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auq‘%ﬂz(Solar Wind) tas o ‘L!13J!m'mﬁﬂiaﬂ(Magnetosphere)
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(a) June Solstice (b) December Solstice
(Northern Hemisphere summer) (Northern Hemisphere winter)
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(c) Spring/Autumnal Equinox
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http://www.suu.edu/faculty/colberg/hazards/weather/04 GlobalWind.html
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MWAEAUNGN (March 3, 2008, 12:15 UTC)
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(@) January http://www?2.palomar.edu/users/pdeen/animations/23 weatherpat.swf



http://www2.palomar.edu/users/pdeen/animations/23_weatherpat.swf
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(b) July
http://www?2.palomar.edu/users/pdeen/animations/23 weatherpat.swf
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MISHYUNBWNEINUYIINUANFU (Thermal Circulation)
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auNnzta (Sea breeze)
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aluNzLa (Sea breeze)

HAMNGIAN 2RI 10 D9 20 knots.
The vertical depth 52391 500 ft (~150 m)

MIHYUABUVOIANKHUOWUAY Uszual 1,500 D9 3,000 ft (460-915 m)

1 v v

BFNNAMAUEAILFLIAT 10.00 WHATHAIAILNEA IUADULINE ATAUGARS
1NaAN aNdiReRNtlaeinniiaan 21.00 w.

1 ) Jd
WanNIsNy ’igﬂgﬁNﬁnﬂﬂﬂﬂﬁ%lﬂm 25 lliJﬂ (40 NU.)

LLANTDIVDI sea breeze fronts NANTZNY T2ILH19INANIUTLUIA 100-200
g (160-320 nis.)
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aNNZia (Sea breeze)

GOES-10 VIS image with surface observations
Cumuluz clouds develop SEABREEZE 2125Z 30'May'02

..
' —— .
Upper retum cument \ »
..-""m_._ CoTTT T <
/ o’ .

g
4 Curtainzs of \ i
B cloud

{

LAND AIR  /
(iarm dry)

SEA AlIR f

s (Cool Moist)

SEA BREEZE FRONT
(100 - 150m wide

turbulent, vertical flow) fEL e

An example of sea breezes over Florida in the
afternoon. Onshore flow ranges from 10-25
knots around the coast, with several areas of
deep convection, most of which are well
inland. Coastal wind observations are likely
influenced at this time in many areas by flows
associated with the convective cells.
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aNUn (Land breeze)
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anunuazauneia (Land breeze and Sea breeze)

Sea Breeze Summer Scenario

Early morning Mid morning

Late evening/night

Land breeze front

©The COMET Program



AUV

ANV

— Anabatic wind

— Upslope wind

— Valley wind or Valley breeze
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NIV

ANV

— Katabatic wind

— Downslope wind

— Mountain wind or Mountain breeze

Mountain Breeaze

< A o ' a X A AN Y Y
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katabatic wind, gravity wind, drainage wind, fall wind, bora, foehn,

chinook.


http://amsglossary.allenpress.com/glossary/search?id=katabatic-wind1
http://amsglossary.allenpress.com/glossary/search?id=gravity-wind1
http://amsglossary.allenpress.com/glossary/search?id=drainage-wind1
http://amsglossary.allenpress.com/glossary/search?id=fall-wind2
http://amsglossary.allenpress.com/glossary/search?id=bora1
http://amsglossary.allenpress.com/glossary/search?id=foehn1
http://amsglossary.allenpress.com/glossary/search?id=chinook1

ANV as aduiv]

Upslope begins just after sunrise

N

Downslope begins just before sunset Downslope and down-valley, midnight
©The COMET Program




ﬂﬁugm (Mountain Waves)
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AAUANIYV (Mountain Waves)

Dry air

Dry air

condense

Droplets/m

Moist @ir e

Droplets
evaporate

Lee waves

Wind socks indicate wind directions




Az HINZaNNNSINANAUNIV]

Y
(V]ﬂ‘ﬂq\‘iallWﬂ@ﬂﬂqﬂﬂﬂllujlﬁ@ﬂlc’uﬁl
[~ 1w 1
AITULTIAN L‘mﬂ‘U‘Vi‘%mﬂﬂﬂ’n 25 U9

ﬁh‘]&lﬂ!%&ﬂ’ﬂl@ﬂlﬁ@ﬂl"lﬂ

MINTIAIVOIUTTEINNA

~ Parallel

Concavity Convexity



- Terrain-Forced Mechanisms
(Require lifting or flow convergence)

Convective Mechanisms
(Require heating of ground by sun)

Orographic Lifting

Convection

‘Upslope Flow
Convergence

‘Convergence
Displacement
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NSl *H1U(Horizontal Wind Shear)

CONVERGENCE

—_—

CONFLUENCE \)
_?

