Spotter and Safety Course

National Weather Service
Gaylord, Michigan



Presenter
Presentation Notes
Welcome to our Skywarn Storm Spotter presentation.   This online course is designed as a refresher to some of the concepts you will learn about 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.  



Thunderstorm Development

— s

T'he Three Essential Ingredients

Moisture i\: Lift Associated with a @')
Cold Front

I n Sta b | I |ty ® Colder more dense air pushes undemeath warmer moist
air, creating condensation and cloud development

Llft ® Air converges along a frontal boundary, forcing it to rise.

o fronts

 |ake breezes

* old boundaries § =
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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.   
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Presentation Notes
A thunderstorm is simply a rain shower with lightning. Sounds simple, but it really isn’t. Thunderstorms are a fairly complex beast of nature. The good news is that they can be broken down into basic understandable parts. Before we investigate those parts, let’s look at the thunderstorm life cycle. In order to develop, a thunderstorm needs moisture, instability, and a lifting or trigger mechanism. During the initial stage, a developing thunderstorm begins as a cumulus cloud with upward air motion (the updraft) throughout most of the cloud. This is called the cumulus or towering cumulus stage. If the air temperature in this cloud is warmer or more buoyant than the surrounding atmosphere, it can continue to rise, produce precipitation, and grow into a thunderstorm. A thunderstorm reaches its mature stage when the updraft develops a counterpart; sinking rain-cooled air. This is known as the downdraft. This is usually when the thunderstorm is strongest and has the highest potential to produce severe weather. When the downdraft begins to dominate the thunderstorm, it has reached its dissipating stage. A thunderstorm needs a supply of fuel (relatively warm and moist air) to survive. When the cool downdraft begins to spread out and cut off this fuel supply, the thunderstorm will dissipate. It should be noted that severe weather can still occur in the dissipating stage. The life cycle for an individual thunderstorm cell is about 30 minutes. During its life cycle, the two main components of a thunderstorm are the updraft and downdraft. We will look further at characteristics of these components and also at subcomponents of the updraft and downdraft. Before we do that, let’s look at different thunderstorm types.
(Left photo – Steve Tegtmeirer - NSSL) (Center photo – Copyright Chris Kridler) (Right photo – NOAA)
(Diagram adapted from C. A. Doswell III, 1985: The Operational Meteorology of Convective Weather. NOAA Tech Memo ERL ESG-15.)
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Presentation Notes
A quick summary guide of thunderstorm development and clues to look for when anticipating whether storms will develop on a given day.  


How D storm
Become Severe??

he general thunderstorm can produce some severe

ther, but is usually short-lived and relatively weak.

he key factor for long-lived severe thunderstorm
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Presentation Notes
Wind shear is a key component in making a garden variety thunderstorm severe.  


What's Wind Shear? Y.

O

Wind Shear is a change of speed and/or direction of the

Directional wind shear Speed wind shear
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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.



=)
Wind Shear in a Thunderstorm

Wind Speed/Direction
Example

40,000 ft

rthwest Wind 100
mph

20,000 ft

10,000 ft | Mammatus
hwest Wind 60 mph

5,000 ft
South Wind 50 mph

| Surface Sam Lashley 2003
Southeast Wind 20 m
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Here is look at wind shear in a thunderstorm.  Notice how wind speeds and directions are changing from the surface up into the atmosphere.  


Wind Shear at Work

Change of wind speed/direction

jith height causes thunderstorm to

ime (i.e. well-organized
onvection)

This results in well-organized,

long-lived convection which can lead

to severe weather.
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Wind shear causes the storm to tilt, allowing the updrafts (rising air) and the downdrafts (sinking air) to co-exist for longer periods of times.  This is because they don’t counter each other.   Because they can co-exist for longer periods of time, it allows the thunderstorm to become more organized and possibly severe.  


Wind shear Is a key component to
tornado development
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Tornadoes

How they develop

Tornadoes typically develop within
upercell Thunderstorms

Wind shear (speed and direction)
roduces horizontal rotation at low levels

T'his horizontal rotation is tilted into the
vertical by the strong updrafts within a
supercell thunderstorm
= T[he vertical rotation Is stretched and
narrowed, which accelerates the rotating

winds as a tornado f
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Presentation Notes
Rotation in the horizontal is lifted more into the vertical by strong updrafts and inflow into the storm.




