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Damage to AquacultureDamage to Aquaculture

Red tide Damage



Survey to 27 Local Fisheries Survey to 27 Local Fisheries 
Experimental Stations (2009)Experimental Stations (2009)

•• Red tide is problem for most of the regions.Red tide is problem for most of the regions.
•• Most of the regions have monitoring system, but less Most of the regions have monitoring system, but less 

money money –– need efficient monitoring systemneed efficient monitoring system
•• Few people used but high expectationFew people used but high expectation
•• Need more information (training, manuals, software,,)Need more information (training, manuals, software,,)
•• Technical problems Technical problems –– some may be able to solve but some may be able to solve but 

some not.some not.
–– Accuracy (Case II), Specific group identification, Subsurface Accuracy (Case II), Specific group identification, Subsurface 

populationpopulation
–– High resolution, High frequencyHigh resolution, High frequency



Use of High Resolution SatelliteUse of High Resolution Satellite

(MSS, TM,(MSS, TM, AVNIR,,,)AVNIR,,,)

•• Suitable for detail spatial structureSuitable for detail spatial structure



Use of High Resolution SatelliteUse of High Resolution Satellite

(MSS, TM,(MSS, TM, AVNIR,,,)AVNIR,,,)

•• Suitable for detail spatial structureSuitable for detail spatial structure

•• Low temporal resolution: not suitable Low temporal resolution: not suitable 
for quick change of coastal for quick change of coastal 
environmentenvironment

•• Broad spectral band: difficult for Broad spectral band: difficult for 
quantitative analysisquantitative analysis



Use of Medium Resolution Satellite Use of Medium Resolution Satellite 

(OCTS, SeaWiFS, MODIS, GLI,,,)(OCTS, SeaWiFS, MODIS, GLI,,,)

•• 1km resolution: OK for large scale red 1km resolution: OK for large scale red 
tidetide

•• Possible for time series analysis Possible for time series analysis 
(Nearly 10 years with several days of (Nearly 10 years with several days of 
interval)interval)
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2000 000 SeaWiFSSeaWiFSカレンダーカレンダー



SeaWiFS (2000.11.23SeaWiFS (2000.11.23--2001.4.1)2001.4.1)



Comparison of High Comparison of High 
Satellite ChlSatellite Chl--a to a to 
Red Tide ReportRed Tide Report

有明海

有明海

Jul 9,2001

Nov 22,2001Nov. 9-Dec. 6, 2001

July 8-13, 2001Red Tide in Ariake Bay: Red Tide in Ariake Bay: 
Starting from Starting from 
Reclamation Area?Reclamation Area?

Ishizaka et al. 
(J. Oceanogr. 2006)
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In situ In situ 
Rrs SpectraRrs Spectra 

around Red Tide around Red Tide 
of Ariake Bayof Ariake BayRed Tide Area

Non-Red Tide Area

Normalized 
Rrs Spectra

peakshift

Convex Downward

(Sasaki et al., 
JO-2008)



Satellite Measurement of Red Tide SeaWiF 
nLw Spetra in Seto Inland Sea

Slope 490Slope 490～～555nm > Slope 443555nm > Slope 443～～490nm490nm

Red Tide
Non Red Tide

（Takahashi et al., JO-09）

Presenter
Presentation Notes
スペクトルの形状についてさらに詳しくみてみます。左の図は先ほどお示しした赤潮時、非赤潮時のスペクトルです。 ここで注目するのはスペクトルの傾きです。443～490nm帯の傾きと490～555nm帯の傾きを比較すると、赤潮時には490-555nm帯の傾きが大きくなっています。



右の散布図は、これらの傾きを全同期データについて比較したものです。赤丸が赤潮時、青が非赤潮時を示します。赤潮時には490～555nm帯の傾きが大きくなり、1:1の線で赤潮時・非赤潮時をよく区分できることがわかります。



Comparison of SeaWiFS based detection and 
Airplane based eye observation on 2002/7/23 

((Harima-Nada, Seto Inland Sea)

2002/7/172002/7/17--29 29 Chattonella antiquaChattonella antiqua, , Chattonella marinaChattonella marina 
(Hyogo(Hyogo--pref. Fish. Exp. Station)pref. Fish. Exp. Station)

（Takahashi et al., JO-09）

Presenter
Presentation Notes
この図は、赤潮飛行観測によって得られた赤潮の発生海域と、赤潮の検出域を比較したものです。観測日は2002/7/23で、この日を含む、7/17-29には播磨灘北部でシャトネラの赤潮が報告されています。



