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Abstract

This research compared absorption coefficients using multi-temporal COMS/GOCI
Level 2 products. Also, through difference of absorption property which exists between
satellite images in a time when a HAB did not occur and other satellite images in a time
when a HAB occurred, a new red tide index has been developed. It was compared with
outcomes of the red tide index of GOCI Level 2 data. At the result of comparing the GRI
and RI, though areas with high values in all of the GRI and RI show a similar tendency.
In case of the red tide index proposed in the study, it has a tendency to be overestimated
compared with the existing red tide index of GOCI. But, in case of applying to images of
no red tides, it could be confirmed that areas of wrong detection have been improved
greatly in high concentration of suspended solid. The GRI can be available as a red tide
index like the RI. Later, using the red tide index, it is judged that they will contribute to
accuracy improvement of the detection technique of red tides.
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1. Introduction

A red tide is a phenomenon that color of sea water changes by mass propagation of
microbes like phytoplankton in a special condition [1]. Recently, besides a red tide
changing the color of sea water, although the color of sea water is not changed, as long as
physical damage becomes injurious to other creatures, it is defined as harmful algal bloom
(HAB) in a concept of full bloom of harmful algae [2]. In Korea, the red tide has harmed
Korea in annual average damage of 7.2 million dollars for the last 20 years from the start
of the greatest damage of 66.3 million dollars in 1995.

Studies of red tides so far have been realized focused on environmental and
physiological properties about species causing red tides [3-5]. But, because recent red
tides receive influence of complex factors due to change of marine environment and
development of coastal waters, occurrence and progressing aspects of red tides become
complex. Moreover, it is more difficult to predict the occurrence of red tides because red
tides occurring along the shores of Korea are clear in seasonal transition of species [6].
So, it can be effective to detect the occurrence quickly and minimize damages by it is
field research using a ship or an airplane. But, there are disadvantages that it costs a lot of
money economically and does not monitor wide coasts effectively. Therefore, necessity of
remote sensing using a satellite comes to the fore [8].

Studies on detecting and monitoring red tides using remote sensing of satellites have
been tried based on chlorophyll-a concentration which was gained from the satellites [9-
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10]. However, in case of detecting red tides based on chlorophyll-a concentration, there is
a weak point that photosynthesis is not realized sufficiently or a red tide with low
concentration cannot be detected. To overcome the limitation of studies of detecting red
tides based on chlorophyll-a concentration by satellites, there have been trial to divide red
tides by grasping optical properties of sea water [7, 11]. Kim et al. detected red tides in
areas with clear water based on normalized water leaving radiance of MODIS level 2 data
and spectrums of red tides in field. Son et al. detected red tides which occurred in clear
water and turbid water based on water leaving radiance of GOCI level 2 data and
spectrums of red tides in field. But, these methods are algorithms which detected red tides
by using normalized water leaving radiance but contain errors. As optical characteristics
of sea water which can be obtained using a real satellite, there are absorption coefficients
and back-scattering coefficients besides normalized water leaving radiance. If the
characteristics are used, they will be helpful for lessening errors of algorithms which were
developed by normalized water leaving radiance.

However, it is in a situation that field investigation data on the optical characteristics
except normalized water leaving radiance about species causing red tides off the south
coast of Korea are lacking. Therefore, this study has developed a technique to detect red
tides using absorption coefficients in waters where red tides occurs without field
observation values, applied it to some cases, and verified it compared with existing
developed red tide index algorithms.

2. Data and Methodology

2.1. Study Area and Period

In this study, referring to data of breaking news [12] of red tides of National Institute of
Fisheries Science, the south sea of Korea where red tides happen frequently was selected
as the study area (Figure 1).
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Figure 1. Study Area
The region contains Goheung, Yeosu, and Namhae where red tides occur very often

and is an area pertinent to Case 2 water in the optical properties of sea water due to
suspended substances and dissolved organic matters.

46 Copyright © 2017 SERSC Australia


http://www.sersc.org/journals/IJGDC/

International Journal of Grid and Distributed Computing
Vol. 10, No. 10 (2017)

The study period was chosen from 2012 to 2015 except 2011 when red tides did not
occur among 2011 to the present when images of Geostationary Ocean Color Imager
(GOCI) have been provided.

2.2. Data

The study referred to the data of breaking news of red tides of the National Institute of
Fisheries Science. As test materials, GOCI level 2 data provided by Communication,
Ocean and Meteorological Satellite (COMS) were used.

GOCI is a marine payload of COMS and is composed of six bands of the visible light
region and two bands of the near-infrared light region. Spatial resolution of GOCI is
500m. On the basis of Korean Standard Time, a total of eight images were taken per one
hour after hour from 9 to 16.

From acquiring level 1B data of GOCI, using GOCI Data Processing System (GDPS),
atmospheric correction was made. At the result, level 2B containing products of
absorption coefficients was used among calculated data of level 2A, 2B, 2C, and 2P.

Satellite images on days when red tides occurred made reference to the data of
breaking news of red tides of the National Institute of Fisheries Science. Images of 30
days from the starting day that a red tide warning was issued were acquired. About
satellite images of days with no red tides, satellite images from January to May when it is
difficult for tides to happen were acquired. With the exception of images which are
difficult to get data due to clouds, the rest of them were used.

2.3. Method

Bak et al., (2016) [13] confirmed that absorption coefficients became noticeably low in
case of the occurrence of a red tide near sea areas of Goheung by using Landsat-7 ETM+
images and COMS/GOCI images. At the result of expanding the outcome into the whole
sea areas of the southern sea of Korea excluding sea areas near Goheung as a target region
of a previous study, it could be confirmed that the number of pixels with relatively high
absorption coefficients lessened remarkably on images shot at the time when a red tide
happened (Figure 2).

