
Motivation: Improving Convective TAFs

● Thunderstorms most significant weather-related aviation impact 

● Better understanding thunderstorm climatologies - important as we move towards  

Digital Aviation Services grids driving TAFs 
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Objectives

● Better understand climatological 
frequency and duration of “vicinity” 
(VCTS) versus “prevailing” (TS)  
thunderstorms to improve Terminal 
Aerodrome Forecasts (TAFs) and 
Airport Weather Warnings (AWWs)

● Investigate regional differences and 
what implications they may have on 
convective aviation impact-based 
decision support services (IDSS)?
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VCTS Only No strikes within 0-5 SM for entire storm 
duration.

VCTS First First strike is within 5-10 SM, but there are 
also  strikes within 0-5 SM during storm.

TS First First strike is within 0-5 SM, but there are 
also strikes within 5-10 SM during storm.

TS Only No strikes within 5-10 SM for entire storm 
duration.
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Definition of Storm Categories



Research Questions

● What are the characteristics (i.e., lightning count and duration) of thunderstorms 
that produce lightning only in the vicinity (i.e., “VCTS Only”) of an airport versus 
thunderstorms that also produce lightning within 0-5 miles of an airport? 

○ What percent of storms’ first strike is within 5 SM vs. 5-10 SM? 

○ What percent of storms ONLY have lightning within 0-5 SM? 

○ What percent of storms ONLY have lightning within 5-10 SM?

● Is there a greater chance of “VCTS Only” storms in the Desert Southwest and 
Intermountain region relative to other regions of the CONUS? 



Data and Methods

● Warm season (April-October) 
NLDN data from 2010-2019 

● 34,524 “storms” from 53 TAF 
sites in Top 50 of total ops 
or passengers*

○ Excluded 6,106 (18%) single 
CG storms (rest have 2+ CGs)

○ 1 hr break in CGs = new storm 

○ *Removed sites with less than 
50 storms and added four SW/ 
Intermountain sites in Top 100 
passengers Regional Classification of TAF Sites   

Coastal sites 
within 100 

km of shore



Avg. Durations:
Overall: 0:58
VCTS First 1:22
TS First: 0:50
VCTS Only: 0:31
TS Only: 0:12
195 storms
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Duration and Storm Count By Storm Type

“VCTS First”
90 (49%)  

“VCTS Only”
70 (36%)  

“TS First”

25 

(13%) 

“TS Only”
4 (2%) ● 15% of “TS First” 

storms at KPHX 
have first CG 
within 5 SM
○ 17% DVT

○ 11% KIWA

● “VCTS First” 
storms longest, 
but nearly all 
finish in 2-3 hrs
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SW/Intermountain Example (PHX)



Other Examples: ABQ vs. MIA (coastal)
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“VCTS First”
219 (46%)  

“VCTS Only”
197 (41%)  

“TS First”

52 

(11%) “VCTS Only”
112 (20%)  

ABQ Avg Duration:
Overall: 0:53
VCTS First 1:17
TS First: 1:02
VCTS Only: 0:28
TS Only: 0:07
479 storms
 

“VCTS First”
608 (48%)  

“VCTS Only”
409 (32%)  

“TS First”

219 

(17%) 
MIA Avg Duration:
Overall: 1:10
VCTS First 1:36
TS First: 1:17
VCTS Only: 0:33
TS Only: 0:14
1271 storms



Other Examples: ABQ vs. MCI (inland)
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479 storms
 

MCI Avg Duration:
Overall: 1:27
VCTS First 1:48
TS First: 1:10
VCTS Only: 0:26
TS Only: 0:25
568 storms

 



What Might This Mean for PROB30 TS 
usage in TAFs during the warm season?

ABQ (SW Site)
~60% TS within 5 SM

~40% VCTS (btwn 5-10 SM)
3:2 ratio TS:VCTS

MCI (Inland Site)
~80% TS within 5 SM

~20% VCTS (btwn 5-10 SM)
4:1 ratio TS:VCTS

“VCTS First”
377 (67%)  

“VCTS Only”
112 (20%)  

“TS First”

76 

(13%) 

“VCTS First”
219 (46%)  

“VCTS Only”
197 (41%)  

“TS First”

52 

(11%) 



What Might This Mean for PROB30 TS 
usage in TAFs during the warm season?

