CHAPTER

arier Chapter & described the unsven

distribution of temperature over the'

surimre of the sarth. Air sspand= when
heated and grts comuressed when cooled. This
results in vaniations in ths atmosphenic
pressure. The result is that it causes the
movemont of air e high pr=ssurs @ low
pressure, setting the airinmotion. You already
lmow that &ir in horrontal motion is wind.
Atmnspheric pressure also delErminss when
the air will vise or sink, The wind redistribates
the keat and moisture across the planet,
thsrebr, mziniSining = constant EmoeTaturs
for the nlanet a9 a whole: The vertical rising of
moistair coais it down @ fonm thecionds and
brimg p‘:tﬁp‘:tabﬂn This chapisr has besn
devoted to explain the causes of preasure
differendes, the forces ther conirol the
stmsspheric croulation. the turbulent patism.
of wintl, the formation of ailr masses. the
disturbed weather when ar masses inieract
with each other and the phenomenon of viclent
tropics] storms: - '
Amvmosrieric PRESSURE
Dre vou realiss that gur body is subjectzd to a
lot of air pressure As-ones moves up the air
gets varified and one felsbreathless.

Theweight of a colummn ef air coniainedin

a unit srea from the mean s== Ievel to the top
of the atmespherz 1= called the aimospheric
oressure: The atmospheric pressurs is
exmress=d in units of miliHar At sea [eve]l the
sverage atmospheric pressure = 1.013.2
milibar. Due @ gravity the aw at the surfaceis
denser and hence H=s higher pressure. Alr

ArvospPHERIC CIRCULATION
AND WEATHER SYSTEMS

pressure iz measured with ths heip:of a
me=Toury baroimeter or the snevoid barometer.
Censult your book. Practieal Work in
Geography-— Part [INCERT, 2006) and l=arn
about these instruments. Ths pressure
decreasss with Helght Atany =levation it variss
from place to plaes and itz vanation iz the
prmlm.jm&fcﬁarrmnhﬂn, k2. wind which
meves from high pressure areas te low
PIESSUTE SrEas.

Vertcsl Varintion of Pressare

Iz the lower aimosphere the pressire
decredsesTapidly with height The decrease
amounts to about 1 mb for each 10 m
Inereésse i elevstior:. Tt does not =2lwaEss
geeressc al the sdme rate. Table 9.1 gives the
average pressure and temperature at

‘selected levels of elevation fora stendssd

stmeosphers.
Table:1 Standard Pressure and Temperature 3t
Sclecterd fevrls
Zev=d | Fressurciemb | Tempersture C
Era Tere] LOLS 25 52
1k BuiE T 8.7
SEm St as =%7F. 3
10km 265 (0 — 407

The vertical pressure gradient force ismuch
larger than that of the hoozontal pressure
gradient. But. it is genermally balanced by =
neariy equal bt opposite gravitatinnal ferce
Hewree, we do not sxpetiences sitvong upwand
Winds.
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Horizontal Distribution of Pressars:

Small differences In pressure are-highly
significant in terms of the wind direction and

“FHeatE

- = i M6 e

LOTE ite 13Tl - i
= 'y

10 HE - o
L FERETF foin4 i
LANIS - Tredgs | LOW L oot {

il IR nid
WOIM amls

FITETT
L0 ik
Figure 8.1 : Izohars, pressure and wind systeme in

velocity. Horrontal distribution of pressure is
studied Dy drawing isobars at canstant levels,
isobars.are lines conneeting places having
equal pressure. In order to eliminate the =ffect
of altitude gn pressure, it {s measured st any
statinn after being reduced to sea level for

IR ATION AND WESTHER SYSTEMS
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purposss of comparizon. The séz le=] pressime
distribution Is shown on westhermaps.

Figure 9.1 shows fhe patterns of isnhars
torTesponding to pressite Svsteimns. Low—
pressure syst=m i3 enclesed by one or more
Eehmtrﬂ_h the lowest pressure in the centre.
High-pressure system iS5 alsc enclassd by one
m‘mmF isthars with the highest pressur=s in
thie centre.

