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WFO Phoenix County Warning Area . .
A 11 Forecasters, 4 electronic technicians/IT
Las Vegas CWA Flagstaff CWA . |, support, 1 administrative support assistant, 1
Bulhead CK/N9Man Flagstaff ] .
hydrologist, 1 observations program leader, 1
science & operations officer, 1 warning

coordination meteorologist, and 1
meteorologist in charge.

ge Riverside

San Diego

San Diego

Graham Safford
Jational City ¢

A Open 24/7/365 to provide essential forecasts
and warnings for the public, emergency

Cochise

- management, aviation, land management,
gend

A oo ot road management, water |

120 Miles Other WFO Counties
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RULE 2 (] }
RULE 1
Cool air sinks ®
Warm air rises RULE 3 -
Stuff runs downhill RULE 4
/—\\
I/ \\ Stuff gets blown RULE 5
|\ /l downwind What goes up,
N ) !"\ must come down
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1. Moisture

2. Instability

3. LIft

4. Wind Shear

ORGANIZED STO

INGREDIENTS




MOISTURE

A Moisture is necessary for cloud
formation and precipitation

A Moisture increases instability (aka
CAPE).Why is this?

A LATENT HEAT RELEASE i this
thermodynamic process occurs when
water vapor in saturated air parcels
condenses to form cloud droplets;
the parcel of air is warmed relative
to its surroundings




INSTABILITY

A Air parcels that are warmer than the environment are
less dense and will rise - UNSTABLE -

A Air parcels that are cooler than the environment are morell

dense and will sink - STABLE \

\
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i Sl A The larger the temperature difference between the parcel
R T s and the environment, the greater the instability.
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HOW DO WE MEASURE INSTA

A CAPE (Convective Available Potential Energy): measure of instability in the atmosphere

/
A The larger the CAPE, the greater potential for severe weather ,’
ACIN (Convectivelnhi bi tion): often referred to as ﬁopppsi
of energy that will prevent a parcel from rising N

CAPE Value (J/kg) Severe Weather Potential

250-1000 Thunderstorms

1000-2000 Severe Thunderstorms; possibly tornadoes; halil

Severe weather outbreaks; tornadoes ; major wind
events; damaging hail




Skew T: plot of
temperature, dew point, and
wind through the
atmosphere at a given point

For real-time observed

soundings:
https://www.Spc.noaa.gov
[exper/soundings/
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3 Dew point

Parcel
Temperature

Wind Barbs

Pennant: 50 kts
1 Barb = 10 kts
Half-barb = 5 kts
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INSTABILTNE Cap (aka CIN)

Cap (Ali1 do) can ori gi n&te

terrain or sinking air. AN

\-

Hot air 2-3 miles above ground
creates stable layer.

Difficult for rising warm/moist air to
break through Cap.

Large scale lift can weaken cap
(through cooling and forced ascent).



LIFT

A Lift is necessary to create clouds and
thunderstorms
A What are ways air is forced to rise?
| Mountains
| Fronts and Boundaries

Environmental
temperature

Windward side 2°C Leeward side

Rain

shadow
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Cold
air.
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LIFTELEVATED
HEAT SOURCE

1) Sun heats mountain tops faster
than surrounding air

2) Mountains heat air above them
3) Air starts to rise
4) If conditions are favorable

(moisture & instability), updrafts
and thunderstorms can develop
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LIFT
FRONTS & BOUNDARIES
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LIFT
FRONTS & BOUNDARIES
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LIFT
FRONTS & BOUNDARIES
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VERTICAL WIND SHEAR

AChange of wind direction and/or speed with height |
AMay have speed shear, directional shear, or both in \

the atmosphere

| hDeep L akm)vaues(of025+ kts necessary for
storm organization

| 0-6 km vertical wind shear of 35+ kts helpful for mid -
level storm rotation

ACrucial in storm organization/lifetime



WIND S

ASpeed Shear

| Wind speed changes
with height

HERRPES

N

ADirectional Shear
| Wind direction
changes with height

s



Little change of
wind with height

Precip. falls down
through updraft

Updrafts are
choked, usually
short-lived

Outflow can spread
out, cut off inflow



Ventilates updraft

Helps separate
updraft/downdratft

Updrafts and downdrafts
can live longer

Can induce mid-level rotation

Can we have too much
shear?
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INSTABILITY AND VERTICAL S

Instability

Vertical Wind Shear
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ORDINARY THUNDERSTORI

40,000 ft. 12.2 km

30,000 ft. 9.1 km

20,000 ft.

