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csiro AguaWatchMission Launch March 22, 2023
(Canberra & New York)

Launching the CSIRO’s

AgquaWatch Australia
mission.

Lake Tuggeranong wi
be one of plled sites for




SMARTSAT " AquaWatch Australia Mission Concept
P Virtual Satellite Constellation
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Additional data available
from international Earth
observation satellites

AguaSat

AquaWatch
Data Integration
System

ADIAS
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CSIRO Scope of AquaWatchjs

ATechnology Elemerfor space §§
to-ground water quality
monitoring and forecasting,
with key milestones in 2026
and 2030.

AResearch progranfor
continuous improvement, wit
alignhed R&D and support for
growth in the user base.




CSIRO

CaoDesign Pilots

Build new Partnerships
Testing and validating system

ldza NI € A Q&8 bridAz2ylf {OASYOS 138y0y



CcsIRO Global Pilot Sites
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River Delta California

A Local collaborators: UC Davis, UC
Merced, USGS

A CoDesign & Cdunding from partners G

A R&D support w. students & technicalz=
experts é€gremote sensing, Hsitu
water quality)

A State government interest (Water
Resources agency)

A Indigenous engagement

A Good prospects for sustained
operation of pilot by local partners




AquaWatchlechnical Details Day 2
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Existing & custom
EO data streams

Ecosystem
models
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AquaWatch
data system

* Data storage &
processing

* Modelling

* Analytics

* Forecasting

* Data delivery
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AquaWatch data services
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VISNIR Earth Observation:
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*= Hyperspectral

ChlorophyHa Data Required
Phycocyanin, PC
Phycoerythrin, PE
Species / genus differentiation: Bhggeen algae (inland &

species levels) Dinoflagelategcoastal waters)
Phytoplankton Functional Types (PEPeridinin
(=dinoflagellates)

Total cell counts (phytoplankton abundance)

| lj dz 2 + G OK

Extras (satellite and/or irsitu

To Do Do Do

A

sensors)

Temperature
Dissolved Oxygen
Water Surface Height
Water surface velocity
PH

Require more R&D on miniaturization
& automation

Biovolume (may be used with species/types fora HAB index)A

Total Suspended Matter

Secchi Disk Transparency

Turbidity

Colouredissolved Organic Matter (CDOM)
Dissolved Organic Carbon

Vertical attenuation, Kd

ForelUle scale (waterolour)

Water Column Depth (Bathymetry)
Floating and Submerged Aquatic Vegetation Types
Benthic & Coral Reef Habitat
Water-related ecosystems & landise

To Do Do o Do B Do Do

Salinity/Conductivity
Total phosphorous

Total inorganic Nitrogen (Nitrate
N as surrogate)

Algal toxins
Methylisoborneol (MIB)
Geosmin

MicroPLastics

Metals (heavy and other)

Organic micro pollutants
(Pharmaceutical, antibiotics,
endocrine disruptors, insecticides,
herbicides)

Pathogens (€€OLI, cholera, water
borne.. etc)

I 0 SNJ v dzl

Composite variables

To Do Do o T Do Do Do D>

Trophic State Index
TRIX Trophic Index for Coastal Seas

Trophic State using the Nutrient Colour
Paradigm

Harmful Algal Bloom Index
CYAN Index

Chromaticity Index
Floating Macrealgal Index
Floating Algal Index
Toxins Index



CSIRO

Not Applicable

Not feasible

Yes, feasible
(uncertainty TBD)
May be feasible wit
R&D or partners

Parameters / feasibility

19-Mar-24

2026

2030

Needs R&D or partners

lab
sampling

in-situ

EO

WQM

lab
sampling|

in-situ

EO

WQM

lab
sampling|

in-situ

EO

WQM

lab

sampling

in-situ

EO

WQM

Chlorophylta

Phycocyanin, PC

Phycoerythrin, PE

Peridinin (=dinoflagellates)

Fucoxanthin (=diatoms)

[Total cell counts (phytoplankton abundance)

Biovolume

Species / genus differentiation

Algal toxins
Secchi Disk Transparency
[Turbidity

[Total Suspended Matter

Coloured Dissolved Organic _Matter

Dissolved Organic_Carbon

\Vertical attenuation, Kd

Forel Ule scale (water colour)

\Water Column Depth (Bathymetry)

Submerged and Emergent Aquatic Vegetatig

Coral Reef Habitat

Benthic Habitat (norcoral)

[Temperature

\Water Surface Height

\Water surface velocity (flow rate, currents)

Salinity/ Conductivity

[Total phosphorus

[Total Nitrogen

Nitrate-N

PH

Dissolved Oxygen

Methylisoborneol (MIB)

Geosmin

MicroPlastics

Metals (heavy and other)

Organic_micro_pollutants

Pathogens




CSIRO  AquaWatchData System for mulsensor
data integration and analytics

Dashboards IMAGER'{
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Powered by Earth Analytics and Science Innovation Platform (EASI) and&a€nbdechnology



CSIRO
AW Map Portal
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14/02/2022. 11:00:00
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Filter by location

SST Colourmay

P Med-High

14/02/2022, 11:00:00

Filter by location

© Turbidity Inde.

