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5. Gulf of Alaska Regional Action Plan

5.1  Introduction 

A working group consisting of representatives from the Alaska Fisheries Science Center 
(AFSC), the Alaska Regional Office, and the Pacific Marine Environmental Laboratory (PMEL) 
was formed in 2017 (see Section 5.4 for list of members). The working group, chaired by Martin 
Dorn, met several times to review previous climate research in the Gulf of Alaska (GOA), 
guidance documents, and the Regional Action Plans (RAPs) being developed for other regions. 
A draft RAP was prepared by summer of 2017, which was then reviewed internally, and by 
advisory bodies of the North Pacific Fisheries Management Council, including the Gulf of Alaska 
Groundfish Plan Team and the Scientific and Statistical Committee.  The draft RAP was 
presented to the Council in February 2018. A technical memorandum describing the RAP was 
published in April 2018. The GOA RAP was designed as an integrated program organized 
around monitoring, process studies, risk assessment, and modeling.  

The first year of implementation of the RAP was 2018.  Although substantial progress has been 
made on some of the activities described in the Gulf of Alaska RAP, the timing at present is not 
ideal for a review and synthesis. Many of the activities listed in the RAP are just beginning, and 
others are scheduled to start in early 2021. However, in the interest of supporting the effort to 
compile a national synthesis of progress on the RAPs, we provide here information on progress 
towards achieving the National Climate Science Strategy (NCSS) goals. The activities are 
organized by the seven NCSS objectives (7—Build, 6—Track, 5—Understand, 4—Project, 1-
3—Inform). Many of the research activities that we describe span several of the NCSS 
objectives, and therefore we have assigned each activity into a NCSS objective according to its 
predominant role. Reformulating the NCSS objectives in a more appropriate and actionable 
framework is a recommendation of the GOA RAP working group. 

5.2  Activities and Progress 

Build and Maintain Infrastructure (Objective 7) 

Goal 
Build and maintain the science infrastructure needed to fulfill NOAA Fisheries mandates under 
changing climate conditions. 

Activities 
Ecosystem monitoring surveys. Tracking changes in the GOA ecosystem relies on an extensive 
set of surveys that regularly monitor the distribution and abundance of managed species and 
the environmental conditions in the Gulf of Alaska. These surveys continued as scheduled in 
2018 and 2019, and included acoustic surveys of pre-spawning pollock in Shelikof Strait and 
other localities (Lauffenburger et al,. 2019; Stienessen et al., 2019), a sablefish longline survey 
(Malecha et al., 2019), the gulf-wide NMFS bottom trawl survey (Raring and von Szalay, in 
prep.), a bottom trawl survey by ADF&G, a summer acoustic-trawl survey (Jones et al. in prep.), 
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Southeast Alaska coastal monitoring, and a survey of Steller sea lions by airplane and chartered 
vessel. EcoFOCI led two ecosystem surveys in the GOA, a spring ichthyoplankton survey, 
continuing a 35+ year time-series (begun in 1984) of fish early life stages, and a summer young-
of-year groundfish survey continuing a 20+ year time-series (begun in 2001). Both surveys 
included collections of phytoplankton and zooplankton and well as physical oceanographic 
observations. Monitoring and process surveys conducted by AFSC and its partners in the Gulf 
of Alaska are the foundation for research into impacts of climate change and science-based 
management of the resources in the region. 
 
A survey of pre-spawning pollock in Shelikof Strait was completed in late winter of 2020 
immediately prior to the nationwide shutdown of NOAA activities due to the coronavirus 
outbreak (McCarthy et al., in prep.).  
 
Oceanographic moorings. There has been a long-term (1999 - present) oceanographic mooring 
maintained by PMEL in Woman's Bay, Kodiak Island. However, it was generally recognized that 
this was an inadequate level of monitoring given the size and complexity of the Gulf of Alaska. 
On September 30, 2019, PMEL deployed an additional mooring in the Shumagin Islands. In 
addition, a passive acoustic recorder was deployed at the site.  Though not funded by RAP, this 
mooring adds value to the marine mammal database of acoustic observations. An additional 
mooring was deployed at Cross Sound in the eastern Gulf of Alaska in winter of 2020 using 
funding from NMFS headquarters to support the RAPs. Temperature and salinity will be 
measured in the inflow region and currents (75kHz) will be measured throughout the water 
column.  
 
