
Understanding weather
and the weather forecast

Terry Hart

Week  23

Tornadoes and Lightning



Tornadoes

Oklahoma, 1999

Nimmitabel (NSW) 2008





GOES-R site:  https://youtu.be/LT7yRMLAkCY



NOAA (USA)

Where tornadoes occur



https://youtu.be/lsEA9tGMFQQ          Tornado Alley



The Rocky Mountains block moisture and the atmospheric flow, 
leading to the formation of a low pressure area downwind to the 
east of the mountains. The downslope winds bring drier air at mid-
levels of the troposphere. On the other hand, the Gulf of Mexico 
fuels abundant low-level moisture in the southerly flow to its east. 
This unique topography allows for frequent collisions of warm and 
cold air, the conditions that breed strong, long-lived storms. 



Fujita Scale               

For assessing tornado strength from damage (developed in USA) 

https://en.wikipedia.org/wiki/Enhanced_Fujita_scale





“the damage assessment suggested an EF-scale intensity 

rating of EF1 with maximum 3-second wind gust speeds of 

138–178 km/h.”



• Most tornadoes have wind speeds less than 180 km/h, are 
about 80 m across, and travel a few kilometers before 
dissipating. 

• The most extreme tornadoes can attain wind speeds of more 
than 480 km/h, are more than 3 km in diameter, and stay on 
the ground for more than 100 km.

• A tornado in El Reno, Oklahoma on May 31, 2013 was 
approximately 4.2 km wide, the widest on record

• The longest path length, in a tornado that affected parts 
of three US states (Missouri, Illinois, and Indiana) in March 
1925, was on the ground continuously for 352 km. 695 people 
died and 2000 were injured.

• Average travel speed is 45 km/h but can vary a lot.



Downbursts and Microbursts

Downbursts are particularly strong downdrafts from thunderstorms. 

• Dry downbursts  - in air that is precipitation free or contains virga
• Wet downbursts  - accompanied with precipitation

If they are less than 4 km in size (and most are) they can be called 
microbursts

A microburst can be particularly dangerous to aircraft, especially 
during landing, due to the wind shear caused by its gust front. 

A microburst often has high winds that can knock over fully grown 
trees. They usually last for seconds to minutes.





• A downburst is created by a column of sinking air 

• after hitting the ground , it spreads out in all directions

• capable of producing damaging winds of over 240 km/h

• often produces damage similar to that caused by tornadoes: 
• Downburst damage radiates from a central point as the 

descending column spreads out when hitting the surface
• tornado damage more convergent consistent with rotating 

winds. 

• the term straight-line winds is applied to damage from 
microbursts to help differentiate it from tornadoes.





Weather Calendar September 2021    Waterspout off Mona Vale, Sydney



https://www.abc.net.au/news/health/2020-10-29/thunderstorm-asthma-

event-in-covid-19/12795236







National Geographic

https://youtu.be/h-0gNl5f4BU

Lightning

https://youtu.be/TWh440iSBqM



The Earth has an electric field. On average, this field points vertically 
downwards and it has a magnitude of about 100 Volts/meter. The 
Earth’s surface carries a negative charge, while the upper 
atmosphere has a compensating positive charge.

Since the Earth’s atmosphere is not a perfect insulator, there is a 
small current downwards.  This would be enough to neutralise the 
Earth’s negative charge and remove its electric field if it were not for 
the effects of lightning.



Below a thundercloud, the electric field points vertically upwards 
and is 50 times stronger than normal.  Enough to make your hair 
stand on end!



http://www.feynmanlectures.caltech.edu/II_09.html

“It turns out that the bolts of lightning do not “discharge” the potential 
we have been talking about (as you might at first guess). Lightning 
storms carry negative charges to the earth. When a lightning bolt 
strikes, nine times out of ten it brings down negative charges to the 
earth in large amounts. It is the thunderstorms throughout the world 
that are charging the earth with an average of 1800 amperes, which is 
then being discharged through regions of fair weather.”

Over the entire surface, about 40,000 thunderstorms a day with about 
4 million lightning flashes per day keep the Earth negatively charged, 
thus maintaining a relatively constant electric field.

http://www.feynmanlectures.caltech.edu/II_09.html


Data from space-based sensors reveal the uneven distribution 

of worldwide lightning strikes. Units: flashes/km2/yr.

Data obtained from April 1995 to February 2003 from NASA's Optical 

Transient Detector and from January 1998 to February 2003 from NASA's 

Lightning Imaging Sensor.



Scientific American

January 2008
… one of 

science’s great 

mysteries: what 

causes 

lightning?


