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OVERVIEW

« WSRS88D radar data and Lightning data available at NCEP in
operation

e Clear indication of convective storm

« Potentially improve storm scale NWP forecast with lightning
observation

« Develop an algorithm can be used in operation

* Implementation of WSR-88D radar and lightning data
assimilation in operational NAM (Aug, 2014) and the coming
NAMv4

e Also see:

Rogers et al., Session 3B.4 (Mon 1/23) on NAMv4 upgrade and future scenario

Carley et al., Poster Session 3, #1204 (Wed 1/25) on NAM nest improvements

Aligo et al., Session 4B.4 (Tues 1/24) on microphysics changes

Ferrier et al., Poster Session 3, #1205 (Wed 1/25) on NMMB model changes 2

Lippi et al., Session TJ11.3, (Tu 1/25) on assimilation of radial wind with vertical velocity
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OUTLINE

 Radar data processing at NCEP
 Lightning data at NCEP

 Radar and lightning data assimilation using
GSl

 Impact of DA on analysis and forecast In
operation
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Radar Mosaic vs Satellite Product
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Cloud phase (http://www-pm.larc.nasa.gov)
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Performance of Reflectivity QC
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NLDN: National Lightning Detection Network
ENTLN: Earth Networks Total Lightning Network
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Lightning data at NCEP

The time of the lightning strike

The location of the

lightning flash

NLDN Lightning Variables and Description
004001 YEAR 2015.0 YEAR YEAR
004002 MNTH 6.0 MONTH MONTH
004003 DAYS 16. 0 DAY DAY
004004 HOUR 22.0 HOUR HOUR
004005 MINU 30. 0 MINUTES MINUTES
004006 _SECO 5,411 SECONDS SECONDS
005001 CLATH 37. 02378 DEGREES LATITUDE (HIGH ACCURACY)
006001 CLONH  —89. 16837 DEGREES LONGITUDE (HIGH ACCURACY)
020117 AMPLS 6000. 0 AMPS AMPLITUDE OF LIGHTNING STRIKE

— 020119 PLRTS 2.0 CODE TABLE POLARITY OF STROKE

—020023 OWEP 8192.0 FLAG TABLE(5) OTHER WEATHER PHENOMENA

013059 NOFL 1.0 NUMERIC NUMBER OF FLASHES (THUNDERSTORM)
035200 RSRD 16.0 FLAG TABLE(5) RESTRICTIONS ON REDISTRIBUTION
035201 EXPRSRED  MISSING HOURS

1.0 :positive lightning
2.0 :negative lightning

| 4086:Cloud-Cloud Lightning
'8192:Cloud-Ground Lightning

EXPIRATION OF RESTRICTIONS ON REDISTRIBLTIO\

The strength of the ngh‘rnmg

The number of the Lightning
flash strike of each flash
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The scatter plots (top) shows the radar reflectivity increases with the
increasing of lightning flash rate in both warm and cold season

The radar reflectivity is in logarithmic relationship with lightning flash
rate (bottom) with the correlation coefficient exceeding 0.97



Lighting observations

__derived composite reflectivity from Igyhtr)
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Lightning density Proxy composite reflectivity
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Assimilation of radar radial wind NCER)
and VAD wind with GSI

The radial wind and VAD wind are directly analyzed by GSI.

Hybrid vairational-Ensemble GSI are used (wu, et. al (2002), Wang et. al (2007), Daryl
et. al (2013)).

J(.0)=p (T8 6)+ A3 0 T) 4 (e -y TR )

2 n=1

N
! ! n n
X; =X+ (a o X, )

n=1

P & B.: weighting coefficients for fixed and ensemble covariance respectively
X, : (total increment) sum of increment from fixed/static B (x¢’) and ensemble B
a: extended control variable; X :ensemble perturbations

L: correlation matrix [effectively the localization of ensemble perturbations]
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§  Assimilation of radar reflectivity \NCEg
and lightning data with cloud analysis

 Cloud analysis originally developed by GSD

« Cloud analysis is used in RAP, HRRR, operational
NAM and the coming NAMv4

 Cloud analysis use various of observations to update
guess hydrometeors and temperature

 Satellite product, METAR data and radar reflectivity
and lighting are used in cloud analysis

« Use cloud analysis for NMMB
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Forecast Initialization

NAM INTEGRATION DOMARINS

NAM: North American Model
NDAS: NAM Data Assimilation

*12 km resolution for
parent domain

*3 km resolution for
CONUS nest
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« Assimilation in parent domain and CONUS nest
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In NAMv4

« Hybrid varational-Ensemble GSI are used (wu, et. al (2002), Wang et. al (2007), Kleist et. al (2013)).
« The radial wind is directly analyzed by GSI.
« GSD cloud analysis + DFI is used to assimilate radar reflectivity

« METAR and Satellite products are used in cloud analysis to detect cloud.
« Latent heat rate estimated from reflectivity.
« Wind, cloud water and cloud ice mixing ratio and specific humidity are upgraded.
» Free forecast from 00Z, 06Z, 12Z and 18Z
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Summary and Future Plan

] Radar data and lightning DA algorithm is developed and was
Implemented in the operational NAM and will be in the
coming NAMv4 system at NCEP.

 Assimilation of radar and lightning data can significantly
Improve short-term forecast.

1 Use global lightning data in NAM domain and may potentially
Improve NWP forecast.

 Explore the method of assimilating radar and lighting under
variational DA framework

1 Test radar and lightning data assimilation with hybrid EnKF
system.

[ Test the whole radar and lightning data assimilation in FV3
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Thanks to Dr. Geoff DiMego for his many
years of great leadership in NAM project
He happily retired on Jan 3, 2017



Improve regional analysis with
regional ensemble member
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