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Blending of ocean colour algorithms applied to the Southern Ocean
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A method of blending of a specific satellite ocean colour algorithm in the Southern
Ocean (SO) with a generic algorithm elsewhere is proposed. The SO is known to
have bio-optical properties that require a different bio-optical algorithm for
retrieving chlorophyll-a concentration. Merging data retrieved with a specific
algorithm in one area with data retrieved with another algorithm elsewhere has
remained a problem. We use a blending scheme that uses both bio-optical proper-
ties and the location of the pixel relative to the mean position of the Subtropical
Front to create a smooth transition from one algorithm to another. The method
can be applied to other regions or variables after modification.

1. Introduction

Satellite measurements of ocean colour (McClain 2009) are a primary tool for asses-
sing ocean productivity and its response to climate change (Behrenfeld et al. 20006).
Improving the accuracy of the ocean colour algorithms is therefore a high priority. It
is known that bio-optical relationships between chlorophyll-a concentration (chl-a,
mg m~) and water-leaving radiances differ from those at lower latitudes (Mitchell
and Holm-Hansen 1991, Dierssen and Smith 2000, Garcia et al. 2005, Mitchell and
Kahru 2009) and that standard ocean colour algorithms have a significant bias in the
Southern Ocean (SO). The errors in estimating chl-a are transferred to estimates of
primary productivity and carbon fluxes. Despite the importance of the SO, incorpor-
ating this information into a standard satellite algorithm has remained elusive.
Specific algorithms for the SO have been proposed (Mitchell and Kahru 2009), but
the problem remains how to merge seamlessly satellite products over regions that
cover domains of application of different algorithms. This letter describes a method of
how to blend a specific SO chl-a algorithm with the standard chl-a algorithm
elsewhere.

2. Southern Ocean chl-a algorithm

The standard NASA ocean colour chl-a algorithms (O’Reilly et al. 1998, Werdell
2009) use the maximum band ratio (MBR) principle applied to remote sensing
reflectances, R, (or to normalized water-leaving radiances, L.,,). Our SO-specific
algorithm, called SPGANT, uses a similar form and separate versions have been
developed for the major ocean colour sensors (Mitchell and Kahru 2009).
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Figure 1. The Southern Ocean chl-a algorithm SPGANTV4 (solid curve) as applied to
SeaWiFS bands compared to the standard OC4v4 algorithm (dashed) using in situ data
(small black circles).

Figure 1 shows the difference between the standard OC4 and the SPGANT algorithms
for SeaWiFS. In essence, over the middle chl-a range (0.2-2 mg m ™) the standard chl-a
algorithms (OC4 for SeaWiFS, OC3m for MODIS and OC4-GLI for GLI) underesti-
mate chl-a by 2-3 times. SPGANT has higher *, lower RMS error and, most signifi-
cantly, it produces significantly higher chl- at midrange of chl-a. The range 0.2-2 mgm™
is the typical chl-a range in moderate phytoplankton blooms in the SO and is therefore
important for the accurate detection of primary production and export fluxes in these
regions. This underestimation by the standard algorithms in the chl-a mid-range by 2-3
times has been independently confirmed by several studies (Dierssen and Smith 2000,
Holm-Hansen et al. 2004, Garcia et al. 2005). At low chl-a (<0.1 mg m™) the algorithm
curves merge. At high chl-a (>10 mg m™) the algorithm curves also merge but the
relationship between chl-¢ and the MBR is highly variable and dependent on the
particular phytoplankton type and other bio-optical characteristics.

The SPGANTV4 algorithm has been developed using I data collected by the Scripps
Photobiology Group and by adding all data from NOMAD (Werdell and Bailey
2005) south of 55°S Iatitude.

