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3. Pacific Islands Regional Action Plan

3.1  Introduction 
The Pacific Islands Regional Action Plan for climate science (PIRAP; Polovina et al., 2016) is a 
joint action plan between the Pacific Islands Fisheries Science Center (PIFSC), the Pacific 
Islands Regional Office (PIRO), and the Western Pacific Regional Fisheries Management 
Council (Council).  Staff from all three entities worked together to assess the state of the 
region’s climate science when the NOAA Fisheries Climate Science Strategy9 (NCSS; Link et 
al., 2015) was released and then crafted a five-year plan to expand climate science and its role 
in regional living marine resource management and conservation. The PIRAP authors noted 
several strengths, particularly the high number of long-term time series in the region which allow 
for the detection of climate-related impacts on the ocean and ecosystems.  Regional challenges 
were also assessed and were found to be related primarily to implementing climate-informed 
management strategies and projecting the effects of climate change on human communities.  
Building from the region’s strengths, the PIRAP identified five priorities upon which to focus 
during the subsequent five years.  These included incorporating climate into various aspects of 
living marine resource and habitat management, conducting vulnerability assessments, and 
continuing to advance the region’s climate science.  These priorities were supported by 
identifying specific actions that could be implemented, and which were aligned with the NCSS’s 
seven objectives at both current and increased funding levels. 

This chapter synthesizes PIRAP progress by NCSS objective, with the climate science 
objectives (7 - 4) discussed individually and the climate-informed management objectives (3 - 1) 
addressed collectively. 

3.2  Activities, Progress, and Plans 

Build and Maintain Adequate Science Infrastructure (Objective 7) 

Goals 
The PIRAP action items under this objective were centered on developing staff capacity through 
increased communication among regional staff, continued participation with the broader 
scientific community, and engagement with local communities.  Additionally, three of the nine 
metrics laid out in the PIRAP were focused on building and maintaining science infrastructure.  
They are: 1) number of peer-reviewed publications produced that address climate change and 
climate impacts, 2) full-time equivalent (FTE) time (part time plus full time) devoted to climate 
science, and 3) number of climate workshops or conferences attended or convened. 

9 https://www.fisheries.noaa.gov/national/climate/noaa-fisheries-climate-science-strategy 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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Highlights 
Of particular note is the region’s Annual Collaborative Climate Science Workshop.  This 
workshop brings together PIFSC, PIRO, and Council staff to discuss climate-related information 
needs and science that can help address those needs by improving communication between 
science providers and managers to enable climate-informed living marine resource 
management and conservation.  Since its inception in 2017, this workshop has served as a 
model for other regions. 
 
Progress summary  
The Pacific Islands region has built its climate-science infrastructure through actions such as 
attending conferences and workshops, publishing peer-reviewed research that addresses 
climate change and climate impacts, and devoting staff time to climate science (Figure 3.1).  
Over the first five years of the NCSS, regional staff have published 50 peer-reviewed papers 
and reports (Appendix A) and attended or convened 19 workshops and conferences (Appendix 
B).  PIFSC has increased FTE time by over 60% (from 240% to 390%) and increased the 
number of FTEs doing climate-related work by 46% (from 13 to 19 individuals).  PIRO staff 
include climate information in NEPA, ESA, and other analyses. 
 

 
Figure 3.1. Timeline of growth in regional climate science capacity.  Percent FTE time was determined by 
aggregating across all staff the proportion of time spent on climate-related work.  
 
Looking ahead 
The PIRAP noted the need for improved computer infrastructure, as well as staff capacity for 
activities such as downscaling climate model output to represent the region’s coastal and coral 
reef ecosystems.  These needs persist.  For example, data available through the latest 
generation of earth system models (CMIP610; Eyring et al., 2016) are even larger than data 

                                                
10 CMIP6 web page - https://www.wcrp-climate.org/wgcm-cmip/wgcm-cmip6  

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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available at the time the PIRAP was written.  Housing relevant CMIP6 data for analysis and 
inclusion in ecosystem modeling efforts is challenging due to lack of easily accessible server 
space. Other climate-related data streams (e.g., autonomous vehicles, moorings, sensors, video 
cameras, still cameras, Structure from Motion) will also require significantly expanded computer 
infrastructure.  
 
