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Multi-species models for EBFM

Quantify relative effects of climate variability, trophic interactions,
and fisheries on species productivity

Non-stationary mortality, BO, and MSY
Can identify indirect effects on other species and fisheries

Quantify trade-offs among fisheries

Holsman et al. in press. Deep Sea Res I




2016 multispecies assessment

* Appendix to 2016 pollock assessment as
alternative model

* Provides comparative M, Rec, and SSB

 Captures climate and trophic impacts on
BRPs
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CEATTLE overview
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A comparison of fisheries biological reference points estimated
from temperature-specific multi-species and single-species
climate-enhanced stock assessment models
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ARTICLE LNFO ABSTRACT

Multi-species statistical catch at age models (MSCAA) can quantify interacting effects of climate and

Holsman, KK, J lanelli, K Aydin, AE Punt, EA Moffitt (2015). Comparative biological reference points
estimated from temperature-specific multispecies and single species stock assessment models. Deep Sea
Res II. doi:10.1016/j.dsr2.2015.08.001.

Moffitt, E, AE Punt, KK Holsman, KY Aydin, JN lanelli, | Ortiz (2015). Moving towards Ecosystem Based
Fisheries Management: options for parameterizing multi-species harvest control rules. Deep Sea Res |l.
doi:10.1016/j.dsr2.2015.08.002
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CEATTLE Multi-species model

Eastern Bering Sea, Alaska, USA
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Table 1: Model equations

Definition Equation

Recruitment Ni1y =Rjy =Rg e ziy ~ N(0,5?) T11

Initial abundance RO,ie( = ML-,v)Nojj y=1 1<j<A T1.2
Nijq = Ro.ie(_le""*)No,m,/(l—9(_jM1“‘i)> y=1 j>A

Numbers at age Niji1y+1=Njjye % l<y<n, 1<j<A T13
Nigyi1=Nig_1ye7 %42 £ Ny e~ %40 1<y<n, j>A

Catch Ciiy = ;-%(] —e~Zw)Njy T14

Total yield (kg) Vi = %2 (;%(1 o2 )Niijijy) T1.5
Bijy = NijyWijy

Residual ) [t Predation
Natural Mortality Far=Toes, w-Noi) Natural Mortality

Wiy = Wiy (150 —d,-,y)(f—rw)))*‘-‘ﬁ

dl’y — el adiy +a0u; +5u;Ty) T1.10b
Woo‘i_y o (%)1/(1*!%) T1.10c

BT survey biomass (kg) ié A ‘ T1.11
Piy= ? (Nij‘ye_o‘5 Ziy Wi‘ysfj)
EIT sur T1.12
Fishery T1.13
—
BT surv a @ — o & o & s & T1.14
L],y L] L],y L],y

EIT sur T1.15

BT selectivit g 1 T1.16

Fishery selectivity e j<Ayi njj ~ N(O‘o']gv‘.) T1.17
i = e’“‘w‘ ] > A'I,i

Proportion females i e~ J Mpem T1.18
= e T Mem | o Mmgle

Proportion of mature females Ppij = wijpij T1.19

Weight at age (kg) Wijy = W{;*J',“m,-j-s- (1 _mﬁ)wglyale T1.20

Residual natural mortality M1, = Mg,em,,,'.j +(1 _mﬁ)M;Fale T1.21

- -
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Table 2: Pred. Mortality (M2)

Definition Equation

Predation mortality

= 12.1
= Npa.ySpa.ySpaij
& Zij (gpaijBifo) = Bgthef (1 - Zu (gpaij) )

rey suitabiliff™
S Age-specific prey selectivity

Predator-

RESSE .

