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General Circulation of the Atmosphere
e

* The general circulation is the global wind system
pattern caused by: * Unequal heating of Earth (equator vs poles)
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* Pressure belt formation
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 Distribution of land and oceans
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* This circulation also affects ocean currents and global climatg
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Hadley Cell ﬁﬁﬁﬂ)

Warm air rises at the equator (low pressure) due to strong heating.
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* |Itrises up to ~14 km and flows towards poles aloft.
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« 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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e —————— = * Hadley — Trade winds

* Ferrel — Westerlies
* Polar — Polar easterlies
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Adapted from Duxbury, Alyn C. and Alison B. Duxbury. An infroduction o the World's Qceans, #/e.
Copyright © 1994 Wm. C. Brown Publishers, Dubuque, lowa.

notice
0°: Equatorial Low (ITCZ) — rising
air
30°
60°
90°:
Cells:

Subtropical High — sinking air
Sub-polar Low — rising air
Polar High — sinking air
Hadley, Ferrel, Polar







Ferrel Cella

In mid-latitudes (~30°-60°), cold air from the poles meets warmer air from

subtropics.
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Hactey g N R Warm air rises while cold air sinks.
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northeas! trade winds
7 norheast trade winds
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Southeast trade Wincs
: s Southaast trade winds
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This pattern is called the Ferrel Cell.

* At high latitudes (near poles), cold dense air sinks and flows toward lower

latitudes.
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* Wind at the surface blows from the polar high pressure toward sub-polar low [y

pressure.

Hadlev cell
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These winds are called polar easterlies.
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Warm
Wet

L.ow Pressure Cool

vaporatio Dl’}’
A special circulation in the Pacific Ocean region. Solar Heat  High Pressure
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* Warm water from the central Pacific moves eastward toward South Ame
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* When warm water replaces cool water near Peru, this is called El1 Nl-&.KJHhﬁuhlﬁundnlduldmki,&$h@¢w |
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* Changes in Pac1f1c pressure (Southern Osc1llatlon) comblne w1th this to form ENSO (El1l Nino—Southern

Oscillation).
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ENSO causes large-s
Normal: Rising air over Indonesia, sinking near Peru
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El Nino: Weakened trades, warm water shifts east
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A) Permanent Winds

* Also called Primary Winds / Prevailing / Planetary Winds — blow over large

areas and throughout the year. — c
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* These winds blow extensively over oceans and continents.
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Classification of
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" 1. Trade | \
/ * Blow from sub-tropical high pressure belts toward equatorial low pressure \
Winds / - St
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* Found between 30°N and 30°S.
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* In the Northern Hemisphere they are called north-eastern trades.
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Hadley * In the Southern Hemisphere they are south-eastern trades.
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R / * Their direction 1s due to the Coriolis force and Farred’s law.
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* Trade winds pick up moisture over oceans before reaching the equator.
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. e Trade winds from both hemispheres meet at the equator and cause heavy

rainfall. s
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Classification of
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Blow from sub-tropical high pressure belts toward sub-polar low pressure belts.'

2. Westerlies
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* In the Northern Hemisphere they blow south-west - north-east.
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* In the Southern Hemisphere they blow north-west - south-east.
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e N * Southern Hemisphere westerlies are stronger and more persistent due to more |
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i;: ’f/if i * Best developed between 40° and 65°S latitudes — called Roaring Forties, Furious
7 \:“’ B Fifties, and Shrieking Sixties by sailors.
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* Westerlies produce wet spells and variable weather.
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" 3. Polar
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Classification of CH

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.
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In the Southern Hemisphere direction is south-east - north-west.
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These winds are cold and dry.
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B) Secondary or Periodic
bl st -

* These winds change direction with season or time:
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* Seasonal winds: e.g., Monsoons
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* Diurnal winds: Land & Sea Breezes, Mountain & Valley

Breezes

ww m



l. Monsoon ~—

Seasonal winds with seasonal reversal of direction.
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Summer monsoon winds travel toward land (bringing heavy rain).
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* Winter monsoon winds travel toward seas (dry conditions).
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In India, summer monsoons originate from southern hemisphere trade winds and get deflected due to

Coriolis force.
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2. Land Breeze and Sea
—
Breeze

* Day: land heats faster - air rises - sea breeze (sea - land).
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* Night: land cools faster - air flows from land to sea - land bree:ze.
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Land warmer

Land cooler

Warm air

Cool land breeze
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Sea cooler
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3. Valley and Mountailn
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Breeze =
slopes heat up - warm air rises valley "y‘
\'\F armed air rises,
== ©

reating a

breeze.

