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1. Introduction and Purpose

Distributions of fisheries resources are closely related to the ocean conditions in the
surface layer (e.g. water temperature, current velocity, allocation of fronts and warm/cold
eddies). Hence, the in-situ CTD observation network in the Japan Sea is maintained by the
national and the prefectural fisheries research institutes of Japan. However, in-situ CTD
data observed by research vessels are highly limited in space and time, especially offshore
area.

In this study, a numerical forecasting system with data assimilation of sea surface
temperature (SST), sea surface height anomaly (SSH) and also in-situ CTD data is
introduced for reproducing and forecasting the oceanographic conditions of the Japan Sea
continuously in space and time.

2. Operational Forecasting System
2.1. General Circulation Model
* RIAM Ocean Model developed by Kyushu Univ. (Lee et al., 2003; Hirose ef al., 2007)
Primitive equation OGCM
Hydrostatic and Boussinesq approximation
B-grid, z-coordinate, free surface
Generalized Arakawa scheme (Ishizaki and Motoi, 1999)
Mixed layer scheme (Noh and Kim, 1999)
Isopycnal diffusion scheme (Gent and McWilliams, 1990)
* Model resolution
Horizontal: 1/12° Vertical: 36 layers (0-3600m)

2.2. Input data
+ Surface atmospheric conditions: Grid Point Value, IMA
+ Sea surface temperature: New Generation Sea Surface Temperature, Tohoku Univ
+ Sea surface height: Only along-track data, Naval Research Laboratory
Stennis Space Center (Figure 1)
+ CTD data: Observed by national and prefectural fisheries research institutes,
summarized by the Japan Sea National Fish. Res. Inst. (Figure2).
+ Inflow through the Tsushima Strait: ADCP data from ferryboat “Camellia”

2.3. Data assimilation method
+ SSH: Assimilated using an approximate Kalman filter (Hirose et al., 2007)
+ SST, SSS: Restoring with optimized nudging (Manda et. al., 2005)
+ CTD: In this study new scheme is introduced; dynamic height calculated from CTD
profile is assimilated using an approximate Kalman filter
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Figure5. RMS decreasing score (a) between the
only SST assimilation and the SST+SSH
assimilation, (b) between the only SST
assimilation and the SST+SSH+CTD assimilation,
at 100m depth in 2001.

The score is defined by following equation.
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If latter assimilation is effective, the score becomes
nearly 1. If that is ineffective, it becomes nearly 0.

The CTD assimilation is highly
effective in the coastal area.

4. Comparison between the result of the assimilation and in-situ CTD data
+ Surface (0m) temperature distribution is well reproduced
+ At the depth of 50-100m, in the Tsushima Warm Current region and the subarctic
region it is basically reproduced. In the central region, it tends to be warm.
+ At the depth of 200m, it tends to be warm generally.
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Figure 6. Distribution of the difference between the
assimilation and in-situ CTD at the depth of (a) Om, (b) 50m,
(c) 100m, (d) 200m
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Figure 2. (a) Monthly CTD observation network constructed by national

and prefectural fisheries research institutes of Japan. (b) Temperature
distribution at the depth of 50m in September 2000.

Figure 1. Standard deviations of SSH
along the satellite tracks (after Hirose er
al., 2007).

5. Open on the website

The result of this operational forecasting system of the Japan Sea is now open on
the website (http:/jade.dc.affrc.go.jp/), which is called as the JADE (JApan sea Data
assimilation Experiment) system. On the website the forecasting of the temperature
distribution and the current velocity for 90 days in the Japan Sea can be seen. The
website updates every week (sorry, now only in Japanese).

3. Effect of the CTD assimilation scheme

As a result of adding the CTD assimilation scheme, warm/cold eddies distribution was
well improved (Figures 3, 4) and the accuracy of reproducibility increases (Table 1). For
example, the RMS difference of the temperature between the observation and the
assimilation result by using SST and SSH is estimated as 1.00 °C. On the other hand, that
by using SST, SSH and CTD is estimated as 0.95 °C. In particular, CTD is highly effective
in reproducing coastal ocean conditions, because SSH is inaccurate in the coastal area

(Figure 5).
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Figure 7. Entrance of the JADE website (left), an example of the temperature (center) and the current velocity
(right).

6. Application to fishery environments
* Migration of the giant jellyfish “Nemopilema nomurai”. Huge number of the
jellyfish attacked to the Japanese coastal area in 2003, 2006 and 2007.
* Passive transport and survival process of the larvae of the Japanese common
squid “ 7. pacificus”.

Figure 3. Assimilated temperature
distributions in August 1999 at the depth
of 100m by using (a) only SST, (b)
SST+SSH, (c) SST+CTD and (d)
SST+SSH+CTD
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Figure 4. Observed temperature
distribution in August 1999 at the depth of

SST+SSH 100m.
RMS SST SST+SSH | SST+CTD +CTD
SSH [cm] 9.71 8.59 9.02 8.57 Table 1. RMS difference between the

observation (SSH and T at 100m) and four
cases of data assimilations.

100m temp. [°C] | 1.10 | 1.00 | 0.98 095

Figure 8. Sightings of the
Jjellyfishes (upper panels) and the
simulated distribution of the
jellyfishes (lower panels) in July
21-31 (left panels), August 11-20
(center panels) and September 1-
10 (right panels), respectively.

Migration of the giant
jellyfishes to the Japanese
coast in the Japan Sea can
be reproduced and it was
also basically successful
in forecasting.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