Mean gravimetric diet T -
e Size-specific annual ration

(kgkg™'yr—1)

X ,(X(1—V)) T

Temperature specific

algorithm

S avmsCavEL ysge
Z=1In (Q;) (T;m _ T;O) T2.5¢
- ln(Qf,) (Tlc)m_TIc;o +2) T2.5d

4
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Predator- Prey Overlap

Set to 1.0 in this assessment

Bottom temperature (°C)

I Pollock [T Arrowtooth Flounder
1995 96 ‘97 ‘98 99 ‘00 ‘01 02 03 ‘04 05 ‘06 ‘07 ‘08 ‘09

Stabeno et al. (2013) A comparison of the physics of the northern and
southern shelves of the eastern Bering Sea and some implications for the
ecosystem. Deep-Sea Res Il 65-7014-30.
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CEATTLE: Options

e Trophic Interactions (on/off)

* Recruitment under projections (MCMC on/off):
* Mean RS (Ricker or BevHolt), linear, linear+ B,
 Above + covariates (cold pool, BT, etc.)

 Harvest scenarios (0, mean historical F or C, setF or C, F
profile, and HCRs:
« ABC proxy
. SPR
 Aggregate MSY
« MEY (in development)

R
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2016 Assessment




Changes from Holsman et al. 2016

P. cod fish comp data based on lengths
Bottom Temp: BTS & updated through 2015

Projected Bottom Temp: constant avg (BT)

Recruitment in projections is Ricker

2 harvest scenarios are presented here:

1. F 40% of unfished biomass (for all
three species simultaneously)

2. aggregate multi-species MSY

Survey and catch data updated from 2012

O

A 3
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2016 multispecies data

Source Type Years

Fishery Catch biomass 1979-2015

Fishery Catch age composition 1979-2014 (plk &atf);
1979-2015 (P. cod)

EBS bottom Area-swept abundance 1982-2015

trawl (numbers) index by age

EBS bottom Gravimetric length-based | 1982-2105

trawl diet data

Acoustic trawl Population abundance 1979,1982,1985,1988,

(numbers) index by age 1991, 1994, 1996-1997,

1999-2000, 2002 , 2004,
2006-2010

-
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Bottom Temperature (BT Survey)
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Table 4. Objective functions

Description Equation Data source

Data components

BT survey biomass s [in(2,)-1n(3,)]” NFMS annual EBS BT survey (1979-2012) T4.1
_'\Lz—
iy 2as,i
BT survey age composition S (Og_ +v)ln(Af- +v) NFMS annual EBS BT survey (1979-2012) T4.2
iy iy
i Y
EIT survey biomass S [ln(p;ir)_ln(i,;fr)]z B Pollock acoustic trawl survey (1979-2012) T4.3
—2z > %t =0.
y eit
EIT age composition _nY Z (Oﬁfy +v)1n ( Oj;ty +v> Pollock acoustic trawl survey (1979-2012) T4.4
Total catch n(c ) oin(c )1 Fishery observer data (1979-2012) T4.5
Zij %} 57 , 6c =0.05
Fishery age composition sn %: > ( O{;y i v) - ( O{)y . v) Fishery observer data (1979-2012) T4.6
i j
Penalties
. b 5 )
Fishery selectivity syl 'TZ ™ '?1[j+1 . o0 i e T4.7
P Mij+1 'Tg+z 0, if  my<mjj, 4
Priors
2
Z Xy: (iy) T4.8
1
2
Z ; (Nojj) T4.9
1
2
Z ; (gi,y) T410
1
v=0.001.
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Description

Equation

Data components
BT survey biomass

BT survey age composition

EIT survey biomass

EIT age composition

Total catch

Fishery age composition

Penalties
Fishery selectivity

Priors

)39
i ¥

[in (22, = ()]

;anZ

s,z

(%

inggty-im(i5)]*

<M

—”ZZ(

262,

eit

~ eit
o5, + v) In (Oljy + v)

+v)In(Ojy+v)

