
Marine ecosystems face an unknown future1–5. Multiple
studies predict large ecosystem reorganization con-
comitant with future climate change6; postulations

which are increasingly observed in a variety of marine
ecosystems1,2,4. While evidence of potential and realized climate
change impacts in marine systems is widespread, implementation
of climate-adaptive strategies for maritime societies and econo-
mies is less commonplace7,8. This reflects the naturally dynamic
nature of marine systems and the challenge of designing and
implementing policies that can address impacts and risk from
both rapid and chronic climate-driven change. Marine capture
fisheries are especially vulnerable to climate change impacts5,9–11
as marine organisms are often sensitive to small shifts in ocean
temperature, circulation, and chemistry3,12.

Presently, climate-adaptive measures are largely missing from
fisheries management policies and approaches5,13,14. Inter-
governmental and national climate assessments have highlighted
the need to evaluate existing fishery management plans for
maladaptation to climate change4,5,15. Most of these assessments
point to an ecosystem management (EM) approach to promote
resilient marine ecosystems and fisheries13,16,17. EM ranges from
an ecosystem approach to single-species management (i.e., EM as
context for management focused on optimizing a single species)
to full ecosystem-based management (i.e., EM applied across
sectors to manage the entire ecosystem). Ecosystem-based fishery
management (EBFM, i.e., EM applied to the fishery sector) is
intermediate to these approaches, and expands classic adaptive
management strategies to additionally utilize ecosystem infor-
mation to manage multiple species across the ecosystem16,18.
Intuitively, the more holistic EBFM approach should impart cli-
mate resilience to fisheries, yet few studies have demonstrated the
performance of EBFM under climate change (but see ref. 17).

Here we use scenario analyses and management strategy eva-
luation (Fig. 1)19,20 to assess the future performance of EBFM
fisheries policies as implemented in the Eastern Bering Sea,
Alaska, for the past two decades21. This highly productive system
supports the largest fishery in the United States (walleye pollock,

Gadus chalcogrammus) with ~1.4 million ton yr−1 and $1.34 bil-
lion USD first wholesale value in 2017. Pacific cod (G. micro-
cephalus) is also important in this region and is one of the most
economically valuable groundfish fisheries in the USA22. These
fisheries operate under policies that are among the most well
established and successful examples of fisheries EBFM21. A key
feature of regional EBFM is an over-arching 2 million ton annual
combined groundfish catch limit (hereafter 2 MT cap) aimed at
preserving ecosystem function21. Managers reduce annual harvest
limits for individual stocks to conform to the 2 MT cap based on
multiple management objectives, including maximizing sustain-
able yield, reducing the risk of exceeding directed and incidental
catch limits (which can close a fishery for the season), other
ecosystem considerations and impacts, and meeting distributional
objectives and mandates21.

Current EBFM in the eastern Bering Sea has sustained high
fisheries yield over the last three decades despite considerable
environmental variability and with few instances of
overfishing21,23. However, the management system is yet untested
against the unidirectional and potentially large changes antici-
pated under climate change. Indeed, recent and extreme warming
and loss of sea ice in the Eastern Bering Sea (especially during
recent unprecedented multiyear marine heatwaves between 2014
and 2019) has led to the rapid poleward redistribution of Pacific
cod and declines in recruitment and productivity of several
groundfish species24–26. Observed recent warming, sea ice loss,
and biophysical responses in the Bering Sea27,28 are consistent
with previous projections of impacts of climate change, yet were
not anticipated to manifest until mid-century29. Marine species
have exhibited responses that are both consistent with predictions
(e.g., rapid northward distributional shifts of multiple benthic
species, declines in fish recruitment, declines in large lipid-rich
zooplankton species)29,30 and unanticipated (e.g., near-term cli-
mate resilience of pollock26 or sudden widespread sea bird
mortality events31).

The most recent biophysical projections29 indicate that further
warming and reduced lower trophic level production in the
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Fig. 1 Model coupling framework. a Regional downscaling where three global climate models driven by the IPCC AR5 CMIP5 emission scenarios
determine boundary conditions of the coupled ROMSNPZ high resolution oceanographic model for the Bering Sea, AK. b Biological downscaling of annual
indices from the ROMSNPZ were used to drive thermal parameters in the CEATTLE model (i.e., weight-at-age and predation) as well as climate-enhanced
spawner-recruitment relationships. c Annual harvest recommendations (ABC) from the assessment model which were translated into annual catch using
the ATTACH social-economic model of the effect of EBFM policies on harvest.
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Alaska Climate Integrated Modeling (ACLIM) projects: Downscaled climate projections 
used in fisheries management strategy evaluation
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Dynamical downscaling of projected conditions over the 21st century in the Northeast Pacific
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ABSTRACT
As a component of the Alaska Climate Integrated Modeling programs (ACLIM and GOACLIM) we
are simulating present and future biophysical ocean dynamics on a nested set of regional grids
using the Regional Ocean Modeling System (ROMS). Biogeochemcial results for the Bering Sea
have been reported in Hermann et al. (2019, 2021) and Cheng et al. (2021); here, we focus on
emerging projections for the Gulf of Alaska. Thus far we have downscaled GFDL global ESM
projections under two potential greenhouse gas emission scenarios: ssp126 (a low emission
scenario) and ssp585 (a high emission scenario). Where available, existing time series (here, from
OWS-PAPA and GAK1) have been used to help validate the regional hindcasts. Results thus far
indicate surface and shelf sea bottom warming of as much as 3 degrees C by 2100 under ssp585,
with considerably reduced warming under ssp126.
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