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Abstract — This study suggests a methodology for assessing the impact of the emission and diffusion of HNS
(Hazardous Noxious Substances) discharged from marine industrial facilities. Gwangyang Bay, which is a national
marine industry cluster and emits a lot of harmful chemicals, was selected as the study area. Evaluation factors
were analyzed by dividing them into factors of socio-environmental features and protected areas used for creating
vulnerability maps. The applied factors as protected areas are legally protected areas such as World Heritage Sites,
environmental conservation areas, and special management areas. For vulnerability assessment of the socio-envi-
ronmental features, evaluation factors were applied by dividing into fishing, aquaculture, coastal tourism, ports,
and other fields, and spatial and temporal vulnerability was analyzed by four seasons and four spaces (surface, col-
umn, seabed, atmosphere). The analysis result of the protected areas showed low vulnerability inside the bay and
high vulnerability in the eastern and southern waters where the national park is located. As a result of socio-envi-
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ronmental features, seasonal fluctuations occurred with high vulnerability during summer and low vulnerability
during winter. These resulted from seasonally changing impacts of HNS on seaweed habitats, fish farms, beaches,
fishing points, coastal fishing, leisure activities, etc. Spatially, it showed high vulnerability in the eastern, southern
waters, and the coastal area where the beach is located. The results of this study can be used as basic data for con-
ducting HNS marine environment impact assessment for Korean conditions through the current status of HNS spa-
tial and temporal distribution and additional vulnerability analysis (species, habitats, etc.).
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Fig. 1. Environmental impact assessment and response tools of NOAA. (A. Environmental response management application, B. Environ-
mental sensitivity index map, C. Computer-aided management or emergency operation) (https://response.restoration.noaa.gov/).
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Fig. 2. Environmental impact assessment and response tools of EU (A. Environmental sensitivity index maps, B. MARINER platform)

(Soares et al.[2020]; http://mariner.actionmodulers.com/index.shtml).



252

N
_ij

10

0255 15  20-

Air port

Yeosu-si

MBSB(’

[ Jev Ba) -

Fig. 3. Gwangyang Bay, the Yeosu industrial cluster (YS Air port. Yeosu
airport, MBSB. Manseongni black sand beach).
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Table 1. Features of protected areas from the MARINER platform

Presence of the protected areas

(©or 1) Ranking
Ramsar RamsarR
Nat2000 Nat2000R

Ospar OsparR
W_herita W_heritaR

Table 2. Scoring of protected areas features in the MARINER platform

Final score

(Ramsar*RamsarR) + (Nat2000*Nat2000R)
+ (Ospar*OsparR) + (W_herita*W_heritaR)

Protect_aR
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Table 3. Socio-economic features from the MARINER platform
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. . Offshore fisheries
Fisheries ]
Coastal fisheries
Fish farms
Aquaculture Shellfish cultures

Algae cultures

Coastal tourism

Overnight stays coastal tourist hotels
Amenity beaches

SOC]O', Main recreational fishing locations
economic Port
features orts
Ports, marinas and cruise liner stops Marinas

Cruise liner stops

Other

Heritage sites

Densely populated towns and communities
Mineral extraction sites

Offshore wind farms

Water intakes

Table 4. Scoring of socio-economic features field in the MARINER platform

Final score

Socio-
ecoR

(Fisheries*FisheriesR) + (Fishfarms*FishfarmsR) + (Shellfish*ShellfishR) + (Algae*AlgaeR) + (Am_beach*Am_beachR) +
(Marinas*MarinasR) + (Tou_stays*Tou_staysR) + (Dens_pop*Dens_popR) + (Rec_fish*Rec fishR) + (Cruise_li*Cruise liR)
+ (Heritage*HeritageR) + (Ports*PortsR) + (Mineral*MineralR) + (Windrarms*WindrarmsR) + (Wa_inlets* Wa_inletsR)
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Table 5. Ranking matrices of protected areas
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Table 6. Rates of scores in protected areas vulnerability map (%)

Surface/Column/

No Protected areas Sea bed/Air

SP/SM/AT/WT

Getbol, Korean tidal flats (heritage area &
bufter zone)

