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Presenter
Presentation Notes
Welcome to our Skywarn Storm Spotter presentation.   This online course is designed as a refresher to some of the concepts you should have learned during a spotter training class.   To become an official National Weather Service spotter, you must attend one of these classes.   These classes are free and offered every spring in almost every county in Northern Michigan.  



Why are SKYWARN (Severe) 
Weather Spotters so important?

• Help overcome Doppler Radar limitations
• Provide ground truth which can be 

correlated with radar signatures prior to,
during, and after severe weather

• Ground truth reports in warnings heighten 
public awareness and allow us to have 
confidence in our warning decisions

Presenter
Presentation Notes
Weather spotters are critical to the operations of the National Weather Service.  By being our “eyes” in the field, spotters serve a very important role in the warning process.   The doppler radar is a phenomenal piece of technology, but it has its limitations.   The biggest limitation is due to the curvature of the earth beneath the radar beam.   So the further the radar beam travels from the radar site, the higher off the ground that it is.  Spotters are able to “fill in these gaps” and provide real time and ground truth information to forecasters at the National Weather Service.  They are a critical piece of the warning pipeline.  



What 3 things do thunderstorms 
need in order to develop?

• Moisture

• Instability

• Lift

Presenter
Presentation Notes
Let’s start with some basics.   All thunderstorms need 3 things in order to develop…sufficient moisture, instability and lift. 




Moisture Instability

Lift associated with 
cold front

Presenter
Presentation Notes
Moisture usually comes to Northern Michigan from the south and southwest, with frequently the Gulf of Mexico involved with most of our larger events.  Cold air is heavier (more dense) than warm air.  Because warm air is lighter than the cold air, it rises.   Atmospheric instability is a measure of the movement of warm and cold air within the atmosphere.    Rising air is needed for thunderstorms to develop.   The rising air will eventually condense, helping to form clouds and eventually thunderstorms. Even with instability and moisture, a final focusing mechanism is needed.   This is usually some sort of boundary, which will help to focus the moisture along a given location and also create rising air.   






Thunderstorm Life Cycle
Developing Stage

Towering Cumulus (rising air)

Usually little if any rain

Lasts about 10 minutes

Occasional lightning

Mature Stage
Most likely time for hail 

heavy rain, frequent 
lightning, strong winds, and 

tornadoes

Storm may have black or 
dark green appearance

Lasts an average of 10 to 20 
minutes, but may last much 

longer

Dissipating Stage
Rainfall decreases in intensity

Can still produce a burst of strong winds

Lightning remains a danger

Presenter
Presentation Notes
In the first stage, there is only rising air in the cloud.   This is the developing stage.  In the mature stage, there is a balance between updrafts (rising air) and downdrafts (sinking air).   The thunderstorm will remain in this stage until the rainy downdrafts cut off the inflow to the storm. In the dissipating stage, downdrafts dominate the storm and cut off the storm’s inflow.   When the inflow is cut off, the updrafts diminish and the storms become overwhelmed by the cool, rainy downdrafts.   This leads to the storm eventually dissipating.  





Let’s look at a few 
thunderstorm hazards…



How does hail form?

Where is it in the storm?

Presenter
Presentation Notes
Hail forms as water droplets are carried upward into the colder parts of the storm (below 32 degree F), by strong updrafts.   A layer of ice develops around the nuclei due to supercooled water droplets.   After the hailstone develops…it begins to fall (thanks to gravity).   If the updrafts are strong enough, they pick the hail stone up again and lift it back up higher into the storm again where it is coated with another layer of ice.  This process continues until eventually the updraft can no longer sustain the weight of the stone and the hail falls to the ground.   This is why when you slice a hailstone in half, it will have rings.   Each ring represents another rise/fall trip for the hail stone within the storm.   Within the storm, hail is located at the interface of the updrafts and downdrafts.      





