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The Australian Climate Service

Understand climate risks
 Climate hazards, risks, stressors
* Across time & space scales

Monitor and assess vulnerabilities,
risks and potential impacts
* Monitoring, assessment and advice
Short term (operational) to long term * Adaptive CapaCity &
(resilience & adaptation) response/mitigation levers
» Across social, economic, natural &
built sectors

Effective decision
making
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Coastal hazards.. past, present & future

Physical Factors Directly Contributing to Coastal Flood Exposure
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WHACS: Wave Hindcast for Australian Climate Service

* Next generation global wave hindcast

* Hourly data: 1979-near present

« Latest WaveWatch lll version 6.07

« Spherical multi-cell (SMC) grid, aligns with AUSWAVE
« Higher resolution near coasts & on shelf (5to 7 km)

« Bulk wave parameters available globally & spectral

output points across Indo-Pacific country regions
* Driven by ERA-5 winds and ice

» Provides boundary conditions for ACS coastal
modelling efforts (CCHaPS)

Data: https://data.csiro.au/collection/csiro:64350
DOI: https://doi.org/10.25919/shdk-7p29

Smith et al in review. OFFICIAL
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https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdata.csiro.au%2Fcollection%2Fcsiro%3A64350&data=05%7C02%7Cclaire.spillman%40bom.gov.au%7C1dca256e17ef4f95abf508dd6680bfc6%7Cd1ad7db597dd4f2b816e50d663b7bb94%7C0%7C0%7C638779425650856208%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=6B64wvKfP2pdERVNOj7dmD1X6SLcYOAjAm0BAuOpOBs%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.25919%2Fshdk-7p29&data=05%7C02%7Cclaire.spillman%40bom.gov.au%7C1dca256e17ef4f95abf508dd6680bfc6%7Cd1ad7db597dd4f2b816e50d663b7bb94%7C0%7C0%7C638779425650886930%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vai1VvKNEb1Q7lRGJ4eWuxtAk2JkU7gFJbigMMnS0as%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.25919%2Fshdk-7p29&data=05%7C02%7Cclaire.spillman%40bom.gov.au%7C1dca256e17ef4f95abf508dd6680bfc6%7Cd1ad7db597dd4f2b816e50d663b7bb94%7C0%7C0%7C638779425650886930%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vai1VvKNEb1Q7lRGJ4eWuxtAk2JkU7gFJbigMMnS0as%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.25919%2Fshdk-7p29&data=05%7C02%7Cclaire.spillman%40bom.gov.au%7C1dca256e17ef4f95abf508dd6680bfc6%7Cd1ad7db597dd4f2b816e50d663b7bb94%7C0%7C0%7C638779425650886930%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vai1VvKNEb1Q7lRGJ4eWuxtAk2JkU7gFJbigMMnS0as%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.25919%2Fshdk-7p29&data=05%7C02%7Cclaire.spillman%40bom.gov.au%7C1dca256e17ef4f95abf508dd6680bfc6%7Cd1ad7db597dd4f2b816e50d663b7bb94%7C0%7C0%7C638779425650886930%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=vai1VvKNEb1Q7lRGJ4eWuxtAk2JkU7gFJbigMMnS0as%3D&reserved=0
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Coupled wave-hydrodynamic
Coastal Hazard Prediction System

CCHaPS Hindcast

0 e SCHISM-WWMIII v5.9
| o  \Water levels, tides, currents and waves

 Unstructured mesh resolution

5 BARRA-R2 atmospheric forcing, WHACS
3000 § waves and TPX09.2 tides, ORASS water
levels boundary conditions

 Verified against tide gauges, buoys,
profiles, altimetry

e * Hourly data; 1981 to near-present
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Data: https://data.csiro.au/collection/csiro:65669
DOI: https://doi.org/10.25919/6tbn-px91
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Hernaman et al in review. OFFICIAL


https://data.csiro.au/collection/csiro:65669
https://doi.org/10.25919/6tbn-px91
https://doi.org/10.25919/6tbn-px91
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ACS Bathytopography: New DEM for coastal modelling

« Updated, authoritative, nationally-
consistent topography and bathymetry
dataset for Australia

« Up to 30m spatial resolution

« AusBathyTopo/Copernicus GLO-30,
with infill bathymetry around the coast

where available
 |ssued on AVWS vertical datum

Data: https://doi.org/10.25919/y0Okc-a922

Contact: Bryan Hally (CSIRO) OFFICIAL


https://doi.org/10.25919/y0kc-a922
https://doi.org/10.25919/y0kc-a922
https://doi.org/10.25919/y0kc-a922

CCHaPS Climate projections

GCM:
RCM:
Scenario:

Periods:
SLR:

Waves:

ACCESS-CM2; EC-EARTH3
BARPA; CCAM

SSP370

1995-2014; 2081-2100

Regionalised SLR
projections (Xuebin Zhang)

BARPA-/CCAM-derived
wave projections (Alberto
Meucci)

Output to be published soon on
CSIRO OpenDAP

Hernaman et al in review.
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20-year annual mean 1995-2014

ACCESS-CM2/BARPA (Mean)

EC-Earth3/BARPA (Mean)

ACCESS-CM2/CCAM (Mean)
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Global and regional wave climate projections

