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EXECUTIVE SUMMARY 8 
The southeastern Bering Sea supports some of the most valuable commercial fisheries in the 9 
world. Large numbers of seabirds and marine mammals also are found here and subsistence 10 
harvests are a critical resource for coastal communities. Climate-related changes in ocean and 11 
coastal ecosystems are already impacting the fish, seabirds, and marine mammals as well as the 12 
people, businesses, and communities that depend on them. As a result of the changes already 13 
observed, demand for actionable information on how, why and when climate change will impact 14 
Alaska is rapidly growing.     15 
 16 
The Alaska Fisheries Science Center (AFSC) acquires and distributes the scientific information 17 
necessary to fulfill the mission of the National Marine Fisheries Service (NOAA Fisheries or 18 
NMFS) to sustain fish, seabirds and marine mammals and their ecosystems for the benefit of the 19 
nation. To continue to fulfill the mission in the face of climate change, AFSC seeks to acquire 20 
and develop information needed to understand, prepare for, and respond to climate change 21 
impacts on fish, crabs, and marine mammals. The ultimate purpose is to use the information to 22 
explore and develop science-based strategies for sustaining fisheries, marine mammals, and 23 
resource-dependent communities in a changing climate. 24 
 25 
The NOAA Fisheries Climate Science Alaska Regional Action Plan (ARAP) explains efforts 26 
underway to increase the production, delivery, and use of the climate-related information 27 
required to fulfill the NOAA Fisheries mission. As part of the NOAA Fisheries Climate Science 28 
Strategy, the ARAP conforms to a nationally consistent blue-print that guides efforts by NOAA 29 
Fisheries and partners to address information needs organized into seven science objectives that 30 
represent the process of managing the nation’s fisheries in the face of changing conditions. The 31 
ARAP identifies strengths, weaknesses, priorities, and actions to implement the Strategy in 32 
Alaska over the next 3-5 years, and it contributes to implementation of the Strategy by focusing 33 
on building regional capacity and partnerships to address the seven science objectives illustrated 34 
by the pyramid figure below.  35 
 36 
As illustrated in the seven levels of the pyramid of objectives (above),the ideal elements of 37 
managing living marine resources (LMRs) under changing conditions is the same throughout the 38 
nation. The seven science objectives generate seven questions that are addressed in the ARAP,. 39 
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 40 
Questions addressed by the ARAP 41 
1. How can climate-related effects be incorporated into LMR reference points?  42 
2. What are robust LMR management strategies in the face of climate change?  43 
3. How can climate-related effects be incorporated into adaptive LMR management processes? 44 
4. How will the abundance and distribution of LMRs and marine ecosystems change in the 45 
future, and how will these changes affect LMR-dependent communities?  46 
5. How and why does climate change alter LMRs, ecosystems, and LMR-dependent human 47 
communities?  48 
6. What are the observed trends in climate, LMRs and LMR-dependent communities?  49 
7. What science infrastructure is needed to produce and deliver this information? 50 
 51 
(Bold faced numbers in parentheses identify the number of the objective and question to which 52 
the preceding text refers.) 53 
   54 
In the process NMFS follows to implement the Magnuson-Stevens Act (MSA), scientific 55 
observations are made and processed into information (7) that can be analyzed (6, 5, 4, 2) to 56 
produce benchmarks of overfishing and other national standards (1) that inform the management 57 
(regulatory) processes (3). How well each of these elements is attained under the scenario of 58 
climate change in the eastern Bering Sea is the subject of this report. 59 
 60 
The scientific infrastructure (7) needed by AFSC to produce the analyses and deliver the 61 
benchmarks is reasonably well developed within AFSC and its NOAA partners (OAR, NESDIS) 62 
for the eastern Bering Sea. NMFS AFSC has survey projects in place that are maintaining the 63 
long time series of physical and biological observations sufficient to identify independent trends 64 
in climate, LMRs and LMR-dependent communities (6). Making connections among the trends 65 
to identify the mechanisms of climate impacts (5) and to develop climate-informed reference 66 
points (1) is at times made problematic by the mismatch between biological, human dimensions 67 
and physical data sets with regard to the times and localities of the observations.  The older 68 
survey projects were put in place some time before concerns about the impacts of climate change 69 
became evident, hence physical survey platforms did not originally incorporate synoptic biology 70 
and vice versa.  As resources permit existing projects are being modified and new projects 71 
developed in order to integrate physical and biological observations. For example, the 72 
Recruitment Processes Alliance (RPA) combined historically independent survey efforts with 73 
field surveys to provide the improved synoptic data sets that are essential to develop climate-74 
informed reference points (1), develop harvest strategies that are robust to climate induced 75 
change (2), inform models of future conditions (4), and to identify climate driven mechanisms of 76 
change (5). As our scientific infrastructure (7) institutional experience increases and the skill of 77 
our models improves, AFSC will be providing climate-informed reference points to the adaptive 78 
management processes (3) of the North Pacific Fishery Management Council (Council). 79 
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NMFS and the Council can take three important steps to improve efforts to identify and 80 
adapt to climate change impacts on federally managed fisheries in our region. 1) NMFS needs to 81 
be able to inform the Council and industry with about a 10 year lead time, as to which 82 
commercially important species are likely to be winners and losers in regard to climate change in 83 
Alaska. These forecasts need to incorporate uncertainty. Such forecasts would assist the Council 84 
in adjusting management programs (i.e., catch share programs) as necessary, and  allow the 85 
industry to “tune” their capacity (e.g., number of fishing vessels) to match productivity,  2) 86 
NMFS and the Council need to identify and monitor thresholds in ecosystem parameters that 87 
signal the need to adjust management strategies, and 3) NMFS needs to continue on-going ship-88 
based surveys to monitor changes in biomass, age-structure, and distribution of commercially 89 
important groundfish species in the Bering Sea and Gulf of Alaska. 90 
 91 
INTRODUCTION 92 

The effect of annual climate variation has been observed to impact fisheries in Alaska; 93 
however the impact of climate change on fisheries is unclear. For example, the ecological effects 94 
of reduced sea ice have impacted a major fishery in the southeastern Bering Sea for walleye 95 
pollock, but this fishery recovered in subsequent years when sea ice again was more widespread. 96 
These climate impacts, while temporary, allow us to understand some of the future impacts of 97 
climate change. The NMFS Climate Science  Alaska Regional Action Plan (ARAP) explains 98 
how NOAA Fisheries works to understand the impact of climate change on fisheries and is part 99 
of a national effort by NMFS. This first ARAP will focus on the southeastern Bering Sea Large 100 
Marine Ecosystem (LME). The waters of the southeastern Bering Sea support large marine 101 
mammal and bird populations and some of the most profitable and sustainable commercial 102 
fisheries in the country. Our understanding of climate effects on southeastern Bering Sea 103 
fisheries, while incomplete, is greatest among the five LMEs of Alaska. Subsequent Strategies 104 
will focus on these other LMEs (Gulf of Alaska, Aleutian Islands, northern Bering and Chukchi 105 
seas, Beaufort Sea), if funding allows. The primary customers for this information are the North 106 
Pacific Fisheries Management Council (NPFMC) and the NMFS Alaska Regional Office. 107 
Climate science by the Alaska Fisheries Science Center is conducted collaboratively with the 108 
Pacific Marine Environmental Laboratory. 109 

Our climate science approach is composed of three parts: ecosystem monitoring, process 110 
studies, and modeling, retrospective analyses, and management strategy evaluations. The three 111 
parts, monitoring, process studies and analyses are the  three legs  of the  stool on which our 112 
understanding  of climate effects is seated. Ecosystem monitoring consists of standard 113 
oceanographic surveys which sample ocean physics, phytoplankton, zooplankton and egg, 114 
larvae, and juvenile stages of fish. Process studies are shorter term studies directed toward 115 
understanding ecological relationships (e.g., primary production rates, predator-prey 116 
relationships). Both the ecosystem monitoring and the process studies typically are supported by 117 
laboratory studies (e.g., growth response to temperature) and laboratory analyses (e.g., lipid 118 
content of sampled zooplankton and fish). Modeling and retrospective studies provide a 119 

http://www.npfmc.org/
http://www.npfmc.org/
https://alaskafisheries.noaa.gov/
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framework for jointly understanding the results of the ecosystem monitoring and process studies. 120 
Modeling can be complex (ecosystem models that are computationally intensive) or simple 121 
(bioenergetics models). All three parts are necessary to meet objectives 5 and 6 of the Strategy. 122 
Modeling, as well as management strategy evaluations, are necessary to meet objectives 1 123 
through 5 of the Strategy. The Alaska Fisheries Science Center makes a significant investment 124 
(~$9M per year)  in ecosystem monitoring, process studies, modeling, retrospective analyses, 125 
and management strategy evaluations in order to understand climate effects on fisheries, 126 
protected species, and ecosystems. Typically this process work is part climate and part 127 
ecosystems, fish, or marine mammals and the climate part is about $5M. 128 

