_name = 'Vanasadam' and lang =
@language)
ELSE (select alias_name from aliases where field_name = mt.SADAM and lang =
@language)
END) as port
,"" as terminal

,(select alias_name from aliases where field_name = 'ts_group' and lang = @language) as
organization

,'Tallinna Sadam' as organization_2 -- TS Sadam?

,'Tallinna Sadam AS' as company -- TS Sadam?

,"" as consumption_type

,(select alias_name from aliases where field_name = lower(mt.FUEL) and lang = @language) as

AlS THETIS-MRV

MASTER QUERY

fuel_type
,mt.SUMMA/prices.price as energy_consumption
,SUBSTRING([SEI_unit], CHARINDEX('/',[SEI_unit],0)+1,LEN([SEI_unit])-
CHARINDEX('/',[SEI unit],0)+1) as consumption_unit
,ft.SEI_unit as energy_consumption_unit
,"" as oper_line
,"as vvv_count
,0 as co2
,(mt.SUMMA/prices.price) *
ft.SEI_coefficient * 0.001 as co2eq
FROM [fuel.consumption_axapta] as mt
left outer join fuel_types_SEI as ft on
lower(ft.fuel_type) = --lower(mt.FUEL)



Tallinn Port Emission D8 Application

OPERATORS’ SURVEY TABLES

e v DS il J
Y, LC] \tf bﬂ “ve
Co2 eq by Skoop £ Co2 eg by Organesatsioon Z Co2 eg vs eelmine 2asta
A0 (10 U 24 34K"
-
Goal: 26 91K [-9.56%)
Oegamizataioon
:" @73 Laevad
O hppeg
.
- @ders Sadem
akases ports embian sourcet ?3:.:
[ wehicle types vehicle fre & lssion p. el A% o
toel types fuel prieey §ite parameten
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MASTER QUERY ol aaia A osoms s
2
1”‘"'"r‘ e
9 R
'-u.-ul:l'\ Sontned
A ot o
; - e EN 2. - o s
/Emission reports’ NGTCo? ea SCslee

by
Power Bl




GHG EMISSIONS CALCULATION SYSTEM FOR PORTS

4 »
"\m(*
r,‘m\' TRANSPORDIAMET \ @ Otsing >
J r n rt fue metion % i o " g
- ‘ Ohutus ja Maanteed, veeteed, Liikuvus ja Maa-, vee-, Uudised, ametist ja Laevad
Hon Tallnn Port heat conmumpton jarelevalve v Ohuruum v transpordikorraldus v Ohusdiduk v kontakt v Eesti lipu alla
T vy Fot Naery
other vexaeh visiting ve oly
Blue Flow workfleet
Sman Pont yachts
akixses porty emiaulan wource
vohicle type vehicle freguency distibution aramet
fuel type fue e gite paramets

AIS &— THETIS-MRV
MASTER QUERY

Tabies managed by Tallnn Port

Tables generated by scrigts
Tables generatad by operators app

Pasameter 1able
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Key messages

* Hybrid approach combining existing
methodologies

e Using direct inventories wherever possible

e Data collection and validation is the most
time consuming phase — need to
automate this process

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

e 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).
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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.

Changes in siltation and light regime
Abrasion

Nitrogen and phosphorus enrichment
Input of organic matter

Smothering

Substratum loss

Introduction of non-indigenous species

Multiple unspecified pressures

)
—— W —— gy e N W N - -

Litter

Selective extraction of species
Introduction of non-synthetic compounds

Introduction of synthetic compounds

Introduction of other substances
Salinity regime change I

Aesthetic pollution

Introduction of radionuclides

Water flow rate changes I
Introduction of microbial pathogens
Thermal regime change

Noise

Electromagnetic changes

Selective extraction of non-living resources

0 10 20 30 O 10 20 30 O 10 20 30 10 20 30
Sublittoral soft Sublittoral hard Deep sea Broad scale



Baltic Sea is a transboundary ecosystem
with large watershed area

4'E 8E 12°E 16°E A0E 24'E ZBE 2E EE 40°E A'E

Eutrophication integrated assessment results

EQRS

B High

[ Good

[] Moderate
[ Poor

8 Bad

[ Not assessed

Confidence
I High
[] Moderate
[ Low

¥ HELCOM







HELCOM Baltic Sea action plan (BSAP) environmental targets

&

Baltic Sea unaffected by eutrophication Favourable status of Baltic Sea biodiversity %))
- Clear water - Natural marine and coastal landscapes \J\) ®
- Natural level of algal blooms - Thriving and balanced communities of plants and \ \@

- Matural distribution and cccurrence of plants and animals S

animals - Viable populations of species “\K)

- Natural oxygen levels

A Hazardous substances \ A
””’lllllllll

Baltic Sea undisturbed by hazardous substances Enviromentally friendly maritime activities

- Concentrations of hazardous substances close to - Enforcement of international regulations - no
natural levels illegal discharges

