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Mechanisms of predictability
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Forecast tools and methods
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Regional forecasts for the California Current System

Global climate forecasts

CFSv2 Forecast of SST Anom IC=201911 for Lead & 2020May
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Regional forecasts for the California Current System

Global climate forecasts

CFSv2 Forecast of SST Anom IC=201911 for Lead & 2020May

Forecast configuration

Forcing from CanCM4

ROMS California Current domain (0.1° resolution; ~10 km)

Regional ocean forecasts

M. Jacox

Forecasts initialized twice per year (January and July)
1982 to 2010
12-month forecasts

Three ensemble members
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Regional forecasts for the California Current System

Global climate forecasts

CFSv2 Forecast of SST Anom IC=201911 for Lead & 2020May

Anomaly correlation (Jan forecasts)
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Regional forecasts for the California Current System
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Regional forecasts for the California Current System
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Connecting physical forecasts to ecological forecasts

Global climate forecasts
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Connecting physical forecasts to ecological forecasts

Application Region K?};gggfei :al Fn?:)iizzt
?Vj‘:;ﬁgt:ﬁrgﬁéle:;ig& Central/Northern California SST Mar-Nov
TOTAL (loggerhead bycatch) Southern California SST Dec-Jul

WhaleWatch (ship strike risk) Southern California Full suite * May-Nov
Sardine spawning habitat and recruitment Southern California SST, SSH Mar-May
EcoCast (bycatch risk) Entire Coast Full suite * Aug-Jan
Albacore distribution Oregon/Washtington Full suite * Jun-Nov
Anchovy Ecosystem Indicator (top Central/Northern California  Full suite * Apr-Jul

predator foraging and reproduction)
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Connecting physical forecasts to ecological forecasts

Application
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variables
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Central/Northern California
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predator foraging and reproduction)
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Habitat compression index (HCI)

40°N

\ A 1 \ 16.00

| 2013 1 2014 7 2015 & 2016 ' G
: « ; : X : o
(,,_) \ Area: 372 \ Area: 228 \ \ Area: 251 \\ Area: 164 5
o 38°N =
> . \/& 12.00 o
“’ ~ :
< . \ X X 2

, \ , NV 10.00

36°N \ N ‘ N\ i
A -\ 8.00

124.5°W 122.5°W 120.5°W 124.5°W 122.5°W 120.5°W 124.5°W 122.5°W 120.5°W 124.5°W 122.5°W 120.5°W

* 60 1 m Blue - 3500
S 50 - Unidentified/other -3000 o
g B Humpback I
?Cm 40 4 W Gray 8‘_
S A Humpback pop. size - 2000 o
& 30 - A S
- 1500 ®©

© 20 A & -1
u— =
c 10 - “ — -500 L
@ 0 - -0

- QN M ¥ W © NN 0O O O = o ™ < ;v ©

- - - - - - - - - ~— — — — — — —

o o o o o o o o o o o o o o o o

[\ [\ Al Q| [\ [\ Q\ Al [\ [\ Al Q\ [\ Q\ [\ [\

Santora et al. (2020)

Application of Climate Predictions to Marine Ecosystem Management March 28, 2023



Habitat compression index (HCI)
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Temperature observations to avoid loggerheads (TOTAL) tool
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Temperature observations to avoid loggerheads (TOTAL) tool
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Temperature observations to avoid loggerheads (TOTAL) tool
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Moving TOTAL and HCI from nowcast to forecast
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Moving TOTAL and HCI from nowcast to forecast

Observed

Habitat Compression Index (1-month forecast) Forecast
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High compression in 2005 could have been
predicted 1-2 months in advance.

Persistent habitat compression 2014-2016
was predictable months in advance.

Closures were enacted in the summers
of 2015 and 2016.

These closures could have been
predicted at least 6 months in advance.
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Moving TOTAL and HCI from nowcast to forecast

GLoBAL MODEL

OBSERVATIONS

%,

REGIONAL MODEL

/ >V e N

Physical Forecast

—_— Dynamical
— Statistical

ECOSYSTEM MODEL

Ecological Forecast

Jacox et al. (2020)

Application of Climate Predictions to Marine Ecosystem Management

March 28, 2023



Comparing global and regional forecasts

Global SST Forecast Downscaled SST Forecast

SST (°C)
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Comparing global and regional forecasts

Habitat Compression Index (all lead times)
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Comparing global and regional forecasts

Habitat Compression Index (all lead times)

- Downscaling improves skill,
O 0.8 - .
g BUT global forecasts are also skillful
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0
O
LL 0.4
TOTAL Tool (all lead times)
O
: |
3
O 0.750 [ ——
<
2
&S 0.725 4 ‘
O
O
L 9,700

Downscaled Full Global Reduced Global
(3 members) (73 members) (3 members) Brodie et al. (in prep)

| Application of Climate Predictions to Marine Ecosystem Management March 28, 2023