We can project some of the future impacts of different climate change and fishing 129 
scenarios. Our goal is to predict winners and losers (fish) within ecosystems that could impact 130 
predator/prey relationships of commercially exploited populations. However our ability to 131 
project future impacts is limited by our understanding of ecological processes. This 132 
understanding is sufficient to project climate change impacts for only 3 of 21 comprehensively 133 
assessed Fish Stock Sustainability Index (FSSI) stocks in the southeastern Bering Sea; climate change 134 
will probably lead to reduced abundances of walleye pollock (through loss of sea ice) (Mueter et 135 
al., 2011) and red king crab (through reduced calcium carbonate) (Long et al., 2013; Punt et al., 136 
2014) and unchanged abundance of northern rock sole (Wilderbuer et al., 2013). For example for 137 
walleye pollock in the eastern Bering Sea, data from integrated ecosystem surveys conducted by 138 
AFSC (BASIS; citation or website??), provided a mechanistic understanding of the impact of 139 
stanzas (continued back to back years) of reduced/increased sea ice in spring on the food web for 140 
young of the year gadids (e.g. walleye pollock) via the interchange of lipids (i.e., fats), fish 141 
fitness during critical periods of life, and survival to older age classes.  142 

 Because quantitative assessments are few (only 3 of 21 FSSI stocks), a qualitative 143 
assessment currently is underway for the southeastern Bering Sea. This climate vulnerability 144 
assessment will qualitatively assess species vulnerabilities to climate change and also provide 145 
guidance on research prioritization. The vulnerability assessment uses expert elicitation methods 146 
to quantify a species’ exposure and sensitivity to expected climate change. Vulnerability, as used 147 
here, refers to a reduction in a species’ productivity or abundance associated with an expected 148 
change in climate. In addition, an ocean acidification risk assessment (Mathis et al., 2015) was 149 
conducted by scientists at the NOAA Pacific Marine Environmental Laboratory and Alaska 150 
Fisheries Science Center. This assessment predicted that the intensity, extent and duration of 151 
ocean acidification in the coastal areas around Alaska will increase with the highest socio-152 
economic risk accruing to regions in southeast and southwest Alaska that are highly reliant on 153 
fishery harvests and have relatively lower incomes and employment alternatives. Lastly, in 154 
December 2015, the North Pacific Fisheries Management Council decided to develop a Bering 155 
Sea Fisheries Ecosystem Plan. One of the priority action modules of this plan would address 156 
climate change.  157 
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Climate science information is brought forward to the North Pacific Fisheries 158 
Management Council. A primary outlet is the Ecosystem Considerations chapter of the Stock 159 
Assessment and Fisheries Evaluation report, which has been produced annually for 20 years. 160 
This report includes both ecosystem information as well as climate indicators such as average 161 
bottom temperature and krill biomass. The climate and ecosystem information also are applied to 162 
explain recruitment variation in individual species, which is available for some species with 163 
sufficient research and understanding. The latter information is particularly useful to justify catch 164 
quota adjustments for the high-volume, high-value fisheries of the southeastern Bering Sea. The 165 
NOAA Fisheries Climate Science Strategy calls for assessment of progress on seven objectives. 166 
Efforts are underway (i.e., relatively new), or ongoing (i.e., well-established) for the southeastern 167 
Bering Sea, however progress and the rate of progress varies substantially among objectives. For 168 
example, implementing the  development of decision processes that can incorporate and respond 169 
to changing climate conditions  (Objective 3) awaits the more precise information and improved 170 
tools now being developed under other objectives. The Council has an adaptive management 171 
process that has occasionally incorporated climate change information into its decisions in the 172 
past on an ad hoc basis. Routine incorporation of climate-informed reference points under the 173 
formal mathematical criteria of accepted stock assessment models awaits future developments.  174 
This Climate Science Strategy will complement a Fisheries Ecosystem Plan currently being 175 
developed for the southeastern Bering Sea.     176 

 177 
ASSESSMENT 178 
In this section, we assess the status of progress on the seven objectives for the southeastern 179 
Bering Sea. An action plan for the next 3-5 years follows in the next section. For each objective, 180 
the status of progress is followed by brief descriptions, in bullet form, of specific projects. 181 
Initiation or completion of some objectives depends on other work. As noted above, initiating 182 
development of an adaptive decision process (Objective 3) depends on making more progress on 183 
several other objectives (1, 2, 4 and 5). For further example, the identification of robust 184 
management strategies (Objective 2) depends on identification of future states of marine and 185 
coastal ecosystems (Objective 4).  186 
 187 
Objective 1: Identify appropriate, climate-informed reference points for managing living marine 188 
resources (LMRs).  189 
Status: Underway.  190 

● Single and multi-species models with climate forcing. The purpose of this project is to 191 
incorporate climate effects into single and multi-species models (Figure 1), which are 192 
then used to derive climate-informed reference points. The general approach is: 1) 193 
statistically fitting population-dynamics models to historical survey and fishery biomass 194 
data in order to estimate recruitment, historical harvest rates, selectivity, and annually 195 
varying natural mortality; 2) subsequent fitting of the recruitment estimates from each 196 
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model to spawning biomass and environmental covariates (e.g., cold-pool area, bottom 197 
temperature, cross-shelf transport, zooplankton biomass) from a hindcast of a coupled 198 
physical-biological oceanography model (Regional Ocean Modeling System-Nutrient 199 
Phytoplankton Zooplankton Detritus model, ROMS-NPZD); 3) use model-selection 200 
criteria (AIC) to select the subset of climate indices that best fit each model-specific set 201 
of recruitments; and 4) project the model forward in operating mode for each climate 202 
scenario to derive recommended harvest rates to meet management objectives under 203 
future climate conditions. 204 

  205 
 Objective 2: Identify robust strategies for managing LMRs under changing climate conditions.  206 
Status: Underway.  207 
The identification of robust strategies depends on identifying future states of marine and coastal 208 
systems, as described in Objective 4. 209 

● NPFMC Fisheries Ecosystem Plan. A fisheries Ecosystem Plan (FEP) was approved by 210 
the Council in December 2015. The FEP includes a climate module that would: 1) 211 
synthesize current climate change project outcomes; 2) prioritize species for management 212 
strategy evaluation (MSE); and 3) run MSEs on specific species and scenarios identified 213 
by the Council. This will take place on a 5-7 year cycle and will be summarized in an 214 
eastern Bering Sea Climate Change and Fisheries Assessment Report. 215 

● Management strategy evaluations (MSEs). The purpose of this project is to identify 216 
harvest control rules that remain effective as climate changes. This approach relies 217 
heavily on retrospective studies and process oriented research to identify the mechanisms 218 
underlying recruitment variability (see the Recruitment Process Alliance; RPA) or other 219 
responses (e.g., shifts in spatial distribution, growth, or phenology) to changing climate 220 
conditions.  These studies inform the response surface and projection using the estimated 221 
relationship (see Obj. 1), except in each simulation year of the projection, the harvest 222 
strategy for each species in the model is determined from a recommended harvest control 223 
rule and “realized harvest” is modeled as a function of fisher behavior, spatial distribution 224 
of fish, and economic pressures using socio-economic models. These models track the 225 
“true” and “perceived (including sampling/measurement and process error)” of the 226 
population, wherein, the harvest control rule is applied to the “perceived”population.  The 227 
realized harvest is then fed into the starting conditions for the next year of the simulation 228 
along with “sampled” survey biomass (e.g., index of biomass with error).  Management 229 
strategies will be evaluated relative to agreed upon benchmarks for sustainable fisheries 230 
management within an ecosystem context.   231 

