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Why do we need co-location in MSP?

© WWF Germany (World Wide Fund for Nature), partner in www.baltseaplan.eu

The image of the crowded Sea
(here: crowded Baltic Sea)

due to new and existing 
expanding marine uses

à

Competition for marine space.

Potentially more conflicts. 

Also synergies? Multi-use?

The spatial-temporal 
dimension and cross-sectoral 
planning is important! 



I will answer three questions:

1) How to understand and define co-location (theoretical framework)? 

2) How do existing spatial decision support tools consider co-location? 

3) How to develop a tool supporting co-location?



Co-location: Towards a definition

• In existing literature: diffuse separation between concepts e.g. co-location, 
coexistence, multi-use, spatial compatibility, use-use interactions, use-environment 
interactions…

• What is a use?  
– “a distinct and intentional activity through which a direct (e.g. profit) or 

indirect (e.g. nature conservation) benefit is drawn by one or more users” 
[the EU MUSES project, 2019b]
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Co-location: Towards a definition

• In existing literature: diffuse separation between concepts e.g. co-location, 
coexistence, multi-use, spatial compatibility, use-use interactions, use-environment 
interactions…

• What is a use?  
– “a distinct and intentional activity through which a direct (e.g. profit) or 

indirect (e.g. nature conservation) benefit is drawn by one or more users” 
[the EU MUSES project, 2019b]

Is environment/ nature 
conservation a human use?

Is using the ocean from 
land also a use? 



Co-location: Towards a definition

• Co-location definitions in my article [2019a] in press: 

Co-location:
• resources are being negatively impacted and/or 

positively affected by 
• the spatial-temporal proximity to other uses.

Multi-use:
• specific co-location 

case: shared resources
• See the results of the 

MUSES project [2019b]

Spatial compatibility:
• coexist within the same physical

space without incurring 
disadvantages [2018a]

• synergies are not important!
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• Co-location definitions in my article [2019a] in press: 

Co-location:
• resources are being negatively impacted and/or 

positively affected by 
• the spatial-temporal proximity to other uses.

Multi-use:
• specific co-location 

case: shared resources
• See the results of the 

MUSES project [2019b]

Spatial compatibility:
• coexist within the same physical

space without incurring 
disadvantages [2018a]

• synergies are not important!

Synergy-conflict marine use-use interaction scale by Klinger et al. (2018a)



No simple synergy-conflict relationships! 

Offshore wind farms 
impacting seabirds

Offshore wind farms 
constituting artificial reefs

Tourism + aquaculture: 
multi-use

Tourism + aquaculture: too 
high environmental impacts?



Co-location: Towards a definition

• Co-location definitions in my article [2019a] in press: 

Co-location:

Locating some uses 
in close proximity/ 
combining them.

Separating some uses.



Co-location management stages in MSP



Which co-location factors in and outside MSP 
to be aware of?

Societal and 
technical drivers 

and barriers 
affecting co-

location options

Use-use 
interactions 

represented by 
stakeholders in 

cross-sectoral MSP 
processes

Spatial-temporal 
use-use 

interactions at Sea

Use-use interactions

Use-environment interactions

Future opportunities 
and constraints 

When are cumulative 
impacts on the 

environment too high 
for uses to cluster in 

an area?

leads to synergies and 
conflicts
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Use-use interaction characteristics

Potential spatial-temporal links between uses in close spatial-temporal proximity
(the links can exist at the same time)

Location links: 
Connections between the extents-and-
durations of uses. 

Environmental links: 
Environmental processes from/ 
environmental aspects of uses affecting 
other uses. 

Technical links: 
Links between uses concerning 
infrastructure, safety and/or tools. 

User attraction links: 
Spatial-temporal proximity affecting the 
number of users. (Of high socio-
economic importance). 



Use-use interaction characteristics: 
Location links 

No shipping zone

Ice fishing during winter



Use-use interaction characteristics: 
Environmental links 

Mussels cleaning water and thus e.g. 
benefitting nearby seabass farms

Too much pollution?



Use-use interaction characteristics: 
Technical links 

Security 
zone

Multi-use of 
aquaculture and 

wind farms



Use-use interaction characteristics: 
User attraction links 

Renewable energy cluster: 
Wind energy, solar panel, 

and wave energy: 
Strong green image? 

Too many divers for 
fishing to take place too?



Use-use interaction characteristics: Keywords

Potential spatial-temporal links between uses in close spatial-temporal proximity
(the links can exist at the same time)

Location links: 
Connections between the extents-and-

durations of uses. 

- Horizontal and vertical dimensions.