Posen Hail Storm  July 13, 2004

Posen Posen

Presenter
Presentation Notes
Pay particular attention to the image on the right hand side and the colors in the white circle.  Notice the whites and purple colors.   This strong amounts of radar energy being returned to the radar between 24 and 33 thousand feet in the cloud.   What we are seeing here are hail stones. 



Cross Section of the Posen Hail Storm   549 PM

Elevated hail core

Presenter
Presentation Notes
Understanding the scale here, ground level is at the bottom (where the colors end) and thousands of feet in the atmosphere are on the left hand side.  Slicing the thunderstorm in half, we can now see that hail core between 20 and 30 thousand feet.  



Cross Section of the Posen Hail Storm  553 pm

Hail core begins to 
descend

Presenter
Presentation Notes
Notice how are hail core is dropping toward the ground.  This is due to the updrafts being no longer able to support the large hail.



Cross Section of the Posen Hail Storm  557 pm

Hail core descends to the 
ground

Presenter
Presentation Notes
It is now likely hailing at the ground as the core continues to descend.  



Anvil with overshooting top

Cloud clues to identify hail producing 
thunderstorms

Overshooting Top

Presenter
Presentation Notes
An overshooting top is indicative of strong updrafts within the storm.   As mentioned earlier, strong updrafts are vital to the production of large hail (because they can sustain the heavy hail stones the longest).





Cloud clues to identify hail producing 
thunderstorms

Bright white columns

Bright White Columns

Presenter
Presentation Notes
Notice the bright, white columns in the picture.   These are a classic sign of a thunderstorm producing hail.  



Lightning

Presenter
Presentation Notes
Lightning kills more people than either tornadoes or hurricanes.   An average of 88 people are killed across the United States each year by lightning.   In Michigan, lightning is the number one weather killer each year.  




How does lightning form?

Presenter
Presentation Notes
The separation of electrical charges is the driving force behind lightning development.   There are still a lot of unknowns about the development of lightning, but we do know that lightning develops as positive charges at the ground come together with negative charges within the base of the cloud.  As these opposite charges meet, lightning is produced.  There is fairly new research showing the possibility that the amount of ice within the cloud has a large influence on how much electrical charge the cloud has (and eventually how much lightning it may produce).





Lightning Safety

• If lightning is occurring, 
move to a sturdy building 
or car

• If caught outdoors, find a 
low spot away from tall 
objects

• If you feel your skin 
tingle or hair stand up, 
squat low to the ground 
on the balls of your feet

Remember, if you can hear thunder, you 
are close enough to be struck by lightning!

Presenter
Presentation Notes
As we tell children when we talk about lightning, when you hear the roar, go indoors.



Flooding – The #1 weather killer

Presenter
Presentation Notes
Flooding is the number one weather killer in the United States each year, killing nearly 200 people.  



Flooding in Northern Michigan in 2006

Manistee County, August 2006 Kalkaska County, June 2006

Oscoda County, July 2006



Flood safety tips

• Never drive across areas where 
water covers the road

• Each foot of water displaces 
about 1500 pounds of vehicle

• Be especially cautious at night, 
when flash flooding is harder to 
recognize

Presenter
Presentation Notes
No vehicles are safe during a flash flood.   SUV’s and other 4 wheel drive vehicles are not safe in crossing moving water.   Moving water of any depth is dangerous, because it can carry your vehicle away and also because it may have washed the road out underneath.   When in doubt, stay out of moving water.  





Non-tornadic thunderstorm winds

• Most of the wind 
damage in northern 
Michigan is in the 
form of straight line 
winds
– Downburst
– Squall line (bow echo)

Presenter
Presentation Notes
Almost all of the wind damage in Northern Michigan is due to these type of winds…straightline winds.  Let’s look at the most common non-tornadic winds that occur in northern Michigan.




Downbursts

Presenter
Presentation Notes
This is sometimes referred to as a rain foot, because of it configuration.   It really is just the downburst hitting the ground and spreading out from that point.





Presenter
Presentation Notes
A downdraft is formed as precipitation evaporates as it falls from the cloud.   The evaporation helps to cool the air, which makes the air heavier (remember cold air is more dense than warm air).   This more dense air crashes to the ground and then spreads out away from the point of impact.  