ABQ (SW Site)
~60% TS within 5 SM

~40% VCTS (btwn 5-10 SM)
3:2 ratio TS:VCTS

1 + 2/3 = 5/3 multiplier to get 
chance of TS or VCTS

30% chance of TS * 5/3 =
50% chance of TS or VCTS

MCI (Inland Site)
~80% TS within 5 SM

~20% VCTS (btwn 5-10 SM)
4:1 ratio TS:VCTS

1 + 1/4 = 5/4 multiplier to get 
chance of TS or VCTS

30% chance of TS * 5/4 =
37.5% chance of TS or VCTS



SW / IM
(n=4200)

Coastal 
(n=13,399) 

Inland 
(n=10,819) 

CONUS 
(n=28,418) 

VCTS Only 36.96% 30.46% 25.70% 29.61%

VCTS First 48.87% 54.08% 59.47% 55.36%

TS First 12.46% 14.00% 13.62% 13.63%

TS Only 1.74% 1.46% 1.21% 1.41%

● 85% of storms’ first strike within 5-10 SM; 15% within 5 SM 
○ No significant regional difference (81-89% range for 5-10 SM) 

● Southwest/Intermountain sites significantly* most likely 
to produce “VCTS Only” storms; inland least likely

○ *p<0.00001 for all 3 regions using Z-test for two proportions

Ranks of “VCTS Only” Sites (Top Half) 

“VCTS Only” Storms Most Likely in SW/IM 



“VCTS Only” Storms Most Likely in SW/IM 

● Results also significant* 
when looking at the ranks 
of individual airport sites 

○ *p<0.00001 for all 3 regions 
using Kruskal-Wallis H Test

● Southwest/Intermountain  
regional considerations:

○ Positive: VCTS TAF groups 
may verify more often 

○ Negative: Using lightning 
within 5-10 SM to predict 
lightning within 5 SM may 
result in more false alarms 

Ranks of “VCTS Only” by Site



SW/IM Storms Produce Less Lightning

- - - - - -  Southwest/Intermountain
______  Coastal and Inland (combined)
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● Coastal & inland sites similar 
● “VCTS Only” and “TS Only” in 

SW similar to rest of CONUS 
● Average Lightning Count:

○ Overall: 66 Non-SW (30 SW)
○ VCTS First: 98  (49 SW)
○ TS First: 61 (27 SW)
○ VCTS Only: 7.2 (6.8 SW)
○ TS Only: 3.4 (3.2 SW)

Lightning Count per Storm (plotted on log scale, base 2)



SW/IM and “VCTS Only” Storms Shorter

● “VCTS Only” storms are about 
2-3x shorter than those that 
produce lightning within 5 SM

● Southwest/Intermountain storms 
shown have slightly shorter 
duration than other regions

● Average Storm Duration:
○ Overall: 1:00 SW (1:13 non-SW)
1. VCTS First: 1:23  (1:35 non-SW)
2. TS First: 0:57 (1:14 non-SW)
3. VCTS Only: 0:32 (0:31 non-SW)
4. TS Only: 0:11 (0:11 non-SW)VCTS
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Conclusions (with Research Questions)

● What are the characteristics (i.e., lightning count and duration) of thunderstorms that 
produce lightning only in the vicinity (i.e., “VCTS Only”) of an airport versus 
thunderstorms that also produce lightning within 0-5 miles of an airport? 

○ “VCTS Only” storms generally produce an order magnitude (~10x) fewer strikes 
within 10 SM and last 2-3x shorter than storms that produce lightning within 5 SM

○ What percent of storms’ first strike is within 5 SM vs. 5-10 SM? ~15% (11-19% range)

○ What percent of storms ONLY have lightning within 0-5 SM? Minimal (<3% all sites)

○ What percent of storms ONLY have lightning within 5-10 SM? Varies (20-42%; PSP 52%)

● Is there a greater chance of “VCTS Only” storms in the Desert Southwest and 
Intermountain region relative to other regions of the CONUS? YES, a significant one!



Implications: Informing Convective TAFs



ABQ (SW Site)
~60% TS within 5 SM

~40% VCTS (btwn 5-10 SM)
3:2 ratio TS:VCTS

1 + 2/3 = 5/3 multiplier to get 
chance of TS or VCTS

30% chance of TS * 5/3 =
50% chance of TS or VCTS

MCI (Inland Site)
~80% TS within 5 SM

~20% VCTS (btwn 5-10 SM)
4:1 ratio TS:VCTS

1 + 1/4 = 5/4 multiplier to get 
chance of TS or VCTS

30% chance of TS * 5/4 =
37.5% chance of TS or VCTS

Implications: Differing VCTS Probabilities 
for the same TS Probability



Pitfalls: Convective Impacts without VCTS



Pitfalls: Convective Impacts without VCTS

● Dust storm (<1/4 SM) 0139-0155Z
○ Blowing dust (<6 SM) 0125-0215Z
○ SSE 27 kt max gust, NO LIGHTNING



● Add sites to fill gaps/better 

represent the entire CONUS

● “Impact-based” climatology:
○ Duration and intensity of wind gusts 

and reductions in visibility due to 

dust (important in the SW) 

○ Range at which storms may cause 

impacts (even if lightning > 10 SM?)

○ Seasonal and diurnal variations to  

assist in FAA staffing schedules (as 

requested by PHX TRACON/Tower) 

Next Steps and Questions? 

Observed Dust Storms 
(3+ Reports) from 

2010-2019

Courtesy Jaret Rogers 
and Sam Meltzer