- Temporal dimensions.

- Multi-use vs. excluding other uses 

from specific marine space.

Environmental links: 
Environmental processes from/ 

environmental aspects of uses affecting 

other uses. 

- Artificial reef effects.

- Visibility of installations. 

- Water clearing processes vs. pollution. 

Technical links: 
Links between uses concerning 

infrastructure, safety and/or tools. 

- Shared infrastructure and/or gear.

- Safety zones.  

User attraction links: 
Spatial-temporal proximity affecting the 

number of users. (Of high socio-

economic importance). 

- Clustering effects.

- Too many users/ too many uses?   



Iterative use-use interaction steps in MSP
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Two categories of existing tools analysed
- reflecting co-location management stages in MSP

1) ranking- and pairwise matrix-based use-use interaction tools
§ Tools to detect conflicts and/or synergies

2) Tools to distribute space to uses 
§ Tools to avoid/ minimise conflicts and optimise synergies 



Ranking- and matrix-based tools

• pairwise, matrix-based with binary scoring

• spatial compatibility instead of synergies
• use-use interactions are often considered overall. 

• non-spatially
[2009]
[2014]
[2018b]
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Ranking- and matrix-based tools

• pairwise, matrix-based with binary scoring

• specific scenarios with ranking/ scoring

• spatial compatibility instead of synergies
• use-use interactions are often considered overall. 

• non-spatially

• synergies are included in some tools

ADRIPLAN conflict 
score tool

AquaSpace 
tool

[2009]
[2014]
[2018b]

[2015]
[2016]
[2018c]

[2017b]

[2018d]

• Overlaps: location links?
Mobile vs. fixed

Surface vs. benthic vs. whole water column



Space allocation tools

Can utilize synergy-conflict information to: 
• à locate pre-defined multi-use constellations. 
• à locate conflicting uses far from each other.

• A specific synergy type of mutualism: the extra total gain from being 
able to use more space through multi-use.

• E.g. MARXAN With Zones [2015b]
and a game theory-inspired 
cooperative space allocation process 
by Kyriazi [2017a]

Use 1 (could be multi-use)
Use 2 (could be multi-use)



Challenges for future synergy-conflict tools

• Consider location links, environmental links, technical links, and user 
attraction links

• Include synergies (not only spatial compatibility).

• Weight synergies and conflicts 



What is cumulative environmental impact tools?

• It calculates cumulative impacts by using scores specified by experts that 
determine each pressure’s effect on each ecosystem component 

• Using raster maps.

• To illustrate: An example from the tool 
MYTILUS by professor Henning Sten 
Hansen [2019c] from AAU:

Map illustrating 
areas with higher 
and lower 
impacts on 
ecosystem 
components.

Expert-based 
sensitivity matrix



Creating a synergy-conflict matrix

What about continuing using expert-based knowledge, but -
instead of scoring the impacts from pressures on the environment -
scoring conflicts and synergies between marine interactions? 

[2014] Kannen, A. [2018d] Gimpel et al. 
[2009] Ehler & Douvere (UNESCO) 

à Use-use synergy-conflict inputs from tables from completed MSP projects:  



Creating a synergy-conflict matrix

A glimpse of how the matrix currently looks like:  



Creating a synergy-conflict matrix

The colours represent 12 classes that have been deduced based on a combination of 

§ Degree of compatibility (non-compatible, probably compatible, compatible)

§ The number of synergies and the number of conflicts mentioned in literature



Using the synergy-conflict matrix

What can the matrix be used for? 

1. A map-based screening of potential conflicts and potential synergies 
in an area (test is ongoing on HELCOM data) + combine it with 
cumulative impact maps.

2. A catalogue and survey-based methodology for evaluating actual 
conflicts and synergies in an area through improving the matrix with 
specific, local knowledge.



A wish to make the synergy-conflict-maps interactive 
– similar to how MYTILUS is turning interactive

MYTILUS [2019c]: Left: Status-quo scenario – right: new fish farms



Interactive how?

• Choosing all uses or some uses
to base the synergy-and/or-
conflict map on.

• Choosing category maps or 
scoring maps.

• Comparing different scenarios.

• Options to browse through the 
matrix content.



Challenges and considerations

• How to consider mobile and temporally dependent uses?

• How to consider horizontal neighborhood interactions?

• Other methods than asking experts? 
à Public participatory GIS (PPGIS) methods.    



A picture to end my presentation: Tourism and aquaculture join forces in Maine, USA in 2014:

Thank you!

https://www.aquaculturenorthamerica.com/news/tourism-and-aquaculture-join-forces-in-maine-1683
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