The Squall Line

Presenter
Presentation Notes
The squall line is really just a line of thunderstorms.  Squall lines can be big wind producers because of the rear flank downdraft.  This core of stronger winds on the backside the squall line can be brought to the ground by sinking air caused by precipitation.  This can bring very strong downburst winds to the ground and cause quite a bit of damage.

You can also have strong and gusty winds from the rain cooled outflow from the thunderstorms which pushes away from the main thunderstorm core over time.  



Common cloud seen with 
squall lines -Shelf cloud 

Outflow feature

Shelf Cloud over Whitefish Bay, Lake Superior

Presenter
Presentation Notes
The shelf cloud is indicative of outflow from the storm.   It is a cloud formation that precedes the gust front.   It is caused by the rain cooled air from the thunderstorm pushing out away from the storm and forcing the warm air in advance of it to rise.  This lifting process results in the development of the shelf cloud. 




Safety from 
Thunderstorm Winds

• If caught outdoors, move inside 
away from windows.

• If in your car, slow down and find a 
safe place to pull off (if possible, get 
out and go inside a building)

Winds can be as strong or stronger than many
tornadoes. Flying debris causes the majority of
injuries, so stay away from windows!



Tornadic Thunderstorms
Long lived thunderstorms with rotating 

updrafts (supercells)

Black Lake, Cheboygan County  October 2007

Presenter
Presentation Notes
Rotating updrafts are what separates supercells from other types of thunderstorms.




Tornadoes in Northern Michigan
1953 - Present

Presenter
Presentation Notes
Although severe weather is more common in southern parts of Michigan, you can see that there have been a good number of tornadoes in Northern Michigan over the past 50+ years.   We average about 1 tornado every other year in Northern Michigan.

Notice the largest confirmed tornado in Northern Michigan was the Thompsonville Tornado that went just west of Traverse City in 1956.   It was an F4 tornado and did several million dollars of damage. 



Radar loop of October 18th, 
2007 Tornado Event



Side View of Supercell

Presenter
Presentation Notes
Notice how everything fits together in this diagram.   Pay attention to the location of the features, especially the rain free base, wall cloud and precipitation area.   Also notice the direction we are looking at this picture.   We are looking from the east toward the west.   

The rain-free base area is a region of inflow (updrafts) to the storm.  This is where the storm is “feeding” itself with warm air.   The wall cloud is an isolated lowering of the rain free base region.   The tail cloud (just to the right of the wall cloud) is an area of inflow, where rain cooled air is condensing as it flow into the wall cloud and updraft.  




How do tornadoes form?



Wind shear
Directional wind 

shear Speed wind shear

Presenter
Presentation Notes
There are 2 types of wind shear, directional and speed shear.   Directional wind shear is a change in wind direction with height.  Speed shear is a change in wind speed with height.   Wind shear is vital to the development of rotation within a storm.




Rotation in the horizontal becoming 
rotation in the vertical

Presenter
Presentation Notes
Rotation in the horizontal is lifted more into the vertical by strong updrafts and inflow into the storm.




Tornado safety

• Interior room on the lowest floor
• Cover yourself with blankets to protect 

yourself from flying debris/glass
• In cars and mobile homes, get out and 

find a more substantial shelter
– Do not take cover beneath an overpass

• If you can’t find a structure, lie flat on the 
ground in a low spot (i.e. ditch)

Presenter
Presentation Notes
Cars and mobile homes are not good shelters during a tornado.   A basement in a stick built home is still one of the safest places to be in a tornado.




Waterspouts 
2 types – tornadic and non-tornadic

• Tornadic - A tornado over water 
associated with a thunderstorm.  If these 
make landfall, they continue on land as a 
tornado. 

• Non-tornadic - Typically occur in the early 
fall as cold air moves over the relatively 
warm waters of the Great Lakes.  They 
dissipate rapidly upon landfall.   These are 
much more common in Michigan than 
tornadic waterspouts. 

