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Climate Scenarios A Regional Oceanography
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Climate change is impacting fisheries worldwide with uncertain outcomes for food and Model | Adiusted | Annual lOOp \Q . ;
nutritional security. Using management strategy evaluations for key US fisheries in the Juste “
eastern Bering Sea we find that Ecosystem Based Fisheries Management (EBFM) measures <«— \B( < .l.l < AB( < Multi- specles Model
forestall future declines under climate change over non-EBFM approaches. Yet, benefits are Sloping HCR Walleye pollock
species-specific and decrease markedly after 2050. Under high-baseline carbon emis- Pacific cod
sion scenarios (RCP 8.5), end-of-century (2075-2100) pollock and Pacific cod fisheries Arrowtooth flounder
collapse in >70% and >35% of all simulations, respectively. Our analysis suggests that - c - -
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biomass and catch. Multiyear stanzas above 2.1 °C become commonplace in projections from
~2030 onward, with higher agreement under RCP 8.5 than simulations with moderate carbon
mitigation (i.e., RCP 4.5). We find that EBFM ameliorates climate change impacts on fisheries
in the near-term, but long-term EBFM benefits are limited by the magnitude of anticipated
change.




EBFM xf 3EEBFM cap

RCP 4.5
100 | g
i T
50 <
@
RCP 4.5 g B8
Sa T 1 : =
56‘ : ~——  persistence . <L
@ 6 ' ——  GFDL_rcp45
= i =
5, hl - — MIROC_rcp45 100
S 4 |
S / _;-,u.ulﬂ I, — CESM_rcpd5
e, |'llﬁn 11 I I s
g 2 R ~— GFDL_cp85 100 A
O
(=] ' -
§ 6 | |\ ~—— MIROC_rcp85 g 50 §=
I —— CESM_rcp85 S =4
1975 2000 2025 2050 2075 2100 1975 2000 2025 2050 2075 2100 3
= -850
=, -100
3T RCP45
S a
[&] X
$ 5 LA e 100 3
N0 e =
= T — GFDL_ropd5 3
S F I]. A l 50 g
= "ﬂ. e — MIROC._rcpd5 8
5 4 l T - — CESM_rcpd5 0 =
=] | V ' i i - g
N : v v 'lll ~— GFDL_rcp85 Tl L. =
= ] @
e - -1 — MIROC._rcp85 il @
- 1 i ' p -100 1 | | | | I ! | | |
2 : | — CESM_rcp85 2025 2050 2075 2100 2025 2050 2075 2100
c?; 1975 2000 2025 2050 2075 2100 1975 2000 2025 2050 2075 2100 Year
— 2MTcap — nocap —— persistence —— MIROC_rcpd5 —— GFDL_rcp85 —— CESM_rcp85
—— GFDL_repd5 — CESM_rcpd5 —— MIROC_rcp85

Holsman, K.K., Haynie, A.C., Hollowed, A.B. et al. Ecosystem-based fisheries management forestalls climate-driven
collapse. Nat Commun 11, 4579 (2020). https://doi.org/10.1038/s41467-020-18300-3

M- 7 : -




EBFM xf 3EEBFM cap

100
EBFM
50 ol —
RCP 45 0 ZELT-
8 ! !
a ! ; N =
o | = pemEme 50 ;ﬁﬁ\ 5%3
@ 6 ' ——  GFDL_rcp45
=
s, | cr— — MIROC_ropd5 +100
g Ml 1 —
= nud IR CESM_rcpd5
g, L W R 100
c PR ~~ GFDL_rcp85
£ I — MIROC_rcpg5 < 50 EBFM
— CESM_rcp85 = :sz 7> O) % j IS
i e 0 UK~
1975 2000 2025 2050 2075 2100 1975 2000 2025 2050 2075 2100 3 1 O
< = (~10yr)
= -100
3 RCP45
S a
[&] X
Ny 08 LY. petssience 100 -8
= W YA Y ~— GFDL_rcp45 2
S M I\l =
£ E h | Mi Vs — MIROC_rcpd5 - S EBFM
£y | “ ! =2
= | ] — CESM_rcpd5 0 X I‘ |-7
[=]
| :
L 8 l -w 1 ——  MIROC_rcp85 it 1 - ] 9 7 0)ﬁﬂi
% : { —  CESM_rcp85 2025 2050 2075 2100 e 2025 2050 2075 2100 1:% (: ' j: ' i
& 1975 2000 2025 2050 2075 2100 1975 2000 2025 2050 2075 2100 e & /u =P
7
5%
— 2MTcap — nocap —— persistence —— MIROC_rcpd5 —— GFDL_rcp85 —— CESM_rcp85 YER
— _rcpd5 — CESM_rcpd5  —— MIROC_rcp85

