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BackgroundBackground
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Advanced dynamical models, high speed computers and 
better use of  larger-scale observations have led to better track 
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MotivationMotivation
OPERATIONAL MODEL TRACK ERRORS

INTENSITY ERRORS
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Requirements for improved predictionRequirements for improved prediction
Apart from larger-scale environment it 
is imperative to resolve inner core 
t t f th h i t 1 3 k

Hurricane Katrina: 4 km grid res
27 ��

structure of the hurricanes at 1-3 km 
resolution.

Though state of the art nonThough state-of-the art, non-
hydrostatic models offer such a 
resolution, huge data gaps exist in 

9 ��

initializing these models. Also, these 
voids reduces our ability to verify 
simulated structures! 

We need improved understanding of 
physical processes within the inner 

3 ��
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JustificationJustification
HRD has engaged in advancing 
basic physical understanding and

Hurricane Floyd: 1.67 km grid res

Given ability to procure 
unconventional observationsbasic physical understanding and 

improving forecasts of hurricanes.
unconventional observations 
down to vortex scales in 
hurricanes and expertise in Inner Core Radar Observations

Key aspect of HRD's activity is 
the unique observing capability 

hurricanes and expertise in 
understanding inner core 
structure of hurricanes, HRD 

Inner Core Radar Observations

using NOAA's aircraft.has unique capability to 
advance and improve 

i l d l f t i lUAS is our new data collection 
platform.  

numerical models for tropical 
cyclone prediction. 
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The Hurricane Forecasting SystemThe Hurricane Forecasting System
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HFS: WRF-NMM/HWRFTM SYSTEMHFS: WRF-NMM/HWRFTM SYSTEM

AOML Program Review



Our GoalsOur Goals
Advancing the HFS with improved assimilation techniques for 
forecasts of tropical cyclones valid at 1-3 km grid length.

Advancing HFS by evaluating and improving physical 
parameterization schemes appropriate for tropical cyclonesparameterization schemes appropriate for tropical cyclones. 

Determining the value of high-resolution deterministic and g g
ensemble forecasts and exploring  predictability issues.

Advancing our understanding of tropical cyclone processes and 
tropical cyclone interactions with the larger-scale environment 
using high resolution numerical models down to about 1-3 km grid 

l ti
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Improving Vortex Scale Data Assimilation: EnKFImproving Vortex Scale Data Assimilation: EnKF

3D�V��

E�KF
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Assimilation of one V ob:  5 m s-1 higher than first guess V (Xuguang Wang, NOAA/CIRES)



Improving Vortex Scale Data Assimilation: LAPSImproving Vortex Scale Data Assimilation: LAPS

Radar/Satellite
Aircraft/Surface

LAPS Cloud Analysis Scheme – not 
solely radar dependent!

LAPS Cloud Analysis Scheme – not 
solely radar dependent!

Ice/snow Mixing RatiosCloud grid 
Rainwater mixing ratio

Cloud water mixing ratio

C g
SynthesizerBackground

Analyses

Environmental 
conditions (T,rh)

Cloud 
Typing

Algorithm
1-D Cloud 

Model
Interpolation
to model gridω cloud

Constraints
Cloud Table Var Balance &

Continuity Adjusted 
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ConstraintsDatabase Continuity
Scheme U, V, ω,T



Value of Resolution: Example of Hurricane DennisValue of Resolution: Example of Hurricane Dennis

27-9 km run 9-3 km runTM TM

Reflectivity 
and MSLP

dBZ dBZdBZ dBZ

TM TM

Winds

kt kt
X 10‐4 s‐1 X 10‐4 s‐1

vorticity
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Exploring Issues Related Predictability of the 
Vortex Scale Motions

Exploring Issues Related Predictability of the 
Vortex Scale Motions

control Ensemble  1

Vortex Scale MotionsVortex Scale Motions

Ensemble  3Ensemble  2
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From Nguyen et al. 2008



Modeling ConvectionModeling Convection

Will better resolutions alone improve track & intensity forecast?
How predictable is the inner core structure in tropical cyclones ?
What is the role of convection on track and intensity ?
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Science IssuesScience Issues
Saharan dust Saharan dust 

Vortex vs large scaleVortex vs large scaleVortex vs. large scale  Vortex vs. large scale  

Inner core processes, e.g. eyewall replacement Inner core processes, e.g. eyewall replacement 
cycles mixingcycles mixingcycles, mixingcycles, mixing

Relationship between structure and intensityRelationship between structure and intensity

Physics, e.g. airPhysics, e.g. air--sea, microphysics, convection etc. sea, microphysics, convection etc. 

Coupled modelsCoupled modelspp

Boundary layer processesBoundary layer processes
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CollaborationsCollaborations

NCAR: John MichalakesNCAR: John Michalakes

NCEP: Robert Tuleya, Zavisa Janjic & Tom BlackNCEP: Robert Tuleya, Zavisa Janjic & Tom Black

DTC: Bob Gall & Steve KochDTC: Bob Gall & Steve Koch

India: U. C. MohantyIndia: U. C. Mohanty

* P t f th d li t d hil th* P t f th d li t d hil th* Part of the modeling system was done while the * Part of the modeling system was done while the 
author worked at NOAA/NCEP/EMC.author worked at NOAA/NCEP/EMC.
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