Presenter
Presentation Notes
Many non-tornadic waterspouts develop during August and September, as the first cool air of the fall rushes over the relatively warm waters of the Great Lakes.




Severe weather reporting

• National Weather Service criteria and 
definitions

• Hail
• Wind 
• Don’t be fooled



What Makes a Thunderstorm Severe?

• Tornado
• Winds at least 58 mph 
• Hail at least ¾ inch in 

diameter

Benzie County, 
October, 2006

Ogemaw County, 
July, 2006

Oscoda County, 
July, 2006

Wexford County, 
October, 2006

Presenter
Presentation Notes
Notice there is no severe thunderstorm criteria for lightning or flooding.    Also, make note that the size of the hail is all the matters with regard to severe weather criteria, it does not make a difference how much hail falls.  




Watch versus warning

• Warning - Issued when a particular severe 
weather hazard is either imminent or is 
occurring.  Take immediate action to protect life 
and property.

• Watch - Issued when conditions are favorable 
for a particular severe weather hazard to occur 
in the next several hours.  Plan, prepare, and be 
aware.

Presenter
Presentation Notes
A watch is generally issued for 6 hour periods and just indicates that there is a potential for severe weather (but it may not happen).  A warning is issued for 45 minutes to 1 hour and means that something is occurring or is about to occur.  



Estimating Hail Sizes



Tips to making good hail estimates
• First and most important, be safe.  DO NOT go outside 

to measure hail during the storm.
– Stay away from windows 

• Measure hail as soon as possible after the storm. 
• There are several tools you can use to get a hail size

– Hail estimation cards, rulers (calipers most accurate), 
hail boards

Presenter
Presentation Notes
A simple ruler or measuring tape is probably the easiest way to measure hail.  



Do not give hail sizes with regard 
to marbles

Marble size hail can mean many different things – avoid the 
confusion and use coins or inches.

Presenter
Presentation Notes
Please remember to report hail sizes with regard to coins…not marbles.   



Estimating and reporting wind 
speeds and damage



There are 2 primary ways to 
achieve a wind estimate

• Enhanced Fujita Scale 
– Assessment of wind speed after the event

• Beaufort Scale
– Assessment of wind speed in real time



Presenter
Presentation Notes
The Beaufort Scale was developed in the early 1800s for marine interests.  It has since been adapted for land uses as well.




Enhanced Fujita Scale
Wind estimates based on damage assessment

Wind speeds in mph, 3-second gust

Original F scale Wind Speed Enhanced 
F scale

Rating
3 second gust

F0 40-72 mph F0 65-85 mph

F1 73-112 mph F1 86-110 mph

F2 113-157 mph F2 110-135 mph

F3 158-207 mph F3 136-165 mph

F4 208-260 mph F4 166-200 mph

F5 261-318 mph F5 >200 mph

Presenter
Presentation Notes
The Enhanced Fujita Scale was implemented in 2007.  It relies on many of the same things as the old scale, but is much more detailed and takes into account things such as quality of construction.  Notice the difference in wind speed estimates between the 2 scales.  



So what should your wind report 
include?



Tree damage

Grand Traverse County     July, 2006

Presenter
Presentation Notes
It is great if you can provide information about the tree damage.    What size tree (diameter), where it was broken off, etc.




Roof or shingle damage

Crawford County, Michigan    July, 2005

Presenter
Presentation Notes
Even minor damage to roofs and houses can tell us quite a bit about wind speeds.  




Buildings damaged or blown 
down

Presenter
Presentation Notes
Here is an example the roof being removed from an out building in northern Michigan.  Winds of 60-70 mph can result in this type of damage.   




Other damage 
For example…Center Pivot 

Irrigation System tipped over

Presenter
Presentation Notes
Here is a toppled center-pivot irrigation system that encountered winds of 90 to 100 mph near Lindsay Nebraska in May 2000.   Winds of 80 to 90 mph are sufficient to turn over these structures.   Relay information of this type of damage to the weather service as soon as possible.




