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Abstract: The amount of chlorophyll-a depends on the amount of algae and can also be used as
an indicator of phytoplankton abundance and biomass in coastal water. The concentration of
chlorophyll-a also could be a gencral measure of water quality. A series of Moderate Resolution
Imaging Spectroradiometer (MODIS) data acquired on different dates were used in this study
since chlorophyli-a coneentration change over time. In this study. four different algorithms had
been chosen to extract chlorophyll-a concentration from MODIS data in the South China Sea.
MODIS data acquired on 13 June 2001 was used to derive the coefficients in the algorithm since
ground- truth data is available. The accuracy of these algorithms was also assessed by comparing
the correfation between measured and calculated chlorophyll-a values. The best algorithm is the
Gordon's algorithm with a R value of 0.735. Thus, Gordon’s algorithm was used to obtain
chlaorophyll-a distribution during the north east, south west and inter- monseon periods in 2003
and 2004. The results show that during the north east monsoon and seuth west monsoon periods,
the chlorophyil-a concentration is between 0.1-1.5 mg m™, while the chlorophyli-a concentration
during the inter- monsoon period is between 0.1-1.0 mg m™.
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1.0 Introduction

Chlorophvll-a is a green pigment that is present in all plant life and is nccessary for
photosynthesis. The amount of chlorophyll-a present in water depends on the amount of algae
and can also be used as an indicator of phytoplankion abundance and biomass in coastal water.
It is natural for chiorophyll-a levels o change over time. An increase of chlorophyll-a
concentration can reflect an increase in nutrient Joads and increasing frends can indicate
cutrophication of aguatic ecosystems (Setiarto and Suradi, 1999). WNormally, the chlorophyll-a
concentration is higher in coastal areas than in the offshore areas. However, there are also some
areas in the offshore areas that contain high chlorophyll-a concentrations and this may be caused
by strong currents that carry the chloraphyll-a from the coastat areas. Besides this, the monsoon
winds could also significantly affect the chlorophyll-a distribution; or upwelling which brings
cool. nutrient- rich water from the ocean depths to the surface (Abbott and Barksdale, 1995).

Chlorophyll-a mapping over ocean areas is important in the fishing industry.  However.
it is not easy to monitor chiorophyll-a distribution over a large area continuously based on the
conventicnal water sampiing. This traditional chlorophyll-a sampling is very time consuming,
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expensive and only can be done for a small area. Due to these limitations, the sample size cannot
be large encugh to cover the entire water body, Remote sensing techniques from satellite data
can overcome this problem. Remote sensing data that will be used in this study is multi-temporal
Moderate Resolution Imaging Spectroradiometer (MODIS) data. MODIS belongs to a new
generation of sensors that collect data across a wide spectral rarge with moderate spatial
resolution (250mwm-1km). The relatively good resolution and daily overpasses due to wide swath
make MODIS suitable for chlorophyli-a monitoring over the Scuth China Sea.

2.0 Objectives of Study
The main objectives of the study are:

i) To identify suitable algorithms to extract chlorophyll-a concentration from the
MODIS data and to determing chlorophyll-a from these algorithms.

i) To assess the accuracy of the algorithms by comparing satellite- derived
chlorophyll-a with ground truth data.

ii1) To map the distribution of chlorophyll-a concentration over the South China Sea
by using the best algorithm.

This study is based on the literature review of chlorophyll-a studies from satellite darta.

The suitable algoritim and spectral bands of the MODIS data are used in the determination of
chlorophyll-a and mapping of chlorophyll-a in the South China Sea.

3.0 Study Area

The study arca covers a major portion of the South China Sea (Figure ).

FEREhS SOVTRETS'T IOS‘&J jic HE- L 4 1OEC1LE

ST
RGTEFs

LD
LI 0

15

105G L

Figure 1: MODIS image (8 June 2003) over South China Sea.

The area undergoces 3 scasons namely the north- east monsoon, the south- west monsoon
and an inter- monsoon period. The area is also an important area that contributes to the fishing
industry in Malaysia.
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4.0 Methodology

The methodology used in the study is as shown in Figure 2.
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Figure 2: Flowchart of methodology.

