
2017 Spotter Training 
Colorado Style! 

Mt Evans, 2012, Sheila Gavin 

 Elbert Co Tornado  6/4/2015 , courtesy Eric Hurst   

Last Chance, CO.  2010 

DIA-June 18, 2013 



Skywarn Agenda 

• Weather Safety 

• Thunderstorm basics 

• Spotting storms 
– Cloud features, tornadoes 

Break Time! 
• Reporting procedures 

• Weather Radar, limitations 

• Advanced Portion, Case Studies 
 

 

 



Skywarn team Locations 
Over 8,400 strong, yet… 



122 Offices in the NWS 



Colorado Forecast Offices 
weather.gov/BOU 
weather.gov/PUB 
weather.gov/GJT 
weather.gov/GLD 
 

weather.gov/BOU 

weather.gov/PUB 

weather.
gov/GLD 

weather.gov/GJT 



What do we do? 

•    weather forecasts for the next 7 days  

•    watches, warnings, advisories 

•    public forecasts 

•    fire weather forecasts 

•    aviation forecasts 

•    river forecasts 

•    text and graphics 

•    climate information 

•    outreach: 

         SKYWARN  

         Cooperative Observer Network (COOP)      

         weather training 

         school and group talks   

 



Our Mission… 

Provide weather, water, and climate 
data, forecasts and warnings for the 

Protection of  
Life  

and Property 

Safety First! 



Where do you think Colorado ranks? 
 



Lightning is unpredictable 



Lightning is unpredictable 



Don’t be another Statistic! 
1 Fatality, 2 injuries in 2017 



Lightning Statistics 2016 
2 deaths in Colorado 



Lightning Fatalities 
by State and Activity 

John Jensenius,  NWS 





Lightning Casualties in Colorado 
 

Resource: NWS Pueblo Lightning Page 



Just when you thought it was safe 

15% off all strikes occur outside the rain area 



Conduction example 

Near Henry’s Lake, Island Park ID, Ruth Lyon-Bateman 

Example of ground current 



Lightning Safety 

• Plan ahead, Get Forecast, Monitor the sky 
 

•  Unsafe locations –  
      golf courses, ball fields, water,  
      higher exposed locations.  Isolated 
      tall objects, trees.    
  
• Safer places–inside buildings, 
      and metal roofed vehicles with  
      windows rolled up.   
 

Safety Tips 
•  Stay off the telephone (landline) 
•  Use Cell phone for reporting! 
•  Stay out of the shower 
•  Don’t use electrical appliances.  
•  Lightning victims do not carry charge  
         and are safe to touch 
•  More information – 

– www.lightningsafety.noaa.gov  



Tornado weather safety 
When you’re on the road 

• Keep your distance from storm 

• Always leave an avenue of escape 

• Observe near an intersection,  

–  so there are 4 possible routes  

              of escape.   

•  Be prepared for storms to  

       change direction of movement      

•  Never outrun a tornado,  

– get to a sturdy shelter 

– Stay way from underpasses/bridges 

• Last resort: 2 options 
– Abandon vehicle, drop in low lying ditch and cover head  

– Stay in car/buckle seat belt, cover head with hands. Stay low.  

        

 

•     

 

Chapman, KS 2008 



 

Elbert County F2 tornado May 10, 2004 



Storm Chasers Killed in Texas 



Tornado Safety 

In a home: 
• Move to the basement 
      and protect yourself  
      from flying debris. 
• If no basement, 
      seek a small interior room. 
 
 
 
•                                      In a mobile home: 
                                          GO to a designated shelter,   
                                         or go to a neighbor’s house. 



Windsor Tornado Damage 



Tornadoes in Colorado 2016 



Tornadoes in Colorado from 1950 



Total # of Tornadoes per county 



Flash Flooding in Colorado: 2013 



Flash Flooding 



Flash Floods 



Big Thompson Canyon Flash Flood 
1976 

• 90% of victims of the flood tried to escape 
using a vehicle, instead of climbing to safety  

• 144 were killed 

• Rapidly rising water may engulf the vehicle 
and its occupants and sweep them away.  