Track Change and Provide Early Warnings (Objective 6) 
 
Goals 
The ability to track change and provide early warnings requires robust long-term monitoring.  
Continued maintenance of the region’s time series is essential for realizing many of the PIRAP’s 
priorities, such as generating climate-informed habitat and species assessments and evaluating 
the food web effects of climate change.  Therefore, one of the key actions identified in the 
PIRAP was to “maintain and enhance ongoing monitoring programs for insular and pelagic 
ecosystems, sea turtles, cetaceans, and monk seals and analyze these data to detect climate 
impacts” (Polovina et al., 2016).  Two of the nine PIRAP metrics focused on the ability to track 
change: 1) number of long-term monitoring time series or assessments maintained and 
distributed, and 2) number of Ecosystem Status Reports that incorporate climate information 
and/or indices. 
 
Highlights 
The region’s long-term assessments have enabled researchers to raise several early warnings 
for protected species in the Northwestern Hawaiian Islands.  Long-term monitoring of Hawaiian 
monk seal habitat and demographics has revealed that sea level rise paired with recent severe 
weather as well as ongoing deterioration of abandoned infrastructure on Tern Island is posing a 
critical threat to the species.  Likewise, monitoring of sea turtle nest temperatures has shown 
that as air temperatures continue to rise, so too do nest temperatures.  Rising nest 
temperatures lead to feminization of sea turtle populations, and eventually embryonic death, 
both of which compromise species’ long-term viability. 
 
Progress summary 
The Pacific Islands region maintains numerous time series that aid in the monitoring and 
tracking of climate change as it continues to unfold (Figure 3.2).  These time series range from 
diver surveys and long-term instrument deployments in coral reefs and benthic environments to 
annual counts of sea turtles and endangered monk seals to autonomous passive acoustic 
monitoring for cetaceans.  Through the use of these monitoring series, it has been possible to 
identify climate-related trends and impacts.  These include the effects of extreme bleaching 
events as well as rising sea turtle nest temperatures.  Time series of ocean and climate 
indicators are now a standard component of the Council’s annual Stock Assessment and 
Fishery Evaluation (SAFE) reports.  The West Hawai’i Integrated Ecosystem Assessment has 
produced two Ecosystem Status Reports that include indicators for the climate and ocean, 
commercial and non-commercial pelagic fisheries, and human dimensions.  Additionally, 
National Coral Reef Monitoring Program status reports11 have been produced for all of the 
                                                
11 National Coral Reef Monitoring Progam website - https://www.coris.noaa.gov/monitoring/status_report/  

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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region’s coral reefs.  Within the past five years, additional funding has enabled the expansion of 
fishery-independent bottomfish monitoring to include temperature monitoring. 
 
 

 
Figure 3.2. Time series of persistent maintenance of regional monitoring series that span from the 
physical environment through marine ecosystems to fishing communities (light blue), along with 
Ecosystem Status Reports (dark blue).  Note: this figure was prepared in September 2020 and thus may 
not fully capture 2020 activities. 
 
 
Beyond simply monitoring conditions, regional staff are developing new analytical and modeling 
approaches to detect change and provide early warnings.  PIFSC scientists are developing 
methods to better apply existing National Coral Reef Monitoring Program datasets to questions 
of resilience at small spatial scales.  These methods have shown patterns of temporal 
ecological change previously masked by large spatial reporting sectors, and these patterns 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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highlight areas of ecosystem resilience (Oliver et al., 2020a). PIRO staff have also performed 
studies at much finer spatial scales around Saipan, following six years of disturbance events, to 
capture demonstrated resilience with an emphasis on resilience following the major thermal 
stress event of 2017 (Maynard et al., 2019).   
 
Regional staff have also worked to combine evidence of past change with future projections to 
provide early warnings of climate effects.  These warnings include local-scale projections of 
when annual coral bleaching is anticipated across the globe.  In the Pacific Islands region, 
annual bleaching is projected beginning in 2035 - 2045 (van Hooidonk et al., 2016).  Work is 
currently underway to update these projections with the new CMIP6 Shared Socioeconomic 
Pathways. 