($)

Holsman, K.K., Haynie, A.C., Hollowed, A.B. et al. Ecosystem-based fisheries management forestalls climate-driven
collapse. Nat Commun 11, 4579 (2020). https://doi.org/10.1038/s41467-020-18300-3

m — -




BYHEETIVIC
2020)

? frontiers

in Marine Science

OPEN ACCESS

Edited by:

Erik Ofsen,

Norwegian Institute of Marine
Ressarch (IMR), Norway

Reviewed by:

Martina Hannehase Stiasny,
Norwegian Institute of Marine
Research (IMR), Norway

Morgane Travers-Trolet,

Institut Frangais de Recherche pour
I'Exploitation de la Mer (IFREMER),
France

*Correspondence:

Jonathan C. P Reum

Jonathan, Reum@noaa.gov

Specialty section:
This article was submitted to

EIO(HM4 X

ANRY k7 L(Reum et al.

ORIGINAL RESEARCH
3: 17 I 20

doi: 1(

—

ZHREDY A XARYG FSLE
FAWEEA—) U5 0EBYHIC
XY DIFRDKUEEEI D EM
2KIZEZ50RDFH

Jonathan C. P. Reum'23*, Julia L. Blanchard?, Kirstin K. Holsman’, Kerim Aydin’,
Anne B. Hollowed", Albert J. Hermann*s, Wei Cheng**, Amanda Faig'*, Alan C. Haynie'
and André E. Punt?

GHG emissions
85 (1)

A1B 2)
45 (9

— _ _ _»
Year

20,

' Alaska Fishenies Scionce Center, National Marine Fishenies Sorvice, NOAA, Seattle, WA, United States, * institute for Marine
and Antarctic Studies and Centre for Manine Socicecclogy, University of Tasmania, Hobart, TAS, Australia, * School

of Aquatic and Fishery Sciences, University of Washington, Seattle, WA, United States, * Joint Institute for the Study of the
Atmosphere and Ocean, University of Washington, Seattle, WA, United Stales, * Pacific Marine Environmental Laboratory,
Office of Oceanic and Atmosphernic Research, NOAA, Seattle, WA, United States

Fishery management:
total allowable catch

Characterization of uncertainty (variance) in ecosystem projections under climate
change is still rare despite its importance for informing decision-making and prioritizing
research. We developed an ensemble modeling framework to evaluate the relative
importance of different uncertainty sources for food web projections of the eastern
Bering Sea (EBS). Specifically, dynamically downscaled projections from Earth System
Models (ESM) under different greenhouse gas emission scenarios (GHG) were used to
force a multispecies size spectrum model (MSSM) of the EBS food web. In addition to
ESM and GHG uncertainty, we incorporated uncertainty from different plausible fisheries
management scenarios reflecting shifts in the total allowable catch of flatfish and gadids
and different assumptions regarding temperature-dependencies on biological rates in
the MSSM. Relative to historical averages (1994-2014), end-of-century (2080-2100
average) ensemble projections of community spawner stock biomass, catches, and
mean body size (standard deviation) decreased by 36% (£21%), 61% (£27%), and

®
y SO
A Vv O

Status quo

FJL % Scenario uncertainty

A. Earth system model

N

[ B. Dynamic downscaling

Structural uncertainty

]{ ..@mi % @Ls

c@ui EO@OG ‘w‘ Glgab

| Plankton || Benthos | | Temperature }—0 Temperature effect

Logy; Abundance

C. Size spectrum food web

Log:y Body mass

| — =

None

@

4@mmm
@@+ ®



Y4

ARG S LBYHEETIL (Reum et al. 2020)

50 4

Fishing

2020 2040 2060 2080 210(

EE S A

== Status quo (1) TAC=RIEDBED/NF—> ( THRARHMEFL )
== More gadid 2 RTIIFTZENRYT 47 - FTDTAC </= HRK
= More flatfish HFE+10% (7 AN S :/JTACGD/JﬁfJ/“O){t%!")

