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From marine ecosystem accounting to integrated

governance for sustainable planning of marine and coastal
areas



How to evaluate the combined impacts of human pressures on nature assets?

Marine ecosystems (the Baltic Sea is not the exception) are exposed to a diversifying and intensifying set
of human pressures, suffering in many cases irreversible changes
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How to evaluate the combined impacts of human pressures on nature assets?

The multiplicity of pressures acting simultaneously on marine ecosystems require data and analysis
demanding schemes.

b

Gradients of disturbance to an algal canopy and the
modification of an intertidal community

Danhd & Schint”, Slacte A. Lilhey

Disconnection in the flow of knowledge between science
(specific/technical) and policy (general/layman approach).



A promising solution: PlanWise4Blue

User-friendly online-based tool able to quantify the cumulative human impacts through the explicit
iIncorporation of modelling and mapping advances of MAREA and previous projects and available
empirical evidence of the effects of human pressures on nature assets.
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[# Cumulative impact model

From marine ecosystem accounting to integrated governance for
sustainable planning of marine and coastal areas

SUMMARY OF THE PROJECT

The ecosystem-based approach is a strategy for the integrated management of @ I nte r reg

land, water and living resources that promotes their conservation and sustainable Central Baltic
use in an equitable way. EBA is a cornerstone of many EU directives but to date
there is no clear guidance on how to implement it in practice, for instance, in the
maritime spatial planning processes.

EUROPEAN UNION

European Regional Development Fund

Ecosystems are linked to human well-being through the flow of ecosystem
services, i.e., the benefits the marine environment and its resources deliver to
society such as, the production of economically exploitable biomasses. A weak e
integration of ecology and economy results in a disconnection of economic

analysis from the functioning of ecosystems. Current evaluation approaches hardly

capture the cumulative impact of different human activities on ecosystem services

thereby failing in the achievement of sustainable use of natural resources.

The MAREA project will develop and test novel concepts of ecosystem services
mapping, environmental accounting and sustainability assessment as well as
embed these elements into the PlanWise4Blue portal capable of supporting
sustainable planning solutions in two transnational pilot areas: Finland-Estonia in
the Gulf of Finland and Estonia-Latvia in the Gulf of Riga.




Behind the user-friendly interface...

Knowledge inventory

Positive effects

b

Response ratio

Negative effects

Extract data from
relevant publications

Meta-analyses and
calculation of effect sizes

Nature value ID env_layer_name dredging |windpark |fish farming |[shipping |underwater cabldcommercial fishi{harbours
1|Bird - Benthos feeders 1 1 1 0.9 1 1 0.9
2|Bird - Fish feeders 0.75 1 0.9 0.9 1 0.9 0.9
3|Bird - Migration routes 1 0.75 1 0.9 1 1 1
4|Bird - Wintering areas 1 0.75 0.9 0.9 1 1 0.9
5|Bird - Herbivores 0.7 0.85 0.7 0.9 1 1 0.8
6|Fish - Herring spawning areas 0.75 1 0.9 1 1 1 0.9
7|Fish - Pikeperch spawning areas 0.75 0.9 0.9 1 1 1 0.9
8|Fish - Whitefish spawning areas 0.75 1 0.75 1 1 1 0.9
9|Habitat - Charophytes 0.5 1 0.5 1 0.9 1 0.75

10|Habitat - Fucus 0.9 1 0.9 1 1 1 0.9
11|Habitat - Furcellaria 0.75 1 0.75 1 1 1 0.9
12|Habitat - Higher plants 0.9 1 0.9 1 1 1 0.9
13|Habitat - Richness flora and fauna |0.5 1 0.9 1 1 1 0.9
14|Habitat - Suspension feeders 1 1. 1 1 1 1 0.9
15|Habitat - Zostera 0.75 1 0.75 1 1 1 0.9
16]Seals - All species 0.9 0.75 0.9 0.9 1 0.9 0.9
17|HD - Sandbanks 0.66 1 0.76 1 0.98 1 0.86
18|HD - Mudflats and sandflats 0.63 1.06 0.89 1 1 1 0.9
19|HD - Reefs 0.79 1.06 0.89 1 1 1 0.9

Matrix of effects

The tool integrates current empirical evidence through meta-analysis to define the effects of human

pressures on nature assets (including ecosystems services).




