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Six supplementary figures are provided in this document, each of which is described in detail below as bullet points. The following two paragraphs describe
the processing of the RSRC data used in the study and the fluorometric Coloured
Dissolved Organic Matter (FCDOM) and chlorophyll data used in Fig. 12 of the
main paper.
The RSRC data used in the paper were processed as follows. For each in situ
chlorophyll profile the approximate depth to which the satellite signal is likely to
penetrate was estimated. This involved the following: (i) estimating the euphotic
depth from the surface chlorophyll concentration of each profile (top five measurements of the chlorophyll profile, representing ∼5 m depth) using the model
of Morel et al. (2007); and (ii) dividing the euphotic depth by 4.6 to approximate
the 1st optical depth which was assumed to be the average penetration depth of
the satellite signal over the spectral range. The in situ profiles in which the depth
of the profile did not exceed the 1st optical depth, and profiles in which the 1st
optical depth was not computed (e.g. all chlorophyll concentrations at the surface were <0.01 mg m−3 ), were excluded, resulting in 401 in situ profiles, from
an initial 407, that were used in the analysis. Of the 401 in situ samples the average euphotic depth was found to be 89.5 m with a standard deviation of 11.3
m (min 51.2 m and max 119.2 m). The average 1st optical depth of the 401 measurements was computed as 19.4 m with a standard deviation of 2.5 m (min 11.1
m and max 25.9 m), and the average number of samples in each profile within
the 1st optical depth was 17 with a standard deviation of 3 (min 8 and max 25
m). The chlorophyll concentration of each in situ sample, used to compare with
the satellite chlorophyll estimates, was computed by averaging the chlorophyll
concentrations in each profile within the 1st optical depth. The average standard

deviation in this calculation was 0.012 mg m−3 chlorophyll (min 0.004 and max
0.07 mg m−3 ), indicating the concentrations within the 1st optical depth were relatively homogeneous for the 401 samples.
The Fluorometric Coloured Dissolved Organic Matter (FCDOM) and chlorophyll data used in Fig. 12 of the manuscript, from the KAUST March and
November 2013 cruises, was processed as follows. A total of 107 profiles were
conducted during the two cruises (70 in March and 37 in November). For each
profile, chlorophyll and FCDOM were averaged in the top 20m of the water column (∼ 1st optical depth in Red Sea: Brewin et al., 2013; Raitsos et al., 2013).
Profiles were excluded when there were less than 10 samples (∼ 60% of the total
number of samples for each profile) and when the coefficient of variation for FCDOM or chlorophyll exceeded 0.3, so as to ensure the upper layer is well mixed.
In total, 72 of the 107 profiles were available for further analysis. For each cruise,
a composite of Rrs (λ) was derived from daily images of MODIS-Aqua, downloaded from the NASA ocean-colour website (http://oceancolor.gsfc.nasa.gov/),
and converted into irradiance reflectance maps R(λ) (see Appendix 1 of Morel
and Gentili, 2009). For each of the profiles, corresponding values of R(λ) from
the respective cruise were matched (±4km pixels) to MODIS-Aqua data, with a
total of 60 match-ups from the 72 profiles.
• Figure S1: Shows the relationship between the exponential spectral slope
of CDOM absorption, denoted S g , and absorption by CDOM at 400nm
(ag (400)) derived using NASA bio-Optical Marine Algorithm Data set
(NOMAD; Werdell and Bailey, 2005) and data from the Bermuda BioOptics Project (BBOP; Siegel et al., 2001). This relationship was used
in Eq. 16 to describe the spectral variation of ag and develop an in
situ dataset of ag (λ) and chlorophyll observations for parameterisation
of the Red Sea ocean-colour model. The dataset was processed as follows. 1) Hyperspectral data were downloaded from the Bermuda BioOptics Project website (http://www.icess.ucsb.edu/bbop/Home.html) on
ag (λ). S g was computed by fitting an exponential function to data from
400-700nm for each sample. 2) NOMAD data (Version 2.0 ALPHA,
Werdell and Bailey, 2005) were downloaded from the NOMAD website (http://seabass.gsfc.nasa.gov/seabasscgi/nomad.cgi) and corresponding ag (λ) and Rrs data were extracted. Only samples from Case-1 waters
were used, following the classification of Lee and Hu (2006) using Rrs .
ag (400) and S g in NOMAD were computed for each sample by fitting an
exponential function to data from 405-683nm.
• Figure S2: Shows data on in situ remote-sensing reflectance (Rrs ) at two

