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Purpose: Tests: Reflectivity Results: 14
* To Improve algorithms for the short-term prediction of lightning initiation through development and Radar Reflectivity R T S BT oo
teStIng Of Opel'atIOna| teChanueS tha.t rely on parametel’S Observed and d|agnOsed US|ng C'band dual' o Sens|t|v|ty tests of Zh to establish a basis of Comparison . .l 00— ' %12 _:
polarimetric radar. for dual-polarimetric variables and previous research > Eat B

i i - Z, thresholds (35-45 dBZ) are indicative of mm-sized S Big L 23
Motivation: precipitation at significant charging levels (-10 to -20°C) = gl Z
» Many researchers have developed and tested different methods and tools of first flash forecasting, * The maximum value Is interpolated linearly between two "’ o g 4
however few have done so using dual-polarimetric radar variables and products on an operational basis. elevation scans for greater accuracy YR ARG S R SRR O S TS
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To determine the advantages of first flash forecasting with dual-polarimetric radar Saenndhre Rensstivite L _ o T T g o
Objectives: » Paired with the lower threshold of Z,, 230 dBZ at -10°C ' =y do 20°C Di SRt
« Used to evaluate vertical development, a factor of NIC B S OB RSl 0 e e Rtae DL R L 20 0T saet ARl

 Basic Science: To develop and evaluate C-band dual polarimetric radar-based algorithms for the short- charge separation
term prediction of lightning initiation. 1

» Applications: For warning and short-term prediction of lightning potential in support of operational PID First instance

: : : . * The first occurrence of a single
decision making and situational awareness. value (PID or dBZ) at a defined ] also has the greats FAR and second lowest CSI

temperature threshold o .

iz P : e R 0 e - - — The secondary reflectivity level of 15 dBZ at 8 km increases
'Nis can be a value interpolate dodbzat-10°C Ay lead time by about 0.5 minutes average lead time compared
linearly between two elevation ST s | to the benchmark, and reduces FAR by half

— The best reflectivity algorithm is Z,,> 40 dBZ at -15°C with
eight minutes average lead time and perfect POD and FAR

— 35 dBZ at -10°C results in the greatest lead time, however
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I\/Iethodology and Tools: Methodology: scanls foa%reazte)r accuracy (as o 250BZ above 8
: employed for Z, km
Instruments: Quality Control First instance of Graupel PID ° EID valu?s are ?roup_ed intlotblé”t(
NAL LMA- Northern Alabama Lightnin 7 e : ydarometeor categories related 1o
e J J — Correct Z,, and Z,, data for precipitation attenuation and ARSI R NIC
'?'?\Iet\?vork . i/o P LR R S differential attenuation (Bringi et al. 2001) and absolute and Particle Identification Results:
(Goodman ét al. 2005) relative calibration biases, respectively (Ryzhkov et al. 2005, S P i KISl Vs B 14
: Bringli and Chandrasekar 2001) DR DR 12
ARMOR- Advanced Radar for Meteorological _ _ | | . Indication of lofted Cell 1 of Case 20100604 e T AR e Sk s ot SR SRR S s
and Operational Research — Determine optimum distance from radar for quality coverage supercooled drops, a key ; ﬂ = e
. Dual-polarimetric radar, C-band (5.33 cm) of cells as defined by the scan strategy ingredient leading to 8 e o
(e RerEGhal i) — Scan strategy = PPI sector volume scans with optimized Lor_rlnatllon ccl)f grﬁrgel and = - BN B LS
SOLOQII vertical coverage typically in = 3 minutes but < 5 minutes all related to NIC 2 il L
« NCAR radar sweep file viewer e Zh >4(_) dBZ is !ndICatIVG of 40 dBZ at 8.9 at - . | e
ANGEL - Analysis of NEXRAD, GPS, EDOT, | (T ohE RaORS 210 & S 1ee .| : . . . . . . .
and LMA Identify oBFate & helfc):(l’:}slcatlve 2 T I 7,9,14 at - 40dBZat- 89at- 89at- 89at- 7,914at- 7,914at- 7914at-
* UF (universal format) radar, LMA and NLDN lightning viewer — ldentify cells of interest based on cell evolution, first flash, and . o f Discussion: 5 LG L e i T e
PID- Particle Identification data coverage |
- Modified NCAR fuzzy-logic based particle identification (PID)  Cell must be spatially distinct from any other convective system NCAR PID Chart — Comparison of lead time and skill scores of PID and the benchmark (40 dBZ at -10°C) shows a reduction of FAR and increased CSI
zlals%)élt%m_folr_ C-bztan? gglglél)metrlc radar (Vivekanandan et al. . Cell must be covered by the radar from initial echo formation to —~ : g which supports the conclusion that dual-polarimetric variables are useful in first flash forecasting
, Deierling et al. . A )
first flash . Cloud Z. .. (Differential Reflectivity) — The best algorithm based on skill scores and lead time is the detection of the first instance of graupel PID at -15°C. However