● Alaska CLIMate Project (ACLIM). This project involves a suite of models designed to 232 
provide scenarios of future fish production under a variety of climate and fishing 233 
scenarios.  The project is the U.S. Bering Sea node of the ICES/PICES Strategic Initiative 234 
on Climate Change effects on Marine Ecosystems (SICCME).  The SICCME effort is 235 
coordinating research nodes in China, Japan, Korea, Russia, the California Current, the 236 
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Gulf of Alaska, the Pacific Islands, the Barents Sea, Georges Bank/Gulf of Maine, the 237 
Gulf of Mexico, the Norwegian Sea, the North Sea, the Baltic and possibly the high 238 
Arctic.  The goal of ACLIM / SICCME is to provide quantitative scenarios for future 239 
distribution and abundance of fish and fisheries by 2019/2020. The ACLIM project is 240 
jointly funded by FATE (Fisheries And The Environment), SAAM (Stock Assessment 241 
Analytical Methods), and NPCREP (North Pacific Climate Regimes and Ecosystem 242 
Productivity).   243 
 244 
The ACLIM Bering Sea node features a suite of models that represent a full range of 245 
structural complexity ranging from single species and multi-species projection models 246 
(see above) to whole ecosystem models (size spectrum and Ecopath with Ecosim) to fully 247 
coupled end-to-end models (FEAST) (Figure 2).  This range of model complexity 248 
provides the analysts with the ability to track different sources of uncertainty in the 249 
projection modelling effort.  For example the simpler models (single species and multi-250 
species) models allow exploration of the full range of parameter uncertainty for a narrow 251 
suite of functional responses, whereas, whole ecosystem models and FEAST provide the 252 
ability to track emerging properties of ecosystem structure or spatial temporal patterns of 253 
change. The project has two phases.   254 
 255 
In phase 1, the multi-model projections will be run to provide a suite of potential fish 256 
distributions and fishers responses to a suite of climate change scenarios.  The climate 257 
change scenarios will include projected climate conditions under 2 Representative 258 
Concentration Pathways (RCPs) using at least 3 global climate models from the CMIP5 259 
suite.  Output from these climate change scenarios will be used as boundary conditions 260 
and downscaled using the regional ocean model noted above.  Output from downscaled 261 
projected ocean conditions will be used as noted in Objective 1 above to project the 262 
future distribution and abundance of fish and fisheries.   263 
 264 
In phase 2, the projected scenarios from Phase 1 will be presented to regional fishery 265 
management councils, industry and other non-governmental organizations to seek input 266 
and advice on the realism of the harvest strategies used in Phase 1.  Based on input from 267 
Phase 2 discussions, the harvest strategies will be modified and the multi-model 268 
projection suite will be run again.  The outcome of this two phase effort will be to to 269 
identify the most realistic representation of future responses of fishers and fish to 270 
changing climate with the expressed goal of identifying strategies that are robust to 271 
changing ocean conditions. 272 

 273 
● Multispecies technical interaction model.  The North Pacific Fishery Management 274 

Council (NPFMC) adopted a management approach that incorporates an ecosystem 275 
approach to fishery management as its goal.  Within this management framework the 276 
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NPFMC includes protocols that explicitly consider the implications of mixed stock 277 
fisheries relative to single species management targets.  In addition, the NPFMC imposes 278 
several protocols to address species interactions including: prohibited species caps, 279 
ecosystem level caps on total groundfish removals, and catch deterrents for forage 280 
species.  The Multispecies technical interaction modelling effort simulates these 281 
interacting constraints on future catch and serves as a tool for evaluating the implications 282 
of proposed management changes on catch.  The model dynamically projects future fish 283 
responses to climate variability and change and estimates future catch within existing or 284 
proposed constraints.  As such this tool provides the best expectation of future biological 285 
reference points used to estimate future catch within the Bering Sea under changing 286 
climate conditions.  This model is used to inform the multi-model stock projection 287 
models used in ACLIM by generating future representative fishing pathways. 288 

    289 
● Belmont Forum project. This project will synthesize information from completed and 290 

ongoing regional studies conducted by Japan, the USA and Norway to examine how 291 
climate impacts in the Subarctic to Arctic transition zone may affect future marine 292 
ecosystems of the Pacific and Atlantic Arctic, their resource management, and the socio-293 
economic status of human communities in the regions. Natural and social scientists will 294 
meet with stakeholders from the fishing industry, regional management bodies, 295 
governments and coastal communities in at least three workshops to assess whether the 296 
biological, management and socio-economic systems have the resilience and adaptive 297 
capacity to cope with anticipated changes. These workshops will: 1) review and 298 
synthesize impacts of climate change on components of Arctic marine ecosystems; 2) 299 
compare and contrast the impacts in the Atlantic and Pacific sectors of the Arctic; 3) 300 
identify major issues of concern, including biological and socio-economic threats and 301 
opportunities, from both biological and socio-economic perspectives; 4) review the 302 
ability of current management frameworks to adapt to likely future changes; and 5) assess 303 
the resilience and adaptive capacity of fish, fisheries, other living resources, resource-304 
dependent human communities, and resource management institutions to future climate 305 
change.  306 

 307 
Objective 3: Design adaptive decision processes that can incorporate and respond to changing 308 
climate conditions.  309 
Status: A work in progress.  310 
The NPFMC currently has a process that adapts harvest actions to changing measurements from 311 
fishery independent surveys. Changes in fishery independent surveys and other direct 312 
observations are used to adapt fishing mortality to estimates of biomass for those stocks on 313 
which such information is available. What is not well worked out is how and when  the North 314 
Pacific Fishery Management Council should react to climate-informed reference point changes. 315 
Information on changes in the ecosystem, including climate change, for the area of this RAP are 316 

http://belmontforum.org/funded-projects/racarctic-resilience-and-adaptive-capacity-arctic-marine-systems-under-changing
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presented annually to the Council. Implementing Objective 3 is an area that needs considerable 317 
attention, discussion, and education. This discussion should engage all subsidiary bodies of the 318 
North Pacific Fishery Management Council, as well as the Alaska Regional Office. The two 319 
phase approach developed by ACLIM to involve the Plan Teams, Scientific and Statistical 320 
Committee, and Ecosystem Committee should provide a starting point for these discussions. 321 
 322 
These processes are not well worked out because management targets for fishing mortality and 323 
spawning biomass are often calculated by assuming stationary population processes, but under 324 
climate change this assumption may be violated. Frameworks for incorporating non-stationary 325 
responses of exploited populations under the changing influence of the environment are needed. 326 
For example, climate-enhanced single- and multi-species assessment models, conditioned on 327 
variable trophic and environmental conditions, can be projected to derive climate-specific 328 
harvest reference points (Moffitt et al. 2015, Holsman et al. 2015).  329 
 330 
Objective 4: Identify future states of marine and coastal ecosystems, LMRs, and LMR 331 
dependent human communities in a changing climate.  332 
Status: Underway.  333 

● Ocean model projections. Coupled physical/biological models (ROMS-NPZD) are used 334 
to downscale global climate change to the ecology of subarctic regions, and to explore 335 
the bottom-up and top-down effects of that change on the spatial structure of subarctic 336 
ecosystems—for example, the relative dominance of large vs. small zooplankton in 337 
relation to ice cover.  338 

● Derive environmental indices from ocean models. A multivariate statistical approach is 339 
used to extract the emergent properties of a coupled physical/biological hindcast (ROMS-340 
NPZD) of the Bering Sea for years 1970–2009, which includes multiple episodes of 341 
warming and cooling (e.g. the recent cooling of 2005–2009), and a multidecadal regional 342 
forecast of the coupled models, driven by an IPCC global model forecast of 2010–2040. 343 

● Incorporate ocean acidification effects into existing ocean models. An ocean 344 
acidification module is being added to the coupled physical biological model (ROMS-345 
NPZD). 346 