Data extraction from publications:

Types of studies:
Field observations
Field manipulations

Laboratory experiments

Impact

Effect size (response ratio)
= Impact/Control

+ Uncertainty*

* Sample size (more is better)



Meta-analysis (amalgamation of similar studies):

Nature value ID env_layer_name dredging |windpark |[fish farming |[shipping |underwater cabldcommercial fishiharbours
1Bird - Benthos feeders 1 1 1 0.9 1 1 0.9
Positive effeCtS 2|Bird - Fish feeders 0.75 1 0.9 0.9 1 0.9 0.9
3|Bird - Migration routes 1 0.75 1 0.9 1 1 1

o ‘ 4|Bird - Wintering areas 1 0.75 0.9 0.9 1 1 0.9
— 5|Bird - Herbivores 0.7 0.85 0.7 0.9 1 1 0.8
© 6|Fish - Herring spawning areas 0.75 1 0.9 1 1 1 0.9
— | 7|Fish - Pikeperch spawning areas 0.75 0.9 0.9 1 1 1 0.9
O 8|Fish - Whitefish spawning areas 0.75 1 0.75 1 1 1 0.9

8 9|Habitat - Charophytes 0.5 1 0.5 1 0.9 1 0.75
o 10{Habitat - Fucus 0.9 1 0.9 1 1 1 0.9
o ‘ 11{Habitat - Furcellaria 0.75 1 0.75 1 1 1 0.9
(%] 12|Habitat - Higher plants 0.9 1 0.9 1 1 1 0.9
Q 13|Habitat - Richness flora and fauna |0.5 1 0.9 1 1 1 0.9
D: 14|Habitat - Suspension feeders 1 1.25 1 1 1 1 0.9
15[Habitat - Zostera 0.75 1 0.75 1 1 1 0.9
Negative effects 16]5eals - All species 0.9 0.75 0.9 0.9 1 0.9 0.9

17|HD - Sandbanks 0.66 1 0.76 1 0.98 1 0.86
18[HD - Mudflats and sandflats 0.63 1.06 0.89 1 1 1 0.9
19[HD - Reefs 0.79 1.06 0.89 1 1 1 0.9

Study 1 — - Number of studies (more is better)
Study 2 : 1

Study 3 . -

Study 4 = ] .

Study 5 : Purposes of uncertainty estimates:

Study 6 o » '

Study 7 =

Study 8 = ' . . . .
Study 9 o m 1. Provides precision to assessment calculations
Study 10 ; = . .

Study 11 E . (immediate)

Study 12 5 ' 2. Indicates research areas the deserve more
attention (future)

FE Model ——
| T T T T T |
-02 0 02 04 06 08 1

Observed Outcome



Behind the user-friendly interface...

Cumulative Impact Assessment

« Combines layers of nature asset values and
human pressures (derived from project efforts
and European data infrastructure).

* Incorporates evidence on how different
human pressures affect different nature
assets.

* Quantifies in real-time the effects of these
pressures at 1 km? scale based on the current
best available data and knowledge.




Cumulative impact model
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[ Cumulative impact model

How to prepare and run model

MAREA Helsinki
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.

Workspace Timestamp
scenario 2 01.06.2022 23-:00:02 I Please select existing workspace from the left side pane or create a new one.
SYKE Workshop 17.06.2022 14:37:12
new scenario 21.06.2022 08:57:28
EST workshop 19.08.2022 23:55:53 Werkspace name Timestamp
MEM Tddtuba 07.09.2022 21:24:04 -EE-
- 25.10.2022 09:55:47
MAREA Helsinki  25.10.2022 09:55:47 v IMAREA Helsink
Current workspace's layers Description
4
Submit
Model inputs for current scenario
Human pressures Nature assets Human impact calculation
~ ~ 8 Run model



Cumulative impact model
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Sustainability compass

Overview

e Human pressures

[# Cumulative impact model

MAREA Helsinki

Workspace
scenario 2

SYKE Workshop
new scenario
EST workshop
MEM Tootuba
MAREA Helsinki

Timestamp

01.06.2022 23:00:02 ~
17.06.2022 14:37:12
21.06.2022 08:57:28
19.08.2022 23:55:53
07.09.2022 21:24:04
25.10.2022 09:55:47 w

Current workspace's layers
e Human pressures

Extraction of minerals [14]
Harbours [8]

Pelagic trawling [6]

Shipping intensity [4]

Windpark areas [2]

Dredging and dumping areas[1]

Available human pressures &

Underwater cables [5] ~

Pelagic trawling [6]

Benthic trawling [7]

Harbours [8]

Military activities [9]

Wastewater discharge outlet [10]
MNutrient load [11]

Mussel and algal cultivation [12]
Coastal defence [13]

Extraction of minerals [14]

