Convective TAF and AWW Enhancements in
Phoenix for the 2019 Monsoon
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NWS Phoenix (PSR) Aviation Program

» Forecasts and Watch/Warning/Advisories
» Terminal Aerodrome Forecasts (TAFs)
» Airport Weather Warnings (AWWSs)
» Started new TAF and AWW at DVT in March!

» Specialized Decision Support (e.g., Super Bowl)

» Local Research and Outreach (monthly exermses)

»‘.

6 current TAFs: N
Phoenix metro (PHX, WVA, SDL)
‘ ifora , BLH).
F at DVT on March 6th

» 4 of 36 busiest airports
In U.S. (by FY17 Ops):
» 12. PHX (455k; 1246 p/day)
» 19. DVT (384k; 1052 p/day)
» 34. IWA (291Kk; 796 p/day)
» 36. FFZ (289k; 792 p/day)



What causes Monsoon Season?
» Seasonal reversal in the prevailing wind flow patterns
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June Mean Flow at 18,000 Feet July Mean Flow at 18,000 Feet

» Officially June 15 to Sept
30 (varies in reality)

» Typical surface moisture
surge lasting 2-4 days
helps trigger t-storms




What causes Monsoon Season?
» Seasonal reversal in the prevailing wind flow patterns
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» SE and NE flow aloft

most common
» Occasional westerly
events (fringes)

» Objective monsoon
climatology (ASU grant?)
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Typical Monsoon Day in our Office

» Radar forecaster tracks storms and
ISsues warnings

» Aviation forecaster tracks wind shifts/
outflows to issue AWWSs and amend TAFs
» Additional staff handles calls, social
media, interviews, public products, etc.
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&2 Tuesday Afternoon Radar — 3:00pm MST
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§4° Storm Threats ¥
Tonight:
- Heavy rainfall, leading to
localized flooding

** TURN AROUND,
DON’T DROWN**

-Strong gusty winds

- Blowing Dust

er Service



Terminal Aerodrome Forecasts (TAFS)

KPHX 1223347 1300/1406 29009G18KT P6SM SCT108 SCT25@
FM130845 06020G30KT 45M BLDU VCTS BKNBS8OCE BEN150
TEMPO 1381/1363 @6025G40KT 25M TSRA BKN@5BCB

FM130388 26012KT Pe5M VCS5H BEN1@0@ BKN15@
FM1306208 1201@KT Pe5M BEN1O@ BEKN15@
FM1319@8 27012KT Pe5M FEW1Z2@ 5CT258=

» We strive to write “practically perfect TAFs” in 6 lines or less by:
» Writing to flight categories first and establishing trends
» Adding specific details for the first 12 hours (especially first 3-6 hrs)
» Highlighting specific events past 12 hours for planning

» 30-hour TAFs at PHX (updated every 3 hours); 24-hours at other sites
» Amendments issued if conditions causing categorical changes have been
(or will be) met and persist for > 30 min (call TRACON for major changes)



Aviation Forecast Discussions (AFDs)

» We give detalils, confidence, and uncertainty in AFDs:

.AVIATION...

South-Central Arizona 1ncluding KPHX, KIWA, and KSDL:

A broken Lline of strong to severe thunderstorms has pushed into
eastern Maricopa County. These storms should affect KIWA and KSDL
within the next hour and KPHX around @17. Wind gusts up to 45
knots appear to be possible with these storms, with at Lleast
1solated 're wind gusts to 50-55 knots. Although blowlng dust
does not currently appear to be a major threat for the terminals,
this threat may increase if an outflow boundary is able to push
ahead of the storms. At the current moment, 1t appears that the
wind shift will be closely tied to the broken convective line of
storms, s0 wisibility decreases will most lLikely be caused by
brief heavy rain. Thunderstorms and wind gusts above 20 knots
should end between 02-837 with this relatively fast-moving line,
with all showers ending by ©Z. E-5E winds should return after @6Z
with a typical early afterncon shift to westerly tomorrow.