● Climate-enhanced single species projection models. Climate-enhanced single species 347 
projection models have been completed for walleye pollock, Pacific cod, arrowtooth 348 
flounder, and Bristol Bay red king crab and northern rock sole and provide 20- to 50-year 349 
forecasts of their abundance, including a measure of the uncertainty of these forecasts. 350 
Extensions of these models that include shifting overlap of predators and prey have been 351 
tested for the Bering Sea. These projection models, while based on functional 352 
relationships, depend on a detailed understanding of ecological processes affecting 353 
population productivity and thus benefit from process studies. See objective 1 for more 354 
information on the approach of these models.  355 

● Climate-enhanced multi-species projection models. The climate enhanced multispecies 356 
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statistical catch-at-age model (CEATTLE) estimated population dynamics of walleye 357 
pollock, Pacific cod, and Arrowtooth flounder under future climate and trophic 358 
conditions. The model uses inputs of temperature and climate indices from downscaled 359 
climate hindcasts and projections to produce biological reference points (e.g., F40%) 360 
conditioned on future climate scenarios, trophic interactions, and predator harvest rates. 361 
See objective 1 for more information on the approach of these models.   362 

● Climate vulnerability assessment for the southeastern Bering Sea. A climate 363 
vulnerability assessment for the southeastern Bering Sea, which will qualitatively assess 364 
species vulnerabilities to climate change and provide guidance on research prioritization, 365 
currently is underway. The vulnerability assessment uses expert elicitation methods to 366 
quantify a species’ exposure and sensitivity to expected climate change.  Vulnerability, as 367 
used here, refers to a reduction in a species’ productivity and or abundance associated 368 
with a changing climate, both climate change and multidecadal climate variability. This 369 
vulnerability assessment will be expanded in the future as the species vulnerability relates 370 
to LMR dependent human community vulnerability. 371 

● Identify human community dependence on LMRs and effects of climate change. A 372 
set of social and fisheries engagement indices were developed using data for human 373 
communities throughout Alaska in an attempt to better understand how dependent 374 
individual communities are on LMRs, how those communities may be differentially 375 
affected by changes in resource management and other external perturbations, and how 376 
well each community may be able to adapt to such impacts. In addition, work has been 377 
done to develop similar indices focusing on how much communities may be affected by 378 
the physical effects of climate change (e.g., sea level rise, melting permafrost, changes in 379 
sea ice distribution). Combined, these indices are intended to be used to better understand 380 
the overall impact that climate change might be expected to have on communities across 381 
a broad spectrum, both geographically and socio-economically. These indices will 382 
ultimately be linked to the climate vulnerability assessment for the southeastern Bering 383 
Sea that is described above. 384 

● Arctic Council, AMAP, impacts on coastal communities. The Arctic Monitoring and 385 
Assessment Programme (AMAP) of the Arctic Council is preparing a report entitled, 386 
Adaptation Actions for a Changing Arctic (AACA) at the request of the Arctic Council.  387 
The AFSC is developing Chapter 6 of AACA on the impacts of development in the 388 
Bering/Chukchi/Beaufort area, which focuses on the consequences of environmental, 389 
economic, and cultural/social changes on people in the Arctic at present and as may be 390 
anticipated in the next 10-30 years. The orientation of this chapter is on the consequences 391 
of such changes for the people of the Arctic. The report is expected to be released during 392 
the second half of 2016. Loss of sea ice is projected to increase both the number and 393 
volume of ship-based oil spills.   The acute and cumulative impacts of increasing rate of 394 
introduction of hydrocarbons into the coastal environment is expected to threaten food 395 
security of subsistence cultures and it may also lead to the disintegration of subsistence 396 
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dependent coastal communities based on case studies now in the literature.                                                                                                                                                 397 
 398 
Objective 5: Identify the mechanisms of climate impacts on LMRs, ecosystems, and LMR 399 
dependent human communities.  400 
Status: Ongoing.  401 
 402 

● Bering Sea Project. The Bering Sea has been the focus of a 40-year history of studies on 403 
processes underlying recruitment of walleye pollock, as well as, biological and physical 404 
oceanography.  The region has been the beneficiary of a suite of integrated 405 
interdisciplinary research efforts including Bering FOCI, the Southeast Bering Sea 406 
Carrying Capacity Program, and the Inner Front Study. An integrated ecosystem research 407 
program recently was completed in the eastern Bering Sea (Bering Sea Project, 2007-408 
2014) (Figure 3). The most comprehensive integrated ecosystem assessment ever 409 
conducted was completed, revealing how climate cycles affect the Nation's largest 410 
fishery. This research has been continued at a smaller scale and has focused on 411 
understanding recruitment processes of important southeastern Bering Sea fish species 412 
(Recruitment Processes Alliance).  413 

● Loss of Sea Ice research. Northern Bering Sea surveys will enumerate commercially 414 
important shelf species such as snow crab, yellowfin sole, and juvenile salmon which 415 
have distributions extending beyond the current area of the southeastern Bering Sea 416 
surveys. The resulting survey effort will cover most of the eastern Bering Sea shelf and 417 
will be repeated biennially.  418 

● Predator prey food habits studies. AFSC scientists had the foresight to acknowledge 419 
the importance of the collection and analysis of food habits information.  This foresight 420 
provided one of the world’s largest collection and longest time series of food habits of 421 
fish and crabs.  This time series allows analysts to develop spatial and non-spatial models 422 
of predator prey interactions for use in stock assessments and short-term and long-term 423 
projection models. 424 

● Laboratory studies and analyses to understand climate effects on physiology, 425 
bioenergetics, and habitat use. Changes in water temperature and chemistry can directly 426 
impact the growth rate and distribution of fish and shellfish in marine environments 427 
(Figure 4). Differential thermal preferences can additionally lead to increases or 428 
decreases in species overlap and concomitant predator-prey interactions. Laboratory 429 
experiments are conducted to parameterize bioenergetic models of fish growth and 430 
energetic demand at the core of climate-enhanced models and to understand direct and 431 
indirect impacts of changing pH levels on fish and crab species. Laboratory studies and 432 
field surveys of fish thermal preferences are conducted to project future species 433 
distributions and overlap. The science infrastructure required to meet these needs also are 434 
described under objective 7. 435 

● Field studies to understand climate effects on population dynamics. Process studies 436 

http://www.nprb.org/bering-sea-project
http://www.afsc.noaa.gov/HEPR/LOSI.php
http://www.afsc.noaa.gov/REFM/REEM/Data/default.htm
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and retrospective studies are core tools for the development and testing of conceptual 437 
models and identifying functional responses linking fish distribution, abundance, growth 438 
and phenology of fish and crab. In the case of the Bering Sea there is a 40 year history of 439 
recruitment studies on processes underlying recruitment of walleye pollock, biological 440 
and physical oceanography.  These projects have provided an integrated understanding of 441 
several ecosystem processes within the region.  Scientists within the AFSC continue to 442 
conduct retrospective studies to update time series with new observations to evaluate the 443 
skill of past relationships in predicting fish responses.  The AFSC places a high priority 444 
on incorporating these proposed relationships into stock assessments, short-term stock 445 
projections, and long-term stock projections.   446 

● Ocean Acidification research. Research focuses on commercially important fish and 447 
shellfish species and coldwater corals. The AFSC conducts studies on king and tanner 448 
crabs, coldwater corals, pollock, cod and northern rock sole. These experiments are 449 
conducted in Kodiak, Alaska, and Newport, Oregon, where species-specific culture 450 
facilities and experience are available. Bioeconomic models of Alaskan crab fisheries are 451 
being used to forecast fishery performance for a range of climate and ocean acidification 452 
scenarios. 453 

