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Outline

● HFIP Goals and Weather Act
● Key Strategies and Progress
● HAFS as UFS Applications
● HFIP 2020 highlights 
● HAFS Development
● Community Outreach
● Future directions



1. Reduce numerical forecast guidance errors, including during rapid 
intensification, by 50% from 2017;

2. Produce 7-day forecast guidance similar to 2017 5-day forecast guidance;
3. Improve guidance on pre-formation disturbances, including genesis timing, 

track and intensity forecasts, by 20% from 2017; and 
4. Improve hazard guidance and risk communication, based on social and 

behavioral science, to modernize TC product suite for actionable lead times for 
storm surge and all other threats.

3

HFIP Goals aligned with Weather Act
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• HFIP Strategic Plan provides details on long-term HFIP goals (Appendix 
A), priorities, and strategies – June 2019

http://www.hfip.org/documents/HFIP_Strategic_Plan_20190625.pdf
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HFIP Goals aligned with Weather Act
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HFIP Intensity Error Baseline and Goal



1. Advance an operational Hurricane Analysis and Forecast System (HAFS): 4 
Versions tested this season

2. Improve probabilistic guidance: Tropical Roadmap, P-surge, Graphical 
Product Improvements

3. Enhance communication of risk and uncertainty: 9 SBES Projects
4. Support dedicated high performance computing allocation: >60M h/month for 

development, testing, & evaluation
5. R2O Enhancement: Enhanced JHT capability, AWIPS/ATCF improvements
6. Broaden expertise and expand interaction with external community: 6th round 

of proposals (3 supported) 
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Key Strategies and Progress
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Key Strategies: Next-generation 
Hurricane model, HAFS 

Hurricane Analysis and Forecast 
System (HAFS) is FV3-based multi-
scale model and data assimilation 
system capable of providing 
Tropical Cyclone (TC, including 
Hurricanes and Typhoons) analyses 
and forecasts of the inner core 
structure and the large-scale 
environment.
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Unified Forecast System (UFS)

https://ufscommunity.org

https://ufscommunity.org
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• 2020 HFIP Real-time Experiment (HREx) for UFS-HAFS

○ Hurricane Analysis and Forecast System (HAFS) version 0.1A (ocean-coupled), version 0.1B 
(global-nesting), version 0.1J (ESG grid) and version 0.1E (ensembles) tested in real time for 
2020 hurricane season. 

• HAFS-Ocean Model (HYCOM) Coupling 

○ The regional HAFS is coupled with the HYbrid Coordinate Ocean Model (HYCOM) to take 
into account the impact of air-sea interaction on hurricane forecasting. The coupled 
system is being demonstrated in HREx.

• Providing guidance for NHC's experimental 6 and 7 day forecasts

○ NHC’s statistical post-processing intensity models (SHIPS and LGEM) were extended to provide 
forecasts through 7 days.

• HWRF Model upgrades implemented on August 5, 2020

Hurricane Forecast Improvement
Project (HFIP) Highlights for 2020
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HAFS Development in 2020

• HAFS-Ocean Model (HYCOM) Coupling

• HFIP Real-time Experiment (HREx) for UFS-HAFS for 2020 
hurricane season 

HAFS v0.1A 
(Limited domain)

HAFS v0.1B 
(Global with nest)

HAFS v0.1J 
(Uniform grid)

HAFS v0.1E 
(Ensemble)
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Real-time Reservation Project 2020 (Aug-Oct) Organization

HAFS v0.1A - limited area model with ocean coupling EMC

HAFS v0.1B - global with a nest (static nest) AOML

HAFS v0.1J - LAM 3 km on ESG grid EMC

HWRF-B: Basin Scale HWRF AOML

HAFS v0.1E - HAFS ensemble EMC

FV3GFSv16 with RAP/HRRR Physics GSL

HWRF based CNN method in prediction of RI NCAR

HFIP Real-time Experiment (HREx) 2020

# cases

1505

1221

1115

2244

7193

529
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HAFS Performance Evaluation

NATL

EPAC 

Intensity

Intensity

Track

Track

● Skill relative to HWRF
○ NATL
■ HAFS-B best track skill 

overall
■ All HAFS configurations 

lag HWRF intensity skill. 
HAFS-A catches up Day 3.

○ EPAC
■ HAFS-A and HAFS-J best 

track skill.
■ All HAFS lag in intensity 

behind HWRF.

HWRF
HF1A
HF1B
HF1J
AVNO
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Track Intensity

HAFS Performance Evaluation

○ NATL

■ HAFS-E has 
comparable track 
skill with HAFS-A
and HAFS-J till Day-
3, but lower 
thereafter.

■ HAFS-E has lowest 
intensity errors for 
extended lead times 
for Days 3-5.

● Skill relative to HWRF



Guidance & Products 

Improve probabilistic guidance
o Incorporate dynamically-based uncertainty 

into hazard models & products
o R&D for hazard-specific products from AFS 

Tropical Roadmap

TC Wind Hazard Recommender 
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Wind Speed Probability 
Upgrades

Dorian Michael

https://sites.google.com/a/noaa.gov/tropical-roadmap/
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Outreach and Community 
Participation

● User support by DTC on HWRF community version
○ Trainings, workshops and online forum

● HFIP monthly Seminar - platform for sharing research outcome and initiating 
community discussion

● New interface to HFIP website - coming soon!
● HFIP Annual Report in NOAA repository: https://doi.org/10.25923/qzd3-m787
● Continue to engage with University partners through Notice of Federal Opportunity 

(NOFO): https://www.grants.gov/web/grants/view-opportunity.html?oppId=322105
○ Three PI’s are awarded for 2020 grants (Round 6)

