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Background

According to the United Nations Environment Programme (UNEP 2023), climate change is
increasingly threatening water resources, food security, and energy systems, which may in turn
exacerbate social instability through migration, conflict, and other societal disruptions. In particular,
the ocean has experienced a doubling of its warming rate over the past two decades, while the
rate of sea-level rise has accelerated twofold in the past 30 years. Simultaneously, multiple stressors
such as ocean deoxygenation, acidification, and ecosystem degradation are intensifying (IOC-
UNESCO, 2024). The World Meteorological Organization (WMQO, 2025) also reported that the past
decade has been the warmest on record, with 2024 marking the highest global temperatures ever
observed.In this context, accurate forecasting and systematic information provision through marine
climate change monitoring, prediction, and data sharing have become essential for enhancing
national-level climate adaptation and safety management. In particular, establishing a sustainable
and effective marine climate change observation and prediction system serves as a crucial
foundation for evidence-based policymaking in the marine and fisheries sector. The Korean
government strengthened its policy framework by enacting the Act on Climate and Climate Change
Monitoring and Prediction in 2023, which came into force in 2024 (Ministry of Oceans and Fisheries,
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Objectives

In response to the growing impacts of climate change, changes in the marine environment, and

recent government initiatives, this study aims to evaluate the technological level and establish the

priority areas of Korea's marine climate change monitoring and prediction activities. Specifically, the

study seeks to provide policy-relevant evidence by incorporating expert opinions, structuring

marine climate change monitoring and forecasting activities, and identifying strategic directions for
technological development to improve policy efficiency.

To assess the relative importance and priorities of marine climate change monitoring and
prediction activities, this study employed the Analytic Hierarchy Process (AHP) method. The survey
structure consisted of four sections: respondent characteristics, expert perceptions, technology level
assessment, and evaluation of relative importance. Respondent characteristics included affiliation,
professional experience, research stage, field of marine science and technology activity, and area of
research or work, which were used to identify the background distribution of the sample. Expert
perceptions were assessed using a five-point Likert scale to quantitatively evaluate factors such as
the level of scientific and technological effort, policy and societal effort, the relative effort of the
Ministry of Oceans and Fisheries compared to other ministries, perceived future importance, key
drivers of marine climate change response, and the role of government. In addition, the technology
assessment section examined the leading countries by technology level in each subdomain (Level 1
and Level 2) and proposed strategies for future technological advancement. The survey targeted 54
experts in marine and climate-related fields from government, research institutes, universities, and
private companies. Among them, those who completed both the technology-level assessment and
the AHP survey were included for consistency verification. To ensure the reliability of AHP results, a
Consistency Ratio (CR) was applied. Although a CR threshold of 0.1 is generally recommended, this
study adopted a relaxed criterion of 0.2 in consideration of research constraints (Hummel et al.,
2014). Ultimately, valid responses from 37 experts (11% government, 49% research institutes, 14%
universities, 5% private sector) were included in the final analysis. The survey was conducted over
three weeks in August 2024 through a combination of face-to-face interviews and online
questionnaires. The hierarchical structure of marine climate change monitoring and prediction
activities was designed based on the Act on Climate and Climate Change Monitoring and

Prediction
Survey items for the evaluation of Marine Climate Change monitoring and prediction activities

Category Evaluation item [tem definition Scale
Affiliation Affiliated institution of the respondent Nominal
Career Experience Y ears of professional experience of the respondent Ratio(%o)
ieti:i%?ftﬂes R&D Stage Main stage of the respondent's research or work Nominal
Field of Marine S&T Activities Area of engagement within marine science and technology Nominal
Research/Work Area(Legal Classification) Field of work within the legal classification of marine climate change Nominal
Scientific and Technological Effort Level Perceived level of domestic effort from the S&T perspective Interval
Policy/Societal Effort Level Perceived level of policy and societal efforts within Korea Interval
E:foeelgtion & Ev Effort by Ministry of Oceans and Fisheries Effort level of MOF compared to other ministries Interval
aluation Future Importance Outlook Expected future importance of marine climate monitoring and prediction Interval
Rationale for Addressing Marine Climate Change Reason why responding to marine climate change is necessary Nominal
Government Role in Monitoring/ Prediction Perceived role of govemment in marine climate monitoring and prediction Nominal
Evaluation Country with Highest Technological Capability Country perceived to hold the leading technology in the relevant field Nominal
of Technology Domestic Technology Level Domestic technological level relative to the leading country Ratio(%)
Levd&Redive  Basis for Evaluation & Improvement Directions Grounds for the evaluation and suggestions for future improvement Nominal
Importance Relative Importance Relative importance among upper-level and lower-level criteria Interval
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D. Governance
Governance for Marine Climate Change
Monitoring and Prediction

B. Prediction
Marine Climate Change Prediction

A. Monitoring

Marine Climate Change Monitoring

C. Sharing and Utilization
Production, Management, and Shared
Utilization of Marine Climate Change
Monitoring and Prediction Information

