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The 3 levels of The 3 levels of 
understandingunderstanding

•Will it be a nice day?Will it be a nice day?

•Will it be a flyable day?Will it be a flyable day?

•Will it be a good day for XC flying?Will it be a good day for XC flying?



    

The 3 levels of The 3 levels of 
understandingunderstanding

•Will it be a nice day?Will it be a nice day?

•Will it be a flyable day?Will it be a flyable day?

•Will it be a good day for XC flying?Will it be a good day for XC flying?

andand

•Will I pass my pilot exam!?Will I pass my pilot exam!?



  

For the Pilot Exam, you should: For the Pilot Exam, you should: 

• understand the relationship between wind direction and understand the relationship between wind direction and 
areas of  high and low pressure be able to describe in areas of  high and low pressure be able to describe in 
detail a cold front and a warm front (typical clouds, detail a cold front and a warm front (typical clouds, 
conditions, pressure changes, wind changes).conditions, pressure changes, wind changes).

• be able to identify some common high, medium and low be able to identify some common high, medium and low 
cloud types, know their approximate heights and fully cloud types, know their approximate heights and fully 
understand convection (the birth and development of a understand convection (the birth and development of a 
thermal, through to plotting the progress of a thermal given thermal, through to plotting the progress of a thermal given 
the ELR, dewpoint and initial temperature).the ELR, dewpoint and initial temperature).

• understand, and be able to define and use, meteorological understand, and be able to define and use, meteorological 
terms such as stability, instability, veer, back, ELR, DALR, terms such as stability, instability, veer, back, ELR, DALR, 
SALR,  tephigram, anabatic, katabatic.SALR,  tephigram, anabatic, katabatic.



  

• be able to describe the usual conditions associated with be able to describe the usual conditions associated with 
high and low pressure weather systems high and low pressure weather systems 

• understand the causes of: valley winds throughout the understand the causes of: valley winds throughout the 
day, anabatic and katabatic flow, sea breezes and sea-day, anabatic and katabatic flow, sea breezes and sea-
breeze fronts, wave lift and fog (of various types).breeze fronts, wave lift and fog (of various types).

• fully understand and be able to interpret a synoptic chart fully understand and be able to interpret a synoptic chart 
- to the extent of being able to describe the current - to the extent of being able to describe the current 
weather at selected locations, and to forecast likely weather at selected locations, and to forecast likely 
changes.changes.

• be able to link cloud types to precipitation.be able to link cloud types to precipitation.



  

Fundamentals: 
Gas Laws

For an idealised 'parcel' of 
gas, there are fixed 

relationships between 
temperature, pressure and 

volume: 
 

Pressure is proportional to 
temperature: 

P  T

Pressure is inversely  
proportional to volume: 

P  1 / V 



  

Funamentals: Insolation

Air is almost transparent  
and not heated significantly 

by the sun’s rays.

 The sun heats the surface of 
the earth.  Air in contact with 

the surface is heated by 
conduction and expands

Warm air near the surface of 
the earth rises by convection 

and mixes with cooler air 
higher up



  

World Air Circulation

The Earths greatest 
heating takes place 

at the Equator.

This causes the air to 
rise and in turn to 
draw in new air to 
replace that which 

has risen.

This rising air cools to 
the temperature of 
its’ surroundings. 
Stops rising and 

spreads out North 
and South for about 

30 Degrees of 
Latitude.



  

World Air Circulation

Similar circulation 
occurs in bands 
between 30° and 
60° in the 
Northern and 
Southern 
Hemispheres  
(Ferrel cells)
as well as in the 
Polar regions 
(Polar cells). 



  

Coriolis Effect

If the Earth did not rotate air 
would flow along straight 
lines and air pressure 
differences would quickly 
equalise. 

The rotation of the Earth 
causes the Coriolis effect.
 
“Any freely moving object or 
fluid appears to turn right 
from the direction of motion 
in the Northern Hemisphere 
and to the left in the 
Southern Hemisphere”



  

Coriolis Effect

Air wants to flow 
directly toward areas 
of low pressure but 
the Coriolis effect 
deflects the air, to 
the right in the 
Northern 
Hemisphere and to 
the left in the 
Southern.



  

Coriolis Effect

This means that away 
from the equator, an 
equilibrium is 
established with circular 
flows, anti-clockwise in 
the Northern 
Hemisphere around low 
pressures and and 
clockwise in the 
Southern Hemisphere. 

