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unfl @ Mgihazues (Thunderstorm)

unfl o Wy uun3au (Tropical Cyclones)

unf @ Tasinveiauide (Restrictions to Visibility)
unfl & aunasafuluszsus (Low Level Wind Shear)
unfl ¢ nszwaoniatulau (Turbulence)

Wil o dudameedosdu (Aircraft Icing)
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WigW1AzUas (Thunderstorm)
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ygfnzunfuszuuresan meInmaniziu (Local weather system) yu1aLdu meso-
scale (90-000 M9.01.) Hina1NNISLATYAUTATEINRAIYEE (Cumulus) IuTwuafylatiuda
(Cumulonimbus) Sfhuaufinfeaintusiudas

mgihazuadlulndouiatunnunaond lumeuguasiintosfigassusuasgavumni
Fungluliind iwndalanintulesiianlungiou

o. tadeiisndulunisnefvasmnegiinazuss

0.0 TurtenAlinsei (Unstable air) wioduuiliuiiaglinses (Potentially

unstable) (Ul o-e) fanumunnnlasunfiudafiennumuniu ec,ooo Wntuly Tunsdifizuuses
Antudaudfiafiufsseiuinsinmea

. STABLE ; UNSTABLE

‘NEUTRAL

E‘Uﬁ GG

oo fosiusinailevidusuauann (Plentiful supply of water vapor) Tngiamy
vinnlndiriuiitadugaduusnvemnssuaoiniadidelfAnme

®.a ABILIINIBUDN LYY N1TWIAMUTOU (Heating from below) wulauiingey
(convergence) msm?iiauﬁasuaqmmﬂlﬂmummqLm (Up lift over hill and mountain range) hag
nsdeuinvesINARIaIARLIUEnEa1ne (Frontal ascent) annsevildennimensiudieseaui
o1mmzaseinldiesed1sdasy (3UT o-b)
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- finszudlnaoonegreuussluussenmadulnsinaifleszdugs (Outflow at high
level)

- gaumpfivessonumiogluin -o f1 -o ssmiaiea TanidesuagliAn
ice pellets IMUIUUNIAA

- auinsinfilunsisnelufousedosdisndsseu (Weak vertical wind shear)
failifielmiAnnseslumetounusmmigihazuasldas (deep) 1ndedu

. ¥iavaswgnIAzuas (Type of Thunderstorm)

o.0 MgiAzuBIiAnTIAULLIUEZE A (Frontal Thunderstorm) w1giin
azupsannsnfaldlunuiusnzanmeaynaiin lnenisendveseiniagu, Juiinsedialdd vuiuaia
vosuuznzanna aduunldded

b.0.0 WgfhazussiAnsmiuLLIUgnzenAgy wainudulvgjasidu
sk (stratiform) wigihezussiindiauguusedosniififelunuavsnzeiniawuudug
doswnuuntsngenaviadl fanududostduies

b.0.b NgAzussiitindrufuuuivsnzeiniaiu Jaruguussuiniian
sniulleieuiuiAaluuimgiiiazues Sifedadefuduiun faiesensasiany nagiinlé
Usguaygulsifigaluranantng

b.0.0 MgTAzuBsIAnINTULLIUENZeIMART Anldurslena Dlng
Unifidnwarmsiinfiuinsedansyareduudnanig (Widely scatter)
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oo MgfAzuesAsluIIaeINA (Air mass Thunderstorm)

