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Abstract: South Korea has introduced a climate change impact assessment system through the
"Framework Act on Carbon Neutrality and Green Growth for Coping with Climate Crisis, requiring
its implementation alongside environmental impact assessments for 10 sectors highly susceptible to
climate change impacts. However, in the marine sector, while a ‘Sea Utilization Impact Assessment’
system similar in purpose to terrestrial environmental impact assessments is in operation, the current
assessment framework does not sufficiently incorporate climate change response elements. Therefore,
this exploratory study examines the feasibility of introducing a climate change impact assessment in
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the marine sector. Using ports—a sector currently subject to climate change impact assessments—as

a case study, it aims to establish an evaluation indicator system focused on the “adaptation” aspect of

climate change. First, through a literature review, climate change adaptation indicators were

operationally defined, and possible climate change scenarios for ports were derived. Candidate

evaluation indicators centered on climate change risks and resilience were set for each scenario.

Subsequently, the importance, validity, and evaluability of the indicators were verified through expert

consultation, and the importance of the final indicators was calculated using the Analytical Hierarchy

Process (AHP). Finally, based on the derived results, application plans and evaluation methods for

introducing a climate change impact assessment system in the marine sector were discussed. This

study is significant in that it presents a foundational indicator system capable of systematically

diagnosing the level of climate change adaptation in the port sector. It is expected to serve as

foundational data for expanding the climate change adaptation assessment system across the entire

marine sector, based on sea utilization impact assessments.

Keywords: Climate Change Impact Assessment, Port Construction, Climate Change Adaptation
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<Figure 1> Overall Methodology for Climate Vulnerability Assessment and Adaptation Planning
Source: AECOM Ltd.(2022)
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<Figure 2> Structure of the evaluation indicator system
developed in this study
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<Table 1> Operational Definitions of the Evaluation Indicators

Indicator Dimension Definition
Hazard A physical event of human or natural origin that can cause damage and loss to
property, infrastructure, ecosystems, or environmental resources
. People, property, infrastructure, or economic, social, and cultural assets located in
Risk Exposure . .
areas and environments that may be adversely affected by climate change
- The degree of sensitivity to harm or the lack of capacity to cope and adapt to climate
Vulnerability | . & vity pacity P P
impacts
Adaptati o - -
daptation Robustness The ability to resist external shocks and prepare proactively
Rapidity The speed at which systems respond after impacts and, when necessary, implement
. P incremental or transformative changes
Resilience — — - —
Redundancy | Possibility of structural transition through alternative routes and system flexibility
Resourcefulness Tl}g capacity for learning, innovation,‘ and mobilization of resources to support
crisis response and system transformation
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<Table 2> Classification of Climate Change Factors of Key Literatures

Category Scenario name Predictive factor

Impact factor Description

Flooding, overtoppin,
& Opping, Sea level, wave
and coastal erosion risks . . .
A . height (intensity
caused by sea-level rise
and frequency)

and high waves

Port inundation risk, changes in
hydrodynamics and sediment transport,
altered dredging requirements, wave
penetration hazards, and vessel
safety issues

Inundation,
overtopping, erosion

Precipitation
amount, frequency
of extreme weather

events

Port flooding risks caused by
extreme rainfall

Inundation or damage to port facilities,
increased water levels and flow variations,
reduced visibility affecting vessel
maneuverability within ports

Heavy rain, flooding

Heat-related malfunction of
port infrastructure and

temperature, relative

Fire, corrosion, Damage to infrastructure, equipment, or

C worker safety risks under humidity, solar equipment cargo; increased energy consumption for
hich-temperature & hich ra diati’on malfunction, worker | cooling; and health and safety issues for
ghumi dIi)ty condition sg safety workers due to extreme temperatures
Structural damage and Sea surface

operational disruption risks
caused by typhoons and
strong winds

temperature, wind
speed, typhoon
frequency

Typhoon, strong
winds, structural
damage

Difficulty in ship operations and berthing,
equipment damage, and temporary
shutdowns of port operations
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. Hazard