Air flows around high 
pressure systems in the 
opposite direction. 



  

Pressure Systems

Units – millibars (mb) or hectopascals(hPa)
These are equivalent, 1mb = 1hPa.

ICAO - International Civil Aviation Authority
Standard Pressure - 1013.2 mb / hPa

30 feet change in height → 1 mb / hPa change in 
pressure

Cyclone (Depression) = Low Pressure System
Anti-Cyclone = High Pressure System



  

Pressure Systems

Isobar = A line of constant pressure

Geostrophic Wind - Flow approximately in line 
with isobars

Airmass = A large body of air within which 
horizontal changes in pressure and 

temperature are small



  

Pressure Systems

Buys-Ballot’s Law

In the northern hemisphere if you stand with 
your back to the wind the low pressure 

will be on your left.



  

Low Pressure Systems
Ascending Air

Anti-Clockwise 
Flow

Below 1500 feet 
friction pulls  the 
wind in towards 
the low

Wind direction 
moves to the right 
as you ascend



  

High Pressure Systems

Descending Air

Clockwise Flow

Below 1500 feet 
friction pushes 
the wind away 
from the high

Wind direction 
moves to the right 
as you ascend



  

Pressure Systems

• Low Pressure:

Usually poor weather. Associated frontal 
systems can bring rain and cloud

• High Pressure: (Summer)

Light Winds and Less Cloud. Can lead to 
Inversions

• High Pressure: (Winter)

Fog and Low Cloud or Clear Skies



  



  

Synoptic chart features Synoptic chart features 

•Cyclones, anticyclones, isobarsCyclones, anticyclones, isobars
• Isobars link equal pressuresIsobars link equal pressures
•Pressures shown in MillibarsPressures shown in Millibars
•Closely spaced isobars mean strong Closely spaced isobars mean strong 

wind, widely spaced, light windswind, widely spaced, light winds
•Wind directions – use Buys-Ballot's Wind directions – use Buys-Ballot's 

LawLaw



  

Wind Direction Changes

Veering
   - wind changes direction Clockwise, or if facing 

the wind, blows more from your right

Backing
   - wind changes direction Anti-Clockwise, or 

blows more from the left



  

How do clouds form?How do clouds form?

• For a particular pressure and temperature, a 
certain amount of water vapour may be present 
in the air.

• Higher temperatures allow the air to contain 
more water vapour (think steam!)

• Lower temperatures allow less water vapour

• Clouds form when air which is saturated with 
water vapour (i.e. it is at dew point temperature) 
is further cooled causing condensation.



  



  



  



  



  

Clouds - Formation

Convection. 
The action of the sun heats the ground. This in turn heats air 
close to the ground which becomes warmer and less dense. 
It may rise and as it does so, it will cool. Eventually it may 
cool to the dew point making its water vapour condense to 
form cloud, particularly Cumulus.

Orographic uplift. 
When moving air is forced to rise by an obstruction such as 
a mountain chain, it will cool. If it cools below its dew point, 
water vapour condenses to form orographic cloud on the 
windward side of the obstruction.



  



  



  



  

Clouds - Formation

Widespread lifting
 

When two airmasses meet, as in a frontal 
system, large areas of cold air may flow 
under the warmer air, forcing it to rise and 
thereby producing large areas of cloud.

Turbulence and mixing 

  e.g at wind sheers



  



  



  



  



  

Clouds - Formation

Lenticular
Lens shaped clouds indicate the presence of 
wave activity.

   They form where the wave is at its highest 
point and can ‘stack’.

Wave Health Warning



  



  



  



  



  

Clouds - TypesClouds - Types



  

Clouds - Types

High: 15k ->40k ft

Mid. (Alto): 6k ->23k ft

Low: 0 -> 8k ft

Stratus : Layered
Cumulus : Heaps
Cirrus : Hair-Like
Nimbus : Raining



  

Fronts

A
B

C



  

Fronts



  

Warm Front

An area of warm air catches up with an area of cold 
air and overrides it (due to the lower density).

 

Shallow slope (1:50 to 1:400) with the air rising 
gradually over many hundreds of miles.

 

Gradually thickening layer of cloud eventually 
producing steady rain near the frontal zone.