青線が飛行ルート、青のハッチが飛行観測によって得られた赤潮域で、赤が検出域を示します。両者は播磨灘でよく一致しており、今回の検出方法が大阪湾以外の海域にも適応可能なことを示しています。一方、大阪湾については飛行観測結果に対応する赤潮域は検出されていません。大阪湾ではこの日、赤潮の報告はないことから、大阪府の赤潮の基準には満たないような赤潮であり、そのために今回の手法では検出できなかったと考えます。 



C. PolykrikoidesC. Polykrikoides 
Red Tide?Red Tide? 
2003 Aug.2003 Aug.--Sept.Sept. 
(MODIS, JAXA)(MODIS, JAXA)

(Miyahara et al., 2005）



Aug. 23

August August 
20072007 

(MODIS, JAXA)(MODIS, JAXA)

Aug. 1 Aug. 10

Aug. 12 Aug. 15 Aug. 17

Aug.  21 Aug. 25
Red tide
Warning



Onitsuka Onitsuka 
et al. et al. 
20102010



2009 Dec. - 2012 MarchDemonstration Experiment 
to use Satellite Data for 
Reduction of Red Tide 

Damage
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Countermeasure for Countermeasure for 
Karenia mikimotoi Red TideKarenia mikimotoi Red Tide

Quick Response

Monitoring

Prediction

*Education for 
Countermeasure

Move Raft 

Stop Feeding

*Study of Mechanism

*Monitoring and Education

with Fisherman

* New Method for 
Information Service

* Inform Everyone

Red tide 
information

Reduction of 
Damage

Satellite Information

http://www.ushikai.com/graphic/gi002/gi02390.htm


Cost and Number of Red Tide Damage in Oita 
Prefecture (out of 47 Prefecture in Japan)
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Aquaculture in Oita

Oita Pref.

Suoh-nada
Iyo-nada

Beppu Bay

★
★★

★
★★ ★

★
★

★★

Mostly Bungo Strait
New Species
Offshore

Bungo -Channel

Kyusyu Island

Shikoku Island

Pacific Ocean

Oita
Pref.

Bungo
Strait



Transport of Transport of K. mikimotoiK. mikimotoi Red TideRed Tide 
（（North of Bungo Strait 2003 summerNorth of Bungo Strait 2003 summer））
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Transport and Expansion Transport and Expansion 
of of K. mikimotoiK. mikimotoi Red TideRed Tide

周防灘
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Prediction of red tide in Bungo Strait

Challege
Study of transport pathway 

of red tide from northwest.

Efficient monitoring of red 
tide in large scale

Necessity of Remote Sensing Technique



In situ In situ 
Rrs SpectraRrs Spectra 

around Red Tide around Red Tide 
of Ariake Bayof Ariake BayRed Tide Area

Non-Red Tide Area

Normalized 
Rrs Spectra

peakshift

Convex Downward

(Sasaki et al., 
JO-2008)



16 Jul 2008 16 Jul 2008 18 Jul 2008 18 Jul 2008

23 Jul 2008 23 Jul 2008 25 Jul 2008 25 Jul 2008

28 Jul 2008 28 Jul 2008 29 Jul 2008 29 Jul 2008

Examples of red tide mapping using peak shifting method (summer 2008)

Chl-a Red tide map

Red tide Non-red tide Cloud/no data Land



http://http:// 
redtide.redtide. 
hyarc.hyarc. 
nagoyanagoya--uu 
.ac.jp/.ac.jp/

http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/
http://redtide.hyarc.nagoya-u.ac.jp/


http://http:// 
redtide.redtide. 
hyarc.hyarc. 
nagoyanagoya--uu 
.ac.jp/.ac.jp/

http://redtide.hyarc.nagoya-u.ac.jp/


Group IdentificationGroup Identification

Home Page

Continuous Monitoring of 
Water Quality and Phytoplankton 
Group with PicturesFLOW-CAM

Multi Parameter

In situ Monitoring

Satellite
Monitoring



Chl.a and Phytoplankton GroupChl.a and Phytoplankton Group 
（（2010.July.52010.July.5--88））
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28 Jan 2009 04 Nov 2010 12 May 2010 07 Jul 2010 27 Jul 2008

Peak Shift
Max(nlw547 , nlw488 , nlw443 )=nlw547  Red Tide

Peak Shift＋Low Rrs443
Max(nlw547 , nlw488 , nlw443 )=nlw547 & nlw488-443 slope < nlw547-488 slope  Red Tide

Diatom RT K mikimotoi RTTurbidity ?

