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Overview of the Operational HWRF

ÅHWRF Atmosphere
ÁMovable, two-way nested vortex following 

grid

Á9km inner domain and 27km outer 

domain), 42 vertical layers

ÁAdvanced physics from GFDL/GFS

ÁAdvanced vortex initialization with 

GSI/3DVAR

ÅHWRF Ocean
ÁCoupled to Princeton Ocean Model (POM) 

in the Atlantic Basin

ÁFeature based initialization of loop current 

and warm/cold core rings, cold wake 

specification during spin-up phase

ÁOperational HWRF products
ÁNumerical guidance on 6-hrly hurricane 

track and intensity for as many as five 

storms (both Atlantic and Eastern Pacific)

ÁHigh-resolution swaths (hourly, 10th of a 

degree) for wind and precipitation along the 

projected storm path

ÁSimulated GOES synthetic satellite 

imagery (IR, VIS and WV) and radar 

reflectivity

Á Four years into operations, since 2007



Design of movable nest

ÅAll interpolations are done on a 

rotated lat-lon, E-grid with the 

reference lat-lon located at the 

centre of the parent domain.

Å The nested domain can be freely 

moved anywhere within the grid 

points of the parent domain, the 

nested domain lat-lon lines will 

coincide with the lat-lon  lines of the 

parent domain at integral parent-to-

nest ratio.

ÅVortex following nest motion is 

achieved by tracking minimum 

dynamic pressure (PDYN) and 

3



Why the HWRF?

The HWRF is a next generation forecast system. It is an
advancement over the GFDL in the following ways:

Á In order to address intensity problem, we need higher resolution of 
hurricane core circulation to resolve more details of the storm 
structure. The hurricane circulation is driven by non-hydrostatic 
motions.

Á HWRF is a non-hydrostatic model.   GFDL is not. 

Á Also, the HWRF has its own analyses of the hurricane core.  HWRF 
makes use of the operational data assimilation for the core 
initialization.  This will allow the use of observations to help define the 
storm strength and structure.   (GFDL does not have a vortex 
analyses and uses a bogusing technique for storm initialization)  



Evolution of HWRF
Å Initial implementation in 2007 hurricane season

ï Model design and development of movable nested grid started in 2002

ï Initial HWRF workshop at NSF in 2004

ï 28 different configurations tested individually (each with about 200 simulations) 
before initial implementation

ï Extensive 3-season (2004-2006) pre-implementation testing of HWRF for all 
storms in the Atlantic and Eastern Pacific basins

Å Vortex initialization upgrades in 2008 
ï Address intensity bias for weaker systems, modifications to storm balance

Å Infrastructure upgrade and transition to P6 in 2009
ï Capability enhancements to allow coupling to HyCOM and Wave Watch-III

ï Script enhancements (identical scripts for NCO operations and EMC parallels)

Å Physics and initialization upgrades in 2010 to improve the 
forecast skill.
ï New baseline version with several bug fixes

ï Modified surface physics formulation and use of Gravity Wave Drag 
parameterization

ï Addition of satellite radiance data assimilation in the hurricane environment

ï Focus on reducing intensity bias
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HWRF         GFDL 

Grid configuration 2-nests (coincident) 3-nests(not coincident)

Nesting Force-feedback Interaction thru intra-nest fluxes 

Ocean coupling POM (Atlantic only) POM

Convective 

parameterization
SAS SAS

Explicit condensation Ferrier Ferrier

Boundary layer GFS non-local GFS non-local

Surface layer GFDL ..(Moon et. al.) GFDL ..(Moon et. al.)

