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Two key

ingredients for rain

 Moist air
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ENSO: La Nina / El Nino
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Year to year variability influencing moisture availability and atmospheric circulation




Indian Ocean Dipole (IOD)
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Year to year variability influencing moisture availability and atmospheric circulation




Southern Annular Mode (SAM)

* Measure of the winds and weather patterns
around the Southern Hemisphere mid-latitudes
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Average impact of the Southern Annular Mode ("positive” phase) on rainfall in Australia
(Composite over multiple events based on data from 1878-2005)
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Geophysical Research Letters’

Ressarch Letter & Free Access
Observational Evidence of Increasing Global Radiative Forcing

Ryan J. Kramer 2§ Haozhe He. Brian |. Soden, Lazaros Oreopoulos, Gunnar Myhre. Piers M. Forster
Christopher j. Smith

First published: 25 March 2021 | hitps://doi.org/10.1029/2020GL091585 | Citations: 31

Abstract

Changes in atmospheric composition, such as increasing greenhouse gases, cause an
initial radiative imbalance to the dimate system, quantified as the instantaneous
radiative forcing. This fundamental metric has not been directly observed globally and
previous estimates have come from models. In part, this is because current space-based
instruments cannot distinguish the instantaneous radiative forcing from the climate’s
radiative response. We apply radiative kernels to satellite observations to disentangle
these components and find all-sky instantaneous radiative forcing has increased

0.53 +0.11 W/m? from 2003 to 2018, accounting for positive trends in the total planetary
radiative imbalance. This increase has been due to a combination of rising
concentrations of well-mixed greenhouse gases and recent reductions in aerosol

emissions. These results highlight distinct fingerprints of anthropogenic activity in Earth's

changing energy budget, which we find observations can detect within 4 years.
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a) Total Instantaneous Radiative Forcing
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Direct observational evidence from satellite and surface data of
the impacts of increasing greenhouse gases in the atmosphere
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Global climate models have been capturing the broad global response to climate forcings quite well for decades.

This is strong evidence that the general response of the climate to increasing greenhouse gases is well understood
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Hydrological cycle intensification

Trend in Australian region sea surface temperatures: annual 1980-2023

Trend (°C/10 yr)
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* Warming oceans around Australia to
enhance moisture availability
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Atmosphere is holding more moisture

0.075

0.050

0.025

-0.025

-0.050

-0.075

-0.100

[Patel and Kuppitturath (2023)]

2% 7 Governmant of South Australia

w Department for Emaronment
and Water

“IlP SOUTH

AUSTRALIA

(kg/mi/y)

Preciitane s (1)

Pacitate W )

Pravc i italizler Watoar (NCE P Floaommnalysind Now Loy Mo

AT O o - BT TS o 13T OF tao 337 N0 aswverrasg

=

=

= | —

T L L2 0 T T T T

A

" " 4 " A " 1 i

Prascipitmiaions VWaterry (NCE F* FRovmrvmiysming Apor tes €O0r -

1 GO A 70 1O LSO HOO0 LO1LO OO0
(Ianten

O 3O

WES OS5 ter - BT NS et LAY O ter AT v err s

N —

SR /\/va\

» More moisture available in spring/summer
from the Pacific Warm Pool



Observed daily scale rainfall extremes
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« Multi-decadal variability on a slight decreasing trend?
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So what's happening?
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i, s comme In the mid-latitudes, atmospheric changes
are opposing the increasing moisture levels
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Atmosphere in the
mid-latitudes is
sinking down more,
opposing rainfall
formation

517N Governmaent of South Australia
L g A T

(Omega (to 100 [Pal

(e to L03mb (Pals)

1
iiiiiii

ttttttt

ttttttt

'''''''

ttttttt




Thunderstorms are
driven by local scale
convection and
generate intense
hourly or less rain
events
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S _ A hard rain is falling
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g ----- Short-duration, extreme rainfall can cause dangerous flash flooding, threatening

£ ‘ I~ S life, infrastructure and the landscape. Studies of this type of event have focused

