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Introduction Results Discussion & Conclusions

In an operational lens, the decision to warn on tornadic storms is . : : : :
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amongst 8 different radar sites. Tornadoes are often shallow and short-lived

B
o

VROT (kts)

and a majority of reported tornadoes do not have an associated Tornadic

w
o

N
o

Debris Signature (TDS). In an effort to address these concerns, a ten year
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® Other radar variables such as Azimuthal Shear and Gate to

-25to-15 -15to-5 -5to 5 5to 15 15 to 25 -25to-15 -15to-5 -5to5 5to 15 15 to 25 -25to-15 -15to-5 -5to5 5to 15 15 to 25

nearestr adar Slte Was analyzed to Radar Beam Height Above Ground Level (AGL) [ft] Across Pennsylvania IS Bt () % Front Reflectivity Nub
: . < ° Fig. 1 - Rotational Velocity binned by time before and after tornado S el ergerReictivy Spike near ow : ‘ : :
propose a curated warning guidance | e g b ot Ay i Gate Shear were examined, but were not discussed in this
unique to Pennsylvania tornadoes. Rotational Velocity Thresholds Across Storm Mode Classification Groups Prior to and Post % soundsry Ingetion p resentation due to no criteria outlined within WDTD
Reported Tornado Touchdown Bokend vor.(>25Kts Ve .
Land Cover Across NWS State College, Pennsylvania ¢ e Henerene . ersnabereneEe : ) ) ) ) guldance *
County Warning Area A N ] ' . . . . .
T i . i ’ i i § = Qs ol QIUCY Clonlfictines Bafldhead N s o Further discussion will be necessary to determine if those
| 50 ‘ : outlined by the WDTD.
50 Naurical Mile Range Rings - Dashed Teal Ouline m -0 : : ‘ ~ Radar analysis showed that overall, around 67% of cases had thresholds are beneficial to forecasters during the warning
Nearest Coverage Between Gray Lines Z =
e : ' M 3000 - 4500 o >3 Confidence Builders/Nudgers present prior to each
Bl Developed *Tornado paths greater than 50 nautical miles away from a radar site I 4500 - 6000 i . 0 g p r O CeSS °
- denoted by white lines, 6000 - 7500 reported tornado, with 44% of cases having 4+ present.
Crops/Pasture . 7500 - 9000 o o . o . .
Courtesy of Michael Colbert - NWS CTP B > 9000 ‘ o Despite occurrences of Range Folding disrupting criteria
‘ Important NOte: All tornadic 15t0 -5 5to5 5to 15 15t0-5  5to5 5to 15 15 to -5 5t05 5to 15 based on numeric Values’ the most frequent and reliable Recommendations
. : : , . e Fapeec i) Builders/Nudgers point towards the T7ght Mesocyclone
A 0510 20 39 40 sowe circulations studied are from Veported Fig. 2 - Rotational Velocity binned by time before and after tornado .
N s A SR e e touchdown, separated by storm mode classification. and Descending Rear Inflow Jet. Based on the 25th Percentile from the Far Range Dataset
_ damage confirmed on surveys.
Created by Savannah Southward w/ USGS Landsat 8 ARD Tiles N o
Environmental Analysis
Plots generated using the 10th and 90th Percentile (W hiskers).
BaCkgI’Ollnd Median and Mean values are represented by the line and square within the box, respectively.
Using criteria outlined by the Warning Decision Training Division Supercells Supercells
(WDTD), we first examined our dataset’s warning verification across ool y B . " S . Preferred - 50th Percentile: TR s T
. . . . . . . - . ML CAPE Effective SRH g .
various storm mode classifications. This provided a baseline for - ] T : T Pl E o — e ML CAPE: >1000 J kg | QLCS/Linear Hybrids
g 2 . 2 100 . T . ® Preferred Value: ® Preferred Value: )
improvements to be later determined in the analysis of each radar case and g : T 2oz y 2 1o T : | >1500] kg™ >150 m’s” ® ML CINH: <-5 J kg e VROT: >22 kts
hei : : I 6l ol L . _ =N S 0] |0 € : ® Dataset Value: ® Dataset Value: e ML LLCL: <900 m
their respective environmental profules. - 0 . | T ' T >1400] kg™ >175 m’s” e, SRS s D km Shear: >15 kts Marginal/Disorganized
