
WAMSI 2 KSN 1.4 – In situ water quality data report 

(Activity 1/4 and completion of Internal Milestone 1/5) 

Overview 

This document details the in situ water quality data that has been identified as suitable for the 
purpose of validating remote sensing estimates of total suspended solids (TSS) for the 
Kimberley region. The data itself consists of measurements of TSS, chlorophyll a pigment 
(Chl), downward PAR attenuation rate (Kd), inherent optical properties (IOPs) and remote 
sensing reflectance (Rrs). In most cases sea surface temperature and salinity are also 
included. These data are provided or summarised in accompanying MS Excel spreadsheets; 
one dedicated to the IOP data. Missing data are assigned a value of -999. Much of the Curtin 
University data were collected as profiles or transects (specifically ac-s, Hydroscat, DALEC 
and Hydrorad) so these are not included as data points in spreadsheets due to the high data 
volume. PhD students in the Remote Sensing group at Curtin have collected data for 
numerous fieldtrips over many years and these data have not always been stored centrally 
within the group. More data may become available as these old students are prompted to see 
what if any data they still have possession of.  

A number of data sets are included covering a range of coastal environments from river 
estuaries to the continental shelf (Table 1). CSIRO Data from 4 regions has so far been 
collated (Figure 1) as well as 4 regions of Curtin University data (Figure 2). Note that data set 
2 mostly consists of measurements in Collier Bay (2a) but also includes measurements at 
several coastal locations between Collier Bay and Cape Londonderry labelled on Figure 1 as 
area 2b. Data generated at Rowley Shoals, Montgomery reef and Ashmore reef was part of a 
joint project with the Western Australian Museum and was collected by a PhD student. These 
data are still being collated and properly georeferenced. Experimental methods for the 
measurement of water column constituents (TSS and Chl), estimation of Kd and Rrs are 
detailed in Table 2.  

Table 1. List of available data sets 

# Cruise ID Region Variables Notes 
1 CSIRO Cruise 

ID SS2010_V03 
Outer King Sound 
and adjacent shelf 

TSS, Chl, 
Kd, IOPs 

CSIRO Marine National Facility Cruise 

2 AIMS Trip No. 
5887 (Coastal 
Kimberley) 

Collier 
Bay/Walcott Inlet 
and Kimberley 
coastline 

TSS, Chl, 
Kd 

AIMS cruise – data archived as part of 
WAMSI 2 KSN 2.2.2 Project field trip 

3 AIMS Trip No. 
5735 (KGR) 

Koolama Bay and 
Lesueur Is.  

TSS, Chl, 
Kd 

AIMS cruise – data archived at AIMS 

4 AIMS Trip No. 
5455 (VDG) 

Van Diemen Gulf TSS, Chl Wet Season Data (March 2012) from AIMS 
Trip No 5455. CSIRO epublish report: 
EP17814: CSIRO 
https://doi.org/10.4225/08/58a1f4750bbc0    

5 Curtin Optical Collier Bay TSS, Rrs Collected in region 1  
6 WAMSI 

Dredging 
Science Node 3.2 

Onslow/NW shelf TSS, Kd, 
IOPs, Rrs 

Collected along the Pilbara coast in Figure 2. 
Refer to AODN MetaData Record for 3.2 

https://doi.org/10.4225/08/58a1f4750bbc0
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Figure 1. Map showing regions where in-situ water quality data is available from 
CSIRO. Numbers 1-4 refer to the corresponding data sets in Table 1. 
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Figure 2. Map showing where in situ water quality data were collected by Curtin 
University (Numbers 5 & 6). 

Comments 

Vertical structure in water-column constituents 

Only surface water (≤ 2 m) measurements for Chl and TSS have been included. Where sub-
surface measurements are available for near shore locations (<50 m water depth), there is 
sometimes evidence of vertical structure e.g. for TSS in Collier Bay (Figure 3a). However, 
this generally does not interfere to much with estimates of sub-surface PAR based on surface 
information only. For example, estimates of the depth of the 1% isolume made from surface 
only measurements of TSS (and depth averaged chlorophyll a) in King Sound and Collier Bay 
generally compare well with the measured light (Figure 3b).   
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Figure 3. (a) Vertical distribution of TSS inside Collier Bay measured during Oct 2013 
(black) and Mar 2014 (red), and (b) comparison of predicted and measured depth of the 
1% isolume (Ez). In (b) the solid line represents the 1:1 relationship, open symbols show 
data from Collier Bay collected during Oct 2013 (black) and Mar 2014 (red), and closed 
symbols show data from King Sound.    