stations in the Red Sea collected using a HyperPro (Satlantic Free-Falling
Optical Profile with two HyperOCR optical sensors) deployed in surface
mode during the Tara cruise. (a) shows absolute Rrs as a function of wavelength for data collected on the 9th January 2010 and (b) the same spectrum
normalised at 555 nm. (c) shows absolute Rrs as a function of wavelength
for data collected on the 11th January 2010 and (d) the same spectrum
normalised at 555 nm. In addition to the in situ spectra, Rrs is also reconstructed using the Red Sea bio-optical model from the AC-S estimates of
chlorophyll (C) averaged over a 30 minute period during the HyperPro deployment. On the 11th January 2010, there was a concurrent 4 km OC-CCI
match-up, and the satellite match-up is also plotted. Estimates of φ (Morel
and Gentili, 2009) and C (for OC4 and OC4-RG algorithms) are provided
on both satellite and in situ Rrs data.
• Figure S3: Shows a sensitivity analysis of the OC4-RG and OCI-RG algorithms tuned using the Red Sea ocean-colour model. The Red Sea ocean
colour model was run for chlorophyll concentrations ranging from 0.0110.0 mg m−3 to estimate Rrs , then the OC4-RG and OCI-RG algorithms
were applied to Rrs to get back to the chlorophyll concentration. If both
algorithms were parameterised correctly, initial chlorophyll should agree
with modelled chlorophyll, and this was shown to be the case (top and bottom left plots). We also introduced random noise into the Rrs values prior
to applying OC4-RG and OCI-RG, whereby for a given Rrs value, wavelength independent random noise between ±10% (or ±20%) was applied
to the Rrs after estimation from the Red Sea ocean colour model, then this
spectrum was used to estimate chlorophyll using OC4-RG and OCI-RG
and compared with initial chlorophyll values. Results indicate both OC4RG and OCI-RG cope well with the addition of random noise in Rrs up to
20%.
• Figure S4: Shows a satellite OC4 composite of chlorophyll (OC-CCI) over
the duration of the MIPOT, Tara and RSRC (March 2010) cruises, with
cruise tracks overlain. Latitudinal transects of chlorophyll for OC4 (cruise
composites) and in situ data are shown for the MIPOT and Tara cruises,
and three longitudinal transects for the March 2010 RSRC cruise. The
figure illustrates: i) there is good agreement in spatial variability between
in situ and satellite chlorophyll for all three datasets; and ii) that there is
a consistent overestimate (positive bias) in satellite chlorophyll across all
three datasets.

• Figure S5: (a) Shows the location of the samples used in the KAUST
November 2013 cruise of corresponding FCDOM and mixed layer depth
(MLD). (b) Shows the average vertical profile of FCDOM for all profiles
(excluding two profiles with <30 samples in the top 200m, noting that the
average number of samples for a profile in the top 200m was 560) in the
November cruise and the average mixed layer depth (MLD), computed as
the depth in which the temperature changed by 0.5◦ C relative to the surface temperature (Monterey and Levitus, 1997; Raitsos et al., 2013). The
dotted lines represent the average vertical profile of FCDOM ± the standard deviation and the average MLD ± the standard deviation. (c) Shows
the relationship between the MLD and average FCDOM concentration in
the mixed-layer for the measurements during the November cruise.
• Figure S6: Shows scatter plots from a comparison of in situ chlorophyll
from Tara and satellite match-ups of SeaWiFS, MODIS-Aqua and MERIS
derived chlorophyll, using standard band-ratio and band-difference algorithms, and tuned algorithms (see Table 3 and 4 of manuscript, denoted
by “RG” for each specific sensor). OC3MO refers to the NASA default
MODIS algorithm (NASA, 2010), OC4ME to the NASA default MERIS
algorithm (NASA, 2010). OCIMO and OCIME refers to the implementation of the Hu et al. (2012) algorithms on the MODIS-Aqua and MERIS
sensors respectively. MERIS-SeaDAS refers to NASA processed MERIS
data using SeaDAS and MERIS-POLY refers to MERIS data processed
with POLYMER (Steinmetz et al., 2011). Statistics in the plot include:
the Pearson correlation coefficient (r); the root mean square error (Ψ); the
average bias between model and measurement (δ); the centre-pattern (or
unbiased) root mean square error (∆); the slope (S ) and intercept (I) of a
Type-2 regression; and the percentage of possible retrievals (η). All statistical tests were performed in log10 space, considering chlorophyll is approximately log-normally distributed (Campbell, 1995).