3. Blending of the Southern Ocean algorithm with the standard algorithm

Currently we have no acceptable bio-optical model that provides equally good chl-a
estimates in the SO and in other parts of the World Ocean. Although the SPGANTv4
provides improved chl-a estimates in the SO, it is not applicable for the rest of the World
Ocean where the standard algorithm should be used. In producing global or regional
chl-a maps we need to have a realistic transition from the SO to the rest of the World
Ocean without a discontinuity between the different domains. Similar problem arises
when transitioning between other regions with localized algorithms. We have designed
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a method to blend the SO algorithm with the standard ocean colour algorithms. We
note that the SO with relatively high chl-a is bounded by the oligotrophic gyres with
very low chl-a to the north and that the boundary between them coincides roughly with
the Subtropical Front (STF) (Orsi et al. 1995). We also note (figure 1) that at low chl-a
(~0.1 mgm™, MBR ~5) the standard chl-a model and the SO-specific model converge.
Below ~0.1 mg m™ the polynomial curves diverge again but this is due to the lack of
data and not due to a known difference in the algorithms. We assume that at low chl-a
(<0.1 mg m~>) the standard algorithm is applicable in the SO. In summary, we use the
standard algorithm at MBR > 5, the SO algorithm when MBR < 3 and blend the two
algorithms when 3 < MBR < 5. In the transition zone (3 < MBR < 5) the weight of the
SO algorithm (wppr) changes linearly from 1 at MBR = 3 to 0 at MBR = 5 (figure 2).
This assumes that the northern boundary of the SO coincides with low chl-a (high
MBR), and we will use the standard algorithm north of the boundary. However, the
natural boundary of the SO formed by the oligotrophic gyres (MBR > 3) to the north is
not continuous along the coasts and in some other productive areas (around island and
continental shelves). In those productive areas we use the mean position of the STF as
the boundary. The position of STF is not fixed in space but can vary over a broad range;
therefore, we use a range of approximately +500 km centred at the mean position of
STF as the north—south transition zone. In this transition zone the geographic weight of
the SO algorithm (wge,) changes from 1 at the southern border to 0 at the northern
border. The weight of the SO algorithm is based on both MBR (wysgr) and location
compared to STF (wgeo) and the final weight of the SO algorithm (w) is taken as the
minimum of wypr and wgeo. Figure 3(a) shows the resulting weighting function that
provides a smooth transition in the STF zone and also uses the low MBR in the
blending of the low-chl-a waters south of the northern border of the transition zone.
Blending of the chl-a value for a pixel is done according to the following formula:
chlgiended = W X chlgpgant + (1 = w) X chlgiandard, Where chlgjengeq is the blended chl-a,
chlgpgant is the value returned for a pixel using the SPGANT algorithm and chlsngard
is the value returned by the standard algorithm. This blending scheme works well and
produces chl-a maps without discontinuities (figure 3(b)). We acknowledge that the
geographic blending is set to depend on the climatological location of STF and not on
the current location. This is a compromise as the current location of the SO boundary is
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Figure 2. Blending of the Southern Ocean algorithm with the standard algorithm: the weight
of the SO algorithm based on maximum band ratio as a function of MBR.
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Figure 3.  An example of the blending results. The white curves show the boundaries of the
transition zone, 500 km on either side of the mean position of STF. () Blending weight of the
SO algorithm (w) in a section of the Southern Ocean (December 1997) depending on the
maximum band ratio and distance from the Subtropical Front (STF). (b) Blended chl-a map.

difficult to determine. If such information is available then the scheme could be changed
easily.

In summary, the blending scheme is applied to all pixels south of the northern
boundary of STF as following:

At MBR > 5 it switches to the standard algorithm;
At MBR between 3 and 5, wygr = (5.0 - MBR)/2.0 and the weight of the standard
algorithm isl — wyggr.

In the transition zone (+500 km north-south of the mean STF position) the geographic
weight of the SO algorithm wg,, is calculated as a linear function between 1 at the
southern boundary and 0 at the northern boundary. The weight of the SO algorithm w is
the minimum of wygr and wge, and chlpjenged = W X chlgpgant + (1 — w) X chlsiandard-

4. Discussion and conclusions

A more generic blending method for ocean colour algorithms based on fuzzy logic and
weights determined by statistical procedures has been proposed (Moore et al. 2001)
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and is potentially applicable. However, here we use a more specific approach adjusted
for the SO that uses the bio-optical properties of the SO and location of a pixel
compared to the mean boundary of the SO. Using this approach we can create global
chl-a maps while using a SO-specific algorithm in the SO and the standard algorithm
(e.g. OC4 for SeaWiFS) elsewhere. The blending scheme proposed here can be
modified and improved if more information on bio-optical properties in the transition
zone becomes available.

To calculate global fluxes because of net primary production (NPP) and export
production, the SO estimates need to be combined with estimates elsewhere. Using a
specific algorithm in the SO is important as the standard algorithms typically under-
estimate chl-a by 2-3 times compared to in situ measurements, and these errors are
typically transferred to the estimates of NPP and export fluxes of carbon that are
critical to assessment of climate change and the role of the SO in it. The blending
scheme used for chl-a can also be used for blending of NPP and other fluxes to derive
global estimates that seamlessly transcend boundaries.
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