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. Meteorology

ISA, pressure andaltimetry, cloud, wind, fronts, icing, thunderstorms.

® WARM AND COLD FRONTS IN A DEPRESSION

system moves this way
_—

COLD FRONT
steep, Cb, showers \

Cb /
Cs
Ns
cold air / / WARMSECTOR |/

Cold front (behind): steep slope, cumuliform Cb, showery and squally, passes quickly. Warm front (ahead): shallow slope,
layered Ns, As, Cs, Ciwith prolonged steadyrain. Between themlies the mild, moist warm sector.
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WARMFRONT

y §kyStudy



MUST-KNOW DEFINITIONS AND CONCEPTS

ISAis a fixedreference atmospherefor
altimetry, performance and calibration;itisnot
therealatmosphere.

The troposphereis where temperaturefalls
with height (the ELR) and almostallweather
occurs;thetropopausecapsitandis
higher/warmer over the tropics, lower/colder
overthepoles.

ELR (Environmental Lapse Rate)is the actual
measuredrate onthe day;itvaries constantly.

DALR (Dry Adiabatic Lapse Rate)ishow fastan
unsaturated parcelcoolswhenitrises, from
expansion alone.

SALR (Saturated Adiabatic Lapse Rate)isless
thanthe DALR because condensationreleases
latent heat.

Stability compares ELR to DALR/SALR: a
displaced parcelwarmer thanits surroundings
keepsrising (unstable), colder sinks back
(stable).

Atemperature inversion (temperaturerising
with height)is very stable and traps moisture,
smoke and haze below it.

Dewpoint(Td)is the temperature to which air
must coolto become saturated; the dewpoint
spread (T minus Td) shrinks toward saturation.

Geostrophic wind: balance of pressure
gradientand Coriolis force, parallel to straight
isobars (above thefrictionlayer).

Gradientwind adds centripetal force for
curvedisobars;surface frictionbacks and
slows thewind, soitcrossesisobars toward
low pressure.

Thermalwind s the vector difference between
geostrophic winds attwo levels, from
horizontaltemperature gradients.

Acolis aflat-gradientsaddle between two
highsandtwolows;atroughis elongatedlow
pressure, aridge elongated high pressure.
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An airmass has fairly uniform temperature and
humidity fromits sourceregion; a frontis the
boundary between two air masses.

Awarmfronthas ashallow slope:long, gradual
cloud(Ci, Cs, As, Ns)and prolonged steady
rain. Acold fronthas a steep slope: narrower,
vigorous cumuliform cloud with showery,
squallyrain.

Anocclusionforms when the cold front
catchesthewarmfrontandlifts thewarm
sector aloft.

Radiationfog forms overland on clear, calm,
humid nights; advectionfog forms whenwarm
moist airmoves over a colder surfaceand
needs somewindto persist.

Rimeice(smallsupercooled droplets,
stratiform)isrough and opaque; clearice(large
droplets, freezingrain, cumuliform)is smooth,
hard and more hazardous.

Athunderstorm needs moisture, instability and
atrigger;itslife cycleis cumulus (updrafts),
mature (up and down drafts, heaviest weather),
dissipating (downdrafts).

Agustfrontis theleading edge of the cold
downdraft outflow; a microburstis a small,
intense downdraft giving sudden severe
windshear on takeoff andlanding.

CAT (Clear Air Turbulence) occursin cloud-free
air, mostoftennearjet streams andthe

tropopause; mountainwaves formdownwind
of aridge (lenticular clouds, rotor turbulence).

ThelTCZis a belt of converging trade winds and
rising air near the equator; tropicalrevolving
storms need sea temperatures above about 26
to 27 Candenough Coriolis, sonone form
within about 5 degrees of the equator.



KEY NUMBERS, LIMITS AND VALUES

ISAMSL:1013.25hPa, 15 C(288.15K), density
1.225kg/m3.

