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|_Introduction |
Cloud microphysical parameterizations (MPs) have been shown to have a tremendous impact on

forecasts of both tropical cyclone (TC) intensity and track (Wang 2002; Zhu and Zhang 2006; Fovell and
Su 2007). Indeed, a physics based forecast ensemble varying the available MPs in one model produces
a spread in forecast tracks equal to that of a multi-model ensemble.

Fovell and Su (2007) showed that different MPs modulated storm width and speculated this could be one
reason for the substantial difference in tracks, similar to the findings of Fiorino and Elsberry (1989).

In the absence of environmental steering flow,
the motion of a TC results from “ventilation
flow” across the vortex from beta gyres, which
owe their existence to differential advection of
B planetary vorticity by the TC. The strength of

% TR ..fu; - L the wind field at large radii controls the

W = Wsm3 strength and orientation of the gyres and thus
wan the direction of storm motion.
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The goal of the present research is to uncover and
understand the physical processes in MPs that
control TC size, and to first order, storm motion.

[ Model Design |

1 I
* “Real-Ideal” WRF V2.2.1: ARW core, retains Earth’s curvature, but no land (Hill and Lackmann 2008)

* Three telescoping domains 27/9/3 km, 30 vertical levels, 50 hPa model top, RRTM radiation scheme

* Initialized with the Jordan (1958) sounding but with no initial environmental flow and a constant 29°C
sea surface temperature

* A coherent vortex is spun up from the additional of a warm, moist anomaly to the initial conditions
{No MP scheme is used during the spin up, but the Kain-Fritsch cumulus parameterization (CP) is on}

* After 24 hrs, the CP is turned off and one of three MPs (Kessler, LFO, or WSM3) is turned on

* In addition to the standard run, sensitivity experiments with the CAM radiative scheme, no radiation, no
graupel in the LFO run, and all condensate in the Kessler MP immediately turns to rain were conducted

[ Results |

1

The tracks and tangential
: wind profiles of
Fovell and Su (2007) are
reproduced:

The Kessler storm moves
much more quickly and
further to the west than either
of the storms with
ice microphysics (left), and
exhibits a much broader
tangential wind profile out to
large radii at 850 hPa (right).
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:Physical Mechanisms and Sensitivity Tests |—

I To explain the differences in the tangential wind profiles, we turn to the
i+ () +4r ’?’ steady state, horizontal momentum equation in cylindrical coordinates (top

[ E— left). Away from the storm core, this approximation does an excellent job
of reproducing the wind field.

at PEL top (m/s)

Hydrostatic balance also does an excellent job of replicating the radial
distribution of p in the vortex (bottom left). Here Z=14.5 km, a height
where p, does not vary much among the cases, and thus T, (below,
middle) controls the surface pressure differences between the runs.

T‘,: Column averaged
virtual temperature

P = surface, top of
column pressure
Z = column height
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The warmer, and larger radial gradient of TV in the Kessler storm
results from a much more prominent anvil than in either of the
two ice MP storms (right). This is the opposite of squall line
simulations because of the much weaker mean updraft speed in
TCs, less condensation, and slower conversion of cloud droplets

to rain drops in the Kessler scheme.
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The Iarge vertlcal and horizontal extent of the Kessler anvil produces prominent warming beneath and
cooling above the anvil due to cloud-radiation interactions as shown above in sensitivity experiments
using an alternate radiation scheme (CAM) and another turning radiative processes off entirely.
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Particle faII speed is the most |mportant factor in
determining whether a given MP can develop a
substantial anvil. Thus, three sensitivity experiments
were conducted: 1) The formation of quickly falling
graupel was excluded from the LFO run, 2) all
condensate in the Kessler run immediately became
rain (K'NOCLOUD), and 3) the same as (2), but with
the fall speed (V;) set equal to zero in the lowest 5 km
where p>1005 hPa (K/NOCLOUD?2).
The LINOGRAUPEL storm produces a huge anvil and travels the furthest west. K/NOCLOUD has almost
no anvil and resembles the ice MP tracks, while KNOCLOUD2 moves like the original K. This was due
to similar dT,/dr in the runs because of cooling in the V= 0 zone where rain is more likely to evaporate.
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Discussion and Summary I

* Clearly, there are other effects on storm motion not examined here, including tilt of the vortex (Wu and
Emanuel 1993; Wang and Holland 1996) and convective asymmetries (Nolan et al. 2001), but the
assumptions used in cloud MPs drastically affect the motion of TCs

* This effect is realized here by the size of the upper tropospheric anvil and its cloud-radiation feedback
effects on the horizontal temperature gradients, pressure gradients and ultimately, the wind fields





<<
  /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
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


