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CSIRO
Content of this presentation

|.  CSIRO: overview
Il. Coastal and inland observatories
Ill. Satellite remote sensing for coastal monitoring

IV. EO data integration into datacubes & ML/AI applications
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CSIRO

Our business units and focus areas
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CSIRO (CSIRO & CSIRO Environment

e CSIRO is Australia’s national science organisation
* Federal agency, ~5,000+ staff

* Acts as a trusted advisor(nationally and internationally) and provides expert assessments

* There are 50 sites distributed nationally, and some internationally

e CSIRO is engaging with over 3,000 partners in = |
* industryand Lo e g =T oy .

« government agencies (at state, federal and international levels). T

e CSIRO Environment Business Unit: created in December 2022
* New BU with over 1,000 staffacross 19 sites (largest of CSIRO)
* Inthe contextofaquaticenvironments:
— Large focus on the Great Barrier Reef,

— Landto coastinteractions: coastaland inland waterways.
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CSIRO CSIRO & the Aguatic Remote Sensing team

Who we are and what we do

;zg The Aquatic Remote Sensing team : 10 team members

LT\. in-situ and satellite earth observation data across a wide range of spatial,
spectral and temporal scales

@ We aim to answer large and small environmental questions, such as
* physical processes e.qg. deriving sediment loads
* marine and atmospheric pollution, including oil spills Ol Spill
 Carbon fluxes as well as water quality and benthic habitat dynamics.

X  Common theme: observations-to-models translation
¥®Y °* management relevant applications =+
» calibration & validation, coupling field optical & bio-geochemical observations| "% “
* development of robust physics-based inversion algorithms
* water quality & benthic habitat mapping
» optically deep & shallow aquatic environments
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CSIRO Environmental management-relevant applications

Sediment loads of river flood discharges into coastal waters (Landsat-8)

Semi-analytical approach Deep Learning approach
NSW estuarine and coastal

*Different dates
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Sample of environmental management-applications using remote sensing
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CSIR®ironmental management-relevant applications

Sediment loads of river flood discharges into coastal waters (Landsat-8) Estimating river plumes discharging into lagoonal waters (Sentinel-3 OLCI)

Semi-analytical approach Deep Learning approach — 148 149 14 — 148
NSW estuarine and coastal ol :
water quality maps *Different dates v
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CSIR®ironmental management-relevant applications

Deriving of sediment loads of river flood discharges into coastal waters
Semi-analytical approach Deep Learning approach
NSW estuarine and coastal

water quality maps

*Different dates

TSS High Flow - 04/04/2022

4 Su,spended Sediment
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Estimating river plumes discharging into lagoonal waters (Sentinel-3 OLCI)
146

147 148 149 - 14 147 148
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146 147 148
I Plume extent (S < 30)

-20

148 14

146

147

0.01 0.1

. 1 ]
CDOM absorption 443 nm [m™] No data Land Reef mask

Monitoring and detecting oil features from
illegal discharges using Synthetic Aperture
Radar (Sentinel-1 SAR)

* Semi-analytical models,
*  Fully empirical models,
* Deep learning models,

Sample of environm
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https://lucinda.it.csiro.au/
CSIRO COaStal ObservatO I"y e LJCO: The Lucinda Jetty Coastal Observatory

*  operational since 2014 (10 years).

Coastal site for calibration and validation »  Continuous above-/in-water optical measurements

Lucinda Jetty Coastal Observatory - Online Data Visualization

Fortnightly water quality sampling to

support validation of Ocean Colour observations
provide calibration inputs to CSIRO’s models
improve consistency of radiometric measurements
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Commission of

. Continuous atmospheric measurements
Instruments andtesting

Contact:
thomas.schroeder@csiro.au

Lain@csiro.au )OS Ouse
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CSIRO |nland observatory

Inland site for calibration and validation exercises

* DION: Darkwater Inland Observatory Network

* To contribute quality assurance observations to global
calibration and validation efforts.