Warning Verification Across Storm Mode Classifications for Far Range PA Tornadoes, 2012-2022 | . | ~607 . | . ol . | . ML CINH 0-1 km Shear cct. e m:s ® 0-3 km Shear: >32 kts
100% . A A . . SB CAPE ML CAPE MU CAPE SB CINH ML CINH MU CINH SB LCL ML LCL MU LCL e DPreferred Value: e DPreferred Value: e (0-1 km Shear: >15 ktS . Total Number Of ° VROT >17 ktS
. s . ] . <-50] kg >20 kes e STP (fixed): >0.90 e ML CINH -1
: >V, - . <-10J k
. ] % 20/ . vol . ® Dataset Value: ® Dataset Value: ® Confidence Builders & Jkg
° B0 e T o L] . <-SJkg! >23 kts Nudgers*: o STP (fixed): >0.75
B Unwarned fl.; 200 T ] %30« l % o a ML ILCL STP (fixed) e (0-1 — SVR
50% SVR w/0 TOR Possible ol [0 Jr 7 Gas | . 5 " o ® Dreferred Value: ® Dreferred Value:
SVR w/ TOR Possible » T l ool 5 . 1 <1000 m 51 e 1-2— SVR w// TOR
® TomadoWaming . ) . T s ] . . ® Dataset Value: ® Dataset Value: Possible
25% 201 ° 10 $ ° o
0-1kmSRH  0-3kmSRH |Effective SRH 0-1 km Shear| 0-3 km Shear  0-6 km Shear " ST (fixed) STP (with cin) </ >1.35 e 3+—TOR
Fio 4 - Box and Whisker olots of § e | If environment is favorable
o _ a I | _ Storm Mode Classifications ig. 4 - Box an isker plots of Supercell environmental parameters e :
Su::r;:ll :I;(;S6 Lme:rzH:(:nds Dlsorganl:e=d2ionvemlon Marglnn:I7CeIIs outlined in Smith et. al 2612 I [T reanalysis Sounding i, Dlsclalmer. These refinements M take False Alarm Cases into account.
QLCS & Linear Hybrid Marginal & Disorganized
o 01 == T - 1800 ¢ o * o 1400 ¢ ¢
o| | el : =) el R Acknowledgements
Methodology | T | L s R S E 8
With materials from WDTD’s Radar Applications Course, radar variables Lo T ) L o127 = . S - [ Zi] | T ol | 2. NN T This project was completed through the NOAA Ernest F.
from each case 15 minutes prior to and post reported tornado touchdown 5= o Il s ) g™ | S 1w : S0l | - T TR s s Holl Und i Scholarshin P T i
. . wo T : . : _ ; w| R o B . ollings Undergraduate Scholarship Program. | extend m
were recorded using GR2Analyst. To analyze the environmental . . o N T I y ‘ wo| s : S 5 p S Yy
2 a 2 e éAPE il éAPE A éAPE = élNH ML élNH MU éINH = LCL ML TLCL MU‘LCL SB éAPE ML éAPE MU éAPE SB élNH ML élNH MU élNH SB LCL ML‘LCL MU‘LCL ° °
conditions, Rapid Refresh [ o ke & . . . utmost gratitude to the Hollings Team and my mentors,
(R AP) SOundingS were analyzed variables in GR2Analyst: 5 . s 2] == * 1751 . 7, ’ e L 25+ )
Y e Mesocyclone Diameter [nm] - T I e 2 = = e ' . I . Michael Colbert & Michael Jurewicz. Thank you to all the
. e Rotational Velocity (VROT) [kts] 2% ] 1 €30 T - 5 - " . g T .
€ | o = d = 1.00 ~_ 400 A < 30 a 151
e Azimuthal Shear (AzShear) [k s”] < 1501 T 3 87 5 v E T . 5 . . . & . . .
I R [kes] & | F || G ' i i S : hd & ) . o BT staft at NWS CTP for an amazing summer internship!
e Normalized Rotation (NROT) + 15: . N B + ; Ao, R o :
e Range from Radar [nm] S | | . | | . . Joo . . - . .
@o  Beam Height Above Ground Level (AGL) [ft] O-Lkm SRH— 0-3km SRH  Effective SRH 0-1 km shear | | 0-3 km Shear | 0-6 km Shear JIESD AUl 0-1kmSRH  0-3kmSRH Effective SRH 0-1km Shear  0-3 km Shear 0-6 km Shear STP (fixed) STP (with cin) AMER|C AN METEOROLOGICAL SOCIETY
E' o
& s Fig. 5 - Box and Whisker plots of QLCS & Linear Hybrid environmental Fig. 5 - Box and Whisker plots of Marginal & Disorganized environmental AMS 1 O 4TH ANNUAL MEETING
Obtained Rapid Refresh (R AP) Soundings through SHAR Ppy: parameters obtained from nearest RAP reanalysis soundings site. parameters obtained from nearest RAP reanalysis soundings site. 2024
i H h Analysis Toolkit.
— Sounding and Hodograph Analysis Toolkit 0-1 ke Shear 0-3 km Shear ML CINH STP (fixed) 28 JANUARY-1 FEBRUARY 2024
ol Results \ R tiet darees holdls @ Nl Wi Gratlamge lses) o calen iead ® Preferred Value: >25 kts ® DPreferred Value: >30 kts ® Preferred Value: <-25J kg' ® Preferred Value: >1 BA LTIMOR E MD & ONLINE
statistics from the dataset ® Dataset Value: >23 kts ® Dataset Value: >35 kts ® Dataset Value:<-10J kg @ Dataset Value: >1.25