32°F mm==""

10,000 ft.

Towering Cumulus

Mature Stage

30,000 ft.
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Dissipation

3.0 km
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MUL-OELL THUNDERSTORM:

\ Mature Stage Dissipating Stage

AAs the initial cell matures,
upper level winds carry it

/ 2 S
-

downstream
\ AAt the same time, a new cell
Towering forms upwind to take its place
Cumulus ,

Alf upper -level winds are
opposite of low-level winds,
backbuilding can develop

| This can lead to flash
flooding



SUPERCELL THUNDERSTOR

Overshooting top

\

L AL
WallCloud

2 Tornado
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~ Rain andsor Hail :

AVirtually all supercells are severe

ASupercells can attain updraft
speeds over 100 mph and
dangerous downbursts

ASupercells are responsible for
nearly all tornadoes in the U.S.

ATornadoes are most likely to
occur in a supercell that has
winds turning clockwise with
height (veering)

ACan produce extreme rainfall:
flash flood threat
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ATilting of horizontal
vorticity by updraft

AMaximum updraft ->
maximum tilting ->
maximum rotation at mid -
levels

AMid-level (relative) low
pressure accelerates
updraft

ACan produce stronger
updrafts than
thermodynamics alone




Updraht

Flanking

e S PO ~Anvil Edge

LOW PRECIPITATION SUPERCELL

Topview

Low -Precip (LP)
Supercells

Anvil Edge
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HEAVY PRECIPITATION SUPERCELL
Topview

High -Precip (HP)
Supercells
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TORNADUKEHRNADOGENESIS

3 step process to tornado formation

1.Wind shear causes horizontal spin to be tilted vertically when it is
pulled into the updraft. This causes mid-level rotation, this is not
strong enough for a tornado to form.

2. Temperature differences along the edge of the rain-cooled downdraft
provides another source of horizontal spin with air moving from the
downdraft toward the updraft.

3.1f the air within the downdraft is not too cold (too dense), spinning
air can be tilted vertically and stretched by the updraft leading to the e
formation of a tornado. [
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TORNADOERNADOGENES)S

Images:
https.//sites. psu.edu/tornadoes/

wind shear

tornado -



https://sites.psu.edu/tornadoes/

TORNADOERNADOGENESIS
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Tornadic SupercellT Top View

ADoO = Downdr aft
AHO = Hai | ar ea
NUO = Updraft
ATOoO = Tornado

Images. Physics Today- Markowski and Richardson
(adapted from Lemon and Doswel)



TORNAD(IIE‘ERNADOGENESIS

Steps 1 & 2

hitps.//sites.psu. edu/tornadoes/

ambient
vertical
wind shear

eaMmuyyy,



https://sites.psu.edu/tornadoes/

TORNADAUEIRNADOGENESIS

Step 3 - Tornado Step 3 T No Tornado

relatively warm downdraft and
strong suction

Step 3 Step 3 il e


https://sites.psu.edu/tornadoes/

LANDSPOWBUORMATION

Non - Supercell

From Szokeet al. (1984

A1 convergence/ shear along
stationary boundary. No updraft,
no tornado

B1 strengthening updraft
stretches shear/rotation into
tornado

C1 updraft and shear not
colocated, no tornado



LANDSPOUTS

Paul Mueller e John Sirlin
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MONSOON STORM EVOLUTI

AUsually weak steering flow from the
southeast

Alnitial storm development over high terrain
of Mogollon Rim and/or southern Arizona

AOutflows move toward lower desert

ADevelopment of storms over lower deserts
dependent on available CAPE, breakable
CIN, strength of lift along gust front/cold
pool

AStronger shear or presence of larger-scale
ift may enhance storm organization and
ifetime



Wittmann

Surpnse; S
« Sun Ci
¢ ? Pep

Naith Komedik

4 ,;Santa Hosa

ukevilie

e
.

