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AGENDA 
 

Attendees:  Simon Allen, Mark Baird, Vittorio Brando, Paul Daniel, Arnold Dekker (Day 1 only), 

Martina Doblin, Peter Fearns, Christine Hanson, Katy Hill (Day 1 only), John Parslow, Peter Ralph, 

Peter Strutton, Scarla Weeks, Mark Underwood (CSIRO Calibration Facility) 

Attendee from Australian Hydrographic Office - CMDR Andrew McCrindell (Deputy Director 

Doctrine & Policy); Day 2 only – attendance cancelled due to issues at Hydrographic office 

Apologies: Lesley Clementson, Matthew Slivkoff, Peter Thompson 

 

DAY 1 – Thursday, 8 July – University of Wollongong 

Focus:  ToR 4 – Advance integration of in situ bio-optical observations and satellite remote 

sensing, including strategies for the development of inter-calibration protocols and exercises 

Attend sessions at AMSA Conference associated with AMSA Symposia SS01: Optical remote 

sensing of aquatic ecosystems: measurements, modelling and applications 

 

Earlier conference presentations by BWG members 

SS02  Wed, 11:00  Peter Strutton:  Bio-optical Observations of a North Atlantic Phytoplankton 

Bloom: Relevance to Satellite Observations and IMOS 

TS05  Wed, 1:50  Scarla Weeks:  Satellite Derived Euphotic Depth on the Great Barrier Reef: 

Understanding Physical Drivers of Spatio-temporal Patterns of Water Clarity 

 

SS01 morning sessions 

9:50 Arnold Dekker (Plenary) - Overview of Earth Observation of Marine Aquatic Ecosystems in 

Australia: from Bio-optics to Hyperspectral Satellites 

10:30 – 11:00  Morning tea 

11:00  Vittorio Brando - Management relevant satellite based water quality information for the 

Great Barrier Reef lagoon using regional optical parameterisation 



11:20  Peter Ralph - Rapid Bio-optical Determination of PSII Light Absorption in Phytoplankton 

11:40  Nagur Cherukuru- Inherent Optical Property Based Light Propagation Model for Tasmanian 

Coastal Waters 

12:00  Martina Doblin - Using Chromophoric Dissolved Organic Matter (CDOM) to Track Coastal 

Runoff 

12:20  Peter Davies- Chlorophyll Distributions at Port Hacking Station: Implications for Ocean 

Colour Remote Sensing 

 

12:40 – 1:30 Lunch 

 

SS01 afternoon sessions 

1:30 Janet Anstee: Estimating Water Quality of an Estuarine Coastal Lake from Archival Satellite 

Imagery 

1:50 Egli: Unleashing New Possibilities for Optical Water Quality Monitoring Implementing 

WorldView 2 High Resolution Satellite 

2:10 KarenWild-Allen – Trends in Remotely Sensed Chlorophyll Concentration in Tasmanian 

Coastal Waters 

2:30 – 3:10  Session wrap/question time 

 

3:10 – 3:30  Afternoon tea 

 

3:30 – 5:15  SRS/Bio-optics Community Forum – a panel-led discussion and question/answer 

forum open to all interested parties; including distribution of questionnaire 

Forum Objectives: 

1. To inform the marine community about developments within the IMOS SRS 

facility [Edward King and Vittorio Brando] 

2. To obtain feedback from the research community and end users (managers, policy 

developers, government, fisheries ) as to their remote sensing needs 

3. To obtain feedback from experienced users as to what should happen in the future 

regarding data provision, coordinated research efforts etc. [An optical SRS community of 

practice would be potentially useful] 

4. Many biological oceanographers and marine biologists would benefit greatly from the 

addition of a satellite RS perspective, but lack the training needed to make easy and 

effective use of the available data sets –do we need a basic satellite remote sensing training 

course? 

5. Who is dealing with international space agencies? 

6. Do we need a coastal observatory? 

 

 



DAY 2 – Friday, 9 July 

Focus:  Continue work on ToR 1 – ‘Develop an integrated and scientifically robust strategy for the 

calibration, validation and interpretation of single-wavelength fluorescence and scattering 

data, as currently collected by a number of IMOS facilities (PART 2)’ 

 

-note: Mark Underwood arriving ~ 11:00; Scarla Weeks departing ~ 12:00 

 

08:30 – 09:00 Welcome, Introductions and Housekeeping; brief review of Day 1 activities and 

action items related to SRS/Bio-optics 

9:00 – 10:30 Overview of meeting 1 re: calibration and validation; example data sets, suggested 

protocols 

10:30 – 11:00 Morning Tea 

11:00 – 12:30 Calibration and validation discussion; cont’d 

12:30 – 1:15 Lunch 

1:15 – 3:00 Document-building session; break into small groups to progress outlines/plans for the 

3 documents suggested from Meeting 1 (chl a fluorescence, CDOM, backscatter – 

measurement, sources of variability, strategies for reducing error) 

3:00 – 3:30 Afternoon Tea 

Meeting Close 



Meeting minutes 

Nagur Cherukuru joined the meeting on behalf of Arnold Dekker.  