(3) EZ ADTAC </= BRHFE+10% (R VYA &N
7499 - ASOTACELDRIE)

EEEHI NN ILFOTILIZT
H_ET, BRRKY L aEEN
10%FEEIEMT S a[EEED B 5

B 1 75 59 % O3 RG B

itz (D

EE) LITFA22ENTES

Reum, J. C. P., J. L. Blanchard, K. K. Holsman, K. Aydin, A. B. Hollowed, A. J. Hermann, W. Cheng, A. Faig,
A. C. Haynie, and A. E. Punt. 2020. Ensemble Projections of Future Climate Change Impacts on the Eastern
Bering Sea Food Web Using a Multispecies Size Spectrum Model. Frontiers in Marine Science 7:1-17.

P T - e



BHRSBEETFILICES FRIE. FEOLHE BT
s 2 AEEM A 5 5. GCMRIDIED DEAKENDT
LB URE— LT BEOISERO ST U EBIRT
3.

%,
J
\I
N
i

—
v

FFO

SR E L U SRENLE
s S R AR i E

HBZEZEETH LT, FROARMEIEM (BE—sp
ETIL) DoED EHspETIL) ~AEZEIELT-,

DATLDEBRAZFEMGET 5-OICIE. EEBEORIL
EHEILEFETIVIET ALELADH D, [UIEOEZEITIEM
EHITHY ., HEXERRDAA T IVRIIEEZTHED
FUEBIEL=Y T 5R[8EENH D, BENTREEMLEE
T A=HOI1CX. EHROMEETILHALETH S,

X

AEMOEIEX. BOHAZORBEZERDESISEIT
AREEN DD, RTVYVEFSEZSTDUFTIADITE
A EIF, 2100FFTIC BEDEXEE (RCP8.5)

] TB%RL. TmHFEM (RCP45) | [FLYEIJR
TDOFIVFTHS

BBICLE - THESEZLELSERZ LT, [ELZED
HETHOLIIEEETERTHENTES, EBFMIE
SIREEIZLDAERREZHE. BT 5-ODEELE
MZRETBHENTE S,







EXRFEFAXEEFEZR JEZBHAIZER
N. Pacific Fishery Management Counsel, Climate Change Task Force

D2 Draft CCTF

Al ERE: -

- Diana Stram co-Chair (NPFMC) @
- Kirstin Holsman co-Chair (AFSC-Seattle)
- Lauren Divine (Aleut Community of Saint Paul Island) T —

- Scott Goodman (Natural Resources Consultants) fisheries rstoindecsion g cimale shange
- Steve Martell (SeaState)

- Joe Krieger (NMFS-Regional Office) R

- Brenden Raymond-Yakoubian (Sandhill.Culture.Craft) DRAFT Clnte Chiauge Task Foxc vock pla

. Mike LeVine (Ocean Conservancy) e ———

- Jeremy Sterling (AFSC Marine Mammal Lab)
- Todd Loomis (Ocean Peace, Inc.)

Diana Stram’', Kisstin Holsinan®

Brenden Raymond-Yakoubiar’, Lauren Divine’, Mike LeVine’, Scott
Goodman®, Jeremy Sterling’, Joe Krieger®, Steve MartelP

. H t TR e f - 1
https://www.npfmec.org/climatechangetaskforce/ b Ty e O T
Seattle, WA, USA
# Sanchill Culiue Craft, Girdwood, AK. USA
Stra m et al - 202 1 * Alew C'muml:;?;:.?fs\'aim ;m Tsland, St Paul, AK, USA

* Ocean Conservancy, Iinean, AK, USA

'f Natural Resources Consultants, Inc. Szattle, WA,
' AFSC Marine Mamumal Lab, Seattle, WA, USA
I NMFS-Regional Office, Anchorge, AK, USA
¥ SeaState, Seattle, WA. US4



https://www.npfmc.org/climatechangetaskforce/
https://www.npfmc.org/wp-content/PDFdocuments/membership/CCTF/ClimateChangeActionModFinalWorkplan_2021.pdf

R J=
E.G., BAESUzELY—IL
Y FILE A LIZEIE DI BIEHE TR F BHEIRIH 7

(BRI 89 2AB) TEH L)
SEITEF L= V) 7)1/ SBEEHICES mBREX R
51 LOENET R T L E,ﬁ.ﬂﬁﬁﬂﬁ

g ’% COMMUNICATION

/\ﬁ TARGET
>ty oo

'f—'v*' MANAGEMENT STRATEGY

- o
oo, im a6
R i

www.blueeconomyconference.go.