Slow Moving



  

Warm Front

• The frontal zone effect may extend 600 miles ahead of the frontal transition. 
• High cloud such as Cirrus and Cirro stratus will shut off the solar activity 
• Cloudbase will lower with Altostratus and Nimbostratus giving drizzle as the front 

nears. 
• Rain may begin up to 5-10 hrs before the passage of the front. 
• The winds may strengthen and back. At the front, the rain eases off, the wind will 

veer 50° or so and the temperature and humidity will rise. We are now in the 
warm sector.



  

Cold Front

An area of colder air undercuts warmer air

Steeper slope (1:10 to 1:100) with strong 
updraughts being produced

 

May have rapid development of heavy 
showers

Fast Moving ( ≈20mph)



  

Cold Front

• The frontal zone effect may extend 100 miles ahead of the front itself. 
• At the front, the temperature drops and the wind veers, often to the 

North West direction. 
• Cumulus and CumuloNimbus may develop, with heavy rain.
• Behind the cold front, there is often a complete clearance of cloud but 

this very quickly gives way to high Cumulus.



  

Occluded FrontOccluded Front
As the depression deepens the cold front, with its weather systems, catches 

up with the warm front and the two types of weather become mixed.

Occlusions have some of the characteristics of a warm front or a cold front, 
but on a milder scale. The weather produced by an occlusion can range 

from that of the two frontal types to prolonged periods of rain. 



  

Fronts
• A front is a boundary between 2 different airmassesA front is a boundary between 2 different airmasses

(commonly found in depressions)(commonly found in depressions)
Cold Front
The leading edge of an advancing cold air mass. Appears on a synoptic chart as a 

blue line with triangles where the front contacts the ground. The direction in which 
the triangles point is the direction in which the front is moving.

Warm Front
The leading edge of an advancing warm air mass. On a synoptic chart appears as a 

red line with semi-circles where the front contacts the ground. The direction in 
which the semi-circles point is the direction in which the front is moving.

Occlusion (or occluded front)
Occlusions form when the cold front of a depression catches up with the warm front, 

lifting the warm air between the fronts into a narrow wedge above the surface. On 
a synoptic chart appears as a purple line with a combination of triangles and 
semi-circles.

Troughs
Fronts describe thermal characteristics and areas where there is significant 
precipitation. However, precipitation is not confined to fronts. Drizzle in warm 
sectors or showers in cold air occur fairly randomly, but occasionally, lines of 
more organized precipitation can develop. These are called troughs. 



  

Sea Breeze - Sea Breeze Front
Land warms up quickly but the sea remains at much the same temperature. 

Thermal heating of the air over the land results in low pressure and lifting 
with sea air flowing in to replace the lifting air.

Sea breezes sometimes move many miles inland shutting off thermals near the 
coast.



  

Mountains and Valleys - (Anabatic Flow)

Wind flow is upslope

Tend to develop in hilly or 
mountainous areas 
during the daytime, 

especially if the 
weather is relatively 

calm with some 
sunshine.

 

Valley flow is uphill



  



  

Mountains and Valleys
(Katabatic Flow)

Wind flow is  
downslope

Develop once 
ground heating 

has finished

Valley flow is 
downhill

“Magic Lift”



  

Air Masses

There are 6 main Air 
Masses in the UK

(Tc) Tropical 
Continental

(Tm) Tropical Maritime
(Pc) Polar Continental
(Pm) Polar Maritime

 (Am) Arctic Maritime
 (rPm) Returning Polar 

Maritime



  

Air Masses

•  Tropical Continental (Warm and Dry)Tropical Continental (Warm and Dry)
Originates over North Africa. This air mass rarely reaches the Originates over North Africa. This air mass rarely reaches the 
UK, needing continuous S or SE winds to do so.UK, needing continuous S or SE winds to do so.

Typically: Light S Winds, Warm Dry Air, Visibility affected Typically: Light S Winds, Warm Dry Air, Visibility affected 

•  Tropical Maritime  (Warm and Moist)Tropical Maritime  (Warm and Moist)
Travels great distances over water. Originates from a warm Travels great distances over water. Originates from a warm 
source near the Azores and the West Indies. As the air mass source near the Azores and the West Indies. As the air mass 
moves NE it becomes cooler and more stable.moves NE it becomes cooler and more stable.