Additional ecosystem moorings in the Gulf of Alaska are needed to continuously track 
oceanographic and ecosystem properties.  Finding a mechanism to ensure funding for current 
PMEL moorings and additional moorings is a high priority. 
 
Funding from headquarters to support RAPs was used to purchase oceanographic equipment to 
deploy on the NMFS summer bottom trawl survey to better monitor ocean acidification and 
dissolved oxygen.  The initial purchase was later augmented by AFSC funds to provide two 
CTDs (conductivity temperature depth) for each survey vessel that will expand on the 
temperature trends already reported GOA-wide to the Ecosystem SAFE Chapter.  
 
Northern Gulf of Alaska Long-Term Ecological Research study area. The Long-Term Ecological 
Research (LTER) network was created by the National Science Foundation in 1980 to conduct 
research on ecological issues that can last decades and span huge geographical areas. A 
group of researchers led by scientists from University of Alaska Fairbanks were awarded a grant 
to establish an LTER site in the northern GOA. This is an integrated research program that 
builds upon and enhances the Seward Line time series, in addition to adding three new 
sampling lines located upstream (Cape Suckling and Middleton Island) and downstream (Kodiak 
Island) of the Seward Line. It includes spring, summer, and fall field cruises and a new (2019) 
mooring, the Gulf Ecosystem Observatory (GEO) on the outer shelf adjacent to the Seward 
Line, in addition to the GAK1 mooring with a 50 year time series (1970) on the inner shelf. Other 
components of the program are process studies that focus on mechanisms leading to variability 
in GOA productivity, and modeling studies to predict ecosystem responses to projected 
environmental changes. The LTER in the Northern GOA became operational in 2018. 
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Collaborations between the LTER Program and the EcoFOCI program extend zoo- and 
ichthyoplankton observations for the Gulf of Alaska. 
 
Gulf Watch Alaska. Gulf Watch Alaska (GWA) is the long-term ecosystem monitoring program 
of the Exxon Valdez Oil Spill Trustee Council. GWA is an anticipated 20-year program that was 
initiated in 2012, and includes annual ecosystem sampling in the GOA with most sampling 
occurring from Cape Suckling to Cook Inlet. GWA includes over 25 principal investigators from 
multiple agencies, universities, and research organizations, but the program and science lead is 
through AFSC. GWA has three main research and monitoring components: 1) environmental 
drivers (physical and biological oceanography); 2) pelagic ecology (prey and upper trophic level 
species; and 3) nearshore ecology (coastal and intertidal ecosystems). There are 11 field 
sampling projects within GWA. These projects include many biophysical time series extending 
decades, with the longest over 40-years (e.g., hydrographic sampling at GAK-1 and in Prince 
William Sound). Eighteen GWA-supported time series are now included annually in NOAA’s 
ecosystem considerations report to the NPFMC. The development of additional ecosystem 
indicators is being investigated, as are contributions to Ecosystem and Socioeconomic Profiles 
(currently for sablefish). 

Progress summary 
By and large, NOAA has met its goal of maintaining and expanding its capacity for tracking 
changes in the Gulf of Alaska ecosystem. Maintaining the current suite of surveys is an 
increasing challenge in a period of flat or declining funding. A 5th vessel is needed to complete 
the full suite of AFSC bottom trawl surveys in any given year.  AFSC currently only has funding 
for four vessels, which may result in a 2-vessel (vs. 3-vessel) survey and thus reduced sampling 
density in the Gulf of Alaska. Ecosystem surveys remain underfunded and are needed to 
provide cross-trophic metrics. Expansions in capacity include new ecosystem moorings, new 
oceanographic equipment to track climate change, and the new LTER study area in the 
Northern GOA. There is a critical need to maintain and expand the ecosystem moorings in the 
Gulf of Alaska.  Finding a mechanism to ensure long-term funding for these moorings is a high 
priority.  The monitoring activities by partners, such as the Northern Gulf of Alaska LTER, and 
the Gulf Watch Alaska program, provide a valuable addition to the monitoring done by NOAA, 
and further development of these partnerships is a priority. 