blo.o WgfAzussilesaInnisniALTeu (Convective Thunderstorm)
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Fuiiandngilaldsuamnudonaniiufuiigunit Tnafemgihezuoanduuis vienszaeuuiio
n3ld Feazdanamuldieandnvasmanasmads (Towering) fuau waziliuan
L.l quﬁmzuaﬂLﬁaqmﬂé’ﬂwngﬁﬂsmm (Crographic Thunderstorm)
Arannisendavesoinirguiu nssialiftuluauaian amnsonedaldegneming uasiuuin
s Unfegnssfegunuvansdalusiumiuunuan msnemasiidnuuzduwaiivaniesenian
viodulnvesmemunnuenuud Sshgundanuduinnlenaingniiuasiigs
Buniseniasdunadiungfiazuosing lnsianizesrsdeaniianig
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TufiemeInAunasay
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olo. WgTAzUBITLANTEAUES (High level Thunderstorm) Tuifouilidu
Paemihiou ygfirzussininldeslunanaisiu Tnghifinadeadesnanuudsnzeiniaiin
i Uﬂmvmm’[,uivmmLuaammﬂmﬁmqmlmmaqmmﬁ Fadunavesnadusnasainnisunsed
mwmaummuuumawummﬂﬁuu warnseildfognaditouls (Conditionally unstable) meum‘ww
fhaguoswiadiinnusuusatdos uanialuseduge vilinsuild ssdugruaaannsarinldosis
Jaondte dmnstufsedumietuly oransevinldluuinassnineesvenus Ssannsoueiiuld
NUELEINIYBINISAT LAy
wgihazueslusziugsiiinlsveslugeioudnulianis 1Ainannmsiedeusn
dandeuiuresemmbuiuuuimiiesiniaguiudiuans wuldveslunainaisduuinndine
nanatu Tnedifadetoaiuannsusidoonvasaudou wgihazuoswindlisndusesgninegly
wgiazuesitinsefugs iosananunsatinldainnisiadeusudundeuivresormmduly
sziuuu Turnumsvesngihazusadesannmsmiaiuieu
lo.on WuMIgTAzUDY (Squall line) dnwauznsiAndunuanauq Tuusnadlifiun
Ugnzennia wuwmngihazussiesisumiivesuuadeuiiuuaszenmaiiy €o - moo lud uay
orafntulduiarlifuuaUsngeinasiude wnvesnafinernemaugniiy Tudou uasniravde
suusaiundflazannsaduinildegsasnds nemluudazifaldisuassuusanimginazues
fiinsufuuUsnzenmadu anmeiidunsefiaalungihazusssinildud nMaingniiuskazay
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Height Height
12.2 km

Towering Cumulus Stage
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Tusvewi3uusn vemazoasihfvundninn usaslndudedudemafiunumn
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o iulazaunszluniisulss FadnuiuiaiiuiiGondt Gust front



Height
40,000 ft.

Mature Stage
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Tusverusnvestuiinszuaoinidlvatuiisinsegasdamuuiufiunnntu vieds
110191 5,000 WARoWIT NsuAe MAlvaTuLazNsTUAe MAlAAsTITUIaMIAAlnE A sy
AR Vertical shear way nszuaeInatiut (Turbulence) 96197UKTs MgihAzueNgNaLll
anmeIMATULIINTigAlug A

o.en JudaLH7 (Dissipating stage or Anvil stage) maaﬂmwméﬁy’umﬁmlﬁu‘[mLﬁuﬁ
nszuaeineluaasaziinnnuusadinmndy lusazfinszuaeinialuatuanaunsianios 1
unsgiuseiistounmefuuinuemnianssuaenmalraasioma Wesnnszuaenmeluaiu
Dudsindudmiunsndusuazanondsauluguanuieundsesnin quﬁmzuaﬁwﬁ’wajsﬁu'umau
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Dissipating Stage
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mgihazussiizuusamn vinsildlifisuuuuresmsaamesanuiingraand dnn
Anuisaulumesedu (Horizontal wind) Sidnfisdumumiugs dunouvesnsaiapivlnfuiiorld
NAMNLINTY uazuUITRINTAnnIzLanINEinatuarg vl Beslunnuuniusgiann Tu
anmziuineniiiazenangluuinuundiuresnssuaenidlralu vieuisituenuina
mgihazues Fainlinszuaenmelnatuannsafinlddeidosaunssioduuideggnldaumun
mgihazussenmazaaedldfudaslignunuilasnszuaninalyeas uenaind mamnvessiitily
wedifidnuasdsaruisaiuamglinszuaenmedluasufalduenidnavoums
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wafiu (Roll Cloud) (5UN1 o-5) Ainuusnamweunthvesmig Wudwdinisiianssua
a1natuliu Fazmuldessdaaulumegihazues ifasuiuwwIvzngoniamdy wasiuimigih
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aniiuBannalumelneaansanuldiinnugeds €€ ooo Wameousnwa Taslamzlédudns
sUmesmgihazuassualng vadignauiallflnads oo ludanmy gnifuaunsaialély
mgihazussgnla vuinvesgnifiuiiend o/e it a/c 92 amnsovhaudeneegnannu
o1mAgunglulaiiund

