
Lecture 6

Weather



Forecast terminology

Day-to-day
(frequent)

Extreme
(rare)

Severe
(occasional)



2012 National Risk Assessment

http://www.iaemo.ie/publications/documents/A_National_Risk_Assessment_for_Ireland.pdf



Revision: rain

Cumulonimbus
Grow from small cumulus clouds 
over hot surface, getting taller and 
taller

Rain drop formation
Water vapour (with aerosols) rises 
and cools to form a fine mist of 
water droplets about 1 
micrometre in diameter. These 
droplets grow in size until they are 
heavy enough to fall, triggering 
rain. Size of the droplets is critical -
they must be at least 50 
micrometres in diameter before 
they can fall. 



Flooding

Floods can happen during heavy rains, when ocean waves come on shore, when 
snow melts too fast, when dams or levees break…
Flash floods are the most dangerous kind of floods, because they combine the 
destructive power of a flood with incredible speed and unpredictability. These 
occur when excessive water fills normally dry river beds along with currently 
flowing rivers, causing rapid rises of water in a short amount of time.

Dry, compacted 
soils mean that 
rainfall is less 
easily absorbed 
into the ground, 
increasing the 
likelihood of 
flooding.



Ice particles in clouds can 
grow by:

• growth from the vapour 
phase (Findeisen Effect) 
=> ice crystals 

• riming (freezing of 
supercooled droplets on 
a falling ice particle)  
=> hail 

• aggregation of ice 
particles 

Revision: ice clouds



What we think of as a 
snowflake is a snow crystal. 

Frozen rain drop is hail or 
sleet. A snow crystal appears 
when water vapor in the air 
converts directly into ice 
without first becoming liquid 
water (falls through high-
humidity cold air).

Snowflakes

One of the largest snow 
crystals photographed
10.1 mm tip to tip (averaged 
over the three axes)



Morphology



Snowflake morphology

Stellar dendrites
Name from star-shaped appearance and branches 
("dendrite" means tree-like). Best specimens usually 
appear around -15 C. 

Columns and needles
Columnar snow crystals appear when the temperature is 
around -6 C. Especially long, slender columnar crystals are 
often called needle crystals.

Diamond dust crystals
These tiny snow crystals look like sparking dust in the 
sunlight. They are the smallest snow crystals; many are no 
larger than the diameter of a human hair. They are most 
often seen in bitter cold weather.



Fractals

A fractal is a self-similar shape…infinitely complex!

The Koch snowflake is one of the earliest described fractals.

The progression for the area of the snowflake converges to 8/5 times the area 
of the original triangle, while the progression for the snowflake’s perimeter 
diverges to infinity.
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Fractals

https://cosmosmagazine.com/mathematics/fractals-in-nature



Thunderstorms typically develop on the weather fronts of colliding air masses 
with different air densities and temperatures. 

Thunderstorms



Convection needs strong vertical wind shear in different altitude levels and 
high values of humidity and temperature. This provides the so-called 
convective available potential energy (CAPE) which can be seen as the fuel for 
thunderstorms. 

CAPE is the area between these two lines 
- available energy a storm 
could use to grow, released when
when water condenses.

Thunderstorms



Thunderstorms

CAPE 

(J kg-1)

Updraft velocity 

(m s-1)
Convective potential

0 0 Stable

0 - 1000 0 - 43 Marginally unstable

1000 - 2500 43 - 70 Moderately unstable

2500 - 3500 70 -84 Very unstable

3500 + > 84 Extremely unstable

CAPE depends on 

environment, parcel 

temperatures over 

height, and gravity



Thunderstorms

The Lifted Index is a measure of atmosphere's stability. Consider an air parcel as it 

begins to rise through the atmosphere after being heated by the sun and the warming 

ground. The Lifted Index is defined as a rising parcel's temperature when it reaches 

the 500 millibars (5 x104 Pa) level (at about 5.5km), subtracted from the actual 

temperature of the environmental air at 500 millibars For example, if the rising parcel 

has an temperature of -5°C when it reaches 500 millibars, but the actual temperature at 

500 millibars is -11°C, then the LI is -6K.

LI (Kelvin) Amount of instability Thunderstorm likelihood

> 11 Extremely stable conditions Thunderstorms unlikely

8 to 11 Very stable conditions Thunderstorms unlikely

4 to 7 Stable conditions Thunderstorms unlikely

0 to 3 Mostly stable conditions Thunderstorm unlikely

-3 to -1 Slightly unstable Thunderstorms possible

-5 to -4 Unstable Thunderstorms probable

-7 to -6 Highly unstable Severe thunderstorms possible

< -7 Extremely unstable Violent thunderstorms, tornadoes possible



Sudden electric discharge between
• electrically charged regions of 

a cloud (intra-cloud lightning, IC) 
• two clouds (inter- or CC lightning)
• a cloud and the ground (CG lightning)
• cloud and air (CA lightning)

Lightning

For electrostatic 
discharge need
• a sufficiently 

high electric 
potential between two 
regions of space must 
exist

• a high-resistance 
medium must obstruct 
the free, unimpeded 
equalization of the 
opposite charges.



• Lightning strikes the surface 40,000 times a day.
• Lightning discharges 30,000 amperes, at up to 100 million volts.
• Plasma temperatures in lightning can approach 28000K, and electron 

densities may exceed 1024 m3.

Lightning



Lightning

• A lightning bolt emits light, radio waves, x rays, and even gamma rays.
• When a lightning strike occurs, 0.1% of the energy is released in the form of 

electromagnetic waves, and most of the EM wave energy is focused in Very 
Low Frequencies (VLF).

• The VLF energy is guided by the Earth’s waveguide, bouncing off the 
ionosphere. It has very low attenuation (1-3 dB per 1000 km) so signals can 
be detected halfway around the world.  

