PARAMETER SENSITIVITY FOR

IDEALIZED COUPLED HWRF SIMULATIONS
IN A SHEARED ENVIRONMENT

Presented for the HFIP Annual Review, 26 June 2013
by
Altug Aksoy*? (PI)

Collaborators:
Jun Zhang'?, Brad Klotz'? (Co-Is)
and
Eric Uhlhorn?, Joe Cione?, Gopal?, George Halliwell3, Vijay Tallapragada®, J.-W. Bao?

1. Cooperative Institute for Marine and Atmospheric Studies, University of Miami
2. Hurricane Research Division, NOAA/AOML
3. Physical Oceanography Division, NOAA/AOML
4. Environmental Modeling Center, NOAA/NCEP
5. Physical Sciences Division, NOAA/ESRL



OUTLINE 2
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GOALS 3

Investigate HWRF sensitivity to PBL and SL parameterizations
in a controlled environment

Gain perspective on how important PBL/SL parameterizations
are relative to variations in the environment or initial vortex
structure

Through calibration, construct HWRF ensembles that include
perturbations of similar magnitude from initial and boundary
conditions as well as PBL/SL parameterizations

Investigate impact of added PBL/SL perturbations on
ensemble-based data assimilation



IDEALIZED HWRF CONFIGURATION

HWRF configuration:

27/9/3 km based on Gopalakrishnan et al. (2011, MWR), 10x10 degree inner nest
Repository version of the idealized HWRF code
2012 operational HWRF physics settings

Entire globe initialized with a uniform sounding based on Dunion (2011, J. Climate)
moist tropical sounding:

Same thermodynamic profile as in Dunion (2011)
Pure easterly flow with specified 850-200 mb shear

Mass adjustment in the meridional direction to balance shear (thermal wind)
following Nolan (2011, JAMES)

No layer-averaged mass transport (to keep the simulated storm in the center of domain)

Coupled with HYCOM one-dimensional ocean model (G. Halliwell, PhOD/AOML):

Uniform initial SST
Initial 1-d temperature and salinity profiles
Constant zonal ocean current (to mimic storm motion relative to ocean)

Initial vortex options:

Observation-based, composited from all available observations
Flavors of Bao et al. (2012, MWR)



IDEALIZED HWRF WORKFLOW

Set Up Set Up Perturb N Run
Environment Initial Vortex Parameters Simulation
T, Q, P profiles from Dunion (2011) Standard initialization Random draw from distribution
v v v
U profile based on shear Obtain inner-nest restart file Update namelist files
v ¥
V=0 Replace with observed vortex
v
Mass Balance
v
Modify grib files for entire globe -

Diagnostics




INITIAL ENVIRONMENT
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OBSERVATION-BASED INITIAL VORTEX

*  Axisymmetric structure of temperature, moisture, and horizontal wind

e Thermodynamic information:
—  Storm-relative GPS dropsonde database (Zhang and Uhlhorn 2012, MWR)

—  Historical radius-height cross sections from La Seur and Hawkins (1963, MWR), Hawkins and Rubsam (1968, MWR),
and Hawkins and Imbembo (1976, MWR) serve as a low-weight background where significant dropsonde data gaps
exist

* Horizontal wind information:
—  Storm-relative GPS dropsonde database (Zhang and Uhlhorn 2012, MWR)
— NOAA P-3 Doppler radar composite analyses

— HEDAS analyses of Hurricane Earl (2010) by Aksoy et al. (2013, MWR) serve as a low-weight background where

significant data gaps exist
. Doppler Radar Coverage
*  Only observations from TCs of: V. Mean (ms) v, Mean (ms)

— Category-1, steady-state hurricane
— Moderate shear (5-10 m/s)
— South of 30N and away from land
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OBSERVATION-BASED INITIAL VORTEX 3
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CONTROL RUN
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CONTROL RUN

Inténsity (m/s) | MSLP (hPa) | Max Tan Wind Speed (m/s)
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CONTROL RUN
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Simulation Time (h)
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CONTROL RUN
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SENSITIVITY TO INITIAL VORTEX STRUCTURE :
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SENSITIVITY TO INITIAL VORTEX STRUCTURE :