Exposure
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. Hazard

Exposure

. Vulnerability

. Robustness

Rapidity
Redundancy

Resourcefulness

A1-1. Annual Mean Sea Level Rise Rate
A2-1. Proportion of Inundation-prone
Areas within Port Area

A3-1. Average Satisfaction Ratio of
Design Freeboard per Facility

B1-1. Number of Extreme Rainfall Days

B2-1. Proportion of Inundation-prone
Areas within Port Area

B3-1. Degree of Aging of Port Facilities

C1-1. Average of Daily Maximum
Temperature

C€2-1. Proportion of Heat- and Humidity-
sensitive Facilities and Equipment

C3-1. Incidence Rate of Heat-related
llinesses in Port Area

D1-1. Annual Frequency of Typhoon
Impacts

D2-1. Number of Assets Exposed to
Typhoon Risk

D3-1. Compliance Ratio with Wind-
resistant Design Standards

R1-1. Port Infrastructure
Safety Rating

RZTE

R1-2. Adoption of Green
Infrastructure

A1-2. Frequency of Exceedance of
Design Wave Height

A2-2. Number of Floating Population
and Port Workers within Port Area

A3-2. Presence of Landfill within Port
Area

B1-2. Annual Maximum Daily
Precipitation

B2-2. Number of Floating Population
and Port Workers within Port Area

B3-2. Proportion of Low-lying Areas

C1-2. Number of Heatwave Days

C2-2. Number of Port Workers

C3-2. Number of Work

A1-3. Coastal Erosion Severity in
Adjacent Shoreline

A2-3. Average Daily Berth Cargo
Throughput and Passenger Volume

A3-3. Observed-to-Design Wave
Height Ratio at Breakwaters
B1-3. Maximum Hourly Rainfall
Intensity

B2-3. Average Daily Gate and Yard
Cargo Throughput

B3-3. Drainage Capacity Ratio against
Design Rainfall

C1-3. Number of Days with WBGT ) 31

C2-3. Proportion of Hazardous Materials
Sensitive to Heat and Humidity

C3-3. li Rate of Heat- and

Days
due to High Temperature

D1-2. Number of Storm Days

D2-2. Average Daily Port Utilization
Volume

D3-2. Historical Records of Typhoon
and Wind Damage

Facilities

R2-2.

R1-3. Physical Protection

of R2-3. Early Warning and

Corrosion-resistant Materials
D1-3. Maximum Significant Wave
Height on Typhoon-impact Days

D2-3. Proportion of Outdoor Storage
Area within Port Area

D3-3. Observed-to-Design Wave
Height Ratio at Breakwaters

R1-4. Infrastructure
Protection Measures

R2-4. Alternative Operational

Planning and Training
R3-1. Availability of Backup
Equipment and Personnel

R4-1. Financial Stability e

R3-2. Securing Emergency
Power Supply

R4-2. Emergency Monitoring

y Response Entity

<Figure 3> Framework of assessment indicators
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<Table 3> Results of scenario-specific importance analysis

Category Weight Rank
A (Flooding, overtopping, and coastal erosion risks caused by sea-level rise and high waves) 0.3183 2
B (Port flooding risks caused by extreme rainfall) 0.1821 3
C (Heat-related malfunction of port infrastructure and worker safety risks under high-temperature and
. e e 0.1407 4
high-humidity conditions)
D (Structural damage and operational disruption risks caused by typhoons and strong winds) 0.3589 1
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<Table 4> Results of importance analysis of risk indicators