Aviation Forecast Discussions (AFDs)

» We give detalils, confidence, and uncertainty in AFDs:

.AVIATION...
South-Central Arizona 1ncluding KPHX, KIWA, and KSDL:

proken line of strong to severe thunderstorms has pushed 1nto
eastern Maricopa County. These storms should affect KIWA and KSDL
within the next hour and KPHX around @17. Wind gusts up to 45
knots appear to be possible with these storms, with at Lleast
1solated severe wind gusts to 580-55 knots. Although blowlng dust

does not currently appear to be a major threat for the termilnals,

this threat may increase if an outflow boundary is able to push
ahead of the storms. At the current moment, 1t appears that the
wind shift will be closely tied to the broken convective line of
storms, s0 wisibility decreases will most lLikely be caused by
brief heavy rain. Thunderstorms and wind gusts above 20 knots
should end between 02-837 with this relatively fast-moving line,
with all showers ending by 6Z. SE winds should return aftter 86/
with a typical early afterncon shift to westerly tomorrow.

» WFO Phoenix now issuing regularly by 00/06/12/18Z



“TEMPO” Groups

KPHX 1223347 1308/1406 29009G18KT P6SM SCT1e8 SCT258
FM130045 @602006380KT 45M BLDU VCTS BKNOEBCE BEN150
TEMPD 1381/1383 @c025G480KT 25M TS5RA BKN@5GCB

FM120386 06012KT Pe5M VC5H BEN10@ BKN15@
FM130688 120180KT P65SM BEN18® EKN15@
FM131988 27012KT Pe5M FEW128 5CT258=

» What does a “TEMPO” group technically indicate?
» High confidence (> 50% probability) of
» Temporary fluctuations (< 1 hr p/instance) to forecast conditions
» Covering less than half of the period (should prevail if longer)

» TEMPO groups not allowed beyond 9 hours or for more than 4 hours
> “Vicinity” groups (e.g., VCTS) and LLWS groups are not included



Climatology of wind gusts > 35 knots at PHX*

» 775 separate occurrences during

monsoon (Jun-Sep) since 2000
» SSE (140-170°) and ENE (50-80°)
headings most common
» 47 events > 40 knot max gust
» 12 events > 50 knot max gust

65 knots at 9:38 p.m.
28 Aug 2008 (PHX)

» Short-lived (86% single 1-min ob)
» 29 gusts lasted 5-10 min
» 7 gusts lasted 10-30 min
» 3 gusts lasted 30-45 min
» Two events with 65 and 62 knot
gusts both lasted less than 10 min

*Courtesy Paul Iniguez; Based on 1-min ASOS data



Wind Gust vs. T-storm Duration at PHX in 2018

 Wind gust average =22 min

(all less then 40 min)
« Lightning average =44 min
(> 1 hr about a third of the time)
I mWind (11) m Lightning (18)

< 20min 21-40 41-60 61-80 31-100 101-120




Wind Gust vs. T-storm Duration at PHX in 2018

 Wind gust average =22 min

(all less then 40 min)
« Lightning average =44 min
(> 1 hr about a third of the time)
I mWind (11) m Lightning (18)

< 20min 21-40 41-60 61-80 31-100 101-120

» Limit TEMPO TS groups and AWW duration for lightning to 2 hours
» Should generally not exceed one hour for wind gusts > 35 knots




“Vicinity” Groups (It’s back.....)

KPHX 1223347 1308/1406 29009G18KT P6SM SCT1e8 SCT258
FM130845 @60200638KT 45M BLDUJVCTS |BEKNOGEBCE BEN150
TEMPD 1381/1383 @c025G480KT 25M TS5RA BKN@5GCB

FM120386 06012KT Pe5M VC5H BEN10@ BKN15@
FM130688 120180KT P65SM BEN18® EKN15@
FM131988 27012KT Pe5M FEW128 5CT258=

» What does a “Vicinity” group technically indicate?

» High confidence (> 50% probability) of
» Significant weather in the donut-shaped area 5-10 SM from airport

» Covering more than half of the period (it’s prevailing; not a TEMPO)

> “Vicinity” groups only allowed for thunderstorms, showers, and fog
» Not allowed in TEMPO or PROB30 groups;



Monsoon Climatology of VCTS vs. TS at DVT*

Total Monsoon Lightning Density Near KDVT (1986-2018)

» 83% of storms producing lightning

In 5-10 SM annulus first:
» Remain VCTS 69% of the time
» Become TS 31% of the time with a
27 min average lead time

Lead Time of VCTS
to TS at DVT

*Co uMg\uez;Ba;amDN Data. |

PO,




Monsoon Climatology of VCTS vs. TS at DVT*

Total Monsoon Lightning Density Near KDVT (1986-2018)

» 83% of storms producing lightning

In 5-10 SM annulus first:
» Remain VCTS 69% of the time
» Become TS 31% of the time with a
27 min average lead time

Lead Time of VCTS
to TS at DVT

» VCTS is more likely than TS.....

