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Fisheries decisions across time scales are

iImpacted by climate effects

Weather Seasonal to decadal forecasts Climate change projections AquaCUIture

forecast « Extreme weather responses
A d Global . :
ww « Stocking/harvest time
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Operations « Fisheries closures to reduce
Day/Week Month Year - Decade Century unwanted and incidental
ime
capture

* Provision of catch advice
Tommasi et al., 2017



Need for climate-ready fisheries

management

HESERsON I Stock assessment Issue-specific model

HoaaHnE Mode) model development application for strategic

development and and review fahagement
review

y A |

e Bycatch mitigation
e Impact of
extreme weather
and fishers’
safety

v y

Near-term revisions to
harvest, bycatch,
safety measures

e Impacts on other
ecosystem components
and tradeoffs
e Climate impacts on

species and fishers

o Improved methods of

short-term forecasts and
projections updated

annually or biennially

Management Process and Policy Issues

Tommasi et
al. 2021

Time
Frame
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Near-real-time to 5-day outlook

Doubling Times for V. parahaemolyticus in Delaware Oysters

kept at Air Temperature at21EDT on20220409
39°N 10

NOAA National Ocean Service
NOAA Ecological Forecasting

ells in Hours

« Harmful Algal Blooms

Forecasts
« Coastal Pathogen Forecasts

 Hypoxia Forecasts
« Coral Bleaching Forecasts

Doubling Time of V. parahaemolyticus ¢



https://oceanservice.noaa.gov/ecoforecasting/

Near-real-time

J AAAAA -informatic Tool for Fisheries Sustainability

Experimental Product

Nov 03 2021 1.0

Species weightings
-

Blue sharks weighting = -0.1

-

e ¢ Dynamic Ocean Management Tools to
Reduce Bycatch
] Nowcasts of ocean conditions linked to
species distribution models to generate daily

maps of bycatch risk

--
poorer

-1.0

Hazen et al., 2018
https://coastwatch.pfeg.noaa.gov/ecocast/
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Near-real time

" WhaleWatch S | CETCR l Hazen et al.
* Monthly 25x25 | 2016
km nowcasts of Abrahms et
whale al., 2019

distributions for
the current
month

* Being updated
to 10x10 km
nowcasts of
daily whale
distributions
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Confidence Intervals C i 2 ) ) & .:5‘A A Bl s =

) NOAAFISHERIES

https://www.fisheries.noaa.gov/west-coast/marine-mammal-protection/whalewatch



ear-real time

Avoid fishing between solid black 63.5°F and 65.5°F lines to help reduce loggerhead sea turtle interactions

EXPERIMENTAL PRODUCT

Sea Surface Temperature : 2022/04/09

SST (°F)
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Near-real time

09-Mar-2020

Sardine Potential Habitat to

Optimize Survey Coverage
Optimal Nowcasts of ocean conditions
linked to sardine species

£ 39
s £ distribution model
5 2 E
,2 Good [
é 10 f
(@]

Rad Zwolinski et al. 2011

Demer et al. 2012

o Il Unsuitable  Demer et al. 2014

https://swfscdata.nmfs.noaa.gov/AST/sardineHabitat/h
abitat.aspx
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Environmental Inputs

Sea surface temperature (SST)

SST standard deviation

Sea surface height (SSH)

SSH standard deviation

Eddy kinetic energy

Wind stress curl

Chlorophyll a

Isothermal layer depth (ILD, 0.5°C deviation from SST)

e Bulk Brunt Vaisala frequency (A measure of stratification over
upper 200 m)



Seasonal Dynamic Ocean Management Tools

Seasonal Prediction System

|

Habitat Model

l OK zone
Southern Bluefin Tuna BUlerzone
_ Core zone
Habitat Boundary Forecast
— up to 4 month lead time

150 155 160 165 170

l Forecast Input: monthly
Improved Operational SST anomalies
Decision Hobday et al. 2011



Potential for Skillful Seasonal Forecasts of Species Distributions
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Predictive Performance for Swordfish
Catch Anomalies
) « Low frequency component dominant source

of predictive skKill

//////////// « Impact of spatial resolution
T Environmental Input:
SST, Chlorophyll a, ILD
= Brodie et al. 2021




Seasonal Hake Forecast

J'S COPE Seasonal Pred|Ct|On August 2022 Hake Forecast August 2022 Forecast Uncertainty
System R 3 &

l

Habitat Model

8 month lead time hake
forecast

47°N
46°N

Improved survey planning
and early warning of

ecological shifts

44°N

127°W  126°W  125°W  124°W 127°W  126°W  125°W  124°W

http://www.nanoos.org/products/j- Forecast |nput: monthly
scope/forecasts.php?forecast=2022-