Tracking Change (Objective 6) 
 

Goal 
Track trends in ecosystems, living marine resources (LMRs), and LMR-dependent human 
communities and provide early warning of change. 

Activities 
Annual ecosystem status report. An Ecosystem Status Report for the Gulf of Alaska was 
produced annually to compile and summarize information about the status of the ecosystem for 
the North Pacific Fishery Management Council, the scientific community, and the public. These 
reports include ecosystem report cards, ecosystem assessments, and ecosystem indicators that 
together provide context for ecosystem-based fisheries management in Alaska. 
 
New time-series indicators of thermal conditions in the Gulf of Alaska. This project was funded 
by RAP funds from headquarters. In FY18, this project reprocessed and compiled historical 
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oceanographic data from 99 EcoFOCI cruises into a standardized format to improve data 
accessibility. The historical data have since been incorporated into multiple manuscripts (e.g. 
Rogers et al., 2020). An R package was developed to aid in processing data at sea and for 
producing standardized products (maps, time-series) of relevant oceanographic properties. 
These products are now available immediately after surveys, thus facilitating their incorporation 
into stock and ecosystem assessments, presentations to plan teams and the NPFMC, research 
studies, and IEAs.  
 
Socioeconomic monitoring of Alaska fishing communities. Through various internal and external 
funding lines, assessments of the impacts of climate change on Alaska communities have 
advanced (Seung et al., 2015; Seung and Ianelli, 2016).  The Economic SAFE document now 
includes socio-economic profiles that provide a snapshot of time trends in key indicators of 
fishery dependent community status (Economic SAFE27, Community Snapshots28). In addition, 
the Groundfish and Crab Economic SAFEs now include a dashboard to quickly assess time 
trends in key economic indicators (Fissel et al., 2019).  While these have not been formally 
linked to climate drivers, they serve as a baseline for evaluating mechanisms through which 
climate drivers impact society. 
 
Advances in Gulf of Alaska nearshore habitat science. Recent work has advanced assessment 
of Essential Fish Habitat in the Gulf of Alaska in nearshore areas by combining shoreline habitat 
information from the Alaska ShoreZone dataset with the AFSC’s Nearshore Fish Atlas (Grüss et 
al., 2021). Results will support understanding of how climate-induced changes in shoreline 
habitat, such as eelgrass and kelp, may affect early life stages of federally managed species. 
 
Spring Preview of Ecosystem and Economic Conditions (Spring PEEC). In order to provide 
rapid “early warnings” of ecosystem conditions as they developed, in 2019 and 2020 AFSC 
convened a “Spring Preview of Ecosystem and Economic Conditions (PEEC)”, wherein 
programs presented survey and model results of current environmental conditions in Alaska 
marine waters. Development of on-board rapid assessments (e.g., for zooplankton and larval 
fish) allowed for field observations to be provided in near real-time, documenting ecological 
responses to changes in the environment. The 2019 PEEC indicated a return of warm 
conditions in the GOA, similar to the marine heatwave years of 2014-2016. The new warm 
event continued through the summer, and updated physical and biological observations were 
presented to the NPFMC in October 2019, as “Early Warnings” ahead of the TAC-setting 
process for groundfish. This represents a significant advancement in the speed and efficiency 
with which ecosystem information is available for informing management advice, and lays the 
groundwork for not only monitoring, but also responding to rapid changes in climate. The 
positive reception of the PEEC resulted in this workshop becoming an annual meeting (with 
support from the Alaska IEA Program) in the North Pacific assessment and management 
process. 
 