Geit = 0.2

ZZ [l“( y) l“( y)] . 6c =0.05

i ¥

y

J

-ZnL ¥ (0], +v

i

ij+1

)ln(O;y
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Definition Equation

Recruitment Ni1y =R;y =R €% ziy ~ N(0,02) i by |
Initial abundance Ro,ie( -j M]"')No,.-j y=1 1<j<A; T2
— : ’ =1 > A
NU.1 it RO,ie(_J M]M")NO,M,'/<1 L e(—] M]iﬁi)) y J !
Numbers at age Nijr1y+1 = NjyeZw l<y<n, 1<j<A 3
Niay+1=Nig_1ye7 %41 +Ngye %4y 1<y<n, j>A
Fy =
Catch Cijy = Zjj(] —e z”)Nij,y T14
Total yield (kg) A T15
Yiy=2 G’ﬁ'(l —e_z""')Niinij\v)
j
Biomass at age (kg) By = Ny Wiy T16
Spawning biomass at age (kg) SSBijy = Bijypij 07
Total mortality at age Zijy = M1j; + M2y + Fijy T1.8
Fishing mortality at age Fijy = Fojew S{i &y ~N(O,0%)) T1.9
VRN 5 566 () Wiy = Waosy (1 —e(- K1 )0-100) )5 TL.10a
diy = el adiy +a04; +p4;Ty) T1.10b
N\ 1/(1-dy) T1.10c
Wy = ()"
BT survey biomass (kg) 3 A T1.11
/f:.y =2 (N ijye %> 2 Wijygfj)
j
EIT survey biomass (k it A - ollock onl TE12
y (kg) ﬁ;" Iy Z‘ (N]j,yeo.s(—z,,-,) W]j,yS%t 1}[) (p y)
j
Fishery age composition -V R o T1.13
Ol(jy = 3G
BT survey age composition . N,jye'”‘(‘zw)s,; T1.14
iy = Zj N,.J.ye"j(‘ziy)gfj
EIT survey age composition beit Nlj‘yeo's(‘zljy)sel}rq?'l (pollock only) T1.15
Ly — Zj (N,,-‘yeos(_z’”)s‘i;‘q‘,‘")
% _ ]
BT selectivity sf] W T T1.16
Fishery selectivity en  j<Ayi nj ~N(0, 7)) .17
g'(j — el _] > A,”'
Proportion females — e~ I Mpem T1.18
S e~ Mfem +e~1 Mmale
Proportion of mature females pij = wijdij T1.19
Weight at age (kg) Wijy = W.fﬁ;"mij+ (1 _(D'_j)ngfle T1.20

Residual natural mortality M1 == Mg:mwlj £ H ey \"»i:;-""‘"" T121

iy !




Definition Equation
Recruitment Ni1y =Riy =Ry ey ziy ~N(0, 6?)
Initial abundance Ry e(—J Mlij)NOij p=1 1<j<h

Numbers at age

Catch
Total yield (kg)

Biomass at age (kg)
Spawning biomass at age (kg)
Total mortality at age

Fishing mortality at age

Weight at age (kg)

BT survey biomass (kg)

Nu,l = RO,ie(_] Ml‘”i)No,i,Ai/(l _e(_J Ml"ﬂi)) ¥ ] > A

Niji1y+1 =Nﬁy€_zﬁy l<y<n, 1<j<A
T 57 .
Nigy+1 =Nig—1ye” "4V +Nijg e "4 1<y<n, j>A4A

. Fiiy —Zj .
Cu,y—m(l—e i) Nijy

Aj Fi: 7

Yiy=>_ (7%(1 —e” “”)Niijij,y)
J

Bijy = NijyWijy

SSBijy = Bijypij
Zij,y = M1,J +M2ij,y +Fij,y
Fiiy = Fojes), eiy ~ N(O, 63))
s
Wiy =Wy (1 —e(=Ki(1 —diy)(f—to,-'))) T=diy
diy — el adiy +a0q;+pq4;Ty)
N 1/(1-diy)
o= ()

A.
AS 1
05 Zy
Biy=>_ (N ijy€ o Wl]yslsj)
j
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\
BT survey biomass (kg) i Ai
Piy = (N jye 0> % Wij,ys‘z?j)
j
EIT survey biomass (kg) it M A L (pollock only)
j
Fishery age composition Of _ Gy
by = > Ciiy
BT survey age composition 5 NWEOS( Zijy) g5
by 3 (Nﬁ’yeo.s( Zuy)ss>
EIT survey age composition ~ eit Nwe"ﬁ(fzu,y) scitqei (pollock only)
1.y Zj< U’yeo.s(—zlj,y)si}rq?ir>
BT selectivi N —
ty y ]+e(_bl§‘j_ﬂ1§)
Fishery selectivity ; el j<A,; nj ~ N(O, 6)%,1')
T e j>A
Proportion females - e~ I Mpem
U™ o= Mpem +e = Mmgle
Proportion of mature females pij = wijij
Weight at age (kg) Wiy = WEr o+ (1—wy) Wi
Residual natural mortality M1; = le]?m,,,ij+ (1—awy) Mg‘a‘e
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Table 8. Proportion mature and residual natural mortality for each species in the model.

