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Produced annually 2016 - present

Two models presented each year:
●  SSM : without trophic interactions 

(single-species mode) 
●  MSM : with trophic interactions 

(multi-species mode) 



Holsman; CEATTLE

EBS CEATTLE 
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ROMS output https://data.pmel.noaa.gov/aclim/thredds/catalog/files.html



Weight at Age

● Hist: Empirical used 
when avail; missing yrs 
have vonBT (currently 
updating with new TMB 
version of vonBT() )

● Projections: VonBT

Holsman & Aydin 2015



Biomass



Catch



Recruitment





Fishery age comp.

walleye pollock



Fishery length comp.

Pacific cod



Fishery length comp.

Arrowtooth 
flounder



Survey age comp.

walleye pollock



Survey length comp.

Pacific cod



Survey length comp.

Arrowtooth 
flounder





M1 in single species (CEATTLE) 
model = avg(M1+M2) from 
multispecies model

Predation mortality decreased in 
2023



walleye pollock



Pacific cod



Arrowtooth flounder



Use this if: need index of mortality for 
plk, pcod, or atf

Use this if: need index of plk, pcod, atf 
eating other preyESPs



Annual estimates of prey consumed per fish



Data from food habits lab



sum(avgPi,j,k,y*L2A)*AvgNa,k,y*Ca,k,y 

Ration
(kg pred-1 yr-1)

CEATTLE 
outputs

Biomass weighted 
avg prop of prey i in 
diet of pred size j

Holsman et al. in prep 

Diet 
database 
& survey 

CPUE

ESP indices expanded



sum(avgPi,j,k,y*L2A)*AvgNa,k,y*Ca,k,y 

sum(avgPi,j,k,A*L2A)*AvgNa,k,y*Ca,k,y 
A = cold, warm, avg T years

ESP indices expanded

Output available as .Rdata



Holsman; CEATTLE

EBS CEATTLE 



Recruitment (note: scales vary)

Single-species Multispecies



Recruitment covariates

ACLIM indices



Single species model



Multispecies model



Szuwalski et al. 2023

 

Adapting reference points to reflect changes in productivity

● MSA directs reference points to 
reflect current and probable future 
environmental conditions

● Changing reference points for stocks 
undergoing climate-related 
productivity shifts can result in 
counter-intuitive management 
actions:

○ Declining stocks fished harder
○ Flourishing stocks fished more 

conservatively



Climate informed BRPs

Set target using climate naive  (B0 from no-climate projection) 

1a: Use model with climate effects 
to get F40 for each climate 
projection and ABC 2080 

1b: Use model with no climate 
to get F40% 

2b: Apply F40%* to model 
with climate effects to get 
ABC from ensemble 
(ABC_2024 = avg(ABC from 
all models)

2a: Set ABC_2024 = avg(ABC 2080), 
calc F2024 and use that to get 
ABC_2025 (avg. using models with 
climate effects)



Holsman et al. 2020. https://www.nature.com/articles/s41467-020-18300-3

Climate informed biological reference points

Holsman, K. K. et al. Climate-informed multispecies 
assessment model methods for determining 
biological references points and Acceptable 
Biological Catch. Protoc. Exch. 
https://doi.org/10.21203/rs.3.pex-1084/v1 (2020).

https://doi.org/10.21203/rs.3.pex-1084/v1


Recruitment covariates

carbon mitigation
High           Low



Biomass (multispecies)

Project to 2099 such that 
F that results in B

2095-2099
~0.4 B

100%
AND B

y
>0.35 B

100%

Pollock & P. cod first, then arrowtooth 

(Holsman et al. 2016)



Biomass (multispecies)
No Change          SSP126  SSP585

Assumes no climate 
adaptation 

(in fish, fishery or 
fisheries 

management)



Biomass (Single species)
No Change          SSP126  SSP585

Assumes no climate 
adaptation 

(in fish, fishery or 
fisheries 

management)



Biomass 
No Change              SSP126     SSP585



2023 Climate informed targets & reference points



Climate informed BRPs and ABC evaluations



Climate informed BRPs and ABC evaluations



Multispecies assessment

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf

Use climate informed model to characterize 
risk in +1 & +2 years

Use climate informed model to characterize 
risk in 10 + years with low warming

Use climate informed model to characterize 
risk in 10 + years with high warming



Climate informed BRPs and ABC evaluations

Cooler future



Climate informed BRPs and ABC evaluations

Warmer future



Next year

1. Revist likelihood weighting
2. Update weight at age (Holsman et al. in prep)
3. Add in pred/prey overlap (Goodman et al. in prep)
4. Transition to TMB via merging CEATTLE and Rceattle
5. NSF conditioned ABC (2024)
6. Include ACLIM MSE results and CI features
7. Share output via AKFIN



CEATTLE workflow features 
• R and shell scripts used to run the model through projections:

● Regular output includes ESR contribution (R markdown)
● ESP indices (produced annually)
● Assessment written in Rmarkdown using Rdata outputs