Typically: SW Winds, Layered Clouds, Warm and Humid AirTypically: SW Winds, Layered Clouds, Warm and Humid Air
Some Precipitation and the chance of sea fogSome Precipitation and the chance of sea fog



  

Air Masses
• Polar Continental (Cold and Dry)
Originates over Eastern Europe and travels west bringing cold 
winds. The air mass becomes less stable as it crosses the 
North Sea and is warmed from below.
Typically: E Winds, Large amounts of Cloud, Very Cold Air

• Polar Maritime  (Cold and Moist)   
Originates in the Arctic or Greenland area and travels SE over 
the Atlantic. Due to the air mass moving to warmer latitudes the 
lower levels are warmed over the sea causing it to become 
unstable.
Typically: SW to N Winds, Heaped (Cumuliform) Clouds, Good 
Visibility, Cold Air



  

Air Masses

• Arctic Maritime (Cold)
Similar to Polar Maritime except that it has had a shorter 
journey from the source region. (These days often ‘weather 
bomb’ or rather a Polar ‘jet’).

Typically: N Winds, Heaped Clouds, Good Visibility, Cold Air
Heavy and frequent precipitation (often as snow)

• Returning Polar Maritime  (Moist)   
Air is forced south of the 50° North Latitude by a slow moving 
depression to the West of the UK. It swings NE and travels up 
the country. Warmed lower layers, cold aloft.

Typically: SW Winds, Layered Medium Level Clouds
Good visibility, instability and showers.



  

Thermal Growth and Activity

Cloudbase (ft) = (Air temp - dew point) x 400 (approx.)

Dew Point = Temperature at which moisture condenses out of 
the air

(Dew Point is often more or less the minimum overnight 
temperature at ground level)

 

Lapse Rate = A change in temperature with height

Adiabatic = No heat energy is gained or lost by an airmass
 

Dew Point lapse rate = 0.5°C / 1000ft (below cloudbase)



  

Thermal Growth and Activity

Environmental lapse rate (ELR) averages 2°C/1000ft

Dry adiabatic lapse rate (DALR) = 3°C / 1000ft

Saturated adiabatic lapse rate (SALR) ≈ 1.5°C/1000ft
 

Inversion = Area of the atmosphere where temp rises with 
height

Isothermal = Area of the atmosphere where temp is stable with 
height

Stable = ELR < DALR    Unstable = ELR > DALR



  

Thermal Growth and Activity



  

Example of Thermal Growth and Activity

 A thermal leaves the ground 
with a temperature of 25°C

At 5,000ft the thermal has 
cooled to 10°C and 

reached equilibrium with 
the surrounding air and 

stops rising. 



  

Thermal Growth and Activity

On the day shown, 
clouds have formed 

with the cloudbase at 
dew point and the 

cloud tops limited by 
an inversion above.

Note that if the dew 
point had been lower, 
or the thermal broke 

away at a lower 
temperature then the 
thermal would have 

risen as a blue 
thermal (no cloud).

 The SALR has a 
steeper gradient, 

encouraging lifting 
above cloudbase. 



  

Forecasts (online)
Charts & Satpics

Met Office Synoptics   www.weathercharts.org/ukmomslp.htm

BBC          www.bbc.co.uk/weather

RASP                       rasp.inn.leedsmet.ac.uk

Satpics    en.sat24.com/en/gb

Medium Range          www.ecmwf.int/en/forecasts/charts 
(click through to medium range)

Live Conditions 

Wendy www.wendywindblows.co.uk

XCWeather        www.xcweather.co.uk

Everything

    www.weathercharts.org
www.weatherjackwx.co.uk/index.html



  

Example Satellite imageExample Satellite image



  

Example Medium Range ForecastExample Medium Range Forecast



  

Conditions / ForecastsConditions / Forecasts

Radio : Radio 4 Shipping forecasts.
Radio : Volmet (VHF airband voice service)

CAVOK : (Ceiling and Visibility ‘OK’)
Visibility 10km or more, no cloud below 5000ft 

above aerodrome elevation and no 
cumulonimbus cloud at any level. No significant 
weather at or in the vicinity of the aerodrome

METARs – Live conditions – Xcweather
 
Wendy windblows, other online weather stations.



  

Further Reading

Pilot Exam Notes

Thermal Flying : Burkhard Martens

Meteorology & Flight : Tom Bradbury

Meteorology for Glider Pilots: CE Wallington

Understanding Flying Weather : D Piggott

Instant Weather Forecasting : Alan Watts

Air Riders Weather : Alan Watts

Understanding the Sky : Dennis Pagen

Pilot Handbook : BHPA