● Fur seal research. The most recent estimate of northern fur seal pup production on the 454 
Pribilof Islands indicated that the overall production had decreased by approximately 455 
45% (annual rate of 3.7%, SE = 0.48%) since 1998.  The reason for this steady decline is 456 
unknown, but may include direct and indirect effects of fishery competition as well as 457 
climate (e.g., mediated by prey availability and distribution).  This trend is in contrast to 458 
the growing population of northern fur seals on Bogoslof Island to the south in the 459 
eastern Aleutian Islands.  Possible demographic mechanisms are being assessed by 460 
collecting detailed life-history information in longitudinal studies of individually tagged 461 
animals.  In summer and fall of 2015, the Marine Mammal Laboratory deployed 50 462 
satellite tags on adult females and pups at St. George Island (20 adult females, 20 pups) 463 
and Bogoslof Island (10 adult females) to help understand potential behavioral and 464 
demographic responses of northern fur seals to environmental perturbations experienced 465 
during the winter migration as a result of ongoing El Nino conditions.  In the summer of 466 
2016 another project will use satellite telemetry to measure summer foraging behavior in 467 
relation to prey availability measured from the mid-water acoustic survey.  This project 468 
will link fine-scale changes in fur seal foraging behavior with measures of pollock 469 
distribution and abundance in real time. 470 

● Economic effects of climate change. Past research has focused on Bering sea pollock 471 
and cod and has shown that abundance, the size of the cold pool, and the age structure of 472 
the population interact with management actions (e.g., salmon bycatch measures) to 473 
determine the spatial and temporal distribution of fisheries.  Current work is also 474 
underway on the Amendment 80 fishery.  More work is needed on other species and to 475 
consider how to minimize the negative economic impacts on different stakeholders and 476 

http://www.afsc.noaa.gov/HEPR/acidification.php
http://www.afsc.noaa.gov/nmml/alaska/research/aepresearch.php?url=nmmlaep1512
http://www.afsc.noaa.gov/nmml/alaska/research/aepresearch.php?url=nmmlaep1512
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LMR dependent communities.  477 
● Social and human community effects of climate change. To date, research on the 478 

effects of climate change on fisheries dependent communities has been limited to the 479 
development of indices related to community exposure to the bio-physical effects of 480 
climate change, community dependence on fisheries, and adaptive capacity for 481 
responding to the effects of climate change. Further research is needed to extend this 482 
higher level methodology to specific climate change impact projection scenarios so that 483 
AFSC can better understand how changes in recruitment and abundance will ultimately 484 
affect fisheries dependent communities.  485 

● Identify management interactions and bottlenecks. Work is underway by biologists 486 
and economists to better understand the manner in which management actions interact 487 
with one another across fisheries. Through Management Strategy Evaluations (MSE), 488 
multi-species and multi-fleet models, and spatial economics models, researchers are 489 
working to identify specific policies that are likely to be limiting under a changing 490 
climate. More work is needed across all fisheries and managers should be informed of 491 
possible interactions as they are identified.  Going forward, additional workgroups may 492 
be useful to work across agencies.   493 

 494 
Objective 6: Track trends in ecosystems, LMRs and LMR-dependent human communities and 495 
provide early warning of change.  496 
Status: Ongoing.  497 

● Alaska Integrated Ecosystem Assessments and Alaska Marine Ecosystems 498 
Considerations. The Ecosystem Considerations report is produced annually to 499 
summarize information about the Alaska Marine Ecosystem for the North Pacific Fishery 500 
Management Council, the scientific community and the public. The report includes 501 
ecosystem report cards (Figure 5), ecosystem assessments, and detailed ecosystem status 502 
and ecosystem-based management indicators for the Bering Sea, Aleutian Islands, Gulf 503 
of Alaska, and Arctic ecosystems. The report includes current climatic conditions as well 504 
as projections (e.g., 9 months) of physical and biological conditions that may impact fish 505 
and fishery productivity (e.g., cold-pool area). 506 

 507 
The integrated ecosystem assessment (IEA) program builds on the Ecosystem 508 
Considerations report to synthesize ecosystem information, including climate impacts, on 509 
multiple marine sectors including fishing. IEAs provide a framework for incorporating 510 
indicator-based ecosystem assessments, risk assessments and management strategy 511 
evaluations. Amongst other things, the Alaska IEA program provides support for  512 
modelling efforts to project short and long term effects of climate impacts on fish and 513 
fisheries in the southeastern Bering Sea and to assess the cumulative impacts and risk of 514 
long-term climate change on the Bering Sea ecosystem and dependent human 515 
communities. 516 

http://access.afsc.noaa.gov/reem/ecoweb/Index.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php
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  517 
● Standard ecosystem monitoring. Ecosystem trends are monitored through a 518 

combination of standardized  groundfish and crab resource assessment surveys, fisheries 519 
oceanography, seabird, and marine mammal surveys, including ships of opportunity, diet 520 
collections, and fisheries observer collections. The standard set of fisheries oceanography 521 
surveys are spring and late summer cruises, occupied on a biennial basis, which cover 522 
much of the southeastern Bering Sea (Figure 5). In addition, four oceanographic 523 
moorings are located along the 70-m isobath. Seabird surveys often are conducted, 524 
usually aboard vessels of opportunity, including NOAA surveys. Marine mammal 525 
surveys are less common and typically are independent surveys (e.g., northern Bering Sea 526 
ice seal survey during 2012-2013). The surveys typically also monitor other aspects such 527 
as the food web (via diet collections) and bioenergetics.  528 

 529 
Objective 7: Build and maintain the science infrastructure needed to fulfill NOAA Fisheries 530 
mandates with changing climate conditions.  531 
Status: Ongoing.  532 

● Existing “Science Enterprise” including standard surveys and stock assessments The 533 
mission of the Alaska Fisheries Science Center is to generate the scientific information 534 
and analysis necessary for the conservation, management, and utilization of the region's 535 
living marine resources. To meet this mission, the AFSC devotes more than 80% of its 536 
resources toward standard surveys, stock assessments of fish, crab and marine mammal 537 
populations, and the observer program. Our climate science strategy builds on this effort, 538 
which includes standard surveys for fish and crab species (bottom trawl, longline, 539 
midwater trawl/acoustics) as well as standard surveys for marine mammal species (most 540 
often aerial). Standard data collections occur for age, size, diet, and genetics. A large 541 
observer program monitors fisheries. These information sources are incorporated into 542 
fish, crab, and marine mammal stock assessments, which are used to provide quantitative 543 
advice for management of these species. 544 

● Recruitment Processes Alliance (RPA). Research is conducted to understand processes 545 
affecting recruitment strength, including effects of climate. The research includes 546 
fieldwork, laboratory analysis of field sample collections (e.g., bioenergetics), laboratory 547 
studies, and modeling. A significant fraction of AFSC resources are invested in this effort 548 
(e.g., ~15% of labor). The Alliance joins the efforts of four AFSC programs: Recruitment 549 
Processes, Ecosystem Monitoring and Assessment, Recruitment Energetics and Coastal 550 
Assessment, and Resource Ecology and Ecosystem Modeling.   551 

● Loss of Sea Ice research. Northern Bering Sea surveys will enumerate commercially 552 
important shelf species such as snow crab, yellowfin sole, and juvenile salmon which 553 
have distributions extending beyond the current area of of southeastern Bering Sea 554 
surveys. The additional survey effort will augment current annual coverage of the eastern 555 
Bering Sea shelf and will be repeated biennially.  556 

http://www.afsc.noaa.gov/GeneralInfo/aboutus.htm
http://www.afsc.noaa.gov/RACE/groundfish/gfprof_objectives.htm
http://www.afsc.noaa.gov/ABL/MESA/mesa_sfs_ls.php
http://www.afsc.noaa.gov/RACE/midwater/default_mw.php
http://www.afsc.noaa.gov/nmml/
http://www.afsc.noaa.gov/REFM/Age/Default.htm
http://www.afsc.noaa.gov/REFM/REEM/data/default.htm
http://www.afsc.noaa.gov/ABL/Genetics/gsi_default.php
http://www.afsc.noaa.gov/FMA/default.htm
http://www.afsc.noaa.gov/REFM/Stocks/assessments.htm
http://www.afsc.noaa.gov/RACE/recruitment/default_rp.php
http://www.afsc.noaa.gov/RACE/recruitment/default_rp.php
http://www.afsc.noaa.gov/ABL/EMA/EMA_default.php
http://www.afsc.noaa.gov/ABL/Habitat/ablhab_default.php
http://www.afsc.noaa.gov/ABL/Habitat/ablhab_default.php
http://www.afsc.noaa.gov/REFM/REEM/Default.php
http://www.afsc.noaa.gov/HEPR/LOSI.php
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● Ocean Acidification research. Research focuses on commercially important fish and 557 
shellfish species and coldwater corals. The AFSC conducts studies on king and tanner 558 
crabs, coldwater corals, pollock, cod and northern rock sole. These experiments are 559 
conducted in Kodiak, Alaska, and Newport, Oregon, where species-specific culture 560 
facilities and experience are available. Bioeconomic models of Alaskan crab fisheries are 561 
being used to forecast fishery performance for a range of climate and ocean acidification 562 
scenarios. 563 