D1. Governance-Framework
Establishment of a Governance Framework

C1. Utilization-Information
Production of Marine Crisis Information

B1. Prediction-Model

Advancement of Marine Climate Prediction

Al. Monitoring-Coast
Strengthening Coastal Monitoring and

Infrastructure for Proactive Response (Focused on
Waters Surrounding the Korean Peninsula)

Models and Enhancement of Forecasting
Capabilities

Using Monitoring and Prediction Data

A2. Monitoring-Ocean
Establishment and Expansion of Monitoring
Systems in the Open Ocean and Polar
Regions for Enhanced Long-Term Predictive
Capability

B2. Prediction-Short-term
Establishment of Short-Term (One-Week)
Forecast and Alert Systems for Damage
Preparedness

C2. Utilization-Assessment
Development and Application of Marine
Climate Risk Assessment and Management
Technologies

D2. Governance-Cooperation
Strengthening International Cooperation
through Global Networks

A3. Monitoring-Ecosystem
Monitoring of Marine Ecosystem Variability
for Climate Impact Assessment

B3. Prediction-Medium-term
Strengthening Mid-Term (Seasonal)
Forecasting to Respond to Extreme Climate
Events

C3. Utilization-System
Establishment of Systems for Managing and
Sharing Marine Climate Monitoring and
Prediction Information

D3. Governance-Perception
Promotion of Marine Climate Change
Awareness and Knowledge Dissemination

A4. Monitoring-Data
Strengthening the Production and Quality
Control of Core Marine Climate Monitoring
Data

B4. Prediction-Long-term
Enhancement of Near-Future (30-Year) and
Long-Term (100-Year) Climate Predictions
to Support Policy Decision-Making

Analysis of the perceived need for marine climate change monitoring and prediction by affiliation
revealed distinct group differences. Government experts emphasized economic threats to the
fisheries sector and natural disaster risks as key reasons for monitoring and prediction. Research
institute experts identified fisheries-related economic threats as the top concern, followed by
marine ecosystem protection and disaster risks. University experts, excluding threats to maritime
industries such as shipping and tourism, also highlighted fisheries economics, ecosystem protection,
and disaster risks as major factors. Private-sector experts prioritized natural disaster risks, followed
by ecosystem protection and fisheries-related economic threats, demonstrating varying
perspectives across groups.

Reasons for the need for MCC monitoring and prediction
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The relative importance analysis using AHP showed notable variations across affiliations. At Level 1,
government experts regarded Monitoring and Prediction as most important, while research
institutes emphasized Utilization and Governance. University experts prioritized Prediction followed
by Monitoring, whereas private-sector experts valued Utilization and Prediction. At Level 2, the
differences among groups became more pronounced. The average CR values were 0.0265
(government), 0.0537 (research institutes), 0.0151 (universities), and 0.0886 (private sector), all below
the 0.2 threshold, confirming internal consistency. The top five prioritized activities included CT1
(Utilization—Information) and B1 (Prediction-Model) for government experts; C1 (Utilization—
Information) and C3 (Utilization—System) for research institutes; B1 (Prediction—-Model) and A1
(Monitoring—Coastal) for universities; and C3 (Utilization—System) and C1 (Utilization—Information)
for private-sector experts.

Results of the relative importance analysis of MCC
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Pearson correlation analysis was conducted using variables s o
such as technology level evaluation, perception of marine wuce o
climate change activities, degree of private-sector involvement, e oo
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found between the degree of private-sector orientation and .. ... o
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development-stage involvement, as well as between private- ... oz W
sector strength and both ministry effort and utilization.. ... .. -
technology levels. Scientific and technological efforts were ... ... "o
strongly correlated with policy/social efforts and the Ministry's .. .. ..

commitment. Policy and social efforts also showed significant [, . R . o .
relationships  with the technology levels of monitoring, .
prediction, and utilization. Moreover, strong inter-correlations P
were observed among the technological domains themselves. AN AV

Conclusions

The overall assessment of Korea's marine climate change monitoring and prediction technology
indicates that it operates at approximately 73.0-76.4% of the level of the world’s leading nations.
Among the major domains, the Utilization area exhibited the lowest technological maturity,
whereas Governance showed the highest. Government experts tended to rate the national
technology level lower than did experts from research institutes or private companies, while
university experts perceived the level of scientific and technological effort as the lowest overall,
underscoring significant perception gaps among groups.The AHP results revealed that, at the
higher strategic level, government experts emphasized Monitoring and Prediction, whereas research
institutes and private-sector experts prioritized Utilization. This reflects differing institutional
missions and interests. At the sub-domain level, Information Utilization (C1) and Prediction Models
(B1) were consistently ranked as highly important, while private-sector experts gave greater weight
to Short-term Prediction (B2), again illustrating group-based differences in strategic priorities.
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