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Condition of red tide appearance in Wakasa bay
based on MODIS images

Takashi Aoyama and Hiroshi Oya

Since June, 2004, studies on triggering factors of the red tide have been carried out in Awara Space Radio
Observatory (ASRO), Fukui University of Technology utilizing directly received data of MODIS on the Terra
and Aqua satellites which have been acquired in ASRO. Preliminary results of the data analyses for the period
from July, 2001 to September, 2006 indicate conditions, for the appearance of the red tide bloom in Wakasa bay
as follows: (1) the threshold amount of chlorophyll-a is close to 1.5mg/m3, (2) the range of sea surface
temperature (SST) is limited in a range from 12 to 20°C and (3) the period of sunlit time in spring is also a
signiﬁcantly sensitive factor. We also propose here to utilize MODIS band1 images corresponding to a red band
with spatial resolution of 250m together with NDVI (Normalized Difference Vegetation Index) images which

has also spatial resolution of 250m, for the confirmation of the red tide.
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Fig.2 Relationship of the red tide appearance with
chlorophyll-a (Chl-a) concentration and sea surface

temperature (SST) in Wakasa bay.
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Fig. 4 Sunlit time during February to April in Obama
city near Wakasa bay from 2002 to 2006 (Courtesy of

Fukui Local Meteorological Observatory).

Fig. 5 (a): MODIS true color
image, (b):  Chlorophyll-a
concentration offered by JAXA
and (c): NDVI image on May

13, 2002.
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True Color B THERETHZ &
i, N RFRBIOBE TG
B TIIR, DFY, 1H
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Fig.6 (a): MODIS true color image on 2002/04/02 with spatial resolution of
500m, (b): same image corresponding to the yellow square in (a) obtained by

Terra/ASTER with spatial resolution of 15m.

True Color (C)

Fig.7 (a): MODIS band!1 image, (b): NDVI image and (c): true color image (R, G, B = B1, B4, B3) in Wakasa bay on May 2, 2004

obtained by Terra /MODIS. Yellow circles in each panel show the region of the mouth of Kuzuryu river and Obama bay.
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Fig.8 Scatter plot (b) for Band1 and NDVI and corresponding image (a). Relationship between characteristic regions and

colots is as follows; green: forest, purple: city and land without forest, light blue: cloud, brown: boundary between land

and sea, blue: sea, red: red tide, light green: dead or inactive phytoplankton, yellow: SS (mud in the sea).

) Baxlfil (b)

Fig.9 Same plot as Fig.8 for the range of Bandl value lower than 3000. The image only in sea area is expressed using four colors,

red, light green, yellow and blue corresponding to the region of red tide, dead or inactive phytoplankton, SS and sea, respectively.
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Fig.10 An example of scatter plot for the image

without red tide appearance (Feb. 18, 2004).

4. B

2/ TR K DI, BPBICBIT A RIR AT —EOREEMEN R S, BREICEN HIRED
BARBICRBNT, ZORBBEFEREOEEFEATERVI L HBECHALNIR>TWS, —fHl& LT, 2
0 0 3E8 AXRND 9 AFISOIZHIT TRARMZ X BERICR > TEET 2 KEERRENBREINTND, £
DEEDI/OOT 4N a BEEFI~Tmeg/mEBETHY, BEHEBKBEEIBLZ27CThHo, ZHIX. &
PBEOFRBFESMEON, BREHEAKEE (12~200C) KHLT7CTHLEWEEZRLTWS, ZOREREH
DOEFEWIT, BRE TERA SN A RBIT KT TRA LABBRICE Y BABICR SN TE b 0Tkl
EROTINOHAE SN D RBHEE L BRRMSORMGICI Y  BATRITHCRELZHDOTHD I L 2R
BLTWD, LEdoT, RIRESRFIIER, BREOFECLIVREEEINDZLERBRL. 45X
DIZIRIRD AL OW T Z DR EZER I E T LELH D,

5. &

AL T, HEEGREZACTRBORAE L 7un 7 L a B, FEEKELOBERERDBZEICLY
EIRIBEOFRER AL RD T, FORE., REOFASZMEE L Tr7un 7 )b a BEICIITRMEQ.5ng/n)
M, FREHEKIBIZR USRS (12~2000REET D Z LB LN R o, £, REIORBENEE (2