● Laboratory infrastructure. Laboratories located in Juneau, Kodiak, Newport (OR), 564 
Seattle and on research vessels have a wide range of capabilities that help us to 565 
understand the mechanisms and effects of climate change. Salt water wet labs support 566 
process studies on the effects of temperature, ocean acidification, and contaminants on 567 
growth and survival of all life stages of fish and crabs. Insights into food web structure 568 
and function (trophic dynamics) are made possible by laboratory observations of lipids, 569 
stable isotopes, hydrocarbons, molecular genetics, primary productivity,  taxonomic 570 
identification of ichthyoplankton and other types of zooplankton. Laboratories that 571 
measure the caloric content, growth, age and food habits of individual organisms make 572 
models of stock abundance, management strategy evaluations and ecosystem models 573 
possible.  574 

● Coastal assessments.  Nearshore habitats are essential to the functioning of marine 575 
ecosystems and LMR-dependent communities in Alaska.  Climate change is accelerating 576 
the pace of coastal erosion, which determines the ability of coastal habitats to support 577 
LMR. AFSC coastal assessments are quantifying and identifying fish habitats in the 578 
eastern Bering Sea and elsewhere in Alaska through nearshore fish surveys and coastal 579 
habitat mapping.   580 

● Ecosystem modeling, ecosystem synthesis, and risk assessment. Projecting future 581 
physical and biological conditions in the Bering Sea is a multi-institutional, collaborative 582 
effort. It requires coordination between physical modelers at PMEL and UW and fishery 583 
biologists at AFSC and UW who can couple biological and physical models through 584 
bioenergetic, habitat use, and food-web models of interactions. This requires additional 585 
personnel support to analyze data, parameterize models, and evaluate model results. It 586 
also requires ample access across facilities to core computers and data. Additionally, 587 
fundamental computing infrastructure needs to be maintained in order to run ROMS/NPZ 588 
and FEAST models for climate projections. This includes maintenance of the 164 core 589 
processor BEAST (or funds for some cloud-based alternative), as well as ample storage 590 
for archived completed model runs. 591 

● Assess economic impacts. A critical element of an effective response to a changing 592 
climate is an understanding of the economic mechanisms through which fisheries 593 
develop, allocate effort, and target different species and sizes of fish.  In addition, 594 

http://www.afsc.noaa.gov/HEPR/acidification.php
http://www.afsc.noaa.gov/race/behavioral/default.php
http://www.afsc.noaa.gov/HEPR/acidification.php
http://www.afsc.noaa.gov/ABL/Habitat/ablhab_default.php
http://www.afsc.noaa.gov/ABL/EMA/EMA_Oceanography.php
http://access.afsc.noaa.gov/ichthyo/index.php
http://www.afsc.noaa.gov/ABL/EMA/EMA_Oceanography.php
http://www.afsc.noaa.gov/REFM/REEM/Data/default.htm
https://inport.nmfs.noaa.gov/inport/item/17274
https://inport.nmfs.noaa.gov/inport/item/17257
https://inport.nmfs.noaa.gov/inport/item/17257
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management, markets, and the environment will all impact where processors and other 595 
fishing-related businesses grow or decline.  By developing standing economic behavioral 596 
and regional economic models of all Alaska fisheries, we can evaluate how changing 597 
abundances and spatial distributions of different species impact communities and how 598 
management actions can best shape those impacts in the face of the uncertainties that we 599 
face.  While some of this work can occur strictly within the economic discipline, it will 600 
also  require ongoing interdisciplinary interaction among economics, other social 601 
scientists, biologists, fishery managers, and other stakeholders. 602 

● Assess community impacts. There is a great need to link the projected and ultimate bio-603 
physical effects of climate change to follow on impacts on LMR dependent human 604 
communities. While AFSC has started in this endeavor with the first iteration of an index 605 
of climate change exposure at the human community level, the analysis would greatly 606 
benefit from being updated and improved. Updating and improving this index would 607 
allow AFSC to better understand the effects of climate change on LMR-dependent human 608 
communities and develop management strategies to mitigate expected future impacts. 609 

● International coordination. International scientific organizations such as PICES and 610 
ICES and bi-lateral partnerships such as Norway-US and Korea-US remain a key part of 611 
progress on climate science research. Activities include regional comparisons and climate 612 
and ecosystem model collaborations. 613 

● Critical partnerships. The fisheries oceanography surveys of the AFSC in the eastern 614 
Bering Sea which are collectively known as the Recruitment Processes Alliance (RPA) 615 
leverage AFSC resources through partnerships in research programs active in the Alaska 616 
region such as those funded by the National Science Foundation (BEST), NMFS Office 617 
of Science and Technology (FATE), the North Pacific Anadromous Fish Commission 618 
(BASIS) Alaska Department of Fish and Game (Region III), Pacific Marine 619 
Environmental Lab (NOAA), North Pacific Research Board, North Slope Borough, the 620 
Bering Sea Fisherman’s Association, the Alaska Sustainable Salmon Fund, and the Arctic 621 
Yukon Kuskokwim Sustainable Salmon Fund. The AFSC and the NMFS Alaska Region 622 
rely on a large number of data sources on fish landings, stocks, and prices that are 623 
collected by the State of Alaska. Current fiscal challenges faced by the State of Alaska 624 
may lead to changes in data collection and analysis that have the potential to present new 625 
and significant data gaps that may require additional NMFS resources in the future.  It is 626 
very difficult to predict what changes may occur and when they are likely to happen. 627 

 628 
ACTION PLAN 629 

NMFS and the Council can take three important steps to improve efforts to identify and 630 
adapt to climate change impacts on federally managed fisheries in our region. 1) NMFS needs to 631 
be able to inform the North Pacific Fishery Management Council and industry with about a 10 632 
year lead time, as to which commercially important species are likely to be “winners” and 633 
“losers” in regard to climate change in Alaska. These forecasts need to incorporate uncertainty. 634 
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Such forecasts would assist the Council in adjusting management programs (i.e., catch share 635 
programs) as necessary, and  allow the industry to “tune” their capacity (e.g., number of fishing 636 
vessels) to match productivity,  2) NMFS and the Council need to identify and monitor 637 
thresholds in ecosystem parameters that signal the need to adjust management strategies, and 3) 638 
NMFS needs to continue on-going ship-based surveys to monitor changes in biomass, age-639 
structure, and distribution of commercially important groundfish species in the Bering Sea and 640 
Gulf of Alaska. 641 

In this section, we describe climate science activities planned for the next 3-5 years. The 642 
major actions are to: 1) continue research to identify the mechanisms of climate impacts on 643 
fisheries; 2) continue to track trends in ecosystems; 3) continue to identify future states of marine 644 
and coastal ecosystems; and 4) continue to identify robust strategies for fisheries management 645 
under changing climate conditions. The extent of progress will depend on funding levels. We 646 
will make some progress with level funding. Approximately $5M per year is spent to implement 647 
the Climate Science Strategy in our region as part of about $9M per year spent on process 648 
studies. The funding sources include the NOAA and NMFS programs of North Pacific Climate 649 
Regimes and Ecosystem Productivity (NPCREP), Integrated Ecosystem Assessment (IEA), 650 
Fisheries and the Environment (FATE), Stock Assessment Analysis and Modeling (SAAM), 651 
Loss of Sea Ice (LOSI), and Ocean Acidification (OA), as well as external funding from the 652 
North Pacific Research Board. The funding amount is approximate because more than one 653 
objective usually is supported (e.g., climate and ecosystems); project funds were partitioned to 654 
reflect support of multiple objectives. Progress on other Action Plans for other Large Marine 655 
Ecosystems in waters off Alaska will follow, as funding allows. This plan assumes two possible 656 
funding scenarios: 1) level funding; and 2) an increase of 10% above current funding.  657 
 658 
Level funding 659 
The extent of progress will depend on funding level. We will make some progress with level 660 
funding, though progress will mostly occur in areas such as monitoring trends, which are less 661 
expensive, than in the major, more expensive, challenge of gaining an understanding of the 662 
ecological processes that connect climate change to the productivity of fished populations. This 663 
understanding is required for quantitative forecasts of the impacts of climate change, which 664 
currently is limited to only 3 of 21 comprehensively assessed stocks in our region. With level 665 
funding, several projects will continue as described in the assessment. For example, the 666 
Ecosystems Considerations report will be produced annually and standard ecosystem monitoring, 667 
ocean acidification research, and climate-enhanced single-species projection modeling will 668 
continue. Here we list major projects identified in the assessment section which will continue 669 
with level funding in future years. Not all projects that will occur are listed here because of their 670 
number, but these unlisted projects can be found in the assessment section (e.g., Derive 671 
environmental indices from ocean models). 672 
 673 

