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ABOUT NWS PHOENIX

personal 
branding

Definition: The process of creating and 
managing a unique and consistent 

image and reputation.

Goal: To stand out and make a strong, 
positive impression.

Å11 Forecasters, 4 electronic technicians/IT 

support, 1 administrative support assistant, 1 

hydrologist, 1 observations program leader, 1 

science & operations officer, 1 warning 

coordination meteorologist, and 1 

meteorologist in charge. 

ÅOpen 24/7/365 to provide essential forecasts 

and warnings for the public, emergency 

management, aviation, land management, 

road management, water managementé
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FIVE FUNDAMENTAL RULES

Warm air rises

RULE  1
Cool air sinks

RULE  2

Stuff runs downhill

RULE  3

Stuff gets blown 

downwind

RULE  4

What goes up, 

must come down

RULE  5



ORGANIZED STORM 
INGREDIENTS 

1.  Moisture

2.  Instability

3.  Lift

4.  Wind Shear



MOISTURE
ÅMoisture is necessary for cloud 

formation and precipitation

ÅMoisture increases instability (aka 

CAPE). Why is this? 

ÅLATENT HEAT RELEASE ïthis 

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



ÅAir parcels that are warmer than the environment are 

less dense and will rise - UNSTABLE

ÅAir parcels that are cooler than the environment are more 

dense and will sink - STABLE

ÅThe larger the temperature difference between the parcel 

and the environment, the greater the instability.

INSTABILITY



HOW DO WE MEASURE INSTABILITY?
ÅCAPE (Convective Available Potential Energy): measure of instability in the atmosphere 

ÅThe larger the CAPE, the greater potential for severe weather 

ÅCIN (Convective Inhibition): often referred to as ñopposite CAPEò, or the ñcapò; amount 

of energy that will prevent a parcel from rising

CAPE Value (J/kg) Severe Weather Potential

250-1000 Thunderstorms

1000-2000 Severe Thunderstorms; possibly tornadoes; hail

>2000
Severe weather outbreaks; tornadoes ; major wind 

events; damaging hail



THUNDERSTORM INGREDIENTS AND SKEW-¢˫z

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/ 

Pennant: 50 kts

1 Barb = 10 kts

Half-barb = 5 kts

Wind Barbs



INSTABILITY - Weak  vs.  Strong  CAPE



INSTABILITY - The Cap (aka CIN)
Cap (ñlidò) can originate from high 

terrain or sinking air. 

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
ÅLift is necessary to create clouds and 

thunderstorms

ÅWhat are ways air is forced to rise? 

ḬMountains 

ḬFronts and Boundaries 



LIFT - ELEVATED 
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 ˟UPSLOPE FLOW
Air is forced up hillside, 
cools; water vapor 
condenses into clouds



LIFT ˟FRONTS & BOUNDARIES



LIFT ˟FRONTS & BOUNDARIES



LIFT ˟FRONTS & BOUNDARIES



VERTICAL WIND SHEAR 

ÅChange of wind direction and/or speed with height
ÅMay have speed shear, directional shear, or both in 

the atmosphere
ḬñDeep Layerò (0-6 km) values of 25+ kts necessary for 

storm organization
Ḭ0-6 km vertical wind shear of 35+ kts helpful for mid -

level storm rotation

ÅCrucial in storm organization/lifetime



WIND SHEAR T˟YPES  

ÅDirectional Shear
ḬWind direction 

changes with height

ÅSpeed Shear
ḬWind speed changes 

with height



WEAK DEEP-LAYER SHEAR

Little change of 
wind with height

Precip. falls down 
through updraft

Updrafts are 
choked, usually 
short-lived

Outflow can spread 
out, cut off inflow



STRONG DEEP-LAYER SHEAR

Ventilates updraft

Helps separate 
updraft/downdraft

Updrafts and downdrafts 
can live longer

Can induce mid-level rotation

Can we have too much 
shear?