Wi:l_rlﬂ Disirihu.ﬁ.un.uf Sea Level Pressure

The world distribution of s=a level pressurs in
Jamuety and July has been shown o Figures
2.2 and 9.3, Near the equator the 5=a level
pressure 1= low and the area §5 known as
found the high-pressire oréss known as the
subtropical highs. Further pole wards along
80°N snd 60°S, the low-pressure belts are
termed as the sub polar lows. Near the poles
t&mﬁmﬁh@!mﬂtﬂ&m.ﬁﬁtzm
fright. These pressure bells =re ool peomansnt
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Figure 9.3 ; [Hstribuition of pressure {in millfbars} — July

In oatire. They oscillate with the-amparernt
movement of the sun. In the northern

and in the sitmmer northrvards.

Forces Affecting the Velocity
gnd DirectHon of Wind

You shesdy know that the siris st n motion
due to the differences in atmospheric pressure.
The ‘dir i moton is called witid. The wind

biows from high pressur= {o low pressurs. Th=-

wind at the surfacs experEnces friction. In
addition, retationof the earth alsg affects the
wind: movement. The foerce exerted by the
totation of the earth 15 known as the Conolis
force. Thus, the horizontal winds near the
earth surfacs respond tothe combined effect
oi tiiree foices — the presswe gradlest fvaee,
the frictionai force angd the Ceriolis foree: in
additson. the gravitational force acts
dowoward.

Eres=ime radient Foros

Thes diffevences in atmospheric pressurs
produres a foree, The tate of change of pressure
with Tespect to distance i5 the pressure
gradient. The pressirre gradient is strong where
the isobzs= aie closs to cach sther and 5 weak
where the izobars are gpatt

Frirfion=] Foree

It affects the speed of the wind. It is gredt=stat
toe=uriace and its invenee denerally exiends
uptn an elevation of L - 2 km. Over the sea
=nrface the fricting is mmimal,

Eariolis Force

The rotation of the earth about its axis affects
the direction of the wing. Thes force is ealled
the Coriolis force after the French nhysicist who
described (tin 1844 Tt deflects the wind to the
sight direction m the northerm emisphste and
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to the left in the scuthern hemisghere: The
deflection is more when the wind veiociiy 15
high. Th= Coriclis force s directly proportional
5 the angle of I58ade. 1t speximnm at the
poles dand is absent at theeguator.

The Coriclls fote-acts perpendinilss to the
pressuregradient force. The pressuregradient
force is perpendicular to an isobar The higher
the pressurs gradient fores, the more is the
velocity of the wind =snd the ls=per s the
deficctionin the directon efwind. Asdr=sult of
these two foroes operating perpenac ey toeach
other| in the low-pressure aredas the wind blows
around i At the equistor. the Coriclis foze 15
zeroand the wind blows perpendicilas to the
lsobars. The low pressuze gets flled mstead of
getringintemyified” That = the reasoniwhy tropéeal
cycliones are not formed nsar the equetor.

Pressuregrd Tind

The velectly and direction of the wind ar= the
net result of the wind gensrating forees. The:
wingds in the upper atmosphere, 2 - 3 lanabove
the suckace, are free from frictional effect of the
surface’ and == controlled m=inhr by the

pressure gradient and the Corfolis force. When
isebErs mre sirsight and when thete = o
friction, the pressure gradisnt foree is balanced
by the Coriolis furce and the resuliant wind
biows paralle] to the iSthar, This wind & known.
&3 the gesstrophic wind {Figur=0.4].
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Figure 9.4 : Geostropic Wind
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The wind ' cizoilstion ercund = low is
called cyoiomic coculation, Arcund 3 high
it iz calied o olomic circulstion: The
ditecton of winds' arovund =such sSystsms
change=s according to thHeir lbcatien ino
different hemispheres [Table 9.3},

The wing cioculation 5t the earfh’'s surines
around low and hith oo many corasions is
clossly related to the wind eiroulatios =t high=r
will corverge and nise. Over hish pressive ares
the air will subside it above and diverge at
the surface {Figurs 9.5);, Apzrt from
convergence, same sddies, convection
currenis, orographic uphift. sod apiit aleong
fronts cause the rising of air, which'{s essential
for the formation of clonds and precipitation.