● NPFMC Bering Sea Fisheries Ecosystem Plan. Approved for development by the 674 
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North Pacific Fishery Management Council in December 2015. 675 
● Alaska CLIMate Project (ACLIM). This project involves a suite of models designed to 676 

provide scenarios of future fish production under a variety of climate and fishing 677 
scenarios. This project will end with AR5/CMIP5 (IPCC Assessment Report/Climate 678 
Model Inter-comparison Project) projections in FY17 without more funding support. 679 

● Climate vulnerability assessment for the southeastern Bering Sea. A climate 680 
vulnerability assessment for the southeastern Bering Sea, which will qualitatively assess 681 
species vulnerabilities to climate change and provide guidance on research prioritization, 682 
will be completed during 2016. 683 

● Belmont Forum project. This project will synthesize information from regional studies 684 
to examine climate impacts in the marine ecosystems of the Pacific and Atlantic Arctic, 685 
which will be completed during 2017.     686 

● Recruitment Processes Alliance (RPA). This ongoing research focuses on 687 
understanding recruitment processes of important southeastern Bering Sea fish species 688 

● Loss of Sea Ice research. This effort extends standard surveys of the southeastern Bering 689 
Sea into the northern Bering Sea.  690 

● Ocean Acidification research. This ongoing research focuses on commercially 691 
important fish and shellfish species and coldwater corals.   692 

● Fur seal research. This project will link fine-scale changes in fur seal foraging behavior 693 
with measures of pollock distribution and abundance in real time. 694 

● Assess economic and human community impacts. Modeling of the climate effects on 695 
fisheries and the related economic and human community impacts will continue.  696 

● Alaska Integrated Ecosystem Assessments and Alaska Marine Ecosystems 697 
Considerations. The Ecosystem Considerations report is produced annually to 698 
summarize information about the Alaska Marine Ecosystem for the North Pacific Fishery 699 
Management Council, the scientific community and the public.  700 

● Standard ecosystem monitoring. Ecosystem trends are monitored through a 701 
combination of ongoing standardized resource assessment surveys, fisheries 702 
oceanography, seabird, and marine mammal surveys, including ships of opportunity, diet 703 
collections, and observations collected by fisheries observers. 704 

● Advanced technology. New technologies are opening windows and time periods 705 
unavailable to conventional methods for understanding prey fields and lower trophic 706 
level processes. A recent addition was acoustic estimates of euphausiid abundance. The 707 
newest technologies deployed in the last 1-2 years include upward-looking acoustics and 708 
sail drones. 709 

 710 
Obvious limitations will occur with level funding. Funds are insufficient to pay for 711 

analysts and computing time on high-performance computers to model the ecological processes 712 
that connect climate change to the productivity of managed populations. As a result, new models 713 
will be delayed and some existing models may not be updated to present day. Computing 714 

http://www.afsc.noaa.gov/HEPR/LOSI.php
http://www.afsc.noaa.gov/HEPR/acidification.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php
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senescence may also limit future modeling capacity without additional investment in 715 
replacement core processors. Existing model projections will stop with IPCC scenario AR5. A 716 
specific lapse is that ACLIM will end in FY17 without more funds. 717 

Our climate science research program depends on continued funding of specific 718 
programs. Much of the current work is supported by the IEA program, NMFS S&T Economics, 719 
Social Sciences, Fisheries and the Environment (FATE), Stock Assessment and Analysis 720 
Methods (SAAM), and the North Pacific Climate Regimes, Ecosystem Productivity (NPCREP), 721 
and Loss of Sea Ice (LOSI). For example, economic and social science efforts are largely funded 722 
on a project-level basis so are highly dependent on annual S&T Economics and Social Science 723 
funds. We also will continue to need to write proposals to support project-specific investigations.  724 
With some additional funding, we would be able to provide a more integrated approach. In 725 
addition, such funding would support the permanent labor required to complete this work.  726 

While climate-related impacts will continue to be an integral component of future 727 
research regardless of the level of funding, significant advancements in understanding of climate 728 
impacts on marine ecosystems in Alaska depend on integrated evaluations. For example, funding 729 
has supported major programs in the Bering Sea every 5-10 years. The most recent major 730 
integrated ecosystem research programs have been funded by the North Pacific Research Board 731 
and National Science Foundation for the Bering Sea and the Gulf of Alaska. Follow on research 732 
(the Recruitment Processes Alliance) is occurring for the Bering Sea Project. Under level 733 
funding, progress will likely continue to be project-based, opportunistic,  and periodic around 734 
project-specific funds. Further, major program funding is necessary on the same tempo (every 5-735 
10 years) to continue making substantial progress in understanding the ecosystem as a whole. 736 

Diet data, needed to understand predator-prey interactions, is regularly collected and 737 
analyzed for four core species (walleye pollock, Pacific cod, arrowtooth flounder, and Pacific 738 
halibut), and sampling will likely continue for these species under level funding. A frustration 739 
with the current funding level has been that predator-prey interactions, which can be influenced 740 
by climate, have only been funded on an ad hoc basis for most species (beyond the core species), 741 
rather than receiving continuous funding.  742 

Research on responses of fish and fisheries to changing climate conditions will continue 743 
to be an important aspect of AFSC’s research enterprise. However, level funding limits proactive 744 
responses and pushes research and management into reactive responses. For example, research 745 
on climate and oceanographic factors influencing Prohibited Species Catch (PSC) in groundfish 746 
fisheries addresses a growing management issue, especially with respect to Pacific halibut and 747 
Pacific salmon bycatch, and may not be fully addressed with level funding.  748 
 749 
Some additional funds 750 
With some additional funds, depending on the amount, one or more of the following research 751 
areas would advance. 752 

● Fully support  NOAA oceanographic moorings to monitor the ecosystem. Currently, 753 
four oceanographic moorings are located along the 70-m isobath of the southeastern 754 
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Bering Sea, but NOAA covers only part of the funds required to continue this time series. 755 
Additional funds would fully support these existing moorings essential for providing 756 
valuable data for validating the ROMS/NPZ models.   757 

● Invest in modeling infrastructure. Invest in computing time and storage on high-speed 758 
computers to model ecological processes and projections, as well as the analysts 759 
necessary to construct and operate these models, and analyze model outputs. Doing so 760 
will provide for new projections based on IPCC scenario AR6 and new management 761 
strategy evaluations based on NPFMC input. In particular, enhancing the existing high 762 
resolution ROMS/NPZ model to include freshwater inputs and refined nearshore 763 
dynamics in order to couple terrestrial and marine systems will provide foundation for 764 
near- and long-term projections of climate change driven changes to physical conditions 765 
in both offshore and nearshore areas.  Investments related to the ROMS-NPZ would 766 
include: 1) the elaboration of software which can directly access the stored output from 767 
global models; 2) periodic tuning and refinement of the ROMS-NPZ model; 3) bias 768 
correction of the regional forcing and boundary terms, based on ROMS hindcasts; 4) 769 
exploration and testing of alternative parameterization and structural aspects of the 770 
zooplankton components; 5) maintenance of a searchable online system to query model 771 
output, e.g. to generate time series of relevant indices. 772 