Drizzle — Aratio of Zys, = 10*LOG,(2,/2,) weighting lead time over skill, the better forecasting algorithm of this group is the detection of graupel PID at -10°C.

- e — Has been used to identify rain/ice when coupled : 5 : : : : :
g or with Z, (Bringi et al. 1984) — The lead time of graupel and supercooled drops PID at -10°C results in about a minute increase in average lead time

ol * Rain drops are oblate spheroids, thus — Supercooled drops PID algorithm is most frequently triggered by the occurrence of the PID graupel rain mixture. Thus the results are
Hal returning a high Zp; value (0.5 - 4dB). close to those of the graupel PID algorithm, however not quite as well.

Rain and Hail » Nearly spherical, tumbling dry hail/graupel
Graupel and Small Hail have an averaged Z,, value near zero (-
Graupel and Rain 0.5 - OSdB)

+ Zur, ith larger Z,, (size and concentration) Discussion and Conclusions:

Wet Snow to determine approximate hydrometeor _ _ e _ | Potential sources of error
Ice Crystals type — The lead times and skill generally decrease with increasing threshold requirements.

Irregular Ice Crystals » In warm cloud base storms, supercooled — The limited data set concludes that the utility of dual-polarimetric variables is in the reduction of e :
Supercooled Liquid raindrops later freeze into hail. Zy FAR, however they provide only a marginal increase in skill and lead time. » Subjective methodology of selecting area of

J 9 LB SR S — Determine area of interest, or “Larsen area”, based on a Z,
= reflectivity threshold at a temperature level of importance:
230 dBZ at-10°C
« Based on the NIC (non-inductive charging) method (charge

separation by chance collision of large ice particles with smaller
crystalline particles in the presence of supercooled liquid)

« =2 30 dBZ implies larger precipitation size/concentration required
for electrification

« -10°C is approximately the location of the main negative charge
center created by charge separation based on the tripole model
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 Potential bias due to small sample size
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Solo Il image of Area of

Morg Interest 2 Area of interest Is defined by SUbJeCt'Ve visual assessment 15 Flying Insects columns provide early warning of big ice — Asignificant increase in lead time would be on the order of five minutes or greater. An increase interest.
_ 2072086 1942200 Une Cell 1 of Case 20100604 with SOLOII and ANGEL 6 Second Trip and lightning. of only a minute to half a minute is not significant. + PID optimization
Northern Alabama LMA Sensors | . — ldentification of first flash of lightning 17 Ground Clutter — The best method for detection based on high POD and reduced PFA is 40 dBZ at -15°C.
and ARMOR ALESLINtEresdciicd iy — The best method for detection balanced by lead time is graupel PID at -15°C.

Future Work

Z, of 30 dBZ at elevation angle

A S e — Depending on the need of the user, dual-polarimetric variables can be more advantageous.