Terria Portal with Open Data Cube WMS serving
AquaWatchSea Surface Temperature derived via ML from
Landsat 8

Desktop GIS

@ “Untitied Project — QGIS
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QGIS connected to Open Data Cube WMS serving
AquaWatchSea Surface Temperature derived via ML
from Landsat 8




CSIRO

In-situ dashboard prototype
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Sensor time
series
aggregation

|

Multiparameter
Sonde

Hydraspeclia Rrs (o'

Query EO data

buff = 8.1
latitude = lat-buff, lat+buff

#longitude = (135.85, 136.5)
longitude = long-buff, longebuff

out_crs = "EPSG:3557"

time = ('2013-02°, '2023-7")

159 = de.load(
product="landsatd_c2_acolite_ar',

longitude,

latitude,

0.025 -

resolution=(30,

time = time,

dask_chunks =("time":1},
measurements = ['rrs_443°,

0.020 -

‘rrs_482°, 'rrs_561', 'rrs_654", 'rrs_B865']

0.015
1s8 = de.

landsat8_c2_acolite_ar',
x = longitude,

y = latitude,
output_crs=out_crs,
resolution=(38, -32),

time = time,

dask_chunks
measurements = ['rrs_443°,

Rrs (sr~t

0010~

0.005 -

'rrs_483°, 'rrs_561','rrs_655', 'rrs_8e5’ ]

cursor = connect(s3_staging dir="s3://895077879535-nainprod-aw-prod-athena-
m

- 1 =60,
cursor_class=PandasCurser) . cursor ()

hsres = cursor.execute('SELECT * FROM "mainpred-aw-prod-db”. "mainprod-aw-prod-senaps-allvectors-staging” ')
Ll
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Possible Sources of EO data for AquaWatch

Inland & Coastal Measurements (spatial resolution less than 30 m) Coastal Measurements (spatial resolution 30 - 1000 m)

PRISMA i1 Terra/Aqua (MODIS)
PRISMA2GEN il PACE
Planet L = CLARREO
WorldView L= SABIA-MAR
EnMAP I FLEX
EMIT m GLIMR
Landsat 8/9 = SBG
LandsatNext L = Sentinel-3
Sentinel-2 [] JPSS (VIIRS)
Sentinel CHIME [] Himawari
2024 2026 2028 2030 2032 2034 2036 2038 2024 2026 2028 2030 2032 2034 2036 2038

Extra EO Data for Water Quality Modelling: SWId3shna ..




Spatial Resolution vs. Number of Variables & Precision

Pixel Size

>

Number of Water Quality Parameters and Precision %




CSIRO Monitoring across scale space

River reac

Water treatment lagoong

)

Characteristic target and feature scale
determine necessarypatial resolution



CSIRO

Sentinel 2 based algal alerts

AThe Sentinel 2 series of satellites include spectral bands that allo
the calculation of an index which provides a qualitative estimate «
algal concentration




DEA Surface Reflectance (Sentinel-2) 24/02/2022, 11:00:00
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Waterbody area (km?)
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Lake Bullen Merri

Waterbody area (km?)

0.1-0.2
0.2-0.4
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Technologies
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CSIRO Pilot Site Instrumentation Stations for
In-situ Water Quality Measurement ands
Satellite Data Validation

Instruments include:
A CSIRO®iydraspectra
A TriOSRamses £LgyandL,
A Panttilt unit :
A Weather station HydraSpectra Mk IV
A Cameras horizontal and forwatdoking
A Water temperature (below surface & 2 depths (4/8m)
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Sovereign Design

AquawatchPathfinder
CSIRO Satellite Optics Lab, Adelaide
Launched; June 12 on Skykraft
payload

Communication with payload, under
commissioning

Cyanosaf® in development

o Io o To Do




To T

Orbit: sunsynchronous, ~noon
crossing time, ~400 km altitude
(trade study: 600 km altitude)

GSD:I18 m

Imaging coveragetarget sites (key
lakes, rivers, estuaries, coral reefs in
Australia and the US West)

Revisit:5 days with +/ 30deg cross
track slew (not accounting for cloud
cover,sunglint target site conflicts,
etc.)