Making the most of Nagur Cherukuru, Peter Fearns and Scarla Weeks participation in this WG 

meeting, the day started with discussions about SRS. 

The outcomes were: 

Need a national IMOS SRS advisory group – Vittorio to deal with separately as this is 

not within the scope of the Bio-optical WG.  

Action:  Vittorio is going to circulate a 2-pager to Bio-optical WG that would then go to National 

Marine Facility about how radiometers and other data will be integrated for satellite 

match ups. It was acknowledged that the document should indicate what instruments are 

on the ship and what it would take to make the suite of data useful for match ups (e.g. 

fluorometer calibration during voyages).  This may also include recommendations for key 

additional instrumentation on the new MNF vessel.  Suggested timeframe for preparation 

of this document is next 3 – 6 months. 

Need to engage more users of SRS data – Also outside scope of Bio-optical WG. 

Actions:  Scarla, Vittorio, Peter F and Ed King will converse to discuss SRS steering committee 

(across terrestrial and marine) as well as the separate need to form a coastal working 

group (i.e. separate entity from IMOS SRS) 

Christine and Martina to summarise discussion at the SRS forum at AMSA and report 

back on forum; forum essentially jointly conducted by SRS facility and Bio-optical WG, 

with some actions falling squarely in SRS facility and others in Bio-optics.   

 Ed/Scarla/Arnold (?) to plan/conduct half-day info sessions with each IMOS node to 

increase understanding and uptake of IMOS SRS data.  As discussed during Community 

Forum, this may also include targeting additional SRS end users (e.g. managers, policy 

developers, fisheries) to canvass their remote sensing needs (as limited members of these 

groups were present at Forum). 

Scarla to investigate feasibility/timing of a 2 week intensive SRS training course for 

scientists with modest or no SRS background, following Cornell University model 

 

Discussion then moved away from SRS...   

Developing the Community of practice – Need to connect in situ data collectors in a 

network of dialog; Bio-optical WG to do this via website 

Actions: Members of the WG should contribute insightful papers etc to Christine for uploading. 

 

REVIEW of WG activities 

Communication of WG outcomes 

Actions: Everyone should send suggestions to Christine on who should be on our mailing list for 

meeting minutes (but will need to ensure that these people are happy to be on mailing list; 



Christine has already started to compile an initial list of interested people; Tim Lynch 

should be updated on cal-val procedures/recommendations; IMOS newsletter should 

indicate group updates when they’re available online. 

AMSA-list is another suggestion and would allow people to ‘opt in’ to mailing list;  

Additional bio-optical sensors  

ANFOG has ordered 2 new Slocum gliders with 4-channel downwelling irradiance sensors. 

LJCO has received funding to put new 5 channel sensors (WQM + ECO Triplet?) on 4 of 9 NRSs. 

There will be 4 instruments in the water at any one time; 4 in the lab getting downloaded and 

calibrated; 2 spare; 1 lab reference to compare to all the others. Instruments will have wipers and 

shutters (Vittorio currently in discussions with Wetlabs re: wipers for Ecotriplets).  Potential for 

sensors drifting or diverging can be addressed/quantified by collecting overlapping data during 

instrument swap-overs. 

There was some discussion about needing a shorter turn-around than 6 months (PS: in Oregon, 4 

months is maximum time); aim to replace Ecotriplets on 3 month cycle. Biogeochemical sampling 

at moorings is monthly but doesn’t involve servicing. Data is also not currently transmitted in real 

time (but some sites may be real time in future). Ideally would want to examine data in real-time 

and replace instrument every month. In the absence of that, recommend sending small subsets of 

data back at considerably reduced cost. Need to examine cost:benefit. May not be warranted to 

have all data in real time. 

Action:  Vittorio to provide an update when these meeting minutes go out. 