Ju—

4

Korea national park

Country park

Provincial park

Ramsar wetland

Wetland protection area

Natural monument protected area
Seascape protected area

O 00 N N L AW

Marine organism protection area
10 Marine ecosystem protected area

—_
—_

Fishery resource protected area
12 Specific management area

(NS S S R A T T T T T T

13 Environmental preservation

*SP: spring, SM: summer, AT: autumn, WT: winter

SPRING/
SUMMER/
AUTUMN/
WINTER

Fig. 4. Seasonal vulnerability map of protected areas in the water
surface, water column, sea bed and air.
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Surface/Column/Sea bed/Air

Scores
SP/SM/AT/WT

1 0.0
2 91.5
3 0.0
4 6.9
5 0.0
6 1.5
7 0.0
8 0.0
9 0.0
10 0.0
11 0.0
12 0.0

*SP: spring, SM: summer, AT: autumn, WT: winter
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Table 7. Ranking matrices of socio-environmental features
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Surface
No

Column Sea bed Air

Socio-environmental features

SP SM AT WT SP SM AT WT SP SM AT WT

SP SM AT WT

Coastal fisheries (fishery information map,

! high-density fishing areas) 3 33 3 3 303 3 4 4 442 2 2 2
Fish farms and shellfish cultures 3 3 3 3 3 03 3 3 k¥ kkD kD ¥%) 2 2 2 2
3 Algae cultures 3 3 3 3 3 3 3 3 3 4 3 2 3 4 3 2
Overnight stays coastal tourist hotels (scenic
4 route, ecological tourism program in marine 2 3 3 2 1 2 1 1 1 1 1 1 2 3 3 2
village, Pedestrian path)
5 Amenity beaches 3 4 3 2 2 2 3 4 3 2 4 4 4 3
Main recreational fishing locations 3 4 3 2 3 3 2 2 3 4 3 2 4 4 4 3
Ports (coastal port area, fishing village
7 ﬁshiné, port, ngtional fishing hirbouf) 202 2 2 ! ! ! ! ! ! ! ! 2 02 2 2
8 Marinas 2 3 3 1 1 1 1 1 1 1 1 1 2 3 3 2
9  Cruise liner stops (ports for small vessels) 1 2 1 1 1 1 1 1 1 1 1 1 2 3 2 2
10 Heritage site (Korean Getbol) 4 4 4 4 2 2 2 2 4 4 4 4 4 4 4 4
11 Offshore wind farms 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 Water intakes 3 3 3 3 3 3 3 3 3 3 3 3 1 1 1 1
*SP: spring, SM: summer, AT: autumn, WT: winter
**2: Mean of fish farm’s and shellfish farm’s score((3+1)/2)
Table 8. Rates of scores in socio-environmental features vulnerability map (%)
Scores Surface Column Sea bed Air
SP SM AT WT SP SM AT WT SP SM AT WT SP SM AT WT
1 0.0 0.0 0.0 0.0 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.0 0.0 0.0 0.0
2 0.2 0.1 0.1 0.3 0.0 0.0 0.2 0.2 0.1 0.1 0.1 64.7 241 241 241 885
3 885 883 885 883 884 884 883 883 645 0.0 64.5 0.0 64.4 0.0 64.4 0.1
4 0.0 0.2 0.0 0.0 0.1 0.1 0.1 0.1 23.8 883 238 239 2.8 67.1 2.8 11.2
5 0.0 0.1 0.0 0.2 0.0 0.0 0.2 0.2 0.0 0.1 0.0 0.0 8.5 0.0 8.5 0.2
6 1.2 11.1 1.2 11.1 1.2 112 111 11.1 2.7 2.6 2.7 11.1 0.1 8.5 0.1 0.0
7 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 8.5 0.0 8.5 0.0 0.1 0.0 0.1 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.6 0.0 0.0 0.0 0.1 0.0 0.0
*SP: spring, SM: summer, AT: autumn, WT: winter
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Fig. 5. Seasonal vulnerability map of socio-environmental features in the water surface, column, sea bed and air.
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