Marine plant harvestinal151 N
ter +
Stockholm
N
MNykoping

Lat/Lon 59.789 28.708

Vishy
Esri, HERE, Garmin, USGS | Esri, HERE

w» FEcosystem Services

I Model results [[ETE

Human pressures in workspace &

Dredging and dumping areas [1]
Windpark areas [2]

Shipping intensity [4]

Pelagic trawling [E]

Harbours [8]

Extraction of minerals [14]
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Cumulative impact model
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# Cumulative impact model

MAREA Helsinki

Workspace
scenario 2

SYKE Workshop
NEW SCEnario
EST workshop
MEM Téotuba
MAREA Helsinki

Timestamp

01.06.2022 23:00:02
17.06.2022 14:37:12
21.06.2022 08:57:28
19.08.2022 23:55:53
07.09.2022 21:24:04
25.10.2022 09:55:47

Current workspace's layers

o

Human pressures

Extraction of minerals [14]
Harbours [8]

Pelagic trawling [6]

Shipping intensity (4]

Windpark areas [2]

Dredging and dumping areas [1]

& PWA4B - Estonia vers 2021 /& PWAB - Gulf of Finland

MAREA Helsinki

Overview s Human pressures

Available human pressures o

Underwater cables [5] ~

Pelagic trawling [6]

Benthic trawling [7]

Harbours [8]

Military activities [9]

Wastewater discharge outlet [10]
Nutrient load [11]

Mussel and algal cultivation [12]
Coastal defence [13]

Extraction of minerals [14]

Marine plant harvestinal151 N
ter T
Stockholm
i
Nykoping

Lat/Lon 59.800 21,556

Vichy
Exri, HERE, Garmin, USGS | E=ri, HERE

W Ecosystem Services

3 Model results [EETED

Human pressures in workspace o

Dredging and dumping areas [1]
Windpark areas [2]

Shipping intensity [4]

Pelagic trawling [6]

Harbours [8]

Extraction of minerals [14]

LR
T

&

e ESTOMIA

# Home & msp@s

Human impact calculation
not |

+Save list ) Run model
#eBuild combinations
. o]
- BB
A, A h
Kohtla-Jarve Kingise Editor _ o
Edit feature >
Add feature >
Tartu
a - v
Pskov

Powered by Esri



Cumulative impact model

@ P\W4B - Estonia
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[# Cumulative impact model

Enter new workspace name

Workspace Timestamp

scenano 2 U106 2022 230002
SYKE Workshop 17.06.2022 143712
new scenario 21.06.2022 08:57:28
EST workshop 19.08.2022 23:55:53
MEM Tootuba 07.09.2022 21:24:04

MAREA Helsinki 25.10.2022 09:55:47

Current workspace's layers
W MNature assets

- Ecosystem Services Initial

Aquatic vegetation material (index 0...1) A g

Furcellaria lumbricalis population ~
biomass (t km2)

day)

Ulva intestinalis farm biomass yield (kg -

a
] Ulva intestinalis farm growth rate (% per v
a
per rope m in month)

a

Fucus vesiculosus farm growth rate (% per =7
day)

& PWA4B - Estonia vers 20: & PW4B - Gulf of Finland
MAREA Helsinki
Overview e Human pressures

Available nature assets

Aquatic vegetation material (index 0 1)

Furcellaria lumbricalis population biomass (t km2)

Ulva intestinalis farm growth rate (% per day)

Ulva intestinalis farm biomass yield (kg per rope m in month)
Fucus vesiculosus farm growth rate (% per day)

Fucus vesiculosus farm biomass yield (kg per m3 in season)
Mussel farm yield (tonnes wet weightper per harvest)

Farmed mussel length (cm)
Trout farm yield (tonnes wet weight per year)
Farmed trout length {cm)

olm

Wishy

W Ecosystem Services GG EEEY not ready |
& Nature assets in workspace
- Aquatic vegetation material (index 0__1)
- Furcellaria lumbricalis population biomass (t km2)
- Ulva intestinalis farm growth rate (% per day)
Ulva intestinalis farm biomass yield (kg per rope m in month)
- Fucus vesiculosus farm growth rate (% per day)
v
Tallinn Kohtia-Jarve ErTis
‘ - ESTONIA
Parnu Tartu
Pskov

=

Gulf of Riga

Ventspils

saved
« Save the list

Human impact calculation

Kirishi

Velikiy
Novgorod



Cumulative impact model

® P\W4B - Estonia & PW4B - Estonia vers 2021 & PWA4B - Guif of Finland #® Home & msp@seaee ~
MAREA Helsinki