Inténsity (m/s) | MSLP (hPa) | Max Tan Wind Speed (m/s)
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SENSITIVITY TO PARAMETER PERTURBATIONS

REALIZATION of PARAMETER PERTURBATION

I S . ContrOI I § BN EEEEEEER
1. Storm Environment
- Zonal Shear (m/s) [ ] 0 4 8 12 16
- Initial uniform SST (C) B 27 28 29 30 31
- Westward storm speed (m/s) B 0 2.5 5 7.5 10
2. Initial Vortex
- Vortex Size (RMW, km) ] 15 30 45 60 75
- Initial intensity (m/s) N/A 43
3. PBL/SL Parameters
- Eddy Diffusivity Multiplier B 0.1 0.3 0.5 0.7 0.9
- Momentum Flux Multiplier B 0.5 0.75 1.0 1.25 1.5
- Enthalpy Flux Multiplier [ 0.5 0.75 1.0 1.25 1.5




EVOLUTION OF ENVIRONMENT PERTURBATIONS
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SENSITIVITY TO SHEAR

Inténsity (m/s) \ MSLP (hPa) Max Tan Wind Spéed (m/s)
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SENSITIVITY TO SST

Inténsity (m/s) MSLP (hPa) Max Tan Wind Spéed (m/s)
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SENSITIVITY TO STORM SPEED
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SENSITIVITY TO EDDY DIFFUSIVITY
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SENSITIVITY TO EXCHANGE COEF. MOMENTUM
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SENSITIVITY TO EXCHANGE COEF. ENTHALPY
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SENSITIVITY TO SHEAR

Intensity (m/s) | | MSLP (hPa) | | Max Tan Wind Spéed (m/s)
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SENSITIVITY TO SST

Intensity (m/s) | | MSLP (hPé) | Max Tan Wind Spéed (m/s)
60 »980/§\ Y —— %
//-\_,\- /\—N\ \. — 60 \v"‘"f
940
) ' | 40+
20 : ‘ : 920 : : ‘
Max Inflow Angle (deg) Max Updraft (m/s) Max Temp Pert in Core (K)
60

r 15+

40’\ — 1NI:\‘ “f},\\\m\

L N o /7/,\\' _3—\:;;:%
DA fany =
J Yot
0 ‘ : 0- : 54 :
RMW (km) Max Latent Heat Flux (W/m?) Max SST Cooling (K)
" P /,\M 3
P 7 1.0 | N
GOM } /\\‘, SN > /7\\/\ /\/ \‘V\v/
1 05 ] PR 7 / J\/\ i
30 )/ 1 //‘ \\—i/\\y’
=
0 : 0+ ‘ 0 ‘
0 24 48 72 96 120 0 24 48 72 96 120 0 24 48 72 96 120

Simulation Time (h) Simulation Time (h) Simulation Time (h)



SENSITIVITY TO STORM SPEED
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SENSITIVITY TO VORTEX SIZE
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SENSITIVITY TO EDDY DIFFUSIVITY
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SENSITIVITY TO EXCHANGE COEF. MOMENTUM
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SENSITIVITY TO EXCHANGE COEF. ENTHALPY :
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COMPARATIVE NORMALIZED SENSITIVITY .

RESPONSE FUNCTION — Similar to Tong and Xue (2008, MWR)

- Works for a given metric and parameter combination
(example: metric = intensity, parameter = shear)

- Compares the time series of the metric from a run with a realization
of the parameter perturbation vs. the control run
(example: realization of shear =12 m/s)

- Differences are normalized by the variance of the control time series
for a fair comparison

- For display convenience, log,,(/) will be plotted

1 |1« 2
M _E(Mt _Mt)
p.r (UM)Z N “ p.r C

: Metric (intensity, MSLP, etc.)
Parameter (shear, C,, etc.)
Specific realization of parameter perturbation
Control
Time -> 48-t0-120-h hourly output
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COMPARATIVE NORMALIZED SENSITIVITY
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FUTURE PLANS

e Sensitivity to initial intensity

e Sensitivity to environmental moisture
* Parameter calibration

* Multi-parameter ensemble runs

* Application to real-data DA



SUMMARY

A coupled, idealized HWRF system is built to work with shear
environments and any specified initial vortex

A realistic, steady-state control run is obtained that is in good
agreement with observed PBL and SL structures

Significant sensitivity to initial vortex structure is observed

Comparable sensitivity to environment, initial vortex, and
PBL/SL parameterizations is demonstrated



REFERENCES

Aksoy, A., S. D. Aberson, T. Vukicevic, K. J. Sellwood, S. Lorsolo, and X. Zhang, 2013: Assimilation of high-
resolution tropical cyclone observations with an ensemble Kalman filter using NOAA/AOML/HRD's HEDAS:
Evaluation of the 2008-2011 vortex-scale analyses. Mon. Wea. Rev., 141, 1842-1865.