Tornadic Superce

A Cross Section and Important Cloud Features
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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.  
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Storm Movement

/

Back Sheare
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Presentation Notes
A mesocyclone is large storm scale rotation within a thunderstorm – it does not mean that you have a tornado.   The back sheared anvil is air at the top of the thunderstorm which is being pushed against the prevailing flow of air at that level (air that is pushed upstream – against the flow).   




Presenter
Presentation Notes
Here is a close-up look at many of the features we talked about in the schematic of the supercell storm above.   
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Presenter
Presentation Notes
This by far the most common damage producing severe weather that we get in Northern Michigan each spring and summer.  


Multiple Ce

Conceptual Model

Warm Storm Movement

Downdra ft -

#—
Rear-Inflow Jet L U D drafl

She lf/Rall

Damaging Winds on Leading Edge.
May be miles ahead of rain/thunder
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The most common type of severe weather in Northern Michigan occurs with straight line winds.   A line of thunderstorms (squall line) is the most common cause of these types of winds.   Notice in the schematic how the shelf/roll clouds would be on the front of the storm, caused by cooler thunderstorm outflow pushing warm air up and creating an outflow cloud feature.   The stronger winds with a squall line are brought to the surface by the rear inflow jet, which is a strong corridor of air on the backside of the line.   


(c) 2003 C. D
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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. 


urst develo
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Downburst Life Cycle

FORMATION - IMPACT - DISSIPATION -

Evaporation and Downdraft quickly Downburst moves

precip. drag accelerates and away from point

forms downdraft strikes ground of impact
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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.  



Aftermath of 100 mph
downburst winds
Gaylord, September 1998
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Presentation Notes
Notice how all of the trees are blown down in the same direction, with the damage having a divergent pattern to it.  This happens as the downburst winds spread out upon hitting the ground.  


Straight Lin VS Tornado Wind
What’s the Difference?

Tornado damage is convergent.

Most tornado damage on right flank.
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Presentation Notes
Storm relative winds (i.e. storm winds plus storm motion) are usually enhanced on the right flank of tornados.   This results in tornado damage taking on a convergent pattern.   On the flip side, downburst wind damage will be divergent, fanning out as the stronger winds push away from the thunderstorm core.  


High Wind and Tornado Safety

Damaging Winds and mwmm

Move to a small interior room
r hallway on the lowest floor.
way from windows.

Get under sturdy furniture.

» Get out of anything "‘mobile”

“ Avoid windows...they

and seek shelter inside. are the first to go!”

« |f caught outside, lie flat in a
ditch and ¢



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.



More Thunderstorm Threats

- ; overshooting
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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.      





Presenter
Presentation Notes
The purple colors on this radar cross section show hail, being held aloft by strong thunderstorm updrafts.  The hail will remain in the cloud until eventually the updrafts can no longer keep it aloft, then it will fall to the ground.  


Hail Safety
Stay inside a sturdy building

If stuck in a car, try to find a
structure in which to take shelter
(i.e. garage, gas station canopy).

If stuck outside, seek shelter

“Large hail stones car

fall faster.than 100 mph.

under a sturdy overhang.

* Move all valuable objects



Presenter
Presentation Notes
Stay away from windows, hail can break windows (even in automobiles).  



E MAZK ADERSON, ALL RIGHTS ZESEEVED  WAWAMNDEZTOONS COM

“This was a lot more fun before surge protectors.”




Where do most lightning
deaths occur?

Radio and Radio Equipment
(1 2%)

Golf and Trees Open Fields
(1.7%) (45.0%)

Telephone
(4 0%)

Farmand _——— Under Trées

Heavy Equipment

(5 11%) /
Golf

(B.5%)
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Are you surprised by all of the ways that people have been killed by lightning strikes?   Almost 80% of the deaths occurred with people outdoors – either in the water, field or around trees.  