Ecosystem and Socioeconomic Profile. A new framework, termed the Ecosystem and 
Socioeconomic Profile (ESP), has been developed for operationalizing the integration of 
                                                
27 Economic SAFE reports website - https://www.fisheries.noaa.gov/alaska/ecosystems/economic-status-
reports-gulf-alaska-and-bering-sea-aleutian-islands  
28 Alaska community snapshots website - 
https://archive.fisheries.noaa.gov/afsc/REFM/Socioeconomics/Projects/communitysnapshots/fullmap.php  
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ecosystem and socioeconomic factors with NOAA Fisheries’ stock assessment system 
(Shotwell et al., in prep.). The approach builds on the century-long legacy of qualitative reviews, 
conceptual modeling, and retrospective studies focused on detecting mechanisms underlying 
ecosystem responses to improve stock assessments. The ESPs are designed to identify, test, 
and vet the ecosystem process linkages within the scientific review process. As such, the ESP 
presents and communicates the emerging evidence linking ecosystem processes to stock 
assessments and assists with transitioning to ecosystem-linked next generation stock 
assessments. The framework includes four main steps: 1) a focusing effort to understand the 
data availability for each stock and develop a list of priority stocks for producing ESPs; 2) a 
grading exercise evaluating both a standard set of stock metrics and processes driving stock 
dynamics to identify the relationships with stock assessment parameters; 3) defining a suite of 
indicators to monitor and analyze trends for these indicators using consistent statistical tests to 
rank and display evidence in support of the hypothesized relationships; and 4) creating a 
standardized reporting template that is concise and conveys the status of the leading indicators 
to fisheries managers.  
 
The ESP process was initiated in 2014 and has since gone through a phased development and 
review through the groundfish and crab Plan Teams and the Scientific and Statistical Committee 
of the NPFMC (Shotwell, 2018). Starting in 2017, this framework has been used for three high 
profile groundfish and crab stocks in Alaska, and three additional applications are underway 
(Shotwell et al., 2017, 2018, 2019a,b; Fedewa et al., 2019). While SAFE chapters have included 
stock-specific ecosystem considerations for several decades, the new framework provides a 
standard statistical format for evaluating qualitative inferences about climate impacts on fish and 
fisheries. To date, the main utility of the ESP framework is its contributions to evaluations of 
qualitative information to inform adjustments to harvest recommendations that are external to 
stock assessments (Townsend et al., 2019; Dorn and Zador, 2020). A series of three workshops 
are scheduled to improve the development of the ESPs at the AFSC (2019-2021) and 
accelerate the transition from qualitative evaluations to time proven ecosystem-linked 
assessments. These three workshops will aim to improve ecosystem and socioeconomic data 
accessibility, increase integration of indicators into assessment models, and provide relevant 
advice to fisheries managers in a timely and efficient manner.  
 
Progress summary 
There have been significant improvements to AFSC’s ability to track climate related trends in 
the Gulf of Alaska over the last several years. The development of ESPs, the PEEC workshops, 
and continued refinement of the Ecosystem Status Report provide a comprehensive evaluation 
of current environmental and ecosystem conditions that can be considered in the annual 
NPFMC fisheries management process. Risk tables are now used in stock assessment to 
synthesize information on assessment uncertainty, population dynamics, 
environmental/ecosystem considerations, and fishery performance (Dorn and Zador, 2020), 
thus ensuring that management actions are responsive to rapidly changing conditions.  These 
advancements have been accelerated through internal discretionary funding and external 
funding.  While scientists within the AFSC have a long history of leadership in the exploration of 
assessment relevant ecosystem linkages, the co-occurrence of the NCSS, marine heatwaves, 
climate change, and the establishment of a common analytical framework for evaluating these 
relationships (i.e., ESPs and risk tables) has focused new attention on these factors. 
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Understanding Mechanisms (Objective 5) 
 

Goal 
Identify the mechanisms of climate effects on ecosystems, living marine resources, and 
resource-dependent human communities. 
 
