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ABSTRACT

Climate change presents complex risks to biodiversity and ecosystem services, particularly in vulnerable systems such as
alpine zones, islands, and wetlands. These risks manifest as physiological stress in temperature-sensitive species, the expansion
of invasive species under changing climate conditions, and habitat fragmentation driven by hydrological and thermal
variability. This study examined ecosystem-based adaptation strategies by assessing climate risks across three ecological
dimensions: species, communities, and habitats. Building on Korea’s first national ecosystem climate risk assessment, expert
consultations were conducted through forums, structured surveys, and semi-structured interviews to evaluate the rationale and
feasibility of proposed actions. The findings identified eighteen priority actions, including climate sensitivity-based
conservation of alpine and island ecosystems, development of early detection and warning systems for invasive species, and
restoration measures to enhance connectivity among fragmented habitats. From these results, a four-pillar adaptation framework
was derived. The first pillar emphasizes scientific reinforcement of climate risk information, ensuring that adaptation strategies
are grounded in reliable and continuously updated data. The second focuses on spatial restoration and biosecurity, aiming to
restore degraded habitats while preventing and managing invasive species. The third addresses crisis management in high-risk
ecosystems, prioritizing rapid responses and protective measures. The fourth highlights multi-level governance integration,
fostering coordination among national, regional, and local institutions to promote coherent adaptation policies. This study
provides a framework for linking ecological risk information with local adaptation and management planning, thereby

contributing to improved ecosystem resilience and more integrated national responses to climate change.
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Fig. 1. Conceptual framework illustrating the interactions between climate change, biotic aspects (species,

individual/population, and community), and abiotic aspects (habitat), highlighting the pathways of
impacts, feedbacks, and interactions. The diagram also presents strategic implications for mitigating
biodiversity loss and enhancing ecosystem resilience in the context of climate change
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Table 1. Summary of key climate risks and their policy implications

Risk type Key considerations

Policy implications

ecosystems

Species * Limited mobility and difficulty in habitat replacement

to climate changes

Increased species extinction risk in alpine and island

Lack of scientific information about physiological response

* Prioritizing species conservations based on climate sensitivity
* Securing suitable habitats for climate change adaptation

» Ex-situ conservation strategies for species genes

Community |+ Risk emergence of normal species as disruptive

Increased climate suitability for potential invasive species |* Scenario-based spread prediction systems of invasive species

* Enhanced early warning and detection systems to prevent

ecosystem disturbance

Habitat on regions and habitat types

Need for tailored strategies

Variations in the climate change impacts and risks depending | + Development of habitat-type-specific strategies (e.g., sea

level rise, wildfires, hydrological changes)

* Integrated governance for overlapping risk areas
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Table 2. Research and policy needs for enhanced climate risk assessment and risk reduction strategies