& Wuau (Lightning) Anlannseaulumeiiazuas wnuvasnsiafiuavazliiiuasluds
fufu widunafessrinsdoumevenelusmieudsiu oglsimusunssaniriiainn
Aaldfueinimuiduisanmemanslud Ysingnsainaszqlaindiinainmgihazussds
annsauialddoiilos fausingihazusdldaarsflunduseglwihonnazanliuueniagundsan
Suudluludouaaruinadiiaumuuiuresiih sauiluils Suihufiug sy wieoyaa
vedniduy duazeos muenuan waztuds Beenimeuiivuislvguezumnuiile wwilona
ylmiAnnsnsenuiiiagifireseniaey wasinnisavanvesUszalduinvingu e1afiniavi
UFRsefuszinsaunaliihesennmeuiufeus WunaliiAanisaeussqlaihaiindoonun 3
Tngunfasismnudemeliuntnuasinariliinnissuniussuuieasiniladnie

ienaznaveliihaindidusumauesenimeiugifiumeg wazaUfnisvesnasineinie
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5. au429914 (Tornado) 1umsvyuegisulswesema Tdnunadoni@mensn
ponunmeAladuta dlifeiiuandonin funnel cloud wagdAnuuiiutiFenin water
spout Unisinwinanuniadudos 4 a1 neluwasediennnusiveinisuyuenagedis moo lud
sotalus Tuvazfinnuslunsiedeusniedoiiiond <o uon Wgsstrsannsaialalunigii
Azuesly wiazwuveslumgihazuesiAnsiufundsnzenmauindeuiiiy wioluuuimg
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o. HANsENUABLATEIIR ArmnneINAnazdidanaesasInda engihazueundeultl
1lnd wozanifintuedemaduilefinissiuves Gust front 1ian 9ndursnduiuguniidionaglu
ygiazues nsdsuulatedsnnifivesnnunneIniafng 1t s1aviliiinauianaase
wdostasoege (altimeten) Gwsdinaognannlasanzdoliliiunisuiuiegagniesms i
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. Usngmaaflwihadngiidaandain luihadndfiAnandhihdssuniusduingdeans
sgRnnsuaniUasulselihnssdiuitidnuusduveulans wasmumdsuyuvesdiieIne1y
Turau shwuldvesdetudnVluiuiidiRameihesues uandioonmeusudluluudnmid
ArvLiuTesayn ANy tuds uasneu nae lnsasfnnsasanvesUseqlatihadng
vudhemaguvielueinia daduaimndyaasuniunauingludisnauaiudi uiegislsd
mmﬂm'Lﬁmmssumusuaqé@zmmluszmﬂ?iummﬁqa 9 (UHF)



ol

unil o
Wgnyuunsau (Tropical Cyclones)

wignyuuniau fo wiefinediuniefiuiluandou fnsmyudsuresnseuaaudin
Audnans waslidurgudnanaiaus eoo ludtuly Womgivimnsuusduis o von axiideiFon
uannsrulumauasTAn uidnwaznisiesagmiloutuynusenis

n'lsmja%"wquqmgmw%'au (Classification of Tropical Cyclones) W87y uLYATRUKUY
oonliidu « du mudnwawauguussléfelud

o. 9IMAITUYNTUNIY (Tropical Disturbance) LHuuinaidiiinszuaeiniaBugnsuniuin
nsendtulumasa (Convective Activities) p1afidununne M iuisdavdolddfly uaxd
nslwanuu Cyclonic Wiuuuuuiiauduunlidnios
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b. WgALUsaty (Tropical Depression) f4Uavaudua1UnABINAWINRAILANTIITULUT

MIMYUIBULUY Cyclonic Tiiiudng Anuiiauseu 4 gagudnaawindunsetosndt aa uon

. Wgnfeu (Tropical Storm) §uAunAoINIAvduaslnundy Snsuisuwuy
Cyclonic Faauiiu AuSrausauausnawiaLs me uan s o uas