Viewing locations



Supercell 
Thunderstorm

Storm Motion

E

Best Viewing 
Area

Best viewing area versus safest area

Safest Area

Looking from the west – the 
safest place to view a tornado

Presenter
Presentation Notes
The safest place to view a tornado from is the west side.   This is because most tornadoes move to the northeast, so they would be moving away from you.   The best view of a tornado (although not the safest) is from the east, because of the position of the rain free base.  



Side View of Supercell

Presenter
Presentation Notes
Refresh your memory here of where things are located within the storm.   Notice also which direction we are looking in the picture (directions are given on the far left and right).   In this picture, we are looking from the east toward the west.   The rainfree base is inflow into the thunderstorm and where the thunderstorm is “feeding” itself with warm, relatively dry air.  The wall cloud in the middle is an isolated lower of the rain free base.   The tail cloud is caused by some of the rain cooled air from the precipitation area on the right being drawn up into the storm and condensing quickly to produce the tail cloud feature.  




Cloud formations to look for

Presenter
Presentation Notes
What kind of cloud is this……A shelf cloud.



Upper Level Storm Clues for 
reporting

Best seen about 20 miles from storm

• Hard, flat, cirrus anvil top - Top of the 
atmosphere where the cloud top flattens out.

• Overshooting top or dome - A dome of 
clouds which presses above the anvil top. 
When is persists for 10 minutes or more this 
is indicative of a very strong updraft and 
severe weather.

Presenter
Presentation Notes
You are not going to see much this far out.  The main thing would be an overshooting top…which indicates the storm has the potential to produce large hail.  



Anvil with overshooting top

Cloud clues to identify hail producing 
thunderstorms

Overshooting Top

Presenter
Presentation Notes
An overshooting top is indicative of strong updrafts within the storm.   As mentioned earlier, strong updrafts are vital to the production of large hail (because they can sustain the heavy hail stones the longest).





Mid Level Storm Clues
Best seen 10-20 miles from storm

• Main Storm Tower
– Solid appearance with cauliflower texture
– May be tilted, indicating strong shear

• Flanking Line
– Row of towering cumulus stair-stepping up to main 

storm tower
• Surrounding Clouds Dissipating

– Nearby clouds and other storms may dissipate while 
main storm dominates 

– All available energy will go to main storm tower



Mid Level Storm Clues
Best seen 10-20 miles from storm

Presenter
Presentation Notes
Notice the cauliflower texture of the mid levels here and also the development of a flanking line.  



Low Level Storm Clues for 
reporting

Best seen 3-8 miles from storm

• Rain-Free Base - Low, flat cloud base 
with little visible precipitation falling and 
updraft towers above.

• Wall Cloud - Isolated lowering of the 
Rain Free Base, attached to the cloud 
base. 

• Shelf Clouds

Presenter
Presentation Notes
This is really where most of the important cloud features can be seen.  



Wall cloud and rain free base

Presenter
Presentation Notes
Rain-free base on the left, wall cloud in the center and precipitation area on the right.    With this order of features, we know we are looking from the east toward the west in this picture.  



Shelf Cloud

Presenter
Presentation Notes
An outflow cloud feature.  This cloud is created by cool, moist air pushing out away from the storm.  This cloud is the leading edge of stronger winds associated with the thunderstorm outflow. 



Shelf Clouds vs. Wall Clouds
What Is The Difference?

Shelf Clouds

Suggest downdraft/outflow

Move away from precipitation 
areas

Horizontally orientated and 
can extend for miles. May 

“roll” like a rolling pin.

Wall Clouds

Suggest updraft/inflow

Maintain position with 
respect to precipitation

Isolated, vertically 
orientated, and 

rotating, like a spinning 
skater



Mammatus Clouds
Underside of a thunderstorm anvil

Presenter
Presentation Notes
These clouds look more threatening than they area.   They can produce lightning, and they usually are a signal of a well developed thunderstorm and anvil.  