: ' | Cooler air

s'é Urdt JHIR (Valley Breeze) ﬁa %I

A \ow-pressure cell e

" Nightz) slopes cool - cold air descends -

mountain breeze (also called katabatic wind).
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* Blow only in specific regions for short durations, mainly due to local
temperature and pressure differences.
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* Hot, dry wind over plains of North India and Pakistan

(May—-June) . u{"
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* Blows in afternoons with temperatures often 45-50°C.
vw\h.
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* Can cause heatstroke.
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Foehn (or Fohn)

. Warm, dry, gustz wind on the leeward side of mountains (notably theg Alps).
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e As moist air rises on windward side i1t cools and loses moisture.
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* When 1t descends on the lee side, it warms up and becomes dry.
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* Helps melt snow and ripen crops.
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FOEHN WIND

A

Warm, dry
Foehn Winds

Sirocco winds  "Ghibli®
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A foehn-type wind in USA & Canada (Rocky Mountains).
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Dries and warms as it descends slopes.
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Beneficial by melting snow in winter.
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SEAATS
* Cold, dry wind blowing from the Alps toward Mediterranean.
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* Channeled through wvalleys like Rhine.
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* Brings blizzards and cold conditions to southern France.
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Hot, dry wind from the Sahara toward North Africa and Southern Europe.
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Can reach hurricane speeds.
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Causes dust storms and dry heat in northern Africa;

Europe.
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sometimes wet weather in
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WIND

- . ~ - — DISSIPATING CLOUDS

CHINOOK WIND
ADIABATIC HEATING

51/>° PER 1000'

CLEAR AND DRY




PORTUGA

- UNITED

KINGDOM

Ermmimighon)

O

.“ - =

Vay
DENMARK-

R

_

Harorarag

e R
THEINETHERLANDS. ¢
e (f

S 2 Seagoan GERMANY

Js
\ BELGIUM \.

i\ug' (-(\

\"‘-(..-L

FRANCE

SLOVENIA,
- O-1

CR&TIAJ

ITALY,

»

-~ z
o -~

Crorancia 8

Famerace

.~ "ALGIERIS
» . L

- HIGA

a5 — '
.

LITHUANIA

*v“
/\\/ ‘ . ot
SLOVAKFA
; S~

/-~.‘

= ’/-
Boldloance

O
- " /
HUNGARY
— (_/ =Ny
'l -~

ﬁ Bomn-dcr‘ 4
% '

~—




Nature of wind

Chinook (Snow eaters) Hot, dry wind The Rockies mountains
v
Foehn / Hot, dry wind The Alps
Khamsin / Hot, dry wind Egypt
Siroco / Hot, moist wind Sahara to the Mediterranean Sea
Solano / Hot, moist wind Sahara to the Iberian Peninsula
@ NS e
Harmattan (Guinea . .
/ Hot, dry wind West Africa
Doctor) s /
Bora - Cold, dry wind Blows from Hungary to North Italy
~/ S v/
MiStral o Cold wind The Alps and France

Punas ——-> Cold dry wind e

The western side of Andes Mountain




Blizzard v’ Cold wind Tundra region
Purga / Cold wind Russia

Levanter / Cold wind Spain
Norwester Hot wind New Zealand
Santa Ana Hot wind South California

Karaburun (black storm)
N

Calima \/

.

Hot dusty wind

Dust-laden dry wind

Central Asia

Saharan Air Layer across the Canary
Islands

Elephanta w

Moist wind
mMonsoon

N

Malabar coast