● Comprehensive climate assessment completed every five years. Operationalize the 773 
ACLIM projection modeling framework to facilitate the rapid uptake of the most recent 774 
IPCC global climate projections under a range of carbon emission scenarios, application 775 
of global projections into regional coupled physical-biological-economic models for the 776 
EBS, and coordination of iterative review with regional management councils and fishery 777 
stakeholders to evaluate the performance and implications of current and alternative 778 
“climate-ready” harvest strategies under future climate scenarios. The proposed iterative 779 
ACLIM framework conducted on a ~5 year cycle is modeled after the highly successful 780 
annual stock assessment cycle in the region; the approach will ensure that fisheries 781 
management decisions account for climate-driven changes to fish production and 782 
distribution and that climate-ready fisheries management in the region reflects the most 783 
recent global climate and carbon emission projections and best available ecosystem and 784 
socioeconomic science.  785 

● Invest in regional and international coordination. Invest in coordination of AFSC 786 
climate research and fisheries projections with regional, national, and global efforts.  787 

● Integrate the evolving tools and data-integration work completed by AFSC and 788 
PMEL. The synthesis and modeling of climate science and process research is data 789 
intensive. More investment is needed for data assimilation and repositories for model 790 
outputs. Some possibilities are to work with the Alaska Ocean Observing System to 791 
identify community-specific climate data that can be used to improve human community 792 
climate change vulnerability indices. Create a central repository for climate data, 793 
including geographic-based climate data. 794 
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● Invest in understanding fish and shellfish adaptations to climate change.  Studies of 795 
the impacts of climate drivers (ocean and OA) on phenologies of life cycle attributes. 796 
How does OA change maturation rates of core species? How are birth, growth and 797 
mortality rates of core species coupled to temperature? Funding is currently limited and 798 
only sporadically available through temporary funds.  To more fully assess the adaptive 799 
capacities of managed resources additional funds are needed to get the information above 800 
by conducting laboratory experiments, and making field observations to assess 801 
interannual variability in climate variables and fish and shellfish vital rates to gain 802 
knowledge of the functional relationships governing fish and shellfish responses to 803 
changing climate. 804 

● Invest in understanding the effect of climate on fur seal foraging. Direct and indirect 805 
(i.e., mediated by prey) effects of climate may affect fur seal foraging, their reproductive 806 
success, and thus their population trends, which have been declining in the eastern Bering 807 
Sea. 808 

● Expand research to understand how climate change will impact fisheries through 809 
changes in the distribution of target and prohibited species (e.g., salmon and halibut) 810 
and how this will impact fishery-dependent communities.  811 

● Improve communication of the risks of climate change to fishing dependent 812 
communities (e.g., expected and known changes to important LMR food sources and 813 
economically important LMRs), the North Pacific Fishery Management Council and 814 
other fisheries managers (e.g., where management will have to adapt as climate impacts 815 
to LMRs occur or are predicted), and other stakeholder groups. Communication products 816 
could involve informational interactive websites, glossy brochures and other products 817 
that could disseminate the impacts of climate change on LMRs and the expected follow 818 
on impact to LMR users. 819 

● Invest in training and education. There is an overall paucity of scientists who are 820 
trained in interdisciplinary science that bridges meteorology, oceanography, fisheries 821 
oceanography and fisheries management.  822 

 823 
A long-term challenge 824 
A long-term challenge is to design adaptive decision processes that can incorporate and respond 825 
to changing climate conditions. Preparing to address this long-term challenge will likely occur 826 
during the next 3-5 years. What is not well worked out is how and when does the North Pacific 827 
Fishery Management Council (Council) react to climate-induced reference point changes, an area 828 
that needs considerable attention, discussion, and education. This discussion should involve the 829 
Plan Teams, Science and Statistical Committee, and Ecosystem Committee, all subsidiary bodies 830 
of the Council, as well as the Alaska Regional Office.In December 2015, the Council decided to 831 
go forward with a Bering Sea Fisheries Ecosystem Plan, which includes a climate module. 832 
Identify short-term management approaches that should be preserved going forward (e.g., EBFM 833 
policies, adaptive management approaches), long-term (i.e., multi-decadal) management 834 
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measures should be systematically reevaluated for continued performance (e.g., MPA 835 
effectiveness, upper or lower biomass thresholds), and EIS studies should be conducted for 836 
growing or novel fisheries of species expected to thrive under future conditions.  837 
 838 
 839 
  840 
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 841 
TIMELINE AND METRICS 842 
 843 

Project 2016 2017 2018 2019 2020 

NPFMC Fisheries Ecosystem Plan, climate 
module 

X X X   

Alaska CLIMate Project (ACLIM)  X X X   

Climate vulnerability assessment for the 
southeastern Bering Sea 

X     

Belmont Forum project     X X X   

Recruitment Processes Alliance  X X X X X 

Loss of Sea Ice research X X X X X 

Ocean Acidification research  X X X X X 

Fur seal research X X X X X 

Assess economic and human community 
impacts  

X X X X X 

Alaska Integrated Ecosystem Assessments 
and Alaska Marine Ecosystems 
Considerations  

X X X X X 

Standard ecosystem monitoring X X X X X 

 844 
 845 
  846 

http://www.afsc.noaa.gov/HEPR/LOSI.php
http://www.afsc.noaa.gov/HEPR/acidification.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php
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 847 
 848 

Project Metrics 

NPFMC Fisheries Ecosystem Plan, climate 
module 

The climate module would: 1) synthesize 
current climate change project outcomes; 2) 
prioritize species for MSE evaluation; and 3) 
run MSEs on specific species and scenarios 
identified by the Council. 

Alaska CLIMate Project (ACLIM)  Scenarios of future fish production and 
distribution under a variety of climate and 
fishing scenarios. 

Climate vulnerability assessment for the 
southeastern Bering Sea 

Qualitative assessment of species 
vulnerabilities to climate change and guidance 
on research prioritization. 

Belmont Forum project     1) Review and synthesize impacts of climate 
change on components of Arctic marine 
ecosystems; 2) compare and contrast the 
impacts in the Atlantic and Pacific sectors of 
the Arctic; 3) review the ability of current 
management frameworks to adapt to likely 
future changes. 

Recruitment Processes Alliance  Understand processes affecting recruitment 
strength, including effects of climate, on 
selected cod, flatfish, and salmon species.  

Loss of Sea Ice research Biennial surveys of the northern Bering Sea. 

Ocean Acidification research  Understand ocean acidification effects on king 
and tanner crabs, coldwater corals, pollock, cod 
and northern rock sole.  

Fur seal research Understand differing fur seal population trends 
at the Pribilof Islands and Bogoslof Island. 

Assess economic and human community 
impacts  

Understand economic and human community 
impacts of climate change. 

Alaska Integrated Ecosystem Assessments Annually produce Ecosystem Considerations 

http://www.afsc.noaa.gov/HEPR/LOSI.php
http://www.afsc.noaa.gov/HEPR/acidification.php
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and Alaska Marine Ecosystems 
Considerations  

report including report cards, assessments and 
detailed ecosystem status and ecosystem-based 
management indicators. 

Standard ecosystem monitoring Conduct biennial spring and late summer 
cruises. Maintain four oceanographic moorings 
located along the 70-m isobath.  
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 887 
FIGURES 888 

 889 
Figure 1. Example of climate-enhanced multi-species model with socio-economic module. 890 

  891 
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 892 

 893 

 894 
Figure 2. Illustration of the multiple models and climate and fishing scenarios in the ACLIM 895 
project. 896 
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 898 

 899 
Figure 3. Scientific scope of the Bering Sea Project. The links and species shown here were 900 
studied in this project.  901 
  902 
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 903 

 904 
Figure 4. Example of laboratory research related to climate change. Growth response in relation 905 
to temperature of four cod species (Laurel et al., 2015). 906 
  907 
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 908 

 909 
Figure 4. Example of ecosystem report card for the eastern Bering Sea (Zador et al., 2015). 910 
  911 
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 912 

 913 
Figure 5. Example of ecosystem monitoring survey; the example survey (BASIS) occurs 914 
biennially during late summer (http://www.afsc.noaa.gov/ABL/EMA/EMA_default.php). 915 

http://www.afsc.noaa.gov/ABL/EMA/EMA_default.php

