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Relative Vulnerability Study of Marine Ecosystem by Human Activity and its

Applicability to Marine Spatial Planning
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Abstract The questionnaire of 36 experts assessed the relative vulnerability of the marine ecosystem to
pressure factors among the items required for the calculation of the cumulative impact index. A total of 30
parameters including climate change (anomaly of sea surface temperature, ocean acidification and UV),
fisheries (aquaculture of fish, shellfish and macroalgae), land-based activities (coastal population density,
industry complexes, harbors, ports, water discharges of power plant and LNG terminal) and ocean-based
activities (dredging, offshore wind, ocean power plants, sinking ship, sand mining and ocean dumping) were
considered as pressures and 15 valuable ecosystem components (VECs) including mud flat, salt marsh, coastal
dune, rocky, seagrass bed, seaweed forest, beach, shelves(hard, soft), slopes(hard, soft), deeps(hard, soft) and
euphotic zone, aphotic zone were considered as affected marine ecosystems. Influence intensity was evaluated
from 1 point(very weak) to 5 point(very strong). Based on the results of the questionnaire, the relative
vulnerability were calculated by mean. As a result, the relative the relative vulnerability of the marine
ecosystem to climate change (temperature increase, ocean acidification) was high. Marine ecosystems located
near coastal areas were found to be vulnerable to pressure factors.
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Table 1. Vulnerability scores for 30 stressors in 15 ecosystems.
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Intertidal Subtidal
Stressors MF | SM | RI | CD | BE | HSh | Ssh | EB | SF
Temperature increase 4.1 3.9 3.6 2.9 3.4 4.1 3.9 4.1 4.3
Climate UV increase 34 33 3.6 29 32 33 3.1 3.4 3.6
Ocean acidification 3.8 3.2 3.5 2.5 3.1 3.7 3.8 3.9 4.0
Fishery 3.7 2.8 3.0 2.6 2.9 3.6 3.6 3.5 3.5
Cage culture 3.4 2.9 2.7 2.5 2.8 3.6 3.5 3.4 3.5
Fishery Land fish farming 3.0 2.8 2.6 2.4 24 3.1 3.2 2.9 3.0
Water drop oyster farm 3.5 2.7 2.9 2.4 2.5 34 34 33 3.2
Mud flat shellfish culture 3.8 2.9 2.7 2.5 24 2.8 3.0 3.0 2.6
Macroalgae fishery 3.0 2.6 2.6 2.2 2.4 3.0 2.9 33 33
Coastal population density 3.6 3.6 3.4 3.6 4.1 34 33 33 3.2
National inustry complex 4.1 4.1 3.8 3.6 3.8 3.6 34 3.6 34
General/Rural inustry complex 3.3 34 3.1 34 3.5 3.1 3.1 32 3.0
Sewage treatment plant 3.6 3.7 3.4 3.1 3.4 3.4 33 3.5 3.4
Land- Trade harbor 3.6 33 3.4 3.1 32 3.5 34 33 3.2
based Coastal harbor 34 3.1 3.2 3.0 32 3.4 32 3.1 3.1
National fisheries port 32 3.1 3.1 2.9 3.1 3.5 33 33 3.1
Local fisheries port 2.9 3.0 3.0 2.8 3.0 3.2 3.1 32 3.1
Hot waste water 3.8 3.6 3.3 2.8 3.3 34 3.4 3.7 3.8
Cold waste water 3.6 3.6 3.4 2.9 3.2 3.4 33 3.8 3.8
Course 2.9 24 2.3 2.4 2.6 33 3.1 3.0 3.0
Sand mining 3.6 3.0 2.6 3.8 3.7 3.5 3.6 3.3 3.2
Maintain dredging 3.4 2.9 2.6 3.3 32 3.2 33 3.2 3.2
Purify dredging 3.4 2.9 2.4 32 3.1 3.1 3.5 3.2 3.2
Offshore wind(stiffleg) 2.9 2.5 2.7 2.6 2.4 3.1 3.3 2.9 2.9

Ocean-bas - -

ed Offshore wind(floating) 2.6 2.4 2.5 2.4 2.4 2.9 3.0 2.6 2.8
Wave power generation 2.6 2.4 2.9 2.7 2.7 3.0 2.9 2.7 2.8
Tidal stream power generation 32 2.6 2.8 2.7 2.6 3.0 2.9 2.7 2.8
Tidal power generation 3.4 2.8 2.8 2.8 2.6 3.1 29 2.8 29
Ocean dumping 3.7 3.0 3.1 3.0 3.3 3.6 3.6 3.6 3.5
Sinking ship 3.1 2.6 2.7 2.5 2.9 3.5 3.5 3.0 33
Average vulnerability scores 34 3.0 3.0 2.8 3.0 33 33 33 33