GLoBAL MODEL

OBSERVATIONS

%,

REGIONAL MODEL

/ 3V N

Physical Forecast

—_— Dynamical
— Statistical

ECOSYSTEM MODEL

Ecological Forecast

Application of Climate Predictions to Marine Ecosystem Management

Jacox et al. (2020)
March 28, 2023




Mediterranean Sea 2003

@0

HO®
®O0

Mediterranean Sea 1999

OO®
@0

0®

Mediterranean Sea 2006

@$H®®

SE Asia 2016-2017

00

Persian Gulf 2017

000

North Sea 2018

2@

Widespread impacts of marine heatwaves

East China Sea 2017

=&
@O

W Pacific 2017

Red Sea 2015

SO

Red Sea 2017

Beuguela Nifio 1995

20

Bay of Bengal 2010

6O

Seychelles 1998

=
B YA
o (AT

2O
0=C

Bering Sea 2016

@)
4

NE Pacific 2019

O

&)
S

®

The Blob 2014-2016

Baffin Bay 2009

@HO®

20w
®r@x

N

NW Atlantic 2012

2@ =

NW Atlantic 2018

®

6O'Ss —

0 60E

S Indian Ocean 1997

NW Australia 2015/16

0-0

0O®
=0

Ningaloo Nifio 2011

2040
@0

120°E 180

H@®
<IOIO)

Tasman Sea 2016

@=®
IO

Great Australian Bight 2013

120°W

E Pacific 2018

2@

NW Atlantic 2015-2016

20-@®

2 - :
“ 2 L | ',’.
Svon
! i;l ;».' ,J
il
H0"W

0

Central Pacific 2015

@O
Q0

E Pacific EI Nifio 1997/98

Caribbean Sea 2005

New Zealand 2017

Great Barrier Reef 2016-2018

o080
20@®=

SW Atlantic 2015

HO®

Moderate

[ strong

I severe
B :xoome

Provisioning services

a(a

Range shift Troplcahzat:on

Aquaculture /
fisheries impacts

of species

Harmful Algal

TEEB ecosystem services classification

Regulating services

(5)

Blooms impact

Water quality Carbon capture

®)

impact

Restructuring
of ecosystems

Habitat services

Life history
impact

Disease

Tourism and
recreation

Application of Climate Predictions to Marine Ecosystem Management

Cultural services

O

Mass
mortalities

O

Spiritual / aesthetic
appreciation

Smith et al. (2021)
March 28, 2023




Weather Seasonal to decadal forecasts Climate change projections
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Leveraging forecasts in the North American Multimodel Ensemble...

NMME Prob fcst PAC calib. prob fcst

NMME Foracas? of 55T Anom KK=702771 for Lead & 207 3W0y

NMME prob fcst SST IC=202211 for lead 6 2023 May | NMME prob fcst SST IC=202211 for lead 6 2023 May

-

GEMS NEMO

'
st

NCAR CCSM4

NCAR CCSWE F

107 3May

https://www.cpc.ncep.noaa.gov/products/NMME/
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..o create seasonal marine heatwave forecasts

Seasonal SST forecasts (1991-2020)

}

Remove lead- and initialization-dependent model mean
climatology from each ensemble memlber to get SSTa

!

(Detrend SSTa)

!

Calculate MHW thresholds
(90th percentile of forecast SSTa from all ensemble members)

|

|dentity forecast MHWSs

Repeat for each ~70 member monthly
of six models MHW forecast

Evaluate with OISSTv2.1 SST

Jacox et al. (2022)
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Example forecasts

Forecast Heatwave Probability

July 1997 forecast

- 0.8

8.5 month lead time

March 1998 heatwaves

Jacox et al. (2022)
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Example forecasts

lity

Forecast Heatwave Probabi

July 1997 forecast

8.5 month lead time

March 1998 heatwaves

Jacox et al. (2022)
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Marine heatwave forecast skill

3.5 month |ead

Forecast Skill (SEDI)
Jacox et al. (2022)
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Web-based marine heatwave forecasts

@& psl.noaa.gov/marine-heatwaves/ Q h % & @&

w Physica| Sciences Laboratory About  People  Research  Data  Products News|Events Learn Q

Overview Observation Large Marine Ecosystems Explore PSL Papers Data News Links

How to use this forecast tool?

Built on output from the North
American Multi-model Ensemble

Initial year Initial month Projection Remove long-term temperature
trends? . .
2022 <~ oot <~ robinson x - I >70-member ensemble, using six

global climate models

Marine Heatwave (MHW) Forecast [Jacox et al., 2022]

Derived from : NMME

MHW probabilit .
oo Forecasts issued monthly
et Lead times up to one year

Current and past forecasts
online

®@ ¢ o o o o

Lead time = 0.5 months (10/2022)
https://psl.noaa.gov/marine-heatwaves/#forecasts
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https://psl.noaa.gov/marine-heatwaves

Priority advancements in forecasting for marine ecosystem management

Evaluate forecast skill and uncertainty Improve mechanistic understanding
- Anomaly correlation (Jan forecasts) — Physical Processes
[ — Biogeochemical and Ecological Processes

Sea-Ice Processes

Re-emergence

Baroclinic Rossby Waves

Advection

Tropical-Extratropical Connections

Biogeochemical Response to Physical Forcing

Species Responses to Environmental Change

Species Life History
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