W Input Layers

€ Sustainability compass Overview % Human pressures ¥ Ecosystem Services D Model results
[# Cumulative impact model

Results o Resuits
Enter new workspace name + l
Tampere Tampere
+ B8 + g8
Workspace Timestamp o 3 o f 2
scenario 2 01.06.2022 23:00:02 PS
SYKE Workshop 17.06.2022 14:37:12
) , Lappeenranta . , Lappeenranta
new scenario 21.06.2022 08:57:28 ﬂ% Hameenlinna Lahti fm Hameenlinna Lahti
EST workshop 19.08.2022 23:55:53
MEM To6tuba 07.00.2022 21-24-04 « > [ Human activities edit test " L > [ Human activities edit test y
L or ™ or

MAREA Helsinki 25.10.2022 09:55:47 v D Ecosystem Services Impact e > Ecosystem Services Impact e
Current workspace's layers Kotka Kotka

e Left side map <
- e i

Helsinki Helsinki
No legend Gulf of N Gulf.of I,
Fintand ain ain
2 Right side map < Petersbu Petersbt
No legend
Tallinn Kohtla-Jarve Kingisepp Tallinn Kohtla-Jarve Kingisepp
ESTONIA ESTONIA
Parnu Tartu Parnu Tartu
Lat/Lon 59.800 26.500 Lat/Lon 59.800 26.500

Esri, HERE, Garmin, USGS | Esri, HERE Powered by Esri Esri, HERE, Garmin, USGS | Esri, HERE Powered by Esri



Cumulative impact model

® PWA4B - Estonia
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W Input Layers

@ Sustainability compass

[# Cumulative impact model

Enter new workspace name

Workspace
scenarno 2

SYKE Workshop
new scenario
EST workshop
WMEM Tadtuba
MAREA Helsinki

Current workspace's layers

- Leftside map
No legend
« Right side map

No legend

Timestamp

U106 2022 230002
17.06.2022 14:37:12
21.06.2022 08:57:28
19.08.2022 23:55:53
07.09.2022 21.24.04
25.10.2022 09:55:47

MAREA Helsinki

Overview

Results

Tampere

] Hameenlinna

« p 0 Human activities edit test

% Human pressures

w® [Ccosystem Services

Lappeenranta

Laht

- Ecosystem Services Impact

Vyborg

[> [[] Fucus vesiculosus farm growth rate
(% per day)

[» [ Ulva intestinalis farm biomass yield
(kg per rope m in month)

Kothka

Ulva intestinalis farm growth rate (%
g9
per day)

[» [ Furcellaria lumbricelis population
biomass (tkm2)

- Aquatic vegetation material (index

[] initvalue -

[ end value Kohtla-Jarve Kingisepp

] end meximum value
] end minimum value

[] decrease

4 4 4 4 4

[] incresse

Parnu Tartu

Lat/Lon 61.588 27.571

Esri, HERE, Garmin, USGS | Esri, HERE

O3 Wodel results [Ty

Saint
Petersht

Powered by Esri

Results

Tampere

f Hameenlinna Laht

« [ Human activities edit test

v Ecosystem Services Impact

[ [] Fucus vesiculosus farm growth rate
(% per day)

[» [ Ulva intestinalis farm biomass yield
(kg per rope min month})

Kotka

va Intestinalis farm growth rate
Ulva i inaliz f: g h (%
per day)

[» [ Furcellarie lumbricalis population
biomass (t km2)

14 Aquetic vegetation meterial (index
0.1}

[] init value -

Kohtla-Jarve
[] end value
[ end maximum value

[ end minimum value

[] decrease

4 4 4 44

[] incresse

Parnu Tartu

Lat/Lon 59.268 22,770

Exri, HERE, Garmin, USGS | Esri, HERE
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Vyborg

Kingisepp
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a8

Saint
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Powered by Esri



Cumulative impact model
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Enter new workspace name

Workspace Timestamp

SCEnario 2 U1.06.2022 23:00:02
SYKE Workshop 17.06.2022 14:37:12
nNew scenario 21.06.2022 08:57:28
EST workshop 19.08.2022 23:55:53
MEM Téotuba 07.09.2022 21:24:04

MAREA Helsinki 25102022 09:55:47

Current workspace's layers
- Left side map

Ecosystem Services Impact
Aquatic vegetation material (index 0...1)

initvalue

oo

B osioo
By - o73-0s
By o307

.

