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Human 

Induced 

Global

Climate 

Change

Emerging as a key 

driver of current & 

future salmon trends

Grant, S. C. H., MacDonald, B. L., & Winston, M. L. (2019). State of the 
Canadian Pacific Salmon: Responses to Changing Climate and Habitats. 
Can. Tech. Rep. Fish. Aquat. Sci., 3332, ix + 50 pp. http://www.dfo-
mpo.gc.ca/species-especes/publications/salmon-saumon/state-etat-
2019/abstract-resume/index-eng.html
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A Changing Global Climate 

Source: Met Office Hadley Centre and the Climatic Research Unit at the University of East Anglia, UK (HadCRU) presented in World 

Meteorological Organization, 2020. WMO Statement on the State of Global Climate Change in 2019 (WMO-No. 1248), Figure 1, Page 6).
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Heatwaves are exacerbating climate change 

impacts on fisheries

https://doi.org/10.1126/science.aba0690
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Canadian Pacific Salmon Catch
First 70 years avg: 24 M

4 M

2.5 M

Data source NPAFC: https://npafc.org/statistics/
Compiled over the years by many DFO staff in recent years by A. Velez-Espino

Last 35 years avg: 11 M
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Forecasting in 

Times of Large 

Environmental 

Change

?
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Fraser Sockeye Forecasts in 2007

2007 Cass & Grant

• ‘turning the crank’ exercise 

• Models include environmental 
variables: ocean & Fraser 
discharge during smolt
outmigration 

• We were not tracking or 
accounting for this productivity 
change in modelling

• High uncertainty
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2008 Sue forecasts with input 
from Mike Lapointe and others

Fraser Sockeye Forecasts in 2008

• Started to use expert judgement 

• More emphasis on marine 
environmental conditions and 
suggested identifying previous years 
with similar environmental 
conditions

• High uncertainty
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2009 Sue forecasts lots of input from 
Mike Lapointe from the PSC and then 
goes through a Cohen Inquiry

• Used the Bill Peterson (NOAA)          
stop light approach (marine focused) 
indicated good conditions for 2009 
returns

• In 2009, there was no warning from 
marine/freshwater scientists in 
advance of the return year.

• Unexpected near record low returns 
of 1.6 M

Fraser Sockeye Forecasts in 2009

2007

2008

2007 2008

2009
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2010 Sue & Erin Porszt gets lots of support 
from Catherine & Mike from the PSC

• Added new models & approach to 
explicitly account for this recent low 
productivity

• In 2010, again no advance warning 
by marine or freshwater experts.

• Unexpected Record High return year 
of 28 million Sockeye

Fraser Sockeye Forecasts in 2010
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Fraser Sockeye Science Integration: Qualitative Indicators
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Marine

2 Winters
Freshwater

2 Winters
May-June 2018

April-May 2018

Brood Year

July-Oct 2016

July-Oct 2020

April-May 2017

First Winter 2019

Second Winter 2020

June-October 2018

Most Fraser Sockeye Mature as Four Year Olds

Return: 4 yrs

2020 Life-History
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2017-2020 indicated 
below average survivals

• On-going learning process; 
breaking down silos

• Gaps & therefore more 
surprises
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Low emission scenario

Source: Pacific Climate Impacts Consortium

The future of salmon species in the wild will depend on 

how successfully we curb greenhouse gas emissions. 
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Thoughts on Next Steps

Grant, SCH, Nener, J., MacDonald, B.L., Boldt, J.L., King, J. Patterson, D.A., Robinson, K.A., Wheeler, S. 

(2021) Chapter 16. Canadian Fraser River sockeye salmon: a case study 259 in Bahri, T., Vasconcellos, 
M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X. & Sharma, R., (eds.) Adaptive management of fisheries in 

response to climate change. FAO Fisheries and Aquaculture Technical Paper No. 667. Rome, FAO.
http://www.fao.org/documents/card/en/c/cb3095en

We are seeing environmental conditions not 
previously observed and more extremes, 
resulting in increased uncertainty

This requires: more precautionary 
management approaches

http://www.fao.org/documents/card/en/c/cb3095en
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Thoughts on Next Steps

Grant, SCH, Nener, J., MacDonald, B.L., Boldt, J.L., King, J. Patterson, D.A., Robinson, K.A., Wheeler, S. 

(2021) Chapter 16. Canadian Fraser River sockeye salmon: a case study 259 in Bahri, T., Vasconcellos, 
M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X. & Sharma, R., (eds.) Adaptive management of fisheries in 

response to climate change. FAO Fisheries and Aquaculture Technical Paper No. 667. Rome, FAO.
http://www.fao.org/documents/card/en/c/cb3095en

We are seeing environmental conditions not 
previously observed and more extremes, 
resulting in increased uncertainty

This requires: The use of environmental & 
biological indicators collected across all life 
history stages

Freshwater, marine, interactions b/w these 
ecosystems; disease, fish condition…

http://www.fao.org/documents/card/en/c/cb3095en
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Thoughts on Next Steps

Grant, SCH, Nener, J., MacDonald, B.L., Boldt, J.L., King, J. Patterson, D.A., Robinson, K.A., Wheeler, S. 

(2021) Chapter 16. Canadian Fraser River sockeye salmon: a case study 259 in Bahri, T., Vasconcellos, 
M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X. & Sharma, R., (eds.) Adaptive management of fisheries in 

response to climate change. FAO Fisheries and Aquaculture Technical Paper No. 667. Rome, FAO.
http://www.fao.org/documents/card/en/c/cb3095en

Wild salmon numbers are declining and an 
increasing number of stocks are at risk of 
extinction

This requires: forward looking science advice 
• salmon vulnerability to climate change
• Management strategy evaluations under 

different projections of climate changes on 
salmon & their ecosystems

http://www.fao.org/documents/card/en/c/cb3095en
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Thoughts on Next Steps

Grant, SCH, Nener, J., MacDonald, B.L., Boldt, J.L., King, J. Patterson, D.A., Robinson, K.A., Wheeler, S. 

(2021) Chapter 16. Canadian Fraser River sockeye salmon: a case study 259 in Bahri, T., Vasconcellos, 
M., Welch, D.J., Johnson, J., Perry, R.I., Ma, X. & Sharma, R., (eds.) Adaptive management of fisheries in 

response to climate change. FAO Fisheries and Aquaculture Technical Paper No. 667. Rome, FAO.
http://www.fao.org/documents/card/en/c/cb3095en

Wild salmon numbers are declining and an 
increasing number of stocks are at risk of 
extinction

This requires: adaptive & flexible fisheries 
management required

http://www.fao.org/documents/card/en/c/cb3095en


We need to stop managing salmon by 
looking in the rear view mirror
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The future of salmon is going to look 

very different under climate change
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