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Climate, Marine Heatwaves, and Temperature

Marine industries, climate extremes and
adaptation, and ocean data and modelling
needs across time scales
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n 1o R Pre-Paris
: 3.6-4.2°C
temperatures relative to 1850-1900 mean 114 years of current emissions

Since Paris, projected cumulated emissions
by the end of this century declined by 2100 Gt

< 700 Gt left

Before Paris, mankind had emitted about 2500 Gigatonnes of Greenhouse Gases. N Current Policies
In the six years since then, it added more than 300 Gt, about 50 Gt each year. .y 2.7-3.1°C

75 years of current emissions

Fullfilling current P

them a
Pledged Policies
2.1-25°C

- 50 years of current emissions
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Five priority areas for the critical decade

* Past experience less useful

* Novel combinations of physics,
chemistry, and biology

* Need to make decisions that are
generally ok even if the details
change, based on the best
information available at the time

* Learn as fast as we can!

I

1.

Incorporate climate change into
assessment and management

Help industry and management
manage environmental risk (short-term
& long-term) — adaptation options and
forecasts

Test adaptation options - models
Use new technologies to improve data
collection efficiency (and reduce costs,

esp. for data limited fisheries)

Provide information faster!



Seafood futures :

* Environmental challenges .
e Climate change (e.g. warming)
e Extreme events (e.g. marine heatwaves)
* Range changes (e.g. new species) Y T T T
e Disease (e.g. new pathogens)

e Socio-economic challenges
e Recreational and commercial
 Markets —domestic and international
e Community - Values and Certification 3

* Competition from other industries
* Renewables, oil and gas ; ' ; r !
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What do fisheries® need to know about the future?

*fishers and managers and policy makers

How many fish?
Where are the fish?
When will they migrate?

N =

What are the prey/predators
doing?

5. Plus other stuff




Physical change: Trend and variability (extremes)
Extreme events — a window to the future

www.marineheatwaves.org
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I\/I H W t k MARINE HEATWAVES
ra C e r (www.marineheatwaves.org/tracker) International Working Group

— " Robert Schlegel n
Time series of events (1983-present)




Forecasting the future
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Nowcasts
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Forecasting Marine Heatwaves

The Project: Marine heatwaves in the Forecasting Marine Heatwaves
Indo-Pacific region, their predictability DA frecoalgof marke

and social-economic impacts

Our project team is working to improve the skill (accuracy) and leadtime (out to six months)
for forecasts of extreme temperature events around Australia, using advanced machine Share this
learning statistical methods. This project will run from 2020-2022.

How we make these forecasts: We use machine learning to detect features in the distribution o o ° e

of sea surface temperature and upper ocean heat content which are most predictive of
future marine heatwave events. We have built on approaches developed by Ham et al (2019).
The machine learning model has been trained on CMIPS and CMIP6 climate model runs and
validated on the GODAS (Global Ocean Data Assimilation System) data set. After conditioning
with a training dataset, the machine learning model is then used as a simulator to predict
marine heatwave events in the focal region a few months ahead, depending on the regional
skill of the forecast system. We are testing the system in two regions of Australia, known to
be global warming hotspots (Hobday and Pecl 2014), (1) off Western Australia, and (2) Tasman
Sea in South-east Australia.

THESE FORECASTS ARE EXPERIMENTAL PRODUCTS ONLY AND INTENDED FOR RESEARCH
PURPOSES

Forecast region — Western Australia

Ou firct foracact wac creatad in Neramhar 2020 and was hased on histarical data un to,
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Global mean days per year

Long-term Projections — MHWSs to 2100
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Forecasts and decision timescales for fisheries & aquaculture

Most useful for proactive
marine management
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Developing a forecast — partnerships needed

Assess needs Forecast development Implementation

Define industry or

Assess skill using hindcast Forecast delivery
management need

Determine critical variables Produce model-based forecast

and decision timescales (coupled with habitat model Support and education
if needed)
Sou(rci::gzgg?et)jata Forecast product End user decision
w i
User feedback

Hobday et al 2016



Seasonal Forecasts - Predicting WA 2021 MHW

Ningaloo Marine Heatwave Forecast
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Latitude

Australian Regions — MHW seasonal forecasts
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Benefit of forecast — make money

* With forecast information -in a “good” year do better

| I




The future — forecasting extreme events...

* What would you do with a marine heatwave forecast?

Marine heatwaves: Current areas of research

° Inform‘p Climate drivers WWMMWW#M

e Who and Why? Atmospheric contributions %
¢ M0n|t0 r? Regional ) Communication
processes ﬂ Real.-tm)e ®
 What and where? T monitoring
L]

* Intervene?
* How and when?