INSTABILITY AND VERTICAL SHEAR

In
s
ta

b
ili

ty

Vertical Wind Shear

Short Lived

Long Lived

Long Lived

Short Lived

Unfavorable 
for Storms

Weak 
Updraft/ 
Downdraft

Strong 
Updraft/ 
Downdraft

Strong 
Updraft/ 
Downdraft

Weak 
Updraft/ 
Downdraft
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ORDINARY THUNDERSTORMS

Towering Cumulus Mature Stage Dissipation



MULTI-CELL THUNDERSTORMS

Multi-cell
Cluster

ÅAs the initial cell matures, 
upper level winds carry it 
downstream
ÅAt the same time, a new cell 

forms upwind to take its place
ÅIf upper -level winds are 

opposite of low-level winds, 
backbuilding can develop
ḬThis can lead to flash 

flooding



SUPERCELL THUNDERSTORMS
ÅVirtually all supercells are severe

ÅSupercells can attain updraft 

speeds over 100 mph and 

dangerous downbursts 

ÅSupercells are responsible for 

nearly all tornadoes in the U.S.

ÅTornadoes are most likely to 

occur in a supercell that has 

winds turning clockwise with 

height (veering) 

ÅCan produce extreme rainfall: 

flash flood threat



SUPERCELLS - MESOCYCLONE

ÅTilting of horizontal 
vorticity by updraft
ÅMaximum updraft -> 

maximum tilting -> 
maximum rotation at mid -
levels
ÅMid-level (relative) low 

pressure accelerates 
updraft
ÅCan produce stronger 

updrafts than 
thermodynamics alone

Photo:  Markowski and Robinson (2010)



TYPES OF SUPERCELLS

Low -Precip (LP) 
Supercells

High -Precip (HP) 
Supercells
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TORNADOES - TORNADOGENESIS

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.If 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 

formation of a tornado. 



TORNADOES - TORNADOGENESIS
Images: 
https://sites.psu.edu/tornadoes/

Step 1

Step 2

Step 3

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


TORNADOES - TORNADOGENESIS

Images: Physics Today - Markowski and Richardson 
(adapted from Lemon and Doswell)

Tornadic Supercell ïTop View

ñDò = Downdraft
ñHò = Hail area
ñUò = Updraft
ñTò = Tornado



TORNADOES - TORNADOGENESIS
Steps 1 & 2

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

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


TORNADOES - TORNADOGENESIS

Step 3 - Tornado Step 3 ïNo Tornado

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

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


LANDSPOUTS F˟ORMATION 

From Szokeet al. (1984)

A ïconvergence/ shear along 
stationary boundary.  No updraft, 
no tornado

B ïstrengthening updraft 
stretches shear/rotation into 
tornado

C ïupdraft and shear not 
colocated, no tornado

Non -Supercell



LANDSPOUTS 

Paul Mueller John Sirlin
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MONSOON STORM EVOLUTIONS

ÅUsually weak steering flow from the 
southeast
ÅInitial storm development over high terrain 

of Mogollon Rim and/or southern Arizona
ÅOutflows move toward lower desert
ÅDevelopment of storms over lower deserts 

dependent on available CAPE, breakable 
CIN, strength of lift along gust front/cold 
pool 
ÅStronger shear or presence of larger-scale 

lift may enhance storm organization and 
lifetime



MONGOLLON RIM STORM EVOLUTION

10-20 knot 
steering flow



SOUTHERN ARIZONA STORM EVOLUTION

10-20 knot 
steering flow



COMBINED STORM EVOLUTION

10-20 knot 
steering flow



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

˨8`K `-82˩ _f`zff` 8²8`¢z

L

H



˨¢v `zM¢Mf`˩ 8²8`¢

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

L



Austin Jamison
National Weather Service ïPhoenix, AZ

Break!

Photo: Mike Oblinski Photography
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Recently-issued information

STORM PREDICTION CENTER

Headlines and 
drop-down menus 

Climatology maps 
and report trends

Mouse over to see 
individual maps

www.spc.noaa.gov



SPC CONVECTIVE OUTLOOK 
Risk Categories



SPC CONVECTIVE OUTLOOK - CATEGORICAL



SPC CONVECTIVE OUTLOOK - HAIL



SPC CONVECTIVE OUTLOOK - TORNADO



SPC CONVECTIVE OUTLOOK - WIND



SPC WATCHES



MAIN MESOANALYSIS PAGE

Access from the 
ñForecast Toolsò 

or 
ñMesoanalysisò 

links on SPC 
main page

Select subsector 
of interest, main 
analysis screen 

will appear



DROP-DOWN MENU:  THERMODYNAMICS



Mixed-Layer CAPE

Uses conditions 
averaged over the 
lowest 2,000 feet for 
the calculations.  
Better approximation 
of our ñwell mixedò 
afternoon conditions.



Downdraft CAPE

Runs the CAPE 
calculation 
ñbackwardsò to 
estimate potential 
for strong 
downdrafts