Scenario | Sub-indicator | Weight | Rank Subcomponent indicator Weight | RWeight | Rank
Al-1. Annual Mean Sea Level Rise Rate 0.2765 | 0.1119 5
A1-2. Frequency of Exceedance of Design
Al 0.4046 1 Wave Height 04999 1 02023 !
Hazard _ _ .
Al-3. Coasta.l Erosion Severity in Adjacent 02237 | 0.0905 6
Shoreline
A2-1. Pr.op.ortlon of Inundation-prone Areas 04516 | 0.1220 4
within Port Area
A2. A2-2. Number of Floating Population and Port
A Exposure 0.2701 3 Workers within Port Area 02999 | 0.0810 7
A2-3. Average Daily Berth Cargo Throughput 02485 | 00671 ]
and Passenger Volume
A3-1. Average Satisfaction Ratio of Design
Freeboard per Facility 03832 1 0.1247 3
A3. - 0.3253 2 A3-2. Presence of Landfill within Port Area 0.1755 | 0.0571 9
Vulnerability § : .
A3-3. Observed-to-Design Wave Height Ratio 04413 | 0.1436 )
at Breakwaters
B1-1. Number of Extreme Rainfall Days 0.3126 | 0.1197 4
Hfztr d 0.3829 1 B1-2. Annual Maximum Daily Precipitation 0.2112 | 0.0809 7
B1-3. Maximum Hourly Rainfall Intensity 04762 | 0.1823 1
B2-1. Proportion of Inundation-prone Areas
within Port Area 0511 01332 3
B2. B2-2. Number of Floating Population and Port
B Exposure 0.2606 3 Workers within Port Area 02730 | 0.0717 8
B2-3. Average Daily Gate and Yard Cargo 02140 | 00558 9
Throughput
B3-1. Degree of Aging of Port Facilities 0.2600 | 0.0927 6
B3. B3-2. Proportion of Low-lying Areas 03134 | 0.1117 5
Vulnerability | ©3°% | 2 ~ S
B3-3. Drgmage Capacity Ratio against Design 04265 | 01520 )
Rainfall
Cl1-1. Average of Daily Maximum Temperature | 0.1913 | 0.0657 9
ngtr d 0.3434 2 C1-2. Number of Heatwave Days 0.4540 | 0.1559 1
C1-3. Number of Days with WBGT > 31 0.3547 | 0.1218 5
C2-1. Prop'o.rtlon of lieat— and Humlle— 02243 | 00793 7
sensitive Facilities and Equipment
€2. 03534 | 1 | C22. Number of Port Workers 04071 | 0.1439 | 2
Exposure
C C2-3. Proportion of Hazardous Materials
Sensitive to Heat and Humidity 0.3686 | 0.1303 4
C3-1. 'Inc1dence Rate of Heat-related Illnesses 04402 | 0.1335 3
in Port Area
C3. C3-2. Number of Work-restriction Days due to
Vulnerability 0.3032 3 High Temperature 03356 | 0.1018 6
C3-3. Apphc?mon Rgte of Heat-.and 02242 | 0.0680 3
Corrosion-resistant Materials
D1-1. Annual Frequency of Typhoon Impacts 0.2946 | 0.1147 4
D H]a)zla.rd 03895 | DI1-2. NumPer of S.torTn Days . 0.2719 | 0.1059 5
D1-3. Maximum Significant Wave Height on 04335 | 01688 |

Typhoon-impact Days




440  BAYHT

<Table 4> Continued

Scenario | Sub-indicator | Weight | Rank Subcomponent indicator Weight | RWeight | Rank
D2-1. N}lmber of Assets Exposed to Typhoon 05384 | 0.1547 )
Risk
D2. 0.2874 3 D2-2. Average Daily Port Utilization Volume 0.2307 | 0.0663 9
Exposure .
D2-3. Pr.op.omon of Outdoor Storage Area 02309 | 0.0664 8
within Port Area
D3-1. Cor‘{lphance Ratio with Wind-resistant 03107 | 0.1004 6
Design Standards
D3. y 03231 ) D3-2. Historical Records of Typhoon and Wind 02955 | 0.0955 7
Vulnerability Damage
D3-3. Observed-to-Design Wave Height Ratio 03938 | 0.1272 3
at Breakwaters
Frojmtal), D2-1(8fF FoF A4t k& i), D3-3(F 3. YR YUA KBS FRE

uhA| AL o B] A AL T E]E) o] A 1AL, D2-

A2 AL A 2] AlH-(Level 2) B 51 A H(
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AL OB T D23 A BH HRIES3) 71228 423 ATHe Table 574 2} WA AR

o0 2 Woleh. 12jo) 3, Hof dule) e, st
HEFREY| 5 IRt 2
Aurel 98z g A3 ) A2k 3A sk lcks 3
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[e)

rua
L—l_gi

A F 24 A7} Robustness(34.58%)7} & H| &S 7
A 71 = ER T 1 FHE Rapidity(24.39%) 2
Redundancy(23.13%)7} ©] 11, Resourcefulness(17.90%)
9 A M He ST E VA& F o2 YEhyth
GelAob T AN, AESE el 71598 S10] el SislA

nr}
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<Table 5> Results of importance analysis of resilience indicators
Sub-indicator | Weight | Rank Subcomponent indicator Weight | RWeight | Rank