The Power of Water 



How to cook up a Thunderstorm 
Ingredients Necessary! 

• Moisture: especially near the ground and 

    for dew points >50 degrees  

 

• Lift: mechanism for the air to rise  

 

• Instability: buoyancy 



Moisture 

Lower level 

Mid-higher level 



Ways to make lift! 

Surface based… 
• Fronts or boundaries…  
• (cold fronts, warm fronts, stationary fronts, gust 

fronts, wind convergence lines) 
• Upslope 
• heating differences (i.e. foothills vs plains) 

 

Aloft…  
•  Jet streams 
• Upper atmospheric troughs 

 
 



Upslope Flow: East to Northeast  

 



SOURCE OF LIFT – Agent which lifts the warm, moist air 
to create the thunderstorm 

Source of Lift 



Instability 
Leads to buoyancy as day heats up 

RELATIVELY cold, dense air

RELATIVELY warm air, less dense



Atmospheric stability 

Unstable Stable 



Thunderstorm life cycle 



Single Cell Cluster Squall Line Supercell 

Thunderstorm Spectrum 



Single Cell Pulse Storms 

• Weak winds aloft, unstable 
environment. 
 

• Typically during, just after 
peak heating.  
 

• Intense updrafts can result 
in extremely unstable air. 
 

• As storm collapses, a 5- 10 
minute period of intense 
rain, hail and wind may 
develop. 



Pulse Storms 

The precip core (downdraft) expands into the area once
occupied by the dark updraft base, then rains itself out
after a short time.



Pulse Storm Evolution 

Towering Cu.   Mature  Dissipating  

Storm initially dominated by updraft
After a short time...downdraft overwhelms updraft



Multi-cell cluster of storms 



Squall lines 

• Storms organize into a 
linear structure 
 

• Can be more than 100 
miles long 
 

• Primary threat is 
damaging winds 
 

• Can produce hail and 
weak tornadoes. 
 



Multi-cell line of storms 

(Looking west, storm is approaching)

Shelf
Cloud



Classic Supercell 



Spotting Storms 
What you see will be dependent on: 

 

– What side of storm you are on 

– Distance to storm 

– Visibility (humidity, haze, blowing dust) 

– Trees, buildings, other storms 

• Your primary goal – SAFELY determine the 
strength and rotation of the updraft.   

 



What do you see looking Southeast? 

NW

SE



“Uh Oh…” 



Upper level storm clues 

• Best seen 30-40 miles from storm 

– Look for sharp, well defined edges on cirrus anvil 

– Look for overshooting top 
Overshooting
Top



Anvil clouds 

• Indicating very strong updraft 

Indicating weak updraft 



Mid level storm clues 
• Main Storm Tower 

– Best seen 10-20 miles from the storm 

– As buoyancy increases, so does updraft strength 

•                                    

•                                   
• Flanking Line:  

a row of towering cumulus clouds  
clouds stair-stepping up to the main  
storm tower. Photo by Tom Warner 

 



Low level storm clues 

• Best seen 3-8 miles from storm 

• Multiple motions to track 

– Inflow to updraft  

– downdraft to outflow 

• The Action area – the rain free cloud base 

– Here you can gage updraft strength and rotation! 

 

 

 

 

 



Updraft Characteristics 

• Inflow side of storm 
 
• Rain free base 
 
• Upward cloud  
      motion 

 
• Wall cloud / 
      tornado area 

 
• Supercells have  

• rotating updrafts 

Courtesy Dave Chapman 



Classic Supercell 



Wall Cloud/ w Supercells 
• Presence of a wall 

cloud indicates a 
strong updraft.  

 

•  Wall clouds usually 

      slope down toward   

       rain core. 

 

•  Look for rotation.  

 

•  Persistent, rotating 
wall clouds are 
important.  Report 
these at once! 