- All fish are safe to eat - Safe maritime traffic without accidental pollution

- Healthy wildlife - Efficient emergency and response capabilities

- Radioactivity at the pre-Chernobyl level - Minimum sewage pollution from ships

- No introductions of alien species from ships
- Minimum air pollution from ships

- Zero diSEha rges fl"Clm Oﬁshore plalfﬂl’l“l’ls VectorStock VectorStock.com/1022925
- Minimum threats from offshore installations




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

PHYSICAL
RESTRUCTURING

EXTRACTION OF
NON-LIVING RESOURCES
PRODUCTION

OF ENERGY

EXTRACTION OF
LIVING RESOURCES

CULTIVATION OF
LIVING RESOURCES

TRANSPORT

SECURITY & DEFENCE
EDUCATION & RESEARCH I

HUMAN ACTIVITIES

Land claim

Canalisation, other watercourse modifications
Coastal defence, flood protection

Offshore structures

Restructuring of seabed morphology

Extraction of minerals

Extraction of oil and gas

Renewable energy generation and infrastructure
Non-renewable energy production
Transmission of electricity and communications
Fish and shellfish harvesting

Fish and shellfish processing

Marine plant harvesting

Hunting and collecting for other purposes
Aguacuture - marine

Agriculture

Forestry

Transport infrastructure

Transport - shipping

Transport - land

Military op

Research, survey and educational activities

PRESSURES

Input of nutrients

Input of organic matter

Input of hazardous substances
Input of litter

Input of sound

Input of other forms of energy

Input or spread of
non-indigenous species

Input of genetically modified species,
translocation of native species

Input of microbial pathogens

Disturbance of species

Extraction of species
or mortalityfinjury to species

Physical disturbance to seabed
Physical loss of seabed

Changes to hydrological conditions

SUBSTANCES

ENERGY

BIOLOGICAL

PHYSICAL



Complex ecosystems
with multiple
feedback loops




Creativity + Action
= [nnovation




How to effectively bridge the gap between science and policy?

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).




Ecological digital twin for dynamic impact assessments and
mitigation strategies




Ecological digital twin: New generation ecosystem models
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Communities &processes




Modelling

All models are wrong, but some
are very useful

George E. P. Box




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

~Sal T

_ Hyperspectral image

PCA components

Biology

Geology
Topography




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

Positive effects

Response ratio

{
Negative effects




Calculating cumulative impacts

Spatially explicit impact map Spatially explicitimpact map
(Scenario B) (Scenario A)

Extensive

distribution data

Spatially uniform impact map Spatially uniform impact map

(Scenario D) (Scenario C)

Limited

No-data
situation
(Scenario E)

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



Ecosystem condition

Ecological digital twin: Management model

Precautionary Confidence Undesired
buffer interval regime

< >
\ Ecosystem
P threshold
estimate

Driver or cumulative impact —»
<4— Restoration effort

A transition from current management to true ecosystem-based management



Ecological digital twin: Decision Support Tools

ODSS
Operational Decision Support System PlanWise4Blue Europe EcoSensivity tool

- @ @\
- oo o o
- S - G

The blue mussel and macroalgae farming application - a platform for Your science-based compass for managing All-in-one tool for smarter oil spill response with real-time damage, drift,
uploading, analysing and sharing information multiple pressures on marine assets and impact models
ABC planner
Your area-based conservation planner

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



PWA4B: Simple-to-use web tool

The PlanWise4Blue tool quantifies cumulative human impacts on key ecosystem elements at 1 km? spatial scale

[

- '- ~:;{ Y f; ;'})‘
vBLUEEBIO SIFESeY" o |

*#

Where cumulafive\irhpact analyses'meet the fu .

gy,

ODSS

Operational Decision Support System EcoSensivity tool

The blue mussel and macroalgae farming application - a platform for All-in-one tool for smarter oil spill response with real-time damage, drift,
uploading, analysing and sharing information and impact models

| 38




Key building blocks of the tool

Updated maps of nature assets

Any scenario involving a combination
of human activities

Innovative algorithm predicting
environmental impacts

| 39



Innovative algorithm: GIS perspective

| 40




Workspace view (defining workspace)

ﬂ " PW4B - Estonia s PW4B - Baltic Sea W Home & msp~
M Input Layers
Scenario 4
[ Workspaces potreody
Cverview s Human pr w Nature (- el results

Scenario 4 .

How to prepare and run model

Workspace Timestamp

Scenario 1 20.04.2021 12:40°50 One can prepare and run several human impact scenarios. Scenario consists of lists of human pressures and nature assets. To prepare a new scenario user can create a new workspace on the left side pane. With selected workspace user can start preparing
the lists of human pressures and nature assets on the corresponding tab page.