Mammot

L)

Han Mam{eﬁ '?
Hy
r’ 7

T

? San SI;(N
% 5 i

et .

;:at?gonua ¥i Sierra Vista

,4"/ | 5




V4 \
4 ' e ‘ | 3 I : ,
Mormon I.,ak’e V | \ /
\ — - /

\

Senting

ukevilie




v s
o Needles : : X /
-- \ Td | }/ %
2

: - ; p - 1
b’___‘Ba{oma res o Iy 4¢3 4 Chino Valley

A ‘
Pres_i:bu'; P &

' 2y .
"/
)

>
v

A

10-20 knot

steering flow

r A n LA}O

)
ukevilie
1

e
0

oF

1§l

== *Sant Johns ,

£
al




N\

- 8 2 f

Subtropical waves (inverted troughs,
easterly waves) can provide large-
scale lift

Lift can help overcome shortcomings
In the environment

If upper high shifts over Great Basin
area, with lower pressure over
northern Mexico, increased gradient
can enhance deep-layer shear
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As monsoon ends, High retreats southward.
Residual moisture over Mexico remains In
place

Upper level system in the Westerlies affects
the southwest U.S.

Moisture and shear patterns can resemble
springtime Plains events

Highly organized/severe storms are possible
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Headlines and
drop-down menus

Mouse over to see
Individual maps

Recently-issued information

Climatology maps
and report trends

WWW.SPC.Nnoaa.gov
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RESEARCH | OUTREACH N“SMCEPv

A Moderate Risk of Severe Thunderstorms is forecast for Mon (05/20)
Severe thunderstorms capable of all severe hazards. including strong tornadoes, are expected across portions of the southern Plains on Monday.
» For additional details, see the latest Day 3 Convective Outlook.

Enhanced
9/2019 at 00532

u"lil
s affected: ARLAT.

1€ ticok
No Areas
9 at 2048Z

iy
0519/041

Service ~
Center Norman, Oklahoma

=204 Enhanced S Moderate Severe No Area NoArea  NoArea  NoArea e .
BT Elevated No Critical No Area No Area No Area No Area No Area No Area No Critica

Today's Storm Report Trend Did You Know?
Understanding Severe Thunderstorm Risk Categories

mecory vl

g

report count

Significant Wind Probabilities: 19 May : iel; oo i What's My Risk?
(¥ ¥ X X X X ('Y X X X )

More severe weather climatology data here

Forecast Tools 2019 Watch Summaries Wildfire Climatology (1992-2015)

STORM PREDICTION CENTE



SPC CONVECTIVE OUTLOC

Risk Categories

Understanding Severe Thunderstorm Risk Categories

THUNDERSTORMS INA 2-SLIGHT | 3-ENHANCED
(no label) RGL) (SLGT) (ENH)
No severe* solated severe Scattered Numerous
thunderstorms lerstorms | severe storms | severe storms
expected possible possible
Lightning/flooding nited in ¢ | Short-lived and/or | More persistent
\\ threats exist with all overage | not widespread, |and/or widespread,
\ thunderstorms nd/or intensi Isolated intense a few intense
/ storms possible



SPC CONVECTIVE OATEGO

Categorical Graphic

RICA
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Categorical Qutlook Legend: ~ =
FOR | TETH 1: MRGL 2 5LG6T
' Storm Prediction Center, Norman, Oklahoma 3: ENH 4: MDT 5: HIGH




SPC CONVECTIVE GAILLOOK
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SPC DAY 1 HAIL OUTLOOK

ISSUED: 16022 0SM6/2024 5
VALID: 16302 Mon 0506 - 12002 Tue 0507 .' Hail Probability Legend (in %):
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SPC DAY 1 TORNADO OUTLOOK
ISSUED: 16022 05/06/2024

