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Project Goals and Emphasis
Participate in the operational implementation
off HWRF

Establishi baseline ofi skill for WRE
development ...use ofi GEDL physics

Upgrade HWRFE system

Continued collaboration with URI, Florida
State, GFDL, and others



HWRE Hurricane
Forecast System

Next cycle

NHC storm message
Position domain

.

Get OBS, Model Input

initial & boundary conditions

A 4

Ocean Initialization
Initialize wake, loop currents & eddies

v

Wrf si (used for topographical parameters)

Wrf real.replace with interpolations from native model datg

v

storm analysis and data ingest

6hr 1st guess

vortex relocation
3DVAR gsi for both nests

A 4

HWRF model
Coupled with POM

'

Synoptic fields for many variables

Create file for track, intensity, etc
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The NMM-WRFEF Moedeling
http://Www. dtcenter.org/w

NESTING CONFIGURATION WITHIN WRF NMM
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HWRF —

GEDL

Grid configuration

Nesting

Ocean coupling | POM (atlantic only) | POM
Convective SAS SAS
parameterization

Explicit condensation | Ferrier Ferrier

Boundary layer

GES non-local

GES non-local

Surface layer

GFEFDL ..(Moon et. al.)

GFEFDL ..(Moon et. al.)

Land surface model GFDL slab GFDL slab
Dissipative heating
Radiation e=pk e =k




Implementation of TPC post
processing guidance

> Standard text files

> Low level wind swath
> Rainfalll swath

> Additional hourly data



HWRE wind swaths

DEAN GABRIELLE

INIT 2 far h FCAT W
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HWRFE rainfall swaths

Humberto

FCe

RAINFALL” (IN

INIT 2 ¢ 126 h FOST VALID 20071102122

SWATH NINEOSL

LAT 1 LON) X=12 h POS

or 1
HWRF PRODUCTION RAIN

Heavy rain at landfall Floods in Dominican Republic & Cuba



Hourly track & Intensity

HWRF katrina 0826120 test-case

houry vs tracker wind

Hourly model data—— | 4, Model atcf data
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Model variability may be important ?



HWRF Track Skill

Competitive with other
guidance

Better than GFEDL &
NETA RIS

GFS & UKMET guite
good

Few long lasting storms
in 2007

EPAC HWRF not as
good
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Track Error Comparison, Atlantic Hurricanes {2007)
Coupled HWRF (2007 Operational Version) NCO PROD

EARLY DYNAMICAL MODELS




HWRE Intensity Skill

COmpetltlve Wlth Other Intensity Error Comparisan — AHantic Hurricanes (2007)
d Coupled HWRF (2007 Operational Version) NCQ PROD

QUI ance T"."'.|EfF+ HWRF, GFDL and STATISTICAL MODELS

Some improvement f—

over GEDL at early e

times

Not a good year for
dynamic models after
accounting for landfall

EPAC intensity
degraded-no ocean
coupling
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Sporadic SLP noise

B6 h FCST WALID 20070

HWRF PROD DEAN 04l SFC PSR (hPa) AND 10 M WIND (kts)

Sea level pressure
diagnostic

Model or post processing
?7?

Traced to grid movement

Noise



Trailing edge Topographic smoothing zone
(part of parent data after movement ) (no mass adjust after Smoothing) Leading edge (data from coarse mesh)

/

W
Nest movement
NI=18
ﬁ
/
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Potential for sLP noise



sfc geopotential (fis) @96h slp noise
DEAN 2007082012

30000

Nest movement

Leading edge

(3= =& before move
«——= after interp
— — - after nest_terrain

10 ' 15
mesh grid points at leading edge (right)

Change in topography causes noise in sea level pressure




Eliminate SLP Noise

for 66 h FOST WALID 20070

- MOdIfy HWRF_PROD DEAN 041 SFC PSR (hPo)wszm M WIND (kts)
smoothing zone

> Adjust mass
fields

> No more Noise !




SLP Noise in initial HWRF fields

Traced to 3dvar & mass adjustment




Other problem;Issues

> Topographical differences between
models

> Surface flux formulations & land surface
modeling

> Wind-pressure relationship
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HWRE with GES physics
surface flux & Noah/ LSV

Dean track Dean Intensity

HWRF

HWRF: Hur

1150 110 105W

Physics are important



HWRE Accomplishments

> Successfully installed operational system for the
2007 tropical season which runs in robust,
timely fashion

> HWRE competitive with best operational
guidance.