Watch entire wall cloud
for persistent, organized
rotation

Watch this zone
for violent rising
motion



Mesocyclone 

Circular look often
indicates low-level
updraft rotation

Striations or cork-screw look
indicate mid-level updraft rotation



Weld County- June 12th 



Updrafts 



Downdraft Characteristics 
• Dark area of  

the storm 
 

• Rainfall region 
 

• Downward motion 
 

• Cooler air & rain are 
sinking out of the storm  
hence “down” draft 
 

• Downburst &  
hail threat 

Copyright Chris Gullikson 



Rain shaft vs. Hail shaft 

Rain shaft (darker)                                        Hail Shaft (whiter) 



Downdraft: Shelf Cloud  

Shelf cloud 

downdraft 

* Marks the leading edge 
   of the gust front (ahead 
   of the storm) 
 
* Produced by the 
   rain-cooled air 
 
* Cloud slopes down  
   away from the rain 
 
* Often associated with  
    straight line wind  
   damage (not tornadoes) 
 



More Shelf Clouds  

Shelf cloud 

downdraft 

* 

Courtesy of LeAnn and David Dawson,  
                      Spotter E495 
 



Linear feature 
 

Associated with storm outflow 
 

Slopes away from the rain 
 

Moves ahead of rain area 

Abrupt or “blocky” lowering 
 

Associated with storm inflow 
 

Slopes toward the rain 
 

Moves along with storm 

  



Roll cloud with outflow 

R o l l   C l o u d



Microbursts 



 Microburst: Radar Imagery 



Inflow/outflow and downdrafts 



Is it really a tornado? 

• Rotating column of air which extends from the 
convective cloud to the ground 

• Mostly found in the updraft beneath the rain free 
cloud base. 

• Funnel cloud does not extend to the ground so it is 

NOT A TORNADO 

• Gustnado is a shallow rotation that does not 
extend to the cloud base so it is     NOT A 
TORNADO  



Types of Tornadoes 

“rope” tornado  
Roger Hill, south of Ramah 
8/13/09 

“cone” or “elephant trunk” tornadoes 
Verne Carlson 5/10/04, Elbert County 



Less common, harder to detect 

The Wedge Tornado 
    5/22/2008, Weld County 
    Courtesy State Farm 



Funnel Clouds 

2009 Aurora, Dave Radomski 



Funnel Cloud or Tornado? 

 
   Lake George  (Park County)  6/6/14  



Funnel Cloud, Tornado or? 



Funnel Cloud, Tornado or? 

Jodi Meisman, 2009 

Elbert Co., 6/15/2009. Photo by Kari Fleegel 



What is a gustnado? 

 - Small short-lived, low-level rotation along 

the storm’s outflow winds. 

 

- Can cause damage…but technically 

   it is not a tornado because the circulation 

  does NOT extend up to the base of the cloud. 



 

Scud Clouds 



Supercell Tornadoes 



Non-supercell storms can also 
produce Tornadoes 

• Photo Courtesy: Caleb Connor, 
• Bennett Fire Dept. 
• Oct 19th, 2015 
• North of Watkins 



These are both tornadoes 

     Supercell                   Non supercell  

   Stormscale rotation               no storm rotation 

   Mesocyclone    no mesocyclone 

   Tornado forms in    tornado forms in early  

     mature thunderstorm.    stage of development. 

   On radar, look for large  On radar, look for a  

     rotating storm.        boundary. 

   Good warning verification   poor warning verification 

   Can be violent or weak  tend to be weak 



Enhanced Fujita Scale 



Denver Cyclone 
Terrain Effects 

Dr. Edward Szoke 
Monthly Weather Review 



Denver Convergence Vorticity Zone 
(DCVZ) 



Tornado? Aug 11, 2015 
Photos: Ariel Cohen, SPC. Near DIA 

First 2 left pics 414pm-417pm Right pic: 419 pm 



Time for Tornado or Not? 





Watch and evaluate 

• Start with small pieces of information...then build! 

• Keep an eye on both the sky AND the ground. 

•  Rapid uplift at cloud base. 

•  Persistent and rotating wall cloud. 

•  Look for the “action area” at the surface: 

•  Rising or swirling dirt:  
– Moving toward or away from updraft? 

•  Note wind directions: 
–  flags, smoke plumes, tractor dirt trails, throw grass. 

 



Stretch Break! Take 10 



Where do you get Warnings? 