Dyson imaging spectrometer (350 to
1050 nm, 9.6 nm FWHM)




CSIRO Water Quality Modellinge Remote Sensing Data Assimilat

satellite derived
Algal alert levels

drivers

4 _
J/ Surface currents | joe
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21 Feb 2016 Sz e 21 Feb 2016
Mixing/Stratification —— '
algal growth g
g
: ! |
%’ Temperature
I - -
— ) ) stratification B
= satellite derived A0

1 March 2016 S
Malthus et al. (2018) Joehnk et al. (2018a)



csiro Coastal Dynamic Water Quality Modelling

National Scale (coarse) Regional/Local Scales
of Special Interest (fine)

Quoenstand 01-Jan-2019
Total Chlorophyll -1.5m Dissolved Inorganic Nitrogen -1.5m

Surface PAR [Wjm2]

Temp [deg C]
0 100 200 300 400 500 Solar zenith [0 - nadir; - 72 = herizon] 15 20 25 3

15
24-Feb-2017 +00

1 5 0
24-Feb-2017 +00 24-Feb-2017 +00

AWST 24-Feb-2017 08:00:00 AEST 24-Feb-2017 10:00:00

DIC [mgim3] 10
2T 2475 248 2485 240

24-Feb-2017 +00

Oxygen [mg/m3]
6400 6600 €800 7000

24-Feb-2017 +00

24-Fab-2017 400

Blogeachemical processes
Alrsea 0, & CO, exchange
Steady-steady carbon chemistry
27 band spectral optics
MODIS spectral response bands
Sun & Moon light forcing

4-layer sediment

Natienal model v2.95
EMS v14.0rev(7384)

Sea-Air €O, flux [mgim2/d]
42 41 0 0 02

24-Feb-2017 +00

Mud [mgim3)
0 005 01 015 02

24-Feb-2017 +00

Simulated true colour s
using MODIS Bands 3, 6 & 9 sensor response

24-Feb-2017 +00

Plotted 30-Aug-2023 06:40:07




2017-04-08 00:00 - 2017-04-08 23:59, Sentinel-2 L 2A, Highlight Optimized Natural Color
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Bl Droject objectives

U Establish a significant new pilot site
(Fitzroy Estuary and Keppel BBSEKB),
generating water quality information
that will demonstrate the impact of
AquaWatch for monitoring and
managing estuarine and coastal
ecosystems in Great Barrier Reef (GBR)
region.

U Partnerships: To create higimpact
partnerships around Queensland coastal
waters and the Great Barrier Reetf.

Pattnerdhijps

Earth
Observation

Sensor
technology

N4
» @
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Coral Sea

Successful installation ofsitu i W -
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ERPAuous observations
from Fitzroy River
Observatory

CSIR®ydraSpectraptical
sensor to measure reflectance

Underwater sensors measure
- Salinity

- Temperature

- Turbidity

- Chlorophyli

- dissolved organic matter

- dissolved oxygen

- nitrate

B

M
Vortex Sensog measures /c |5|||!»|o |
water quantity A y
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Fitzroy Pylon Weather & Water Quality Station
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BREU data generation- HydraSpectra

raSpectra Water Quality Sensin Visualise Download %‘
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CSIRO
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AquaWatchMachine Learning model

S@ﬁmm@“) derived map of suspended sediment

151.000 151.250

Coral Sea

TSS (mg/L)




CcSN@V remeie senRsip Y rdattetsNitrate maps

Mapping nitrate at Fitzroy River Estuary from Landsat-8 Observations

Modelling the relationship between nitrate and spectral reflectance

In-situ Nitrate measurements

‘ Multilayer Perceptron (MLP) Model ‘

In-situ spectral reflectance
(Original hyperspectral measurements)
r T

S i i | i u‘th"‘u‘r‘«m’“

In-situ spectral reflectance
(Convoluted to Landsat-8 spectral responses)

°
2
2

Reflectance (-)
s o©

600 650 700 400 450 500 600 650

550
Wavelength (nm)

700

Applying the model to time-series Landsat-8
images to compile nitrate maps

<07 July 2022

rrrrr

Insitudata streams

from this project are
now helping AquaWatch
teams to develomew
data-driven machine
learning modelso map
important water quality
parameters in GBR
coastal regions




CSIRO Information Delivery: Water Quality Products

Water quality variables from
remote sensing

Canberra, ACT

Source: Imagery copyright 2019 Google.
Map data copyright 2019 Google

Dekker, Malthus and Hestir (2013)