* High temporal database of paired laboratory, in situ
and satellite observations for modelling and
forecasting

* Operational facility, open access portal for data and
products
Data pathways overview i

Rasberry P| Microcontroller Factory calibration

Analysis ready data products
an — 1
Calibrated data
—-»—-»——»——»——»—
e 5> & B
Contact: ‘“’ @, A N
janet.anstee @csiro.au R @
. . satellite data
gemma.kerrisk@csiro.au
In situ data
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Dark water Inland Observatory Network (DION
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CSIRO Instrumentation and sensors
Field observations: above-/underwater sensors

In-water optical measurements

Contact:
gemma.kerrisk@csiro.au
thomas.schroeder@csiro.au
nagur.cherukuru@csiro.au
tim.malthus@csiro.au
faisal.islam@csiro.au
tarun.sanders@csiro.au

WetStar fluorometer
CDOM absorption
Chlorophyll-a

. Uranine
Phycoeryhrin

ACs (80 wavelengths) ¥
Total absorption
Total attenuation

DAPCS

Network enabled
real-time data
logger

ACs switching unit
(filtered/unfiltered)

Automatic winch controller
keeps cage at a constant depth

wam
Temperature
salinity
Depth
/  Dissolved oxygen
Turbidity
Back scattering
Chlorophyll fluorescence

Back-scattering

Water quality monitoring

9 BB9 (9 wavelengths)

* Above-water surface reflectance,

* Under-water bio-optics & biochemical concentrations,

* water temperatures,

* Satellite validation,

* Algal bloom alerting, ....
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Instrumentation and sensors

Sky camera

HydraSpectra

Ed
Lsky, x3, 5°

Water camera

Lw, x3, 5°

Lw nadir, x1, 5°

In-water nitrate sensor

{ Electionjcs

k. ﬂfﬁ \\'v.

Measurement chamber \

7.5cm

Lab apparatus
(4™ iteration)
Optical design
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CSIRO Satellite remote sensing for coastal monitoring 1/4
The eReefs multi-partner project - https://www.ereefs.org.au/

® o

* eReefs wasdevelopedin 2011 andis operational, and growing, ever since
* Assessclimate extremes and change onthe Great Barrier Reef
* Manage coastal waterquality inthe Great Barrier Reef

¢ Be afoundationforotherstudies

* Multi-partner project:
* Queensland government,

e Australia’s Bureau of Meteorology,
¢ Australian Institute of Marine Science

* CSIRO.

e Severalcomponent:
* jn situ observations,
* modellingand

* remote sensing(ocean colour, SAR).

Contact:
andy.steven@csiro.au
thomas.schroeder@csiro.au
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Operating framework
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©CSIRO modelling team

Ocean colour remote sensing - eReefs


https://www.ereefs.org.au/
mailto:gemma.kerrisk@csiro.au
mailto:thomas.schroeder@csiro.au

CSIRO Satellite remote sensing for coastal monitoring 2/4

"agl oil discharges: detecting oil spilled in the Great
aer Reef using Synthetic Aperture Radar.

Annotated SAR scene

Resulting detections usingthe .

3 , Empirical approaches combined with
JCSIRO Environment workflow.

machine learning are used for the
monitoring and detection of illegal
discharges in the Great Barrier Reef.

* This workflow is operational since
December 2021 and operated by
CSIRO Environment.

*  Workflow can be relocated to New
Caledonia.