Age 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Proportion mature
Walleye pollock 0.00 0.01 0.290.64 0.84 0.90 0.95 0.96 0.97 1.00 1.00 1.00
Pacific cod 0.00 0.02 0.06 0.14 0.30 0.53 0.75 0.890.95 0.98 0.99 1.00
Arrowtooth flounder 0.00 0.00 0.01 0.02 0.06 0.16 0.34 0.59 0.80 0.92 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Residual mortality (M1)
Walleye pollock 0.52 0.52 0.450.26 0.26 0.27 0.28 0.28 0.27 0.29 0.30 0.30
Pacific cod 0.37 0.37 0.370.37 0.370.37 0.37 0.370.370.370.37 0.37
Arrowtooth flounder 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.23 0.22 0.22 0.220.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21

7




Definition Equation
Predation mortality —_— 121
Mzij,y — Z - pa.yOpa.ySpaij .
pa \ 3, (SpaiBiy ) +Bo™ (1 -3 (spa,-j))
Predator-prey suitability Ui 2.2
§pal] :Tllz = W].;_ )., 55
v\
Mean gravimetric diet T — >y Upaiiy T2.3
proportion o= my
lnd1V1duz_il]spe_c11ﬁc ration 5 .. =4, a5 Woay( +/}5)f(Ty)p T2.4
(kg kg™ yr—")
Temperature scaling f(Ty), = VX eX1-V) 2.5
algorithm ’
V=(Tg"-Ty)/(Tg"-T5) T2.5a
2
X (22(1+ (1+40/Y)*?) )/400 o
T2.5¢

2=in(03) (17°-77)




CEATTLE 2016: Catch

| a) Walleye pollock

1.5
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057 p) Pacific cod

0.4 single-species
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Total catch (million t)

0.04

c) Arrowtooth flounder
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CEATTLE 2016: Survey Biomass Aporox. 2016
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Understand mechanisms of change
Age 1 Mortality

a) Walleye pollock

31 b) Pacific cod

single-species
— multi-species

c) Arrowtooth flounder

Age 1 natural mortality (M1+M2)
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Understand mechanisms of change

Age 1 Mortality

Recruitment

300 a) Walleye pollock
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Understand mechanisms of change

a) = Walleye pollock
Pacific cod
Arrowtooth foungder
ofher prey
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Fishing mortality
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Selectivity

Arrowtooth flounder

v NOAAFISHERIES
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CEATTLE 2016: Pollock age classes

years Age 1 Age 2 Age 3 Age 4 Age 5 Age 6
1979 1732 1739 1.022 0.583 0.552 0.354
1980 0.933 3.884 2.283 0.988 0.498 0.356
1981 1385 1650 5164 2.249 0.857 0.325
1982 0955 1.914 2.056 1.992  0.610
1983 2710 1.000 2.295 2.004 4.
1984 0.993 3.639 1.299
1985 2352 0945  4.202
1986 1246 2378 1.091
1987 0.850 1.264  2.955
1988 0.508 0.652  1.402
1989 0.943 0441 0.758
1990 2375 0.704  0.404
1991 1285 3.376 0.936
1992 0.866 1549  4.165

Age 7

Age 8 Age 9 Age 10 Agell Age12

4.698 0.369
1.856 3.539 1.028
1.958 1.413 2520 0.722
1.073 1.648 1119 1968
3592 0.865 1.252 0.830
0981 2985 0.679 0963 0632 1.067 0.396
1.928 0.607 1715 0379 0.525 0335 0.759
1.037 1674 0496 1410 0309 0421 0.836
0.544 0.778 1.175 0.346 0.969| 0.206| 0.792