— 349 —



BHIEREMELE FE375 2007

HA~4R) 0 BBFEBORVEDE (3A~5H) WEFLTALRAZEbHALN RS,

FRWIFE LMW JAXAGRERREED 7 mu 7 4L a BEIZ. BAWEG)NEL & Nk TiX
ELWMEZE 27202 & 53 NDVI (ER{UAEARE) B2 EbE TR Z LICLVHALNIRoT, L
Bo T, FREHERMEZRD HEITIE, MET 2RO NDVI B FVv., MEMER0 s/ aa 7 40 a BE
2SS 12 X BRI TH B E 5 1EBICERT 5 BERD B, |

%70, {EARMGIED MODIS Fifg % F\ CHRMIAHET 5725 . MODIS CREGD5AEIE - band 1 B
FRAVWCHREZHET D Z L 2RABE, TOEIE NDVI Egx B CRE E BEDE O oS 1T-7=, L
LR E L FEB L 72 R 3 [ER IRV s NDVIfE 4 77372, MODIS @ Bandl & NDVI O£ &7 & /LEH>
b72% 2 IRTT Scatter plot Z{ER L. R, JEB L7 REl. BEWE LSBT 5 FEZHERB L, ZOFkE
AWsZ Lizk Y, Bandl Eif & NDVI HEEMIIZA WS EICIIRECH -7 REl. FEdk L 7zaRE.
B E DOBENRFIRE L 72 o 7,

AFSCTR LI REIRASEIIEREZ MBI LI b O TH Y | L VBRI B AEORBICK LTREFOE
FHEATERVILBHLNCR-> TS, ZOREEZEHT HDIC, SHBWERNRE BAREEBICIERL
TWFETH S,

BEIMR
(1) LR, JUK¥, IR MODIS BIRAEL AT AEFRFRIICOVT, 2005, MFERT PR 17 FEKERSHE
3. PT7, pp. 87-88
(2) HWLES, KEHE. MODIS 7 —F& RV ERBOFREIRH, 2005, AAY E— b ¥ /2R 39 BIEHHEAH
34, B17, pp. 103-104
(3) Aoyama T., Condition of Red Tide Appearance in Wakasa Bay Based on Terra, Aqua/MODIS Data, 2006, International Symposium
on Functional Organic Materials and Science & Technology for Sustainable Society, Abstracts, 17-1 - 17-2
(4) Aoyama T. and H. Oya, Condition of red tide appearance in Wakasa bay based on Terra, Aqua/MODIS images, 2006, SPIE
Asia-Pacific Remote Sensing, Proceedings, Vol. 6412, 64120V-1—64120V-8, Goa, India.
(5) HFiLFER]. RIHEA, MODIS Eitg % V2 FRiREsR L. 2006, AAY E— hEr v 7 ¥ERE 41 BIEHGHRIRSRE.
B28. pp. 163-164
(6) HFILFER, KRE, EHITEKRY Terra, Aqua/MODIS ZfE - fRIT S A7 b ), (EFMERD)  EHEHT¥2EE  Journal
of Advanced Marine Science and Technology Society, 2006, Vol. 12, No.1l, pp.69-74.
(7) Oki, K. and Y. Yasuoka, 1996, Estimation of Chlorophyll-a Concentration in Rich Chlorophyll Water Area from Near-infrared and
Red Spectral Signature, J. of the Remote Sensing Society of Japan, Vol. 16, NO. 4, pp.1-9.
(8) Luoheng Han, 1997, Spectral Reflectance with Varying Suspended Sediment Concentrations in Clear and Algae-Laden Waters,
Photogrammetric Engineering & Remote Sensing, Vol. 63, No. 6, pp. 701-705.
(9) Philippe Forget, Pierre Broche and Jean-Jacques Naudin, 2001, Reflectance sensitivity to solid suspended sediment stratification in

coastal water and inversion: a case study, Remote Sensing of Environment, 77, pp. 92-103.

(ERL194E 3 H30H 32H)

— 350 —