Quality of Kd estimates 

For data sets 2 and 3 (c.f. Table 1) the quality of the Kd estimate was controlled by the 
correlation of the linear regression of ln(PAR) versus depth. Linear regression coefficients ≤ 
0.98 were taken to indicate noisy or discontinuous PAR profiles, and were rejected. In very 
turbid waters (e.g. some Walcott Inlet sites in data set 2) the decrease of PAR with depth was 
so rapid that the 1% isolume was at water depths < 1 m (i.e. Kd > 5). In these cases the 
estimate of Kd was considered to be unreliable. Note that in calculating Kd, an exponential 
decrease in PAR with depth is assumed: 

zKdeII .
0 . −=                                                                                                                    (1) 

where I0 is the predicted surface irradiance, determined from the intercept on plots of ln (I) 
versus water depth (z). Rapid attenuation of PAR close to the air-water surface is known to 
lead to errors in I0. For example, the value of I0 derived from the fitting of Eq. 1 to data set 
1(c.f. Table 1) consistently underestimates the incident light compared with a sensor on the 
mast of the ship (Figure 4). If not corrected for, this may lead to an overestimation of the 
amount of incident light reaching the seabed. It can be partially compensated for by 
modifying Eq. 1 to zeImI .

02 .. λ−= where m2 accounts for the rapid attenuation of PAR near 
the surface (Figure 4). Kd is also derived from the Hydrorad using the relationship in Eq. 1. 
The hyperspectral data from this instrument can provide Kd measurements spectrally or for 
PAR by convolution. 



WAMSI 2 KSN 1.4 – In situ water quality data report 

(Activity 1/4 and completion of Internal Milestone 1/5) 

 

Figure 4. Comparison of the incident surface light predicted by the model (I0) and 
measured from the ship’s mast PAR0 for data set 1. The broken line shows the 1:1 
relationship that is expected if Eq. 1 were true. The solid line shows the relationship 
described when Eq. 1 is modified to include the constant m2 = 0.49.    

IOP data 

During the processing of the IOPs included as part of data set 1, the quality of the ac9 data 
was found to be poor, and is therefore not included. Instead, absorption data from surface 
water spectrophotometer measurements has been provided. The Curtin ac-s data will be 
included as it is of sufficient quality as shown by the comparison of unfiltered scattering 
coefficient and Rrs from the DALEC instrument.  
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Figure 5. Comparison of the direct scattering coefficient derived from the ac-s and Rrs 
derived from the DALEC during a transect off Onslow. 

Spectrophotometric absorption data was also used to correct the backscattering measurements 
for the HS6, in accord with the HS6 approved method. The absorption and backscattering 
data are included in the accompanying spreadsheet, for use in Hydrolight model simulations. 
Methods applied to processes spectrophotometric absorption data are documented in CSIRO 
publication: Oubelkheir, Kadija, et al. "Impact of an extreme flood event on optical and 
biogeochemical properties in a subtropical coastal periurban embayment (Eastern 
Australia)." Journal of Geophysical Research: Oceans 119.9 (2014): 6024-6045. Processing 
methodology for the HS6 is available in the Hydroscat-6 manual. 
http://www.hobiservices.com/docs/HS6ManualRevJ-2010-8b.pdf  
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Table 2. Notes on experimental methods for measurement of in-situ water column constituents and calculation of light 
attenuation rate 
Data set#  Data Access Methods 

1 CSIRO Marine National 
Facility Cruise. Access via: 
http://www.cmar.csiro.au/da
ta/trawler/index.cfm 

TSS: Samples for TSS were obtained from the surface Niskin 
bottle. Immediately after collection, a known volume 
(between 2-9 L) of sample water was vacuum-filtered onto 
pre-ashed glass fibre filter (47 mm, 0.7 µm, Whatman GF/F). 
Filters were then stored in the cool and the dark until 
analysis. Filters were then dried to constant weight at 60 °C 
with the net weight of material giving TSS in mg L-1. 
TChl-a: Surface water samples (between 1-5 L) were filtered 
onto a glass fibre filter (25 mm, 0.7 µm, Whatman GF/F) to 
measure phytoplankton pigments (Tchl-a: mono-and 
divinyl-Chl-a,Chl-a allomer, Chl-a epimer and 
Chlorophyllide-a). Once collected filters were stored in 
liquid nitrogen until analysis. Pigments were extracted and 
analysed by High Performance Liquid Chromatography) with 
a Waters-Alliance system following the protocol detailed in 
Hooker et al., (2009). 
Kd: PAR was measured at 1 m resolution from the Southern 
Surveyor CTD rosette. Kd was then computed from a linear 
fit of ln(PAR) versus water depth.  

2 WAMSI KSN Project 2.2.2 
Access via AIMS Data: 
http://data.aims.gov.au/met
adataviewer/uuid/c8a58d54-
7616-40b1-8759-
f2dd8236c161  

TSS: Surface water (<2m water depth) was collected using a 
Niskin bottle. Duplicate 1 L sub-samples were filtered onto 
pre-weighed 47 mm polycarbonate membrane filters 
(Poretics). The funnels and filters were washed with a small 
amount of deionized water to remove remnant saltwater, 
folded and returned to pre-labelled, pre-combusted 
scintillation vials. 
TChl-a: Duplicate 100 or 250 ml sub-samples of surface 
water (<2m water depth) were filtered under subdued light 
onto 25 mm Whatman GF/F filters. The filters were folded, 
wrapped in (combusted) Al foil envelopes and frozen (-20C), 
until fluorometric chlorophyll a analysis. 
Kd: PAR was measured at high resolution (1-10 cm) from 
the RV Solander CTD Rosette. Kd was then calculated from a 
linear fit of ln (PAR) versus water depth for each PAR profile 
(downward cast only). Linear regressions with an r-value 
≤0.98 were discarded. For very turbid waters (e.g. in 
Walcott Inlet) values of Kd > 5 were also discarded. 