HWRE Plans

> Upgrade physics and test ensembles
» Implement new ocean model
» Implement wave model






NMM- HWRE: The Hurricane Model

WRE2.0

JREqIStry

Jine

> /Main

. ./dyn_nmm*

N

Iphys
Jframe
Jshare

Jexternal

H

NMM-WRFPOST

*This WRF core has
forecast system

linked to a complete hurricane




Sensitivity ofi physics packages
Surface exchanges.....collaboeration with URI

analytical

HWRF model

HWRF Forecast for 72h- Huricane Katrina;2005/08/26 12Z
- 5 v 3.5
sfc exchange coefficients 5

gdI2008 vs gicl (t*=303K)
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Sensitivity of track to enthalpy exchange

Katrina




Sensitivity of track to enthalpy exchange (

Preliminary HWRF-GFDL Track Comparison

(25 cases in 2004,2005,2008)

| = HWRF (Winter 2007 coupled+)
—— HEFO {reduced enthalpy exchange)
— 2008 GFDL
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Sensitivity of intensity to enthalpy exchange

magnitude bias
Preliminary HWRF-GFDL Intensity Comparison Preliminary Intensity Bias Comparison
(27 cases in 2004,2005,20086) HWRF-GFDL({27 cases in 2004,2008,2008)
35 T T T T 20 T T T T

=== HWRF (Winter 2007 coupled+)
—— HSF0 {reduced enthalpy exchange)
— 2008 GFDL
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RFE sensitivity to radiation
clouds

lvan Helene

. . HO23:new 3DVAR.new physlce,0.5 Mom Mix
HWRF with/without ISR
clouds

HOZ23:new 3DVAR,new physics,0.5 Mom Mix
2004 Tropical Cyclone Tracks
Storm: ALDBO4 (IVAN)

50w A5W v 35W
Feorecasts: Beginning 2004090300
Observed: Beginning 2004090300, every 12 hours

d
Farecaets: Beginning 2008091212
Obaerved: Baginning 2006081212, avery 12 houra




Sensitivity of clouds vs moementum mixing

HWRF with cloud differences (Helene)

HO23:new 3DVAR.new physlce,0.5 Mom Mix
2006 Trepleal Cyelone Tracke
_Storm: ALOBOG (HELENE) HWRF Helene 2006091212

sensitivity to radiative effects of clouds

HWRF GTL
HWRF XCL{no clouds)
WRE EMIS1(bikbdy clds)
RHY{mmimix=1. +}
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Farecaets: Beginning 2008091212
Obaerved: Baginning 2006081212, avery 12 houra

HWRF with strong momentum mixing



HWRE accomplishments

> Ran real-time parallel moveable nested 5-day.
runs for 2006 season (2-way Interaction with
GES physiecs/GEDL&GES initial conditions) In
robust fashion

> Made changes to system to Improve accuracy.



Summary & Plans

> Upgrade, evaluate and tune physics
....surface layer, Ism, microphysics,
....radiation & clouds, lateral b.c.

> Continue parallel HWRF runs....
forecast/analysis cycle

> Compare with GEDL and other models
> Implement operational HWRE






v, Dramatic improvement in tropical cyclone track forecasts have

occurred through advancements in high quality observations,
high speed computers and improvements in dynamical models.
Similar advancement now need to be made for tropical cyclone
Intensity, structure and rainfall prediction.

7T2h Track Forecast Errors for Atlantic Storms
Comparison by Year for 1995-2004

CLIPER

Average Forecast Error (nm)

-——e SFS
o——e TRC Official
50 e e CLIPER

D L i i i i i i}
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

127 2 22 133 288 142 132 141 155 243




TRANSITIONING TO HURRICANE WRF

02-03 03-04 05 06 07
Mesoscale Data Assimilation for Hurricane Core

—

Continue  GFDL frozen

GFDL Begin Physics Upgrades upgrades

(9km/427L )

Begin R&D Prelim. Test
HWRF physics



Advancing HURRICANE WRF System

08 09 10 11 12
Mesoscale Data Assimilation for Hurricane Core
Implement advance (reflectivity) - AADDA

Atm. Modell physics and reselution upgrades (continueus)

Alr sea fluxes: wave drag, enthalpy (sea spray)

Micrephysics

Incr. resolution
(4km/>641_?)

\Waves: moving nest  Multi-scale imp. IHighest-Res coast
Ocean: 4km. - continueus upgrades in ODAS;, model res.
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FiG. 5. Interpolation near a mesh interface m. Black dots indi-
cate grid points. Values at the coarse grids are first inter-
polated to the auxiliary points (open circles). Subsequent inter-
polation between the auxiliary points and the fine grids yields
the values at the interface points (cross marks). In the lower
part, open squares indicate the north (N), east (E), south (S)
and west (W) points for a key grid (K).



NMM-WRE GRID MOTION

strong_vortex

ocedure is M= % and IS

ay Interacties
> is ~750x758 ter at
asolution ands 0st s

about 9 km

> The nest Is “set to saill* on the parent domain
using a simple criterion based on variations in
dynamic pressure. The so called “stagnation
poInt” wWas chosen to be the center of the sterm
(Gopalakrishnan et al 2002, MWR.)



Test Cases with NMM grid motion

JULY 08, 2005 06Z: TS DENNIS MOVING NEST FCST: 0
aw e I _JULY 13, 2005 00Z: HURRICANE EMILY MQVING NEST FCST: 6

[

Sy

005-10-1B-10:54

**** For configuration provided earlier, it takes about 55 minutes of run time
(excludes wrfsi and real). . for 5 days of forecast using 72 processors in our
IBM cluster.
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