● Coordinate with OAR FACETs, JHT, & HWT on projects using social & behavioral 
science research to evaluate TC products - 9 OAR & Supplemental Projects

https://doi.org/10.25923/qzd3-m787
https://www.grants.gov/web/grants/view-opportunity.html?oppId=322105
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HFIP Annual Review Meeting 
Outcome

Date: November 17-19, 2020

Recommendations:
• Evaluation of 2020 operational problem cases - We need to answer WHY? Pick 1-2 

cases & explore reasons for issue in multiple ways: e.g., E-W track bias, R34 bias
• Observation Impact Evaluation - Do OSEs for 2020 retrospective cases with TDR to 

explore impacts. Also, need OSEs for ocean observations impacts
• HAFS Development - Define IOC of HAFS given operational HPC resources
• Data Display Capability on AWIPS II - Integrate observations with model guidance & 

provide depiction of observations assimilated in @ model cycle
• Resources - Maintain real-time test capability on RDHPC (Jet, Hera, & Orion)
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Future Directions
● Alignment of hurricane models with 

UFS

● HAFS Implementation plan
○ Initial operational capability 

demonstration in 2021
○ Operational implementation in 

2023
● Future HAFS configuration

○ 3-way coupling with ocean 
(HYCOM -> MOM6) and wave 
(WW3)

○ DA: Transition to JEDI 
○ Multiple moving nests following 

multiple storms
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Questions?



Develop an updated plan, detailing the specific research, 
development, and technology transfer activities necessary to sustain 
HFIP and achieve the 3 focus areas in Section 104 of the Weather 
Research and Forecasting Innovation Act: 
1. improve prediction of rapid intensification and track of hurricanes
2. improve forecast and communication of storm surges from 

hurricanes
3. incorporate risk communication research to create more effective 

watch and warning products

The plan details long-term HFIP goals, priorities, and approaches.

Weather Act Sec.104: HFIP
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https://drive.google.com/a/noaa.gov/file/d/0B-gbnuzrmA59NFAxR0xWYnExU28/view?usp=sharing
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HAFS within UFS Applications

Conceptual UFS 
applications in 
production covering all 
NPS applications.

Components of UFS are 
configured to develop 
distinct applications 
while maintaining the 
dependencies between 
the applications and 
products



qHazard Prediction 
& Communication 
Dynamics in the 

Modern 
Information 

Environment

Minding the Gap:  
Modernizing the 
TC Product Suite 

by Evaluating NWS 
Partner Information 

Needs

A Web-Based 
Survey to 

Estimate the 
Economic Value 
of Improved TC 

Forecasts

Cone of 
Uncertainty 
Social and 
Behavioral 

Science 
Research

Optimizing TC 
Information:  An 
NHC Web User 

Experience Study 
from a Public 
Perspective

Public Response 
to Emergency 

Communication:  
Hurricane Maria

There’s a Chance of 
What?  Assessing 
Numeracy Skills of 

Forecasters, 
Partners, & Publics 

to Improve TC 
Products

Wait, That Forecast 
Changed?  

Assessing How 
Publics’ Consume & 
Process Changing 
TC Forecasts over 

Time

RAPID:  
Responding to the 
Risk of Hurricanes 
Harvey and Irma:  

Choices and 
Adjustment over 

Time

Outreach to Community
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HFIP Collaborative Awards Round VI (2020-2022)

PI Name PI Institution Project Title

Alan 
Brammer

CSU-CIRA Extending the Tropical 
Cyclone Genesis Index to 
Global Ensemble Forecasts

Enrique 
Curchitser

Rutgers Developing Regional Ocean 
Modeling Capabilities with 
MOM6 for use in the UFS

Ryan Torn SUNY Albany Application of Innovation 
Statistics to Diagnose Biases 
in the HAFS System

9 OAR & Hurricane Supplemental Projects 
using SBES research to evaluate TC products



Key Strategies: HPC & R2O
4. Increase HPC Capacity
o NOAA R&D and operational computing to support 

HAFS development 
o Hurricane Supplemental will provide R&D HPC ~24M 

core h/month for HAFS development (Hera & Orion)

21NOAA Hurricane Forecast Improvement Project
Meeting the Nation’s Needs

5. Research to Operations (R20) Enhancements
o Accelerate transition to operations by 

following NOAA’s best practices for 
promoting readiness levels (RLs)

o Develop a process to prioritize research 
targeted for operational improvements

o Integrated use & support of Testbeds 
(JHT, DTC, JCSDA, HWT, HMT, & EPIC)

O2R
R2O

VALLEY OF DEATH
HFIP


	Hurricane Forecast Improvement Program (HFIP)  Overview/Updates
	Outline
	HFIP Goals aligned with Weather Act
	HFIP Goals aligned with Weather Act
	Key Strategies and Progress 
	Key Strategies: Next-generation Hurricane model, HAFS 
	Unified Forecast System (UFS)
	Slide Number 8
	HAFS Development in 2020
	HFIP Real-time Experiment (HREx) 2020
	HAFS Performance Evaluation
	HAFS Performance Evaluation
	Slide Number 13
	Outreach and Community Participation
	HFIP Annual Review Meeting Outcome
	Future Directions
	Slide Number 17
	Weather Act Sec.104: HFIP
	HAFS within UFS Applications
	Slide Number 20
	Slide Number 21


<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalCMYKProfile (None)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /UseDeviceIndependentColor
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 100
  /ColorSettingsFile ()
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 <>
  >>
  /DetectBlends true
  /DetectCurves 0
  /DisplayDocTitle true
  /DoThumbnails true
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /FullScreenMode false
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /PageLayout /SinglePage
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