§ 0 | l I ‘ mainly on daily rain totals, not considering how precipitation might vary on

S shorter time scales. Ayat et al. analyzed subhourly rainfall extremes near Sydney,

5 Australia, over 20 years and found that they are increasing much faster than those

over longer periods. Better understanding of such extremes is vital for effective cli-
. | , J © mate adaptation and to reduce the vulnerability of populated regions. —HJS
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Changes in daily scale events
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NARCLIM1.5 downscaled projections for South Australia

NARCLIM1.5
Goyder « Regional climate model downscaling
» Statistically downscaled « Mappable, more parameters
« Good for hydrological projections  Fully daily values 1951-2100
* Not mappable * 6 GCM/RCM combinations
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South Australia projections viewer

NARCLIM1.5 10km resolution east of
Streaky Bay/ 50km elsewhere

1950 to 2100 at daily scale

6 global to regional downscaling model
combinations

NARCLiIM2.0 4km resolution projections
coming

No rainfall extremes on there yet
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NARCLIML.5 Aoe!aide % rainfall change against 1936 to 1985: rcpd.5
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Projected daily rainfall extremes

. . oy . Adelaide annual maximum daily rainfall total 10yr mean
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* Need to be modelling at
~2km scale to capture
thunderstorms properly

e Rainfall extremes are
better represented in CP
models [Fosser et al. 2024]

* GCM used still is a big
influence

L7\ Governmen t of South Australia

.,‘::‘ .: Jepartment for Emaronment H
B Dt e Lucas-Picher et al. 2021

g 2




NARCLIM2.0

* 4km for eastern SA
and 20km elsewhere

e Available this time in
2025

* Will improve the
depiction of rainfall,
but still some way to

go
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Just to complicate the picture further...

Maximum temperature Rainfall

Maximum Temperature Anomaly (°C) Australian rainfall deciles
December 2023 1 November to 31 December 2023

Australian Burcau of Meteorology

© Comenonwonlth of Australis 2024, Buroau of Metoorology 1D code: AWAP Issued: 030172024 © Commonwealth of Austraka 2023, Buroau of Mateorology Issued: 31/112/2023

What happened to the 2023/24 El Nino?
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Shipping pollution changes?

Declining sulphur emissions from international shipping
In millions of tonnes of sulphur dioxide (MtS02) per year

* Reduced sulphur in

shipping fuels reduces
aerosol pollution over
the oceans

* Likely to be a contributor
to recent warm ocean
conditions
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Shipping pollution?

Shipping routes
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La Nina, -IOD, and record flooding in second half 20247

MMWME Farecaost of 55T Anom 1C=202403 for Lead 7 20240c¢t MMME Forecast of Prec. rate Anom 10=202403 for Lead 7 20Z40ct
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» The possibility of a combination of record ocean temperatures and La Nifia from mid 2024 present a
high risk of flooding this year
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Ocean shutdown impacts on Australia?

« AMOC ocean circulation
shutdown looking more
likely during the 21stC

* Could lock in La Nina
conditions with a strong
Increase in temperatures
( hot/wet scenario)

* Not necessarily captured
well in the modelling
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Sea level rise and coastal infrastructure

d) Global mean sea level change relative to 1900
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* Recent work on
icesheets In
Greenland and West
Antarctica indicates
high sensitivity

* The IPCC ARG low-
likelihood high
Impact sea level rise
scenario Is starting
to look more likely



Summary

* Clear evidence of ocean warming and increased moisture availability for
rainfall

» Daily rainfall extremes are increasing in tropical areas
 Sub-daily rainfall totals are strongly increasing in many areas

» Adelaide daily rainfall extremes show no strong trend- some multi-
decadal variability - despite increased atmospheric moisture

» Atmosphere is opposing the increased moisture

» Drying is projected for average rainfall — though some recovery in
winter may occur

* Projections of rainfall extremes are difficult — need convective modelling
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Wet in second half of 20247

MMWME Farecast of 55T Ancm 1C=2072403% for Leod 7 20240ct
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Principal Climate Change Analyst
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