» Issuing AWWs for lightning
anticipated within 5 miles (not
just observed within 10 miles)




Local Convective TAF Guidelines

Time to Probably of TS at airport

C:-I:mvect'rnn
(inhours) | glight (10-24%) or | Chance (25-54%) or Likely/Categorical
Isolated Coverage Scattered Coverage | (>55%:; any coverage)

0-3 hours | Prevailing VCTS & CB | Prevailing VCTS & CB Prevailing T5 & CB*
OR Prevailing VCSH" (TEMPO impacts?) (TEMPO impacts?)

3-9 hours | Prevailing VCSH* OR | PFrevailing VCTS & CB Prevailing TS & CB*
Mo Mention OR TEMPO TS & CB”

9-24/30 Mo Mention Frevailing VTS & CB Prevailing VLTS & CB
hours for VCSH"), PROB30 TS
& CB, OR No Mention

MJse VCSH for shallow convection that will impact aircraft operations, but less than TS.

» Blending national DAS philosophies with the need for flexibility here
In the short-term for handling isolated or slight chance convection.




TCF Forecast and AWC/CWSU Collaboration

8: AVIATION WEATHER CENTER » High confidence (> 50%)

||§| HOME ADVISORIES FORECASTS OBSERVATIONS TOOLS NEWS SEARCH ABOUT USE fOrecaSt fOr areaS and
TFM Convectlve Forecast (TCF) Plot lines of convection
. . _

» AWC issues every 2 hrs
valid at 4, 6, and 8 hrs

©,SUN @ MON"\ "
V23z VOlZ 037

BYIATION WEATHER CENTER (NI gp)  AYIATION WEWTHER CENTER (NO S/NCEF]  mwIATION WEATHER CENTER (MO

COVERAGE HEIGHT LINES

SOLID 75-100%

SPARSE TOPS: 100's OF FEET MSL
25309 25000 - 29000 290
30000 - 34000 340
MEDIUM 35000 - 39000 390
40-74% 40000+ >400




TCF Forecast and AWC/CWSU Collaboration

:AVIATION WEATHER CENTER » High confidence (> 50%)

||§| HOME ADVISORIES FORECASTS OBSERVATIONS TOOLS NEWS SEARCH ABOUT USE fOrecaSt for areaS and
TFM Convectlve Forecast (TCF) Plot lines of convection

» AWC issues every 2 hrs
valid at 4, 6, and 8 hrs

" D SRS > (ocally requiring VCTS
. M N
Vggg VO?Z . NF0O3Z ' or TEMPO TS for
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TCF Forecast and AWC/CWSU Collaboration

&:AVIATION WEATHER CENTER » High confidence (> 50%)

||§| HOME ADVISORIES FORECASTS OBSERVATIONS TOOLS NEWS SEARCH ABOUT USE fOrecaSt for areaS and
TFM Convective Forecast (TCF) Plot lines of convection

» AWC issues every 2 hrs
valid at 4, 6, and 8 hrs

SUN .I N » Locally requiring VCTS
V23Z N VO3Z or TEMPO TS for

WIATION WEATHER CENTER | JHCER)  AYIATION WEWTHER CENTER ” AYIHTION WEATHER CENTER

COVERAGE HEIGHT el “‘medium” coverage
LINES
SOLID 75-100% ( VCTS/SH for “spar se ”)

SPARSE TOPS: 100°'s OF FEET MSL
75-39%, 25000 - 29000 290

30000 - 34000 340 > Scheduled collaboration with CWSU ZAB

MEDIUM 35000 - 39000 390

10-74% 40000+ 5400 at 16457 and 22457 for 18Z and 00Z TAFs



Experimental TFM Gate Forecast
@, a..\ AVIATION WEATHER CENTER

» 9-hr forecast of hourly
potential for t-storm
activity in each gate

» Uses composite

reflectivity from last
three HRRR runs

> “Stoplight” approach:
» Green: No sig weather
» Yellow: > 1% coverage
of 25-60% TS chance
» Red: > 4% coverage of
60% TS chance