- Green: NA LMA network of 10 sensors

- Pink: ARMOR Analyze ZDR Column Results: e — The utility of the PID algorithm is found in the flexibility of hydrometeor identification compared - Future work includes expanding the data set
: : to the hard set thresholds of such algorithms as the Z, column for example: to different meteorological and convective
Sample Size: — Extract radar values from UF radar data to a text file based on Lid i
50 lIs from eiaht dat deflned Larsen areas Of Interest HFAR WPOD LICSI Comparison of lead =SS 0471172008 17:26:28 ARMOR 4.0 PP G2 &= 04/11/2008 17.:26:28 ARMOR 40 PPICD 3 0471112008 17.25:29 SAMOR 4.0 PPIPD : _
ST GO SR asUalc S . time and skill scores of T = - Automation of cell selection to reduce
31 thunderstorms and 19 non-thunderstorms — Test algorithms on extracted values * Z. Column and the First instance of possible biases and enabling analysis of
1 - benchmark (40 dBZ at - QL poe Dra larger data set
® 038 . approximately -10°C of hLok ey :
B e 10°C) supports the cell 1 case 20080411 » Replicating the test in different geographical
; s conclusion that dual- Left to right, Z,,, Zos regions
Test Al gorit hms 0.2 polarimetric variables and PID. There was - Real-time application of dual-polarimetric
0 %r reegggiunl In first flash 2 :f;;‘?s:ezd h;tolumn algorithms to determine cost-benefit
Focus Thresholds Thermal levels 40dBZat-, . 1 4o 9 N B - Tuning of the PID algorithm, to determine
: : - 10 e eaa B The best algorithm is e T e values. the true value of this tool it should be
Z, and temperature 35, 40, 45 dBZ (0N 06 First occurrence of Highest value it S Z,> 1 dB at -10°C with optimized and tuned for accuracy
one minute Iin
2" level Z, and temperature 15, 20, 25 dBZ 8 km First occurrence of Highest value 12 increased lead time
and reduced FAR -
st _10° 10 - References:
(1 Ievel Zh = 30 d BZ at 10 C) = Th d d FAR Bringi, V. N., T. D. Keenan, and V. Chandrasekar, 2001: Correcting C-band radar reflectivity and differential reflectivity data for rain attenuation: A self-consistent method with constraints. IEEE Trans. Geosci. Remote Sens., 39:1906-1915.
L = 3 : : = i e reauce Bringi, V. N., T. A. Seliga and K. Aydin, 1984: Hail detection with a differential reflectivity radar. Science, 225, 1145-1157.
Z and Z Wlth temperature >1d B '10, '15, '20 C Fl I'St InStanCG Of H |gheSt Val Ue é g T2l De?egrling, W., W. A. (Iigtersen, J. L);thnam, S. Ellis, aide;.(?l Chris?ian (2088; Theerfalati)énzhip betw:en lightning activity and ice fluxes in thunderstorms, J. Geophys. Res., 113(D15), D15210, doi:10.1029/2007JD009700.
o d h GEJ E?S:Jgiilllnslgglreeased Goodman, S. J., and Coauthors, 2005: The North Alabama Lightning Mapping Array: Recent severe storm observations and future prospects. Atmos. Res., 76, 423-437.
> i= Gremillion M. S., and R. E. Orville, 1999: Thunderstorm characteristics of cloud—to—ground lightning at the Kennedy S Center, Florida: A study of lightning initiation signatures as indicated by WSR-88D. Wea. Forcasting, 14, 640-649.
Z 40 BZ % Peterse(r)L W. A, K. R. Knupp, D.eJ. Cecil, and J. RS. cl\)/leciialslfic,s 2007: T(;eCL(J)niversit)g/J of Alabgma H?mtsvil?e THOR éer?taec;einstrur(ra\entatione? Res;earyclg angd opegrjational collagboaratior?, then(o:Ion ab;,/tract P. 8A.8, 3::?1 ancfézn Igadar Meteor., Aug. 2007, Cairns,
e ) 5 4 I Australia.
P I D and temperature PI D e 819 (g rau pel) '101 '151 '20 C FI rSt InStance Of PI D Value 3 The dlﬁ:ere-nce Of POD R;;)hl?of/l, A. V., S. E. Giangrande, V. M. Melnikov and T. J. Schuur, 2005: Calibration issues of dual-polarization radar measurements. J. Atmos. Oceanic Technol., 22, 1138-1155.
Pl D 7 9 14 (supercoo| drops) i fand Iead tlme Séerzns Vivekanandan, J., D. S. Zrnic, S. M. Ellis, R. Oye, A. V. Ryzhkov, and J. Straka, 1999: Cloud microphysics retrieval using S-band dual-polarization radar measurements. Bull. Amer. Meteor. Soc., 80, 381-388.
= 1,9, rom two missed Z,
40dBZ at- Zzdr>1dBat- Zdr>1dBat- Zdr>1dB at - Column forecasts Acknowledgments Support provided by NOAA CSTAR and NASA MSFC. Thanks to Dr. Kyle Wiens for use of ANGEL and Chris Schultz, Elise
10°C 10°C 15°C 20°C

Schultz, Matthew Anderson, Patrick Gatlin and Mariana Scott for assistance with ARMOR radar scanning and data analysis.