n

P L
.:. X
NP SR, PP, RN SRR | (1),
Etlnt'l.'!‘gfnt"l.' ﬁlw'rgrnur
Ly High

Figore 9.5 Comrorpiorere and divergenee of wimds

General circulation of the atmosphere

The pattem of planetary winds largely depends
on ; ) lattudinzl variabion of atmospheric
heating; {1} emergence of pressure belts; [iij)
the mugratios of belts following agparent path
of the sun; iv] the distnbution of contin=nts
end eoe=mmns; (V] e rot=tion o earth. The pattern
of the movement of the planetary winds is
called the general circulation of the
efmcsphere: The genersl orculztion of the
atmoesphere alse sets in motion the ocean water
cireuletion which imbluences the earth's

FressureSvsiem Frestpre CEnditiors Faftern of Wisd Sirmcitery

atifr Centre Narihor FErmisgitere ] Sepittern Mo
Oy T }_ﬂkﬁf&: Ol
AT .E :EI = Iﬂﬁﬂ_\_ - {-'lm. TS Aty .D-'JI:“-E- .t
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climazte. A sehemptie deserintion of the genersl
cirenlaticn IS5 shown ' Flgnre 9.8.
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The =it at the Inter Tropiral Convergence
Zone [TTCZ) rises becauise of comvection caused.
by high insclation and a low pressure |s
ereaizd. The winds fiom the tropics com=rde:
at this low pressure zone. The converged air
rises atong with the convective cell. It reaches
the top of the tropesphere up to an altitude of
14 lon. and moves towsrds the pales, Tis
causes aocumuiation of sirat about 30F N and
S, Part of the actumulated air simks o the
ground and forms 4 subtropical high. Another
reason for sinking isthe cooling of air when it
reaches 30° N and S latitudes. Down below
near the land syrface the air flows towaxds the.
equator as the easteriies The east=riles from
either side of the equatnr converge in theinter
Tropical Comvergenee Zone' [ITEZ]. Suek
circulations from the surface opwards and
vice=s=rss are called cells. Sach 5 c=l] In the
tropics is called Hadiey Cell. In the middle
latitudes the cirenlation is that of sinking eald
=ir that comes rom the polesand the rising
warnn an that blows fimm the subbopical Hgh.
At the surfece thesswinds are called westeriles
=nd the vell is kngwn'ss the Ferrel cell At polar
latitudes the cold dense air snbsides near the
paoies . and blows towards muddle istitudes as
the polar easterlies, This cell is called the polar
cell. Thes= three c=lls ast the pstiern for the
transfer ofhest ensrgy fivm lower Iatitudes to
highsr lztitudes mzintsins the genersl
cirrulation.

FINRDAMENTAT S JOF FEYSICAD GEGOESEHY

The geners] circnlation of theatmicsphere
alsc sflects the cceans. The large-seale winds
of the atmesphers initiate large and slow
mpving mnrents cf the orean, Ocesnsinturm

ide mput of energy and water vapourmito

‘showly over & lexge part of the ocean

General Atmospheric Circulation and
ft= Effert= on Oceans

Warming snd cooling of the Pacific Grasn
i= most bmportant in terms of Jenersl
atmespheric cirralstdon The warm wWatsr
of the ceniza] Paetfle Oiceom tlowdy drifis
towards South American c¢oast and
replaces the conl Peruvian curserst Stich
appearancs of warm water off the foast
of Penir is known s theF] Ninp: The Fl
Ning event is closzsly assoeiated with the
pres=uore changes in the Central Pactile
and Anssyala This chonss in prsssire
condition over FTachHie f= known a3= the
‘Hputhern e32illadon The combinsd
plenomenon of scuthern sscillation and
Ei Nino s lmown as ENSO. In the vears
when the FNSD is surong. lerge-seale
varfigtions-in weather ococur over the
waorld, The arid west coast af South
-Amespies yeiehi== heavy raini=ll grounght
gecurs In Sustrella and someames In
India and fleesds in China' Thiz
phenomenon i closeh monteored and is
used § rlmlg’Emg’r; forecasdng in majar
parts of the world,

Seasonal Wind

The pattern of wind dcreulation is modified m
differenst ssasons due to the shifting of regions
of maximum heating, giessureand wind belts.
The mest prooounced «ffect of such = shift =
notieed In the mor=oons. sespecially aver
southeast Asia. You would be studying the
details of monsoon m the book Indis - Pliysical
Emvironment [NCERT, 2006]. The other local
iz =5 follows,