Winter Fall Spring Summer Summer



Diatom Red Tide
(Chaetoceros, 

Nitzschia, 
Skeletonema)

Diatom Red Tide 
(Mixed Population)

K. mikimotoi Red Tide

Suspended and/or 
Dissolve Matter?

Phytoplankton
＋

Suspended and/or 
Dissolved Matter？

(Summer 2010) (Summer 2008)

(Spring 2010) (Winter 2009)

(Fall 2010)a b c

d e

See Poster of 
Eko Siswanto



Phytoplankton : NonPhytoplankton : Non--PhytoplanktonPhytoplankton

○●+
Peak of nLw at 547
Diatom and K. 
mikimotoi blooms

(Siswanto et al. 
Submitted)



Diatom-1 K. mikimotoi Diatom-2

(Siswanto et al.
Submitted)



TTSMSM--adg Dominated Wateradg Dominated Water (Siswanto et al. 
Submitted)



HAB Detection Scheme off OhitaHAB Detection Scheme off Ohita

(Siswanto et al. 
Submitted)



CChlhl--a, Takahashi, Sasaki, This Res.a, Takahashi, Sasaki, This Res.

(Siswanto 
et al. 
Submitted)



CChlhl--a, Takahashi, Sasaki, This Res.a, Takahashi, Sasaki, This Res.

(Siswanto 
et al. 
Submitted)



(Siswanto et al. 
Submitted)



7/31
MODIS

7/31
SeaWiFS

Red tide
Non red tide

Red tide
Non red tide

MODIS & SeaWiFS nLw Spectrum during red tide and non red tide 



ConclusionConclusion
•• Integrated red tide warning system including Integrated red tide warning system including 

satellite information is requiredsatellite information is required
•• If the pathway and the wide distribution by If the pathway and the wide distribution by 

satellite data are available, it is easy to predict.satellite data are available, it is easy to predict.
•• Peak Identification Method seems working, but Peak Identification Method seems working, but 

further testing is required.further testing is required.
•• Differentiation of Diatom and Differentiation of Diatom and DinoflagellateDinoflagellate need need 

to be verified, and it may be required to combine to be verified, and it may be required to combine 
with field observations.with field observations.

•• Combination with physical numerical modeling is Combination with physical numerical modeling is 
more effective.more effective.

•• Korean Geostationary Ocean Color Sensor (GOCI, Korean Geostationary Ocean Color Sensor (GOCI, 
20102010--) and Japanese GCOM) and Japanese GCOM--C (250m, 2014C (250m, 2014--))



Real ChallengeReal Challenge
•• To predict local occurrence of red tide, To predict local occurrence of red tide, 

further understanding of the ecosystem is further understanding of the ecosystem is 
necessary.necessary.

•• Final goal should be development of an Final goal should be development of an 
integrate coastal managing system including integrate coastal managing system including 
aquaculture (using satellite information). aquaculture (using satellite information). 

We should not expect too much for satellite. 
We need integrated system, including 
satellite, field observations and modeling, 
for prediction and countermeasure.



Satellite Ocean Color Data AvailabilitySatellite Ocean Color Data Availability

–– CZCS (78CZCS (78--86): US Experimental86): US Experimental
–– OCTS(96/97), GLI(02/03):JapanOCTS(96/97), GLI(02/03):Japan
–– SeaWiFS(98SeaWiFS(98--04), MODIS04), MODIS--Terra(99Terra(99--)  )  

MODISMODIS--Aqua(02Aqua(02--) :US) :US
–– MERIS(02MERIS(02--): EU): EU
–– OCM(99OCM(99--), OCM), OCM--2(092(09--):India):India
–– GOCI(2011GOCI(2011--))：：Korea Korea GeostationallyGeostationally



Data Distribution SystemData Distribution System

•• NPEC Environmental Watch SystemNPEC Environmental Watch System
•• JAXA MODIS Real Time DataJAXA MODIS Real Time Data
•• Ocean Color Home Page (NASA)Ocean Color Home Page (NASA)
•• Korea Ocean Satellite CenterKorea Ocean Satellite Center
•• Nagoya Univ. Red TideNagoya Univ. Red Tide



SoftwareSoftware

•• GiovanniGiovanni

•• SeaDASSeaDAS (NASA)(NASA)
•• BEAM (ESA)BEAM (ESA)
•• WIM (WIM (MatiMati KahruKahru))
•• GDCS (Korea)GDCS (Korea)
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