DIVERGENCE ~—> > —y

DIFFLUENCE /

Confluence

N 'Y
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Convergence
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Diffluence
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Divergence
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AT S I ITZAU(Vertical Wind Shear)

Directional TYPES OF WIND ZHEAR Speed ang

Shear
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DM31NIANYUHNNUVBIDINIAUNA
(Dry Adiabatic Lapse Rate)
~ omanda lidufsmaumi Lﬁagﬂﬂﬂﬁﬂﬁ’qﬁuuazﬁuaﬂﬂﬂ
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9N I1INTANRMUHANVDIDINIADNA

(Saturation or Moist Adiabatic Process )

Y (~4 ~ A Y
DATINITLIUANUDIDINIANDUAN

In the lower troposphere, the rate 1s 10°C/km — 4°C/km =
6°C/km.

In the middle troposphere, the rate 1s 10°C/km — 2°C/km =
8°C/km.

Near tropopause, the rate 1s 10°C/km — 0°C/km = 10°C/km.

Average Value is 0.5 °C per 100 meters



9N 31N1TANAIYMHNNVDIVIIEIMA (Environmental lapse rate)

Y d
* anasmuanNglussenmarulnslnailes
- R T 4
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* JagnagnalgurivaIussemaszanadilszang 6.4 asm

I aea 1 DlaAs( 3.5 A saIsea fa 1000 16 )

Temp. in balloon

=8-@
—200 m ~-200m Air toemp.
Temp. in =90 ELR = 0.5°C
balloon B
-9 1.
B ir temp. ir temp.
e ? Sg5ee r100m (T Trorce

htto:// www.meted.ucar.edu/fire/s290/unit6/print.htm
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L= = A U L= one
ﬁ)]ﬂ]ﬂl’lﬂlulﬁﬂﬂﬁﬂTW 130 @1ﬂ1ﬂ1’]3x‘iﬂ’ﬂllﬂ (Unstable or Instability)

Dry rate
10°C/1000 m
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(Neutral Stable or Stability #1350 Conditional Instability)

Rising air 2°
cooler than

Dry rate
10°C/1000 m

-




Instability indexes

1. Lifted index L I=Teso0-T ps00

2. Showalter index SI=Tes00-T ps00

3. Simplified Showalter index SSI1=Tes00-T ps00

4. Total Total index TT=Tsso0+Tdss0-2T500
5. Aindex  A=(Tss0-Ts00)-[(T-Td)sso+(T-Td)700+(T-Td)s00]
6. Kindex  K=(Tss0-T500)-+Tdsso-(T-Td)700



Instability indexes

« Lifted Index (LI)

« Showalter Index (Sl)

0 to -2 Thunderstorms Possible —
Good trigger needed
-3to -5 Unstable — Thunderstorms
probable
Less than -5 | Very Unstable — Heavy to

strong thunderstorm

potential

1 to 3 | Thunderstorms Possible — Strong
trigger needed
0 to -3 | Unstable — Thunderstorms
probably
-4 to -6 | Very Unstable — Good heavy
thunderstorm potential
Less | Extremely Unstable — Good
than -6 | strong thunderstorm potential




K Index

Thunderstorm Probability (%)

<15 near 0
15-20 20
21 -25 20 to 40
26 - 30 40 to 60
31-35 60 to 80
36-40 80 to 90
> 40 near 100
CAPE INDEX VALUE INTERPRETATION
<1000 weak convection
CAPE (convective available 1000 to 2500 moderate convection
potential energy)
>2500 strong convection
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http://freedom-in-the-air.com/__oneclick_uploads/2007/05/warm-front.jpg

The following table summarizes weather conditions

before and after the passage of a classic warm front

Before Passage After Passage
Weather Element
Temperature Cool - cold Warmer
Dew point moderately moist, rising Higher
Wind direction East South
Pressure Falling Rising
Stratus group: cirrus,
cirrostratus, altostratus, Clear with scattered
Clouds .
nimbostratus, stratus, possible | stratocumulus possible
fog
Light to moderate AHEAD of
Precipitation None

the front
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http://freedom-in-the-air.com/__oneclick_uploads/2007/05/cold-front.jpg

