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North Pacific sea surface temperatures have shifted to

mu

ti-year stanzas
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Multi-year stanzas =2 climate reddening
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Reddening and associated ecological responses can result
from random white noise

Aleutian Low

1 Integrated Aleutian Low

R=0.61 PDO Index

1

Integrated PDO Index

A double-integration hypothesis to explain ocean
ecosystem response to climate forcing

Emanuele Di Lorenzo™' and Mark D. Ohman®

35chool of Earth and Atmospheric Sciences, Georgia Institute of Technology, Atlanta, GA 30332; and "Integrative Oceanography Division, Scripps Institution _ !
of Oceanography, University of California at San Diego, La Jolla, CA 92093 H—D.-SE . zﬂﬂ r}l dan ktﬂ n

L PN AS

1950 1960 1970 1980 1990 2000 2010



tant?

is redden

Why

ing impor

— It increases the chance of abrupt
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random climate tipping points with

ecosystem implications
— It can also coincide with increasing

variability

Slowing down of North Pacific climate variability and
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Slowing down as an early warning signal for abrupt

climate change
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Questions:

1. Is sea surface temperature

reddening in the Eastern Bering Sea
and Gulf of Alaska?

2. If so, why is it occurring?

3. How likely climate tipping points
with reddening, and what are the
potential consequences?
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Q1: SST is becoming more red and variable with time

Autocorrelation
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Q2: Climate change is not a driver of SST reddening

Autocorrelation Standard deviation (°C)
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Q2: Reddening is not consistent across high-latitude large
marine ecosystems =2 climate change is not a driver

Autocorrelation Standard deviation (°C)
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Q2: The Aleutian Low can drive SST, but does it drive SST
reddening?

Aleutian Low sea level pressure
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Q2: Aleutian Low variability explains SST reddening.

Eastern Bering Sea Gulf of Alaska
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What is the mechanism?



Q3: How likely are tipping points with SST reddening in the
Bering Sea?

1948 1958 1968 1978 1988 1998 2008 2018
Year

MARINE HEATWAVES
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Q3: Increasing reddening =2 increased risk of tipping points
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Q3: How likely are tipping points with SST reddening in the
Gulf of Alaska?

Loss of spawning habitat and prerecruits of Pacific cod during a
Gulf of Alaska heatwave
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Pollock and “the Blob”: Impacts of a marine heatwave on
walleye pollock early life stages
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Q3: Increasing reddening =2 increased risk of tipping points
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Summary

1. Issea surface temperature reddening in the
Eastern Bering Sea and Gulf of Alaska?

* Yes, though less pronounced in the Gulf.

2. Ifso, why is it occurring?
* Not climate change =2 reddening is not
widespread nor predicted in climate projection
models

e Aleutian Low variability is driving reddening in
these systems, but what is the mechanism?

3. How likely are climate tipping points with
reddening, and what are the consequences?

e Historic and catastrophic tipping point
conditions are predicted to occur more

frequently
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