Lightning

Stay inside a sturdy building
ra hard top car.
Avoid water, all metal objects
nd electrical appliances. - T |
If outside, stay away from tall ~ ™© 995 Niagara Monawik Power Compa
~ objects, such as trees, towers,
poles and fences. “If you can hear the

thunder, you can be

struck by lightning!”
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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.  
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Presenter
Presentation Notes
Notice the small + signs on the picture below near the Anvil arrows.   That shows lightning strikes that are occurring well in advance of the main thunderstorm line.   As a spotter, always be aware of the threat of lightning, especially anvil lightning which can strike up to 10 miles away from the main thunderstorm center.  


More Thunderstorm Threats

= | arge Hall
= | ightning
= Flooding

» One foot of water displaces

1500 pounds

(\

:‘}f)rces on Vehlcles Fr: ng High Water s

Jh’ Ilbe i
% Buoyancy Forceizs eat:a:rhan Vehicle Weight =X g "We've gotten used to the dampness.”
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« Excessive rainfall and snowmelt
are the primary causes of flooding /

There is no friction force once the vehicle is lifted off the fIaSh fIOOding in Northern MiChigan

Nearly half of all flood fatalities are vehicle relate
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Flooding is the number one weather killer in the United States each year, killing nearly 200 people.  



Flood Safety

= Flood Safety

« NEVER drive, walk or swim in

flood waters or rising river water.

« Stay away from storm drains,

ditches, ravines or culverts.

 |f.you encounter flood waters,

stop, turn around, go another

way and seek higher ground. ‘Water, 2 feetdeep will
displace and carry away a

3000 pound vehicle!”

» Rushing water only 6 deep

can knock you off your feet.
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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.  



Other Hazar

Waterspouts

Tornadic waterspouts are

simply a tornado over water

Non-tornadic waterspouts

ssipate upon landfall

- -

Grand Haven, Michigan 2008
« Not associated with thunderstor

 Ocecur in early fall as cold air moves

r warm lake waters (instability!)
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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.




ustdevils result from intense, localized heating interacting
with the micro-scale wind field.
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Presentation Notes
Dust devils are created when you have intense heating over an area.  The hot air rises, leaving a “void” of air in that area.   Air rushes in to fill the space left by the rising air.   If the wind fields are favorable, these circulations may develop.   They are not connected to a cloud base or associated with thunderstorms.  


So with all logy, why
are spotters important?

They help overcome Doppler Radar

itations.

They provide ground truth which can

correlated with radar signatures

ore, during and after severe weather.

Ground truth reports in warnings

‘heighten public awareness and allow us
to have confidence in our warning

decisions.
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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.  



Severe Weather Definitions

v/ Watch = conditions are favorable for damaging

downburst winds, large hail and/or tornadoes

Severe Thunderstorm Criteria :
e tornado
e winds 2 58 mph

 Hail 21 inch in diameter
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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.  
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Presentation Notes
In case the other definition is too complex or hard to remember, here is something much simpler.


Spotters need to stay Informed!

National Weather Service website:

www.weather.gov/gaylord

NOAA Weather Radio

Other Media Outlets (TV, radio)




New Hazardous Weather Briefing

Available 7 days a week

£

National Weather Service Weather Foreca
Gaylord, Ml

Home Site Map News Organization Search for: ]I © vws @ annoaa B
Local forecast by

scorzecee gHazardous Weather Briefing

Click here to let us know what vou think of this product!!

Please be patient while video loads. Video may not load if pop-up blocker is turned omn.

Current Hazards

Vilatchesfarnings

Qutlooks

Submit Report
Current Conditions

Observations

Radar

Satellite

Observed Precip
Forecasts

Forecast Discussion

Local Area

Activity Planner

Aviation Weather

Fire Weather

Marine Weather

Severe Weather

Winter Weather
Hydrology

Rivers & Lakes
Climate

http://www.crh.noaa.gov/apx/?n=multimedia
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Check out the new hazardous weather briefing page from our webpage.   You can find the link for this briefing under the current observations section of our homepage.   Two times each day we update this with the latest hazardous weather outlook for the next week.   


