Pilot Rating Exam Revision

Presented by Jacob Cleverley
Presentation based on work by:
Phil Wallbank (PSC)

Ash Ghinn (DSC)

Kenny Eaton (Dunstable)

ackground image taken during a flight from Longridge on 11" October 2020, at
5200ft, over 2000ft higher than cloudbase.

. Relationship between wind direction and areas of pressure
. Describe in detail fronts and characteristics

. Identify common clouds and characteristics (e.g. heights)

. Fully understand convection (thermals)

. Understand some meteorological terms

. Describe conditions associated with pressure systems

. Understand : valley winds, sea breezes, wave lift, fog.

. Be able to interpret a synoptic chart

. Be able to link cloud types to precipitation
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Background photo over the back of Longridge, April 2021.



General Guidance

* Meteorology is an incredibly complicated subject

* For exam, focus on what’s in the syllabus.

* Important to revise, as some content you have to

Massive convergence line over the back of Dodd, 40km at over 6000ft alongside
this.

Properties of air

« Air flows from High to Low Pressure (balloon example). This occurs until the
pressure reaches an equilibrium.

High wesss)  Low

¢ Warm air is less dense than cold air

« Therefore, if a small body of air is warmer than the surrounding air, the warm air
rises (Hot air balloons)

« Air pressure reduces with increasing altitude, and overall it gets colder
* When air expands, it cools
* Warm air “holds” more moisture than cold air (Important)

Properties of air T not part of exam, but somewhat useful to know. Detail below in
italics not really necessary.

Pressure - Think about a balloon when you leave the end open i the air flows from
inside the balloon (high pressure) to outside (lower pressure) until the pressure is
equal inside and outside of the balloon

Warm air is less dense because warm air molecules have more energy, and
therefore move around faster with more energy. This means that the molecules
move apart, and for a given volume there are fewer air molecules, so the warmer air
is less dense.



Air doesnét really Ahol do moisture, but

evaporation is dependent on amount of energy, more energy = more evaporation.
Therefore warmer air will generally have more evaporated water around it because
warm air has more energy, so causes more evaporation of moisture at the surface.
Hence why thermals result in cumulus clouds despite it being blue elsewhere at the
same altitude.

Weather starts ...

LOTS of energy

Image source:
https://tomroelandts.com/articles
/earth-moon-system-to-scale

Insolation

* Solar energy per unit area received
at the surface of the Earth

* Air isn’t heated much by the sun
directly

* The surface of the Earth is heated
by Radiation, which in turn heats
the air near the surface by
Conduction

* This heated air rises by Convection

Insolation

Insolation is defined as the thermal radiation received from the Sun per unit surface
area of the Earth

Air is nearly transparent, and not significantly heated by the Sun



The surface of the Earth is heated by the Sun, which in turn heats the air in contact
of the surface

Warm air near the surfaces rises by Convection.
http://zebu.uoregon.edu/disted/ph162/14.html

Insolation — Terrain

Sun rays at 90 degrees to slope Sun at shallow angle to terrain
= more intense heating = less intense heating

_ Diagrams not to scale (shock)

In Northern Hemisphere mountain areas, this is why East slopes tend to work early,

South slopes during the middle of the day and West slopes in latter part of day
(simplification!)

World Air Circulation
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http://zebu.uoregon.edu/disted/ph162/l4.html

World Air Circulation

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 to about 30 Degrees of
Latitude.

This is known as the Hadley Cell.
There are two more cells per
hemisphere to the north and south

Northern
Hemisphere

Equator

Southern
Hemisphere

We know air flows from HightoLowPr essur e, but on a spinning
as simple as straight lines...



Coriolis Effect

Northern
Hemisphere

Due to the rotation of
the Earth, any freely
moving object or fluid
appears to turn right
from the direction of
motion

Equator
In Southern
Hemisphere, the
Southern appeared deflection is
Hemisphere PP

to the left.

Coriolis Effect

Air flows toward an area of low pressure but the

¥ Coriolis effect deflects the air
/ . An equilibrium is established with a circular flow
( ‘\ . Direction is Anticlockwise around Low, Clockwise
L around High. Opposite direction in Southern
f Hemisphere
/ . The Coriolis effect is zero at the equator and

¥ greatest at the poles. Therefore, cyclones rarely
form at the equator or travel towards it.