R T R S R T ke
Hazen et al. 2019 Holsman et al. 2020 Santos et al. 2020.
https://advances.sciencemag.org/ https://www.nature.com/articles/s https://www.nature.com/articles/s41893-
content/4/5/eaar3001 41467-020-18300-3 020-0513-x

Hollowed et al. 2020 (ACLIM)




EXRFFEXEETEZS [MEREXHFIZES

N. Pacific Fishery Management Counsel, Climate Change Task Force
BEEED

o SEELGRBRRZREDITHILERIGZLN, TORKD
Y. IBROELHEETNITHFSERIEZHRIFAT S,

s [FHMEHKBIDAEHIC, [URITEATEHT7 F/A1 R
D IEEL] ZHET S

s BIFRUHBROBBREZEY-ILZEZRHET S

s BEAVPHRILEARE., RUICET 21EHRI IS
EDOVWEERREZITO CEAAREIZHD

https://www.npfmc.org/climatechangetaskforce/Stram et al. 2021

©

.

,f [
‘“ 3

RITHE & 75 2 Rz IEH

~ Tactical Near-term Advice (<2yr) 1

Climate change information incorperated
into stock assessment models, stock-
specific indicators (ESPs), stock-specific
risk tables (as appropriate).

E.g., ABC based on climate forecasts

Climate change context for observed
changes in social, ecological, &
oceanographic conditions relevant for
harvest advice and targets.

E.g., Forecasts of climate-driven distributions,
tipping points , & thresholds

W = T"‘"‘Wﬁ

- Strategic Near-term Advice (<2 yr) -

Climate - informed long-term strategic
decision making & planning informed by
IK, LK, and climate & management
scenario evaluations, risk assessments, &
adaptation efficacy & feasibility
evaluations.

E.g., Targets based on climate projections

7 PR

- Strategic & Long-term Advice (>2 yr) 7

e Existing tools or process
------ Help ID climate change gaps

—  New tools or process



https://www.npfmc.org/climatechangetaskforce/
https://www.npfmc.org/wp-content/PDFdocuments/membership/CCTF/ClimateChangeActionModFinalWorkplan_2021.pdf
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. ACLIM 1.0 E%:
. Fisheries & the Environment (FATE)
. Stock Assessment Analytical Methods (SAAM)
. Climate Regimes & Ecosystem Productivity (CREP)
. NMFS Economics and Human Dimensions Program
. NOAA Integrated Ecosystem Assessment Program (IEA)
. NOAA Research Transition Acceleration Program (RTAP)
. Alaska Fisheries Science Center

. ACLIM 2.0 &%
. NOAA'’s Coastal and Ocean Climate Applications (COCA) Climate and Fisheries Program

. NOAA Integrated Ecosystem Assessment Program (IEA)
. Alaska Fisheries Science Center

70
. NPRB & BSIERP Team
. GOA-CLIM Team
. AFSC REEM, REFM, RACE
. ICES PICES Strategic Initiative on climate change and marine ecosystems (SICCME/S-CCME)
. NPFMC Climate change task force, the Ecosystem Committee of the NPFMC
. FAO
. MAPP



https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/The-Adaptation-Sciences-Program/COCA




1)

=h
AH

IPCC  ERESIEZEICET HBAFRE/ ARV
NOAA KEBERSER

NMFS T A ) ABHRER

Council AR EFREEEZTER

CE - UK E) -

GCM ARBEIRET IV £&BKEH)

RCP HRRRERZR

FEP JKEAEREREHE

ROMS HEEEETIL

NPZ BT FUETIL

CEATTLE GRELFBOREEHREIRILTF—FETILIZELES
SEsR b ST

FEAST FHEMETILICEDEE EAT7 S OFE
SES e ERER




ACLIM 3k
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