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€) Project objectives

INTEGRATED COASTAL MONITORING & FORECASTING SYSTEM FOR SOUTH AUSTRALIA’S SYSTEMS

SATELLITE REMOTE SENSING
Landsat 8/9, Sentinel-2/3, VIIRS, PACE

."i'

NEAR REAL-TIME
WATER QUALITY MAPS

ADVANCED Al
& MACHINE
LEARNING MODELS

\ CSIRO

: : ABOVE WATER AQUAWATCH
L\ €= MEASUREMENTS =19 | AuSTRALIA
7| (Hyperspectral Data) framework

REGIONAL
SPECTRAL
LIBRARIES

- UNDER WATER 1B
(& ; 4= MEASUREMENTS
S (Water Quality sensors)
SENSORS

I

OUTCOMES FOR STAKEHOLDERS

SARDI/AQUAWATCH WEB PORTAL

SINGLE-POINT
FORECASTS
(At Buoys)

REGIONAL WQ
FORECASTS

A / \/

FORECASTING CAPABILITIES
(Up to 4-Week Ahead Outlooks)

HAB INDEX = CHLOROPHYLL-A
CDOM

@ PROJECT STRUCTURE:

WP1:

Insitu sensing and
single-point forecasting

@

i

WP2:

Satellite remote
sensing

WP3:

EO+Al-driven spatial
forecasting

SPATIAL ENVIRONMENTAL
MONITORING

HAB EARLY
WARNING
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ENVIRONMENTAL
MANAGEMENT
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@ WP1 Insitu sensing: HydraSpectra instruments

One more HydraSpectra instrument to be installed at Stansbury by the end of June 2026.

Installation of HydraSpectra

Photo courtesy — Tim Bolton, CSIRO
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@/ Five HydraSpectra instruments have been installed at St Kilda, Boston Bay, Kangaroo Island, Victor Harbor, and Coffin Bay.
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Tim Malthus, CSIRO
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Stage 1: Physics-aware meta-learning

Bio-optical spectral  input | : 2 ) output input [ ) output
library Plt\,ysccsl:asclad i Synthetic dataset Region-agnostic
(BGC parameters / E> r':‘;::“':; | E> (BGC parameters / R,;) meta-learning E:> Base model
SIOPs/ R.;) )
Sec. 3.2&33 Sec. 34

Stage 2: Region-specific adaptation

' ! ' . .

input output

ion-specific in-si . Fitzr Cockbu Lucind.
Region-specific in-situ Region-specific & :y Kepel Bay Boston Bay oS:u ndm ‘j:;:y a
datasets [:> adaptation E> 7 model model ol
(BGC parameters / R,;) mode mod model
Sec. 3.5 \ 1 )

Region-specific models

Preprint Paper

Guo, Y., Cherukuru, N.R., Lehmann, E.A,, Unnithan, S.L., Malthus, T.J., Kerrisk, G.,
Qi, X., Islam, F., Dhar, T. and Doubell, M.J., 2026. Region-adaptable retrieval of
coastal biogeochemical parameters from near-surface hyperspectral remote
sensing reflectance using physics-aware meta-learning. arXiv preprint
arXiv:2605.05623.

Region-adaptable retrieval of coastal biogeochemical parameters from

near-surface hyperspectral remote sensing reflectance using

physics-aware meta-learning

Yiging Guo®, Ryan R. C. Cherukuru*, Eric A. Lehmann*, S. L. Kesor Unnithan®,
Tim J. Malthus', German Kerrisk', Xuhui Qi*, Farah Islam Dhar', Mark J. Doubell*
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@ WP1: Biogeochemical retrieval from HydraSpectra sensor
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1071 4

A new model has been developed to retrieve biogeochemical parameters from HydraSpectra remote sensing reflectance.

(b) DOC
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e Fitzroy Estuary
e Kepel Bay
¢ Boston Bay
e Cockburn Sound
Lucinda Jetty
— Regression
== 2]

Yiqing Guo, CSIRO

Model (V2) will include retrieval of TSS, Tchla, CDOM, Kd and HAB index



% WP1: Time-series forecasting at buoy locations

_,

A new Al model is in development for time-series forecasting of water quality.