Action items from previous meeting 

Action:  Everyone needs to check the accuracy of the sensor table (Excel file) 

Action:  Martina to set up Google doc to share info with the Bio-optical WG 

Martina to check with Roger/Edward/Tim Moltmann regarding metadata formats and 

cross-over with emII for formats and conventions 

Pete Strutton will check out if there are international examples (e.g., NASA is the steward 

for international data for match ups) 

Vittorio will discuss with Lesley re: data format/requirements for bio-optical database; 

Scarla has offered to help in that process - those that fit criteria for match up / other use; 

those that can be managed given the resources; if latter deemed of value will be collected 

and loaded in Year 3;  

Vittorio will report back to the WG on biooptical database and what data it will include 

Lesley/Vittorio will contact people regarding data they can contribute. Idea is that 

database would be an archive / access point –users would determine what they use data 

for. 

 

 

 



Calibration/validation/QA-QC discussion 

Martina presented a series of data from the Sydney 100 m mooring to initiate discussion on data 

quality and related QA/QC issues.   

What is WQM routine for NRS sites?  Includes WQM warm up period and sensor checking - 

subroutine check for WQM to examine if instrument is on and switches off; on but not recording or 

recording; examine STD deviation as well as mean.  Sensor drift upwards or downwards can be due 

to fouling or inefficient shutter wiping; suggest that photographs of sensors post-recovery should 

be standard to assist in bio-fouling assessment.  Part of protocol is to check for obvious links 

between variables – e.g. chl-a and DO; chl-a and turbidity.  Need to clarify criteria for QAQC of 

biological data – check with Tim Lynch regarding pre-processing toolbox.  ARGO QA/QC 

procedures might be a good example.  Classes of things that could be dealt with using an automated 

program that Argo could inform us on. Can use climatologies to give reasonable range. Data in real-

time is particularly at risk – data QA/QC needs to be automated before being made available.  

Important that facilities provide documentation of what was done with data . 

Require formal QA/QC procedures for all NRS sites.  Have these been developed?  Or is this part of 

current NRS steering committee discussions?  (note added later from NRS steering committee 

documentation: Function #5 = To develop a framework for standardised QC and QA, including 

national co-ordination of the deployment database, the Matlab toolbox, calibration and laboratory 

systems.) 

An element of this is expert judgement – need to know who those experts are and how they might 

be coordinated nationally.  This likely also being tackled via NRS steering committee meetings (due 

to report Aug 31?).  Need to check with Tim Lynch and engage regarding these issues. 

Action:  Vittorio and Peter T (both members of NRS steering committee) to provide engagement 

between groups and update/inform on recent developments and future plans related to 

data QA/QC and calibration protocols 

 

To develop a good QA/QC protocol is a major job, but is also most urgent and cannot be separated 

from development of calibration procedures/protocols.  Core role of Bio-optics WG is to come up 

with protocols for QA/QC.  Will need international consultation, perhaps with co-ordination via 

Roger Proctor and Tim Moltmann.   

How do we turn signals into data with quality flags that are useful and believable?  Need to tap into  

national expertise in this area – e.g.  at GBR – 3 sets run by AIMS (Craig Steinberg, Britta 

Schaffelke, Katharina Fabricius – need to send an email about getting feedback on data QAQC) 

running biggest program of FLNTU in Australia. 

Suggestion of  a 2-d workshop; overview of current QAQC procedures/activities; try and reach a 

community consensus on priorities and the way forward (similar to previous NRS workshop for 

physical data?); will also engage broader group of people in WG activities; funding from relevant 

facilities and IMOS office?  Workshop could include: example of sensor drift, electronic noise, 

fouling; could run through series of data and different QA/QC steps/issues, or theme workshop 

into different steps.  1 day of working through data; 1 day of working on a document of agreed 

priorities and procedures.  Should conduct workshop before end of the year.  

Action:  Martina and Christine to start scoping out dates/location for workshop, funding 

possibilities and engagement with potential participants 



Note added later – Following July SIBER (Sustained Indian Ocean Biogeochemical and Ecological 
Research) meeting in Perth, Katy Hill advised of plans for likely workshop on Biogeochemical 
Sensors in early 2011 (co-sponsored by the CLIVAR/GOOS Indian Ocean Panel and SIBER) and 
indicated potential synergies with suggested Bio-optical Cal/QC workshop. 
 
Action:  Christine to follow up – contacted Lynnath Beckley (SIBER), workshop details not yet 
available but likely to be held overseas (India?) 
 
 
Other potential national and international contacts in this area:  Andy Longmore – coastal 

moorings in PPB for ~decade; Ross McPherson – Hornsby Shire Council; Similar activities at 

Marine Technology Society (MTS); Alliance for Coastal Technologies (ACT).– need to check their 

activity on QAQC and attempt to become members of ACT;  

Action:  Pete S to contact Mario about becoming a member of the Alliance for Coastal Technologies 

 

Calibration facility at CSIRO 

Mark Underwood gave important input here and discussed what the CSIRO Calibration facility do 

with the MNF instrumentation.  

