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Outline

* Update borealization approach with 2022 data
 Review evidence for attribution of borealization to human causes

* Evaluate time blocks considered for rebuilding projections — which is
most plausible in current climate?



Update borealization approach
with 2022 data
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Recent warming leads to a rapid borealization of
fish communities in the Arctic
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Abstract.  Seasonal ice cover creates a pool of cold bottom water on the eastern Bering Sea
continental shelf cach winter. The southern edge of this cold pool, which defines the ecotone
between arctic and subarctic communities, has retreated ~230 km northward since the carly
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Deep demersal fish communities respond rapidly to warming in
a frontal region between Arctic and Atlantic waters
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Abstract

The assessment of climate impact on marine communities dwelling deeper than the
well-studied shelf seas has been hampered by the lack of long-term data. For a long
time, the prevailing expectation has been that thermal stability in deep ocean layers
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Ecosystem properties associated with borea
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Borealization index: Individual time ser
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Borealization index: Individual time series
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Create borealization index by summarizing variability
shared across time series
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Borealization index

Dynamic Factor Analysis
model

Eight candidate
formulations (1 or 2 trends,
each with 4 candidate error
/ variance-covariance
matrices)

Best model is 1-trend,
different variances, no
covariance
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log(immature snow crab abundance)
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Response variable:
Immature abundance 1980-2022,

with estimated 2020 value and uncertainty
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Multiple imputation using:

e Model mature male

snow crab abundance

* Model mature female

snow crab abundance

* Model age3+ pollock

biomass

* Model age2+ yellowfin

biomass

e Model female Alaska

plaice biomass
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Borealization effects on abundance

Bayesian autoregressive regression model:

abundance; ., ~ abundance; + s(borealization_trend;) + ¢

Model updated with 2022 data
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Attribution of Bering Sea
borealization to human-caused
global warming



23 CMIP6 models

* Weighted for bias,
autocorrelation, low-
frequency prediction
(compared with observations)

* Corrected for differences in
climate sensitivity and
predicted warming rate

(modeldemocracy)
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Borealization maps onto annual sea surface temperature
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Borealization maps onto annual sea surface temperature
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Two attribution statistics:
Fraction of Attributable Risk (FAR) and Risk Ratio

FAR: how much of the risk for an event is due to
human activity?

FAR = 1 preindustrial probability

current probability

FAR =0 mmmm) equally likely with / without human influence
FAR =0.5 mmmm) twice as likely with human influence

FAR =1 mmm®) only possible with human influence

Risk Ratio: how much more
likely is an event due to
human activity?

Risk Ratio=1/ (1-FAR)




Recent Bering Sea SST extremes are human-caused
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Rapid borealization events occur during human-caused SST extremes
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Evaluating candidate time blocks
of M and R for rebuilding
projections



Which time block is the most plausible representation
of the current climate?
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Metric for comparing time blocks with estimated
current climate: proportion of SST anomalies > 4SD
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Candidate time blocks for rebuilding projections

Anomaly with respect to 1854-1949

1982-2017 (3% observations > 4sd)

1982-2019 (8% observations > 4sd)

2005-2019 (20% observations > 4sd)
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Estimating warming rate to define current climate
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Projection time blocks compared with estimated current climate

Eastern Bering Sea SST distributions for
different North Pacific warming levels
(weighted CMIP6 projections)
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Conclusion: 2005-2019 is the most plausible representation of
current climate

Eastern Bering Sea SST distributions for
different North Pacific warming levels
(weighted CMIP6 projections)
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Projection time blocks compared with estimated current climate

Eastern Bering Sea SST distributions for
different North Pacific warming levels
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Time blocks (observed Eastern Bering Sea SST) (weighted CMIP6 projections)
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Anomaly with respect to 1854-1949 (Std. dev.)

Conclusion: 2005-2019 is the most plausible representation of
current climate

Time blocks (observed Eastern Bering Sea SST)

2005-2019 (20% observations > 4sd)
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Questions