& Wglidu (Hurricane 5@ Typhoon) 1o e duaunAINAYINNIN
%uuawﬁmﬂummmu finsvyudsunuy Cyclonic 981931 AUSIANWINAUMTONINNTT b YR

July widmngldduifinnudauiiuniesnnndy emo uen  Send Supper Typhoon

29UV ULIATOU  gnyuYnSuariTinadsUszina b Ty Mnnaiinuds

aanefvielndoudImATnuINg Wy QEEeunuiy vielUdsufianisnisiadeudiludaziign

[
v =

geuly wgnyuuaniinegUssina b-a Tl uasdesunniiitineglataetenfing Aeuls
wusevesniu « Tu Al



e

o. Tunsriea (Formative Stage) Wigmsuivndouazintuléfesdinniusunafvesszuy
ATIINADINIA 1T FosuTaY ARumeTusan JasAnuARBTNAR LuIANTARRfY a9 UlATiazses
Tnamumnnfiazninnuguusstu lududmluudaudieautnagdiinit oe won amunnoine
9¥anal @ooo hPa

0. TutaTyiuln (Immature Stage) laiutdAuguisanaduazisiungldduiaely
vnndioaraaeiilududediniely ee $ilus lunsdiidauguussdeduldludiemugidus
oe uan TUlU MIUNABINFRZANaIIN eooo hPa lutuiidutefifinuasydivindiudy uasd
naiAsuulanfndunasosng 1wy Snvesnigfintu Suousemyudmaudnatainiu ety
YBIANUNABINATAILNTL (Strong Pressure Gradient)

o, SurasAuladiudl (Mature Stage) wdsaInfiAnmunAe A ANLIEIANLAZAILITULSS
vosmglddudsdngnudn Aoarunasimaiiqudnansuesigayianaswnnning uagenudansou
naudnanslalifiatu mavauazvgieseeniuseuuen dsenaldnanaenduani nmauyuesasluiy
W3iAuTn (mmature Stage) Fefiffldrinaguszana wo-mo lud efviuindrnflonausvengly
1§54 woo ud lasunfudruinaiusnilevesmsiedouiinsidnvuremeaanimesudieie

yurnvesmgnazdaliiueu Wumgldduifaianunaenafiaudnaadiing «&o hPa ng
U9gnilSaiiiiiesiA eoo-lboo ny.

<. Guaansfa (Decaying Stage) Wignyulunieuszaarofuilondoudndguiiauis
guvnfifund viefiuiiadiauns Fadumelfgadounamdnueiuiousazarutu il
ANLTULTIANAY UAZAINITIANANAIIUAINT b UBR USINAINIIzgUNARNMELLY Yeda
p1meBunnialan wdaareiluluiian Smngnyuanieuindousitulunsimmiondefia
ngYuoonidsanieluazigngs q Tulugiumeugu (Temperate Zone) ANTULIIILANAIUAE
WasunuauTRdumgmiuueniunieu (Extra Tropical Cyclone)

Usﬁngmiaitﬁmﬁuiumsm’%zyLauiwuaamiaummnmmmﬂs‘i"\ (Cyclogenesis)

FNans19138 Riehl nandn usseimediviarielanisdflifauanuansisainiaieseud
5933A1 151370 MsAnATeEud NsindeuiveanTeeud nasnuilldlunsiuindou nasnauns
srveAudou Mgmundoutufmdoututuiedessudnalnsssuniduiu Tny ndanudlvad

feglumgnuumndousnanletn  luglreamdaruanudoundsainnisnduda (Latent Heat
Energy of Condensation) TngflosAusznauiisnlulunisross sl

o. Wil lungmyuandou Aendsnunnuiouuslaninnisndusi (Latent
Heat Energy of Condensation) FusasafuiuTAseseudldnginuanidemas

0. wgundoulindsnuratnnauiifaasudmeaudnans Wuussenamatutull e
ndusluvnigiiniessuderdonszuallannunasinenngaszidalud oasnln dufe Tiwdaauain
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mnefmdsnuaatvesnmslnanyuinseugaaudnandldidufniuud

lunTessudfivasundsnunnufoundsnndemas Adudlulinaodumiufouiiduia
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<. ussnesleda (Coriolis Force) Auusmilgudnans (Centrifugal Force) aginilentingaeu
satdvesauiiaigudnans Tudundsnusativeanismyuseugudnans aunsgisusingiduns
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b. us3A3leda (Coriolis Force) wapellANNNNONATMLEIUIANITNYUTBUAUGNAYDY
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Direction of Storm Movement
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Radiation Fog

Further radiational
cooling at top of
fog layer, deepens it.