Notes: MF(Mud flat), SM(Salt marsh), RI(Rocky intertidal), CD(Coastal dune), BE(Beach), HSh(Hard shelf), SSh(Soft shelf),

EB(Eelgrass bed), SF(Seaweed forest), HSI(Hard slope), SSI(Soft slope), HD(Hard deep), SD(Soft deep), EZ(Euphotic

zone), AZ(Aphotic zone)
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Stressors Continental slop Deep seafloor Float Score
HSI SS1 HD SD EZ AZ Mean

Temperature increase 3.6 34 3.1 3.1 4.3 3.9 3.7

Climate UV increase 2.8 2.7 2.1 22 4.2 3.0 3.1
Ocean acidification 3.5 33 3.2 3.3 3.8 3.6 3.5

Fishery 2.9 3.0 2.2 2.3 3.8 33 3.1

Cage culture 2.7 2.6 1.9 1.9 3.7 2.9 2.9

Fishery Land fish farming 2.3 2.1 1.6 1.7 3.0 2.4 2.6
Water drop oyster farm 2.6 2.4 1.7 1.7 34 2.5 2.8

Mud flat shellfish culture 2.3 2.1 1.6 1.7 2.9 2.3 2.6

Macroalgae fishery 2.3 2.2 1.6 1.7 2.9 2.3 2.6

Coastal population density 2.8 3.0 2.1 2.3 3.8 3.0 3.2

National inustry complex 2.8 3.0 2.2 2.3 3.8 3.0 34

General/Rural inustry complex 2.5 2.6 2.0 2.1 33 2.8 3.0

Sewage treatment plant 2.7 2.7 2.1 2.0 3.7 2.8 3.1

Land- Trade harbor 2.8 2.7 2.0 2.1 3.6 2.7 3.0
based Coastal harbor 2.7 2.6 2.0 2.0 3.3 2.6 2.9
National fisheries port 2.6 2.5 1.9 1.9 3.2 2.5 2.9

Local fisheries port 2.5 2.4 1.9 2.0 3.1 2.5 2.8

Hot waste water 2.7 2.8 2.0 2.1 3.6 2.9 3.1

Cold waste water 2.7 2.7 2.0 2.1 3.6 2.8 3.1

Course 2.8 2.8 2.3 2.2 3.3 2.6 2.7

Sand mining 3.1 33 2.2 2.3 3.0 2.8 3.1

Maintain dredging 2.5 2.9 1.9 2.1 3.0 2.6 2.9

Purify dredging 2.6 2.9 1.9 2.1 3.0 2.6 2.9

Offshore wind(stiftleg) 2.6 2.8 2.0 1.9 2.8 2.7 2.7

Ocean-bas - -

ed Offshore wind(floating) 2.4 2.6 1.9 1.9 3.0 2.7 2.5
Wave power generation 2.3 2.5 1.9 1.9 2.6 2.3 2.5

Tidal stream power generation 2.4 2.6 1.9 1.9 2.8 2.3 2.6

Tidal power generation 2.3 2.5 1.9 1.9 2.8 2.3 2.6

Ocean dumping 3.5 3.3 3.1 34 3.4 3.4 3.4

Sinking ship 3.4 3.4 3.0 3.1 2.6 3.1 3.0

Average vulnerability scores 2.7 2.7 2.1 2.2 33 2.8 2.8

Notes: MF(Mud flat), SM(Salt marsh), RI(Rocky intertidal), CD(Coastal dune), BE(Beach), HSh(Hard shelf), SSh(Soft shelf),
EB(Eelgrass bed), SF(Seaweed forest), HSI(Hard slope), SSI(Soft slope), HD(Hard deep), SD(Soft deep), EZ(Euphotic
zone), AZ(Aphotic zone)
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Figure 1. Impact scores and vulnerability of drivers. Impact scores and vulnerability for each driver are reported

within (a) human activity, (b) ecosystems, (c) driver categories.
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Figure 2. Impact scores of drivers. Impact scores for each driver are reported within (a) doctorate
degree, and (b) Master degree, (c) bachelor degree or less
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Figure 3. Vulnerability of drivers. Vulnerability for each driver are reported within (a) doctorate degree, and
(b) Master degree, (c) bachelor degree or less
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