A series of MODIS images of different dates in 20053 and 2004 were downleaded. The
downloaded data were for different monscon pericds. which include north east monsoon period
(January), inter- monsoon period (March) and south west monsoon period (June). Also. an image
of the same date with the obtained ground truth data i.c. 13 June 2001 was also downloaded. All
the images were correcled for geometry. The data were processed to extract water-leaving
radiance. The water- leaving radiance contains information about the water column (Chang et al..
2003). The land arca was mask out so that the water pixels can be discriminated from the land
pixels. Since MODIS data also suffers {rom clond cover problems; the cloud affected areas were
also masked out from the image. A regression analysis between measured chlorophyil-a
concentration and water- leaving radiance of different visible bands was carried out using four in-
situ data. The visible bands that give the highest R™ were selected to be used in the chlorophyll-a
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extraction. For Gordon’s algorithm, bands 9 (443 nm) and 12 (551 nm) images werc vsed. The
chlorophyll-a concentration was quantitatively estimated by using the algorithms as below:

(1) Gordon’s algorithm (1978)
Chi=a(l, 551/ L,443) . ... (3.1

(i) NDCI (Normalized Difference Chlorophyll Index) algorithm (1699)
In{(Chh=a{Ry-b......... (3.2)
and R =[{L.443/L 488) — (1..551/L,488)]
(iii) Clark 3~ bands algorithim (1990)
In(Chly=a+bR)......... (3.3)
and R=1In[{L443 + L,53DAL.551)]
{iv) Aiken’s algorithim (1995)
Chi=expla+b*In(R)]......... (3.4)
and R =(L.488 L.551)
where, .
Chi= chlorophyll-a concentration {mg m™)
a and b = regression coefficicnts
Lw . = water- leaving radiance in wavelength xxx nm
5.0 Results
5.1 Regression Analysis
Regression analysis between the measured chlorophyll-a and water- leaving radiance was
carried out using the algorithms. Most of the chlorophyll-a algorithms utilized only the spectral

signature in the visible range (Gordon, 1983; Okami, 1982). The cocfficients a and b from the
regression analysis are as shown in Figure 3.
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Figure 3: The coefficients derived from the regression analysis.

5.2 Chlorophyll-a Concentration Mapping from 13 June 2001 Data

Chlorophyll-a maps were produced using the coefficients derived from the regression
analysis on the 13 June 2001 data (Figure 4). The chlorophyll-a concentration extracted from
Gordon and NDCI algorithms is ranges from 0.1-1.0 mg m”,
concentration from Clark 3- Bands and Aiken algorithms is between 0.1-0.7 mg m>. The
chlorophyll-a concentration is higher in the coastal waters and decreases away from the coastal

waters.
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Figure 4: Distribution of chlorophyll-a concentration over South China Sea
(13 June 2001).
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Figure 5: The correlation between the measured and calculated chlorophyll-a concentration

at four check points.

Table 1: Summary of R’ values for the four algorithms.

Algorithm R’
Gordon (1978) 0.7345
NDCI (1999) 0.7308

Clark 3- Bands (1990} 0.7255
Aiken (1995) 0.7172




The correlation between the measured and caleulated chlorophyll-a concentration at four
check points is shown in Figure § and Table 1. The highest R” value of 0.735 is produced by the
Gordon’s algorithm, while the lowest R? value is 0.717, from the Aiken’s algorithm. The other
two algorithms, NDCI and Clark 3- bands produced R” value of 0.731 and 0.726 respectively.
The higher the R’ value, the betrer the accuracy from the algorithm. Therefore. it can be
concluded that the Gordon’s algorithm gives the highest accuracy, followed by NDCI, Clark 3-
bands and the Aiken’s algorithm.

5.3 Chlorophyll-a Extraction for different Monsoon Periods

The algorithm that was selected to be used in deriving chtorophyll-a information for the
different monsoon periods was Gordon’s algorithm. This is because the Gordon’s algorithm
gives the highest accuracy when compared with the other algorithms such as NDCIL Clark 3-
bands and Aiken algorithm. Instead of using 4 sampling points, 6 sampling points were used in
the regression analysis between chlorophyll-a concentration and water- leaving radiance. The
reason for increasing the number of sampling points is to obtain the coefficients with better R*
value. The carrclation between measured chlorophyll-a and water- leaving radiance is shown in
Figure 6 with a R? value of 0.941. The coefficients (a = 2.1326 and b = 3.1262) which were
derived from the regression analysis. were used to caleulate the chlorophyll-a concentration for
different monsoon periods in 2003 and 2004 (Figure 7).
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Figure 6: Measured chlorophyll-a vs. water- leaving radiance.
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Figure 7: Distribution of chlorophyll-a concentration over South China Sea for different
monsoon periods.