Figure S1: The relationship between the exponential spectral slope of CDOM absorption, denoted S g , and absorption by CDOM at 400nm (ag (400)) derived using NASA NOMAD data (Werdell and Bailey, 2005) and data from the Bermuda
Bio-Optics Project (BBOP; Siegel et al., 2001).

Figure S2: Data on in situ remote-sensing reflectance (Rrs ) at two stations in
the Red Sea collected using a HyperPro (Satlantic Free-Falling Optical Profile
with two HyperOCR optical sensors) deployed in surface mode during the Tara
cruise. (a) shows absolute Rrs as a function of wavelength for data collected on
the 9th January 2010 and (b) the same spectrum normalised at 555 nm. (c) shows
absolute Rrs as a function of wavelength for data collected on the 11th January
2010 and (d) the same spectrum normalised at 555 nm. In addition to the in situ
spectra, Rrs is also reconstructed using the Red Sea bio-optical model (red line)
from the in situ AC-S estimates of chlorophyll (C), averaged over a 30 minute
period during the HyperPro deployment. On the 11th January 2010, there was
a concurrent 4 km OC-CCI match-up, and the satellite match-up is also plotted
for this station. Error-bars (grey shading) for the in situ Rrs spectra represent
± standard deviations of Rrs taken during the deployment, and for the model
(orange shading) represent a minimum and maximum of a Monte-Carlo run,
using a parameter probability distribution assigned using the confidence intervals
of each parameter (as given in Table 1 of the main paper). Error-bars on satellite
Rrs represent ± root-mean-square-error for the pixel, provided in the OC-CCI
products.

Figure S3: A sensitivity analysis of the OC4-RG and OCI-RG algorithms tuned
using the Red Sea ocean-colour model. Black line refers to 1:1 line.

Figure S4: (a) shows an OC-CCI chlorophyll composite using the OC4 algorithm, created over the period of the MIPOT cruise, with the MIPOT cruise track
overlain. (b) shows a latitudinal plot of the MIPOT in situ chlorophyll data, with
the corresponding OC4 chlorophyll satellite estimates from the composite, along
the MIPOT cruise track, overlain. (c) shows an OC-CCI chlorophyll composite
using the OC4 algorithm, created over the period of the Tara cruise, with the Tara
cruise track overlain. (d) shows a latitudinal plot of the Tara in situ chlorophyll
data, with the corresponding OC4 chlorophyll satellite estimates from the composite, along the Tara cruise track, overlain. (e) shows an OC-CCI chlorophyll
composite using the OC4 algorithm, created over the period of the March 2010
RSRC cruise, with RSRC data between 21◦ N and 24◦ N overlain, and three transects (T1, T2 and T3). (f) shows a longitudinal plot of OC4 chlorophyll satellite
estimates from the composite and along the three transects (T1, T2 and T3), with
the RSRC in situ chlorophyll data along the three transects overlain.

Figure S5: (a) Location of the samples used in the KAUST November 2013
cruise of corresponding FCDOM and mixed layer depth (MLD). (b) Shows the
average vertical profile of FCDOM for all profiles in the November cruise and
the average mixed layer depth (MLD). The dotted lines represent the average
vertical profile of FCDOM ± the standard deviation and the average MLD ±
the standard deviation. (c) shows the relationship between the MLD and average FCDOM concentration in the mixed-layer for the measurements during the
November cruise.

Figure S6: Scatter plots from a comparison of in situ chlorophyll from Tara and
satellite match-ups of SeaWiFS, MODIS-Aqua and MERIS derived chlorophyll,
using standard band-ratio and band-difference algorithms, and tuned algorithms
(see Table 3 and 4 of manuscript, denoted by “RG”). OC3MO refers to the NASA
default MODIS algorithm (NASA, 2010), OC4ME to the NASA default MERIS
algorithm (NASA, 2010). OCIMO and OCIME refers to the implementation of
the Hu et al. (2012) algorithms on the MODIS-Aqua and MERIS sensors respectively. MERIS-SeaDAS refers to NASA processed MERIS data using SeaDAS
and MERIS-POLY refers to MERIS data processed with POLYMER (Steinmetz
et al., 2011). Black line refers to 1:1 line.
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