In Hawai’i, a coalition of partners, including PIRO, PIFSC, Hawai’i’s Department of Land and 
Natural Resources, and several universities, collaborated to track the recent 2019 major coral 
bleaching episode. Scientists used a network of small satellites to track the event in near-real-
time, providing high resolution images of the corals before, during, and after the bleaching 
event. This information was provided to the public and helped to establish a database for coral 
bleaching impacts that can inform management. 

Looking ahead 
Autonomous monitoring and high-performance computing will be important for future progress.  
The ship time needed to maintain the many time series highlighted above is steadily declining.  
Autonomous platforms such as Saildrones and Seagliders, as well as moorings, could 
compensate somewhat for the loss of ship time available for high seas surveys.  Fixed sensors, 
moorings, cameras, and expanded shore-based, small-boat efforts could potentially 
compensate for the loss of surveys in shallow waters (i.e., reefs and atolls).  Similarly, remote 
camera or video monitoring and unmanned aerial systems could be further developed to 
augment sea turtle and monk seal monitoring.  However, we note that these methods will likely 
never be able to fully substitute for ship-based field work.   
 
High-performance computing will be particularly important for tracking change in coral reef 
communities, where new approaches like Structure from Motion are coming into practice.  It will 
also be needed to assimilate the data gathered from model downscaling efforts. 

In the Pacific, active coral reef restoration is relatively new.  Managers recognize that while 
conventional management of local stressors (e.g., water quality, coastal development, fishing 
impacts) is necessary, it will not be sufficient to help reefs resist and recover from climate 
change.  Restoration plans are needed to guide management, as is the development, 
implementation, and evaluation of science-based coral restoration projects. Through a 
cooperative agreement, NOAA and The Nature Conservancy have started restoration planning 
with the four Pacific island jurisdictions of Hawai’i, Guam, American Samoa, and the 
Commonwealth of the Northern Mariana Islands (CNMI). This project will build capacity by 
helping each jurisdiction develop coral restoration plans, providing training opportunities and 
technical assistance, and fostering learning exchanges. In Hawai’i, work will include scientific 
assessments to inform restoration and implement and evaluate in-water coral restoration 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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projects at pilot sites in the main Hawaiian Islands. This project will serve as a catalyst for 
effective restoration throughout the Pacific. 

 
Understand Mechanisms of Change (Objective 5) 
 
Goals 
At the time the NCSS was released, much of the region’s work on understanding mechanisms 
of change was focused on single species.  While this enabled the early warnings discussed 
above, it fails to fully capture the role of these species in their larger ecosystem.  Therefore, the 
PIRAP highlighted the need to understand mechanisms of climate-driven change across the 
food web, particularly at mid-trophic levels.  To realize this goal, the PIRAP includes a mix of 
model-based and empirical research-oriented action items. 
 
Highlights 
One project that is providing insight into mechanisms of change is an ecosystem-based 
approach to addressing protected species interactions with Hawai’i’s longline fishery.  While not 
focused specifically on climate change, the results can help inform climate projections for 
protected species.  This project is exploring the relationship between oceanographic conditions 
and interaction rates.  One of the main products is a map of interaction probabilities and a 
ranking of the relative importance of oceanographic features that appear to define the 
interactions.  Early results highlight that there is a greater probability of leatherback sea turtle 
longline interactions northeast of Hawai’i and that mixed layer depth is among the better 
predictors of interactions.  Both of these pieces of information can help inform climate 
projections for this species.  Ocean warming is projected to increase stratification in the 
subtropical oceans, which will lead to changes in mixed layer depth.  Furthermore, Hawai’i’s 
longline fishery is expanding its effort in the region where interactions are greater (Woodworth-
Jefcoats et al., 2018), and this expansion is projected to continue in tandem with climate change 
(Woodworth-Jefcoats et al., 2017).  Additional work aimed at understanding drivers of 
interactions includes the Council’s 2017 albatross workshop (Hyrenbach et al., 2021).  Again, 
while not exclusively focused on climate change, understanding how environmental conditions 
affect interactions can enable climate change to be incorporated into broader management 
considerations. 
 
