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To develop initialization method and data assimilation

for high-resolution (~1 km) hurricane research and 

future prediction model (e.g., WRF and fully coupled 

atmosphere-wave-ocean model) using scatterometer 

winds.

OBJECTIVES

winds.

� National Science Board: Toward a National Agenda 

for Hurricane Science and Engineering (2006)

NOAA Science Advisory Board: Hurricane Intensity 

Research Working Group Report (2006)
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Hurricane Isabel (2003)
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• QS-IWRAP (25km)

• QSCAT1 (25km)

Comparisons of 

Three Model Functions +BYU high-res 

and HWind

• QSCAT1 (25km)

• SCTC02 (25km)

• BYU High-Res (2km)

• HWIND (2km)
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• Construct 3-D vortex using QuikSCAT winds

• Generate dynamically/thermodynamically balanced 

initial vortex using 4DVar

Initialization Method

QSCAT UW inverse SLP Blend with NCEP SLP

Prediction model (WRF, MM5, Coupled model)

QSCAT 

winds PBL model (swath)

gradient winds

Weighted vertical 

Distribution of wind
4DVar 3-D 

Winds
SLP
QSACT

Balanced vortex

(temp, ght, wind)

BestTrack minSLP



Experiments of Hurricanes 

Fabian and Isabel (2003)



NCEP QSCAT

Isabel

Blended 4DVar



Blended

NCEP

4DVar

Vertical cross sections of 

potential temperature (black 

lines) and wind speed (color).

Blended 4DVar





NCEP QSCAT

Fabian

Blended 4DVar





CTL NCEP

HRD P3 LF Radar Reflectivity

Qscat Blended Qscat 4DVar



ATMOS. MODEL

(MM5/COAMPS/WRF)

OCEAN MODEL

(HYCOM or 3DPWP)

Surface fluxes

SST

Coupled Atmosphere-Wave-Ocean Modeling System 

for Hurricane Predictions

WAVE MODEL

(WAVEWATCH III or WAM)

Chen et al. (2006) 



Coupled model SST 

and sfc current



Hurricane Frances (2004)
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Future Work

• How to improve data assimilation (DA)?

– Traditional DA combines one ‘background’ 
estimate (from the model) with observations.

Background Initial Condition Forecast
4dVar

– Background and observations contain errors.

– Moreover, errors in the background field are 
correlated; e.g. surface wind field is correlated 
with surface pressure field, and the wind field aloft 
in a hurricane.

Background Initial Condition

Observations

Forecast



Future Work

• Errors in the background field need to be 

specified accurately in data assimilation

– Current specification in 4dVar is poor

• No time-dependence• No time-dependence

• No flow-dependent covariance structure

– Prescribe background-error covariance via short-

range MM5/WRF ensemble forecasts.

– Exploit strengths of ensemble and 4dVar; 

potentially powerful in operational forecasts.



Hybrid Ensemble Kalman Filter / 4dVar

• Improved ensemble-based background-error covariance is fed 
into 4dVar, to provide a new initial state. 

• A new ensemble of initial states is then produced via adding 
the above initial state to a linear combination of perturbations 
computed from the background ensemble.

• Generate probabilistic forecasts of hurricane track, intensity • Generate probabilistic forecasts of hurricane track, intensity 
and rainfall.

Initial Condition 2

Observations

Forecast 2

Background 1

Background 2

Background 3

Background n

Hybrid EnKF 

and 4dVar

Initial Condition 1

Initial Condition 3

Initial Condition n

Forecast 1

Forecast 3

Forecast n


