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Overarching project aims
* Trans-disciplinary collaboration
* Development of a CIA tool for seabirds

* New knowledge



Cumulative impact assessment (CIA)

Halpern et al. 2008. Science
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Welcome to the MARCIS tool! O 9~ v B Layers Map Satellite Grey

Arctic Ocean
The MARCIS tool is a result of the MARCIS research project.

The MARCIS tool assesses and visualizes cumulative impacts
(CIA) on seabirds from blue growth and climate change and life -
cycle impacts (LCA) on migratory birds from offshore wind farms.
ClA can be customized by species, scale, season, and stressors,
while LCA can be tailored to collision, displacement, and
disturbance impacts.

Scientific references

Halpern et al., 2008: "A Global Map of Human Impact on Marine
Ecosystems”. Science, 319(5865), 948-952.

Layton-Matthews et al., 2023: Development of a Cumulative L L
Impact Assessment tool for birds in Norwegian Off-shore Waters: e
Trollvind OWF as a case study. NINA Report 2295.
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Data attribution oo,

- Seabird colonies and distribution maps: Seatrack . L
- Life-cycle impact maps for migrating seabirds: NINA

- Stressor distribution maps: EMODnet and SODIR. Barents Sea Kara Sea

Copyright© 2025, NINA, tool licensed under GNU GPL v. 3.0.

Modification and sharing of the source code of this tool is allowed
under the terms of the GNU General Public License v.3.0., required
that the MARCIS project and its partners are acknowledged. The
tool is developed by NINA and intended for research and non-
commercial use only, without warranties of any kind.
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This chart shows the applied sensitivity weights and their uncertainty range (+/- 1 standard deviation) in
relation to the no-impact (0) baseline (grey dashed line). The weight scale ranges from -1 to 1. Negative
weights (below the baseline) reflect negative impacts while positive weights (abowe the baseline) indicate
positive impacts.

A
-0.00182 2
2 L " - =
Gréenland Sea = 0.00000 0.00000 -0.00020
P
£
=
g -0.04240
=y -
=
g -0.06729
o .
B ga'.'-p . ‘_,“\g ‘:«'!o“ cam\\ o\ﬂf 551
o Sy co‘“pe Yy ?uw‘e ¢ ot
. .
Norwegian Sea /:J T
Sweden
{ Finland Russia
Norway
United Denmark ;
& Kingdom
Ireland

<-Germany

Kazakhstan

\ - Mon
France Romanial -

, il __ -
k}\_‘__,.\ Keyboard shortcuts = Map data ©2025 Google, INEGI 1000 kit b1 Terms



MWARCISEED 4. @ var ¥

RE
<&

-_Z ’s Q, Search places

Single/Cumulative impacts on seabirds

l_? @ Done

i

Follow the workflow. Processing may take time due to the large
data and area. If the browser shows ‘Not responding, it's still
running in the cloud. Please wait until the map is loaded.

Click here to return to the introduction panel

Atlantic puffin =

All countries —

All international regions =

All international colonies -
Non-breeding season =

23. All stressors & future OWF & ocean warming -

Reset the panel

O 9~ v R

Show monthly overlap

Show applied weights

Hide zonal statistics

Show uncertainty

Download CIA

Greenland
Iceland

Cumulative Impact
ra 00004268131 D -0.0000000080

Rescaled seabird density
0.0000000021 | 0.0862592022

Rescaled stressor density
0.0000000000 M 1.0000000000

& Google Earth Engine Apps

Layers Map Satellite Base
Arctic Ocean
r=
| |
Relative stressor contributions to CIA
Selection: 23. All stressors & future OWF & ocean warming
E
- Future SST (98.2%) —
- Competition (1.0%)
Greenlant - Future OWF (0.7%)
- Bycatch (0.1%)
+ Qil & Gas (0.0%)
+ Shipping (0.0%)
-100 -80 -60 -40 -20 0
Negative (red) and positive (blue) contribution to CIA (%)
Sweden »
4 Finland Russia
y Norway -
United Denmark ‘
& Kingdom
Ireland

France

<-Germany

Kazakhstan

. . -\ ‘ Mon
Romania. SR O X -
L,.\ Keyboard shortcuts = Map data ©2025 Google, INEGI 1000 kmt b1 Terms



REK
A%~

WA RCIS BT

b2 %
A nina ugu CHl =

Single/Cumulative impacts on seabirds

V.