« Right side map

Ecosystem Services Impact
Aquatic vegetation material (index 0...1)

end value

oo
By osi-oo
By - o73-0s

MAREA Helsinki
Overview &% Human pressures
Results
Tampere
+
] Héarmeenlinna Laht

« B [ Human activities edit test

v Ecosystem Services Impact

[ [] Fucusvesiculosus farm growth rate
(% per day}

> [ Ulva intestinalis farm biomass yisld
(kg per rope m in month)

[ [ Ulva intestinalis farm growth rate (3%
per day)

[> [ Furcellariz lumbricelis population
\% biomass (t km2)

~ Aquatic vegetation meterial (index
o
init value -
[] end value
[ end maximum value

[ end minimum velue

[ decrease

!‘ [] increase

4 4 4 4 4

i Lat/Lon 61.357 27.198

Ecri, HERE, Germin, USGS | Ezri, HERE

w®  Ecosystem Services

ol
=[5
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Saint
Petersbt

Kohta-Jar Kingisepp
Powered by Esri
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[
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|
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|
|
|
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Cumulative impact model
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Enter new workspace name Results o Results

Tampere Tampere
Workspace Timestamp 5

scenaro 2 U1.06.2022 230002 ~ . W o e e
SYKE Workshop 17.06.2022 14:37:12 TARA ST . b5 ST S

new scenario 21.06.2022 08:57:28 : 1

EST workshop 19.08.2022 23:55:53

MEM Tédtuba 07.09.2022 21:24:04

MAREA Helsinki 25.10.2022 09:55:47 v

+
+

Lappeenranta Lappeenranta -

Harmeenlinna Laht Hameenlinna Lahti

e

Vyborg

Y

WVyborg

Current workspace's layers
Kotka h*\.. <

w5 S gt el

L B

- Left side map <
- e

- e
ik v A T
Ecosystem Services Impact Hel.‘si,[]i_!i,‘v-:_;'? e
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oo
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.
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< Right side map <

ESTOMIA L t i ESTONIA
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o Tartu ] Y \_ Parnu Tartu
2 ﬁ - e

& Lat/lon 61.582 24.550 \ Lat/Lon 60.788 22.594

Moo A—— . i .

. Ecri, HERE, Germin, USGS | E=ri, HERE Powered by Esri Ecri, HERE, Germin, USGS | Ezri, HERE Powered by Esri
=081-0.9

By - ors-os

Ecosystem Services Impact
Aquatic vegetation material (index 0...1)

end value



Cumulative impact model
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Environmental accounting

New modules based on state-of-the-art economic approaches are being implemented in PW4B for
valuing the supply of relevant ecosystem services (e.g., mussel production under farming conditions,
carbon sequestration and stock for Zostera marina).

For more information: http://www.sea.ee/planwisedblue/home/material

2\ . .
" Supporting material
-] Publications
PlanWise4Blue - Article: 'PlanWise4Blue online tool to integrate evidence-based knowledge into cumulative effects assessments: Linking human pressures to multiple nature
- Estonia assels
- Report: 'PlanWise4Blue Estonia’ (in Estonian)
,’ Invasive species information
PlanWise4Blue « Mudcrab factsheet
- Estonia vers - Réandkrabi infoleht
2021 « WiHdhonnet: Kpab Xappuca
‘ MAREA Project deliverables
- Deliverable 1.1.1 Models and maps
PlanWise4Blue . Deliverable 2.1.1 Conceptual model of Natural Capital Accounting «
- Gulf of . Deliverable 3.1 Concept and user guide Sustainability Compass
Finland - Deliverable 4.1.1 Geoportal
- Output 2.1.1 Conceptual model of Natural Capital Accounting «
w - Output T1.1 Models and maps

PlanWise4Blue
- Baltic Sea
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Blue carbon valuation

IMathematical expressions for the valuation of blue carbon (VE) based on the valuation of carbon
sequestration (VE_CSR) and carbon stocks (VE_CST) for a given ecosystem of interest in a given
year

Price for carbon sequestration (euros per tC)

90.9426

Price for carbon stock (euros per tC)

422704771

Rate of raturn

0.025

Run model
| SUCCESS |

# Home & msp@seaece ~

Blue mussel farming valuation

IMathematical expressions and example calculations for resource rent (RR) and ecosystem assest
(VA) for blue mussel biomass production under farm conditions.

Price (auros per tonne wet weight)

350

Inflation rate

1.02

Farm operational costs (Euros per year)

10000

Farm investment costs (Euros)

50000

Farm other investment costs (Euros)

15000

Expected lifetime of farm investment costs (years)

20

Expected lifetime of farm other investment costs (years)

10

Interest rate

0.05
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