ISAlapserate1.98 Cper1000 ft(roundedto 2),
equalto 6.5 Cperkm.

ISAtropopause: 36,090 ft(11km), -56.5C,
constantaboveinthe model.

Realtropopause: roughly 16 kmover the
equator downto about 8 kmover thepoles
VERIFY |,

Pressurechangenear MSLaboutlhPaper27
ft; the height perhPaincreases with altitude.

DALR = 3Cper1000ft(aboutl Cper 100 m).

SALR aboutl.5Cper1000ftonaverage,
variableroughly 1.1to 2.8 dependingon
temperature and moisture.

Dewpointlapse for cloud-base estimation:
about2.5Cperl000 ftdifference fromthe
DALR.

Icingis significantroughly between 0 and -40
C, mostsevere clear/mixedicearound0to -20
C | VERIFY |

Jetstreams sitnear thetropopause, roughly
FL300to FL400, cores commonly 60to 150+ kt,
sometimes over 200kt | VERIFY .

Tropicalrevolving storms develop about5to 20

degrees latitude over sea temperatures above
26t027C.

METAR isroutine (half-hourly or hourly); SPEClis

issued on specified changes; TAF validity is
commonly 9,24 or 30hours | VERIFY |
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FORMULAS AND RELATIONSHIPS

Convective cloud base (ft AGL) is about
(surface T minus surface Td, in C) x
400, i.e. (T minus Td)/2.5 x 1000.

Stability test: ELR less than SALR =
absolutely stable; between SALR and DALR
= conditionally unstable; greater than
DALR = absolutely unstable.

Buys Ballot's Law (Northern Hemisphere):
back to the wind, low pressure is on
your left, high on your right (reversed
in the South).

Thermal wind blows parallel to the
thickness lines with cold air to the
left in the Northern Hemisphere.

Coriolis force is proportional to wind
speed and the sine of latitude, so it is
zero at the equator and maximum at the
poles.

Temperature error rule of thumb: flying
from warm/high pressure into cold/low
pressure without correction means true
altitude is below indicated.
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MNEMONICS AND MEMORY ITEMS

High to Low, Look outBelow: into lower
pressure or colder air, true altitude is below
indicated.

Dry is faster: DALR (3 C/1000ft)is always
greaterthan SALR (about1.5), because
condensationreleaseslatent heat.

Cold front CCCC: Cumuliform cloud, Colder air,
Choppy showers, quiCkpassage.

Warm front: long and slow (shallow slope,
gradual cloud, prolongedrain).

Fogneeds: cool, calm, clear, near-saturated air
(lightwind stillneeded to stirradiation fog).

Thunderstormingredients MIT: Moisture,
Instability, Trigger.

Katabatic down atnight, Anabatic up by day.

Rimeis Rough and Rapid from smalldropletsin
stratiform cloud; Cleariceis denser and more
hazardous frombig dropletsin cumuliform
cloud.
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COMMON EXAM TRAPS

Donotconfuse ELR (measured on the day) with
DALR/SALR (parcelrates); stability compares
ELR againstthe adiabaticrates.

1hPaisabout27 ftonly near MSL; the height
perhPaincreases with altitude.

Donotswap QNH (sealevel, altitude) and QFE
(aerodrome, height); QNEis the fixed 1013.25
for flightlevels.

Thetropopauseis notconstant; 36,090 ftis the
modelvalue, therealoneis higher overthe
tropics.

Coldfronts usually bring the moreintense,
showery, turbulentweather despite passing
faster.

Clearice (cumuliform, large droplets)is
generally more hazardous thanrime (stratiform,
smalldroplets).

Icing can persisttoward -40 Cin cloud, notonly
nearOC.

CATis by definition cloud-free turbulence near
jetstreams, notathunderstormphenomenon.

The SALRis variable; onlythe DALRs treated as
aconstant.