Temperature and salinity reasonably well covered.  

Dissolved oxygen more complex—different sensors have different accuracy (e.g. Seabird oxygen 

sensor very stable but not as sensitive? compared to Anderaa optode).  For optodes, manufacturer 

doesn’t conduct calibrations of individual sensors; instead an entire foil is done that is then placed 

into multiple sensors ; only +/- 10% accuracy.  For SBE sensors, can characterise drift of sensor; 

comparison at a number of different oxygen saturation levels.  Temperature correction; mostly the 

instrument response to oxygen – can apply a first order correction. 

Anderaa sensors more difficult; if only stable to 10%, then no point calibrating; calibration costs 

similar to cost of the instrument; 3 week process to calibrate a batch of sensors; non-linear oxygen-

temperature relationship that’s uncharacterised? Potentially different biases at different 

temperatures;  26 terms have to be solved in a calibration equation – NOT trivial. 

Recommendation about Anderaa might be to go to the effort to calibrate them. Bulk of DO sensors 

are Seabird style.  Optode has a faster response than Seabird? Need to take that into consideration. 

Fluorescence and turbidity.  Christine presented some key outcomes from Alliance for Coastal 

Technologies (ACT) fluorometer report.  They suggest use of secondary standards so that 

fluorescence units are reported relative to a standard solution in Practical Fluorescence Units 

(PFU).  Suggest that several fluorophore-specific PFUs should be defined, and changes to 

instrument response tracked using PFUs.   In ACT report a two-step calibration protocol is 

recommended: 

1) Calibration of instrument response to standard solutions; calibrate to 2 or more standard 

selected fluorophores with different excitation characteristics 

2) Calibration of instrument response to biology; calibrate to chl a using lab cultures or 

samples taken during field deployments, and express in PFUs relative to the fluorophores 

Discussion that change in fluoroescence response can be due to change in sensitivity or change in 

spectral response. If only 1 standard used, then don’t know what you’re calibrating for (presumably 

only sensitivity). If you use 2 standards, then you can quantify spectral differences (but couldn’t do 



anything about it). The instrument is measuring a physical property – and that is what should be 

tested during calibration (e.g. the engineering units/physical property of photons received per 

photons emitted, using standard fluorophore with known/standard number of photos emitted). 

Temperature is kept constant during a calibration.  Useful over multiple deployments, to quantify 

how the instrument varied.  So then you could track instrument performance over time and you 

could pool the discrete chl-a samples. 

Suggestion that due to the complex fluorescence: chl a relationship, data that comes out of IMOS 

should be provided/plotted as fluorescence and/or PFU units (not mg chl a); up to the user to 

choose to derive further relationship.  But there are users of IMOS data that will not want to go 

back and derive a F – chl-a relationship.  Could present as 2 levels of data:  level 1 = PFU 

units/counts, level 2 = conversion to chlorophyll values.  Ideally, need to have an estimate of 

uncertainty, particularly for level 2 data – could be 100% if no locally-derived F:chl a info. 

Different options for fluorescence standards – liquid standards (fluorescein, rhodamine) trialled at 

CMAR Hobart, issues with degradation over time (can be rapid, esp. for fluorescein).  Solid 

standards need to be held in specific, repeatable configuration, noting that intersection space for 

many of these instruments is 2 – 8 cm.  Solid standard options include:  translucent plastic – but 

not recommended because of surface scattering (specular issues); Spectralon standard (fluorescent 

materials are embedded, not translucent) is better (as per Peter Ralph).  Also fluorescent 

microsphere beads (which may also provide a calibration for backscatter), but these can be 

problematic to work with. 

Difficult to provide a strong, single recommendation of what type of standard to use at this stage.  

Suggest different options could be experimentally trialled with some funding from IMOS (Peter 

Ralph spoke with Simon Allen and will report back).  Also note that Christine currently trying to 

arrange 2 sample fluorophores on consignment from supplier for testing purposes, and ANFOG 

has developed calibration chambers for testing of liquid standards with glider-based 

instrumentation. 

 

WG Recommendations: 

 
Metadata should be included to derive the local relationship between fluorescence and chl-
a; 

Data needs to be tied to the same instrument/sensor, so if the sensor is having issues, the 

data can be flagged; 

Recommend a series of intercomparison experiments: Plastic – Spectralon – liquid 

standards; acquire various standards, and compare and evaluate response/utility 

Wetlabs-based calibration process has been difficult and had issues in the past (PS) and suggests 

bio-optical calibrations should be done in Australia.  We need secondary standards (e.g. 

fluorescein) done every time an instrument is deployed, but we also need extracted chl-a. Always 

need in situ samples to provide most accurate calibration, suggest overarching statement that 

requires calibration sampling conducted for each deployment. Data and samples collected from 11 

pm to 1 am local or at some pre-defined night period would be best quality.  But is it realistic to 

sample at night? Could use automated water sampler to fix samples during a deployment, or a 

darkened sample held in situ? 



