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Climate Change

2°C
Increase by
401510

4 °C
. 200 % increase by
Weighted ensemble mean of IPCC forecasts 2099

of SST under A1B emissions scenario.
kirstin.holsman@noaa.gov




Climate Change
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Projected

Seasonal — Sea Ice
Extent Over Bering
Sea

Red — Observed

Black — Ensemble means
under A1B scenario

Pink — Ensemble mean
under A2 scenario

Gray curvy — one realization
of one model

Wang, Overland and
Stabeno 2012 DSR Il 65-
70: 46-57
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Climate Change

Log Available Zooplankton Biomass (g WW)
WARM (2005) COOL (2010)

E Siddon, T Kristiansen, FJ Mueter, KK Holsman, RA
Heintz, & EV Farley (in press). Plos One
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Conceptual Model of Carbon/Energy flow in the
eastern Berlng Sea (mod|f|ed from Coyle et al. 2011)
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Climate Change

What is the range of effects
of climate change on
biomass, production, &
recommended harvest
rates?

Are current assessment
models robust to climate
driven changes? (if not,
why not)?
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Approaches

Measured Ocean Conditions
(SST, bottom temp, wind, surveyed predators)
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MSM Approach

1. HINDCAST Single-species
. Fit to data from
1979-2012

2. REGRESSION

*  GAMs for W g, R, foraging,
etc.~f(zoop, tempC, cold pool)
Multispecies
3. PROJECTION Statistical Model

 Downscale IPCC / Run NPZ (MSM)
model
* Project MSMo forward using
ROMS/NPZ drivers with & (o \ /
without stochastic error ) (-) (-)
 Harvest with current ABC / OFL \f
from assessment models

kirstin.holsman@noaa.gov




MSM

Residual Predation
Natural Mortality Natural Mortality
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MSM

PREDATION MORTALITY

BIOENERGETICS MODEL

FORAGING MODEL
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MSM

Bioenergetics models

How much Is
eaten?




MSM

Foraging models
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MSM HINDCAST
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MSM HINDCAST
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MSM HINDCAST

a) Pollock b) P. Cod C) Arrowtooth
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Projections

f (Climate)
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Projections

WALLEYE POLLOCK ARROWTOOTH (Males)

4 o b Warge . * o 0 I
=+ ionb

W mean ohs Wage

3 WanB with d~fiy
WanB with d~f{T )

ARROWTOOTH (Females)

AGE

kirstin.holsman@noaa.gov




Projections

Mean R/S + Food
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CONCLUSIONS

MSM provides annual estimates of natural mortality

Can project MSM models to derive multi-species BRPs

BRPs are highly variable & depend on control rules

Climatic variability introduces some differences but they
are less than that introduced by control rules (4 pollock)

* For species with low predation — MSM ~ SS models
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