Use pure Buys Ballot for the geostrophic/upper
wind; the surfacewindisbacked and crosses
isobars towardlow pressure.

SIGMET covers severe en-route hazards;
AIRMET coversless severe, lower-level
phenomena.

AMETAR s an observation, a TAFis a forecast;
they canlegitimately disagree.



EXAM FIGURES FROM THE SKYSTUDY QUESTION BANK

The thunderstorm (CB) life cycle in three stages

1 Cumulus (building) stage 2 Mature stage 3 Dissipating stage

up down

f

updraughts only
downdraughts, anvil spreads

WY oo YvYyY
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Each cell lasts 20 to 30 minutes; the mature stage holds the worst hazards.

Cumulus stage o Mature stage
Warm moist air rises in updraughts only. The cloud builds rapidly and no Updraughts and downdraughts now coexist. This is the worst stage: heavy
precipitation yet reaches the ground. rain and hail, lightning, a gust front, severe turbulence and low-level
windshear.
e Dissipating stage o What it needs
Downdraughts spread through the whole cell and cut off the inflow. The A thunderstorm needs unstable air, high humidity and a trigger to lift it
anvil of ice crystals remains as the rain and turbulence ease. (heating, a front or high ground). Remove any one and it cannot grow.

A thunderstorm is worst in the mature stage, where updraughts and downdraughts coexist with hail, lightning, the gust front and severe windshear.
Drawn in code.
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The four fog types and how each saturates the air

1 Radiation fog 2 Advection fog 3 Hill fog 4 Frontal fog

O /

clear night, light wind flows over a colder surface moist air forced up the slope rain falls through cold air

cloud on the hill

warm moist air

., >

ground cools the air

saturated

cold sea

Fog is cloud on the ground, visibility below 1000 m. Each type reaches saturation differently: by cooling the air, or by adding moisture to it.

Radiation fog e Advection fog
Forms on a clear night with light wind over land: the ground radiates heat Warm, moist air flows over a colder surface (often the sea) and is cooled
and cools the moist air to its dew point. Calm gives dew, strong wind to its dew point. It can form and persist in a stronger wind, by day or
gives stratus; it clears with daytime heating. night. Sea fog is advection fog.
e Hill (upslope) fog o Frontal fog
Moist air is forced up rising ground and cools adiabatically to saturation. It Rain from the warm air aloft falls through the colder air below a front and
is really stratus cloud sitting on the high ground, clearing the valleys evaporates, saturating it. It forms in the frontal rain belt (precipitation
below. fog).

Fog forms when air is cooled to its dew point (radiation, advection, upslope) or moistened by evaporating rain (frontal): the result is cloud on the ground
with visibility below 1000 m. Drawn in code.

Two of the 369 code-drawn study figures inside the SkyStudy question bank. Try themwith the free demo at
skystudyatpl.com/demo.
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FREE WHILE SKYSTUDY IS IN BETA

Keep studying free, while the betais open

Thischeat sheetisbuilt and maintained by SkyStudy. SkyStudy is currently inbeta, and during the
betaeverystudytoolbelowisfreetouseinthe browserat skystudyatpl.com. Thiswillnot always
bethe case:whenthe betaends, partsof SkyStudy willmove to apaid subscription. If youwant the
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ICAOEnglishTest Pilot Aptitude Training

Checkwhere youstandwitharealistic ICAO Timed cognitive exercises across memory, spatial,
English self-assessment. numerical and multitasking domains, built for airline
selection preparation.

Pilot CV Maker Andmuchmore
Buildaclean, airline-ready pilot CVinyourbrowser, Aviationweathertools, afree demo question bank,
free. study guides and the rest of the free tool family.

- Onpaper? Scanto open SkyStudy and every
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Foundthisuseful? Share the cheat sheet unmodified with your study group orforum of choice. Andif you are
reading this on paper or PDF: the web version at skystudyatpl.com/atpl-cheat-sheet addslight and dark themes,
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