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Climate attribution time series to support 
decision-making by fisheries stakeholders



Gulf of Alaska sockeye salmon runs 
as a marine ecosystem service

• ~$69 M USD commercial fishery

• Employs thousands of people

• Community-based local fishery

• Food security

• Cultural identity



“Are we crazy to be putting everything we have into this fishery?”



Climate effects on Gulf of Alaska sockeye
• Positive SST-production relationships before late 1980s
• Neutral SST-production relationships after late 1980s

• Possibly negative SST-production relationships since 2014 
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Commercial catch and winter SST, 1965-2019 Ecological questions 
• Can we elucidate the relevant mechanisms?
• Can we develop ecosystem models capable of 

out-of-sample prediction?

Stakeholder questions 
• How can we minimize bad outcomes of climate 

change and take advantage of any beneficial 
outcomes? (adaptation)

• What should we do this year / this decade?
Litzow et al. 2020, Geophysical Research Letters

Preferred 
thermal limit



Cognitive barriers to adaptation decision-making

Inability to attribute changeComplexity of scientific advice

Using history as a guide for future risk
Pershing et al. 2019 Proceedings of the National Academy of Sciences of the United States



Goal: create scientific advice for decision-making

Climate studies that:
• Include attribution
• Are simple but empirically rigorous
• Are matched to adaptation timescales
• Support forward-looking perspective
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Extreme event attribution
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Methods
1. Build time series of attribution 

statistics to measure change in human 
influence on North Pacific SST 

2. Use attribution statistics as covariates 
in statistical models to evaluate 
ecosystem services during different 
levels of human influence

3. Use climate model hindcasts and 
projections to compare climate risk 
from backward-looking and forward-
looking perspectives



Fraction of Attributable Risk (FAR)
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FAR: how much of the risk for an event is due to human activity?

FAR = 1 − preindustrial probability
current probability

FAR = 0 equally likely with / without human influence 

FAR = 0.5 twice as likely with human influence

FAR = 1 only possible with human influence 



FAR calculated from 23 
CMIP6 models

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

• Corrected for differences in 
climate sensitivity and 
predicted warming rate 
(model democracy) 

• Multi-model estimates 
constructed with Bayesian 
methods

North Pacific sea surface temperature: 
Historical / SSP 585 runs, 1850-2099
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Attribution time series 
show the trend in human 
influence on North Pacific 
SST 

FAR for SST: posterior means 
with 95% credible intervals



How have anthropogenic extremes affected sockeye salmon to 
date?

Fraction of Attributable Risk

Salmon Catch



How have anthropogenic extremes affected sockeye salmon to 
date?

Fraction of Attributable Risk

Salmon Catch

FAR > 0.98 
Temperatures 60 
– 190 times more 

likely due to 
human activities

FAR < 0.91 
Temperatures 1.5 – 11 
times more likely due 

to human activities



Predicted catches 
decline ~1.5 SD in 
log space when 
FAR > 0.98

Posterior 
means and 

95% CI

Corresponds to 
SST anomaly of 
2.075 SD above 

1854-1949 mean

Adaptation question: 
How often should we 
expect anomalies this 
large?



Distinguishing 
backward-looking and 
forward-looking 
estimates of risk

North Pacific warming from 
preindustrial (1850-1949): 
observations (ERSST) and CMIP6 
runs under two scenarios

North Pacific is 
currently between 
1.0° and 1.5° warmer 
than preindustrial 
(very high confidence)



Gulf of Alaska SST 
probability distributions 
at different levels of 
North Pacific warming
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SST anomaly

Preindustrial

1950 – 0.5°

0.5° - 1.0°

1.0° - 1.5°

1.5° - 2.0°

0.1% above threshold

1.2% above threshold

20% above threshold

52% above threshold

77% above threshold

Critical threshold 
for sockeye catches



Caveats

• Internal variability
• Regional-scale uncertainty in CMIP6
• Sensitivity to model weighting approach
• Assumes constant SST-salmon 

relationship going forward



Other applications

Ongoing work: Bering Sea borealization and 
snow crab mortality 

Gulf of Alaska: Pacific cod and walleye 
pollock recruitment / sustainability

Litzow et al. (2020) Scientific Reports
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