Diagram = Northern
Hemisphere



Circulation + Coriolis. it o e Bk

good for context
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Alternative Diagrams
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Adapted from Duxbury , Alyn C. and Alison B. Duxbury. An introduction to the World's Goeans, 4/e.
Copyright © 1994 ¥m. C_ Brown Publishers, Dubuque, lowa.
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Pressure Systems

* Uneven solar heating plus the Coriolis
means we get turning air masses

* Known as Pressure Systems
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Actual photo of three storms over
| the Atlantic
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Pressure Systems
Hurricane Florence, Tropical Storm Isaac and Hurricane Helene swirl in the Atlantic
Ocean in this image captured by the GOES-East weather satellite on Sept. 11, 2018,
at 11:45 a.m. EDT (1545 GMT). (Image credit: NOAA/GOES-East)

https://www.space.com/41790-4-powerful-storms-seen-from-space.html

Pressure Systems — terms you must know for exam!

* Low Pressure System called “Cyclone” (Depression/Storm)

* High Pressure System called “Anti-Cyclone”

* [sobar = A line of constant pressure

* Isobar commonly 4 millibar apart (labelled on synoptic chart)
* 1 millibar pressure =30 feet change in height

* Geostrophic Wind - Flow approximately in line with isobars
(theoretical)

* Airmass = A large body of air within which horizontal changes in
pressure, temperature and humidity are small

* Backing —wind changes direction Anti-Clockwise (left)
* Veering — wind changes direction Clockwise (right)

Pressure Systems terms

Geostrophic winds assume perfect balance between Coriolis and pressure gradient.
Friction from ground usually means observed winds are not geostrophic (see next

slides!)

| remember antic clockwise as time going Backwards, sot hat 6 s backi ng.


https://www.space.com/41790-4-powerful-storms-seen-from-space.html

Low Pressure (Cyclone)

High Pressure (Anti-Cyclone)

* Ascending Air
* Anti-Clockwise Flow (NH)

* Below 1500 feet friction
pulls the wind into the low

* Usually poor weather,
fronts, cloud and rain!

* Pressure system
characteristics may be on
exam

* Descending Air
* Clockwise Flow (NH)

* Below 1500 feet friction
pushes the wind away
from the high

* Summer: Usually good
weather, sunny and warm

* Winter: Often clear skies,
but can bring fog / low
cloud



Stupid “Law” that isn’t a law but you need to know it
anyway for exam

* 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.
* Only works with Meteo wind (e.g. Sea Breezes and Valley Winds can make this wrong). But a

decent memory trick for wind around pressure systems when looking at a chart. Apparently
sailors can use it as a very general guide to avoid large storms/hurricanes.

You may be able to sense some irritability in my slide preparation by past me, but
you do need to know this for the exam, and it is useful for working out wind directions
from synoptic charts i best regards, present me.

Air Masses

* The Characteristics of an air mass
depends on where the air mass has come
from

’
¥R

* Colder if they come from north or east ‘_ ’
* Warmer if they come from south ,ff'm“;',‘.‘{;,?.es‘“ '
* Pick up moisture over the sea

* Continental — originated over land

* Maritime — originate over sea




Arctic Maritime Air Mass
From: Arctic
Wet, cold air brings
Polar Maritime Air Mass snow in winter. }

From: Greenland / Arctic Sea
Wet, cold air brings cold

showery weather. Polar Continental Air Mass

From: Central Europe
Hot air brings dry summers.
Cold air brings snow in winter.

Returning Polar Maritime

From: Greenland / Arctic
via North Atlantic
Moist, mild and unstable air bringing
cloud and rain showers

From: Atlantic From: North Africa
Warm, moist air brings cloud, rain and mild weather Hot, dry air brings hot weather in summer.

Google AMet Office Air Masseso0O for some wusef

Arctic Maritime (Am)
(Cold)
Similar to Polar Maritime except that it has travelled much less
distance from the source region.
Typically: N Winds, Heaped Clouds, Good Visibility, Cold Air
and frequent precipitation (often as snow)

Returning Polar Maritime (rPm)
(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.
Typically: SW Winds, Layered Medium
Level Clouds
Good visibility and showers.

Tropical Continental (Tc)
(Warm and Dry)
Originates over North Africa. This air mass rarely reaches the UK,

needing continuous S or SE winds to do so.
Typically: Light S Winds, Warm Dry Air, Bad Visibility
Often find Sahara sand on your car!