Experimental Phoenix TFM Gate Forecast
VIATION WEATHER CENTER

HOME ADVISORIES FORECASTS OBSERVATIONS TOOLS NEWS SEARCH ABOUT USE

» 9-hr forecast of hourly

potential for t-storm
activity in each gate
» Uses composite

- ' TR reflectivity from last
| : ':,. # l“; BT ik y

2105 UTC Fri 7 Jun 2019

three HRRR runs

> “Stoplight” approach:
» Green: No sig weather
» Yellow: > 1% coverage
of 25-60% TS chance
» Red: > 4% coverage of
60% TS chance

L\ 4 &

» Resolve tlmlng |nconS|stenC|es by amendmg TAF or contacting CWSU



Storm Prediction Center Convective Outlooks

Day 2 Qutlook

(1630/2)

Boy T Wo
(12%02) Pi
‘D °

Day 1 Outlook » SPC issues daily (12-122)

(22302) / / convective outlooks to Day 3

» “Marginal” Risk common (5%
severe threat within 25 mi)

\\ - > "Slight” Risk (15%) few times plyr;
\ f‘:‘* -> Proxy for potential WATCH

Severe Wind Severe-Hail Tornado
(50+ knots) (17+)

— : 5%

CONVECTIVENE K [-’H

SOTVECLIVE :__)u!looa ‘e ! _ Less than 2%
GFC DAY 1 CATEGORICAL OUTLOOK . :

@ ISSUED: 22287 08/ 2/2016
V VALID: 12/2230Z-13/12002
- Preliminary Subjective Verification
o || NOAANWS Storm Prediction Center, Nerman, Oklahoma

» Recommending more aggressive outlook-watch product collaboration.



Severe T-Storm Watch and SPC Collaboration

:: 3 WIS X , . Ml > Severe thunderstorm (and
5 ‘ dLI _v*g}yﬂn wjdlg“ tornado) watches issued by
e SR A | Lo SPC collaborating with WFQOs

» High confidence of severe
storms in effect for 4-8 hours

» Typically not issued before
Severe T-Storm Warnings in

Arizona, so take notice of it!
» One last year (8/12) compared
with 4 Flash Flood Watches

Severe Thunderstorm Watch £ 336 - Valid from 440 PM until 1200 AM HDT

Tomadoes  EF2+ Tomadoss | Severs Wind esm\Mndl Severe Hail 2"+i-hl|
lelhood

» Will experiment with tools to help with identifying watch days!




Convective Warning Products

BULLETIN - IMMEDIATE BROADCAST REQUESTED '

Severe Thunderstorn Warning Watch: 3:40 p.m. (rare issuance) i

National Weather Service Phoenix AZ

556 PM MST SUN AUG 12 2018 Warning: 5:56 p_m_’t\
The National Weather Service in Phoenix has issued a AWW 559 pm. ' oy
Waricopa County in South central Arizona... Impact: 6:19 p.m. - &
(58 mph winds)

Until 645 PM M5T.

At 556 PM MS5T, a severe thunderstorm was Llocated near S5cottsdale

Airport, or near Paradise Valley, moving west at 20 mph. la
HAZARD. . .58 mph wind gusts.

Glenc ale
SOURCE. . .Radar indicated.

IMPALCT...Expect damage to roofs, siding, and

Locations impacted include...

Phoenix, Mesa, Glendale, Scottsdale, Tempe, Paradise Valley,
Laveen, Tempe Marketplace, Papago Park, Piestewa Peak Park, Deer
Valley Airport, Salt River Indian Community, MNerth Mountain Park,
South Phoenix and Arizona S5tate Fairgrounds.

5
5

AZ Interstate 1@ between mile markers 141 and 159,
AZ Interstate 17 between mile markers 195 and 218.

This includes the following highways...
AZ Route 51 between mile markers 1 and 15.
PRECAUTIOMARY /PREPAREDNESS ACTIONS...

For your protection move to an interior room on the Lowest floor of
building.




2"d Year of Polygon Dust Storm Warnings!

Phoenix

| Estimated phones
alerted: 100,000
Maricopa instead of 4.3
m|II|onI

Casa Grande
@

New Polygon Warning: Only in effect for
the area outlined in black. WEA uses the
polygon rather than county boundaries to
determine who is alerted.

