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SorAar Raniation, HEAT BarLANCE

AND TEMPERATURE

o you feel a&ir &mound yoo? Do you
kngw that we live at the bottam of 2
huge pile of air? Weanhate and exhale
butwefes! the airwhen itis Inmotion, It mesns
girin motion isswind. Yeu Have already learnt
aboirt the fact sl earth 15 Siwroundsd by sir
all around. This envelop of air s atmosphers
which & composed of muuneTous gas=s. These
gases support life over the earth’s surface.
The earth receives almost al! of its enesgy
from the snin. The sarth in turm radiates back
ta space the energdy receven fiom the sam. As
a resuit, theearth nestherwarms up mor does
it'get ropled overa period oftimme, Thus, the
emount of heat received b differ=et piarts of
the earth is ot the =ame: This varation catisss
pressure diffstences i the stmosphere. This
trads to tr=nsfer of heat from one region to the
other by winds. This chapier explains the
process of heating and cooling of the
atmosphere ard the =sullol temperatare
distribution gver the earth's surfsce.

Soiar RapiaTion

The earth s suriace recefves moast of 1S eEmergy
m short wavelengihs: The energy received by
the sarth isknern 2 incoming salarmdistion
which th shortis termed as insolstion.

As the earth i= 3 geond resembling a sphere,
the sun's rays @&l ebliguely at the top of the
atmosphere and the earth inferespts & very
small ‘portion of the sun's energy. Ono an
svemnge the sarth receives §1.84 calories per sg;
o per minute at the top-of s atmosphers.

CHAPTEE

The sol=r cidput feremved =t the Ep of the
atrnosphere varies slightly in a year due to the
vanahons in the distence betwesn the earth and
the sun. Buring its revolution around the sun,
the earth isfarthest from theson [152 million
km}'en 4th July. This position of the sarth s
called sph=lion, On Srd January, the esrih is
the riesrest to the sum | 147 meillion ko), This
awnnal mealation recetved by the earth o 3rd
January is slightly’ more than the amgunt
r=ceived o dth July. However, the effectof thus
varialion in the soiar output 5 masksd by
ather-factors like the distyibntion of land and
s=a &0 the atmospher amulation. Hernes, this
variation n the solar output dess nct have
great effect on daily westher changes on the
suriace of the earth

Variability of Insclation at

the Surface of the Earth

The ammonnt and the mtensity of insolation vary
durmgaday, iIneseasonand mayean [oefactos
that casise thess varigtinns in msalation are ) (i}
the rotaticn of earih on itsads; ({] the sngls aof
miclination of the sun's rays; {ii) the leogth of the
day: fiv) the transparencor of the Atmosphsre: fv)
the cmfigurstion of land in teoms of s aspect.
The Iast two however, have Iess inflvenes.

The fart that the sarth’s =xis makes an angis
of A6%% with the plane of ifs arbit round the
sun has a grestst infinence on the amount of

The second fectar that determines the
amotmnt of meplatinn received is the andle of
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mclination of the ravs. This depsnds on the
latitude of 2 place. The higher the Iatituds
the les=15 the angle they mbale with the surfaece
of the sarth resulting in sEnt sun Tayvs, The
aren covered by wertical Tavs i= afwavs [E5s
than the slant rays: T more ar== s coversd,
the ensdy get= distributed and fie ns ensidy
received per umit arez decreazss. Morsover,
the slant ravs are-required o pass through
grester depth of the atmissphers resulting in
more absorphon. scattering and diffiision,
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Figure §-8 ;- Sommmes Solstice

The Passages of Solar Radiation

through the Atmosphers

The atmosphicr= s largely tanspsrent to short
wave solar radiation. The mcoming sciar
radiztion pass=ss through the atmosphers
before striking the earti's surfare Within the
toposphere waler vaphlr, crons and gther
gases absorb much of the nmesr infrayed
radiztion.

Very small-suspended particies in the
troposphere scatter visible spectrum hoth to
the space and {gwards the earth suarface. This
Drocess adds colour i the sky. The red colour
of the misind sand:the sething sun and the Bine
calour of the sky are the resuit of seattering
of Hight within the astmosphere.

