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1. Introduction

The Japan Meteorological Agency (JMA) has been using clear sky radiances from the water vapor channels
(WV-CSRs) of five geostationary satellites (MTSAT 1R, GOES-11 and 12, and Meteosat-7 and 9) since August
2008 in the JMA global four-dimensional variational (4D-Var) data assimilation system (DAS). WV-CSRs are
generated by averaging the radiances of cloud-free pixels among several hundred pixels, such as in 16 x 16
blocks (60 km x 60 km at the nadir) in the case of MTSAT-1R. The size of the averaging area is in the same
order as the horizontal resolution of the operational global forecast model. Since the original radiance data
resolution is about 4 km x 4 km, the data averaging processes may reduce representativeness errors and
improve the Gaussian distribution characteristics of observation error statistics through processes described by
the central limit theorem (Fig. 1). WV-CSRs are sensitive to humidity in the middle to upper troposphere
where there are very few observations of humidity. In general, forecast model errors of humidity are larger
than those of other dynamic variables such as temperature and wind because humidity is largely dependent on
moist physical sub-grid processes, which are modeled with less credibility than resolvable dry dynamics.
WV-CSRs therefore provide important information in this data-sparse area.

2. Quality control of WV-CSRs

Several quality control procedures are applied to WV-CSR data in advance of 4D-Var assimilation. The data
are thinned to every 2.0 degrees horizontally and every 2 hours temporally to avoid taking into account the
observation error correlation, which is not considered in the JMA global 4D-Var. Those with a low percentage of
clear pixels and a large standard deviation of brightness temperature are excluded because they offer low
representativeness of the area. Large departure (observation minus first-guess) data are also excluded to avoid
contamination from data with a non-Gaussian error statistics and to maintain tangent linearity of the
observation operator. For Meteosat-7, data from near local midnight are also excluded to avoid contamination
from data affected by solar stray light (Munro, 2004). The variational bias correction scheme, VarBC (Dee,
2004; Sato, 2006; Ishibashi, 2009), is applied in the 4D-Var system. The predictors of VarBC for WV-CSRs are
the first-guess of brightness temperature, near-jet-level wind speed and a constant. No empirical tuning is
applied to the bias correction parameters and the observation error settings.

3. Assimilation of WV-CSRs

Observing system experiments were carried out to estimate the impacts of WV-CSR data on both analysis
and forecast quality for the two one-month periods of August 2007 and January 2008. Adding WV-CSRs from
the five geostationary satellites reduced the dry bias of analysis and first-guess with respect to radiosondes in
the mid-troposphere of the summer hemisphere (Fig. 2). The root mean square errors (RMSEs) of forecasts
were significantly reduced by assimilating WV-CSRs for several variables and levels (Fig. 3). The RMSE
reductions of dynamic variables such as temperature, geo-potential height and wind are interesting because
the Jacobians (here defined as partial derivatives of the observation operator — the Jacobian matrix — rather
than the determinant of the matrix — the Jacobian determinant) of the observation operator for WV-CSRs,
RTTOV (Saunders, 2002), have major sensitivity to humidity, minor sensitivity to temperature and no
sensitivity to wind. In the 4D-Var system, however, extended observation operators which include a forecast
model as a time evolution operator are sensitive to these variables. The RMSE reduction of dynamic variables
is due to the extended observation operators and the forward integration of the outer model. The RMSE
reduction by forward integration is also explained by the sensitivity of dynamic variables to humidity in the
model.
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Fig. 2 The humidity biases of first guess and analysis against radiosonde observations for each
experiment in the tropics and summer hemisphere. The red lines show TEST analysis, the blue
lines show the TEST first guess, the orange lines show CNTL analysis and the green lines show
the CNTL first guess, where TEST is the experiment with WV-CSRs and CNTL is without
WV-CSRs.
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Fig. 3 Rate of improvement in the RMSE of forecast errors for sea level pressure, 850 hPa
temperature, 500 hPa geopotential height, 850 hPa and 250 hPa wind velocity. The improvement
rate is defined as (CNTL-TEST)/CNTL, where CNTL and TEST are the RMSE of the cycle
experiment without WV-CSRs and with WV-CSRs, respectively. The dots on the score lines
represent statistical significance.




<<
  /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 false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