Locail Winds
Differences in the hestingand fooling ofsarth

‘surfaces and the cycles those develop daily or

anmusily ran ereate severs] common, Ioeal or
regionglwmidds.
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fand ancg S5=p Bresz=s

As‘explained eariier, the land and sea abserb
and transfer heat differentiy. During the day the
land heats up faster and becomes warmer than
the seg. Thereiors, over the land the air rises
giving ris= to = low pressure area, whersasthe
sea is relatively cocl and the pressure over sea
isTelatively high Thus, pressure gradient from
=ra to land is created and the wind blows from
the s=a tn the land as the sea breere. Inthenight
the reversal of condition takes place. The land
lasezs hzat fasterand s eaaler than the ==a The
pressure gredient is from the land to the sea
=nid henes Iend breees resulis [Figu=9.7).
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Figwre 9.7 - 1andand sea hrecaes

Mountarin and Talley Winds

In mountaingus Tefons, dunng the day the
slopes get heated up and aiv moves upslope.
and to fil] the resnlting gan the air from the.

valley blows up the valley. This wind is known

81

as-the valley breeze. During the might the
slopes get cooled ang the denss air descends
inte the-valley gs themountsin wind. The cosl
air, of tire high plateaus and e f2lds draiming
irrto the valley is called katabatic wind. Anaother
pe of warnm wind oocurs on the leewasd Side
cflie mountsin ranges. The-moisthr=-in these
witids, while crossing the mousitain Tanges
condense and precipitate. When it descends:
down Hhe leeswardiside of the slope thie dey i
gets warmed up by adiabatic process. Thisdry
airtaaEy melt the snowm & short Hine.

Air Masses

When the gir remains oUer & DOMMOTENIONS STES
for & sufficiently longer time, it acquires the
characteristics of the ares, The homogenous
refions can De the vast gosan surfsce or vast
plems The aivwith distinetive characteristics
interms of temperaturs and omidity-is called
ap girmeass. It is defined as = large body of air
having little horizontal variation s termpernture
and moisturs. The homogenous surfaces. gver
wwhich air masses form. are called the source
TEFIOS.

The gir masses are classified sctording 1o
the sourceregions. There are five major source
regions. These are: {i) Wanmn tropical and
subtropical oceans: (@] The subtropica! hot
deserts; [iil] The relathrely cold high latitnde
acesns; [iv] The very coid soow coversd
continents it high latitndes! (v} Permanently
ice covered continents in the Arctic and
Antarctica. Accordingly. following types of air-
masses are recognised: (i Maritime tropical
(=T [{H) Comtimenial tvopical (£T), [T Marfiome
poiar [mP): {iv] Continents! polar {cP):
v Comtinents! arctic oAl Tropical sir masses
BrE WaEOD and polar 2iT Miasses are oo,

Front=

When two different s masses mest, the
boundary zone between them is called =
front. The proeess of formstion of the
fronts is known zs frondogenssis. There
ere four tyvpes of fronts; {a) Celd: (b) Warm:
fe] Stetionary: (d} Occluded: When the
front remains stationary. it 15 called a
stationsry fropt. When the cold-ar moves
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Figmre §-8 : Vertiral Sections =f ¢ (3] Warnm Front:
(b1 Cold Framit: (o] Oecluded Fromt
towards the warm air mass, iis contact zons is
called the cold Fonté whereas if the waom air
mass moves towards the cold mir mass, the
contact zone isa warm front. fan s messis
fully Lifted above the land surfarce, itiscalled
the occlided front, The fronts ocour I middie
latitisdes anid are characterised by steep gradient.
in temperatuare and dressnrs 'Ih-E'r bring

abrupt changes In temperature and edusethe
airto rise to form clouds and cavise precipitation.