VALID: 16302 Mon 05/06 - 12002 Tue 05107
FORECASTER: SMITH

orm Prediction Center,

P

Tornado Probability Legend (in %):
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SPC CONVECTIVE QUINDROOK
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Probabilistic Damaging Wind Graphic

SPC DAY 1 WIND OUTLOOK R ' S e |
ISSUED: 16022 05/06/2024 b % - B T \

VALID: 16302 Mon 05106 - 12002 Tue 0507 Wind Probability Legeﬁd (in %): ~—-7

NOAA/NWS Storm Prediction Center, Norman, Oklahoma ‘ sHl 15 300 4588 s0l Sig-
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URGENT - IMMEDIATE BROADCAST REQUESTED
Tornado Watch Number 187

NWS Storm Prediction Center Norman QK
1135 AM CDT Mon May 6 2024

The NWS Storm Prediction Center has issued a

Tornado Watch for portions of
North-Central Kansas
Central Nebraska

Effective this Monday morning and evening from 1135 AM until
700 PM CDT.

Primary threats include...

A few tornadoes likely with a couple intense tornadoes possible

Scattered large hail and isolated very large hail events to 2.5
inches in diameter likely

Scattered damaging wind gusts to 70 mph likely

SUMMARY...Scattered to numerous severe thunderstorms are forecast to
develop this afternoon across the Watch area. Supercells capable of
tornadoes, large to very large hail, and severe gusts are forecast.
A strong tornado or two is possible later this afternoon, mainly
across portions of north-central Kansas into south-central Nebraska
as the environment becomes increasingly favorable for tornadoes.

The tornado watch area is approximately along and 85 statute miles
east and west of a line from 30 miles north northeast of Ainsworth
NE to 35 miles south of Russell KS. For a complete depiction of the
watch see the associated watch outline update (WOUS64 KWNS WOU7).

PRECAUTIONARY/PREPAREDNESS ACTIONS...

REMEMBER...A Tornado Watch means conditions are favorable for
tornadoes and severe thunderstorms in and close to the watch
area. Persons in these areas should be on the lookout for
threatening weather conditions and listen for later statements
and possible warnings.




Access from the
NForecast
or
AMesoanalysi®
links on SPC
main page

Select subsector

of Interest, main

analysis screen
will appear

Overview
SPC Products
All SPC Forecasts
Current Watches
Meso. Discussions
Conv. Qutlooks
Fire Wx Forecasts
™ RSS Feeds
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Weather Information
Storm Reports
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Research
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Surface: |0519/19 05 UTC
Model: | 190519041001

Thermodynamics

CAPE - Surface-Baszed

CAPE - 100mb Mixed-Layer

CAPE - Mosi-Unstable / LPL Height
*New* EL Temp / MUCAPE / MUCIN
CAPE - Mormalized

CAPE - Downdrafi

Surface-based Lifted Index
Mid-Level Lapse Rates

Low-Level Lapse Rates

*New™ | 2-6 km AGL Lapse Rate
LCL Height

LFC Height

LCL-LFC Mean RH

3-hour Surface-Based CAPE Change

3-hour Surface-Based CIN Change

Operatlonal EMC RAP

3-hour 100mb Mixed-Layer CAPE Change

3-hour Masi-Unstable CAPE Change
3-hour Low-Level LR Change

B-hour Mid-Level LR Change

— e —— NEW: Doubl ck map for tornado
SPC Mesosc:ale Analys|s | Change Sector | Image Archive & Loops | SPC Homepage | Mobike version | Aty gy and environmens|

eakdowns.

Image overlays:
County Boundaries

. County Waming Areas
B Hiways & Cities

. ARTCC Regions

. NW 5 Waitches & Warns.
B seC Dayt Outiook

Image underlays:

—
. None
ﬂ Radar
® temain
. Population

Current SPC Products




Uses conditions
averaged over the
lowest 2,000 feet for

: VAR
the calculations. L)
Better approximation =7
of our Awell Res
.. /
afternoon conditions. |
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130511/0000 MLCAPE {contour)



Downdraft CAPE
—

Runs the CAPE

calculation

Nbackwar dso to
estimate potential

for strong

downdrafts