1993 1.685 1.131 2.026 0.363 0.518 0.787 | 0.597
1994 0.722 2.344 1432 0.708 | 0.701
1995 0.642 0.772 2.919 3.247 0.487
1996 1.265 0.670 1.009 1.733 0.384 0.552

1997 1666 1428 0.810
1998 1.016 2.186 1.853
1999 0.751 0.928 2.429
2000 1.155 0912 1.197
2001 1.690 1.387 1.142
2002 1.130 2.216 1.825
2003 0.970 1.433 2917
2004 0.470 1.017 1.759
2005 0.336 0453 1.147
2006 0.743 0.325 0.520
2007 1.516 0.863  0.404
2008 0.666 2.198 1.088
2009 2.421 0.897 2.934

1.254 1296 1.842
2753 1.036 1.005 0.20
0.777 1.860 0.652 0.620 0.853
0.672 0.635 1429 0.497 0.465
1.467 0517 0458 1022 0.349 0316 0.578
2243 1154 0381 0.337
1.093 1.723 0.829]
1.002 0773 1.134
1.365 0.651 0.465
2.019 0949 0.421
1.288 1513 0.663
0.904 0.920 1.005
0.462 0.708 0.674

2010 1.375| 4306 1.234 0.385 0372 0.535
2011 0978 1.751 5858 1.137 0316 /
2012 0.607 1.023 1.937] 2320 0678
2013 1.739 0701  1.266 0.927 1.768
2014 1461 2087 0.866 4335 0.727

2015 0.781 1377 2.535
2016 0.504 0.596 1.623

1710 3.421
1.106  1.332




CEATTLE 2016: Fish age / length comp

1979
1980
1981
1982
1983
1984

1985 et tTe,

1986 — e —
1987

Length

-

8




CEATTLE 2016: Srvy age / length comp




Projections for BRPs




CEATTLE results

Summary of assessment results for 2016:

Quantity

2016 M (natural
mortality age 1)
2016 Average 3+ M
(across ages)

2016 total (age 3+)
biomass (t)

2016 SSB (female
spawning biomass; t)
*Projected SSB, (t)
*Projected SSB 4oy (t)
**Projected SSB sy
ABC;;¢0 (1)

**mMMSY, ;00 ()

F 40%
Fomsy

* SSB is based on the proj‘ected SSB at 2100 (equilibrium).’
** mMSY. is aggregate multi-species yield

AZZ) NOAA FISHERIES™
. *

Walleye pollock

SSM
0.518

0.297

12,765,196

4,973,790

5,037,200
2,014,460
2,482,140
1,884,950
1,817,130

0.577

0.405

MSM

2.291

0.315

11,310,126

4,429,230

3,016,240
1,206,530
2,781,050
1,683,130
2,363,310

1.155

0.518

Pacific cod ,
SSM MSM
0.367 0.979
0.370 0.370
1,364,563 1,335,013
241,188 236,601
419,961 382,908
168,253 153,163
146,696 141,982
172,056 167,148
170,896 168,683
0.372 0.404

0.434

0.447

Arrowtooth flounder

SSM MSM
0.269 0.852
0.226 0.229

500,469 493,279
362,375 358,115

-

- UsS. Departmentof~Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries ™| Page 4
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CEATTLE Recruitment: Pollock

single-species multi-species
08 200 82

N 08 g4 89
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CEATTLE Recruitment: P. cod

single-species multi-species
og 11

o
i

o
T

o
T

Age 1 recruitment (billions)
o
T

?
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CEATTLE Recruitment: Arrowtooth

single-species multi-species
0.4 01 g8 201

Age 1 recruitment (billions)

0 0.1 0.2 0.3 0.4 0.5

Spawning biomass (million t)
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ABC multi-species proxy approach ottt et al. in press)

6- ; | | Find F that results in
r]\ Single species 40% unfished
= 7 5 biomass in year
c
o N
T 4 I Unfished SSB 2100
N \
c%; 3— ‘Lo . Multi-species
IS
> 2
=
S 1
0p)
O_