Historical
reanalyses

Spillman, Hobday et al (2021)
Days Weeks-Seasons

Prediction timescales







MHW dEfIﬂItIOﬂ (commonly used)

Anomalously warm: a MHW must lie above a high percentile,
calculated from a baseline climatology

* 90" percentile; vary with climatology throughout year
 Common baseline among studies/data if possible (e.g. 1990-2010)

Prolonged: MHW persists under above conditions for at least 5 days
(thoroughly tested)

Discrete: clear start and end dates.
* Events punctuated by 2 or less days considered 1 event

MARINE HEATWAVES

International Working Group

Hobday et al 2016



MHWSs —
dramatic
effects

Bay of Bengal

15 May 2010

Driver: Possible links to

central Pacific El Nino*
Impacts: Coral
bleaching in the
Andaman Sea

14 June 2003

Driver: Blocking high
and corresponding
terrestrial heatwave

Impacts: Mass mortality

of rocky benthic
communities

Seychelles

17 January 1998

Driver: Atmospheric
teleconnections linked
to 1997/98 extreme El
Nirio

Impacts: Extensive
coral bleaching

Benguela Nifo —
Ningaloo Nifo

2 March 2011

16 April 1995

Driver: Kelvin waves
triggered by tropical
Atlantic-wind
anomalies

Impacts: Severe
impacts on sardine and
other pelagic fish
populations

Northeast Pacific (The Blob)

8 January 2014

Driver: Persistent high pressure linked to
tropical-extratropical teleconnections

Impacts: Low ocean productivity; large

marine mortalities; toxic algal blooms

Northwest Atlantic

20 May 2012

Driver: Extensive high pressure linked

to jet-stream shift

Impacts: Fishery disruptions; species-

1997/98 El Nifo

25 December 1997

Driver: Coupled air-sea interactions

Impacts: Suppressed equatorial and

range shifts; low ocean productivity

coastal productivity; fishery losses

Driver: Intensification of Leeuwin
Current and intense low pressure linked
to 2010/11 La Nina

Impacts: Destruction of kelp forests and
seagrass meadows; extensive coral
bleaching; widespread expansion of
tropical fish; collapse of crustacean and
shellfish fisheries

12 February 2016

Driver: Intensification
of East Australian
Current Extension

Impacts: Oyster
disease outbreaks;
mollusc mortalities;
salmon aquaculture
impacts

Central South Pacific

24 December 2009

Driver: Intense high
pressure linked to
central Pacific El Nifio

Impacts: No reported
marine-species impacts

[ | Moderate
B Strong
Bl Severe
B Extreme

South Atlantic

8 February 2014

Driver: Persistent high
pressure linked to
Madden-|ulian Oscillation

Impacts: No reported
marine-species impacts

Holbrook et al 2020



After COP26 in Glasgow
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CAT projections and resulting
emissions gap in meeting the
1.5°C Paris Agreement goal
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Policies & action
Real world action based on current policies

I 2030 targets only
Full implementation of 2030 NDC targets*

| Pledges & targets

After COP26

Fullimplementation of submitted and binding
long-term targets and 2030 NDC targets*

2030 Optimistic scenario
targets Best case scenario and assumes full
only implementation of all announced targets

7@l Pledges & including net zero targets, LTSs and NDCs*
targets Optimistic * 1F 2030 NDC targets are weaker than projected emissions levels

+4°C

Policies
& action

+3°C

scenario under policies & action, we use levels from policy & action
+2.4°C
e +1.8°C
o H1I5C
+1.5°C . . .
. 1.5°C PARIS AGREEMENT GOAL CAT warmin g DFOJ eCt| ONS
| S — Global temperature
1 i increase by 2100

November 2021 Update

PRE-INDUSTRIAL AVERAGE

Global mean i
temperature %EESE\Q
increase Tracker
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https://climateactiontracker.org/global/cat-thermometer/



Variables used to describe fish distribution (habitat)
I T T

Surface

Water column

Climate drivers

Temperature
Ocean color (chl)
Salinity

Fronts

EKE

T@D (e.g. 200m)
Mixed layer depth
Bottom temp
Nutrients

Oxygen
Chlorophyll

ENSO, 10D, SAM etc

X

X
X X
X
X X
BGC-ARGO X
BGC-ARGO X
BGC-ARGO X
X X

IMPORTANT: Gridded fields used most often for habitat modelling
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Variables used to create distribution maps

Primary - Temperature
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