Spatiz! Distributon of Insolation

art the Egrth's Sardsce

The inscigtion received at the sorface vares
frorn about 320 Wait/m® iz the tropics to
abgut 70 Watt/m® in the pelss. Maximum

FURDAMENTALS OF THYSITAl GEOGRSDHY

msslationy iz Tecsived over the: subbropicsl
deseris, where the cloudiness i3 the lesst
Equstor receives compaatively less insolshon
then the tropics. Gensrally, at the same
latitnde the inscolation is more over the
continent than gver the oceeans., o winter, the
middlie and tu_g'z‘]&r latitudes receive less
=dintion thanis summer.

Heammic anm Coormwe oF ATMOSYEERE

There are different ways of heating z2nd
cooling ef the atimiesphers.

The esrth afierbeing hedted by Insolation
to the e=rth in long vwee fonm. The 2ir in conbo-t
with the land gets heated slowiy and the upper
Iavers in contact with the lower Evers also gt
heated. This proeess is called condirction,
Conduction takes place when two bpdies of
mmegual temperature are m contact with ons
another, there isa low of energy fom the warmer
o coeler body. The tramsfer of heat oonbinues
unti]l both the bedizs attain the sams=
smmperahiTe o the contact = brolen. Condurtion
is impartant in heating the lower lay=rs of the

atmoasphere.
Ehe gir I contarct with the earth rises

vertically on heating in the form of euurents
and further transmits the heat of the
atmsphere. Thix process of vertical henting
of the atmosphere 3 known 'as commreciAnL
Ths comvectve banskr of exisrgr is confined
anly to the troposphers. .

The transfer of heat through honzontsi
movement of airis called adhvection. Horizontal
movement of the air is relatively more
mmportant than the verfical mevement. In
muddle latitudes; mest of dirunal [day and
pmight] variation in daily weather are caus=d
by advection alome=. In tropical regicos
parboularin ooribism India dunng SUrFTmET
s=zson local wind= called ‘Too' is the onteome
of advection process:

Terresirial Radiation

The in=niation received by the sarth is in short
waves forms and heats up its surface. The
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SHLAR RATHATION, HEAT B ANCE aND TEMPERIIUERS

exrth after being heated Hs=l becomss a
radiating body and it adiates energy to the
atmosphere in long wave form. This EnETLY
heats up the atmesphers fom below. This
process is known-gs terrestmial radiabion.

The lonog weve radistion is shsorbed by
the atmespheric gases particularh by carbon
dioxide and the other green honse gases: Thus,
the ‘atmiosphere Is mdirectly heated by the
exrth’= radiston,

Ths simesphsr= In burn mEibdiatss and
transmits heat to the:'space: Finally the amoumt
of heat reesived from the sun & retumed to
spary, iereby mairimsring corstant temperaturs
at the earth's svrface ane] in the atmosphere.

Heat Budypet of the Flanet Earth

Figure 8.2 depicts the heat budget of the
planet earth, The earth &= & whole does ot
sccomujate or ioose heat It maintmins its
temperature. This €an happen enly il the
amout of lieat reesived m the fomom of
insalstion squals the smount lost by the earth

Consider that the insolation received at
the top of the atmosphere is 100 per cent.
While passing through the atmosphers some
amount of energy is reflected, scattered and
absorbed. Only the remsiming part reaches

HO

the arth surfsce. Houghly 35 units &3¢
refléct=d back to space sven before reaching
the sarth’s surfacs. OF these, 27 umits ars
reflected back fom the top of the clouds and
2 umnits from the soow andg ice-covered areas
of the rarth, The reflected smonnt of =adiztHen
is calied the sfbedo of the sarth.

The semaining 85 uxits are absorbed,
14 winits within the stmosphere end 51 usnits
v the earth’'s surfsce. The easth Tadistes
back 51 units-in the form of tesresirial
mdiatinn. Of these, |7 units are fadiated
to space directiv and the remsaining 34 units
are ahsorbed by the atmesphere (& uniis
absorbed directly by the atmospher=. 9 units
through convection and turbutenees and 15
anits through Iatent keatof condemsatiom).
48 umits absorbed by the stmosphers
12 umits Fom lpselstlicr +34 units from
t=rrestrisl radiation)are aiso radiated Hack
into space. Fhus, the tois]l yadiation
returniing froan the earth and the atmosphers
respectively s 17+48=65 units which
balance the 'total of 65 vnits reesived from
the sum. This is termed the hest budget oz
hesat halanee of the-sarth.