• Media  

• NOAA Weather Radio 

• WEA (wireless emergency alerts) to cell phones 

• Area sirens 

• Private vendors  

• Reverse 911 capability from county or city 

• Family or neighbors 

• Social media (Facebook, Twitter) 



Where to Look…Local 
• News Headlines 
• Weather Story 
• Hazard Map 
• Point and Click 
• Forecast Discussion 
• Radar 
• Rivers/Lakes 
• Facebook 
• Twitter 

 
  



Weather on your mobile phone 
 

Mobile.weather.gov 
• Android  
• Iphone 



Countdown to Convection 



Storm Prediction Center (SPC) 
SPC.noaa.gov 



SPC’S Thunderstorm Categories 



Countdown to Convection 



Countdown to Convection 

  Weather Story 
 

• Hazardous Weather Outlook 
                                  (text product) 



On the day of storms 

• Watch – Tornado, Severe thunderstorm 
» (Issued by Storm Prediction Center)  

– Flood (Issued by forecast offices) 
• Issued for dozens of counties for 4-6 hours 

• In the watch area, the risk of severe weather is higher 

 

• Warning – flash flood, tornado, severe thunderstorm. 
• Comes to you from the local National Weather Service Office 

• Severe weather is occurring or imminent. 

• Issued for one or two counties for an hour or less (longer for flooding)   

  



NWS Watches/Warnings Size 

Tornado  
Watch 

Box 

Tornado 
Warning 

Severe 
Thunderstorm 

Warning 



Warning Process 

Spotter report Radar info 

  NWS 

Analyze information 

 

Issue warning 

NOAA All 

Hazards Weather 

Radio 

EAS 

  Internet 

Radio   TV Sirens 

Citizen 

Spotters 

Receive and respond 

vendors 

WEA  

(cell phones)  

Amateur  

Radio 



Types of warnings 
• Tornado  

• Severe Thunderstorm 

–    (58 mph wind, large hail) 

• Flash Flood 

South of Ramah, CO Aug 13, 2008 
Roger Hill 

Holyoke, CO as a result of 75 mph winds on 
11/6/08  Courtesy Clint Goldenstein 

 
Largest Hail Stone: 8” diameter: Vivian, 
SD: 7/23/2010 



Warning Example 
• BULLETIN - IMMEDIATE BROADCAST REQUESTED 
• SEVERE THUNDERSTORM WARNING 
• NATIONAL WEATHER SERVICE DENVER CO 
• 428 PM MDT THU JUN 4 2015 

 
• THE NATIONAL WEATHER SERVICE IN DENVER HAS ISSUED A 

 
• * SEVERE THUNDERSTORM WARNING FOR... 
•   WESTERN ADAMS COUNTY IN NORTHEASTERN COLORADO... 
•   CENTRAL DENVER COUNTY IN NORTHEASTERN COLORADO... 

 
• * UNTIL 515 PM MDT 

 
• * AT 426 PM MDT...A SEVERE THUNDERSTORM WAS LOCATED NEAR COMMERCE 
•   CITY...OR 8 MILES NORTHEAST OF DENVER...MOVING NORTH AT 20 MPH. 

 
•   HAZARD...HALF DOLLAR SIZE HAIL. 

 
•   SOURCE...RADAR INDICATED. AT 425 PM...DIME TO NICKEL-SIZED HAIL 
•   WAS BEING REPORTED OVER THE NORTHEAST PARTS OF DENVER. 

 
•   IMPACT...DAMAGE TO VEHICLES IS EXPECTED. 

 
• * LOCATIONS IMPACTED INCLUDE... 
•   DENVER...NORTHERN AURORA...THORNTON...COMMERCE CITY...NORTHEASTERN 
•   NORTHGLENN...BRIGHTON...DENVER INTERNATIONAL AIRPORT...D.I.A. 
•   TERMINAL AND CONCOURSES AND BARR LAKE. 

 



One inch hail for Warnings 

Severe Thunderstorm Warning 
 one inch or greater  

Special Weather 
Statements 
(SPS) 

     <1”                                                 



Making your weather report 
• 2 Ways! 