Activities 
Process studies of ocean acidification and temperature impacts on marine species in the Gulf of 
Alaska. In FY2018, two experiments were performed examining the sensitivity of walleye pollock 
to elevated CO2 levels associated with ongoing ocean acidification (OA). Following-up on earlier 
experiments, the experiments examined the sensitivity of walleye pollock eggs and larvae to 
elevated CO2. This experiment compared the offspring of "wild" fish captured on spawning 
grounds in the Gulf of Alaska to offspring from a laboratory-maintained broodstock.  In 
collaboration with colleagues from Oregon State University, samples were analyzed for potential 
OA-induced developmental anomalies and lipid deficiencies. In a separate experiment, the 
impacts of elevated CO2 on the schooling behavior of juvenile walleye pollock were examined. 
Elevated CO2 has been shown to disrupt aspects of behavior in a number of fish species. 
Manuscripts describing both the physiological and behavioral responses of walleye pollock to 
OA are in development.  
 
In FY2019, an experiment was conducted to examine the interactive effects of high CO2 and 
prey nutritional quality to first-feeding northern rock sole larvae. Fish were reared from eggs of a 
laboratory-maintained broodstock and reared for one month after hatching. This work was 
conducted in collaboration with colleagues from Oregon State University. In separate 
experiments, thermal impacts on growth rates of yellowfin sole was examined. In one 
experiment, age-0 fish were captured from Kodiak Island nursery grounds and transported to 
the laboratory. Growth rates were measured over six  weeks at temperatures from 2-16°. In 
another experiment, eggs were collected from spawning activity of a newly-established 
broodstock of yellowfin sole. The effect of temperature on incubation time and size at hatch 
were examined. Analyses of these experiments are currently underway and a follow-up 
experiment with yellowfin sole larvae is planned for FY21. 
 
Spatial response of northeast Pacific groundfish to anomalous warming in 2015. This project 
examined the role of extreme environmental conditions in 2015 on the spatial distribution 
patterns of northeast Pacific groundfish throughout their range. The project utilized the 
alignment of multiple summer survey efforts encompassing stations along the US west coast, 
the Canadian Coast and the western Gulf of Alaska (GOA Bottom Trawl Survey) to compare 
groundfish responses to warming ocean conditions. This project ended in FY18 and publications 
resulting from this project began to appear in FY19 (Blake et al., in press; Li et al., 2019; Yang 
et al., 2019; Hinckley et. al., 2019; Li et al., in review; Barbeaux et al., 2020). Other synthesis 
papers looking at impacts of the heatwave on a broader range of ecosystem components have 
recently been published or are in review (Litzow et al., 2020; Suryan et al., 2021). 
 
Pacific cod recruitment and the environment. In addition, the AFSC developed a cross-divisional 
research team focused on Pacific cod.  This team sought to understand the mechanisms 
underlying the abrupt onset of marine heatwaves and the subsequent collapse of the GOA cod 
stock and the marked shift in the spatial distribution of EBS cod.  The cod working group 
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completed studies of: cod stock structure (Spies et al., 2020), thermal tolerance of eggs (Laurel 
and Rogers, 2020), and cod movement (Nielsen et al., 2020).  The record breaking low ice year 
also provided new insights into ecosystem responses to abrupt climate change (Duffy-Anderson 
et al., 2019).  
 
Multiple efforts were made in FY19 to address how climate is impacting recruitment dynamics of 
Pacific cod in the Gulf Alaska, including two age-0 cod field surveys, an archival sample 
analysis, and a modeling effort that resulted in a peer-reviewed publication.  Survey 1 extended 
the time series of the Kodiak beach seine survey (2006-present) targeting summer 0-group 
gadids in nearshore regions of Kodiak from mid-July through late August.  Survey 2 was a 
spatially expanded survey using identical gear that was supported by the NOAA Cooperative 
Research project “Understanding post-settlement survival for juvenile Pacific cod in the Gulf of 
Alaska (Year 2)”.  Both Survey 1 and Survey 2 indicated nearly 2 orders of magnitude less 
CPUE of age-0 cod than 2017 and 2018.  Environmental conditions and CPUE were very 
similar to observations observed during the 2014-16 marine heatwave.  Finally, a peer-reviewed 
manuscript (Laurel and Rogers, 2020) was published that described how climatic warming is 
likely leading to loss of Pacific cod spawning habitat in the Gulf of Alaska. 
 