This sxpl=ins, why thesarth neitherwarms
by or cotds down despite Gie bmge bansfer of
heat that tales place: '
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Vamation fnn the Mot Heat Brwdget ot the Sarrhs
Surface

As explained earlier. there are variatons in
the ampunt of radiation recetved at the earth's
surface, Some part of the earth has surplus
radigtion bBalsrnice while the gther part has
defit.

Figure 8 3depicts the lstitudinal varation
in the net radiation belence of the sarth —
the atmosphere System. The figiome shows that
there 5 a surpins of net radiation balance
between 40 degrees north and south and the
regions near the peles have a deficit. The
surplus hest ensrgy fram the tropics is
redistributed  pole wards and as & result the
tropies do not ge=t pragressively heatsd ugp
due to the arcumulation of exesess hezt or
the I=igh latihdes get permamently Fozen due
to excess deficit.
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Temperature

The interaction of insalation with the
stmosphere-and the sdrth’s surfece creates
heat which is measured [ Eermms of
temperature, While heat represents the
molecular movement of particles comprising
2 substances, the t=mperature iz the
meamwement [ degrees of how bot [or cold)

z thing{or a place} =

Factors Controlling Temperature Distrnibution

The temperature of =mir at any place 1=
influenced by (i) the latitnde of the placs:
fii} the aititude of the place. (O] distance from

FURDAMENTALS OF THYSITAl GEOGRSDHY

the sea. the airmass cnlation; (7)) the
presenre of varm =and cold coean Gor=nts:
{v] local aspects.

The lariinde . The tempersture of & place
depends an the mealation recemved: [t hasheen
explzined earlier that the insolation vanes
gccording to the latitnmde heace the

The alttuds | The atmesphers is indirectly
hestzd by terresirisl radistion from below.
Therefors. the places nesr the sea-level recoed
higher temperature than the places sibated
at higher elevations, ln other words:. the
temperature generally deereazses with
increasing height. The rete of decrease of
temperaturs with height is termed as the
normal lapse rate. Itis 6.5 C per 1,000 m.

Distmaers Fom the ses » Ansther facter Gmt
inflizenies the temperstire 5 the locatinn of a
pLEs:‘E': with respect o the ssa. Compared to
lend. the sea gets heated slogwly and loses heat
slowiy. Land heats up and cools down quickiy.,
Therefors, the vanabon in temperature over the
==& is l=ss compered to land. The places
sityated pesr the sez come under the
mpderating influemes of the sea and land
breezes wiiich moderate the temperature.

Air-mbss gud Ocean cegreats | Like the land
and sea breezes. the passage of air masses
glso affects the temperature. The places.
which come under the mfluence of warm air-
ma=ses sxperiEncs higher (gmpesrshins snd
the piaces that come under the infinence of
cald sir-masses experience low tempemture.
Similariy, the plares located on the coast where
the warm ocean curypenis How mecord higher
ternperatore than the places iocated on the
coast where the cold currents flow.

Distrbptim of Tempea=anas

The global distributien of tempersture egn
well be upnderstood by studying the
temperatnre distrbution nJammry and Juhe
Ths tetnperature distribution is generalls
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SHLAR RATHATION, HEAT B ANCE aND TEMPERIIUERS

shown cn the map with the helpofisotherms.
quﬂl!ﬂ:ﬂm Figurs 8 4 &) and (b} show
the disimontion of ;riace =ir temperatiae in
the month of Jannary and July.

In general the =ffect of the latitnde on
temperature is well pronounced on the map.
as the isotherms are Jenerally parmalle] to the
latitinde. The deviation Homm this geaersl
trend Is more pronouniced M January than
in July, especially i the morthemrn
hemisphae. In themorthemm hemisghsre the
land surface area is much larger than in the
sputhern hemisphers. Hence, the =ffecis of
land mass and the cresn cuorents =72 well
proncunred. In January the isotherms
deviate to the north over the peean and to
the sguth over the continent. This can be seen
on the North Atlantic Ocean. The presence
of warm ocean currents. Gulf Stream and
North Atlantic drift, maks the Northern

Atlantic Ocean wanmer aod the isotherms

vl

bend towarhs (hGe north, Owver thes I=ng ths
t=mperature decreases sharply and ths
=otherms bend towards south In Europe.

