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Outline

e Characteristics of polarimetric radar observations
« Values and limitations of a polarimetric radar observation operator

« Impacts of polarimetric radar data assimilation on typhoon rainfall nowcasting

 Typhoon Soudelor (2015) near landfall in Taiwan
« Assimilation of the RCWF S-band polarimetric radar

Tools

« WRF-LETKF radar assimilation system (Tsai et al. 2014; Yang et al. 2020; Cheng et
al. 2020; Wu et al. 2020; You et al. 2020)

« Polarimetric radar observation operator (Jung et al. 2008)




Polarimetric radar A
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Values

B Observation-related:
» Hydrometeor classification
» Quantitative precipitation estimation
» Quality control of radar data

B Model-related:
> Forecast verification
» Evaluation of cloud microphysics schemes
> Data assimilation

\ \
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l State variables Observation operator lPoIarimetric variables l



Model configuration A
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WRF V4.0

. . 280x280 (15 km) Simulation domains
Horizontal grids 25iEE @ ki)
Eta levels 45 (top at 30 hPa)
Cloud microphysics WDM®6
Longwave radiation RRTM
Shortwave radiation Goddard
Surface layer MM5
Land surface model Noah
Planetary boundary layer YSU
Cumulus parameterization Kain-Fritsch
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Typhoon Soudelor (2015) near landfall
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Experimental design VAN
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Assessment of the observation operator A

NCDOR
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»'Observation operator

:

RCWF polarimetric radar observations



CAPPI at a 3.5-km altitude A
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CFAD in convective precipitation areas
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B Operator error source #1: unsuitable raindrop shape-size relation

>

>

Overestimation is maximal for Z, (most directly related to the raindrop shape)
and minimal for Z,, (least)

Raindrops tend to be more spherical than theoretical ones in Zhang et al. (2001)
according to Chang et al. (2009) observing 13 typhoons that struck Taiwan
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B Operator error source #2: limitations for ice-phase hydrometeors
> Snow, graupel, and hail are all treated as ice ellipsoids with the same axis ratio

» Mie scattering may be more realistic for hailstones than Rayleigh scattering

>

Ice crystals could be observable when they are vertically aligned by electric fields



CFAD in stratiform precipitation areas
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Data assimilation experiments VAN
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Time (UTC) Procedure of DA experiments

1200 40-member ensemble perturbed via the random-cv of WRF 3DVar

1200-1800

Spin-up period

1800-2000 Nine LETKF assimilation cycles at a 15-min interval

2000-0200 Deterministic forecast using the analysis ensemble mean



Data assimilation experiments

m Assimilatd radar variables

NoDA
Vv
VZ
VD
VK
VZD
VZK
VZDK

None
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CAPPI at a 3.5-km altitude
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VZ, VD, and VK all correct the
discrete rainband pattern

VK slightly mitigates the
overestimation of Zp,

VZ and VK, especially the latter,
correct the overestimation of Kjp

~
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CFAD in convective
precipitation areas
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VZ, VD, and VK all correct the
excessive increasing trend for
Kpp at lower levels

VK shows the most realistic
dispersion for the whole
spectra of Z, and Kpp
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Rainfall nowcasting
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Positive effect of radar data
assimilation on predicted
rainfall can last 3 hours
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Summary

m Values of the polarimetric radar observation operator:
» Forecast verification

>

>

Evaluation of cloud microphysics schemes
Data assimilation

B Limitations:

>
>
>

Unsuitable raindrop shape-size relation
Limitations for ice-phase hydrometeors
Unsuitable melting ice model

B Impacts of polarimetric radar data assimilation:

>

With the unadjusted observation operator, polarimetric radar data
assimilation still corrects the following in observation space:

1. Discrete rainband pattern

2. Overestimation of Zpr and Kpp

3. Excessive bright band signature

Benefits: Kpp > Zy > Zpg

1. Lower levels of convective precipitation areas

2. Predicted rainfall

Positive effect on predicted rainfall can last 3 hours by assimilating
one S-band polarimetric radar in this typhoon case
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