The following table summarizes weather conditions

before and after the passage of a classic cold front

Before Passage After Passage
Weather Element
Temperature Warm Colder
Dew point High Lower
Wind direction South West-Northwest
Pressure Falling Rising
Cirrus, then
Clouds Clear or Cumulus
Cumulonimbus
Precipitation Heavy AT front decreasing or none
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NISUAANNIA (Jet Stream)
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NISUAANNIA (Jet Stream)

: — A '
) e - .'- | . ) "‘x!_h':":i;-l.ll-l;?
- Anld Air Masst-g
__.-I . y C |- !
] ey i




< A A = Iy} 9 o
AszudannsaunszuaanNna luUT TN FInana ez Iuan 11
AZIUDDN
ATLUAAUNTAVL llwaaaummm@m ©HI1901MATOUALOIMAEN 2ZHAIY
LmfmNﬂumniquumﬂﬂ"lﬂwnﬂiaﬂmuaua +@nlanla
aNuEazd e Inszuaaunsaaztlasy il fude u
NILUAANNTA TUUTNAAZAYATINANUUTININANNTLUTAUNTA TULT I

J
AUagAT
nszuaaunsaluganuminnuusanannlugaiou
uaznAnUMITNUNIZUdaNnIaluazAganaLazazAgaa 1a

3 o ! a v o v J o A {
u@ﬂQTﬂﬁWTLLﬁuQﬂTﬁLﬂﬂ%@Qﬂ?gllﬁﬂuﬂﬁﬂﬂﬂﬁuwuﬁﬂﬂﬁg‘]JU@TﬂTﬁN?ﬁu
TﬂﬂlﬂwﬂlgcﬁEi@llﬂ’ﬂllﬂﬂ@TﬂTﬂﬁTﬁTﬁQLLiQLLﬂ”LLH')ﬂ”ﬂ%@TﬂTﬂ

LAzdInYN UYWL NTY Lmanﬂmiuc}fﬂaﬂmuammﬁmqmmﬂm
wazannguinlimandle sxiinset gy Trough Tu3zALEe 1o491nA 1Y
ﬁ”TH@ﬂﬂﬁ”ﬂ@ﬂ@38@1ﬂ1ﬁuﬂﬁuﬁ”ﬁﬂ4ua”@1ﬂ1ﬂ8ﬂ@3%u7nﬁﬂ1uﬁ”3u@@ﬂ
V04 Trough uamzmﬂNm\hﬂzummumﬂﬂ



= |
nyzuaaunsaulela 2 dssianlnagne

1. pszuaannsANalsu3ou ( Subtropical Jet )

A dgg Aa =] A y= I =<
mavuluaziaa 25 049 40 osrntmiietaz 1 sauiluannunaeINagang e
v A d Y a ~
Fou Wninanszauanugalszinm 13 Alamas Ia1uEau 80-150 U
Y
UNATININD 400 Uoa WU latosuTnueBoaz Tuoen uazuilsin

2. nSzuAANNIAUS MU an (Polar Jet )

A A = A Y o a A o =
Lﬂﬂil&ﬁ%@]ﬁﬂ 45 94 60 mmmuauaﬂ@] Mﬂlﬂﬂﬂigﬂﬂﬂ’ﬂj\lq\‘l 8310
a 9 ?)}J é = ?)}J
ﬂImlJ@]ﬁ Wﬂiﬁiﬂﬁlll&’)ﬂ%ﬂ%@WﬂWﬁﬂJ’)Iﬁﬂ"INl,ﬂﬂﬂWﬂ?J"IﬂWﬁWUTJ%Wﬂ"U’JIﬁﬂ
] ] 9
Lﬂﬁ@u‘ﬁNWW‘UﬂU@WﬂWﬁQU%TﬂW@]%@ULLﬁ%@glﬁﬁ@&t”3ﬂ$ﬂ$@1ﬂ1ﬁﬂ131aﬂ



pIzUAANNIA (Jet Stream)




nszuaaunin (J et Stream)

Subtropical jet

Polar Jet

/'\\
(Q,}

. PN g
7

Ferrel

D ' B
W b

—

North Pole 3 5 Eaquator



NanaIsnNy

1.Naﬂ5$ﬂﬂﬁii’)ﬂiiﬂ1ﬂﬂ1ﬂ

Y a { o Y & 4 v 1
— luansyousmndn ldsunansenuannseudannsa (et stream) Fuduinsiunun
= ? A o Y A 9y
msnlasuulasvesgiuuunszuaaunsa tesnmlvinamgrluggieu (summer
thunderstorm) LA WIGHUZ AU (winter snowstorm) AMFUNNUBINTZLUAAUNTA