Progress summary 
The region has developed several climate-informed food web models to help gain 
understanding into the mechanisms of climate-induced change.  These models include: 1) 
Ecopath with Ecosim models to assess the potential impacts of climate change on endangered 
monk seals in the Northwestern Hawaiian Islands (Weijerman et al., 2017), 2) the efficacy and 
tradeoffs of multiple management scenarios in West Hawai’i (Weijerman et al., 2018), 3) a multi-
species size spectrum model of the pelagic central North Pacific (Woodworth-Jefcoats et al., 
2019), and 4) an Atlantis model for both Guam (Weijerman et al., 2015) and the main Hawaiian 
Islands (currently under development).  Economic models were developed to project future 
longline fishing trip costs as well as fishing location choice.  In addition to this modeling work, 
additional funding has enabled work toward the construction of species distribution models from 

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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telemetry data.  These distribution models will enable future work that will use climate model 
output to project species’ spatial redistribution under climate change.  In turn, the ecosystem 
and fishery effects of these redistributions can be incorporated into the economic models 
discussed above. 
 
The region has also examined patterns of marine heat waves across the central Pacific.  
Combining both in situ and satellite data showed that “depth refugia”, or areas where coral reefs 
are likely to experience relief from sea surface heat stress in deeper water, are rare across the 
central Pacific (Venegas et al., 2019). 
 
Looking Ahead 
Going forward, attention should be directed towards understanding the effects of ocean 
acidification on pelagic ecosystems, particularly on the plankton and micronekton communities, 
and on larval fish development.  These areas of ocean acidification research are relatively 
unexplored, compared to coral reefs, and may potentially impact the region’s most valuable 
commercial fishery - a pelagic longline fishery for bigeye tuna.  Additionally, a better 
understanding of the physiological effects of climate change is needed.  Climate-driven changes 
in life history traits, such as growth and fecundity, once understood, can then be incorporated 
into stock assessments and recovery plans. 
 
Project Future Conditions (Objective 4) 
 
Goals 
In order to project future ecosystem and community conditions under climate change, the 
PIRAP includes several action items that make use of climate and earth system model output.  
Among these action items, and among the PIRAP’s highest priorities, are climate vulnerability 
assessments. 
 
Highlights 
The Pacific Islands Vulnerability Assessment (PIVA) project assessed the susceptibility of 83 
marine species across the Pacific Islands region to the impacts of climate change projected to 
2055. The invertebrate group ranked as most vulnerable, and pelagic and coastal groups not 
associated with coral reefs ranked as least vulnerable. Sea surface temperature, ocean 
acidification, and oxygen concentration were the three main exposure drivers of vulnerability. 
Early life history and settlement requirements were the most data deficient of the sensitivity 
attributes considered in the assessment. 
 
Progress summary 
The above-mentioned modeling work is projecting future conditions in regional marine systems 
ranging from coral reefs to pelagic fishing grounds.  In order to understand the fishery impacts 
of changing future conditions, work is underway to project future longline fishing trip costs for 
Hawai’i’s commercial bigeye tuna and swordfish fisheries.  Additional statistical downscaling 
work is projecting future ocean temperatures at coral reefs around the world.  A wide range of 
vulnerability assessments have been conducted for species and systems in the Pacific Islands 
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region (Figure 3.3).  In addition to the fish and invertebrate vulnerability analyses discussed 
above, vulnerability analyses have also been completed for coral reefs12, anchialine pools13, 
and coastal communities (Kleiber et al., 2018). Building on this social vulnerability work, PIFSC 
scientists released Coral Reef Resilience and Social Vulnerability reports for American Samoa, 
CNMI, Guam, and the Main Hawaiian Islands (Oliver et al., 2020c, 2020d, 2020e, 2020f).  The 
completion of vulnerability assessments was one of the PIRAP’s nine metrics. 
 
Looking Ahead 
Going forward, there are plans to extend species vulnerability assessments to fishing 
communities.  For example, communities’ potential vulnerability to climate-driven impacts on 
species of particular cultural or commercial value will be assessed.  Expanding the capacity for 
spatially explicit food web models will also enhance the ability to project future conditions.  This 
would allow for more nuanced projections of how species’ vulnerability might vary across their 
full habitat.  It could also provide insight into vulnerability across life stages, for example if 
spawning grounds are found to be more or less heavily impacted by climate change. 
 

 
Figure 3.3. Vulnerability assessments completed in the Pacific Islands region to date. 
 