The multimodal approach (time-series data + large language model) gives:
Q The uncertainty of the forecasts; and
@ Why the forecasts are given.

Sample forecasting result
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Deep thinking (reasoning) before forecasting

o Step 1: Continuity from last SST

=

\

* Last observed SST: 14.453°C
* Initial forecast value: 14.475°C

* Opening deita: -0.007°C

This minimal decrease suggests we
should maintain continuity with the
temperate trend without any
prompt for the upcoming

diurnal cycle.

e Step 2: Analysis of repeated daily cycle

+ Expected trough:
14.407°C at hour 4
* Expected peak:
14.621°C at hour 10
+ Forecast range (peak-trough):
0.2739°C

e Step 3: Analysis of long-term trend

* Recent high peak: 14.5114%C

‘ /J * Preceding local peak: 14.4538°C

* Positive delta: +0.0576°C

We will track this oscillation
cycle, as it's the forecast range
0f 0.2739°C, and also
maintains resemblance with
typical diurnal variations.

We will incorporate this positive
delta of 0.0576°C from our
projections, ensuring the
forecast reflects the gradual
upward shift in baseline
temperature.

o Step 4: Analysis of peak/trough magnitude

e Step 5: Impact of extreme events

-
]

* Forecasted peak: 14.621°C

* Forecasted trough: 14.407°C
* Recent maximum: 14.627°C
* Recent minimum: 14.3255°C

* Significant events in historical
period: None

* Scheduled events in forecast
horizon: None

We will monitor these magnitudes
to ensure they remain within the
expected bounds of the recent
block’s range, confirming the
stability of the cycle extremes.

No external disturbances are
expected. We will proceed with
the standard cycle model
without adjustment.

SST Forecast (Next 24 Hours)
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€ WP2: SA field work and spectral libraries

Measurements made: Legend
Adelaide

ADL - Adelaide River
BB - Boston Bay
Feature 1

Phytoplankton Pigs. - HPLC

IS - Investigator straight
Kl - Kangaroo Island
Munga

PA - Port Augusta

PV - Port Victoria

ST - Stansbury Transect
VH - Victor Harbor

Total Suspended solids
(organic/inorganic)

Total, particulate and
dissolved organic Carbon

Q
?
?
B4
%
?
9
?
?
?
9

Nutrients

Phyto., detritus and
CDOM absorption

Particulate scattering and
backscattering

11-21 March 2026

Remote sensing reflectance 40 station=

Phyto. Taxa (SARDI) Google Earth
eDNA samples (CS' RO) Data SIO, NOAA, U.S. Navy, NGA, GEBCO

Image Landsat / Copemicus

COOO000OS

Spectral Libraries
N N
k- - = H — 3‘\ Tchla, TSS, CDOM
In situ Water quality & Bio-optical properties Remote sensing HAB index, Kd
measurements biogeochemistry reflectance

& phytoplankton
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€ Fieldwork first results — absorption properties

aCDOM/ aPart+CDOM (%) aPhyto / aParticulate (%)
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CDOM dominates the absorption Particulate absorption is dominated by
budget in SA Gulf waters. Relatively Phytoplankton contributions. Adelaide and PA stations
less contribution near Victor Hbr and PL regions close to coast as dominated by non-algal mater.
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% WP2: Remote sensing products: MODIS and VIIRS (1 km)

AquaWatch Web Products Portal
Coastal Chlorophyll

V4

Monthly avg. Tchla product — October 2003 Monthly avg. Tchla product — April 2025

@ MODIS daily and monthly averaged images are available. g VIIRS daily and monthly averaged images are available.

o WQ products include: TSS, Tchl:a, CDOM and Kd
ADS platform supports spatio-temporal analysis :

G : RIRRES =2 R Y 0 Next step: Sentinel 3A and 3B (300 m) WQ products
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% WP2: LandSat-8 30 m pixel Tchl-a map

14/March/2026 23/March/2026
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N b R J
30 m resolution captures coastal and estuarine features missed by 1 km products.
@ Detects fine-scale variability in chlorophyll-a, TSS, CDOM, and Kd.
@ Improves monitoring nearshore and aquaculture zones for local management applications. ;
Kesav Unnithan, CSIRO

9 | AguaWatch - SA Gulf Systems | 02 June 2026



@ WP2: LandSat-8 SST and Tchl-a

01/April/2021 SST (100 m) 01/April/2021 Tchl-a (30 m)

S P

30 m TChl-a resolves estuaries, coastal waters, and aquaculture sites.