« COWCIIiP CMIP6-derived 8-model ensemble
 Global wind-wave 215t century projections

« BARPA and CCAM-derived regional wave
climate projections

« CCHaPS boundary conditions e 5l
» Study of regional extreme wind wave m , y C"';?
climate = .gf‘?zj' F ag &
«“x - 3 i | ﬁ . 3 -~
é @fﬁ.@q’ 5 g9 Ta'? S0
Data: http://hdl.handle.net/102.100.100/601698 - T —j] 1

0 Smmgu P——— — —p— - v - v -—
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Meucci et al 2024, Meucci et al 2024, Lorenzo & Meucci 2025 OFFICIAL


http://hdl.handle.net/102.100.100/601698
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Sea level projections and regional ocean downscaling

ARG6-based coarse-resolution
sea level projections

(o) sser1e

(b} sskize o

Australian Regional Ocean
Downscaling (AUSROD)

o
- 03
- | | . | 0.1
SRR TR 0
| I(c) 33F5'|24s L IE(dJISSPS?OI | | 0.1

z -0.2
e | . R | « Optimal regional ocean downscaling set up and
e configuration for Australia.

|, legssesss - : . . ] . )
o g  Time-slice and transient downscaling experiments
* International Ocean-CORDEX Taskforce
Zhang and Mclnnes (2024); Wang, Zhang, Church et al (2025). OFFICIAL
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Seasonal Outlooks for Coastal Sea Level & High Tide Flooding

High Tide Flooding Risk Map 2025-05-27
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Holmes et al 2024; Holmes et al 2025. OFFICIAL
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Coastal virtual tide gauge network

K &&)&Dc‘;‘?ﬁ&v’ § :‘{;so ol
. o@ ® Y/ 2 )e,) s
How can we fill the gaps between o5 o Yo o 2
1 ,@9 %oo “‘o._o‘-O' ~T o
coastal tide gauges? 2 YA g
:\% 3 °R, .‘Z
... by creating virtual tide gauges using Sooes gy <7 e
gﬁgoum 0 u'\,.v_k,,\_g";"(}‘
CCHaPS e
Advantages
] . ] Tide gauges used by the Bureau of Meteorology to issue tide
* Regional improvements over global tidal models prediction and sea level warnings.
« Sea level and non-tidal information alongside tide
reconstruction S W v
Applications A SE T W

» Coastal hazards information along whole coast,
including high tide flooding

« Improvement of poor observation records

. . . equivalent [
* Improvement of tide prediction location based Tide gauge

11 Q‘.;))

Richet et al 2025; Richet et al (in prep). OFFICIAL v
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Coastal Hazard Index (CHI)

Coastal hazard warnings issued by the Bureau: =21
« Abnormally High Tide (AHT) warnings | = K -*

« Damaging Surf (DS) warnings : :
Separate AHT and DS thresholds can lead to sea

mA_BC Ne‘W:S'.f Nicolas P_erbftbh

level and wave guidance being viewed in isolation R

CHI = (Relative wave energy flux) x

(Relative wave direction index) x (Relative water level)

« CHI <1 Minimal to no impacts expected
« CHI>1 Impacts possible
« CHI >> 1 Impacts likely
Thresholds TBC based on past event analysis 25-26 March 2020 w

120°E 130°E 140°€ 150°E

f
1.0 15 2.0 25 3.0

de Souza Cabral, Bierman et al (in prep). OFFICIAL Max CHI
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Coastal flooding

* Projections of chronic flooding of different
severities and present-day frequencies
from ANCHORS under IPCC ARG

* Projections of flood days under SLR
increments for GESLA gauges

* Projections of future flood probabilities
record flood levels for ANCHORS

* Projected changes in national gridded
AEPs for extreme sea level and wind-
waves, using EVA analyses of CCHaPS p

Compound flooding?

Hague & Halke (2024); O'Grady et al (2024); Hague et al (in review) OFFICIAL
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National Climate Risk Assessment

Australian
Climate

Service

aaaaaaaa

Hazards & Essential Variables
Coastal Flooding

J\.E.M.
PP,

Sea level rise

Frequency of
coastal flooding

Extreme water level
frequency

Comprehensive report + executive summary
Future Climate & Hazards Report

Data explorer www.acs.gov.au

Coincided with release of National Adaptation Plan

Future change relative to current sea level

Current rise GWL GWL +2.0°C | GWL +3.0°C Planning
since 1880 +1.5/ +2.0°C at 2090 at 2090 benchmark
at 2050

0.2m
15 +24 2 +87 2 +193 9 +257 2
days days o days o days o days o
O O O O
x 1.0 x 2.0 O X9 O X 14 O x101 ©O
O O O O


http://www.acs.gov.au/
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Future work

« WHACS-2 with ERAG
 CCHaPS-2 hindcast with BARRA-3 & WHACS-2

 Probabilistic TC storm tide & wind wave emulator
* Influence of MSL on tides (past, future)
« Storm surge projections

 Climate drivers of coastal flooding/non-stationary EVA |
« Estuary Water Elevation Research (EWER) dataset |

« Compound flooding, CAMA-FLOOD & CCHaPS
« Develop Coastal Hazard Index (CHI)

And more..!

OFFICIAL
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