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1. Introduction

The Japan Meteorological Agency (JMA) has been operating a mesoscale numerical weather
prediction system (hereafter MSM) since March 2006 using the JMA non-hydrostatic model
(JMANHM) with a horizontal grid spacing of 5 km. The regional spectral model (RSM) of IMA
operationally provides a 51-hour weather forecast over Japan and East Asia. The forecast time of
MSM is planned to be extended from 15 up to 33 hours for 4 times a day from May 2007
(hereafter NEW-MSM). The forecast domain of MSM is shown in Fig.1 and the specifications of
these models are shown in Table 1. In order to evaluate the performance of NEW-MSM,
verifications were carried out under the same conditions as in operational run.

RSM MSM T NEW-MSM
Horzontal
Resolution 20 km 5 km
Horizontal TTXETT
Grids 325% 257 (3600 X 2900 km)
nitial Time (UTC]__00.12 00,03, 06, 09, 12, 15, 18,21
15 hours (00,06,12,180TC)
Forecast Time 51 hours 15 hours 33 hours (03,09.15.21UTC;
Analysis System 3 Dimensional variational (4DVar)
Boundary
! Conditions oS RsM
> Short-R Disaster Disaster Prevention,
Main Purpose F" § "‘”tge Prevention, Part of Short-Range Forecast,
g S orecast [Aviation Safety |Short-term Aviation Forecasts}
: ; Tablel. Details of MSM, RSM and
Fig.1. Forecast Domain of MSM f ,

2. Forecast Performance of MSM

Figure 2 shows the monthly threat and bias scores of MSM. The details of verification are
shown in Table 2. The verification is done against “Radar—Raingauge Analyzed Precipitation”
(hereafter R-A). The bias score has come gradually close to 1. Although the threat score has been
changed monthly, it has been gradually improved since March 2001.

Figure 3 is the case study of “Baiu Front” caused heavy rainfall in the central Japan. The
forecast of MSM is more realistic than that of RSM (Threshold: more than 20mm/3h, orange area).
The area covered with weak precipitation by RSM is larger than that by MSM.
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“FT” denotes a forecast time from initial time. “AVE” denotes an annual average.
In the winter, the accuracy of the R-A is degraded by loss of radar observable area,
so bias scores have shown tendencies of overestimation of precipitation.
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Fig.3. 3 hourly precipitation of “Baiu Front”, Valid time: 1200UTC 18 July 2006
3. Performance of 33—-hour forecasts by NEW-MSM

Figure 4 shows the threat and bias scores against forecast time by NEW-MSM and RSM. The
details of verification are shown in Table 3. The bias score of NEW-MSM is close to 1, and that of
RSM is particularly larger than 1 for weak precipitation all the time. Although the threat scores of
NEW-MSM are almost better than that of RSM, the score of NEW-MSM is sometimes poorer than
that of RSM for weak precipitation. As shown in Fig.3(d), NEW-MSM represents the more realistic

precipitation.
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6. Summary and future issue
1. The precipitation forecasts of MSM have been improved (2.2) NEW-MSM is still better than RSM for even 30mm/3h Japan Meteorological Agency, 2007: OUTLINE

since its operational use in March 2001 and will get better at
the next upgrade in May 2007.

2. The verification using PAS is shown as follows:

(2.1) NEW-MSM is obviously superior to RSM for the 1mm/3h
and 10mm/3h precipitation forecasts. Even if the forecast time
is longer, the rate of the deterioration of NEW-MSM is slower
than that of RSM. This result is contrary to one derived from
the threat score.

precipitation forecasts.

Tomonori SEGAWA and Yuki HONDA (Numerical Prediction Division/Japan Meteorological Agency)
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4. Why is the statistical verification score of NEW-MSM

poorer than that of RSM ?
Although the subjective verification of NEW-MSM is better than that of the RSM

and MSM, the score of the statistical verification of binary categorical forecast by NEW-
MSM is sometimes poorer than that with RSM (Fig.4).

As shown in Fig.5, it is evident that the forecast result of Skm-model is more realistic
than that of 10-km model. The number of false alarm grids by 5-km model is larger in
number than that by 10-km model. Therefore, the threat score of 5-km model is poorer than
10-km model.

This discrepancy comes from the fact that the threat score using precipitation data
averaged over a verification grid is inappropriate to the verification of high-resolution
precipitation forecasts. This is because the process of averaging smoothes out the peak of
the grid value of precipitation which might be represented better in the high-resolution
model. So, the benefit of high-resolution model would be lost if the model is evaluated by
threat score. Thus, it is necessary that both the intensity and the coverage of precipitation

forecasts are assessed at the same time.

(a) Observation (1-km R-A) (b) 10-km Model (c) 5—km Model
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The light blue area represents the precipitation intensity more than 1mm/3h, and the green area represents that of more
than 5Smm/3h. Both contingency table and PAS use the threshold of 5Smm/3h. The contingency table uses 10-km
verification grids (blue dashed line). PAS is evaluated with 20-km verification grid (red lines).

Fig.5. Schematic diagrams to compare the threat and bias scores with PAS,
and contingency tables

5. Precipitation Area Score (PAS)
a) Definition of PAS

N
PAS= §Z(RPf‘ —RPo,)’,

where
1) RPf: Ratio of forecasted precipitation area over the threshold in a verification grid.
2) RPo : Ratio of observed precipitation area over the threshold in a verification grid.
3) N : Total number of verification grids in target domain. PAS in one verification grid

where both RPf and RPo are zero is not calculated like the threat score.
b) Characteristics of PAS
1) 0<PAS <1 : When the forecast is perfect, PAS=0.

2) PAS is tolerant of the position error of forecast and observation within a verification grid.
If RPf=RPo in one verification grid, PAS of this grid is zero.

3) It is possible to evaluate the high-resolution deterministic forecasts and low-resolution
forecasts simultaneously by taking a verification grid as the lower-resolution model grid.
4) The formulation of PAS is very similar to that of “Brier Score”.

¢) Examination of Verification of NEW-MSM and RSM using PAS
1) PAS of NEW-MSM is better than that of RSM against all thresholds and forecast time

(Fig.6).
2) As the threshold becomes larger, PAS decreases on the whole.

3) This does not mean the accuracy of precipitation forecasts for heavy rainfall is higher, but
that the differences between RPf and RPo of rare events are generally smaller.
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details of this verification are shown in table3.

Fig.6. PAS of NEW-MSM Fig.7. Total Area of Precipitation of
against Forecast Time NEW-MSM against Forecast Time

References

3 6 9 12 15 18 21 24 27 30 33
Forecast Time

OF THE OPERATIONAL NUMERICAL
WEATHER PREDICTION AT THE JAPAN
METEOROLOGICAL AGENCY. Appendix to

3. PAS can be elaborated to a skill score using some forecast 10 numerical Weather Prediction Progress
as criteria. And the formulation of PAS can be modified to be Report, IMA, Tokyo. 194pp.
equitable by excluding the effect of random forecast.

Segawa, T. and Honda. Y., 2007: Verification

4. PAS can become a verification tool to compare the low- method to evaluate simultaneously both intensity
resolution probabilistic forecasts and the high-resolution
deterministic forecasts at the same time.

and coverage of precipitation forecast. CAS/JSC
WGNE Res. Act. in Atmos. and Ocea. Modelling.




<<
  /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