@ 100 m SST captures local temperature gradients and thermal hotspots.

@ Combined TChl-a + SST enables site-scale HAB and water quality monitoring.
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@ WP3: EO + Al-driven coastal water quality forecasting
g 1. Training data

Climate
SR, },

‘M
I

O

Satellite

e

OPEN DATA CUBE

EASI / ADS

2. ML/DL and

cloud computing

A

@ Outcome: Timely, actionable intelligence for sustainable coastal and marine management.
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3. Water quality mapping
and forecasting
(spatial and temporal)

& AquaWatch

X

relwa Ome

Base Layers

—"1 Seerch locattim. «

(Chiorophyti-a)

Water quality variables

@ Sediment % Dissolved organic carbon
@ Chlorophyll e Light availability

@ 4. Impact areas

Aquaculture sites

e SST changes

e TChl-a and HAB
index changes

Marine park management (NSW)

* Extreme event
preparedness

¢ Risk reduction
planning

e Hotspot detection

Eric Lehmann, Nagur Cherukuru, CSIRO




@ WP3: EO + Al-driven coastal water quality forecasting

DL spatiotemporal model Lead-time performance using

integrating: weekly eReefs test set
0.0375 4 MAE vs Lead s RMSE vs Lead
. . | i —
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. . w |
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Lead time (weeks) Lead time (weeks)

Weekly chlorophyll - spatial mean (test window)

0.8 { —— Ground truth —— Lead +3 wk
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o ‘ Lead +2 wk —~=~ 52-wk climatology
-
E
o
E
a
o
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(&)

2021-09 2022-01 2022-05 2022-09 2023-01 2023-05 2023-09 2024-01

Spatial mean of weekly TChl-a forecasting in Spencer Gulf, 4 weeks ahead

Integrating EO, in-situ observations, ocean models and Al for timely coastal water quality forecasts

that support aquaculture and marine park management.
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Eric Lehmann, Foivos Diakogiannis, Nagur Cherukuru, CSIRO



@ Project Timelines

a

June 2026 (6 months) December 2027 (24 months)

=

In situ forecasting at
selected locations

In situ forecasting at 4 Single point forecasting
multiple locations | at six SA buoy sites

End-to-End WQ, HAB
Index, SST workflows

LandSat (100m) SST

“ . NRT remote sensin
m V1 . LXK g
aps (V1) @ New regional maps of SST, WQ and @ Next phase

LandSat (30 m) and S2 spectral libraries HABindex discussion
(10 m) WQ maps (V1)

.0
g NRT S3 (~300 m) maps of

M Data visualisation .
gLLL Science

Improved RS model o
communication

(V2) | RS based WQ
RS based WQ forecasting forecasting (V2)
(V1)

WQ and HAB index (V1)

>/

Building an integrated EO + Al forecasting system to deliver timely, accurate and actionable
coastal water quality information.
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Questions?

Contact:

CSIRO AquaWatch
Nagur Cherukuru

Nagur.Cherukuru@csiro.au Eric Lehmann, Yiging Guo, Kesav Unnithan, Tish Dhar,

Peter Wang, Dave Cole, Ronnie Taib, Albertina Dias,
SARDI James Taylor, Gemma Kerrisk, Tim Malthus, Tim Bolton,
Mark Doubell Erin Kenna, Timon Sotiropoulos, Rob Woodcock,
Mark.Doubell@sa.gov.au Janet Anstee, Alex Held

14 Australia’s National Science Agency
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