Recruitment processes. Diverse projects in FY18 - FY20 investigated climate effects on early 
life stages of fishes and their prey, providing new mechanistic understanding and refined 
parameters for modeling climate impacts on fish and fisheries. The marine heatwave of 2014-
2016 provided a natural experiment for studying ecological impacts of warming, including a 
broad assessment of impacts of the heatwave on larval fishes in the GOA and California 
Current (Nielsen et al., in press), and an in-depth study of heatwave impacts on GOA pollock 
through their first year of life (Rogers et al., 2020). Historical and ongoing EcoFOCI collections 
enabled an analysis of pollock spawn timing, finding significant phenological shifts with 
temperature and spawner age structure (Rogers and Dougherty, 2019). Spring and summer 
winds were found to shape age-0 pollock spatial distributions and eventual recruitment success 
(Wilson and Laman, 2020). Additional studies included an analysis of historical zooplankton 
community dynamics and responses to environmental forcing (Kimmel and Duffy-Anderson, 
2020), a study of the effects of temperature on the density and distribution of capelin (McGowan 
et al., 2019), and an analysis of the role of eddies for transport and recruitment of arrowtooth 
flounder (Goldstein et al., 2020). For sablefish, a thermal threshold was identified during early 
development (yolk-sac stage) that has contributed to an EFH project using individual-based 
models to estimate habitat-related survival rates. Ongoing work is assessing variation in 
connectivity for halibut between the GOA and EBS in warm and cold years. The Recruitment 
Processes Alliance is developing their 5-year strategic plan which includes identifying research 
priorities to support the GOA RAP. 
 
Initial phase of the Gulf of Alaska Integrated Ecosystem Assessment.  A place-based IEA was 
established in Sitka, Alaska to identify information needs and empower coastal community 
members in addressing management concerns.  The first stage of the IEA loop was completed, 
including the following steps: 1) scoping of the project (definition of a spatiotemporal scale and 
focal species); 2) identification of local ecosystem components and threats; and 3) 
conceptualization of the local ecosystem.  Public workshops focused on ecosystem processes, 
ecosystem services, and local ecological knowledge were held to identify user-defined products 
and co-develop indicators for the IEA.  Products from this effort include a set of regionally-
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distinct conceptual models representing the eastern GOA ecosystem, a dynamic qualitative 
network model, and ecosystem indicators.  They also include a catalog of data sources on 
biological and physical trends, Shiny Apps, and a webpage. 
 
Specific deliverables include a research paper on explaining the development of co-produced 
conceptual models (Rosellon-Druker et al., 2019) and a manuscript describing how well-being is 
derived from local fisheries that includes the development of 10 human dimensions indicators 
(Szymkowiak and Kasperski, 2021). Other deliverables include a Shiny App that displays the 
location of rare species captured in commercial fisheries and an operationalized conceptual 
model for sablefish using a qualitative network model framework that demonstrates how our 
understanding of the marine ecosystem, including alternative plausible future scenarios (e.g., 
climate change, continued recovery of whale populations) that were developed in the GOA IEA 
process, can be applied to fishery management to promote decision-making to ensure 
sustainability of all species and the wellbeing of community stakeholders. 
 
