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1. Summary of major highlights 

At Croatian Met Service, ECMWF products are the major source of data used in the operational weather forecast, 

especially for medium- and long-range forecasts. Considering short range forecasts, ECMWF model is used along 

with Aladin-Croatia (ALARO) and DWD GME/LAM. 

Regular verification is done exclusively by the point-to-point method, usually with synop data verified against 

nearest grid point of the model. However, other methods are occasionally also applied. Operational verification of 

DMO output and end-forecasts is still not fully implemented. 

2. Use and application of products 

2.1 Postprocessing of model output 

Unfortunately, no significant improvement has been done in this area. A simple linear regression equation (MOS), 

applied to the 2m temperature forecast and precipitation probabilities, is in use for several years. Recently, new 

methods, such as neural networks, are being considered. However, standard applications, such as MOS, Kalman 

filtering or EPS clustering are still not implemented. 

2.2 Use of products 

Both 00z- and 12z run-products are fully used for several years. Due to better timing, emphasis is naturally still on 

12z run, particularly in the morning shift, when major forecasts are being issued. 00z-run is consulted widely in the 

afternoon shift (for example, when issuing outlook for D2 to D4, weekly forecasts, television bulletin etc.) Still, 

most of the automated products are derived from 12z-run. 

Long range forecasts are also very widely used. Monthly (4 week) forecast is regularly consulted, particularly when 

issuing monthly forecast for Croatia.   

A new version of this product, issued twice a month, will be derived directly from ECMWF 4-week forecast. 

ECMWF seasonal forecast is a basis for regular textual sesonal forecast, issued every month. 

Courtesy of Hungarian Met. Service, final products of MM5/Hungary model (nonhydrostatic, 2.5 km resolution, 

nested boundary contidions in ECMWF) are also available. 

3. Verification of products 

3.1 Objective verification 

3.1.1 Direct ECMWF model output 
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Fig. 1 and Fig. 2 Decrease of the 2m min and max temperature forecast skill, for 00z-run and 12z-run, 
respectively (Zagreb Maksimir). 

Sample is, as recommended, divided in warmer (April to September) and colder (October to March) periods of the 

year. Skill, calculated against persistence forecast, is reaching zero value usually between D6 and D9. 

It can also be noticed that skill for the last cold season (07/08) exhibits significantly worse skill than the previous 

one (06/07), for both runs. 

Furthermore, skill of maximum temperature forecasts seems to be more skillful than minimum temperature 

forecast, which was not a typical behaviour of the model in the past. 

For the first time both 00z- and 12z-runs are verified together (Fig. 3 and Fig. 4). Although forecasters' subjective 

verification suggested that the model outputs are very often differing significantly, objective verification hasn't 

confirmed that impression. 
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Fig. 3 and Fig. 4 Skill of 2m temperature forecast for both 00z and 12z runs, for minimum and maximum 
temperature, respectively (Zagreb Maksmir) 

Figure 5 presents bias for the 12-hour precipitation forecast.  

Results for year 2007 show that the forecast is not so much overbiased as in previous years. Significant daily 

variation of the bias is, however, still present. One should notice year 2005 (grey line) when daily variation was 

much less stressed. 
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Fig. 5 Bias of 12-hour precipitation forecast for Zagreb Maksimir 

Daily variation (before noon and afternoon) is noticeable also in the skill, but not so much as in previous years. 

Figure 6 shows decrease of Hansen Kuipers Skill score, approaching 0 usually at D8. Last year (bold red line) 

shows significantly improved skill in the middle range (from D3 to D8). 

 

Fig. 6 Skill of 12-hour precipitation forecast for Zagreb Maksimir 

3.1.2 ECMWF model output compared to other NWP models 

ECMWF is regularly verified against other models, usually against Aladin Croatia (ALARO). Skill of the ECMWF 

model over Croatia is generally found to be comparable to that of the Aladin model. 

Figure 7. shows comparison of 6-hour precipitation forecasts, for bias and Hansen Kuipers skill score. Analysis for 

last year shows ECMWF has slightly better skill (dashed blue lines). Considering bias, ECMWF (solid blue line) is 

significantly less overbiased, compared to Aladin (solid red line). 
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Fig. 7  Comparison of ECMWF and Aladin 6-hour precipitation forecasts (Bias, Heidke skill score and Hansen 
Kuipers skill score) 

3.1.3 Post-processed products 

None. 

3.1.4 End products delivered to users 

Various end products of NMS are regularly verified. Here we present verification of forecast issued daily for WMO 

web page. This forecast contains forecaster's prediction of minimum and maximum temperature for 5 Croatian 

cities, for 3 days in advance, as well as description of the weather.  

Figure 8 shows mean square error of maximum temperature forecast for station Zagreb Maksimir, since 2003. 

Time series of MSE is quite unstable, particularly for D3, but D1 and D2 errors are constantly decreasing in last 

years. 

 

Fig. 8 MSE of end-forecast of maximum temperature for Zagreb Maksimir  
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3.2 Subjective verification 

3.2.1 Subjective scores 

3.2.2 Synoptic studies 

Subjective verification of medium-range forecasts is done only occasionly, usually through case-studies, but no 

systematic verification has been done.  

4. References 

ECMWF, 2005: Verification of ECMWF products in Member States and Co-Operating States, Report 2005 

Nurmi, P., 2003: Recommendations on the verification of local weather forecasts, ECMWF Technical 

Memorandum No. 430, December 2003, 19 pp. 

Wilks, D. S., 1995., Statistical Methods in the Atmospheric Sciences. Academic Press, London, 464 pp 



<<
  /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


