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Synopsis: 

In their study the authors look at the truncation errors of six explicit integration schemes of 
the Runge-Kutta family. The performance is studied based on real-case data from the 
operational ECMWF analysis and forecasts, whereby the sensitivity with respect to the 
sphere (troposphere, UTLS, stratosphere) is discussed. Further, the seasonal dependence of 
the errors is compared, and the computational efficiency is discussed. The paper is very well 
written, the argumentation very clear, and the number and quality of the figures support 
well the discussion. I think the paper fits well the interests of the GMD readership, and 
therefore I certainly can recommend its publication. Still, the authors might want to address 
the following concerns. 

Concern: 

1) The abstract (and manuscript) ends with a rather strong conclusion: "we recommend the 
3rd-order Runge Kutta method with a time step of 170 s or the midpoint scheme with a time 
step of 100 s for efficient simulations of up to 10 days time based on ECMWF’s high 
resolution meteorological data." This is, as the authors note, far below the time step that 
typically is applied in trajectory calculations based on ECMWF fields. I think the authors can 
clearly demonstrate that such a small timestep is indeed necessary to get a high degree of 
accuracy of a single trajectory -- where the convergence of the trajectories is assessed based 
on the AHTD and AVTD distance metric. However, I wonder whether we should trust any 
single trajectory anyway. Let me make my point more clear: Suppose that we have a 
calculated a single trajectory which reaches after 10 days a AHTD(single) of 100 km. Hence, 
the trajectory calculation is not perfect. But now also assume that we very slightly change 
the starting position of the trajectory and repeat the trajectory calculation. We can now 
compare the distance between the initial and shifted trajectory, and the resulting metric is 
AHTD(single-shifted) = 200 km. Of course, we could repeat this kind of experiment with 
several shifted starting positions. The point is that the AHTD(single) can now be seen in a 
better light, because it is smaller than the inherent spread AHTD(single-shift) due to a minor 
shift of the starting position. I would argue that the uncertainty of the single trajectory is 
negligible compared to the flow-inherent dispersion of the trajectories.  

In short, I think that there is not too much meaning in considering single trajectories at all. 
We always have to look at an ensemble of trajectories started from nearby positions. The 



coherence of this trajectory ensemble then defines the time horizon until the trajectory is 
meaningful. Of course, there is also some subjectivity in this argument: The slight shift in 
starting positions has to be specified. Still, I think the authors should comment on this 
'coherent trajectory bundle vs. single trajectory' concept.  

2) In Figure 5 the winter 2015 stands out. The authors find a reasonable explanation for it: a 
sudden stratospheric warming and near splitting of the polar vortex. I think this explanation 
makes perfect sense, and actually points to a potentially interesting extension of the study. 
In fact, we can expect a varying degree of inter-annual variability not only in the 
stratosphere, but also in the troposphere and in the UT/LS. There are years with more or less 
cyclones passing along the storm tracks; there are years where the jet stream in the UT/LS 
meanders more than in other years (with a more zonal jet). This variability is reflected in 
climate indices (e.g., the NAO), but it could also be assessed by explicitly 'counting' the 
cyclones, anticyclones, or by considering a measure of jet zonality. In short, it would be 
rather interesting to see the trajectory accuracy in context of this inherent tropospheric, 
UT/LS, and stratospheric flow variability. I don't expect the authors to do that all in the 
current study! But, possibly they can think about it, and thus link their findings more to 
meteorology than 'abstract' statistical measures. If appropriate, I would appreciate if the 
authors comment on this perspective in their study. 

Minor comments: 

-P2,L25: "However, it needs to be stressed that appropriate ..." -> "However, the 
appropriate ..." 
 
- P3,L1,3,4: Three sentences starting with 'We' - please rephrase! 
 
- P4,L12: "Wind dynamics in the extratropical summer hemisphere are generally slow" -> 
Unclear what is meant by this statement? Do you want to say that winds in summer are 
slower? Or that they are not changing as much?  
 
- P6,L27: "we calculated the horizontal distances as Cartesian distances of the air parcel 
positions projected to the Earth surface" -> It is not completely clear how the distance is 
calculated. What are Cartesian distances on a sphere? 
 
- P8,L15: "it needs to be pointed out that this is undersampling" -> "this is still 
undersampling" 
 
- Figure 1: In the upper-right panel the vertical wind velocity is shown. A rather large-scale 
wave pattern is discernible over northern Europe. I wonder whether this pattern is physical, 
or some kind of numerical artefact? The amplitude of the waves is rather small, as expected 
in the stratosphere. 
 
- Figure 5,6: I wonder whether it would be better to reduce the number of panels, e.g., by 
only showing the results for the northern hemisphere? Of course, it would (for instance) also 
be interesting to compare the northern UT/LS with the southern UT/LS. But, at the moment 



the UT/LS is defined by means of fixed heights (8-16 km) and it is not clear whether the 
tropospheric fraction for the southern hemisphere is the same as for the northern 
hemisphere. If not, and this will certainly be the case to some degree, the two hemispheres 
are not really comparable.   
 
- P11,L1-10: The values listed in the text are better presented as a table.  
 
- P11,L29-30: "The tropospheric mid-latitudes were expected to cause the largest errors, 
because the most complex wind systems occur in this region due to a larger land surface 
ratio and more complex orography" -> What do you mean with 'complex wind systems'? 
What is the 'land surface ratio' - most likely you mean 'land-sea ratio'? Further, it is rather 
unspecific to attribute the flow variability to the orography and/or the land-to-sea fraction. 
 
- P11,L33: Again, what is a 'complex wind pattern' and why is the turbulence higher in this 
region? I guess  that the authors point to the higher jet variability, i.e., its north-south 
meandering structure. I would suggest to add some references to climatologies that quantify 
this variability. 
 
- P12, L17: "As a rough indication for inter-annual variability" -> This is indeed a very rough 
measure for inter-annual variability! If I hear 'interannual variability', I would expect a study 
covering at least 10 years. Hence, I would simply say that the two years 2014 and 2015 are 
compared, and that they differ substantially -- indicating that the inherent flow properties 
have a considerable impact on the outcome. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