Land surface model GFDL slab GFDL slab

Dissipative heating Based on D-L Zhang Based on M-Y TKE 

2.5

Radiation GFDL (cloud differences) GFDL

Gravity Wave Drag YES NO
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HWRF Operational 

Hurricane 

Forecast System

HWRF model
Coupled with POM

NHC storm message

Position domain

Synoptic fields for many variables

Create file for track, intensity, etc

Get OBS, Model Input
initial & boundary conditions

Ocean Initialization
Initialize wake, loop currents & eddies

Wrf si (used for topographical parameters)

Wrf real:replace with interpolations from native model data

storm analysis and data ingest

6hr 1st guess

vortex relocation

3DVAR gsi for both nests

Next cycle
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Hurricane Forecast System 

Requirements Document for T20

Requirements document co-written between EMC and
NHC for transition to NCEP operations of a new
candidate hurricane modeléor for annual or periodic
upgrades to an existing operational hurricane model
for transition to NCEP operations.

Sets standards for:   

Performance testing ïcase load, evaluation criteria

System functionality ïinitialization, coupling 

Computational performance 
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High-res models

(1.6km)

NHC 

Forecast

Obs

Katrina Landfall

GFDL model

Global models

Research model forecasts of storm intensity for Hurricane Katrina 

showing benefit of high (1.6km)  resolution (S. Chen)

Intensity Forecast of Hurricane Katrina 0000 UTC 27 August 2005

HWRF model

HWRF



Tropical 

Storm

08/16 00Z
Cat. 1

Cat. 2

Cat. 3

08/17 12Z

08/18 00Z

Cat. 4

Cat. 5

Cat. 4

Cat. 5

08/20 18Z

08/21 06Z

Cat. 5

Cat. 1

08/22 18Z

Cat. 2

08/20 18Z

08/22 18Z

90 kts

Cat. 2
139 kts
Cat. 5

TS     Cat 1      Cat 2      Cat 3       Cat 4       Cat 5

Hurricane Dean 5 day forecasts of maximum winds starting from 8/19/06Z

08/19 06Z



2010 HWRF operational configuration

ÅBased on WRF NMM Dynamic Core V2.0
ÁMovable, two-way nested vortex following grid

Á9km inner domian (6 x 6o domain) and 27km outer (75 x 75° domain) 

Á42 vertical layers

ÅAdvanced physics (tested in GFDL and GFS) 

ÅAdvanced vortex initialization that uses GSI 3D-var assimilation 

ÅCoupled to Princeton Ocean Model (POM) with feature based initialization of loop 

current and warm/cold core rings and cold wake specification

ÅUpgrades/changes to the operational FY2009 HWRF configuration to improve the 

forecast skill:
ÁNew baseline version with several bug fixes for radiation, land surface temperature and non-

hydrostatic advection of vertical velocity

ÁModified surface physics formulation based on observed profiles of drag coefficients for 

momentum and heat fluxes

ÁGravity Wave Drag parameterization

ÁAddition of satellite radiance data assimilation in the hurricane environment

ÁAdditional operational products 
ÁSimulated GOES synthetic satellite imagery (IR, VIS and WV) and radar reflectivity

ÁMLD and OHC from POM and operational archival of ocean output

ÁOperational capability to run 5th storm 
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HWRF Atlantic Track Forecast Errors 

(less skillful at all times compared to 

GFS and GFDL)

HWRF Atlantic Intensity Forecast Errors 

(less skillful at all times)

Negative bias for HWRF Atlantic Intensity 

Forecasts

Performance of the Operational HWRF for 2010  ATL hurricane season

Rapid growth of 

intensity errors
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HWRF E-Pac Track Forecast Errors (better 

than GFS at all times, worse than GFDL 

except at 120 hr)

HWRF E-Pac Intensity Forecast Errors (less 

skillful at all times)

Negative bias for HWRF E-Pac Intensity 

Forecasts

Performance of the Operational HWRF for 2010  EPAC hurricane season

Rapid growth of 

intensity errors
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HWRF produces too few 
strong storms

Vortex Initialization Issues/Challenges

Positive bias for weaker storms, 
negative for stronger storms 
(spinup/spindown)

Broad initial vertical structure

Insufficient vortex size correction 
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Issues with nest -

topography 

interaction and 

feedback
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Issues with evolution 

of large-scale flow



HWRF Simulated-GOES Images