 
 
  

                                                
12 PDF of coral reef vulnerability assessment - 
https://www.integratedecosystemassessment.noaa.gov/sites/default/files/2019-
04/2019_Vulnerability%20to%20Climate%20Change_Coral%20Reefs%20%281%29.pdf  
13 PDF of anchialine pools vulnerability assessment - 
https://www.integratedecosystemassessment.noaa.gov/sites/default/files/2019-
04/2019_Vulnerability%20to%20Climate%20Change_Anchialine%20Pools.pdf  

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report
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Informing management (Objectives 1-3) 
 
Goals 
PIRAP goals related to informing management include developing adaptive management 
processes, robust management strategies, and climate-informed reference points. 
 
Highlights 
Incorporating climate variables into regional stock assessments is a growing area of research 
and was one of the PIRAP’s metrics.  Currently, the bottomfish stock assessment (Langseth et 
al., 2018) includes a measure of winds that could potentially be expanded into a climate 
framework.  Data being collected on research bottomfishing sets could also contribute to a 
climate-informed aspect of this assessment.  Work is also underway to include a measure of 
phytoplankton size in the swordfish stock assessment (Sculley et al., 2018).  This measure is 
derived from satellite ocean color and sea surface temperature, and is another avenue which 
could potentially be expanded in a climate framework. 
 
Progress summary 
Climate impacts are evaluated in all regional National Environmental Policy Act (NEPA) 
analyses, as well as in Endangered Species Act (ESA) Section 7 consultations, listing and 
status reviews, and recovery plans. Climate indices have also regularly been included in the 
Council’s SAFE Reports since 2015. A Marianas Trench Marine National Monument plan was 
developed in coordination with USFWS and with input from PIFSC. The draft includes a Climate 
Change Action Plan with relevant background and targeted climate-smart activities; publication 
is anticipated in 2020.  
 
The Council held community-based workshops to facilitate information exchange and assemble 
information on traditional knowledge as it pertains to climate change. Train-the-trainer 
workshops with the Council's various advisory bodies were conducted in partnership with NOAA 
in 2017 throughout the region. Work is ongoing to partner with members of the advisory bodies 
to conduct climate and fisheries workshops with fishing communities in the region. Traditional 
knowledge pertaining to climate change was assembled and provided to the NOAA Scientific 
Advisory Board in 2016 and to the Kahana community in 2017. Traditional knowledge was also 
discussed at the Council's April 2018 Marine Planning & Climate Change Committee meeting, 
and information may inform future climate monitoring/research. 
 
Several of the ecosystem indicators and modeling efforts described earlier in this report are 
already being used to inform regional management.  For example, the Ecopath with Ecosim 
model for West Hawai’i (Weijerman et al., 2018) is being used by State of Hawaiʻi managers as 
they seek to balance ecological resilience with the provisioning of ecosystem services.  
Projections of future coral reef bleaching (van Hooidonk et al., 2016), as well as several 
indicators from the West Hawai’i Ecosystem Status Reports (PIFSC, 2016, Gove et al., 2019), 
are being used to inform the State’s Marine 30x30 initiative.  PIFSC scientists have also applied 
the Coral Reef Resilience and Social Vulnerability analysis to provide perspectives on how to 
prioritize management action under Resilience Based Management (Oliver et al., 2020b). Their 
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work suggests that strategies that prioritize management action according to rankings by an 
aggregate resilience metric perform well under a diverse set of other prioritization metrics, 
including diversity, exposure, and social vulnerability.  

PIRO staff are leading a pilot nursery effort in the CNMI that is tracking environmental 
conditions and growth performance across a range of corals, including the ESA-listed coral 
Acropora globiceps, to better understand and inform future upscaling and outplanting efforts.  
The pilot coral nursery effort in the CNMI continues to expand as more structures are added, a 
greater diversity of corals are integrated, outplanting begins, and extreme environmental 
conditions create new opportunities to document performance.  The pilot nursery has 
demonstrated 99% survivorship for coral fragments thus far and the current structure designs 
were able to stand up to ocean conditions generated by typhoon Hagibis in October 2019 that 
destroyed several shallow-water instruments. 

Looking Ahead 
It will be important to establish and sustain relationships among scientists, managers, fishing 
communities, industry, and other stakeholders in order to expand the implementation of 
adaptive management processes. One issue that warrants attention going forward is emerging 
and disappearing fisheries in this region. Fisheries will be affected by numerous factors 
including changing environmental conditions, shifting species distributions and community 
interactions, and fishing behavior responses to regulatory, environmental, and economic drivers.  
Future monitoring efforts should include all of these influences in order to best inform adaptive 
management approaches. 
 