§

@ Done

Follow the workflow. Processing may take time due to the large
data and area. If the browser shows ‘Not responding, it's still
running in the cloud. Please wait until the map is loaded.

Click here to return to the introduction panel

Atlantic puffin -

All countries .

All international regions fe

All international colonies -~
Non-breeding season -

23. All stressors & future OWF & ocean warming -

Reset the panel

ah Q  Search places © Google Earth Engine AppS
+ Compare the single/cumulate impact map with the stressor uncertainty maps Layers
= Arctic Ocean =1
L Jd
Sammenligne CIA med
respektive usikkerhetskart
. o o
(ikke pa plass enna)
Grés
Barents Sea Kara Sea
|
| .
Greenland
i Iceland Sweclen
L ¢ Finland Russia
\ .‘ Norway
dor Sea
United Denmark
4. Kingdom
Ireland J Paland
+«— Return ~-Germany Cumulative Impact
-0.0004268131 I -0.0000000080
Austria (€7 2] — N
France =S Mong
““_~~Romania. Keyboard shortcuts Map data ©2025 Google, INEGI 1000km b— 1 Terms




rREX
Pt

r

MRC'S Q_Nm Ugﬂ CHl 5};? ah Q. Search places

Offshore wind impacts on migratory birds

Follow the requested workflow to perform your assessment. The
results will automatically be added to the map and the layer list.
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Offshore wind impacts on migratory birds
Follow the requested workflow to perform your assessment. The
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New knowledge:
How offshore wind energy affects migratory bird
diversity in the North Sea

 Onlyimpact from OWF

Migrating bird impacts at offshore wind farms * Long-term ringing data
‘II\ ﬁgﬁﬂ::; : e 123 species—>12
I ?arﬁwrwm groups
| T e Life-cycle impact
analysis
Disturbance » Calculated loss of

speciesrichness

Graphic: Eva Setsaas/NINA

|
‘/w Critchley, E.J., Nilsson, A., Helberg, M., May, R., 2025. Life-

cycle impact assessment of offshore wind energy
development on migrating bird diversity in the North Sea.
Journal of Applied Ecology, 62(6).
https://doi.org/10.1111/1365-2664.70087



https://doi.org/10.1111/1365-2664.70087
https://doi.org/10.1111/1365-2664.70087
https://doi.org/10.1111/1365-2664.70087

New knowledge:

Seabird populations affected differently from ocean
warming

* Affected through different
demographic pathways

Greenland

N .y /*\" +  Affected through different
' areas and seasons during
& " derbution S — . &l non-breeding season
Survival 01* adult birds = zrsrtirr;g:tl;;mer - l) .
@) \X < HN * Shows the importance of
o Reproduction (A b o combining tracking and
T st demographic data

Layton-Matthews, Regan, Ballesteros, Hodges, Descamps, Tycho Anker-Nilssen, Benjaminsen, Daunt,
Barrett, Buckingham, Brathen, Christensen-Dalsgaard, Dehnhard, Erikstad, Fayet, Helgason, Kjellstadli
Johansen, Lorentsen, Lorentzen, Moe, Systad, Strom, Searle, Reiertsen. Seabirds in hot water: are ocean
warming hotspots associated with population decline? (Submitted, PNAS)



New knowledge: combined impacts of bycatch
and offshore wind farms
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Grafikk: Eva Setsaas/NINA

Buckingham, L., Masden, E.A., Layton-Matthews, K., Bringsvor, I.S., Brathen, V.S., Dehnhard, N., Fauchald,
P, Lorentsen, S.-H., Reiertsen, T.K., Tarroux, A., Searle, K.R., Christensen-Dalsgaard, S., An individual-
based model to quantify the non-breeding season impact of wind farms on seabirds.

(In Revision Ecological Solutions and Evidence)



Usefulness of the MARCIS tool

* Marine spatial planning related to cumulative impact on seabirds

e Can also be used for future EIA
* Case specific

* Framework can be further developed
 Other data, more species, expand area etc

Launch event of the MARCIS tool-4. December

Stay tuned!
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