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2023/EBSmultispp.pdf 
• Github repositories (* private)

● *CEATTLE (ADMB):
https://github.com/kholsman/CEATTLE

● *futR() : recruitment fitting model in TMB:
https://github.com/kholsman/futR

● * vonBT(): temp. varying vonB model in TMB:
https://github.com/kholsman/vonBT

● Rceattle (G. Adams; R/TMB): 
https://github.com/grantdadams/Rceattle 

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2023/EBSmultispp.pdf
https://github.com/kholsman/CEATTLE
https://github.com/kholsman/futR
https://github.com/kholsman/vonBT
https://github.com/grantdadams/Rceattle


EXTRA SLIDES



Jurado-Molina et al. 2005 doi: 10.1139/F05-110

Pacific cod

pollock
MSVPA → Statistical MSM



“CEATTLE”
Climate Enhanced Age-structured 
model with Temperature-specific 
Trophic Linkages and Energetics

Climate impacts 
on growth & 
condition

Climate impacts 
on predation 
(energetics)

Holsman et al. 2016



Climate impacts 
on growth & 
condition

Climate impacts 
on recruitment

Climate impacts 
on predation 
(energetics)

Holsman et al. 2020

Holsman et al. 2016
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Rceattle
https://github.com/grantdadams/Rceattle



Holsman, K. K. et al. Climate-informed multispecies 
assessment model methods for determining 
biological references points and Acceptable 
Biological Catch. Protoc. Exch. 
https://doi.org/10.21203/rs.3.pex-1084/v1 (2020).

CEATTLE Applications
Operational advice:

o Appendix to BSAI pollock assessment (2016 to now)
o M2 index for EBS ecosystem status report (2016 to now)
o M2 index for ESP (2020 to now)

ACLIM/Bering Sea:
o 2010-2015 BSIERP MSE
o 2016- now ACLIM - climate MSE
o 2019- 2023 Lenfest NFS
o Lenfest ocean wealth

Bering Seasons
o Forecasts under 9mo

GOA
o G. Adams (UW) : 3 and 4 species model for GOA (Adams et al, in review)
o G. Adams (UW) : M2 index for GOA Ecosystem Status Report (2021-now)
o Climate MSE underway for GOA

Hake (S. Wassermann)

https://doi.org/10.21203/rs.3.pex-1084/v1


Model Summary

CEATTLE (Holsman et al. 2016)

● NEBS+EBS
● Age or Length based
● Multi- or single-species
● ADMB
● Climate (energetics) effects on

○ Growth
○ Mortality (if in MSM)
○ Recruitment

● Used to derive climate-inform. ABC
● Pollock, Pcod, ATF

● Operational 2016 - now (annually)

● Climate naive targets; climate informed 
reference points

Rceattle (Adams et al. 2022)

● GOA
● Age or Length based
● Multi- or single-species
● TMB
● Random effects
● Data weighting
● Climate (energetics) effects on

○ Growth*
○ Mortality (if in MSM)
○ Recruitment

● Used in EBS, GOA, and Cali Current (hake)
● Pollock, Pcod, ATF, Halibut, and Hake



Discussion : Climate informed BRPs

Set B0 and B40 target using climate informed models

NO!



Szuwalski et al. 2023

 

Adapting reference points to reflect changes in productivity

● MSA directs reference points to 
reflect current and probable future 
environmental conditions

● Changing reference points for stocks 
undergoing climate-related 
productivity shifts can result in 
counter-intuitive management 
actions:

○ Declining stocks could be 
fished harder

○ Flourishing stocks could be 
fished more conservatively



First: Set Target / reference points

Climate informed B0 / Dynamic B0

Bunfished

Time

Bi
om

as
s

Projection F = 0



First: Set Target / reference points

Climate informed B0 / Dynamic B0

Bunfished

Time

Bi
om

as
s

Projection F = 0

B40%

Climate informed model to set Bunfished & B40%



First: Set Target / reference points

Climate informed B0 / Dynamic B0

Bunfished

Time

Bi
om

as
s

Projection F = 0 B2023 >> B40% so set FABC = 
1.0*FACL

B40%

B202

3

Climate informed model to get By / B40%  (B2023) 



“hybrid” climate- naive & climate informed approach

Climate naive B0 + climate informed By

Time

Bi
om

as
s

Projection F = 0
Bunfished

B202

3

Climate informed model to get By / B40%  (B2023) 

B40%

Climate naive model to set Bunfished & B40%

B2023 >> B40% so set FABC = 
1.0*FACL



“hybrid” climate- naive & climate informed approach

Climate naive B0 + climate informed By

Time

Bi
om

as
s

Projection F = 0

B202

3

Climate informed model to get By / B40%  (B2023) 

B2023 >> B40% so set FABC = 
1.0*FACL

B2023 < B40% invoke sloping HCR and set FABC = 
0.7*FACL

Bunfished

B40%