Scenario 2 25.05.2021 08:07:47
Please select existing workspace from the left side pane or create a new one

Scenario 3 25.05.2021 11:05:19

Scenario 4 26.09.2021 16:41:01

Workspace name Timestamp

Current workspace's layers
26.09.2021 16:41:51

Scenario 4

Description

Submit

Model inputs for current scenario

Human pressures Nature assets Human impact calculation

N = & Run mode



Workspace view (results)

/ﬁ‘l "® PW4B - Estonia % PW4B - Baltic Sea W Home - msp~
W Input Layers
Scenario 3

B’ Workspaces m

Overview % Human pressures ® Nature assets 3 Model results
} Enter new workspace name.. m

Initial nature values ° Model result values
Worksp T P
| Scenario 1 20.04.2021 12:40:50
Scenario 2 25.05.2021 08:07:47
Scenato3 2505202111051
Scenario 4 26.09.2021 16:41:51

Current workspace's layers
< Left side map <

v M Nature assets initial
[] Bird - Benthos feeders
[A Bird - Fish feeders =

11

[] Bird - Migration routes

[ Bird - Wintering areas

I1f

[J Fish - Herring spawning areas

11

[ Fish - Pikeperch spawning areas

[] Fish - Whitefish spawning areas

< Right side map <

D Nature assets negative change

> Nature assets positive change

3 Nature assets end value

D Nature assets maximum end value

v Nature assets minimum end value
[ Bird - Benthos feeders [2]

[ Bird - Fish feeders 3] = s
[ Bird - Migration routes [S] = e e !

onian Environment Agency, Esri, HERE, Germin, FAG, NOAA, USGS

Lat/Lon 61.108 20.106

Sources: Esri, USGS | Estonian Environment Agency, Esri, HERE, Garmin, FAO, NOAA, USGS Powered by Esri

[] Birds - Wintering areas [6]

11

Sources: Esri, USGS | Powered by Esri

[J Fish - Herring spawning areas [7]

[] Fish- Pikeperch spawning aress [8]
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Oil spills




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.

| 44



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

n ———— — s

|
2
o

}

i — 100 ; PWA4B: Calculating impacts
.
L (Environmental Sensitivity Index)




A BlueBioSites

Men

Od Tomber 2

hp name

O Tonher 2

hp type

Accidental Damage and Spill Assessment Model (ADSAM)

w
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Megisioment 1
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Ihp vope angle

Resiry

Oemoge wngth =
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* NIS pose a significant threat to ocean
ecosystems.

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

Evidence on NIS distribution Evidence on NIS impact

_M LIMITED LIMITED RICH

Spatial distribution Expert-driven Data-driven
Areal mean
model outcome outcome
abundance . :
(abundance) (meta-analysis) (meta-analysis)

h 4
No-data Data-poor Data-rich
situation situation situation

Scenario E ScenarioD Scenario C Scenario B Scenario A



Assessment of NIS impacts in the marine environment

Spatially explicit impact map Spatially explicit impact map
(Scenario B) (Scenario A)

Extensive

Spatially uniform impact map Spatially uniform impact map
(Scenario D) (Scenario C)

NIS distribution data

Limited

No-data Expert-based Data-driven
situation NIS impact knowledge
(Scenario E)




Impact = distribution X abundance X individual ef fect

Meta-analysis

Spatial
modeling

Impact
assessment

b) There is sufficient data to model the spread of NIS.

a) Theimpacts of NIS on the environment are known.

Per capita Hedges'g = ¥ - Yo)/ai 2 2
SDpooled _ |y = 1)SDf + (ne —1)SD¢
SDpooled =
] -1 — 3 n; + Neg — 2
4(n; +n,—2) — 1 Ui

Abundance = f(spatial prediction algorithm)

Impact = Per capita Hedges'g X Abundance

SEpootea = \/pz SEerfect + effect? SE}%




Impact = distribution X abundance X individual ef fect

Murchisonella
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Meta-analysis

Spatial

modeling

Impact
assessment

b) Thereis no data to model the spread of NIS.

a) Theimpacts of NIS on the environment are not known. .

Individual ef fect = mean of expert opinion

SE = variability of expert opinion

Abundance = mean of monitoring station(s)

SE = variability of monitoring station(s)

Impact = Individual ef fect X Abundance SEpp1eq = \/pz

SEZffece +ef fect? SE;



Metaanalysis

An example of a knowledge inventory on _—
Marenzelleria spp., focusing on the a

—O~(142) &

impacts of NIS on various abiotic

. Turbidity - O (3)
properties of ecosystems.
Nutrients - —{ )—(54)
Carbon - —O—(11)
b Water
Oxygen - —(";— (20)
Nutrients - —(—(28)
Habitat modification - —(O—(16)
Cahon] C —85—39) Sediment
0 2
Hedges' g

An inventory of cause-and-effect relationships




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



Response variable:

point data of
substrate or species

O @ o

Predictor variables:
GIS-layers of
environmental data

Mathematical
model

Prediction:

occurrence of
substrate or species

Model assessment

 importance of
predictors

* relationships
between predictors
and response

 model validation
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Assessing the environmental impact of a NIS



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

FINLAND

SWEDEN
* 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 km? scale.

LITHUANIA S




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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