Cut off frequency below 
which a radio wave fails to 
penetrate a layer of 
ionosphere:

F" =
c
2h

where c = speed of light and h 
= reflection height of the 

ionosphere
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Lightning creates light in the form of black body radiation from the very 
hot plasma created by the electron flow, and sound in the form of thunder.

The sudden increase in pressure and temperature from lightning strikes 
produce rapid expansion of the surrounding air. This creates a sound wave, 
similar to a sonic boom*. 

Depending on the distance away and nature of the lightning strike, the sound 
can can range from a sharp, loud crack to a long, low rumble (brontide).

Thunder

*sound associated 
with shock waves 
created when object 
travelling through air 
travels faster than 
speed of sound



After you see a flash of lightning, count the seconds until the thunder is heard. 
Divide number of seconds by 5 – that’s how many miles away the storm is. 

Why?!

Taking approximate speed of sound in air to be 343 m/s, sound travels roughly 
1 km in 3 seconds (1000 m ÷ 343 m/s ) and 1 mile in 5 seconds. 

In reality, speed of sounds changes with 
temperature and humidity.
• 343 m/s at 20 ℃
• 331.3 m/s in dry air at 0 ℃

Rule of thumb



Large thunderstorms are capable of producing other kinds of electrical 
phenomena called transient luminous events (TLEs) that occur high in the 
atmosphere. They are rarely observed visually and not well understood.

Sferics

Red Sprites can appear 
directly above an active 
thunderstorm as a large but 
weak flash.

Blue jets emerge from the 
top of the thundercloud.

Elves are rapidly expanding 
disk-shaped regions of 
glowing that can be up to 
300 miles across.



Atmospheric electricity describes electrostatics and electrodynamics of the 
atmosphere. The Earth's surface, the ionosphere, and the atmosphere is 
known as the global atmospheric electrical circuit.

Global atmospheric electrical circuit



Supercell

Supercells are rotating 
thunderstorms that can last 
many hours, even a few days, 
and travel more than 1,000 km. 
They can produce large hail, 
damaging winds, 
deadly tornadoes, flooding, 
dangerous cloud-to-
ground lightning, and heavy rain.



https://www.youtube.com/watch?v=lmWh9jV_1ac&frags=pl%2Cwn 

Tornados



Narrow, violently rotating column of air that extends from the base of a 
thunderstorm to the ground.

Characteristics of a tornadic thunderstorm: 
A) Rear-flank, B) Striations indicating strong rotating updraft, C) Mesocyclone, 
D) Tail cloud, E) Wall cloud, F) Tornado

Tornados



Hurricane

• Rapidly rotating storm systems around low pressure centre (‘cyclonic’)
• Form over large bodies of warm water (hence in ‘tropics’ – Coriolis force). Also 

need concentration of thunderstorm activity, humid air, small wind shear.
• Energy from evaporation of water from ocean surface (extratropical from 

temperature contrasts)

Hurricane
• Atlantic and 

NE Pacific
Typhoon 
• NW Pacific
Tropical cyclones
• S Pacific, 

Indian Ocean

Tropical cyclones 1985-2005



Hurricane

Hurricanes need 
warm air and this 
‘spiral’ pattern to 
grow. An area of
low pressure is 
produced in the eye 
(calmer conditions, 
20-30 miles across).

Once it moves over 
land it loses its 
‘fuel’ supply of 
warm air and storm 
starts to weaken.



Hurricane

Hurricanes are nearly perfect 
examples of giant Carnot heat 
engines, converting warm ocean air
into powerful winds and waves.

A->B: isothermal expansion
B->C: adiabatic expansion
C->D: isothermal compression
D->A: adiabatic compresssion



Damaging winds

Straight-line wind is any thunderstorm wind 
that is not associated with rotation, and is 
used mainly to differentiate from tornadic 
winds
Downdraft is a small-scale column of air 
that rapidly sinks toward the ground.
• Macroburst is an outward burst of 

strong winds at or near the surface with 
horizontal dimensions > 4 km and 
occurs when a strong downdraft 
reaches the surface.

• Microburst is a small (< 4 km across) 
concentrated downburst that produces 
an outward burst of strong winds at or 
near the surface.

Storms classified as producing winds exceeding 
60km/hr (gust speeds in excess of 110km/h).

Straight line 
wind aftermath

Macroburst



Damaging winds

Derecho is a widespread, 
long-lived wind storm that is 
associated with a band of 
rapidly moving showers or 
thunderstorms.

Storms classified as producing winds exceeding 
60km/hr (gust speeds in excess of 110km/h).

Derecho

Haboob

Haboob is a wall of dust that is 
pushed out along the ground from 
a thunderstorm downdraft at high 
speeds.



Storms on other planets

Planet
Max Wind 

(km/hr)
Rain Cyclone Lightning

Mercury No No No No

Venus 360 sulfuric acid Yes (polar) Earth-like

Earth 370 Yes Yes Yes

Mars 100 No (but it 
snows) Yes (polar) Yes (but dry)

Jupiter 620 diamonds Yes (great red 
spot) 10x Earth

Saturn 1800 diamonds
Yes (hexagon 

and great white 
spot)

1000x

Uranus 580 diamonds Yes ?x Earth

Neptune 2160 diamonds Yes (great dark 
spot) Not yet



Storms on other planets



Storms on other planets



Summary

Severe and extreme weather

• Flooding

• Snow

• Thunderstorms

• Thunder and lightning

• Tornados

• Hurricanes

Other planets

Next time: upper atmosphere

REMINDER:

Tutorial sheet #3 (SM #1) due at start of next lecture, Wed 31st October at 2pm!