Thatos a | ot of words, have fun | earning thi



Tropical Polar Tropical Polar Arctic Returning

Continental Continental Maritime Maritime | Maritime | Polar Maritime
(Tc) (Pc) (Tm) (Pm) (Am) (rPm)
Summer | Winter Loang“Skea Sh:r':ciea Exposed Sheltered
Tem p Ve:': hw:trm Average Cold Very cold N::;::a Warm Rather cold Ctoillc;lgc:lll:l)er Varm (‘::;"er than
. Moist in . . . .
e Relatively | Rather - . - Fairly moist | Fairly moist (less than
Humid 'ty dry moist :::::: Very dry i L (less than Pm) Pm)
Cha nge Cooled Heated
of Lapse Little o e Little Cooled from | Warmedin | Heated from | Heated from Heated from below
Rat change below below change below summer below below
dte
Stability G;e;l:;::ly Stable | Unstable Stable Stable sat;bflte Unstable Unstable Unstable
Clear, . .
- Rain or Variable Showers :
occasional Low cloud, Broken . Showers (mainly
Weather thundery L s;:;":rs L drizzle cloud, dry slf';::; s m:ltl;ll\; coastal)
showers
Moderat Often poor
Visibility Il'l;:d:;:tre eor Good Itl:d;;::e with f::)m:std Moderate Good Very good Very good
poor g
Fronts

* A boundary between two
different air masses

* Commonly found in
depressions

Quite a classic example of a warm front, that is followed by a cold front, and an
occlusion has formed where the cold front caught up to the warm front.



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

Nimbostratus Crrus — WARM
Altostratus Cirrostratus
WARM i
AIR
Stratocumubis £ ; .
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* Frontal zone may extend 600 miles ahead of the 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)

Cirrocumulus
P ED o4
Ahocumuluso
coLo AIrR i warm AR
iy
Stratocumulus L Ny ) Cumulus
% - —
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* 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.

Lots of good cross country days are post cold front



Occluded Front

* Cold fronts are fast moving,
warm fronts are slow
moving

Occluded front - cross-section

* Cold fronts can catch up
with a warm front and

create an “Occluded Front” |225

* The weather is a mix of cold Cold  Wam Occluded
and warm front, usually on a Front - Frot Front
milder scale (Monday) (Wednesday)

Cold Front A A A
The leading edge of an advancing cold air mass
Appears on a synoptic chart as a blue line with triangles
Direction in which the triangles point is the direction in which the front is moving

Warm Front iy W W W

The leading edge of an advancing warm air mass
On a synoptic chart appears as a red line with semi-circles
The semi-circles point the direction the front is moving

Occlusion (or occluded front) mh ok

Form when the cold front catches up with the warm front
Lifting the warm air between the fronts into a narrow wedge
Appears as a purple line with a combination of triangles and semi-circles.

Troughs —
. Region of relatively low atmospheric pressure

Developing or old front
Can bring area of more could and rain
Don't think troughs are in the syllabus (but Cold, Warm & Occlusions are)

Important to nail down Cold, Warm and Occluded Fronts for exam



Synoptic charts

i *BARNAN
* Lots of information i) &ﬁ: i&'
* Show pressure systems, fronts, ’I T_“
KECANSE &

troughs, basically what we have
been talking about. Trough ’{’,

* Wind speed by Isobar spacing 7~ W—Arf? e
(each space normally 4mb)

* 1 millibar = 1 hectopascal (hPa) — J ‘
not sure of terminology on exam

* Very good for view of general and
upcoming weather

L
Cold Front

%

Anticyclone Occluded Front
- " ’ s N

by

Google ASynoptic Charto to access, |l use

* Today!
* High Pressure

* Note only one isobar over UK —
light winds
* |sobar direction at Lancs ties up

with observed West/North West
winds.

Today = 17" January 2022



Storm Barra 07/12/2021

Direction of wind in Lancashire?

Surface wind

=-orecast chart (T+12)
/alid 1200 UTC Tue 07 DEC 2021

L
995

2000ft wind
E—— 15

Note very low pressure centred over Ireland and many very closely packed Isobars i
windy!

Sea Breeze Front

* Land warms up quickly but the sea remains at much the same temperature — air
over land becomes warmer than air over sea.

* Thermal activity lowers the air pressure over the land causing air to flow in from
the sea (to replace the lifting air).