Extzz Tropical Cyclones

The systems developing in the mid and high
latitude,. beyond the bopics are-ezll=d the
middle iztitude or extr= tropics! cyclones. The
passage of front causes abrupt changes in the
weather conditions overthe ares in the middle
znd high Iatitudss,

Extra tropical cvelores form-along the polar
front. Initi=ilv, thefront Is stationary. In the
nogihern Hemisphere, wasm gif blows oz the
=onth and enld air from the north of thes front.
Wizen ths pressure drops 2long the:front, the:
walm air moves oorthwards and ths cold &ir
move towards, south setbing - motion o

FINRDAMENTAT S JOF FEYSICAD GEGOESEHY

anticlockwise cyclonic crcuiation. The cyclomic
cirTulsticn leads in & well developed exitTs
tropical cyclonis, with 2 warm front and a cold
front. The plan and ooss secton of = well
dﬂtlﬂpﬂi cyvoloneis girfﬂl.ﬁf’igum 2.9 Th=r=
are pockets of warm air or warm sector wetiged.
between the rward sad the tesr oold sty o
cold sector. The warm air glides over the cold
air and a sequence of clouds appear over the
sky ahead of the warm front.and cause
precipitation. The cold front appreaches the
warm air from behind and pushes the warm
amirup. As a resnlt, cumulus clouds devsiop
along the cold front The cold front moves faster
than the warm front ulbmately oyertsking the
warm front The warm air is completely lifted
upand the-fFont s cccluded and the cyclone
dissipates.

The procssses of wind ciroulation both at
th= surfare’and ﬂl&[._m elosely int=siinked.
The ﬂi::l.trﬁpﬁ:al cvelons I:Li.ffﬂ— E‘Eu !l'l.E
tl;up_izal cgr.:t‘me_a have a clear frontal 55"5.1:&1]1
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which is not present o the tropical cyclones.
They cover a Iarger area and can originste over
th= land and === Whersas _hfh—argiﬂlmcinnfi
ariginate oniy over the s=as and on reaching
the land they dissipate. The extra tropical
cyclone affects a much larger area as
compared to the bopical cyclone. The wind
velacity ina topical eyelone is'muech highlier
and it iz more destachie. The exizd bopical
oxtlone: move fiom w=5 o ==t but bogicsl
colones, move from easi t© west

Tmapicel Cyeolones

Tropiczl cyclones -are vidlent storinz that
criginate over Goeims In bHopical sress mnd
moveaver te thetoastal aress bronding about
latge srale destructism esuvs=d by viplent
wimds, verv hesvy rainfall! and sterm surges.
This {s one of the most devastating naturgl
calamities. They are known as Cyclonesin the
Indian Ocean, Hurmicanes in the Atlantic,
Typhoons in the Western Pacifie and Sonth
Chinxa-Sea, end Wilh—wdlies ln tlie Wesiermn
An=tralia,

Tropical cyclones griginats and Stensify
over warm tropical cceans: The condibions
favourahle for the foomation and intensification
of tropical storms are; (i} Large sea surface with.
ternperature higher than 27 C: |#) Presence
of the Coriolis force; [iii] Small variationsinthe:
vertical wind speed: [iv] A pre-existing weak-
low-gressurs arsa or low-level-cyclonic
crrulation: fvi Upper divergencs ahove the sea
level system

The enszgy that intensifies theesterm commes
from ths condensation process in the towering
cumulonimbus cloods. surrounding the
centre of the-stormm. With céentinucus supply
of moisture firom this sea, the storm is further
sirendthen=d. Op r=aching the Iand the
maoisiure supply 15 ot off and the storm
dissipates. The place where 2 tropical aoclone
crosses the coast is called the landfsl] of the
cyvclome. The cyciones: which cross ZP* N
latittude generally, recurve and they are more
destrinetive.

IR ATION AND WESTHER SYSTEMS

852

A schematic represeniation of the sertical
structurs of a meture tropical cyclonic stomm
is shown in Figure 9.10. N

A mmturs topical oolone is chammct=rised
by the strong spirally ciaculating wind syound.
the centre, called the eve The dismet=r of the
circulsting system can vary between 130 and
250 km.