few important spotter links on

our web page
www.weather.gov/gaylord

onditions

Observations

Radar

Satellite

Observed Precip
Forecasts

Forecast Discussion

Local Area
Activity Planner
Aviation Weather
Fire Weather
Marine Weather
Severe Weather
Hurricane Center
Hydrology
Rivers & Lakes
Climate
Local
Hational
Drowght
More...
Weather Safety
Preparedness

Hems of Interest

Education Resources

f_.Tra'u'ErEE City
|I Houghton Lake
& .
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M?ﬂIETEE canillac Tawa’s city
" U o T
. ¢

Ludin!_nnn | -'rfﬂad‘ﬁ.x.-_-

Last map update: Fri, D

Latest Conditions in Traverse Ci Choose Your Front Page City

Dec 18 o Select A City: -
10:53 am 19°F

& Few Clouds (-T°C)

Weather Story Radar
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During severe weather, the Watches/Warnings link on the left hand menu is a great way to remain on top of what is happening.   Also notice the other important spotter links for submitting a report and Skywarn.  


“NOAA Weather Radio - Your own personal Siren,

Receive weather information
4 hours a day

10 will sound a tone to
lert you when a watch or
arning has been issued

Countless times, lives have
been saved by NOAA
Weather Radio
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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).



NOAA Weather Radio
Coverage Map

KX133 West Branch
162 450 MHz
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Presentation Notes
NOAA Weather Radio coverage, by county, in Northern Michigan.  



Stay Safe!!

= Safety Is Priority Onel!
Have a clear plan in mind : B i oo g
— An escape route and a safe place to ride out th
storm
— Supplies in your safe place, such as bottled wate
non-perishable food, flashlight, batteries, charged

cell phone, radio, blankets
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Safety is always the first priority.   Have a clear plan in place before severe weather strikes.  


St

= Upper Level Clues > seen ~ 20 miles away
v Look for Overshooting Dome
v Look for Hard Flat Cirrus Anvil Top
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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.  



Stor lues

Mid Level Clues > seen 10 to 20 miles away

Solid, tilted Main Storm Tower. w/ “cauliflower” tex

Elanking Line at the back of storm

Surrounding clouds dissipating
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You will not see much at this distance either.   Mainly the cauliflower texture to the main storm tower and possibly a flanking line of storms stair stepping their way toward the main storm.  


Low Level Clues > seen 3 to 8 miles away

Front of Storm > Shelf (Roll) Cloud
Back of Storm > Rain-free Base, Rotating Wall C

Tail Cloud, Funnel Cloud, Torna
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Presentation Notes
Most of what you see will be in the 3 to 8 mile range – any closer than 3 miles is a major danger zone.   The 3-8 mile range is where you will likely see many of the low level cloud features.  


1UEeS

Shelf Cloud / Downburst Winds
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Shelf cloud – This is the leading edge of rain cooled outflow from the thunderstorm along the gust front.  The more defined the cloud, the stronger the winds.  
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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.  



_Nick Nagurski

lammatus Shelf Cloud Overshooting
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Take a quick review of the main severe weather clouds you may encounter here in Northern Michigan.  


Wind Estimation
Beaufort Scale

Beaufort i '
number Effects om Land

Calm; smoke rises vertically.

Smoke drift indicates wind direction;
vanes do not mowve.

Leawves, small twigs in constant
motion; lght flags extended.

Small trees begin to sway.

Large branches of Lrees in motion;
whistling heard in wires.

W trees 1 ion; s felt
Moderate Gale .1' hole trees in Imuhun. rl._=.-s1_ta111:f- felt
in walking against the wind.
Fresh Gale Twigs and small branches broken off
trees,
ng Gale
Whole Gale
Storm

Mo
E!:ree

Fres
Strong Breeze

e
b

| 19

w
‘F'

m
1

Shight structural damage occurs; slate
blown from roofs.

I~
"--I

Seldom experienced on land; Lreas
broken; structural damage occurs,

Very rarely experienced on land;
usually with widespread damage.

IIH

b)]
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The Beaufort Scale was developed in the early 1800s for marine interests.  It has since been adapted for land uses as well.


