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General Circulation of the Atmosphere

* The general circulation is the global wind
system pattern caused by:
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Pressure belt formation

aTd 9fel (Pressure Belts) &7 fAAior

Unequal heating of Earth (equator vs poles)

Polar cell

Mid-latitude cell

Movement of pressure belts with the sun
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Hadley cell

Distribution of land and oceans

Intertropical

Hadley cell v Saiate s Earth’s rotation
Mid_latitude cel \_, &}\» This circulation also affects ocean currents and global climate )
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Atmospheric Cells (Global Circulation Cells)

ATMOSPHERIC CIRCULATION

Hadley Cell (g BIfAHI)

* Warm air rises at the equator (low pressure) due to strong heating.

« it A9 & BRUT YHeA Y@ R I IR HWR 3541 & (RY &« a7a1 8)|

* Itrises up to ~14 km and flows towards poles aloft.

+ TG AR T 14 fFH} a6 FHUR 35H¢ HUN aRgHsa A gai i 3R varfed gidl &l
* At ~30°N &S it cools and sinks — forms subtropical high.
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* Near ground it flows back towards equator as easterlies (trade winds).
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1 What to notice
* Hadley — Trade winds

* Ferrel — Westerlies
* Polar — Polar easterlies
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Polar cell d What to notice

0°: Equatorial Low (ITCZ) — rising air
30°: Subtropical High — sinking air
60°: Sub-polar Low — rising air

90°: Polar High — sinking air

Cells: Hadley, Ferrel, Polar



Ferrel Cell
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Actual Earth
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In mid-latitudes (~30°-60°), cold air from the poles meets warmer air from subtropics.
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Warm air rises while cold air sinks.
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Near the surface this circulation produces the westerlies.

gedt &t ddg & urd ag ufeeiweor ufdsft ugsil (Westerlies) @Y 3cest dedl &l

This pattern is called the Ferrel Cell.

=& Ucof bl e A (Ferrel Cell) BT ATAT 21

At high latitudes (near poles), cold dense air sinks and flows toward lower latitudes.
3o sfefieit (gfal & fAae) A 631 3ite auet ga1 ofia dodl & 3ife fAast srerien & 3ite yarfza gidl 2

Wind at the surface blows from the polar high pressure toward sub-polar low pressure.
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These winds are called polar easterlies.
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The complete loop of rising and sinking air here is the Polar Cell.
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Mid-latitude cell

Polar Cell
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Walker Cell

The Walker
Circulation
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A special circulation in the Pacific Ocean region. $ ¢ Solar Heat  High Pressure
. Y2ITd AZTANTR &7 & g dI31 b fA2IN arjeis g ufdd=eon
- Warm water from the central Pacific moves eastward toward South America.
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- When warm water replaces cool water near Peru, this is called El Niio. 120 130 140 150 160 170 180 170 160 150 140 130 120 110 100 % 0 70 Longitude |
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. OTd O & UTH 52 TTed Hl TI9TE I3 oTed 3UT AT &, dl 2 TS sfiall (El Nifio) &l HTdr 21

The Pacific Ocean

Darwin, Australia W | E Tahiti Lima, Peru

8 -+ Changes in Pacific pressure (Southern Oscillation) combine with this to form ENSO (El Nifio—Southern Oscillation).
| - vehd AZrarR A ard ufRada (efaiuft @61 | Southern Oscillation) & &1 fAG®HE ENSO (TS sfieii-afaluft aleser) getra 2

% °* ENSO causes large-scale global weather variations, including floods and droughts.

§ . ENSO & &1eul af e &ae Ue Ateret A 93 ufads gid €, fAstal 16 3iie Fgzr enfas €

1 What to notice
- Normal: Rising air over Indonesiq, sinking near Peru
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. HTAT fRfA & g2iafeldr & FHUe ga1 FUE 351 ¢ 3T U& & urd ofta 95t 2|
« EINino: Weakened trades, warm water shifts east

. T siteil ol fRifad A AT Uddl (Trade Winds) dauile & ATdt € 3i1e Ir1ef oies gd féem &t 3ie faas wrar 2
 La Nifa: Strong trades, strong upwelling Peru
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Classification of Winds

A) Permanent Winds

. Also called Primary Winds [ Prevailing [ Planetary Winds — blow over large areas and
throughout the year.