I I : I I I I I
1980 2000 2020 2040 2060 2080 2100

Year
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ABC multi-species proxy approach ottt et al. in press)

6- ; | | Find F that results in
r[\ Single species 40% unfished
= 7 biomass in year
c
o N
% 4 \ Unfished SSB 2100
= \
@ 4 N P Multi-species
IS
O
E J 40% Unfished SSB
S 1-
9]
O_

I I : I I I I I
1980 2000 2020 2040 2060 2080 2100

Year
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ABC multi-species proxy approach ottt et al. in press)

6- ; Find F that results In
r]\ Single species 40% unfished

> 5 biomass in year

N 2100

3] Multi-species

>-
| g > 40% Unfished SSB

Spawning biomass (million t)

I I : I I I I I
1980 2000 2020 2040 2060 2080 2100

Year
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Harvest

N ¥ Single-species Multi-species
Harvest scenario 1 Harvest scenario 1
— 11 Bo —_— 1.1

8 - =12 6— - =12
-=-= 13
1.4

-=-= 13
— 14

—
£
7 6
g Target=B,,, 4 B,
m 4—
83 Target=B4o%
= 2 J J
S
%p)
0 (0
[ [ [ [ [ | [ [
1980 2000 2020 2040 1980 2000 2020 2040

Holsman et al. in press

" A - — -
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Single-species Multi-species

Harvest scenario 1 Harvest scenario 1
_— 11 -_— 11
o o I
6 1.4 1.4
4_
4_
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O 1 o 1
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¢ 0.6 ) 0.6 .
g g . Harvest Scenarios
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2 /W\!M e \ s greatest for prey spp
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£ £
§ . I I I I § . I I I I
8 o6 8 o067
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e e e “L———————— Holsman et al. in press
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Multispecies control rules (Holsman etal.in press)

Harvest scenario 1 Harvest scenario 2 Harvest scenario 3 Harvest scenario 4

— 11 — 21 — 31 — a1 SSBy
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Projected SSB

Wall llock
o a) Walleye polloc

T T T T T T I
1980 2000 2020 2040 2060 2080 2100

b) Pacific cod
0.5 : =

= single-species :
0.4~ = multi-species

I I I I I I I
1980 2000 2020 2040 2060 2080 2100

Spawning biomass (million t)
i

c) Arrowtooth flounder

054 — o SSB,
- SSB

0.4 a0

=== SSBnmsy

0.3
0.2+ ~—
0.1+ E ‘\sw.--..._~
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Projected Recruitment (age 1)

a) Walleye pollock
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o T T T T T T T
1980 2000 2020 2040 2060 2080 2100
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8 b) Pacific cod .
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Projected Yield

a) Walleye pollock

6_
5_
4
3_
2_
1_
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a) V!alleye pollock

0.4 ;
max F,gc 5
0.2 1 A=
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CEATTLE Applications




lanelli et al. in press: Blended Forecasts

Deep-Sea Research I B (NNEE) NNE-NEN

Contents lists available at ScienceDirect

Deep-Sea Research II

F

ELSEVIER journal homepage: www.elsevier.com/locate/dsr2

Multi-model inference for incorporating trophic and climate
uncertainty into stock assessments

James lanelli **, Kirstin K. Holsman ”, André E. Punt €, Kerim Aydin ®

2 Alaska Fisheries Science Center NOAA Fisheries, 7600 Sand Point Way N.E., Building 4, Seattle, WA 98115, USA
b University of Washington JISAO/Alaska Fisheries Science Center NOAA Fisheries, 7600 Sand Point Way N.E., Building 4, Seattle, WA 98115, USA
€ University of Washington School of Aquatic and Fisheries Sciences, 1122 NE Boat St., Seattle, WA 98105, USA

ARTICLE ILNEO A BSTRACT

Ecosystem-based fisheries management (EBFM) approaches allow a broader and more extensive
consideration of objectives than is typically possible with conventional single-species approaches.