The eve is aregion of calm with subsiding
air Avcund the sye is the eye wall, where there
is = strong spiralhing ascent of air to greater
height reaching the [Topopause. The wind
reaches meximum velocity dn this region.
reaching as high as 250 km per hour.
Torrentig] rain occurs hers. From the =y wall
rain bands may redisdts snd FEnsof comulus
and cumulsmimbus elouds may dioh into the
cuter segion. The dismster of the stonm over
tl:tEEzerFH-:-:n.gal Arabiéin 33 and Indisn
of=an is betwesn GO0 -1 200 kmy. The syst=m
moves siowlhy about 300 - 300 Em p=r day.
The cyclones crestes storm surges and they
inutndate the coastal low lands. The storm
peters out onthe land.
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Thipdersiormms S0 [ ornsaoess

Oither severe local storms are thundesstorms
and tomadoes, They are of short duzation,
orrurming over 2 small sres but are violent.
Thundersiorms are caused by intense
convection on moist hot davs, A thundersionm
i a well-grown cumulonimbus® cloud
producing thunder and hghtening When the
clouds sxtend to heights where sub-z=to
temperenre nrevails, hafls are fpomed sod ther

come down as hatlstorm: W ithere is insufficent

moisture, & thusderstorm can generate dust-
stomms. A thuederstorm is chasacterised v
intenss updr=ft of Osing warm =i, which
@usss e cdouds o fiow EHiger and e to

FINRDAMENTAT S JOF FEYSICAD GEGOESEHY

greater height. Thisesnses precipitation: Tater,
downdraft brings down to sarth the cool air
#nd the rain. From severs thunderstorms
sametimes sphzailing wind descends like a
trun'k of an elephant with great foree, with very
low pressure =i the cenftre, causing massive
destnw-ten on |ty way. Snrhia phencmenon |5
called a forpado, Tormadees generally occur
in middls latitudes. The tormade over the sea
Is ealled waEter spouts.

These violent storms = themanifestation
of the atmesphere’s adjustments to varying
energy distribution: The potentizl and heat
eneTgies are comveried mnto inebe energy In
these starms and the restless atmosphere again
=turns ic its sishle siste.

EXERCISES

1. Muitiple chatee quesdions

i1} [If the surface alr pregsure 15 11000 mb, the afr pressire ar 1 km above the

surfaes will bes
12} 700 mb
b 2400 mb

el 200 mh
fdj I.300 mb

4} The Infer Tropica! Convergencs Zones noymally occurs:

lz) near e Foustar

lel nesr the Tropic of Capricom

(b) near the Tropic of Cancer
[} rear the Arctic Circle

{1} The directlon of whul eyl o low pressure in northern hemisphere 120

lz) clackwiss

B papEndictilsrdc 1sphars

[e) anti-clock wise
|d] parslelto l=obars

{ivi Waich one-of the following s the source region for the formaton of air

MEIZE3T
2] the Equetarial forest
el the Himslaras

[el the Siberian Plzin
[} the Deccsn Flstean

What t= thevini ussd in messiiting pressure? Why' i the préssuire messured
at statlon level reduneed  the sea level In preparation of weather maps?
While ths pressine gradiean force 15 from north o south, L& from the
subtroplcal high pressure to the equator In the northemn hemisphers,

2 Answer the following questions n about 30 words.
1)
£}
why are the winde north easteriies in the tropics.
(it} What are The gagmrophic winds?

(2]

Eopietn the land =nid ses breezes.
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2. Answer the following gusssions in oo 153 words.

i
)

(124

Di=euss the fortors affecting the speed.and divecrion of wind

Draw 2 =implified dlagrom to show The general cirenlation of the
atmasphere gver the globe Whiat are fas pessible ressons for the formagon
of subtropieal high pressure over 30° N and S Iatitudss?

Why does ropleal oyclone originate over the:seas? In which part of the
ml@m&mrmﬂmmh@mmmdsmﬁwaﬂwh}*

Froject Work

i)

i

Caliect weather information over media such as newspaper, TV and mdio
for andersranding the weather sysems,

F=ad the zection on weather i =nv news :pdpﬂ'prjﬁzm?mhﬁmgi
man showing = sateilits plemurs \iﬂ:k.hﬂmﬁ.a‘dn.iﬂ:ﬁ:fﬁ_t Af=mpt
Infer the atmosphernie crelilaton from e distrjbudon of cloude. Camipare
the forecast given in-the nswspaper with the TV coverage, #f yvou have
access o IV, Esbmarte; how many days ina week w=s the farecas: were
aconrats
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