Progress summary 
There have been significant improvements to AFSC’s ability to identify the mechanisms of 
climate effects on the Gulf of Alaska ecosystem and living marine resources. AFSC has a strong 
OA program that is conducting increasingly sophisticated experiments on the dual effects of OA 
and ocean warming on fish development and mortality. In response to the marine heatwave in 
the GOA during 2013-2016 and the associated decline in Pacific cod abundance, several multi-
faceted studies were initiated to gain a better understanding of the effect of these extreme 
events on marine biota, with a particular focus on Pacific cod. AFSC’s recruitment process 
group continues to do important research on the environmental forcing of early life history. 
Finally, the initial progress to develop place-based IEAs in the GOA reinforces the RAP’s focus 
on impacts to fishery-dependent communities in the GOA. We are continuing to develop IEA 
products for the community of Sitka, Alaska and planning on initiating a place-based IEA for 
Kodiak, Alaska.  
 
Projecting Future Conditions (Objective 4) 

 
Goal 
Identify future states of marine, coastal, and freshwater ecosystems, living marine resources, 
and resource dependent human communities in a changing climate.  
 
Activities 
ROMS/NPZ modeling in the Gulf of Alaska. Work has begun on a recently funded project for 
ROMS/NPZ modeling that will produce high-resolution projections of coupled ocean atmosphere 
conditions under two climate scenarios for the period 2006 to 2100.  The fine spatial grid of the 
model will capture important regional features, such as the Alaska Coastal Current in the GOA. 
Funding for this project is supported by several successful proposals that will allow a continuous 
set of projections to be run for the historical period up to the present, and for projections during 
the period 2006 to 2100. These projections will provide critical input to Management Strategy 
Evaluations and ecosystem models to evaluate impacts on marine populations, ecosystems, 
and fishing communities in the GOA. 
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Climate-forced multi-species models. The climate-enhanced multi-species assessment model 
(CEATTLE) for the GOA has been successfully transferred to the R-based TMB modeling 
platform. The model is further being revised to include additional bottom-up climate-driven 
effects on growth and mortality. As part of this work, refinements to the bioenergetics model for 
Pacific cod were completed and include updated temperature functions that predict 
consumption, respiration, and growth. These functions were also applied to diet data for the 
GOA to produce bioenergetic indicators of changes in trophic dynamics over time that will be 
included in the GOA Ecosystem Status Report. Work on the CEATTLE model for the GOA 
progressed in FY19. Consistent performance was found between CEATTLE and the primary 
stock assessments when CEATTLE is run in single species mode. Diet data are now being fit in 
the model rather than used deterministically. This research has been presented to the GOA plan 
team for the NPFMC in 2018 and 2019. The NPFMC SSC was supportive of the research, and 
encouraged comparison between multi-species models and enhanced single-species models. 
 
Climate-enhanced single species modeling. A project to develop a flexible projection modeling 
tool to evaluate environmental forcing under climate variation is just starting. The projection 
model will address the research goal of developing climate-forced single species models (CC-
SSM) in the GOA RAP. A sex- and age-structured stock projection model will be used to project 
the dynamics of North Pacific groundfish stocks in tiers 1-3 in the NPFMC tier system, and 
incorporate environmental forcing on life history parameters, mortality, and recruitment.  The 
model will be applied to stocks identified as priorities for MSE in the GOA Climate Regional 
Action Plan. ROMS/NPZ projections will be utilized to evaluate climate change impacts. The 
model is intended to be used routinely by assessment scientists to provide information to 
managers and stakeholders on likely climate impacts on groundfish in the North Pacific.  
 
Vulnerability analysis for GOA fisheries resources. Planning for this project is going on now 
since ROMS/NPZ projections will be available from the present to 2100 using selected Earth 
System Models from CMIP6. Work will likely begin in FY21 and will require 1-2 years. 
 
Progress summary 
The projects under this objective are still in progress with varying degrees of completion. There 
is a reasonable expectation that results will be available in the next 1-2 years. Together these 
projects form a strong contribution to the challenge of projecting future states of the Gulf of 
Alaska ecosystem, and assessing impacts on marine resources and fishery-dependent 
communities.  Looking forward, additional modeling approaches are needed to address a 
broader spectrum of ecosystem issues, and stronger coupling of ecological and socioeconomic 
models is needed to project future conditions and socioeconomic impacts.  