TUCSOue verde &

T‘son




Convective Warning Products
Watch: 3:40 p.m-Trasejsbuance

683 PM M5T Sun Auwg 12 2818 . —
Warning: 5:50 o=
AZCB13-821-130145
#0.NEW.KPSR.DS.W. 8843 . 188813T0103Z-180813TA145Z/ AWW 5 59 p m
Maricopa AZ-Pinal AZ . . .
683 PM MST 5 Aug 12 2018 g " 3
) C DUST STYORM Warning: 6:03 p.m.
The Mational Weather Service in Phoenix has issued a
N Impact: 6119 p.m.

Dust Storm Warning for...

Maricopa County in south central Arizona... H d

Pinal County im southeastern Arizona... (58 m ph n S)

Until 645 PM MST. i

x Peoria

surprise

At GB3 PM MST, a wall of dust was along a line extending from New L}

River to near Chandler Fashion Center Mall, moving west at 45 mph. ( ‘|{.ﬁ|':.‘| )
HAZARD...Less than a quarter mile wisibility.

S0URCE...Doppler radar.

Pho¢

IMPACT...Dangerous life-threatening travel.

the follewing highways...
Z Interstate 1@ between mile markers 120 and 164.
Interstate 17 between mile markers 195 and 229.
Route 51 between mile markers 1 and 15.

Locations impacted include...

Phoenix, Chandler, Glendale, Scottsdale, Tempe, Peoria, Surprise,
Avondale, Goodyear, Buckeye, E1 Mirage, Paradise Valley, Tolleson,
Youngtown and Waddell.

PRECAUTIOMNARY fPREPAREDMESS ACTIONS...

Dust storms Lead to dangerous driving conditions with wisibility
reduced to near zero. If driving, avoid dust storms if possible. If
caught in one, pull off the road, turn off your lights and keep your
foot off the brake.




» Issued for PHX and DVT if:
» Lightning is observed within 10 miles
OR anticipated within 5 miles;

» Winds > 35 knots; and/or
» Dust storm w/visibility <% mi

1 PHX AWW Wind Gust Performance (FY18 vs. FY12-17)
0.9

0.8 bserved Verifed  Wised BT = T
0.7 2333 ia:\nsz: ?9 ?u 13 ~ L‘A‘, — o - * "\r .} ]
04 g L _ . | i ‘ B |
0.3 - T — | .‘:
0.1 » Improved skill at PHX in 2018
’ POD . » 0.92 POD vs. 0.15 FAR (0.79 CSI)

csl _ _
m 2012-2017 (52) m 2015 (12) 2018 (13) » Average lead time 16 min




New Text Format of AWW Product and Other Changes

HAREDR AI RT IN EFFECT UNTIL

1 Alrport We
1ds. Winds 1
Wind gusts of

er 2 mi 5 also «
hould begin within 1

the terminal within the next 15 minutes.

until 700 PM MST for

ial...
winds sustained at

reduce wvisibilities

.Other Threat -
Lightning has been cobserved within 10




Multi-Radar, Multi-Sensor (MRMS) Products

Ma.nyfsmgle raﬂat&pmylde
| man }‘ different answers

- KGRK

Single Radar = .

|

| &5 -

Mulil-Radar = .. ..

Used operationally since 2016

Sources: WSR-88D and Canadian
radar networks, CG lightning, RAP
model, and GOES-R satellite data

Strengths:
» Overlapping coverage
» Higher sampling frequency
» Mitigates terrain blockage

Still must analyze multiple radars
for small signatures

More widespread adoption at WFO



MRMS Tools for Issumg AWWSs for nghtnlng

L:-Lt.-x.-_pu.

Look{or30

e

(Reﬂe‘et.wli.y ét :
lowest altitude
increases last)

0.42 kglm....ls bes reducior
7¥per Mosnewe . (2011) -y

P . MMM B Sat 000N Nk N

~aCSI=0.



Southwest Aviation Weather Safety Workshop:

June 7-8, 2019 at Residence Inn Tempe Downtown/University

Questions?

