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High CO2 SCENARIOLow CO2 SCENARIO

“Paris COP21 agreement” “Business as usual”

Intergovernmental Panel on Climate Change (IPCC)
5th Assessment Report (2013, 2014)
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2017
7.6 billion 2050

9.8 billion

Global Population “The health of our planet as well as our own 
health and future food security all hinge on 
how we treat the blue world,” 
FAO Director-General José Graziano da Silva, 2014



1980

Climate365.tumblr.com | go.nasa.gov/climate365



NOW

Ice loss of 
3.7 % per decade

Delay of ice formation 
of >3 weeks

http://nsidc.org/arcticseaicenews/

National Sea Ice Data Center



Credit: J. Stroeve and A. Barrett, National Snow and Ice Data Center

National Snow and Ice Data Center: nsidc.org



NASA MODIS image by Jesse Allen

What happens in the Arctic 
doesn’t stay in the Arctic 

-Fran Ulmer



Graphic: J. Overland, P. Stabeno, M. Wang, C. Ladd, 
N. Bond, and S. Salo, PMEL/NOAA
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Management advice on the scale of 100 years?



Inaction is maladaption
- Manuel Barange

Improve management foresight in a changing climate
Protect adaptive capacity in fish and fisheries



Project changes in Bering Sea ocean conditions 
and fish populations 

Evaluate how management can adapt to 
minimize negative impacts of future changes

Physical, biological, & socioeconomic 
change; now - 2100

gradual change & sudden shocks; 
test existing & new tools; estimate risk
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Fisherman don’t always 
follow the fish

Sustainable tools = climate change tools



Reum et al. in prep

Qualitative Network Modeling

draft results; do not cite or copy



• Evaluate projection error 
• Understand future risk
• Characterize adaptive capacity
• Identify key unknowns
• Build capacity for response

Integrated Approach



Carbon Emission Scenarios

RCP 8.5

RCP 6

RCP 4.5

RCP 2.6

“plausible descriptions of how the future may 
evolve with respect to a range of variables…they 
are not meant to be policy prescriptive, (i.e. no 
likelihood or preference is attached to any of the 
individual scenarios of the set)”

van Vuuren et al. 2011

RCP 8.5

RCP 6

RCP 4.5

RCP 2.6

High-Baseline 
“Business as usual”

Medium-low



Preliminary Results
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Bering10K Model

Model Reproduced Bottom Temp.

Summer Bottom Temperature (oC)

GFDL RCP 4.5

Albert Hermann
Biophysical response of the Bering 
Sea to projected global
climate of the 21st century

draft results; do not cite
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draft results; do not cite or copy
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not cite or copy
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+3 to 5 oCdraft results; do not cite or copy



Holsman et al. in prep

Climate-specific Harvest & 
Population Projections

Harvest Control
Rule

fish projections

x10

GFDL (rcp 4.5 & 8.5)

Weight ~f(T)
Predation ~f(T)

Recruitment ~f(climate)*



draft results; do not cite



GCM CESM RCP 8.5 Downscaled CESM RCP 8.5GCM CESM RCP 8.5 (20 yr smooth)

draft results; do not cite or copy
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Scaling climate impacts from 
individual-level processes to 
populations
and food webs using 
multispecies size spectrum 
models

Dr. Jonathan Reum
Tues 16:40
Session 13 
(Columbia 1&2)

Bering Sea  Size-spectrum model

draft results; do not cite or copy



Downscaling is needed GCMs may underestimate variance in projections

Changing harvest rates can lessen climate effects, to 
point; management measures forestalled declines

Accounting for predation changed the direction of 
projections from increases (single-sp model) to 
declines (multi-sp)

Most pollock and cod scenarios crashed under 
business as usual (RCP8.5) by 2100; carbon 
mitigation (RCP 4.5) may lessen or prevent declines

Holsman et al. in prep

Account for predation

Adaptation through 
fisheries management

Mitigation is lower risk



engage, do the science right, then do 
the high impact paper

- Allistair Hobday

bridge the gap between social, 
marine, and ocean sciences

- Lynne Shannon

be fed up, but don’t give up
-Fran Ulmer

to be truly radical is to make hope possible, 
rather than despair convincing

-Raymond Williams 
by way of Manuel Barange
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The State of the Art for Ecological Forecasting at Short-, Medium- and Long-term Time Frames    |   February 1, 2018

Future Climate Change and the California Current (Future Seas)
A Physics to Fisheries Management Strategy Evaluation

Downscaled Ocean Projections 
for the California Current System
(1980 - 2100)

Multiple Ecosystem Models 
for sardine, albacore, swordfish, 
and bycatch species

Management Strategy Evaluations 
(e.g., spatial/temporal closures, 
harvest guidelines)

Socio-economic Analyses 
(community reliance and 
vulnerability, economic 
impacts of distributions shifts, 
changing abundance, etc.)
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