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Intensity

HWRF continues to be the best operational dynamic guidance model
for hurricane intensity forecasting




Highlights of 2017 HWRF Upgrades

* Infrastructure Enhancements
— Upgrade dynamic core from WRF3.7.1a to WRF3.8.1 (with bug fixes)
— T&E with new 2017 4D-Hybrid GDAS/GFS IC/BC
— Consider storm’s meridional movement when determining parent domain center
— Increase vertical levels to L75 with model top of 10hPa (H216: L61, 2hPa model top)
— Reduce nested domain size: d02 (265x532), d03 (235 x472) (H216: 288 x 576)
— Updated GFDL vortex tracker

* Vortex Initialization/Data Assimilation Improvements

— Improve vortex initialization (new composite storm vortex)

— GSl code upgrades together with new data sets for DA (hourly shortwave, clear air water vapor
and visible AMV’s from GOES, HDOBS flight level data)

— Fully self-cycled HWRF ensemble hybrid DA for TDR and priority storms
— Increase the blending threshold of vortex initialization (VI) and GSI analysis (from 50 to 65 kt)

* Physics Advancements

— Updated scale-aware SAS scheme and Ferrier-Aligo microphysics scheme
— Updated air-sea momentum and enthalpy exchange coefficients
— Partial cloudiness modification for RRTMG

* Air-Sea Interaction and Coupling
— POM RTOFS initialization for CPAC, HYCOM ocean coupling for WPAC, NIO
— Reduced coupling time step from 9 min to 6 min
— Increased vertical level for POM from 24 to 41 levels

— Hurricane sea surface wave forecasts for CPAC, in addition to NATL and EPAC
— Sea surface wave boundary condition from global wave model
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Updated Scale-aware SAS scheme

* Updates of the scale awareness:

— Cloud base mass flux reduction by clouds being advected before they
complete their turnover time

— For dx<8km, the cloud base mass flux is proportional to the mean updraft
velocity and not by the Arakawa-Schubert quasi-equilibrium

— Shallow convection cloud base mass flux is now a function of the cumulus
updraft velocity averaged over the whole cloud depth

* Reduced the decreasing rate of rain conversion rate with
decreasing air temperature above the freezing level

* Entrainment enhancement in dry environment

* Precipitating shallow convection to reduce too many low
clouds

e Separation criteria between deep and shallow is changed to
200 hPa (previously 150 hPa) for cumulus depth

Update to the latest SAS scheme used in NCEP 2017 GFS




Ferrier-Aligo Microphysics Changes
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High reflectivity bia

in PBL clouds
Added a drizzle

parameterization (allows
smaller/more numerous drops) |

High reflectivity

bias at anvil Increased largest

127 23 June 2016

possible number
concentration of snow

Lack of stratiform
precipitation

Constant rain drop size
during rain evaporation
(reduces evaporation)

Update to the latest microphysics scheme used in the 2017 NCEP NAM model

217 29 June 2012
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FY2017 HWRF DA Upgrades

* GSIl code upgrades (align with EMC GSI)
* Increase the blending threshold of VI and GSI analysis (from 50 to 65 kt)

* New data to be assimilated and other data usage changes

 HDOB flight-level data
* Hourly shortwave, clear air water vapor and visible AMVs from GOES
* Flag Global Hawk dropsonde u/v observations in the inner-core area

 Fully self-cycled EnKF ensemble hybrid DA system for TDR/priority storm
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FY2017 HWRF Configurations for Different

TC Basins
Ocean Cpling Wave Cpling Dat.a o Ensemble DA Vertical
Assimilation
NATL ggshgsiDEM/ WW3 1-way | Always It[zﬁ{]f oMty 175 level |10 mb
EPAC | POM RTOFS WW3 1-way |Always I&fﬁ’”ority 75 level |10 mb
CPAC |POM RTOFS WW3 1-way None None 75 level |10 mb
WPAC |HYCOM None None None 61 level |10 mb
NIO HYCOM None None None 61 level |10 mb
SIO None None None None 43 level |50 mb
SPAC |[None None None None 43 level |50 mb

* EnKF self-cycled DA system for one TDR or priority storm
» 75 vertical levels with 10-hPa top for NATL/EPAC/CPAC
* 61 vertical levels with 10-hPa top for WPAC/NIO

* Enable ocean coupling for all NH basins (POM for NATL, EPAC and CPAC, HYCOM for WPAC and
NIO)

» Utilize daily RTOFS (instead of GDEM climatology) data for POM initialization for CPAC basin

