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BackgroundBackground



 

““Oceanography is moving toward the Oceanography is moving toward the 
construction of operational observing system construction of operational observing system 
in coastal regions.in coastal regions.”” (McWilliams, 2008: (McWilliams, 2008: DynDyn. . 
AtmosAtmos. Oceans). Oceans)



 

““In the past sustained systematic observation In the past sustained systematic observation 
programs have been extremely rare but now programs have been extremely rare but now 
high profile Ocean and Coastal Observatories high profile Ocean and Coastal Observatories 
are technically feasible and are beginning to are technically feasible and are beginning to 
be established.be established.““ (Proctor and (Proctor and HowarthHowarth, 2009: , 2009: 
J. Mar. J. Mar. SystSyst.).)

http://www.hakodate-marine-bio.com/


MotivationMotivation



 
Sustainable observation in coastal region are Sustainable observation in coastal region are 
crucialcrucial



 
Satellite Remote Sensing/MarineSatellite Remote Sensing/Marine--GIS are GIS are 
useful toolsuseful tools



 
Data assimilation/modeling for forecast are Data assimilation/modeling for forecast are 
necessarynecessary



 
Integrated fisheries information system are Integrated fisheries information system are 
required for sustainable fisheries and required for sustainable fisheries and 
aquacultureaquaculture

http://www.hakodate-marine-bio.com/


海を生産ｼｽﾃﾑに海を生産ｼｽﾃﾑに

““Hakodate Marine BioHakodate Marine Bio--Cluster ProjectCluster Project””

Theme 1Theme 1
Coastal EnvironmentCoastal Environment

Monitoring/ForecastingMonitoring/Forecasting

Theme 2Theme 2
Exploration of ValuablesExploration of Valuables
Sustainable ProductionSustainable Production

Theme 3Theme 3
Production of Functional Production of Functional 

Materials and FoodsMaterials and Foods

Theme 4Theme 4
Global  Expand Global  Expand 

Branded ProductsBranded Products

Regional Innovation Cluster Program (Global Type)Regional Innovation Cluster Program (Global Type) 
the Grantthe Grant--inin--Aid for University and Society Collaboration from Aid for University and Society Collaboration from 

MEXTMEXT 
Sept. 2009 Sept. 2009 –– March 2014 (5 years)March 2014 (5 years)



““Hakodate Marine Bio Hakodate Marine Bio IndustrialIndustrial--Cluster Cluster 
ProjectProject”” 

Theme 1: Monitoring and ForecastingTheme 1: Monitoring and Forecasting

Study Area

Sept. 2009 – March 2014

Hokkaido

-- productive coastal   productive coastal   
water (water (OyashioOyashio and and 
TsugaruTsugaru Warm Current)Warm Current) 
-- aquaculture sitesaquaculture sites 
(Scallop and Kelp)(Scallop and Kelp) 
-- valuable coastal fishing valuable coastal fishing 
groundsgrounds

Tsugaru Strait

Funka Bay

http://www.eorc.jaxa.jp/cgi-bin/adeos/modis_menu.cgi?view=image&data=http://kuroshio.eorc.jaxa.jp/ADEOS/mod_nrt_new/data/eoc/nrt/day/200907/1703/MYD02HKM_J200907170328AQ_00561_00701_Funka_chla.jpg&size=small&type=500mchla&title=Funkawan


Satellite chlorophyllSatellite chlorophyll--a image (MODIS/Aqua)a image (MODIS/Aqua)
Time series monthly mean chlorophyll-a concentration

April 4, 2010April 8, 2010



April 26, 2010

Satellite chlorophyllSatellite chlorophyll--a image (MODIS/Aqua)a image (MODIS/Aqua)



ChallengeChallenge



 
Development of spatial modeling for Development of spatial modeling for 
scallop and kelp using satellite remote scallop and kelp using satellite remote 
sensing and marinesensing and marine--GISGIS