1. Dedicated Toll Free number:  1-800-287-2498 (Reserved for severe 
reports only!) or local 303-494-2884 
1. For general, non severe questions call us at 303-494-4221 

2. Internet web page at www.weather.gov/bou 



How to submit a report  





Local Skywarn Page 
www.weather.gov/bou/skywarn 



Reporting  

• Who? Spotter # 
• Where? Current location 

– Or looking elsewhere (distance away? Direction?) 
– Specify if not at your location designation 

• What? Type of weather phenomena 
– Tornado, hail, wind, damage? 
– Be specific 

• When? Current time 
– If event is in the past, be sure to note time, and if it is 

a past event when reporting 

 



Reporting Hail 
• Average depth and size of hail (also report largest hailstone) 

– Measure with ruler 
– Compare to coin or ball.  

• If 4.5” or larger it could be a record hailstone for Colorado…preserve it 
and report! Preserve stone in zip lock bag and freeze.  

Hail Pictures Courtesy of Dan Mullin, W931 



Hail Sizes: What about marbles? 



You’re odds of a hole in one 
just Improved on this course!! 

Photo shot from Lincoln, Nebraska 



NWS & University of Colorado - Joint study  
Thunderstorms that produce large amounts of 

hail or…  

“Plowable Hail” 

Burdett, CO.  
Photo Courtesy: Robert Frick 



Other Reporting Issues 

• Tendency to under-estimate distance 

• Tendency to over-estimate wind speed 

• Rainfall Rates: home weather stations 
– Be careful  with automated rainfall rates  

– Example: report of rainfall rate of 1.20”rain/1 hour  

– But actual recorded amount was only .10 of an inch which 
occurred in 5 minute rainfall  

• Overuse of “wall clouds”, especially Front 
Range/Urban corridor.  



Estimating Wind Speeds 



Local Storm Report (LSR) 



Social Media: Monitoring… 
• https://twitter.com/NWSBoulder 

• https://www.facebook.com/NWSBoulder 

• http://www.spotternetwork.org/ 

• http://severestudios.com/ 

 

 

https://twitter.com/NWSBoulder
https://twitter.com/NWSBoulder
https://www.facebook.com/NWSBoulder
https://www.facebook.com/NWSBoulder
http://www.spotternetwork.org/
http://www.spotternetwork.org/
http://severestudios.com/
http://severestudios.com/


Monitoring the Tweet Deck 
#COWX, @NWSBOU 

Send Pics/videos 



CoCoRaHS.org 
Community Collaborative Rain, Hail, & Snow Network 



Radar can 
detect a Meso-
cyclone 

Radar beam cannot see lower portion of storm “B” 

Radar 

A B 

Why we need spotters 



Height with distance of center of radar 
beam above the ground level 

     Location       Distance    0.5 degrees    1.5 degrees  

 

• Fort Morgan  44NM          4,942 ft.          9,700  ft.     

• Akron              66NM          7,100 ft.        14,030 ft.          

• Sterling           80NM          9,926 ft.        18,336 ft.      

• Holyoke         114NM       16,265  ft.      28,307 ft.      



Base Reflectivity 



Base Velocity 



Large vs. small rotations 



Radar Limitations: Circulations not 
detected 

RDA

Detected
Not detected

WSR-88D beam spreads with distance  

 

60 nm distance  ... ..5 nm wide (3040 ft) 

120 nm distance ... 1 nm wide (6080 ft) 

180 nm distance ... 1.5 nm wide (9120 ft) 



Precipitation products 



This Concludes Basic Training 
Stay Tuned for Advanced Portion 

New Spotters:  
• New spotter letters will be mailed to your location 
• Make sure you have signed up on the sheets. 

• Include physical address if you have a P.O. Box 
• If you do not receive a welcome letter in 30 days, please email 

• Scott.entrekin@noaa.gov 

Existing, Re-trained spotters:  
• Your information will be updated in our database 
• No formal re-notification given 
 
• Spotter guides are available online at: weather.gov/os/brochures.shtml 

 
• On-line spotter training (for review) 

meted.ucar.edu/training_course.php?id=23 
 
 



Quick Stretch Break! 