* One-way coupling to wave model for NATL, EPAC, and CPAC to replace the NCEP standard-alone
hurricane wave model (multi_2)
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Evaluation of 2017 HWRF for NATL
(2014-2016 storms)
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« Track forecast: Mostly neutral with improvement for lead times from 60-108 hr
* Intensity forecast: Improved at almost all lead times, around 10% at days 3-5
 Intensity bias: Lower bias compared with H216

HWRF Bro'oct - NOAA‘NCEP‘EMC
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Evaluation of 2017 HWRF for NATL
(Hurricane Matthew 14L2016)

— ) HWRF forecast for MATTHEW (14L) at 2016100400
Significantly improved track forecast
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The NCEP hurricane wave model (multi_2) will be discontinued in
NCEP operations with FY2017 HWRF upgrade
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014-2016 storms
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Evaluation of 2017 HWRF for WPAC
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Successful R20 in 2017 HWRF Upgrades

EMC/NCEP: Model physics upgrades including scale-aware SAS scheme,
Ferrier-Aligo microphysics scheme, adjustment of air-sea exchange
coefficients; framework upgrades including vertical resolution change, etc. ;
GSl upgrades; HYCOM ocean coupling; and pre-implementation T&E

DTC: Community support including code management; partial cloudiness
modification of RRTMG scheme; and testing candidate physics schemes

HRD/AOML: Knowledge sharing for framework and physics upgrades;
triggers for self-cycled EnKF DA for TDR/priority storms

FIU: Candidate PBL scheme modification

URI: RTOFS initialization for CPAC basin; increasing vertical levels for POM
OU: Self-cycled EnKF GSI upgrade

GFDL: Vortex tracker upgrade

NHC/CPHC/JTWC/NWS-PR: Diagnostics and evaluation of the HWRF pre-
implementation tests and real-time guidance

This upgrade is a result of multi-agency R20 efforts
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DTC home Reference Testing & Community Verification
Configurations Evaluation Codes
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WREF for Hurrican'es:

You are here: DTC e Hurricane WRF Users Page

Home WRF For Hurricanes

Terms of Use Welcome to the users page on WRF for Hurricanes. The Weather Research

CER and Forecasting (WRF) Model is designed to serve both operational
forecasting and atmospheric research needs. It features two dynamic cores,

User Support 2 multiple physical parameterizations, a variational data assimilation system,
ability to couple with an ocean model, and a software architecture allowing

Downloads < for computational parallelism and system extensibility. WRF is suitable for a

Documentation broad spectrum of applications, including tropical storms.

Idealized

Two robust configurations of WRF for tropical storms are the NOAA
Tutorials & Workshops: operational model Hurricane WRF (HWRF) and the National Center for
Atmospheric Research (NCAR) Advanced Research Hurricane WRF (AHW). In

Testing and this website users can obtain codes, datasets, and information for running
EEEiE both HWRF and AHW.
HWRF Developers Info

The Developmental Testbed Center and the Mesoscale and Microscale
Meteorology (MMM) Division of NCAR support the use of all components of
AHW and HWRF to the community, including the WRF atmospheric model
with its Preprocessing System (WPS), various vortex initialization
procedures, the Princeton Ocean Model for Tropical Cyclones (MPIPOM-TC),
the Gridpoint Statistical Interpolation (GSI) three-dimensional ensemble-
variational data assimilation system, the NOAA National Centers for
Environmental Prediction (NCEP) coupler, the NOAA Geophysical Fluid
Dynamics Laboratory (GFDL) Vortex Tracker, and various postprocessing
and products utilities.

Additional Links

oed Center Support
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www.dtcenter.org/HurrWRF/users

Visitor
Program

No Upcoming Events

e 21 November 2016
Release v3.8a of the HWRF system

Organizations contributing to this website

Developmental Testbed Center (DTC)
NCAR's Mesoscale & Microscale Meteorology
Division (MMM)

Sponsors of WRF for Hurricanes

NCAR

National Center for National Oceanic and
Atmospheric Research Atmospheric Administration
(NCAR) (NOAA)

Yearly releases, code
downloads, datasets,
documentation, online
tutorial, helpdesk

1300+ registered users

Stable, tested code

Benchmarks available

Support to HWRF
developers in code
management

Current release: HWRF v3.8a (2016 operational) November 2016

DTC Next release: HWRF v3.9a (2017 operational) August/September 2017

Developmental Testbed Center
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HWRF community code

HWREF public release
* End-to-end atmosphere-ocean coupled HWRF system

corresponding to operational model of the year
* Freely available and fully supported