Wind Es

imation

Enhanced Fujita Scale

Enhanced
F scale

FO

F1
F2
F3
F4
F5

Rating
3 second gust

65-85 mph

86-110 mph
110-135 mph
136-165 mph
166-200 mph
>200 mph
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Developed in the 1970s and enhanced just a few years ago, this scale uses damage to estimate wind speeds.  


S
O

Reference hail size in inches or relate it to the
size of a coin.

Quarter Nickel Pe3r;2y
(1inch) ( i
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Please remember to report hail sizes with regard to coins…not marbles.   



observation should include
The TEL Method

Time > When did it happen?
Event > What did you observe?
Wind Damage & Estimated Highest Wind

Hail - any size

Shelf Clouds, Wall/Tail Clouds, Tornadoes |Simm——"

 Flooding
Location > Where did it happen?




So let’s look at a few cloud
formations and see what you
should report to the NWS...
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Notice the overshooting top just above the anvil.  This is indicative of strong updrafts in the storm and potentially a storm that could produce large hail.  


County






Presenter
Presentation Notes
Can you find all of important low level cloud features in this picture such as the rain free base, rain air, isolated lowering of rain free base?   
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A large dust devil.  This is caused by intense localized heating – not associated with a thunderstorm.  


Use for both summer and winter reporting

s Call Us > 1-800# (given out at spotter

training classes.

s Use your computer (eSpotter)
(http://espotter.weather.gov)

v CoCoRaHS
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If you attend one of our classes, you will be given a special 800# which is to be used for weather spotter reporting only.   It is like a 911 emergency number for weather.  

http://espotter.weather.gov/

4

« 1-800# 24/7 operation
»» For spotter report use only (no forecasts)
»» Easiest way to report in real-time
» Report will be taken by a real human
\ *\. SN




Local forecast b
"City, 5" or Zip Ci

XML pss Feeds

Current Hazards
Watches\Warning
Outlooks

Current Condition
Obszervations
Radar
Satellite

Observed Precip

A

mmmmemm

AFOS Browser | Load History | WMO Search | Enter Editor | s Accum

_{ Update Obs Clear |

AWIPS ID:

[ AFOS Cmd: | WMO TTAAi CCCC: ]
\

REPORT TIME: 01/29/2010 19:32 EST (00:32 UTC)
1264811521 .3337

EVENT TIME: 01/29/2010 19:31 EST (00:31 UTC)
COUNTY, STATE: Oscoda, MI

CITY: Luzerne

SPOTTER: enchanted2u@juno.com

TEMPERATURE: 12

SNOWFALL:

1." of new snowfall over the past 24 hour(s).
Storm Total: 1."

Snow depth is: 3"

NARRATIVE:

To acknowledge this report, go to: http://intra.crh.noaa.gov/espotter/
Log in, and click 'Acknowledge Incoming' to mark reports as received.

weather.gov
ATy
] fo

Al NOAA
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eSpotter is a great online utility which any spotter may use.  Registration is free and only takes a few minutes.   Your reports will alarm at the workstations of forecasters at the National Weather Service.  


4

The ‘ “mmunity . llaborative :‘ain nd 'ail (and Snow) tudy

Completely volunteer internet-based precipitation
spotter network designed to “fill in the cracks” of
traditional observing systems.

Not for reporting severe weather, just precipitati

Not for real-time reporting either

rain, snow, or hail fell at your location

More Info:
http://www.cocorahs.org

------
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Visit the website on this slide to learn more about CoCoRaHS and to sign up to be an observer.   This is not a severe weather reporting network, it is for precipitation only.  


ou have any Video or.
Pictures...

Please send them via email to
our office:

james.keysor@noaa.gov
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We will always gladly accept pictures or videos of severe weather.   If you send them to us, please let us know if you authorize us to use the videos/pictures for future training presentations.   We will always give credit to the photographer if any of this material is used.  


"'%.__l_,(gysor@hoaa.g v/
+731-3384 ext. 726


Presenter
Presentation Notes
Thank you for going through our online spotter training refresher.  I hope you enjoyed it.   This does not take the place of attending a spotter training class, but it hopefully helped to refresh a few of the severe weather spotting concepts.  I would encourage you to attend one of our classes that are given each spring, where you can learn more about becoming an official National Weather Service Spotter.  
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