. Zog UTAfASD Udel [ wafSd udel [ Afed udal oft war orar g — a adf are 92 &z A ggdt €1

- These winds blow extensively over oceans and continents.

. A Udal AZTHAPTE 31T AT &b FU ATUHh &0 A g2 2
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|I 1. Trade Winds -

- Blow from sub-tropical high pressure belts toward equatorial low pressure belt.

. IuwThfedeia 3= ere ufgal A sEremREty fAdst g1 ugh &t 3ite g&dt €

* Found between 30°N and 30°S.

Polar Cell
N

Polar Front

Horse Latitudes

. & 30° I rgfier 3ie 30° aferoft srerier @ offer ard wreft 2

 In the Northern Hemisphere they are called north-eastern trades.
. Fadt Iitestel & 5o Jare-ydf auTfies Uae! et e )

* Inthe Southern Hemisphere they are south-eastern trades.

. gfetoft Motef A 58 gferor-gdf aararfes gaet el wrar gl

 Their direction is due to the Coriolis force and Farrel’s law.
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- Trade winds pick up moisture over oceans before reaching the equator.

. I AT A Ugdel & U TUIh Udol AETATIE & Tl Wg01 He St &

- Trade winds from both hemispheres meet at the equator and cause heavy rainfalil.
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®
I 2- WeSterI 1€S - Blow from sub-tropical high pressure belts toward sub-polar low pressure belts.
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WAL \ - Best developed between 40° and 65°S latitudes — called Roaring Forties, Furious Fifties, and ‘

. A Ifwrsfedeha 3= a9 ufgal & 3u-g[dta fAest a9 ufgal 6t sie ggdt | ,
* Inthe Northern Hemisphere they blow south-west — north-east. |
. Fadt TMetef A A eferor-ufYa & 3ae-gd faen A ggdt € |

» In the Southern Hemisphere they blow north-west — south-east.

pEi . gferoft MeTelf A 8 Iae-ufYer & gferor-gd fden & g&dt €|
Ny - Southern Hemisphere westerlies are stronger and more persistent due to more oceans.
- W . eferoft Metef A 31fdes AETAPR B & H1evT ufeft udet 31w eifdsenat s wumft adt ¥

Shrieking Sixties by sailors.
2 . 40° & 65° afeyuft srefiel & it a wad 3Bt deg fAwfad gt €, fAsg sifd® Roaring Forties,
Furious Fifties 3fI2 Shrieking Sixties H&d &1

« Westerlies produce wet spells and variable weather.

. qfaft yael 3re aAterat site uRadsiefs Toary 3cues Hedt 2
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|I 3. Polar Easterlies
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- Blow from polar high pressure areas toward sub-polar low pressure belts.

: : : |
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* * In the Northern Hemisphere direction is north-east — south-west. (

. Fadt Io1Ef A gorehl faen 3ae-gd & afetur-ufQa gidt 21

) PO akl » In the Southern Hemisphere direction is south-east — north-west.
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B) Secondary or Periodic Winds

» These winds change direction with season or time:

. A Ugal A AT HAA b 3ATE Al faen gecdl &:

+ Seasonal winds: e.g., Monsoons

. FTft gaat: i — AT

 Diurnal winds: Land & Sea Breezes, Mountain & Valley Breezes




1.Monhsoon

« Seasonal winds with seasonal reversal of direction.
. et gaa et feen sitear & sie(ame 3¢ Ardt 2
- Summer monsoon winds travel toward land (bringing heavy rain).
. e HABIS S AT udat R i 3ile F&dt € 31 ot auf it
+  Winter monsoon winds travel toward seas (dry conditions).
effasTetel ATeTEeft uaal defg &t 3ie dgdt &, fArara e[s eet egar &l
In India, summer monsoons originate from southern hemisphere trade winds and get deflected due to Coriolis force.

3iTed A ATpTS el ATeTEt efarvft Ietelf &t aamuTfees uasil & Iausst giar & 3iie Hifesif3d g & wrvl fAafdd g Aar g

2. Land Breeze and Sed Breeze

- Day: land heats faster — air rises — sea breeze (sea — land).
. foe1 9 offat STt 91af Bt & — gaT Hue I5ct & — Tl Tafte Tog A w=Ie &t sie Tgdt 2

» Night: land cools faster — air flows from land to sea — land breeze.