— WUBNATU 11NN
2. HANIZNUADMILY

I H Y]
— ﬂﬁ'zllﬂﬁllﬂﬁﬂll]uﬂﬁzllﬂﬁﬂﬁﬁﬂ?’]ﬂl!ﬁ\ﬁﬂﬂﬁnﬂﬁﬂﬁNﬁﬂﬁg‘ﬂﬂﬂﬂﬁzﬂﬂm@\‘]@']ﬂ']ﬁ
A v A Y] 1 a Y 1
TﬂfJ’i?J“JJLLazﬂi1ﬂg]mim‘ﬁuﬂmmmﬂUﬂﬁzLLﬁaﬂJﬂiﬂﬁﬂﬂm mnmmmﬂuﬂauiu
017N 1a (Clear air turbulence: CAT)

o 3 o

— PuUATIBVRINTEUdaNNTARRIAToIlUNMEIINMsTu Tasmmnizinsosduvuialvg)

QU v v

ahmstulusgaugee emsessdudhdudanunszugannsaszlszaununy

Y ' 1 v a a s o kS
ﬂuﬂguﬁl]@\‘}@']ﬂ']ﬁ@fﬂ\‘l?ulli\i@ulﬂﬂ%']ﬂ'JUL%EJjVNiuuu'J@QHﬂgl!“’)”@u LA

o < =S a @ ! N 1 1 Aa
@u@318%1ﬂﬂgqﬂJligaﬂJ%Qﬂqiﬁ}Lﬂﬂﬂ'ﬁfﬁUﬁglﬁ@“ﬂl@%ﬂ%@QUN’ﬂﬂ%‘]?ulﬁﬂ ﬂ@clﬁ)l;ﬂﬂ

~ v A a Yo < 9y
ﬂmumﬂmﬂuﬂmiﬂdummzEﬁﬂﬂmimﬂﬂiumﬂmu%



Minimum Maximum e
wind velocity wind velocil¥ Y
(Convergence) (Dlver'g,eacge' .5’,:%,_ -
:,::."_:.,.0‘ '\‘:.;e.\o e e ,/:;O' o
- B -l - ~ : -
s =y
20 - gzt
Flow aloft 7

Surface flow | 48
' o Pt ot

Pr———r

Figure 9-16 When air slows, the dots converge. When winds
aloft are faster, the dots are farther apart.

—— e ——




Jet Streaks and Shortwave

T 300 mb

If a shortwave trough is intensified in a longwave trough, height lines are forced
together:

e|large PGF in the base of a shortwave trough

*\We have seen before that large PGF corresponds to large wind speeds.



Jet Streaks and Shortwave

T 300 mb

el argest wind speeds where height lines are the closest together on an upper

level map.
e\Wind speed decreases outward from this point.
eTherefore we have a convergence of wind to the left/west of a trough and the

divergence of wind to the east/right of a trough.



Jet Streaks and Shortwaves
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If we look at the full vertical structure we will see that the
divergence and convergence associated with a jet streak are
directly above the low and high pressures at the surface.



Multiple Jet Interaction
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Arctic Oscillation (AO)

o] QU

- i luuetlezliauanunae 1nmega(Ridge of High pressure area) NG5
9
praanelszma lngvianensaraneszasn uau1eilnau hineesl W3eluD
13 1 o JIY < 1 ng o w 1
uanuA 1§ anBumIiY msznuamas lneu
9 9
- ussMAtiledn lantufe TauaunaeMAgIuLIANHI InTzuaanne

Y Y

Y a Y v 1
99NNV [aNNANANI VAT UATIauIaIMAYUIA 1
(F8NNANANNNADINIAYA

. ?iummﬂﬂmsmﬁqqmﬂﬂi}’ﬂaﬂﬁ”lajaﬁnam wtliinn viliides
ANUAULITFan1 Artic Oscillation (AO) HONTWAADENINDINIAVD KN
Tanmilelurgarundendrann Wuaunaddgyini¥udasilnun 'l
MY ﬁﬂﬁ’qmwgﬁmﬁfJélJmTaﬂﬂﬁmﬁ@uﬁum



Arctic Oscillation (AO)
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Arctic Oscillation (AO)
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Arctic Oscillation (AO)
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500 mb Height
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(c) upper air waves become more (d) initial pattern restored with the
pronounced detachment of a cold air mass

H high-pressure centre
L low-pressure centre
——» jet stream
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