Consider calibration of IMOS instruments at a central facility; would need to ship to location; need 

to check if this is feasible/desirable.  Important to keep extraneous light out of the calibration 

chamber to isolate ambient light effect.  Solid standard would be ideal for operational use on board 

ship before and directly after deployment. 

Different algae cause different responses in the chl-a fluorescence relationship.  This issue won’t be 

solved in calibration.  Step 1 is use of calibration standards and instrument intercomparison.  Step 

2 is an understanding of the relationship between optical signals and parameters of interest.  

Christine presented some preliminary Ecotriplet data using dilution series of 3 different 

phytoplankton species – linear relationships but quite different from each other.  Diatom 

(Skeletonema dohrnii) most representative of linear calibration factor supplied by Wetlabs, 

calibration slope for prasinophyte (Tetraselmis  sp.) ~ 5 times lower than for diatom, while 

cyanobacteria (Synechococcus sp.) fluorescence essentially not registered by Ecotriplet in current 

configuration.  Comment that for instruments used in regions where cyanobacteria important may 

want to consider additional phycoerythrin channel, or use of additional instruments, to detect 

biomass.  Comment (JP) that we  go to multi wavelength approach only as a second step; as we 

have sensors in the water and need to be able to relate to current datastreams. 

Further discussion on developing small project to acquire various standards and evaluate which 

options are practical and feasible, with some emphasis on transferability to field (pre- and post-

deployment calibration checks). 

Action: UTS will do the fluorescence tests – Peter Ralph will follow up with Simon Allen with 

realistic cost estimates; Christine and ANFOG can likely assist with this and/or run 

additional tests with glider-based instruments. 

 

Backscatter and turbidity calibration 

Similar to previously discussed fluorescence measurements, step 1 with this data/instruments is a 

calibration step and step 2 is conversion to environmentally meaningful data.  No one knows what 

an NTU is. Important to characterise physical measurement – is scattering at a particular angle.  

Need to have written description of physics of the scattering measurement to help the ordinary 

user understand and interpret the data, important to understand volume scattering function and 

angle, etc.  Calibration solution needs to have a known volume scattering function 

For Wetlabs-based calibration, costs $150 extra to do calibrations for both backscatter and 

turbidity (NTU units).  For multiple end-users : need both calibrations as many people need to 

understand both.  Particle counts are an important part of the associated biogeochemical sampling 

to calibrate/interpret backscatter data.  Wetlabs have scattering meters, while turbidity should be 

measured with a transmissometer.  Scattering tells you about the whole particulate assemblage.  

See  Boss et al. document that describes what scattering means.  Note that particle size distribution 

will affect volume. 

Test each instrument’s response to light with a standard reflectance Spectralon plaque to ensure 

you’re counting in radiance units, move plaque out at various defined distances from instrument 

face.  For water-based testing, requires plague mounted in tank with no bubbles – a day in 

preparation. Then need manipulator to lower and raise instrument into intersection volume.  Need 

to know particle concentration then can express in m-1 

A second option/method is to use a suspension of microbeads – should this be evaluated and 

compared to Spectralon option?  Need to consider practicalities for use in both the lab and field. 



Would be ideal to calibrate fluorescence and scattering channels together, i.e. with one type of 

standard, especially for field-based checks particularly as many IMOS instruments have both 

sensors on them. Note that fluorescence standard has to include the beam chl-a aborption and 

fluorescence emission. If microbeads used, particle should have refractive index <1.5 if it is to 

simulate an organic particle rather than a mineral particle: Nagur will check it out 

 

Action:  Vittorio, Peter Fearns will discuss and try to follow up on some of the methods (with input 

from Paul Daniels after his return in mid-Sept); Nagur can feed into that; plus Rex King 

Action:  Evaluate/locate funding options from IMOS office and/or Facilities to pursue some of this 

activity; Christine can pursue via ANFOG; other facilities to consider – ANMN/NRS, 

LCJO; Mark Underwood to scope out proposal via CMAR 

Action:  Further funding for a workshop to invite other people – would assist in tacking ToRs 1 & 2 

and also move towards active involvement of larger community.  Christine & Martina start 

the ball rolling on this  