With regard to producing climate-informed stock assessments, a current hurdle is the availability 
of skillful seasonal- to decadal-scale forecasts of oceanographic and biogeochemical variables.  
These are needed in order to extend stock assessments into the near future.  Once that gap is 
bridged, it may be possible to incorporate climate-scale projections into stock assessments 
conducted by PIFSC staff and others. 

PIRO and PIFSC are building a partnership to expand the data management and analysis 
efforts associated with the coral nursery effort in the CNMI. Another important resilience-based 
management option for possible future implementation is expanding the science on the 
importance of herbivory in coral reef ecosystems and related management approaches (i.e., 
herbivore protected areas) to mitigate impacts of coral bleaching and improve reef fisheries. 
Herbivory is an important ecological process that aids in preventing phase shifts from coral 
dominance to algae overgrowth. Herbivorous species of fish and invertebrates, such as urchins, 
help keep algae populations in check, allowing corals to grow and reproduce, and also creating 
healthy substrate conditions for new coral larvae to settle. Herbivore management areas, such 
as the Kahekili Herbivore Fisheries Management Area on Maui, have been successful in 
increasing biomass of both herbivores and crustose coralline algae (Chung et al., 2019).  
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3.3  Conclusions 
Successes and Lessons Learned 
Over the first five years of implementing the NCSS in the Pacific Islands region there have been 
a number of successes (described above and highlighted in Table 3.1) and lessons learned.  
There has been a robust appetite for scientist-manager collaboration.  Work undertaken in 
recent years has built strong foundations from which to build.  Regional collaboration to address 
critical threats at Tern Island is a prime example.  Even for more routine research and 
management issues, there is an increased interest in early collaboration in order to understand 
management needs and shape research as it progresses.  
 
Another highlight from the early implementation of the NCSS is the expansion of climate science 
capacity.  This expansion includes not only staff time and research output, but also engagement 
with stakeholders through activities such as the “Train-the-trainer” workshops and incorporation 
of climate indicators into annual SAFE reports.  These efforts are critical to expanding 
awareness of the threats posed by climate change.  They also help create a better link between 
climate science and management needs. 
 
Focusing on the effects of climate change in the Pacific Islands region has highlighted the fact 
that, for many species and habitats, baseline information to which climate impacts can be 
compared is still lacking.  Identifying these gaps, such as better understanding species 
distributions and interactions, will help focus research going forward.  The PIRAP activities and 
collaborations also helped to highlight the considerable scope for overlap between programs 
and projects.  For example, data gathered for a specific monitoring project can inform broader 
climate projections, and sensors could be added to existing instrumentation to gather data 
needed by other programs.  
 
Potential Focal Areas for a RAP 2.0  
In the next phase of NCSS implementation, it will be important to maintain focus on 
communication and collaboration between scientists and managers, as well as with fishing 
communities and industry.  Such collaborations can provide a conduit for sharing observations 
and concerns, understanding behavioral responses, ground-truthing model assumptions and 
output, expanding cooperative research opportunities, and much more.  Continued support for 
long-term monitoring will also be essential.  As ship time declines and fewer resources are 
allocated to time series maintenance, our ability to detect change will deteriorate.  Likewise, our 
ability to establish needed baseline information on species’ distributions and life history 
parameters will be hampered.   
 
Another potential focal area for the next phase of NCSS implementation is collaboration with 
academia and others to address basic science gaps that fall outside the scope of NMFS’s work.  
For example, the research needed to better understand physiological effects of environmental 
change is typically conducted by academia.  This includes work on the effects of ocean warming 
and acidification, stressors that are already impacting ecosystems across the Pacific Islands 
region.  A national-level competition could encourage such collaboration.  Within NOAA, 
continued cross-line-office collaboration will be needed to ensure climate and earth system 
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modeling efforts adequately address future needs.  The joint NMFS-OAR Climate and Fisheries 
Initiative includes work that would help address this need. 
 