Keywords:

Model averaging Ecosystem linkages may include trophic interactions and climate change effects on productivity for the
Model ensemble relevant species within the system. Presently, models are evolving to include a comprehensive set of
Multi-species model fishery and ecosystem information to address these broader management considerations. The increased
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CEATTLE: Single-species
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Blended results (all three models)

pollock P. cod arrowtooth
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Management Strategy Evaluations
Observation Error ««{I\.H

Assessment SR

i
= | Methods Y, ,
NOAA surv:e)}s \ "“’/ I
Fishery data Monitoring data Assessment outcome
Operating Model Management } i
more complex than assessment .
e Scenarios
e.g control rules Fisheries
Management
bog s h“) L‘d ‘ﬂ lllllllllll
habitat \' k'pm
»*';J/wv (7’ mgg Effort by Management Regulations
- -_; ) R/ '/ﬁ\mm .| fleetand location (OFL & ABC)

LM» g-%n’a/\;*?

FEAST . CEATTLE, Ecosim Socio-
Economic

Size-spectrum Model x Model

Process Error
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ACLIM: Alaska Climate-change Integrated Modeling project

v

s e
i WLLLY 3

Q.. NATIONAL OCEANIC AND ‘
¥ NOAA' o \ IPCC Scenarios (x3) Future
Alaska CLIMate Project e Climate Scenarios

Anne Hollowed (AFSC, SSMA/REFM)
Kirstin Holsrman (AFSC, REEM/REFM)
Alan Haynle (AFSC ESSR/REFM)
Stephen Kasperski (AFSC ESSR/REFM)
Jims Lanedli (AFSC. SSMA/REFM)
Kerim Aydin (AFSC, REEM/REFM)
Trond Kristlansen (IMR, Norway)

Al Hermann (UW B5A0/PMEL)

Wei Cheng (UW JISAO/PMEL)

André Punt (UW SAFS)

FATE: Fisheries & the Environment

SAAM: Stock Assessment Analytical Methods
S&T: Climate Regimes & Ecosystem Productivity

ARS RCPRS

Global Climate Models (x 11)
ECHO-G (ARG AIE)
MIROC3 .2 med res. (AR4 ATE)
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multiple non-linear pressures
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multiple non-linear interacting pressures
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Carbon Emission Scenarios

101
1E |
%,. 8 R RCP 8.5
= “Business as usual”
w
|
=
£ SRES
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o
o “We tried...kind of”
E
o 4 RCP 45
N
= “We figured it out!”
o
L
£ 2
o
T
(3]
e
0 - - ' - :
2000 2020 2040 2060 2080 2100
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ACLIM

The Alaska CLimate change
o Integrated Modeling project

IPCC Scenario
AR4 A1B

Global Climate Models (x 3)

ECHO-G (AR4 A1B) : %y,
MIROC3.2 med res. (AR4 A1B) 4 &’“ o ) Z
(CGCM3-t47 (AR4 A1B) fo} ol
(e
A
"‘Qﬁ"’? Harvest Control
NPZ % Rule
Bering Sea Model

Nutrients
Phytoplankton
Zooplankton
CEATTLE Multi-species Model
‘Q—( Walleye pollock

Pacific cod
Arrowtootllﬁ\ounder

Climate-specific Harvest &

Holsman et al. in pre : :
PTER Population Projections
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CEATTLE: Options

Pollock
] — — mean Ricker = topR2 (RS1_Eat 1_3 6_8_9 BLM)—QopAlC(RSLS
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N~ —
—
& —
D ©
S ©-
—
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o —
—
m p—
— BottomTempANDColdPoolANDfallZavgANDspringZavgANDcross
AN — fallZtot

scaled covariate value

[ I I [ I I [
1980 1985 1990 1995 2000 2005 2010

Year
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CEATTLE: Options

Cod
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CEATTLE: Options

o
™ 0.5
~— Observed — = mean Rlck?p ¥ _Eat_ 6_8)—— topAIC (RS3_Eat_5_LM

log(R)

scaled covariate value
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Overwinter
Survival

Overwinter
Survival

Slide courtesy of J. Duffy-Anderson
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NOAA |EA program
FATE 13-07
SAAM 02

izA

INTEGRATED ECOSYSTEM ASSESSMENT

“‘Behind these numbers lies, of course, an infinity
of movements and of destinies.”