Bao, J.-W., S. G. Gopalakrishnan, S. A. Michelson, F. D. Marks, and M. T. Montgomery, 2012: Impact of physics
representations in the HWRFX on simulated hurricane structure and pressure-wind relationships. Mon.
Wea. Rev., 140, 3278-3299.

Dunion, J. P,, 2011: Rewriting the Climatology of the Tropical North Atlantic and Caribbean Sea Atmosphere.
J. Climate, 24, 893—-908.

Hawkins, H. F. and S. M. Imbembo, 1976: The structure of a small, intense hurricane — Inez 1966. Mon. Wea.
Rev., 104, 418-442.

Hawkins, H. F. and D. T. Rubsam, 1968: Hurricane Hilda, 1964. Il. Structure and budgets of the hurricane on
October 1, 1964. Mon. Wea. Rev., 96, 617-636.

La Seur, N. E. and H. F. Hawkins, 1963: An analysis of Hurricane Cleo (1958) based on data from research
reconnaissance aircraft. Mon. Wea. Rev., 91, 694-709.

Zhang, J. and E. W. Uhlhorn, 2012: Hurricane sea-surface inflow angle and an observation-based parametric
model. Mon. Wea. Rev., 140, 3587-3605.

Tong, M., and M. Xue, 2008: Simultaneous estimation of microphysical parameters and atmospheric state
with simulated radar data and ensemble square root Kalman filter. Part |: Sensitivity Analysis and
Parameter Identifiability. Mon. Wea. Rev., 136, 1630-1648.



	PARAMETER SENSITIVITY FOR�IDEALIZED COUPLED HWRF SIMULATIONS�IN A SHEARED ENVIRONMENT
	OUTLINE
	GOALS
	IDEALIZED HWRF CONFIGURATION
	IDEALIZED HWRF WORKFLOW
	INITIAL ENVIRONMENT
	OBSERVATION-BASED INITIAL VORTEX
	OBSERVATION-BASED INITIAL VORTEX
	CONTROL RUN
	CONTROL RUN
	CONTROL RUN
	CONTROL RUN
	CONTROL RUN
	CONTROL RUN
	SENSITIVITY TO INITIAL VORTEX STRUCTURE
	SENSITIVITY TO INITIAL VORTEX STRUCTURE
	SENSITIVITY TO INITIAL VORTEX STRUCTURE
	SENSITIVITY TO PARAMETER PERTURBATIONS
	EVOLUTION OF ENVIRONMENT PERTURBATIONS
	SENSITIVITY TO SHEAR
	SENSITIVITY TO SST
	SENSITIVITY TO STORM SPEED
	SENSITIVITY TO VORTEX SIZE (RMW)
	SENSITIVITY TO EDDY DIFFUSIVITY
	SENSITIVITY TO EXCHANGE COEF. MOMENTUM
	SENSITIVITY TO EXCHANGE COEF. ENTHALPY
	SENSITIVITY TO SHEAR
	SENSITIVITY TO SST
	SENSITIVITY TO STORM SPEED
	SENSITIVITY TO VORTEX SIZE
	SENSITIVITY TO EDDY DIFFUSIVITY
	SENSITIVITY TO EXCHANGE COEF. MOMENTUM
	SENSITIVITY TO EXCHANGE COEF. ENTHALPY
	COMPARATIVE NORMALIZED SENSITIVITY
	COMPARATIVE NORMALIZED SENSITIVITY
	FUTURE PLANS
	SUMMARY
	REFERENCES


<<

  /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 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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /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.)

  >>

  /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 [3456.000 2592.000]

>> setpagedevice



