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Objectives for this meeting

 We need to creating a strategic plan for HFIP over the next 5 years and we
would like to use this meeting to agree on a final plan using the HFIP
teams.

* | propose we focus the program for the meeting in seeking answers to:

— What areas of focus/themes are most important for HFIP to meet its goals
over the next 5 years?
* [|nitialization?
* Cloud physics?
* Boundary layer processes?
* New data sources?
* Ensembles?

Post processing
e ?

 We also need to establish priorities for the focus areas established in 1.



The HFIP Project
Vision/Goals

* Vision

— Organize the hurricane community to dramatically improve
numerical forecast guidance to NHC in 5-10 years

e @Goals

— Reduce numerical forecast errors in track and intensity by 20% in 5
years, 50% in 10 years

— Extend forecast guidance to 7 days with skill comparable to 5 days at
project inception

— Increase probability of predicting rapid intensification at day 1 to
90% and 60% at day 5
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HFIP Progress and Accomplishments

 5-year Performance Goals Exceeded or Within Reach

— New NCEP GSI-Hybrid DA Systems went operational in the Global Forecast
System (GFS) in May 2012: track forecasts through 96 hours exceeded the 5-
yr and approached the 10-yr goal. It is among the best dynamical models for
hurricane track prediction, comparable to ECMWF for hurricane track at
most lead times.

— A third nest was added to operational HWRF in 2012 allowing an inner core
resolution of 3 km. This and other changes led to another 20% improvement
in both track and intensity forecasts over previous year. Improvements in
HWRF continue.

— Impact of radar data on intensity forecasts still debatable (we will hear the
RDITT report later today). All aircraft data (including radar) may provide
improvement of 10%-20% out to 72 hours.



The Global Model
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HWRF Results
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Forecast Error (kt)

HWREF in Atlantic
Intensity Forecasts

2010-12 Average Forecast Errors
Atlantic Basin - Intensity
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HWRF in WPAC

HFIP has been running HWRF in the WPAC for JTWC 2012-2013

Results shown below indicate that the HWRF track forecasts are comparable to the global model and
better than other regional models in the region

HWREF Intensity forecasts are better that other model guidance in WPAC

JTWC has been using HWRF model output in their operational forecasts
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HWRF in WPAC
Rapid Intensification Verification
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- If one define an Rl event as >30 kt / 24 h, then HWRF RI POD skill is ~ 23 % and by far
has higher POD index as compared to other models and in other basins (previous
analysis of Rl for WPAC from 2012 HWRF showed <10% skill).

- The POD index is much higher (43%) if one simply considers the intensity change
tendency, say 6-h change of VMAX > 5 kt.
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HWRF-based Ensemble Prediction System

HFIP Ensemble Team Report from NCEP/EMC

Zhan Zhang and HWRF Team



HWRF-based Ensemble Prediction System

»1C/BC Perturbations (Large scale):
20 member GEFS (ETR-based).

»Model Physics Perturbations (Sub-grid scale):
Stochastic Convective Trigger

Pcsi-Purc <= DP(W) + Rr (n)

Rr is white noise, ranging from -50hPa to +50hPa, n is nth
ensemble member, used as random seed. No spatial and
temporal correlations



Real-time & Retrospective Experiments for 2013 Season

> Real time forecasts for all 2013 storms
(August-November) at Atlantic basin;

» Retrospective runs for all 2013 tropical
cyclones at North Indian Ocean;

» Real time forecasts for hurricane Raymond at
Eastern Pacific basin — Special Case



HWRF/EPS Verifications for 2013 Storms

HWRF FORECAST — TRACK ERROR (NM) STATISTIES HWRF FORECAST — TRACK ERROR (NM) STATISTICS HWRF FORECAST — TRACK ERROR (NM) STATISTICS

VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Aflantic Ocean VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Atlantic Ocean VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Indian Ocean
320 3 320 - 320 "
== HWRF: 2013 operational HWRF model s=——j—— HWRF: 2013 operational HWRF model s——je HWRF: 2013 operational HWRF model
== HWMN: HWRF Ensemble mean ——(— HWMN: HWRF Ensemble mean —f— HWMN: HWRF Ensemble mean
256 256 256
s | AL-Track < EP-Track < |O-Track
<192 z -1racC Z
8 =192 192
& g
E o ['4
& &
128
tg- glzs gl%
64
64 64
ol
12 2+ 3 48 60 72 8 95 108 120 o ol : : ; ; : : : ; H
fCASE152 134 104 86 66 49 33 23 18 16 15 0 12 24 36 48 60 72 a4 96 108 120 0 12 24 36 48 60 72 84 96 108 120
Forecast lead time (hr) HIRF project — NOM/NCER/ENC Joacr 3 80 52 50 47 44 #1 37 32 27 24 #CASE103 101 97 92 80 69 57 45 33 26 19
Forecast lead time (hr) HWRF project — NOAA/NCER /EM._ Forecast lead time (hr) HWRF project — NOAA/NCEP/EMC
HWRF FORECAST — INTENSITY VMAX ERROR (KT) STATISTICS
VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Atlantic Ocean HWRF FORECAST — INTENSITY VMAX ERROR (KT) STATISTICS HWRF FORECAST — INTENSITY VMAX ERROR (KT) STATISTICS
VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Atlantic Ocean VERIFICATION FOR 2013 Storm HWRF/EPS FOR Northen Indian Ocean
| =—=—— HWRF: 2013 operational HWRF model 35 35 -
—— HWMN: HWRF Ensemble mean e HWRF: 2013 operational HWRF model ——t— HWRF: 2013 operational HWRF model
m———f— HWMN: HWRF Ensemble mean 1 e HWMN: HWRF Ensemble mean
28+
£ % . 28
= | Al-Intensity : Y g |0-Intensity
[ £ 214 = 21
g g 21 &
g 3 3
£ 4 7 > 14
g E™ - & I
g g —
5 < . i
12 24+ 3 48 60 72 8+ 9 108 120 0 ; ; . : ' , , y ; ° y y ” y v : Y ; 5
Y 2 24+ 36 48 60 72 8+ 95 108 120 12 24 3% 4 6 77 & % W8 1N
§CASE152 134 104 86 66 49 33 23 18 16 15 JCASE103 101 07 82 80 & 57 45 a3 28 19
Forecast lead time (hr) HWRF project — Noas/ncer/df CASE 63 60 52 50 47 44 41 37 32 27 24 F t lead time (hr) i
Forecast lead time (hl’) HWRF project — NOAA/NCEP /My orecast lea me T, HWRF project — NOAA/NCEP /EMC

HWRF: 2013 deterministic operational hurricane forecast system

HWMN: mean of 20 ensemble members from HWRF-based EPS

The HWMN track/intensity forecasts are improved over HWREF at all lead times, all
three basins.



2008 & 2010-2012 ATLANTIC HURRICANE SEASONS
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QI DA cycling configuration (mission 1)
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Ql DA cycling configuration (mission 1)
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HFIP Overall Strategy
Long term: At the end of the 10 year HFIP Project

Merge the regional model with the global model

Start by developing a basin scale system
e Large outer domain but still within a Global model
e Global model only provides boundary conditions to outer domain
e Multiple inner nests, one set for each storm (9km, 3km)
e Two inner domains per storm, fully interactive with outer domain

Outer domain may be expanded to be global.
* Inner nests will then fully interact with the global model

Run as an ensemble

The global to regional models all constructed from the same model
(NMM B-grid) and run within the future operational NOAA Environmental
Modeling System (NEMS) framework.



HWRF Architecture Plans
Next 3 to 5 Years

Advancements to Operational HWRF — Transition to NMM-B/NEMS Multi-Scale
Modeling System with multiple moveable nests

Planned development, testing and evaluation leading to potential transition to
operations in the next 3-5 years




HFIP Scientific Review Committee

The SRC provides feedback and guidance contributing to the
cohesion of near-term (next year or two) and longer range
strategies for improving hurricane forecasts

Being outside of the daily project functioning, the SRC provides a
broader assessment of HFIP progress and future approaches
- Review and suggest possible changes to annual HFIP plans
- Review proceeding year accomplishments
- Review the long term HFIP model system development and

observing strategy plans
- Review the objectives and makeup of the demonstration system

each season
Organizational meeting 4" Quarter 2012

2 day review held 26 and 27 February, 2013.
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HFIP Scientific Review Committee
Membership

Organization |Expertise Term
years

Mike Montgomery NPS TC dynamics

Dave Nolan Miami TC regional models 3

Gary Barnes UH/Manoa TC structure 3

Jim Price Woods Hole Coupled models 2

Bob Hart FSU TC environment 2
interaction

Jim Goerss NRL Monterey Global models/ensembles 2
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HFIP Scientific Review Committee:
Recommendations®

* Reuvisit Intensity Goals
— Present intensity goals are unreachable and/or impossible; reduction of the
largest error (e.g., 90t percentile) error values may be more meaningful
— Consider metrics for defining size and shape of storm, and/or accuracy of
the precipitation field structure

* Improve HFIP Model Physics and Initialization
— Broaden capabilities in HWRF for idealized simulations
— Improve model physics and vortex initialization focusing on microphysics,
boundary layer structure, and turbulent mixing -- not ocean and air-sea
coupled modeling
— Develop a self-consistent, flow-dependent data assimilation system

« Further Integrate the HFIP and HWRF Efforts with Community

— Initiate a visiting scientist program at NOAA laboratories
— Be open minded, accept criticism, and willing to restructure modeling
frameworks if necessary

25



	�Annual Meeting Opening Comments� 
	Objectives for this meeting
	The HFIP Project  �Vision/Goals
	HFIP Progress and Accomplishments
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	HWRF in WPAC   �Rapid Intensification Verification
	HWRF-based Ensemble Prediction System��HFIP Ensemble Team Report from NCEP/EMC
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Results from OU (X. Wang)�Impact of radar data
	HFIP Overall Strategy�Long term:  At the end of the 10 year HFIP Project
	HWRF Architecture Plans �Next 3 to 5 Years
	Slide Number 23
	Slide Number 24
	Slide Number 25


<<

  /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



