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Abstract - In-situ spectral reflectance of sea waters were
acquired using a hand-held spectroradiometer during a series
of seatruth water sampling campaigns carried out in the
Johore Strait, Singapor e from Dec 1996 to Dec 1998. Onefield
trip has also been carried out in Manila Bay, Philippines
during an episode of harmful algal bloom in September 1998.
The reflectance spectra were collected together with
coincidental measurements of water quality parameters, such
as the total suspended solid (TSS) and the chlorophyl-a (Chl -
a) loadings. Phytoplankton cell counts and species
identification were performed. Results of spectral analysis
using the singular value decomposition technique show that, it
is possible to distinguish different phytoplankton bloom types
using the reflectance spectra.

INTRODUCTION

In the ocean, phytoplantons (or algae) constitute the base of
the marine food web. Phytoplanton concentration is
correlated to the ocean primary production. The
identification ~and  monitoring of  phytoplankton
concentration are often considered as a viable means to
locate new fishing grounds. However, certain types of algae
blooms are not beneficial. The terms 'Harmful Algal
Bloom' (HAB) or 'Red Tides are often used to describe
algal blooms which cause negative impacts to humans® 2.
Algal blooms may cause harm by shading other aquatic life.
When bloom collapses, the microbial respiration on the
dead and decaying cells can lead to reduced oxygen
concentrations that can kill fish and other aquatic organisms
due to lack of oxygen. In situation whereby a bloom is
dominated by toxic algal species, toxins can be
accumulated in the food chain and eventually be consumed
by humans to cause paralytic or diarrhetic shellfish
poisoning. HABs have caused severe damage to fishing
industry and resulted in human casualties.

It isimportant to monitor occurrences of algal blooms due
to their strong social, economic and health impacts.
Satellite remote sensing measurement of ocean colour
provides a tool complementary to in-situ sea-truth
measurements for red tide monitoring, due to its sypnotic
coverage, frequent revisit capability and relatively low cost.
Asthe individual phytoplankton pigments are characterised
by their unique light absorbance features, detection of
specific optical features can discriminate individual
pigmentss' This property allows detection and

identification of algal blooms by ocean colour remote
sensing technique.

Many factors contribute to the difficulty in monitoring algal
blooms in coastal waters. Thousands of algal bloom species
exist and algae blooms are usually transient phenomena. In
addition, algae blooms co-exist with other constituents in
the water body, majority of which are sediments and
dissolved organic matter (yellow substance)® > ¢ The
presence of these other constituents may obscure the optical
signatures of algal blooms. Due to the complexity of the
problem, it is crucial to have large amount of in situ sea-
truth data to help in the interpretation, calibration and
validation of remote sensing data.

In this work, in-situ spectral reflectance data acquired using
a hand-held spectrometer during a two-year sea-truth
sampling programme7, mainly in Singapore coastal waters,
are analysed. During the two-year campaign, spectral
reflectance signatures of seven classes of algal blooms have
been collected, including one class collected from the
Manila Bay during the HAB episode in September 1997.
The preliminary results in the classification of the
reflectance spectra using the singular value decomposition
(SVD) technique indicate that it is possible to disaiminate
the different classes of algal blooms from their respective
reflectance spectra. The analysis of the spectra provides a
basis for classification of the bloom types from satellite
ocean colour and hyperspectral reflectance data.

METHODS

The seatruth water sampling campaigns were carried out
from Dec 1996 to Dec 1998. Reflectance spectra were
acquired using a portable GER 1500 spectroradiometer.
The water quality parameters measued were, among other
things, the total suspended solid (TSS), chlorophyll-a (Chl-
a), dissolved organic matter (DOM), total phosphate, total
nitrogen and plankton cell count.

An algorithm based on the singular value decomposition
(SVD) technique® was tested for classification of algal
bloom types from reflectance data. In this algorithm, for
each algal bloom classi, we seek a key vector V(I ) such
that dot product of V;(I) with a reflectance spectrum R(l)
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Fig. 1: Representative reflectance spectra of Trichodesmium

(cyanobacteria) algal blooms.
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Fig. 2 Representative reflectance spectra of chain-forming diatom algal
blooms.
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Fig. 3: Representative reflectance spectraof clear reference seawater (low
Ch -1, low TSS).

measured for a given algal bloom class-j isoneiif j = i, and
zeroif j * i. Using a training set of spectra of known
classes, the key vector for each class can be obtained using
the singular value decomposition technique. After the key
vectors have been determined, they are applied to each of
the unknown spectra R(l') to be classified, by forming the
dot-product:

Wi =4 R0 () (D)

The dot product w; is the score value of the reflectance
spectrum with respect to class-i. If the unknown spectrum
belongs to class-i, then the score value w; should be a value
closeto one, otherwise, thevalueiscloseto zero.

RESULTS

From the collected reflectance spectra, it is found that
different bloom classes are characterised by different
spectra shapes. For example, reflectance spectra from
Trichodesmium and chain forming diatom classes are
shown in Fig. 1 and Fig. 2 respectively. The representative
spectra of clear sea water (low chlorophyll-a and total
suspended solid content) are also shown in Fig. 3 for
comparison.

Trichodesmium is a species of cyanobacteria (bluegreen
algae). It is commonly found in the region of south east
Asia and Australia. Although not a toxic phytoplankton
species, it has been reported to cause death of fishes in
Thailand, Indonesia, and Malaysia. The reflectance spectra
of Trichodesmium bloom shown here waere acquired
during a bloom occurring on 30th-31st July 1997 at the off
the coast at the eastern part of Singapore. The bloom was
characterised by orange-brown patches with typical
dimension 0.5m by 5m.The Trichodesnium count was
estimated to be 210,000 cellgl. In the spectra of
Trichodesmium shown in Fig. 1, the chlorophyll absorption
bands at 443 nm and 660 nm can be clearly seen. Another
clear trough is found around 490nm corresponding to the
pigment absorption.

