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National Weather Service 

ÅLocal Forecasts & Warnings 

ÅWork with Local Agencies 

ÅGive Expert Advice 

ÅProvide Awareness and Education 

Å76 Billion Observations 

Å1.5 Million Forecasts 

Å50,000 Warnings 



Missoula Forecast Area 



Thunderstorm Ingredients 

ÅMOISTURE 

ïPreferably in the lower or middle levels of the 
atmosphere 

ÅINSTABILITY 

ïAbility of air to accelerate upward/downward when 
motion initiated 

ÅLIFT 

ïMoist, unstable air acted on by terrain, fronts, storm 
ƻǳǘŦƭƻǿ ōƻǳƴŘŀǊƛŜǎΣ ŜǘŎΧ 



Moisture 
ÅUpper level low 

pressure over the 
eastern Pacific 
ocean and a ridge 
inland 

ÅSubtropical jet 
stream brings 
Pacific moisture 

ÅOccasional tap into 
the Southwest 
monsoon 



Instability 



Lift Associated with a  

Cold Front 
ÅColder more dense air pushes underneath 

warmer moist air, creating condensation and 
cloud development. 

ÅAir converges along a frontal boundary, forcing 
it to rise. 



Lift Associated with  

Topography 

ÅAir rises on windward 
side of a mountain 
ïResults in cooling and 

formation of clouds and  
precipitation 

ÅAir descends on leeward 
side of a mountain 
ïResults in warming and 

drying 

ÅPrevailing wind direction 
determines precipitation 

 



Thunderstorm Life Cycle 
(Air-Mass Thunderstorm) 

ÅThree Stages 

 

ÅCumulus 
ïAll updraft 

ÅMature 
ïUpdraft and 

Downdraft 

ÅDissipating 
ïAll downdraft 

 



Strong Thunderstorm Structure 
Å Need strong vertical wind shear 
Å Tilts the updraft and downdraft 
ïPrecipitation falls into 

downdraft 
region in stead of the updraft 

Å Updrafts may be strong enough 
to intrude into the stable  
stratosphere 

Å Violet updrafts can suspend 
hailstones 

Å Downdraft is fed by 
precipitation 
but enhanced by cooling due to 
evaporation of precipitation 

 



{ƛƴƎƭŜ /Ŝƭƭ άtǳƭǎŜέ ¢ƘǳƴŘŜǊǎǘƻǊƳ 

ÅGoes through the three 
stages of thunderstorms in  
less than hour, sometimes 
in as little of 30 minutes. 
 

ÅSeverity depends on 
amount 
instability and moisture 
 

ÅLacks strong vertical wind 
shear and lift mechanism 
is thermals 



Multi Cell Thunderstorm 

ÅDowndraft (outflow) 
from one cell can 
cause another cell to 
develop 

 

ÅMountains can have 
a similar effect 

 

ÅTraining of storms 
could cause flooding 



Squall Line 
Å Narrow, often linear line of 

thunderstorms.  Develops 
along or usually ahead of a 
cold front.  

ÅOnce thunderstorms develop, 
the outflow of cold air 
becomes the lifting 
mechanism keeping the line 
alive. 

Å Lines can persist for six hours, 
due to the alignment of 
individual cells do not interfere 
with each other  

Å Smaller scale phenomenon is 
called a Bow Echo 



Supercell 
ÅNeeds speed and 

directional wind shear 

ÅOne updraft, but two 
downdrafts 

ÅCan last for several 
hours, as long as there 
is a supply of warm 
surface moisture 

Å¦ǇŘǊŀŦǘΩǎ ǾŜǊǘƛŎŀƭ 
velocity can reach 100 
mph 



Lightning 
ÅIce and liquid hold different charges 

ÅCharges become imbalance within a 
thunderstorms 

ÅPositive and negative strikes 

ÅCloud-to-cloud, cloud-to-ground, or 
cloud-to-air 

ÅAverage 80 fatalities/300 injuries each 
year  

ÅThunder is the rapid expansion of air 
around the lightning bolt that breaks 
the sound barrier 



Å Temperature 

   50,000 degrees F 

Å Intensity 

   200,000,000+ 
volts 

   20,000 amperes 

ÅSize 

   One inch in 
diameter 

Lightning 



Fatalities by State 
 2005-2014 



Hail 
uStrong updraft to keep 

large chunks of ice aloft 

uCirculates within a 
thunderstorm to collect 
a layer of water or 
smaller hail then freezes 
it on 

uCan fall to the ground at 
>100 mph 

 



Microburst & Straight Line Wind  
ÅDowndraft or 

precipitation can drag 
strong mid level winds 
down to the surface 
ÅEvaporation can cool a 

parcel of air causing to 
become heavier (more 
dense)  
ÅAccelerates at the 

speed of gravity. The 
farther of distance, the 
faster the speed 

ÅWet microburst and 
dry microburst  



Non-Supercell Tornado 
u A boundary causing 

an spinning eddy or a 
rolling  horizontal  
column 

u Strong enough 
convection to pull and 
stretch the eddy or 
column into the 
vertical 

u Stretching causing the 
air to spin faster 

u Typically only rate 
EF0-EF2 



Supercell Tornado 
Å Supercell is already spinning 

need some low level spinning 
to be stretched upward 
 

Å Interaction of the rear flank 
downdraft (RFD) and updraft 
creates this spin 
 

Å If RFD can not be to cold or the 
air will be to dense to be pulled 
upward 
 

Å Can rate from EF0 to EF5 
 

Å EF5s records:  
ï2.6 miles wide (May 2013) 
ï301 mph (May 1999) 
ï235 miles (March 1925) 



Probability of Severe Weather 



River Flooding 

ÅNovember 
through June 

ÅThe peak hits in 
May and June 
with the melting 
of the snowpack 



River Flooding 

Click on picture to play video 



Flash Flooding 



Legend 

Burn Area Flash Flooding 



Burn AreaFlash Flooding 



Land Slides 



Snow 

u Temperature plays a big role 
on snow type 

u Not surface temperature but 
temperatures aloft 

u Snow types determine snow 
to liquid ratio 

u Dendrite in the -10 to -18o C 
range generally produces the 
largest amounts of snow. 