Don’t be fooled….



Things to keep in mind when 
viewing a specific feature

• Rotation?
– Where?  How strong?  Persistence?

• Orientation
– Where is the feature with respect to rain free 

base?   Precipitation area?
– What direction are you looking?

• Shelf cloud, wall cloud, beavers tail?  



Is this a tornado?



No. These are scud clouds behind a 
shelf cloud.  



Is this a tornado?



Yes. This is a small tornado. 



Would you call this into the 
weather service?



You might call the NWS upon seeing this, but 
you would be reporting a fire.  This is a 
smoke plume from a distant fire.

No wall cloud here.  We don’t get 
tornadoes from low hanging stratus 

clouds



Quick review
Identify the features in this picture

Tail Cloud

Wall Cloud Rain Area
Rain Free Base

Presenter
Presentation Notes
Click through this picture to see the cloud feature names.



Quick Review
Which of these pictures shows an outflow 

feature?

#1 #2

#3 Shelf Cloud - Outflow



1. Lightning can strike more than 10 miles from the 
thunderstorm center

2. Supercell thunderstorms have rotating updrafts.

3. If lightning is about to strike you, you should lie 
flat on the ground

4. An overshooting top tells you whether a 
thunderstorm will produce a tornado.

5. The safest location to view a tornado from is the 
west or southwest side of a storm.   

True

False

True

True

False

Quick review
Which of these statements are true?



Quick Review

A. Wind gusts of 55 mph 

B. Tornado

C. Lightning causing power outages and tree damage

D. ¾ inch hail covering the ground

E. Flooding rains causing creeks and rivers to 
overflow their banks

No

No

No

Yes

Yes

Quick review
Which of these statements would make a 
thunderstorm severe (according to NWS 

definitions)?



Let’s bring it all together
Safety first!!!



Reporting

• What to Report
– Any size hail
– Wind Damage (trees, shingles off roofs)
– Estimated highest wind speeds (beaufort scale)
– Flooding (water washing out roads, ditches full)
– Wall clouds, shelf clouds, beavers tail
– Tornado 



Winter snowfall reports are also 
needed

Skywarn spotting is a year round job!

• 12 and 24 hour snowfall

• Total depth of snow on the ground

• Heavy snow of 1”+ per hour

• Any ice accumulation

What to report:

When and how to report:

• 2 X per day (morning and evening)

• Call the office or use our free internet      
reporting system



Remember to use the TEL 
method when making your 

report

• Time – When did it happen?
• Event – What did you 

observe?
• Location – Where did this 

occur?



An online reporting system which allows spotters to send 
reports directly to forecasters at the NWS

Presenter
Presentation Notes
This is an online reporting system where spotters can send reports directly to the National Weather Service.  



• Big note: Real time life threatening severe weather 
reports should be CALLED into the NWS on the 800#. 

Registration is free and only takes a few minutes. 
http://espotter.crh.noaa.gov/

Presenter
Presentation Notes
It only takes a few minutes to register.  Upon registration, you will receive a password and will be able to get into the website and view radar data, satellite data and the report forms.  



NOAA All Hazards Weather Radio

• Voice of the NWS.  Network of 583 stations nationwide

• NOAA Weather Radio can be heard by about 90% of the 
U.S. population

• Continuous weather information broadcasts from local 
forecast offices of:
– Warnings
– Watches
– Forecasts
– Observations

• For more information, visit the NOAA Weather Radio 
Web Site at www.nws.noaa.gov/nwr

Presenter
Presentation Notes
NOAA All Hazards Weather Radio is the fastest way to receive watch and warning information.  There are only 7 frequencies of weather radio across the country, so you can take your radio anywhere and you should be able to pick up the transmitter near that location (if the transmitter is located within 40 miles of your location).



Presenter
Presentation Notes
NOAA Weather Radio coverage, by county, in Northern Michigan.  



james.keysor@noaa.gov
989-731-3384 Ext 726

www.weather.gov/gaylord
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