 
Development of potential fishing zone Development of potential fishing zone 
(PFZ) modeling for squid using satellite (PFZ) modeling for squid using satellite 
remote sensing and marineremote sensing and marine--GISGIS



 
Development of integrated coastal Development of integrated coastal 
fisheries information system with 4fisheries information system with 4--D D 
VAR data assimilation model VAR data assimilation model 

http://www.hakodate-marine-bio.com/


Societal benefits and applicationSocietal benefits and application


 

ShortShort--term term nowcastnowcast/forecast :/forecast :
>Scallop and kelp aquaculture >Scallop and kelp aquaculture 

Detect aquaculture suitable sites Detect aquaculture suitable sites 
--> mitigate damage and quality loss> mitigate damage and quality loss

>Coastal squid fisheries >Coastal squid fisheries 
Detect of pinDetect of pin--point PFZ and distribute the information of PFZpoint PFZ and distribute the information of PFZ
--> reduce CO> reduce CO22 emission and save energyemission and save energy



 

Middle and longMiddle and long--term outlook/prediction:term outlook/prediction:
>Scallop and kelp aquaculture>Scallop and kelp aquaculture

Detect growth rate and production amount Detect growth rate and production amount 
-->increase income/cost balance and support adaptive >increase income/cost balance and support adaptive 

management  (protect overworking)management  (protect overworking)
>Coastal squid fisheries>Coastal squid fisheries

Detect potential stockDetect potential stock
--> increase income/cost balance and support adaptive > increase income/cost balance and support adaptive 

managementmanagement

http://www.hakodate-marine-bio.com/


Integrated Coastal Fisheries Information System
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Numerical 
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Sub Theme 1 (Hokkaido Univ.):SB-1
Development of Fisheries Oceanographic GIS including 
satellite and in situ data

Sub Theme 2 (Hakodate Future Univ.):SB-2
Development of Ubiquitous Buoy and its operation for data 
assimilation

Sub Theme 3 (Hakodate Future Univ./Hokkaido Univ.):SB-3
Development of Ubiquitous terminal for visualization

Sub Theme 4 (Kyoto Univ./Hokkaido Univ.):SB-4
Development of Ocean Environment forecast model with 4-D 
VAR

Integrated Coastal Fisheries Information System



Ubiquitous Buoy (SB-2)

Shallow type (>20m) Deeper type (<20m)

W.L.

http://www.hakodate-marine-bio.com/


Development of Control Development of Control 
Board Print UnitBoard Print Unit



 
TargetTarget：：Mass productionMass production


 

Apply FOMA telecommunication moduleApply FOMA telecommunication module


 

Develop small and high gain FOMA antennaDevelop small and high gain FOMA antenna

FOMA Ubiquitous Module Developed FOMA Antenna

http://www.hakodate-marine-bio.com/


Development of Water Development of Water 
Temperature Board Print UnitTemperature Board Print Unit



 
TargetTarget：：LongLong--term Useterm Use


 

Changing batteryChanging battery
CR1220CR1220××11（（40mAh40mAh））-->LR44>LR44××22（（120mAh120mAh））

Max. 20mAh /yearMax. 20mAh /year--> 6 years> 6 years


 

External providing powerExternal providing power

Ordinal Print Unit and New Print Unit

New

http://www.hakodate-marine-bio.com/


Set Up and DeploymentSet Up and Deployment
Cheap and easy

http://www.hakodate-marine-bio.com/




Funka Bay
Oyashio

Tsugaru
Warm
Current 

Hindcasts experimentHindcastsHindcasts experimentexperiment



VHF radar velocity

20 temperature profiles

Buoy Data AssimilationBuoy Data Assimilation

http://www.hakodate-marine-bio.com/


Buoy Data AssimilationBuoy Data Assimilation

Assimilation Result of SST Improvement of Performance

http://www.hakodate-marine-bio.com/


Environmental

Socio- 
infrastructural

Sea surface 
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ObjectivesObjectivesGoalGoal AttributesAttributes


j

ijji rw)V(x
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Final modelFinal model

wj = weight, wj = 1, 
rij = the attribute transformed into score (1-8)