Informing management (Objective 1-3) 

Goals 
Identify appropriate, climate-informed reference points for managing LMRs; identify robust 
strategies for managing LMRs under changing climate conditions; and design adaptive decision 
processes that can incorporate and respond to changing climate conditions.  
 
Activities 
The GOA RAP is designed to be an integrated program that includes conducting quantitative 
risk assessments and management strategy evaluations for commercially important species, 
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and assess potential changes in ecosystem productivity. There also is a strong focus on 
projecting community-level social and economic impacts of climate change to assist these 
communities in adapting to change. However, the RAP received very modest amounts of 
dedicated funding, and other internal funding sources and staffing at AFSC were not available to 
initiate a strong modeling effort. However, recently AFSC, in collaboration with the University of 
Washington, received awards from the North Pacific Research Board and NOAA’s Coastal and 
Ocean Climate Applications (COCA) program to move forward with a robust modeling effort in 
the GOA to address NCSS objectives 1-3. This project will involve a multi-model approach 
including the development of regional Ecopath models and an Atlantis ecosystem model for the 
GOA. The project includes a fleet dynamics component, a marine mammal project looking at 
heatwave impacts on Steller sea lions, a sociological study of adaptive capacity in fishing 
communities in the GOA, and coupled regional economic models for southwest Alaska.  This 
research intends to evaluate the suitability of the Optimum Yield (OY) range for the Gulf of 
Alaska and the biological reference points used for status determination of individual stocks 
under projected climate scenarios. It will also evaluate climate impacts on fishing communities 
in the GOA using coupled ecological and economics models. This research has a three-year 
timeline starting in FY20, so results will not be available for several years. 

5.3  Conclusions 
 

By and large, the progress under the GOA RAP seemed reasonable given that we are 
approximately two and a half years into a five-year work plan. Progress is heavily dependent on 
external funding rather than being part of the core mission of AFSC. Supporting these projects 
with external funding should be regarded as an interim solution since there is a continuing need 
for both ROMS and ecosystem modeling capacity at AFSC, both to assess climate change 
impacts and to address other ecosystem-based fisheries management issues. This shortfall in 
capacity ideally would be addressed by creating dedicated positions within AFSC or PMEL staff. 
Access to and support for additional computing and storage capacity will be required to run and 
archive these computationally intensive models.  
 
Specific research projects that merit consideration in the next planning exercise include: 

● Adding size spectrum models to the multi-model ensemble to provide a comparison to 
EBS size spectrum models 

● Including additional ESM climate projections to the suite of climate projection. This will 
allow more comprehensive evaluation of uncertainty in climate projections 

● Adding communities to those borough and census areas already included in the 
computable general equilibrium regional economic model. This would allow contrasts to 
be made between climate impacts on resource-dependent communities and impacts on 
communities in the northern GOA and in Southeast Alaska whose economies depend 
more on tourism 

 
It should be noted that these recommendations involve relatively incremental additions to 
current projects. A concerted effort to produce the next iteration of the RAP should allow itself a 
wide scope of potential research activities. 

Table 5.1 highlights key Gulf of Alaska RAP accomplishments.  
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Table 5.1.  A selection of Gulf of Alaska RAP accomplishments grouped by NCSS objective. 
Informing Management (NCSS Obj. 1 – 3) 
 

• Starting development of a multi-model framework to evaluate OY range and 
biological reference points under projected climate scenarios 
 

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

• Improved understanding of marine heatwaves on northeast Pacific groundfish and 
Pacific cod 

• Development of the initial phase of place-based IEA for Sitka, AK, including 
conceptual models and ecosystem indicators 

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

• Annual ecosystem status reports 
• Early warnings of ecosystem and economic conditions through the “Spring PEEC” 

workshops 
• Development of the Ecosystem and Socioeconomic Profiles (ESPs) framework 
• Ecosystem monitoring surveys and expansion of sampling capabilities on moorings 
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