When seeing (Figure 2), in case of satellite images taken at the time when a red tide
occurred, the number of pixels with relatively high absorption coefficients lessened
conspicuously. It is judged that this is a result that high values were removed as much as
the number of pixels relevant to the sea areas where a red tide occurred on all the images
because absorption coefficients came to be lower in case of the occurrence of a red tide as
presented in the advanced study. When the decrease of absorption coefficients was
checked by band unit, there were great changes in band 1 (412nm), band 2 (443nm), and
band 3 (490nm).

In particular, as they decreased drastically in band 1 (412nm), there was a characteristic
to show a similar value like band 2 (443nm) [13]. If the ratio of two bands is represented
into a formula, it can be expressed like the next Formula (1).

Ag12 — Ag43 (1)

Ag12 + Qg3

a4q, . Absorption coefficient at 412nm
Q443 - Absorption coefficient at 443nm
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Figure 2. Histogram of Absorption Coefficient per Band in the Time of Non-

48

Occurrence of a Red Tide(N) and Histogram of an Absorption Coefficient

per Band in the Time of the Occurrence of a Red Tide(R)

Using the formula, when it is applied to images shot in the time of the non-occurrence
of a red tide and other images shot in the time of the occurrence of a red tide, it can be
known that in case of the non-occurrence of a red tide, values of pixels are distributed in
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the range of positive numbers, however, in case of the occurrence of a red tide, values of
pixels are distributed in the range of negative numbers (Figure 3-4).
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Figure 3. Distribution of Pixel Values of Satellite Image on Non-Red Tide
Occurred. In Case of the Non-Occurrence of Red Tide, at the Result of
Applying Formula (1) to all the Image, the Values are Distributed in Positive
Values (Operation Result<0)
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Figure 4. Distribution of Pixel Values of Satellite Image on Red Tide

Occurred. In Case of the Occurrence of a Red Tide, at the Result of

Applying Formula(1) to all the Images, the Values are Distributed in
Negative Values (0<Operation Result)

The GOCI Red Tide Index which was made by using the optic characteristics is like
the next Formula (2).
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Ay12 — A Qa3 — QA
GR] = — 2412 443 _ Y443 412 2)

Ag12 T Q443 Q443 T Q412

a4, . Absorption coefficient at Band 1(412nm)

a443 - Absorption coefficient at Band 2(443nm)

3. Result

(Figure 5, 7, 9, 11) is a result that the GRI was calculated by using the image of GOCI
on Aug. 13-15, 2013 and Sep. 1, 2014 when a red tide occurred off the south coast of
Korea. In (Figure 6, 8, 10, 12), using the same image, from calculating the Rl (Red Tide
Index) of Ahn et al., (2006), pixels with values from O to 50 are presented.

Figure 5. Operation Result that the GRI was applied to the Image of GOCI
on August 13, 2013

Figure 6. Operation Result that the Rl was applied to the Image of GOCI
on August 13, 2013
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Figure 7. Operation Result that the GRI was applied to the Image of GOCI
on August 14, 2013

Figure 8. Operation Result that the Rl was applied to the Image of GOCI
on August 14, 2013

g

Figure 9. Operation Result that the Rl was applied to the Image of GOCI
on August 15, 2013
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Figure 10. Operation Result that the Rl was applied to the Image of GOCI on
August 15, 2013
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Figure 11. Operation Result that the GRI was applied to the Image of GOCI
on September 1, 2014
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Figure 12. Operation Result that the Rl was applied to the Image of GOCI on
September 1, 2014

Compared to Figure 6 and Figure 7, Rl was detected a wider area than the GRI. But the
most of case, GRI was detected a wider area than the RI.
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At the result of comparing the GRI and RI, though sea areas with high values in all of
the GRI and RI show a similar tendency, the result which was calculated by the GRI was
overestimated relatively. But GRI was more accurate than the RI in high concentration of
suspended solids area.

Next (Figure 13) is a result that the GRI was calculated using the image of GOCI on
March 3, 2013 when a red tide did not occur. (Figure 14) is an image that the Rl was
calculated with the same image.

In case of the GRI, the rest sea areas except some pixels were calculated with low
values. But, in case of the RI, highly calculated pixels exist in coastal areas. Also, far in
the sea, there were high calculated pixels compared with neighboring waters.

vt ol !

Figure 13. Result that the GRI was applied to the Image of GOCI on March
3,2013

L~ 1

Figure 14. Result that the Rl was applied to the Image of GOCI on March
3, 2013

4. Conclusion and Discussion

This paper presented the GRI (GOCI Red Tide Index) from comparatively analyzing
satellite images which were shot in the time that a red tide did not occur and other images
which were shot in the time that a red tide occurred. In case of the GRI, when it was
applied to satellite images shot in the occurrence of a red tide, there was the tendency of
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overestimation compared with the RI. When it was applied to satellite images shot in the
non-occurrence of a red tide, there was the result that the range of wrong detection has
been improved compared with the RI.

Through the result, it is judged that the GRI can be available as a red tide index like the
RI. Plus, using this as a characteristic of red tide pixels, if it is mixed with other optical
properties of red tides which were used in the existing methods of red tides, it will
heighten detection accuracy more.

But, in case of the GRI which was proposed in this study, because it was made based
on optical properties which uniquely existed in the time when a red tide occurred, it
cannot necessarily say that optical properties of red tides are included. Later, based on
data about whether real red tides exist or not and density of red tides which were acquired
on spots, if absorption spectrums can be obtained, it is judged that more reliable result can
be gained.
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