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Abstract—In this paper, the occurrence and distribution of
Ulva prolifera bloom in the Yellow Sea in summer of 2008 are
investigated using the medium-resolution data from operational
MODIS (Moderate Resolution Imaging Spectroradiometer)
instruments onboard Terra and Aqua satellites with an
FAI(Floating Algae Index) method. The sea surface wind fields
from NASA’s QuikSCAT (Quick Scatterometer) are also
analyzed to study their impact on the movement of the floating
macroalgae.
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INTRODUCTION

A bloom of Ulva prolifera (previously known as
Enteromorpha prolifera), a type of green macroalgae, occurred
in the Yellow Sea in mid May, 2008. It lasted for about two
months and accumulated along the coast of Qingdao, host city
for Olympic sailing game, which resulted in the largest “green
tide” event in history ™. Some scientists ™ @ attributed the
cause of the bloom to the expansion of coastal Porphyra
yezoensis seaweed aquaculture along the shoreline of Subei
Bank north of the Yangtze River mouth. The algae bloom was
non-toxic but can lead to ecological consequences and cause
economic losses to marine industries. In particular, it brought
great environmental pressure on the Olympic sailing event in
this case. Thus it is necessary to monitor the occurrence and
movement of U. prolifera bloom.

In this work we use satellite MODIS data from May to July
2008 to investigate the location and extent of U. prolifera
bloom. In the Yellow Sea, the summer surface currents are
primarily wind driven ©!. By combining the sea surface wind
data from QUuikSCAT, the influence of the wind on the
evolution of the bloom is also examined.

DATA AND METHODOLOGY

DATA

Here the MODIS images with high spatial resolution (250 m
and 500 m) are used to analyze location and extent of the U.
prolifera bloom. The MODIS instruments are onboard two
satellites, Terra and Aqua, respectively, which could provide
four images one day for the same region. With high spatial and

© 2013. The authors - Published by Atlantis Press

902

2. College of Harbor, Coastal and Offshore Engineering
Hohai University, Nanjing, China
3. National Space Institute, Technical University of Denmark,
Copenhagen, Denmark
*Corresponding author: maggiexu@hhu.edu.cn

temporal resolution, MODIS data are widely used in oceanic
research . They are of great significance on the monitoring of
red and green tides all over the world ocean due to their
capability in observing the ocean colort:?*™,

Daily MODIS images were searched for the Yellow Sea
from 1 May to 31 July in 2008. About 11 images sufficiently
cloud free were obtained which show the existence of floating
patches of algae. Fig. 1 is an example of MODIS image on 31
May, 2008, on which the U. prolifera are clearly shown as
large green patches.

Fig.1 MODIS AquafﬁGB (1, 2, 1 bands) image in the Yellow
Sea acquired at 4:40 UTC on May 31, 2008.

Daily, weekly and monthly satellite wind data at 10 m above
the sea surface are obtained from QuikSCAT data archives
(http://www.ssmi.com/gscat/).

METHODOLOGY



We use an FAI (Floating Algae Index) method proposed by
Hu ® to observe the floating of U. prolifera from MODIS
images. The method has been proved to be more effective in
detecting floating macroalgae than other methods.

FAI is defined as'®:

!

FAI = R(rc,NIR) - R(rc,NIR)
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FENIR) is the sea surface reflectance at near infrared

(1)
where R

(NIR) band; R(rc,NIR), is the baseline reflectance in the NIR

band derived from a linear interpolation between the
reflectance at red and short-wave infrared (SWIR) bands,

R(rc,RED)and R(rc,SWIR)’ respectlvely. /IRED’ ﬂ“NIR and /ISWIR are

the wavelengths at red, NIR and SWIR, respectively. For
MODIS, Ay, =645 nm, A, =859 nm, Ag,, =1240 nm.

FAI > 0.2 is assumed to correspond to 100% algae coverage
and FAI = 0 represents 0% algae coverage .

RESULTS AND DISCUSSION

Fig. 2 are some examples of the FAI images of floating
algae in the Yellow Sea derived from cloud-free MODIS
imagery during May to July, 2008. The locations of U.
Prolifera identified from FAI imagery during this period are
shown in Fig. 3. From Figs. 2 and 3 we can see the evolution of
the algae bloom. The U. Prolifera bloom first appeared in mid
May near the coast of Lianyungang. The floating macroalgae
moved northward into the middle of the Yellow Sea and grew
rapidly, reaching a peak size at the end of May. They landed on
the coast of Qingdao in late June. The algae then moved
eastward in July and remained visible until early August.
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Fig. 2 FAI images of floating algae in summer 2008. Ellipses
denote extent of the floating algae.
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Fig.3 Location and distribution of Ulva prolifera identified
from MODIS FAI imagery.
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The QuikSCAT surface winds in the Yellow Sea are shown
in Fig. 4. Daily, weekly and monthly winds are all examined.
Comparing the detected algae bloom (Figs. 2 and 3) with
surface wind pattern, it is clearly seen that the algae slicks
followed the northward wind in general. During May to July,
the winds are light, lower than 8 m s™. The wind directions are
predominantly from the south or south-east, driving the surface
ocean current northward or north-westward, which led to the
north-westward floating of the U. Prolifera. In early July, the
winds near the coast of Qingdao were from the south-west,
moving the macroalgae to the north-east.
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Fig. 4 Daily (a), Weekly (b and ¢) and Monthly (d) QuikSCAT

surface wind speed and direction in the Yellow Sea.
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CONCLUSION

Using satellite MODIS imagery, we investigated the
occurrence and evolution of the U. Prolifera bloom in the
Yellow Sea in summer of 2008. The location and extent of the
floating macroalgae were detected with an FAI method. The
results show the capability and effectiveness of satellite data to
monitor the green tide.

By combining sea surface wind data from QuUikSCAT, we
found that there was a good agreement between the floating
pattern of the U. Prolifera and the wind direction. This
indicates that the winds played an important role on the
movement of the floating algae in the Yellow Sea where the
summer surface currents are primarily driven by wind.
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