Chain forming diatom blooms are the most common type of
phytoplankton bloom which occurred in the Johor Strait,
Singapore. It can be seen that the spectral shape of chain
forming diatom bloom (Fig. 2) is very different from those
of Trichodesmium (Fig. 1) and clear water (Fig. 3) spectra.
Besides the 560nm peak of case Il sea water, there is
another peak found at around 690nm region. The
absorption at 670 nm is clearly visible, but unlike the
Trichodesmium spectra, there are no distinct peaks and
troughsin other bands.

Results of spectral analysis for agal bloom types
classification using various combinations of reflectance
difference and reflectance ratio at several wavelength bands
have been reported pre'viously7. Use of different band
combinations results in discrimination of different algal
bloom types. Among the nine classes (seven algal bloom
classes, two clear water classes), seven classes could be
unambiguously separated.

In this paper, the preliminary results of using the singular
value decomposition technique in classfication of the
reflectance spectra are reported. This technique makes use
of the information contains in all the available wavelength
channels, instead of selecting a small subset of the channels
for analysis. Some representative results of classification
using this technique is illustrated in Fig. 4. In each panel of
Fig. 4, the score values w; (evaluated using Equation 1) of
all the reflectance spectra for all the nine algal bloom
classes with respect to agiven class-i are plotted.
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Fig. 4: Results of spectral analysis of thealgal bloom spectra using the SVD technique. The nine classes are: 1. Reference seawater
(Singapore), 2: Trichodesmium, 3: Diatoms, 4: Mixed diatom and dianoflagellate (high dinoflagellate count), 5: Mixed diatom and
dianoflagellate (low dinoflagellate count), 6: Cochlodinium (Dianoflagellate), 7: Armoured Dianoflagellate, 8: Ceratium and Pyrodinium
Bahamense (ManilaBay samples), 9: Reference seawater (ManilaBay).

For example, in the top left panel of Fig. 4, the score values
of all spectra are evaluated with respect to the key vector
for Singapore reference sea water (class1). By using a
threshold value of 0.39, amost all samples from the
reference sea water (Singapore) class are correctly
classified, while all other spectra except two from class-2
(Trichodesmium) are correctly classified as not belonging
to class-1. The top right panel of Fig. 4 shows that all
samples are correctly classified with respect to class-2
(Trichodesmium) if athreshold of 0.2 isused. In the bottom
left panel, 31 out of a total of 40 spectra from class-3
(Diatom) can be correctly sepecated from the rest. The 9
misclassified spectra were all acquired on the same date,
from the same site. On re-examination of the spectra, the
shapes of these spectra were found to be visually different
from the other spectra. The bottom right panel shows that
all except one of the spectra from class-8 (Ceratium and
Pyrodinium Bahamense from Manila Bay) are correctly
classified. Two other classes (class-7 and class-9, results
not shown) are also correctly classified. In summary, six
classes (4 algal bloom classes and two reference sea water
classes) out of nine can be identified with a reasonably
good accuracy. The other three classes show a greater
degree of confusion. However, all the seven algal bloom
classes can be discriminated from the two reference sea
water classes.

DISCUSSIONS AND CONQ.USIONS

Seven types of algal blooms have been observed and
studied during the two-year sea-truth campaign. Six of
them were observed in Singapore water, while the other one
was observed during a field trip to the Manila Bay in
September 1997. These agal bloom classes are
characterised by different spectral signatures. The peaks
and troughs observed in the spectra are related to different
phytoplankton properties, e.g., chlorophyll-a absorption,
and pigment absorption. A classification algorithm based
on the singular value decomposition technique has been
tested on the reflectance spectra. Six out of nine classes
(including two reference sea water classes) can be
identified with good accuracy. All the seven algal bloom
classes can be discriminated from the two reference sea
water classes. The result suggests the feasibility of
detecting and identifying algal bloom types by their
reflectance spectra.

The data used in this study belong to the class of
hyperspectral data, with spectral radiance measured in 512
wavelength channels continuously from 350 to 1050 nm.
Currently, there is no satelliteborne sensors capable of
acquiring this type of hyperspectral data though several air-
borne hyperspectral imagers are available. Currently, the
SeaWiFS sensor on board the SeaStar satellite (launched
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October 1997) is the only available satellite-borne ocean
colour sensor. It has six bands in the visible region and two
in the nearinfrared region. Each band has 20 nm
bandwidth. The other recent sensor was the OCTS onboard
the Japan's ADEOS satellite launched in August 1996.
ADEOQOS ceased operation in June 1997 when the ADEOS
satellite stops its operation. It was the first second
generation ocean color sensor after the 10 years gap since
NASA's CZCS. Future planned ocean colour sensors
include the NASA's MODIS, NASDA's ADEOS2-GLI and
ESA's ENVISAT-MERIS. Satellites with  truly
hyperspectral sensors are forthcoming in the near future
(e.g. the Hyperion sensor on the planned NASA's EO-1
mission). These future sensors have more wavelength bands
with narrower bandwidths. Studies are currently being done
to evaluate these ocean colour sensors for their capabilities
in retrieval of water quality parameters in coastal waters
and algal bloom type classification, using data simulated
from the in-situ hyperspectral reflectance data. Further
research is in progress to develop various techniques in
utilising the spectral information for detection and
identification of algal bloom types.
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