Potential Metrics and Milestones for a RAP 2.0 
The PIRAP’s science-oriented metrics were clearly quantifiable, while the management-oriented 
metrics proved too broad to quantitatively measure progress toward.  In a subsequent PIRAP, it 
would be ideal to provide more realistic metrics for measuring progress toward implementing 
management that takes into account climate impacts.  Future metrics, both of science and 
management focus, should include targets or deliverables.  Such targets would place progress 
in the context of larger regional and NCSS goals.  Finally, with the release of CMIP6 data and 
the Intergovernmental Panel on Climate Change (IPCC’s) AR6 (Sixth Assessment Report), 
there will be new information and data that can be incorporated into regional analyses and 
management.  These climate products should be used in place of earlier information to ensure 
that the region can appropriately meet the threats posed to living marine resources by climate 
change. 
 
Table 3.1.  A selection of PIRAP activities grouped by NCSS objective. 
Informing Management (NCSS Obj. 1 – 3) 
 

• Inclusion of climate indicators in SAFE reports 
• Evaluation of climate impacts in NEPA analyses and ESA consultations 
• Climate Action Plan for Marianas Trench Marine National Monument 
• Community-based workshops focused on connecting the Council to LK/TK 

 
Understanding Mechanisms and Projecting Future Conditions (NCSS Obj. 4 & 5) 

• Development of climate-informed food web models, such as Ecopath with Ecosim for 
monk seals, West Hawai’i management scenario analyses, size spectrum model of 
the pelagic central North Pacific, and an Atlantis model for Guam and Hawai’i 

• Economic model development 
• Species distribution models 
• Marine heat-wave impacts 
• Pacific Islands Vulnerability Assessment 

 
Infrastructure and Tracking Change (NCSS Obj. 6 & 7) 
 

• Annual Collaborative Climate Science Workshop 
• Maintain monitoring programs, including coral reef diver surveys, benthic 

environments and long-term monk seal habitat and demographics 
• West Hawai’i Ecosystem Status Report 
• Multi-agency coral bleaching tracking effort 
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3.5  Appendix B - Climate-related Workshops & Conferences 
2016 
North Pacific Marine Science Organization (PICES) Annual Meeting included several climate-
theme sessions and workshops 
https://meetings.pices.int/meetings/annual/2016/pices/scope 
 
2017 
1st Annual Collaborative Climate Science Workshop 
https://www.fisheries.noaa.gov/event/annual-collaborative-climate-science-workshop-pacific-
islands-2017 
 
National Protected Species Assessment Workshop 
https://spo.nmfs.noaa.gov/sites/default/files/TMSPO172.pdf  
 
Hawai’i Conservation Conference 
https://www.hawaiiconservation.org/conference/2017-hawaii-conservation-conference/ 
 
Train-the-trainer workshops 
 
Albatross workshop 
Hyrenbach, K.D., A. Ishizaki, J.J. Polovina, and S. Ellgen (eds). In Review. The Factors 
Influencing Albatross Interactions in the Hawai’i Longline Fishery: Towards Identifying Drivers 
and Quantifying Impacts. 7-9 November 2017. NOAA Tech Memo. 
 
2018 
2nd Annual Collaborative Climate Science Workshop 
https://www.fisheries.noaa.gov/event/annual-collaborative-climate-science-workshop-pacific-
islands-2018 
 
4th Symposium on the Effects of Climate Change on the World’s Oceans 
https://meetings.pices.int/meetings/international/2018/climate-change/scope 
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Hawai’i Conservation Conference 
https://www.hawaiiconservation.org/conference/2018-hawaii-conservation-conference/ 
 
PIVA workshop 
 
Fourth WESTPAC Workshop on Research and Monitoring of the Ecological Impacts of Ocean 
Acidification on Cora Reef Ecosystems 
http://iocwestpac.org/news/854.html 
 
2019 
3rd Annual Collaborative Climate Science Workshop 
https://www.fisheries.noaa.gov/event/annual-collaborative-climate-science-workshop-pacific-
islands-2019 
 
Sea turtle climate vulnerability assessment workshop 
 
Hawai’i Conservation Conference 
https://www.hawaiiconservation.org/conference/2019-hawai%ca%bbi-conservation-conference/ 
 
OceanObs 
http://www.oceanobs19.net/ 
 
2020 
NOAA OA Community Meeting and Mini-Symposium 
https://cpaess.ucar.edu/meetings/2020/ocean-acidification-program 
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