Oships Oship that kelischarged oil A e . .
Contact: SAR remote sensing and machine

david.blondeau-patissier@csiro.au | .
thomas.schroeder@csiro.au earning
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Sentinel-1 SAR
* 90 scenes/ year

e every 12 days

e ~20m resolution




CSIRO Satellite remote sensing for coastal monitoring 3/4
vegetation and substratum mapping

* Typicallyinvolves high-resolution satellite imagery

($SS) Wallis Lake (1985 —2010)

"E 152°31'0"E

e Theimagesare usedto:
* design a more effective field survey plan
* produce bathymetry & substratum-type maps
* implementa quality-controlled physics-based “N y

0 250500 1,000 1500 2,000
- — —VloterS

152°30'0"E 152°31'0"E
I No change M change
Saltmarsh extent (API 1985)

e A
Contact:

elizabeth.botha@csiro.au . . .
anet.anstee @csiro.au Inter-/supratidal vegetation mapping
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CSIRO Satellite remote sensing for coastal monitoring 4/4

NovaSAR-1
* CSIRO: 10% share

Ship Detection by NovaSAR-1: Scene footprint of NovaSAR-1 SCD image acquired on 4 July 2020, HH image of Perth Coast (centre) and Detected ship candidates in red circles (right)

e Launched: October 2018

e Resolution: 6m and 20m

* Sensor tasking possibility

* Applications-focused approach:
e Ship detection (illegal fishing)
e oil spills detection

e Land-use mapping

Contact:
Zheng-Shu.Zhou@databl.csiro.au
Laura.Brindle @csiro.au
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CSIRO EO dataintegration into datacubes

AquaWatch . o

Data Analysis and Product
e Supportto pilotsiteand end-users. Aggregation Forecasting Delivery

Query EO data P8 i o o B

= : Integrated
Analysis

« Dataacquisition, analysis, security

e Service and application deployment.

e  Workflow automation :
—»\-

e Impactful research /

Sensor time
GES
aggregation

Contact:
tisham.dhar@csiro.au

tim.malthus@data61.csiro.au
robert.woodcock@csiro.au
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Earth observation Network of Predictive data
%satellites é ﬂ

ground-based modelling for
sensors real-time decisions

Al/ML approaches are used in many aspects of our deliverables
* Ocean colour :
e atmospheric correction over coastal waters
* Automated detection of surface algal blooms such as Trichodesmium spp
* SAR :feature-detection using Deep Learning
* lllegal oil discharges
* ships
e Data analysis and water quality forecasting (G
* Hybrid modelling tools for prediction of water quality®
* Forecast of
e chl-ainrivers,
contact.” Tiver water temperatures...

thomas.schroeder@data6l.csiro.au
kesav.unnithan@csiro.au

klaus.joehnk@csiro.au Inland Aquawatch pilot sites: Lake Hume, Lake Tuggeranong, Grahamstown Dam, Melbourne Water WTP
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Klaus.joehnk@csiro.au

Local monitoring

r Meteomlogical station
* (15 min) ]
)
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CSIRO

Thank you

CSIRO Environment

David Blondeau-Patissier (and collaborators)
Aquatic Remote Sensing team

Brisbane.
David.Blondeau-Patissier@csiro.au

This presentation was a collaboration between
CSIRO Environment, Space and Astronomy, Data61

Australia’s National Science Agency
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% Satellite remote sensing for coastal monitoring 2/5
Deriving of sediment loads: Remote sensing of river

ﬂOOd dlSChargeS |nt0 CoaStaI Waters Semi-analytical approach Deep Learning approach

eon 2022.07.06 0000~ 2522.07.06 2359, Seati2 LA, Honkg OFTte NatgalCowr NSW estuarine and coastal .
Hunter River, water quality maps *Different dates

"‘e'w\Sduth Wales

[High = flow conditions

Hunter ? . Fldod
River. '.‘. «~ = discharge

Sediment
Plume

&
Cess’r}ock

Contact: ‘ " River runoff (particulate L
nagur.cherukuru@csiro.au dissolved material) Optical remote sensing and machine

gemma.kerrisk@csiro.au .
kesav.unnithan@csiro.au Iearnlng
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Ocean colour remote sensing
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% EO data integration into datacubes: The Living Reef

Previously: 2020-work https://www.thecube.qut.edu.au/whats-on/projects/the-living-reef

N~ —
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