Contact Information:
602-275-7004 (aviation line)
larry.nopper@noaa.gov
weather.gov/Phoenix



https://www.weather.gov/psr/saws

KPHX

KPHEX

TAFs from 12 August 2018

1289877 128971312 @9ABEKT PASM SCT158 BEM258
FM122808 2700BKT P&5M SCT1Z8 BEN256
FM13@308 @7Tal2G1EKT PESM SCTAED BEM1S5A BEM2GA
FM13g608 2800BKT P&SM SCT188 BEN1EZG=

1289487 1218/1312 13813KT PGSM SCT126 BEM25G
FM122168 2E88BKT P&SM SCT128 S5CT2508

FM1388688 @2815G38KT PGSM WITS BENGIBCH BEN1S6 BENZ2E0
FM1387688 1@888BKT P&E5M SCT188 BEN1ZB=

1211287 121271318 1208BKT PGESM SCT1268 BEN25G
FM122108 28888KT P&SM 507128 S5CT258

FM13gaad @2815G30KT PGSM WVCTS BEN@IGCHE BEN1S8 BENZ8A
FM138768 18888KT PG6SM SCT108 BEN1SG=

1215827 121571318 120885KT PG5M FEW188 BEM2S8
FM121988 VRBB4KT P&5M FEWle@ SCT258

FM1226688 28808KT P&SM SCT1e@ SCT254

FM138188 @3815G38KT P&SM WCTS BRM@3ECHE BEN158 BKNZGA
FM1383688 128@8KT P&5SM SCT1688 BRN1ZG=

1217282 121871324 WRBB4AKT P&ESM FEW1lea 5CT258
FM121968@ 2888BKT P&5SM FEWlea S5CT254

FM1388688 @3815GEAKT P&SM VLTS BENMEIECE BEM158
FM13828@ 28818KT PG&5SM BEN1G8 BEN1SA

FM13@668@ 1188BKT P&5M S5CT188 BENZE

1228562 1221/1324 24BBEKT PGSM FEW18B FEW1S58
FM138808 @4828035KT PESM VCTS BEM@38CH BEN158
FM138208 3@8@8BKT P&ESM BEN1GG BEN1SG

FM138608 118@88KT P&ESM SCT1e8 BENZ2G

FM131968 27812KT P&SM FEW12@ S5CT258=

1223347 1300/1406 29009G138KT PeSM 5CT108 5CT25@
FM130045 06020G630KT 45M BLDU VCTS BKN@ERCBE BKN158
TEMPO 1301/1383 0@25G4@KT 25M TSRA BKN@5QCB
FM13@3800 06812KT Pe&5M VC5H BEN1O® BKN158

1388577 138171496 @aBZQG3ISKT 35M BLDU WIT: BENQERCH
TEMFD 1381/138Z @6838043KT 25M TSRA BEMNASBCH
FM138238 @c@12KT Pe5M VLS5H BKN1O@ BEN15@

1381827 1381/1406 @6A20035KT 1725 BLDU WCTS BEM@IBCH
TEMPD 1321/1382 @6038G45KT 25M TSRA BRMNOSACH

FM138238 @6B812KT P&5SM WCSH BEN1G@ BEN1S@

1381237 13@1/1426 @GA3QG5QKT 15M TS5RA SCTE8T BEN@IBCH

FM138288 2EB15G3BKT PESM SHRA VIT: BEM@E&CH

FM138:238 2&812KT PESM WVISH BEN1DE BEM1S@

13@133F 13@2/1406 @6030058KT 35M T5RA BLDU SCTO@3 BENGESCE

FM138218 @&6815G30KT PGSM SHRA WLTS BEMOERCE

FM138230 @6812KT PGSM WCLSH BEN1@@ BEMN1S@

1382837 1382/1486 13815G22KT PESM SHRA WCTS BRN@IBCH

FM138238 11812KT PGSM WC5H BEM18@ BEN1SE®

FM138388 12818KT PG&SM BEN1GE BEN15E

1382167 132271486 13811KT PGESM -RA SCTA58 BEME92 BEKM12@

FM138238 11812KT PG&5M VCSH BEMN12@ BKM158

FM138388 12818KT PG65M BRN1GG BEN15G6




. Hot! Maybe Wet?

Monsoon Outlooks

» Odds strongly tilted towards a warmer than normal summer,

NTH 0Ou

with possibly a slight tilt towards above normal rain late

TLOOK
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