Advisory Content

A. Species Vulnerability

B. Community (Invasive species)

1. Global distribution of native species ) 1. Climate conditions of origin areas of invasive alien species
Required 2. Habitat characteristics of species related to temperature Re;c;:;:ed 2. Specific impact information of invasive species spread
Data 3. Climate data at various spatial scales 3. Cost-effectiveness of population control of alien species
4. Survey of species population and its changes 4. Ecological measures to manage invasive alien species
5. Time-series data on species distribution changes R;S::;:h 5. Ecological traits of invasive species (feeding, expansion mechnism)
6. Physiological changes in response to temperature variation 6. Climatic traits of invasive species habitats
7. Life-cycle temperature characteristics related to seasonal variation 7. Managing invasive species potentially spreading by climate change
8. Inter-species relationships ) 8. Policy effectiveness assessment tools in terms of climate change
9. Climate vulnerability of species with small sample sizes Im::l(i)cl:;}i,ons . Strategic monitoring policy of invasive species based on risk levels
10. Studies on soil invertebrates and microorganisms 10. Policy adjustments for invasive species with reduced risk
11. Analytical studies on species-level specialists vs. generalists 11. Expanded policies for native species with invasive potential
12. Keystone species identification exploration by ecosystem & habitat C. Habitat Degradation
Ri:::;:h 13. Supplementary studies for reliable species distribution data 1. Hydrology data of wetland ecosystems and surroundings
14. Techniques to reduce survey data uncertainty 2. Isolation info. of wetlands such as limited upstream catchments
15. Adaptation nature of plant species with dispersal mechanism Required 3. Information of artificial water retention facilities for wetlands
16. Species’ adaptive capacity to environmental change Data 4. Geographic information of national peatland distribution
17. Climate opportunities in ecosystems for strategic utilizations 5. Soil characteristics of forest ecosystems
18. Periodic diagnosis system of climate change risk for ecosystems to 6. Future projections of local microclimatologies
monitor policy effectiveness 7. Experiments on physiological responses of forest species to drought
19. Improving risk assessment methods for enhancing scientific credibility 8. Ecological drought threshold of wetland and forest ecosystems
20. Improving survey methods for climate impact information 9. Functional changes of wetland & forest ecosystems due to drought
21. Integration and management of various species survey data Research  10. Cascading impacts of soil moisture deficiency across taxa
22. Specific actions for species highly vulnerable to climate risk Needs 11. Climate change impacts on changes in peatlands
23. Expanding public participation in biodiversity survey projects 12. Climate change impacts on carbon cycles in forest ecosystems
. 24. Assessing effectiveness of ecological corridor and habitat connectivity 13. Model development for geomorphological change predictions of
Im:),l(i)cl:zzlons policies in terms of climate change adaptation wetlands under climate changes
25. Improving terrestrial/aquatic ecological corridors for adaptation 14. Long-term monitoring for climate-vulnerable ecosystems
26. Establishing refuges for vulnerable species ) 15. Coordinating water-supply policies with climate-vulnerable ecosystems
27. Minimizing non-climate threats (e.g., land development) Im;(i)il:t?ons 16. Management of soil moisture qualities of forest ecosystems
28. Development of restoration strategies for degraded ecosystems 17. Evaluation of wetland protection policies in terms of climate change
considering climate change impacts 18. Strategic conservation of wetlands by grading their ecological values
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Fig. 2. Necessity and feasibility of tasks for advancing climate risk assessment. The X-axis represents

rationale, defined as the proportion of experts who rated a task as “High” in necessity. The Y-axis

represents feasibility, categorized by expected implementation timeframe (<5 years, 6 ~ 10 years,

>10 years). Symbols denote task categories: @ required data, B required research, and A required

policy measures. Numbers next to symbols correspond to survey question identifiers
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Table 3. Overview of climate change risk types, vulnerability factors, and strategic responses

Category Major risk type Vulnerability factors Core strategic tasks Example of priority actions
* Population decline * Isolated habitats in alpine |+ Sensitivity and vulnerability * Monitoring of alpine conifer
* Physiological stress and island areas assessment systems for species
Species * Limited mobility individual species * Surveillance of endemic
* Monitoring system for island species
vulnerable species
* Northward migration and | * Increased climate suitability | « Development of risk-based  Listing of potentially
expansion for potential invasive prediction models for species dominant invasive species
. * Intensified ecosystem speices invations * Pilot implementation of
Community . . . . )
disturbance * Lack of competing native |* Enhancement of prevention detection systems of
species against invasive system against ecosystem disrupted time and location
species disruptions
* Habitat fragmentation * Increased frequency of * Strategies to restore habitat * Field survey of isolated pond
* Hydrological degradation | extreme climate events connectivity wetlands
Habitat * Reduced resilience * Poorly classified habitat * Establishment of long-term * Typology development for
types monitoring systems ambiguous wetland
boundaries
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Table 4. Summary of the four key strategies for reducing climate change risks

Strategy .
Strategy title Key contents and subtasks Expected outcomes
category
 Establishment of an integrated ecological » Improved accuracy and credibility in
information platform risk diagnostics
Strat | Scientific enhancement of * Collection of time-series and spatially based |+ Strengthening the scientific evidence
rate
& climate impact information biodiversity data base for policy making
» Development of sensitivity analysis and
prediction models
* Restoration of habitat connectivity * Enhanced ecosystem resilience
Strat ) Minimization of climate threats | * Introduction of biosecurity systems * Strengthened response to invasive
rate
& to ecosystems » Implementation of proactive ecosystem species expansion
restoration strategies
* Precise monitoring in high-risk areas *» Conservation of endemic and vulnerable
Strat 3 Strengthened risk management | Scenario-based risk assessments ecosystems
rate
& for vulnerable ecosystems * Creation of alternative habitats and * Proactive response enabled through early
implementation of assisted migration strategies | warning systems
* Development of policy and legal integration |e* Enhanced inter-ministerial synergy
. platforms  Strengthened implementation and
Strengthened national K T
) . .. | *» Establishment of central-local government sustainability
Strategy 4 | collaboration for climate crisis . .
cooperation mechanisms
response . . . .
* Expansion of public-private and international
cooperation
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