. AR fR el 1 AN R - FaT RIS A T I 302 &l 2 - A RIS Tl BT AT 2




Warm air

Cool sea breeze

Land warmer ~ Sea cooler

Warm air
Cool land breeze

Land cooler Sea warmer




3. Valley and Mountain Breeze

Day: slopes heat up — warm air rises — valley breeze.

fds1 A: ToTat Tt Il AXcdt & — I gar FUR 5 2 — 3@
Tl &efte (Valley Breeze) g4 2l

Night: slopes cool — cold air descends — mountain

breeze (also called katabatic wind).

2T A: STl oeal 531 gidt § — &t gar ofi st @ — s uda
Tate (Mountain Breeze) I1 ®Ierdfesd fde (Katabatic
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+ Blow only in specific regions for short durations, mainly due to local temperature and !
pressure differences. .

- qqagmwﬁeh a7l A &S T & AT Tgdl &, AT & A Rty argettet s g &
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+ Hot, dry wind over plains of North India and Pakistan (May-June).
+ 3Te AHTed 31ie UTfdsedTet & AGTall A I, 2[5h Udel (AS-5a1) |

 Blows in afternoons with temperatures often 45-50°C.

. g EIUge A Tcscll g 3iiE dATUSATeT 3l 45—-50°C ddb Ugd vl &|

« Can cause heatstroke.

. g dIETd (Heatstroke) &1 HI2UT o1 HAbdl 2l



Foehn (or Fohn)

+ Warm, dry, gusty wind on the leeward side of mountains (notably the Alps).

. gddl &1 BT (leeward) ATA! 311 Igat dTA1 IS, 2[5 3¢ dw1 Udet (faely &u @ 3imed) |

+ As moist air rises on windward side it cools and loses moisture.

. U1d oTeft goh gaT1 udd ot Aretat ot 3i1e (windward) 35 &, al ag 631 gl € 3ite s1aft it &t 21
- When itdescends on the lee side, it warms up and becomes dry.

. od Ig NS F1 3012 (lee side) i 3t 8, at I1af 3i1e 2% & wirelt &1

 Helps melt show and ripen crops.

. g 90 B! FTSTa 308 BAB! Bl bhIal A Aee bedl 2l



FOEHN WIND

irack of depression

40"
Warm, dry
] "
Foehn Winds 35
TR R S A
IR T A R
VAR, Y O LA
vy vV N e
\ \ A
\ A 200 C

30°

AL RO

14°C
500 m

Sirocco winds "Ghibli" "Khamsin"\ ‘

0* 20°




- A foehn-type wind in USA & Canada (Rocky Mountains).
. USA 3112 Batrel (2Th udd) A wigst (Foehn) UdbTe &t udsil
- Dries and warms as it descends slopes.

. OTd g &3Tail & St 3Tt 2, af Za1 I1af 3012 2[sh & wATd1 2|

- Beneficial by melting show in winter.

. AFA A T B fTST & (BT TE BT3B Bt B



» Cold, dry wind blowing from the Alps toward Mediterranean.
. T & JALTHANTR bl 3112 a1 aTA31 631, 26k Udal|

- Channeled through valleys like Rhine.

. g gifea) A 2ol (Rhine) &b ATETH A 9t 2|

 Brings blizzards and cold conditions to southern France.

. gfeYoft wid A Tt 3112 3 AT Bl BIdl gl



 Hot, dry wind from the Sahara toward North Africa and Southern Europe.

. TETeT & Jae bl sie afeloft geia &t 3ite 9ga aredt 91e, 2wk uda|

+ Canreach hurricane speeds.

. g qubTeAl Ifd deh Ugd bl 2|

+ Causes dust storms and dry heat in nhorthern Africa; sometimes wet weather in Europe.

. g FAL BT A ¢ a1t 3iTeft 3ite efsh IrefT 1l 2; paft-waft gia & oft auf &1 aesdl 21



R - -._ __— DISSIPATING CLOUDS

CHINOOK WIND

ADIABATIC HEATING
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CLEAR AND DRY
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