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The Advanced Hurricane WRF
• Run in real-time at NCAR since 2004

• Two or three domains (12, 4, 1.33 km) with two-way
moveable nests that follow the hurricane center

• Initialized from the Geophysical Fluid Dynamics
Laboratory (GFDL) model at 00 UTC and/or 12 UTC

• Kain-Fritsch cumulus parametrization (12 km only),
WSM3(5) microphysics, YSU planetary boundary layer
scheme, drag (Donelan) and surface enthalpy coefficients
(Carlson-Boland) for TCs

• Available on the web at 
http://www.wrf-model.org/plots/realtime_main.php
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320 km

Katrina 2005
Radar Reflectivity

~00 UTC 29 August

Top: AHWRF 4 km (left), 
1.33 km (right)

Right: NOAA P3 LF radar



Hurricane Rita

03 UTC 24 September
39 hr forecast

Column maximum 
reflectivity
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Hurricane Wilma

4 km Precipitable water

22 UTC 20 October
22 hr forecast

05 UTC 24 October
77 hr forecast

cm



Katrina 2005     Precipitable water     AHWRF 1.33 km
01 - 03 UTC 8/29   (every 10 min)
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Katrina     Precipitable water     AHWRF 1.33 km
0140 UTC 8/29
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Katrina     Precipitable water     AHWRF 1.33 km
0150 UTC 8/29
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Katrina     Precipitable water     AHWRF 1.33 km
0200 UTC 8/29
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Katrina     Precipitable water     AHWRF 1.33 km
0210 UTC 8/29

cm

V

*



Katrina     Precipitable water     AHWRF 1.33 km
0220 UTC 8/29
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Katrina     Precipitable water     AHWRF 1.33 km
0220 UTC 8/29

V
*

The vortex 
completed one full 
rotation in just over 

40 minutes. 

Radius ~ 20 km
CV ~ 50 m s-1

Consider the vortex 
to propagate like a 

PV edge wave:

Cλ = Vmax(1 - 1/n)

n = wavenumber (3)
Vmax ~ 70 m s-1

Cλ ~ 47 m s-1

(Lamb 1932)
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Katrina 
Wind speed

Left:
Dual Doppler 

1725-1946 UTC
28 August

Right:
WRF 1.33 km 

18 UTC

Top: 700 hPa
Bottom: 900 hPa 

m/s

HRD/AOML/NOAA



900 hPa relative vorticity

Katrina 1.33 km WRF

900 hPa wind speed

m/s

x 10-4 s-1
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Both the real and WRF vorticity profiles exhibit sharp 
gradients of vorticity and changes in the sign of ∂ζ/ ∂r.  

Such profiles satisfy the necessary condition for 
barotropic instability.
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Linear stability 
analysis

The 1.33 km WRF simulation is most unstable to 
wavenumber 2, with significant wavenumber 1-4 instability.

The 4 km WRF simulation is most unstable to wavenumbers 
1 and 2, with very little instability at higher wavenumbers. 

Code provided by M. Montgomery and M. Bell



In 2005, both Katrina and Rita 
exhibited secondary eyewalls 

during the RAINEX field 
campaign.

Were these events captured by 
the AHWRF?
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Rita 2005    1.33 km AHWRF    Precipitable water 
18 UTC 9/21 – 06 UTC 9/23   (every hour)



West-East Cross Section (grid point #)
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ELDORA radar (top) 
Radar reflectivity

17 UTC 9/22

1.33 km AHWRF (bottom) 
Precipitable water

23 UTC 9/22

Houze et al. (2006)
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Questions, Unresolved Issues and Future Work

• Are  model parameterizations playing a role in the
abundance of unusually shaped eyewalls? (Fovell, UCLA)

• Will 1.33 km AHWRF TCs always be too weak due to an
abundance of eyewall asymmetries, or can mixing of high
entropy air between the eye and eyewall act as an offset?  

• What are the mechanisms by which secondary eyewalls
are formed in the 1.33 km AHWRF simulations?  Do
these match observations? (S. Abarca, UCLA)

• Does the AHWRF simulate rapid intensification?  What is
the role of convective instability, vertical wind shear and
helicity in the intensification process? 
(Molinari & Vollaro, SUNY Albany; Shontz, UCLA)



<<
  /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