The most preferred alternative is the maximum V(xi) value

MCE-Weighted Linear 
Combination 

Town



Scallop: overall suitability modelScallop: overall suitability modelScallop: overall suitability model

Funka Bay



Global Warming Global Warming –– Prediction modelPrediction model

2C

1C

3C

4C

0C

Scenario

O-Model
B1

1 C
B2A1FI2  C4 C

(Saitoh et al., 2010)
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Prototype WebPrototype Web--GIS (SBGIS (SB--1)1)


 
BaseBase Map Map 



 
BathymetryBathymetry



 
In situ observation data (Buoy, VHF/HF In situ observation data (Buoy, VHF/HF 
Ocean Radar)Ocean Radar)



 
Satellite Observation dataSatellite Observation data



 
Forecast data Forecast data 



 
Fisheries data (Suitable sites)Fisheries data (Suitable sites)

http://www.hakodate-marine-bio.com/


Design for Design for iPADiPAD

Easy to touch and click

http://www.hakodate-marine-bio.com/


Base Map

Buoy & HF radar

Satellite

Forecast

Fisheries

Bathymetry



Buoy & HF radar



Time series



daily



hourly



Satellite



DMSP/OLS night-light image
Hakodate

Squid Fishing Vessels

Squid Fishing Vessels



Satellite



Chlorophyll-a image (daily)



Chlorophyll-a image (composite)



Forecast

3 layers : 2, 22.5, 50.25 m

Current

Temperature

Salinity



Forecast

Temperature(2m)
Present



Forecast

Temperature(2m)
1 Day after



Forecast

Temperature(2m)
2 Day after



Fisheries

Scallop permitted area
Scallop suitable site
Kelp suitable site
Gagome suitable site



Fisheries

Scallop Suitable Site



Fisheries

Kelp Suitable Site



Future DevelopmentFuture Development



 

Improve coupled ecosystem and physical Improve coupled ecosystem and physical 
modelsmodels



 

Validate model and assimilate VHF/HF ocean Validate model and assimilate VHF/HF ocean 
radar data to modelradar data to model



 

Operate in realOperate in real--time/near realtime/near real--time time 


 

Employ relatively high resolution ocean color 
sensors GOCI/COMS(KORDI: 500m) in 2010 
and SGLI/GCOM-C(JAXA: 250m) from 2014



 

Develop ecological-economic model

http://www.hakodate-marine-bio.com/


Validation and data assimilationValidation and data assimilation

VHF Radar Model

http://www.hakodate-marine-bio.com/


02 GMT

GOCI Chl-a (OC4)

April 4, 2011

May 5, 2011

June 16, 2011

02 GMT

02 GMT

03 GMT 04 GMT

03 GMT

03 GMT

04 GMT

04 GMT



Ecological modelingEcological modeling

Phytoplankton (Small size)NEMURO.ScallopNEMURO.Scallop
-- Culturing  CapacityCulturing  Capacity
-- Feed Account BalanceFeed Account Balance
((KishiKishi et al., unpublished)et al., unpublished)

http://www.hakodate-marine-bio.com/


Concluding RemarksConcluding Remarks


 
This is the new challenges in the field of This is the new challenges in the field of 
coastal fisheries information systems coastal fisheries information systems 
and servicesand services



 
This developing systems has capability This developing systems has capability 
of analyzing the marine environment in of analyzing the marine environment in 
3D, prediction and validation of 3D, prediction and validation of 
oceanographic parametersoceanographic parameters



 
This system can disseminate of new This system can disseminate of new 
information products to the user information products to the user 
community in real or nearcommunity in real or near--real time. real time. 

http://www.hakodate-marine-bio.com/
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For sustainable fisheries For sustainable fisheries 
and aquaculture and aquaculture ……

Thank you for your attention!Thank you for your attention!
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