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Harmful Algae BloomsSewage/Pollution

• Over three billion people are at risk of illness 
from poor water quality due partly to a lack 
of monitoring (UN, 2023).

• Aquatic ecosystems rapidly degrading: 35% 
of wetlands and 15% of coral has been lost 
since 1970 (Convention on Wetlands, 2021; 
Souter et al., 2021).

• Comprehensive monitoring of inland to 
coastal to ocean waters needed for effective 
management and conservation.

Water Quality:

a global challenge
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Example of possible Global Satellite Constellation of EO for 

Aquatic Ecosystems

Extra EO Data for Water Quality Modelling: SWOT, Trishna, ..



Spanning range of fine spatial resolution

e.g. Total Suspended Matter monitoring….



..to coarse spatial resolution e.g.:

Multi-decadal continental changes of water quality

New AW WQ products using AI techniques are now 

improving understanding of coastal water quality 

changes around Australia.

Suspended 

solids

Phytoplankton 

chlorophyll

Dissolved 

Organic Carbon
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+ GHG flux products?  Precipitation? TBD..
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❖ The CEOS-ARD Aquatic Reflectance PFS, which 

focused on inland, nearshore coastal, and optically 

shallow waters, was first published in 2022.

❖ Emphasis on higher spatial resolution inland and 

coastal water products

CEOS-ARD AR PFS v1.0 (Feb 2022)
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+ GHG flux products?  Precipitation? TBD..
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❖ Extended approach (May 2024…) for a single AR 

PFS across all aquatic domains (inland, coastal, 

sea, and oceanic waters).

❖ Bi-weekly meetings of an expert group of agency, 

service provider, research, and commercial 

representatives.

❖ Metadata Threshold and Goal requirements 

carefully updated

❖ Some updates apply to the CEOS-ARD PFS more broadly, 

serving as a useful reference for consolidation of optical 

PFS requirements (in development)

❖ Endorsed in May 2025 by CEOS and IOCCG

CEOS-ARD AR PFS v2.0 (June 2025)
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❖ Product Family Specifications 
(PFS)

❖ Specifications for each 
geophysical measurement

❖ Detail ‘Threshold’ and ‘Goal’ 
requirements for a variety of 
parameters

Aquatic Reflectance PFS sections

1. General Metadata

2. Per-Pixel Metadata 

3. Radiometric and Atmospheric 

Corrections Metadata

4. Geometric Corrections Metadata
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❖ Product Family Specifications 
(PFS)

❖ Specifications for each 
geophysical measurement

❖ Detail ‘Threshold’ and ‘Goal’ 
requirements for a variety of 
parameters

Aquatic Reflectance PFS vs. 1.

Sections using LSI PFS as template

1. General Metadata: few changes

2. Per-Pixel Metadata: many additions

3. Radiometric and Atmospheric 

Corrections Metadata: many additions

4. Geometric Corrections Metadata: no 

changes

Inland and Near Coastal Waters Focus
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❖ Product Family Specifications 
(PFS)

❖ Specifications for each 
geophysical measurement

❖ Detail ‘Threshold’ and ‘Goal’ 
requirements for a variety of 
parameters

Aquatic Reflectance PFS vs. 2. Sections 

using ARD AR vs.1. as template

1. General Metadata: many changes

2. Per-Pixel Metadata: many changes

3. Radiometric and Atmospheric 

Corrections Metadata: many changes

4. Geometric Corrections Metadata: some 

changes

Inland to Coastal to Ocean Waters
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❖ Product Family Specifications 
(PFS)

❖ Specifications for each 
geophysical measurement

❖ Detail ‘Threshold’ and ‘Goal’ 
requirements for a variety of 
parameters

Aquatic Reflectance PFS sections

1. General Metadata

2. Per-Pixel Metadata 

3. Radiometric and Atmospheric 

Corrections Metadata

4. Geometric Corrections Metadata

Inland to Coastal to Ocean Waters



1. General Metadata

1.0 CEOS-ARD AR PFS Compliance Version

1.1 Traceability

1.2 Metadata Machine Readability

1.3 Data Collection Time

1.4 Geographical Area

1.5 Coordinate Reference System

1.6 Map Projection

1.7 Geometric Correction Methods

1.8 Geometric Uncertainty of the Data

1.9 Instrument

1.10 Spectral Bands

1.11 Sensor Calibration

1.12 Measurand Radiometric Uncertainty

1.12a Radiometric Encoding

1.13 Algorithms

1.14 Auxiliary Data

1.15 Processing Chain Provenance

1.16 Data Access

1.17 Valid Pixels



2. Per-Pixel Metadata

2.1 Metadata Machine Readability

2.2 No Data

2.3 Per-pixel Assessment

2.4 Saturation

2.5 Cloud

2.6 Cloud Shadow

2.7 Land

2.8 Ice

2.9 Sun Glint

2.10 Sky Glint

2.11 Solar and Viewing Geometry

2.12 Whitecap / Foam

2.13 Aerosol Optical Depth Parameters

2.14 Adjacency Effects

2.15 Floating Vegetation / Surface Scum

2.16 Bathymetry

2.17 Optically Deep or Optically Shallow Assessment

2.18 Optical Water Type

2.19 Turbid Water

2.20 Elevation



3. Products and Algorithms

3.1 Measurement

3.2 Measurement Uncertainty

3.3 Measurement Normalisation

3.4 Directional Atmospheric Scattering

3.5 Water Vapour Corrections

3.6 Ozone Corrections

3.7 Other Gaseous Absorption Corrections

3.8 Sun Glint Correction

3.9 Sky Glint Correction

3.10 Whitecap / Foam Correction

3.11 Adjacency Effects Correction

3.12 Turbid Water Reflectance Correction

4. Geometric Corrections Metadata

4.1 Geometric Correction

4.2 Co-Registration and Ortho rectification
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For all Updates & Justification go to:

https://ceos.org/ard/files

/PFS/AR/v2.0/CEOS-

ARD_Product_Family_

Specification_Aquatic_

Reflectance-v2.0.pdf
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Example of simplification: 1.10 Spectral Bands
Suggest making the provision of spectral response functions a threshold requirement.
Justification: Spectral band plus FWHM is not sufficient for ocean sensors. 
Need a spectral response function.

 

Old requirement Updated requirement 

Threshold 

(Minimum) 

Requirements 

Goal (Desired) 
Requirements 

Threshold 

(Minimum) 

Requirements 

Goal (Desired) 
Requirements 

The central 
wavelength and full 
width at half 
maximum for each 
spectral band for 
which data is 
included is identified 
in the metadata, 
expressed in SI units. 

As threshold, with 
instrument spectral 
response details (e.g., 
full spectral response 
function) also included 
or directly accessible 
using details in the 
metadata. 
Note 1: Information on 
spectral bands should 
be available in the 
metadata as a single 
DOI landing page. 

Full spectral 
response function is 
provided. 

As threshold. 
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Example of more detail required:3.10 Whitecap / Foam Correction
The Goal requirement was updated to specify a per-pixel correction. 
Justification: The new requirements accounts for coarse resolution corrections 
at the Threshold level, and per-pixel corrections at the Goal level. 

 

Old requirement Updated requirement 

Threshold 

(Minimum) 

Requirements 

Goal (Desired) 
Requirements 

Threshold 

(Minimum) 

Requirements 

Goal (Desired) 
Requirements 

The water leaving 
reflectance or 
radiance is corrected 
for the contribution 
from surface 
whitecaps and foam if 
a pixel is assessed as 
affected by whitecaps 
or foam.  

As threshold. Specification of 
whether the water 
leaving reflectance 
or radiance is 
corrected for the 
contribution from 
surface whitecaps 
and foam. 
 

The data are corrected 
for the contribution 
from surface whitecaps 
and foam and reported 
on a per-pixel basis. 
 
Note: (see Flag 2.12) 
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Main Metadata Updates

● Requirements made more stringent and less prescriptive about methods

● Threshold and Goal metadata requirements carefully considered in the 

context of CEOS-ARD

○ SI Traceability -> Goal

● Some requirements broadened

○ E.g. Cloud and cloud shadow defined by ‘cloud or cloud-affected

pixels’.

● Requirement descriptions made less ambiguous

○ Binary statement of ‘corrected’ / ‘not corrected’

● Providers can use any algorithm, as long as it is compliant and 

documented (not necessarily peer reviewed publication)
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Editorial PFS Updates

● Requirement descriptions updated for clarity and conciseness

● Requirements made more explicit

● Removal of ambiguous and superfluous terminology

○ ‘The metadata indicates’ -> ‘specification of’

○ ‘if/where possible,’ ‘when available’

○ ‘Accuracy’ -> ‘Uncertainty’

○ ‘Target’ -> ‘Goal’

● Took recurring terms outside of each parameter to a higher level in 

document for readability
○ e.g. ‘metadata,’ ‘Information should be available in the metadata as a single DOI 

landing page’ applies to many  meta data fields
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❖ References updated and 

organised by metadata 

requirement

References update



Known (prospective) Providers of ARD AR Data

Name

Public/ 
Commercial Status Type

Agency/ 

Organisation
Mission / 

Instrument(s)

EnMAP P
Under 

Development

Aquatic 

Reflectance DLR EnMAP

Landsat L2 

Provisional 

Aquatic 

Reflectance P
Under 

Development

Aquatic 

Reflectance USGS Landsat 8, 9

Oceansat-3 OCM-

3 P
Under 

Development

Aquatic 

Reflectance ISRO Oceansat-3

CHIME P
Under 

Development

Aquatic 

Reflectance ESA CHIME

Sentinel-2 L2A/B 

AR Layer P
Under 

Development
Aquatic 

Reflectance ESA Sentinel-2A, 2B

Earth 
DailyConstellation* C

Under 

Development

Aquatic 

Reflectance Earth Daily Earth Daily

* Is first known (to presenter)  commercial EO company to seek compliance with CEOS ARD AR- there may be others???



Questions & Discussion 

welcome!

Arnold.dekker@csiro.au

Or see:

Matt Steventon and Harvey 

Jones (Symbios) at the 

CEOS Booth

mailto:Arnold.dekker@csiro.au
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