3 AIMS Cruise No 5735 TSS: Samples for total suspended solids were obtained from 
the surface Niskin bottle. Immediately after collection, a 
known volume (between 2-9 L) of sample water was 
vacuum-filtered onto pre-ashed glass fibre filter (47 mm, 
0.7 µm, Whatman GF/F). Filters were then stored in the cool 
and the dark until analysis. Filters were then dried to 
constant weight at 60 °C with the net weight of material 
giving TSS in mg L-1. 
TChl-a: Surface water samples for total chlorophyll a were 
collected with Niskin bottles, and then filtered under low 
vacuum onto 25 mm diameter glass fibre filters (Whatman 
GF/FTM; mesh size 0.7 µm). Pigments were extracted 
overnight in 90% acetone in the dark at 40C and measured 
using a Turner Designs fluorometer previously calibrated 
with pure chlorophyll a. 

http://www.cmar.csiro.au/data/trawler/index.cfm
http://www.cmar.csiro.au/data/trawler/index.cfm
http://data.aims.gov.au/metadataviewer/uuid/c8a58d54-7616-40b1-8759-f2dd8236c161
http://data.aims.gov.au/metadataviewer/uuid/c8a58d54-7616-40b1-8759-f2dd8236c161
http://data.aims.gov.au/metadataviewer/uuid/c8a58d54-7616-40b1-8759-f2dd8236c161
http://data.aims.gov.au/metadataviewer/uuid/c8a58d54-7616-40b1-8759-f2dd8236c161
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Kd: Par was measured at 0.5 m intervals from the RV 
Solander CTD or from a hand held CTD instrument operated 
from the Solander service vessel. Kd was then calculated 
from a linear fit of ln (PAR) versus water depth for each PAR 
profile (downward cast only). Linear regressions with an r-
value ≤0.98 were discarded. 

4 CSIRO Publish 
(publications.csiro.au): 
https://doi.org/10.4225/08/5
8a1f4750bbc0     (EP17814): 
Remote sensing methods to 
map and monitor the 
condition of coastal habitats 
and other surrogates for 
biodiversity, Part B: Water 
quality mapping of the Van 
Diemen Gulf 
Authors (2015) By Thomas 
Schroeder, Vittorio Brando, 
David Blondeau-Patissier, 
Lesley Clementson, Janet 
Anstee, Nandika Thapar, and 
Edward King. 

TSS 
TChl-a 

5 WAMSI DSN Project 3.2.1 
Access: 
http://catalogue.aodn.org.au
/geonetwork/srv/eng/metad
ata.show?uuid=097b1446-
b32f-4235-b131-
4b111f37b3e1; 
http://catalogue.aodn.org.au
/geonetwork/srv/eng/metad
ata.show?uuid=7cf1d617-
bcd6-47c5-b8f5-
018a9f57189b  
 

TSS: Collected in a number of ways but the primary datasets 
were collected from Nisken bottles from the Linnaeus 
rosette. Samples were collected from the surface and the 
bottom. Nisken samples were transferred to clean buckets, 
agitated then a 1 L sample was taken. 1L samples were 
vacuum-filtered onto pre-ashed glass fibre filter (47 mm, 
0.7 µm, Whatman GF/F). These were later dried and 
weighed. 
 
Rrs: Remote sensing reflectance was captured using the 
DALEC underway spectrophotometer. Three concurrent 
measurements (Ed, Lu and Lsky) are captured and 
converted to Rrs using the method of Mobley (1999). These 
data were captured both during underway and on-station 
measurements. 
 
Ac-s: The ac-s data were captured exclusively in underway 
mode during the first Onslow deployment in series with the 
LISST using a clean, de-bubbled supply from the Linnaeus. 
During the second deployment the ac-s was also deployed 
on the rosette for profiling. The ac-s is used to retrieve IOPs 
 
Hydroscat: The Hydroscat was mounted to the Linnaeus 
rosette at the bottom with an unimpeded view of the water 
column. This was deployed for every cast completed during 
both Onslow trips. 
 
Hydrorad: The Hydrorad was deployed from the back of the 
Linnaeus using the boat crane to extend the distance from 
the boat to about 3 m. It was deployed on the sunny side of 
the boat with the casts made to match the readings taken 
from the rosette-based instruments. 
 
NB: Efforts have been made to spatially and temporarily 
matchup as many of these datasets as possible given 
different sampling rates and different locations on the 
vessel. 

 

https://doi.org/10.4225/08/58a1f4750bbc0%20%20%20%20%20(
https://doi.org/10.4225/08/58a1f4750bbc0%20%20%20%20%20(