R1-1. Port Infrastructure Safety Rating 0.3413 | 0.1180 1

R1. R1-2. Adoption of Green Infrastructure 0.1329 | 0.0460 11
Robustness 03458 ! R1-3. Physical Protection Facilities 0.2829 | 0.0978 2
R1-4. Infrastructure Protection Measures 0.2429 | 0.0840 3

R2-1. Emergency Response Planning and Training 0.2793 | 0.0681 6

R2 02439 5 R2-2. Establishment of Emergency Response Entity 0.2093 | 0.0510 9
Rapidity R2-3. Early Warning and Information-Sharing System 0.3292 | 0.0803 4
R2-4. Alternative Operational Plan in Emergencies 0.1822 | 0.0444 13

R3-1. Availability of Backup Equipment and Personnel 0.3219 | 0.0745 5

R3. 02313 3 R3-2. Securing Emergency Power Supply 0.2912 | 0.0674 7
Redundancy R3-3. Accessibility to External Alternative Infrastructure 0.1961 | 0.0454 12
R3-4. Data Backup 0.1908 | 0.0441 14

R4-1. Financial Stability 0.2244 | 0.0402 15

RA4. 0.179 4 R4-2. Emergency Monitoring System 0.3289 | 0.0589 8
Resourcefulness R4-3. Level of Digitalization 0.1718 | 0.0308 16
R4-4. Collaborative Governance and Joint Response Capacity | 0.2749 | 0.0492 10
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Climate Change
Outlook and Forecast
Step 1.
Scenario
Review v
Scenario Selection
Risk Assessment
Step 2.
Adaptation
Assessment
Resilience Assessment
Step 3. Development of Adaptation
Adaptation Measures Based on
Measures Assessment Results
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o1 ) A 7300 71012 4 4= 7]4ko] 2 5
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A F7 S (1) 71538 A 9 9&, (2) Al

« Identify key climate factors that significantly
influence the target region and project.

« Based on the outlook and forecast results, select
the climate change scenarios that require
evaluation.

>

Evaluate the indicators corresponding to the
selected scenario.

+ Classify quantitative data according to predefined
criteria, and assign Likert-scale scores to
qualitative elements based on the guidelines.
Calculate the final indicator scores by multiplying
each sub-indicator score by the weights derived
from this study.

» Assign Likert-scale scores based on the resilience
assessment criteria and apply weights.

« Develop measures to mitigate the impacts of high-
risk items.

» Develop measures to enhance the resilience of
vulnerable components.

<Figure 4> Methods of marine climate impact assessment
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<Appendix 1> Description of resilience subcomponent indicators

Sub-indicator

Subcomponent indicator

Description

Evaluates the current condition and climate-disaster resilience of port infrastructure