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

coast.
,..l:ANDAIR A/ SEAAIR o9
The large cloud in the middle formed by ther i si ng air i s wusuall
Breeze Convergenceo. Convergence 1S just

and the air is forced to rise.

y

r e
wh e



Wind at 0 to 500ft

Cooler sea air undercuts
warmer land air. Opposing
wind direction-enhances
convergence.

Over Mablethorpe in May 2021. Clear sea breeze convergence, and the wind
direction changed by 180° when | dropped through the sea breeze front (and
turbulence was evident).

XC PLAYER Track color
A by Climb V|
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Map  Satellite altfleetby 4.3 m/sec
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-5.3

Highlights
Track pointﬁ v
O Zoom to

O Route
O Dpefault

Track data
Time: 14:52:39
Height: 2874
Climb: -0.3
Speed: 35.1
Interval: 20 secs
O, More detail

Units
Nafauls AV

Yellow part of the line shows the lift in the sea breeze convérgence.



Alternative diagram

H/L refer to High and Low pressure.

Clouds - Formation

* Clouds form when air is cooled to a temperature at which it
cannot “hold” moisture (dew point temperature).

* AKA air condensing

Typhoon included to show how air is condensed by being cooled i the aircraft
generates a lot of lift during pitching manoeuvres, due to a low pressure area above
the wing. This means the air is cooler here, and in the example picture the air has
cooled to the dew point or colder and therefore has condensed. All you need to know
for exam is air cooled to dew point = condensed air, i.e. clouds.

Other photo is flying fairsnape with especially low cloud in 2021.




Clouds - Convection

* Thermals, leading to cumulus clouds m

* More on this in a few slides

DY
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We like these. Photo is flying towards Pen Y Fan

Clouds — Orographic Uplift

* When moving air is forced to rise by
an obstruction

* Such as a mountain chain or hill, it
will cool

* If it cools below its dew point, it will
condense to form orographic cloud

* There are different types, but this is
all you need to know for exam

Parlick does this quite a bit in winter



Clouds — Lenticular

- - - .
. Lens shaped clouds indicate the e —
presence of wave activity ' - : e
. Form where the wave is highest
and may ‘stack’
. Look really cool, but take care if
there are many around...

More Clouds

Turbulence and Mixing

* As air flows over the surface of the earth

* Frictional effects cause variations in local wind strengths

* Eddies are set up which cause the lower level air to mix

* The more friction, and the stronger the wind, the more mixing

* As the air mixes, it may rise and if it cools enough, layer cloud above
the friction area may result.

Widespread lifting
* When two air-masses meet, as in a frontal system

* Large areas of warm air may flow over the cooler air and rise
* Producing large areas of cloud
* See section on Fronts

Googleiboring cloudso to see these!



Cloud Types

Cloud types

Clouds are classified by altitude,
shape, and characteristics

* High Altitude = “Cirro” (15k-40kft)
=== + Mid Altitude = “Alto” (6k-23kft)
* Low Altitude = No Prefix (0 to 8kft)

—— e ¢ Cirrus - Hair-Like wisps, made up of
Ice crystals

High Clouds

Cirrus (Ci) Cirrocumulus (Cc) Cirrostratus (Cs)

=~ 0

=7

Middle Clouds

Low Clouds

¢ Stratus — Featureless layers, made
up of water droplets

— E— e * Cumulus — Heaped piles, made up
s of water droplets
25 e [T d Nimb N
58| A o . _
R e ,\% imbus — Raining!

h

T

Cumulus (Cu) Cumulonimbus (Cb)

Important for exam

Cumulus
below 6,000 feet

Stratus
below 6,000 feet




Wave (info from Met Office)

* Standing waves can form in the lee of hills
or mountains.

* Usually occur in stable air (thermals break
up wave) when there is a temperature
inversion above a hill/mountain (or with
strong wind shear).

* With air flowing at roughly right angles to
the barrier, as the air moves over the
mountain, it is forced upwards. When the
air encounters the inversion, it is then
deflected downwards.

* As the air is stable, it tries to return to its
original level, so an oscillation is set up.

* This oscillating motion can bring stronger
winds higher up in the atmosphere down
to tge surface, giving strong lee slope
winds.

Gliders (AKA sailplanes) can get incredible altitudes in big wave. Hang gliders can
too, paragliders can use wave but not qute to the same extent due to low airspeed.




2 previous slides vital to know when flying the Alps, or any large mountain area
(Scotland too). The Lakes/Snowdonia are more attributed with sea breeze
phenomena, ask locals if in doubt!