Heat radiating from the Fog forms first at
surface at night, cools the surface, thickening
the bottom air until it reaches as cooling continues.
saturation
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Advection Fog

Fog forms

.- _+
Warmer, moist air Colder Surface
moves over a colder
sutface and its temperature drops
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Up-Slope Fog

Fog forms
on slope.

Moist air flows toward

slope.
As air rises with the
terrain, it cools to
condensation temperature.
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Precipitation Fog

Precipitation

falls through

alr
Evaporative Fog forms.
cooling leads
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. Performance decreasing shear
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S Lift is lost, aircraft pitches down,
~ NS drops below glidesiope.
ZERO WIND =

\

&6

DECREASING
HEADWIND |

Pilot action is too late;
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ZERO WIND

Lift is lost, aircraft pitches down,
drops below glideslope.

Thml not reduced as quickly

DECREASING / Alﬂ:rlﬂ Ilndl fast and long.

HEADWIND

Pilot applies power to regain speed,
pulll nose up, and climbs back to
glideslope.
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A Performance increasing shear resulting in a long landing
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Lift increases, aircraft pitches up,
lope.
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ZERO WIND

Pilot reduces power to reduce
\— , noses over to return to
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HEADWIND
Descent below glidepath occurs. Z

Engine spool-up requires time. ——>
Pllot action is tgo late.

B. Performance increasing shear where over-correction results in impact short of runway
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FRICTION WITH THE GROUND
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Polar Jet

Subtropical Jet
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The cause of CAT
Clear-air turbulence (CAT)
- emerges in a cloudless sky where
fast and slow jet streams collide.
cl g ) It can neither be seen nor
ear-air ) detected by radar.
turbulence

Fast jet stream

© >

Slow jet stream a 4
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Vertical Wind Shear in all 3 Examples (along Vertical Axis)
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WIND SHEAR : TURBULENCE

TURBULENCE
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eAlrcraft weight (present ICAO rule)
eWing span
+Wing loading distribution

sTailplane 4
downward +Wake-modifying
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+Engine position and spacing 1,
#Outer engine position (4-eng.) |
+Engine thrust
=Exhaust shape/ temp

s eFlap type (continuous/ interrupted)

«Flap setting

«Position main flap outboard edge

sAlleron philosophy

sinteraction exhaust - flap end
vortex

8. o
sUnderbelly fairing
+Main undercarriage
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Note:  Into wind vortex tends
to remain stationary,

may even rise
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Vortex Flow Field
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TURBULENCE INTENSITY

INTENSITY AIRCRAFT REACTION INSIDE AIRCRAFT

/\ MOMENTARILY CAUSES SLIGHT, ERRACTIC UNSECURED OBJECTS MAY BE

CHANGES IN ALTITUDE AND/OR ATTITUDE DISPLACED SLIGHTLY. FOOD
SERVICE EASILY CONDUCTED.
Light NO DIFFICULTY IN WALKING

CHANGES IN ALTITUDE AND/OR ATTITUDE. UNSECURED OBJECTS DISLODGED.

/\ | AIRCRAFT REMAINS IN POSITIVE CONTROL. FOOD SERVICE AND WALKING
VARIATIONS IN INDICATED AIRSPEED DIFFICULT.

Moderate|

LARGE ABRUPT CHANGES IN ALTITUDE AND FOOD SERVICE AND WALKING
IOR ATTITUDE. LARGE VARIATIONS IN IMPOSSIBLE.

INDICATED AIRSPEED. AIRCRAFT MAY BE
MOMENTARILY OUT OF CONTROL.

>

Severe

AIRCRAFT VIOLENTLY TOSSED ABOUT AND STRONG DESIRE TO LAND.

IS PRACTICALLY IMPOSSIBLE TO CONTROL.
MAY CAUSE STRUCTURAL DAMAGE.

>

Extreme
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CLEAR ICING
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