RI-1. using the safety grades (A-E) specified in the Port Facility Safety Inspection
Port Infrastructure Guidelines. Where applicable, the assessment also considers facility age and whether
Safety Rating design standards reflecting extreme climate events (e.g., 50-year return period typhoon
or wave) have been applied.
Assesses the extent and effectiveness of green infrastructure within and around the
port that mitigates climate impacts and enhances environmental sustainability.
Evaluation includes the presence, scale, and performance of systems such as low-
R1-2. impact development (LID) facilities, vegetated buffer zones, permeable pavements,
RI. Adoption of Green ecological waterways, and green belts, as well as modern sustainable facilities such
Robustness Infrastructure as eco-friendly fuel storage and bunkering systems, zero/low-carbon cargo-handling
equipment, smart and green port operation systems, renewable-energy installations
(solar, wind), waterfront developments, waste recycling systems, and conversion to
eco-friendly vehicles and vessels.
RI1-3. Evaluates the presence, adequacy, and operational condition of protection structures-
Physical Protection such as flood barriers, water gates, and levees-designed to minimize damage from
Facilities floods, overtopping, and typhoons.
R1-4. Evaluates whether contingency and protection plans are in place to secure cranes,
Infrastructure Protection | container equipment, buildings, and other facilities during disasters, in order to prevent
Measures debris generation and secondary damage.
Evaluates the establishment, periodic updating, and implementation of emergency
R2-1. response and recovery plans for climate-related disasters. Assessment includes
Emergency Response | designation of responsible departments, installation of evacuation maps and signage,
Planning and Training | and establishment of threshold criteria for issuing evacuation orders under extreme
conditions.
R22. Evaluates -whether a well—s.tructqred emergency response system isin plac.e for prompt
Establishment of and coordinated action during crises. Assessmen.t includes a l1§t of responsible agencies
for emergency and recovery services (e.g., equipment, supplies, damage assessment,
Emergency Response . . .
. facility control, and waterway maintenance), the presence of an incident command
R2. Entity structure, and clearly defined roles and responsibilities of key personnel.
Rapidity R2-3 Evaluates the establishment and operation of early warning systems that enable rapid
N detection and timely response to climate disasters. Assessment includes real-time
Early Warning and o . .
Information-Sharing monltoqng (e.g., CCTV), digital Tecovery scenarios, automated response systems, and
System mechanisms for swift and' accuratev 1nformat10n exchange among various port
stakeholders to ensure effective coordination.
R2-4 Evaluates the port’s capacity to promptly reallocate operations, manpower, and

Alternative Operational
Plan in Emergencies

equipment during service disruptions. Assessment includes the existence of alternative
operation plans and vessel evacuation measures, including identification of shelter
ports.
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<Appendix 1> Continued

Sub-indicator

Subcomponent indicator

Description

R3-1.
Availability of Backup
Equipment and Personnel

Evaluates preparedness and management of backup equipment and personnel that can
be mobilized immediately during emergencies. Quantified using the backup capacity
ratio (backup capacity / total required capacity x 100).

Evaluates the availability and operational reliability of emergency and backup power

R3-2. o . : L . .
. systems to maintain essential port functions during disruptions. Assessment considers
Securing Emergency . . . .
Power Suppl self-generation and renewable-energy capacity as well as independent operation
R3. PPy duration (emergency power endurance time).
Redundancy R3-3. Accessibility to | Evaluates the feasibility of utilizing nearby terminals or transport facilities for
External Alternative emergency operations when port functions are suspended due to climate disasters.
Infrastructure Assessment is based on distance, travel time, and accessibility indicators.
Evaluates whether critical operational data are physically backed up outside disaster-
prone areas or stored via cloud/server-based systems. For trade ports (and strategically
R3-4. Data Backup L .. . .
significant coastal ports), evaluation includes establishment of disaster-recovery (DR)
centers and implementation of emergency IT drills.
Evaluates the ability of port authorities and operators to secure and allocate financial
resources needed to maintain and restore port functions during climate disasters.
R4-1. Financial Stability | Assessment includes emergency budget allocation, financial soundness, funding
availability for disaster response, coordination with government financial-aid
mechanisms, and supporting legal or institutional frameworks.
RA-2. Emereenc Evaluates the development and functionality of real-time monitoring systems capable
£ bmergency of tracking equipment and personnel conditions to support rapid decision-making
Monitoring System . ;
during emergencies.
R4. Evaluates the extent of digital integration in port operations for climate adaptation,
g g port op p
Resourcefulness

R4-3. Level of
Digitalization

including use of big data and Al for predictive analysis, real-time meteorological and
ocean data collection and sharing, and digital management of systems, documents,
and communication networks.

R4-4. Collaborative
Governance and Joint
Response Capacity

Evaluates the level of cooperation between internal and external stakeholders for
climate adaptation and disaster prevention. Assessment includes regular information-
exchange mechanisms, joint response and resource-sharing networks, and formal
cooperation frameworks with governments, neighboring ports, and private sectors. It
also considers the governance capacity to implement carbon-neutral and green-port
initiatives through strategic planning, budgeting, and R&D collaboration.