— von Bertalanffy 1938

...and of people!

Jim lanelli, K. Aydin, Ingrid Spies, Grant
Thompson

Stephanie Zador, Paul Spence, A. Hobday,
A. Hollowed,, Isaac Kaplan, Troy Buckley,
Matt Baker, Buck Stockhausen, P. Sean
McDonald

Mark Holsman (Brother; photos)
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AFSC Ecosystem Based Fisheries Management

Process oriented
research

: coupled R
&% human-biologica

{l\.lf

tock & Ecosystem
?‘ Assessments

Flshenes

Alaska Fisheries Science Center
NOAA Fisheries

Management
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Levels

EBM

Ecosystem
Based
Management

EBFM

Ecosystem
Based
Fisheries
Management

EAFM
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Fisheries
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Scientific Advice
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Fisheries Oil & Gas
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Levels

Scientific Advice

Management

Framework
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Based
Management

=

EBFM
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e e

EAFM

Ecosystem
Approach to
Fisheries
Management
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Single
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OF NI
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Ecosystem Considerations Report
Socio-Econ Report
Ecosystem / ecological context
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Management

b — —

EAFM

Ecosystem
Approach to
Fisheries
Management

b — — -

SSFM

Single

Scientific Advice

WS

Fisheries Development Energy Eco Tourism Oil & Gas

OF M)

Conservation  Shipping Sanctuaries Aquaculture

—_— —_— —_— — —_— —_— —_— —_— —_— —_— — —_ —_— —_— —_— R — P—— — — [— p—

Multi-species & Ecosystem modeling

- &) ) —

Climate Predator

Species

Management
Framework

— — — — —

— — — — —




When to use multi-species models:

 When there is sufficient data/information

 When expert advice is not enough

« Relationships are non-linear and complex

« Species are fully exploited

* Pressures/impacts are high, efficiency is needed

« Scope for fishery response to management is high
« When management is ready for tradeoffs analysis

4
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Intergovernmental Panel on Climate Change (IPCC)
5th Assessment Report

Projected Temperature Change
Difference from

[T 1986-2005 mean ©)

4 6 117

RCPZ 5 2081-2100 RCP8.5 2081-2100

" BEST CASE SCENARIO - “STATUS QUO” SCENARIO |

Gt s AR // =
“We figured it out!” “Business as usual”

+1.8°C +4 °C
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Table 4
Components of the likelihood fusnction for each species i of age j in year y. EBS: Eastern Bering Sea. See Tables 2-4 for parameter definitions.

Description Equation Data source

Data components

BT survey biomass in(,)-in(j%,) 5 NFMS annual EBS BT survey (1979-2012) T4.1
o5 el
1
BT survey age composition -5 ":ZE (Os +v)ln (O +v) NFMS annual EBS BT survey (1979-2012) T4.2
- iy iy
i 2 28 |
EIT survey biomass in(pg)—In (7" 2 Pollock acoustic trawl survey (1979-2012) T4.3
§ ey , Geit = 0.2
EIT age composition ~ eit Pollock acoustic trawl survey (1979-2012) T44
_n§2 (O,”-{-v)ln(ow+v)
j
Total catch % Fishery observer data (1979-2012 T4.5
E§ In( i.v)z—l:(QY)  oc=0.05 2t ( )
1
Fish iti . Fish b data (1979-2012 T4.6
ishery age composition Z": (d‘ +v)ln (Og‘y_*_v) ishery observer data ( )
i
Penalties
Fishery selectivity s ’TZ 'rg-ﬂ 2 20, if 'T;f, > T4.7
>3 2 |In —In| —— S X= .
L 'Tl(jﬂ 'ng'+2 0, 'f ”’;S'rgﬂ
Priors
2
3, Xy: (riy) T4.8
1
2
223 (Noy) T4.9
1
2
>3 (eiy) T4.10
R £
v=0.001.
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Evaluate projection sensitivity  temp effect << F effect
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SSB at max ABC
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Recruitment at max ABC
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