* Additional research capabilities

* |dealized tropical cyclone

* 27/9/3 km domain configuration

e Reduced d02/d03 grid sizes
e Alternate physics schemes

e Alternate configurations (i.e.: DA, ocean, input datasets)
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HWRF developer support
DTC provides specialized support for
HWRF developers using repository
code

Streamlines transition of new
developments to the HWRF model

DTC visitor program

The DTC is interested in engaging with
the community about new
developments that could be evaluated
for HWRF
http://www.dtcenter.org/visitors/




Summary of FY2017 HWRF Upgrades

Highlights of FY2017 HWRF upgrades include:

— Increased vertical levels to L75 with model top of 10hPa

— Improved vortex initialization with new composite storm vortex

— DA upgrades and fully self-cycled EnKF hybrid DA for TDR and priority storms

— Physics advancements including updated Ferrier-Aligo microphysics and scale-
aware SAS schemes, partial cloudiness modification for RRTMG, and updated air-
sea momentum and enthalpy exchange coefficients

FY2017 HWREF retrospective implementation tests (total 684 verifiable
cycles in NATL, 907 in EPAC, 405 in WPAC) demonstrated that (comparing
to FY2016 HWRF):

— Neutral to modest (< 5%) improvement for track forecast for NATL and EPAC

— 5-10% improvement for intensity forecast for NATL and EPAC

— Substantial reduction in intensity errors and biases for storms undergoing Rl

— Significant improvements for storm size errors for both basins at all lead times
POM RTOFS initialization for CPAC and HYCOM ocean coupling for WPAC
and NIO

One-way coupling to WW3 for NATL, EPAC and CPAC basins with wave BC

from global wave model, to replace the phase-out NCEP multi_2 hurricane
wave model
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* HMON is a new operational hurricane
model at NCEP. It implements a long-term
strategy at NCEP/EMC for multiple static and
moving nests globally, and coupled to other
(ocean, wave, sea ice, surge, inundation,

etc.) models using NEMS infrastructure.
— Advanced Hurricane Model using NMMB
dynamic core which is currently being used in
NCEP’s operational NAM and SREF systems

— Shared infrastructure with unified model
development in NEMS. A step closer towards
NEMS/FV3 Unified Modeling System for

hurricanes

— Provides high-resolution intensity forecast
guidance to NHC along with HWREF (replacing
the legacy GFDL hurricane model)

HMON: Hurricanes in a Multi-scale Ocean
coupled Non-hydrostatic model
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Development supported by
NGGPS, HFIP and HIWPP
programs
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Thank you!

Real-time NCEP operational model guidance for all global TCs

HWRF: http://www.emc.ncep.noaa.gov/HWRF

HMON: http://www.emc.ncep.noaa.gov/gc wmb/vxt/HMON
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FY2017 HWRF Performance for NATL

&
$)
&

(Early model guidance)

HWRF FORECAST — TRACK FORECAST SKILL (%) STATISTICS HWRF FORECAST — INTENSITY RELATIVE SKILL (%) STATISTICS
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e H16l: Interpolated FY16 HWRF operational e H16l: Interpolated FY16 HWRF operational
——f— H17l: Interpolated FY17 HWRF upgraded I e H17|: Interpolated FY17 HWRF upgraded
24 | === OFCL: Official NHC Forecasts 24 | === OFCL: Official NHC Forecasts
Iu\ g
24161 g 164
& %
& 81 é 8 I
'rd 4
. /\ E /
£ o £ o
N \/
-8+ SKILL PLOT RELATIVE TO THE H161 MODEL -8+ SKILL PLOT RELATIVE TO THE H161 MODEL
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 84 96 108 120
#CASE 651 601 537 477 417 312 233 176 $CASE 651 601 537 477 417 312 233 176
Forecast lead time (hr) HWRF project — NOAA/NCEP/EMC Forecast lead time (hr) HWRF project — NOAA/NCEP/EMC

« Comparing to FY2016 HWREF, tracks are overall neutral with
improvements for lead times of 48-108 hrs, while intensity is
improved at all lead times with 10% improvement at day 3

* Meanwhile, still need to catch-up to official tracks, but are doing
better for intensity after day 2
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Evaluation of 2017 HWRF for NATL

(Rapid intensifying storms)
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FY2017 HWRF Performance for EPAC
(Early model guidance)

HWRF FORECAST — INTENSITY RELATIVE SKILL (%) STATISTICS
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Comparing to FY2016 HWREF, track forecast is initially a little
degraded but then show improvements after hr 60, and intensity
skill is improved at all lead times with 8% improvement at hr 36
Still need to catch-up to official tracks and intensity for the first 3
days, but intensity is very close after day 3
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