018&var=hake temperature at 250 m Malik et al. 2021



Multi-annual Forecasts of Species Distributions

* Survey Planning

» Avoid International Conflicts
over Fishing Rights

* Plan for Changing Fishing
Opportunities

 Plan for Changing
Interactions




Multi-annual Forecasts of Species Distributions

TSS in RHP

0.50 -

0.25 -

0.00 -

-0.25 -

-0.50 - |
| | | | | |
0 1 2 3 4 5

Lead Year

| —e— MPI-ESM-hindcast

—o— MPI-ESM-persist
—a— EN4-persist

Multi-annual Forecasts of

suitable blue-whiting

spawning habitat

« 0-5 lead time forecasts of
March-April spawning habitat
Low frequency dynamics of
North Atlantic Subpolar Gyre
dominant source of
predictive skill

Forecast Input: monthly
salinity at depth of
spwaning

Miesner et al. 2022



Forecasts of Stock Abundance/Biomass

« Often catch limits based on 1 to 3 year forecasts of
stock biomass

* For some species (e.g. North Pacific tunas), 10 year
projections used to inform catch advice

Productivity > »® @
N> Recruitment o >
. . Mortality  Fishing Forecast
Initial Conditions Growth .
Selectivity Often called projection as it
Age structure Eishi i ZH !
Biomass at age ishing mortality depends on a fishing

mortality scenarios



Forecasts of Stock Abundance/Biomass

Contribution of Biological Persistence to Prediction Skill

o
Ea
:-:3 100 - Pacific Sardine
c(r% 80 -~ Albacore Tuna
< Shortfin Mako Shark
3 60
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Lead Time (years)

Jacox et al. 2020



Forecasts of Stock Abundance/Biomass
Contribution of Fishing Mortality to Prediction Skill

(A) Japan longline CPUE .
&7 -—-- CPUE -10 years (option 1) 10-year lead time

-—-- CPUE -10 years (option 2) retrospective forecast of
| bluefin tuna CPUE
- « All stock dynamics kept at
long-term mean conditions
except catch
 CPUE derived from
| retrospective forecast of
- biomass

| I N O O O B B
1993 1996 1999 2002 2005 2008 2011 2014 2017

Lee et al. 2021



Forecasts of Stock Abundance/Biomass

Albacore Tuna Projections for Catch Advice

150000 4

Recruitment sampled from
historical distribution

Mortality, growth, selectivity
kept constant to historical mean

* Fishing mortality constant to
average of last three years

100000 4

Spawning Biomass (mt)

500004

T T T
2000 2010 2020

ISC 2020



Forecasts of Stock Abundance/Biomass

Performance of sardine harvest guideline

No _
fishing

—e—|  HG4 -

HG3 - —e—

——

—_—

HG2 -
HG2 - —e—
HG1 - —e— HG1 —-—e——
| | I I I
700 900 1100 1300 100 _
Mean Stock Biomass (1000 mt) Mean Yield (1000 mt)

+/- 95th to 5th percentiles +/- 95th to Sth percentiles

HG1 =no SST

HG2 = past SST
HG3 = forecast SST
for fishing rate
HG4 = forecast SST for
fishing rate and biomass forecast

Catch advice based on a
biomass forecast dependent
on a recruitment forecast
informed by a seasonal SST
forecast better than status
quo

Results are lead-time
dependent. Forecast
accuracy too low to be
useful at leads of 5 months
or greater

Tommasi et al. 2017



Future Needs for Expanded Use of Climate Predictions

In Fisheries Decisions

*Need for strong mechanistic understanding of environment-
fisheries link and empirical environment-fisheries relationship
need to be regularly tested with new data (iterative forecast
cycle, Dietz et al. 2018)

*Focus not on what is feasible but what is useful (Payne et al.
2017)

Co-development with end users — dedicated personnel
o Appropriate spatial scale, variables of interest



Future Needs for Expanded Use of Climate Predictions

In Fisheries Decisions

‘Improved accessibility and delivery of forecast output
Skill assessment of variables other than SST

‘Long retrospective forecasts to test reliability of ecological
forecasts

‘Long reanalyses (with biogeochemistry) for ecological model
training



Thank you for your attention!

NoAA
\! Desiree.Tommasi@noaa.gov




Global Climate Observing System

e.g. satellites, Argo, meteorological stations

Climate predictions

« Prediction models are
initialized with observations

 Initial value problem

« Predict statistics of climate
over monthly to 30 year
time scales (seasonal to
decadal forecast)

| -

|

differ from climate ) :
. . Data Assimilation System '_
p rOJ e Ctl O n S Initialization to present observed conditions I

* g / Future Forcings
e Forcing Scenarios Present - 2100+ /
"iiiiiii.-- \ \—/‘,< 3

or evolution of single \\\:\

weather feature at hourly to , o pms
weekly timescales (weather P o - T o O e

forecast) m;% %
/ istorical Forcings

e.g. GHG, Aerosols, Ozone, Solar ./

Tommasi et al.. 2017