The north- east monsoon period starts from the month of December to February, an inter-
monseon period talls i the month of March. April and May and the south west monsoan period
starts frem the month of June to Septentber. In 2003, the chiorophyll-a concentration in the
coastal waters during north east and south west mensoon periods range between 0.1-0.3 mg m™,
while the chlorophyll-a concentration in 2004 has increased to more than 0.5 mg m™. This means
that the chlorophyll-a concentration has increased over time. The results of year 2003 and 2004
show that during the north cast monscon and south west monsoon periods the chlorophyll-a
concentration over the South China Sea is between 0.1-1.5 mg m™, while the chlorophyll-a
concentration during the inter- monsoon period is between 0.1-1.0 mg m™. The chlorophyli-a
concentration during inter- mensoon peried is lower when compared to the north cast and south
west monsocn periods. The chlorophyli-a concentration during both north east and south west
monscon periods can be atfected by factors like monsoon winds. currents, upwelling and others.




6.0 Conclusions

From the study, it can be concluded that bands 9 and 12 give the best correlation with R”
of 0.84 between chlorophyll-a and water- Jeaving radiance using 4 points in the regression using
Gordon’s algorithm.  The regression analysis using measured chlorophyll-a and calculated
chlorophyil-a at the 4 points showed the Gordon’s algorithm gave the best correlation R” of 0.735.
Therefore, the algorithm was used to calculate the chlorophyll-a distribution during the north east
monsoon, south west monsoon and inter- monsoon periods in 2003 and 2004. The chlorophyll-a
concentration during the north east monsoon and scuth west monsoon period was between
0.1-1.5 mg m™, while the chlorophyll-a concentration during inter- monsoon period ranges from
0.1-1.0 mg m~. Thus, the chlorophyll-a level is lower during inter- monsoon period when
compared to the monsoon period. The chlorophyll-a concentration in the monsoon period might
be affected by factors like monsoon winds, currents. upwelling and others. However, the
accuracy ol the results for the 2003 and 2004 data could not be checked since ground truth data is
~ not available. It is recommended that more ground truth points should be used in the regression
analysis to improve the results.

References

[1] Abbott, M. R. and Barksdale, B. (1995). “Variability in Upwelling Systems as Observed by
Satellite Remote Sensing.” In Upwelling in the Ocean: Modern Processes and Ancient
Records, Berlin. pp. 221-238.

[2] Aiken. I.. Moore, G. F.. Trees, C. C., Hooker, D. K. and Clark, DK, {1995). “The SeaWIFS
CZCS- Type Pigment Algorithm.” NASA Tech. Memo. 104566, Vol. 29, pp. 34.

[3] Chang, G. C., Dickey, T. D., Maobfey, C. ., Boss, E. and Pegau, W. S, (2003). “Towards
Closure of Upwelling Radiance in Coastal Waters.” Optical Society of America, Applied
Optics, Vol. 42, No. 9. http:/www.oplucsb.edu/hycodeopl/pubs/Changetal2003 final pdf

[4] Gordon, 1L R. (1978). “Removal of Atmespheric Effects from Satellite Imagery of the
Oceans.” Applied Optics, Vol. 17, pp. 1631-1636.

[3] Gordon, H. R. (1983). “Phytoplankton Pigment Concentration in the Middle Atlantic Bight:
Comparison of Ship Determinations and CZCS Estimates,” Applied Optics, Vol. No. [,
ep. 20-36.

[6] Okami, N. (1982). “Correlation Studies between Spectral Radiance Reflection and Water
Quantities in Lake Kasumiga- ura.” Journal of the Remote Sensing Society of Japan, Vol.
2.No. 1, pp. 21-31.

{7] Setiarto, A. and Suradi (1999). “The Measurement of Chlorophyll-a Concentration in the
Coastal Waters Adjacent to Karang Anyar Shrimp Ponds, Tugu Semarang.” Journal of
Coastal Development, published by the Research Institute ot Diponegoro University.,
Semarang, Indonesia.