It s much prooouncsd in the Siberian
plain, Themean . lannary temperature along
60 E longimide isminus 20 Cboth at S0 N
and bE N latitudes, The mean monthiy
temperature for Janusrty s over 27 G, o
eguatorial oeeans over 24 C in the tropics
and 2 C - 0 € in the middle istitndes:
and 48 C ta =48 C In thz Eurasian
cortinental interior

The elfect of the ocean is well proncurnced
in thesouthsm heamisphere Hers the otherms
mm.urenrbs:pmzﬂal o ﬂfmh.tril.ld—.&s a.nﬂ
than in the northern hemisphere: The x'sa!i:Eu::::
of 20 €. 10 C.and 0 ‘Cruns parallel to 35
5, 45 S and 60 5 latitudes respectively

In July the isotherms generally sun
paralle] to the laritnde. The zquartcrial oceans:
record warmer temperature. morethan 27 C.

= i i 1 L

_ s

Fighure 8 2 [3] : The distribution of suriaes air temperature in the monte of Jamsary
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SHLAR RATHATION, HEAT B ANCE aND TEMPERIIUERS

Over the land more than 30 € 5 ootired in the
subtiomiesl continents’ regiE'i of Asia_ along
the 30 N latitude Along the 40 ¥ runs the
isotherm of 16 £ and alomg the 48 S the
temperature is 10 C

Figure E/b shows the rzngs of
temperature between JanuearyandJuly, The
highest range of temperstiiee is more than B0
C over the north-eastern part of Burasian
continsnt. Thisi= dus to continentality, Ths
lesst rangs of tempsratines. 3 €. B found
between 20 Sand 13 K.

InversioN oF TEMreRATORE

Normally. =mperainre decreasss with increase
in elevation. It is ealled normal lapse mte, At
times, the situabtians is reversed and ths
normal lgpse rate is Dverted. It is called
Invers:on of temperature. Inversion 1s usually
of short duration but guites common
nonetheless. & jong winter might with clear
skiss and still air is ld=al situation for
inersion. The heat of the day is radisted off
diusiiig thenight. and by éeshrmorsing hours,
the sarth |5 cooler than the div shoee. DveEr
polier sregs, temperatisre inversica IS neemnal
throughout the year

73

Surface imverston promotes siahility 1o the
Iover l2vers of the ztmosphere. Smoke znd
dust particles get collected beneath the
InvErsion javer-and spread honizontaily to Al
the iower strata of the atmosphere. Dense fogs
in mormings Ere COmMmmbn CCCUurifenceEs
especizily d‘u.n:ng smberseason Thisfversion
commaonly Bsts for few bours untll the sun
CEm=s HP.EIﬁ bemgs o warm Hie sarth

The tmversion takes plarce n hills and
mimni=ins due to mir de=inage. Cold =ir at the
hills and mountsins, produced during pight,
fiows under the imflusnce of gravity. Beaing
heavy and dense, the cold air acts almost like
wahter and mioves down the slope to pile op
desply 1 pockets-and valley botloins #ith waiin
air above, This is called air digmage It protecis
plants fromn st damnages.

® Plani's low states that hottera Sody,
shorter the wavelength of that

® Specific heat is the energy needed
to rmise the temperanurs of one gram
of suhistance by one Celsius

—— EXERCISES

L. Muhinle chajce gnestions

(1] Toz sun is divecry ovahead & noon on 215t umes &t

(2] The:equator
Bl 225 5

e} 23.5 X
idi 665 N

it} 'In which one of the following sitfes, are the days the longest?

(=) Timvananipursm
(6] Chandigath

e} Hyderzbad
{d} Ragpur

(il The ftmosphsrs = moiniy heatsd Ty tha:

{al Shoit wave solar radigrion

{b) Reflactad salar radistion

lel Lang wave mrresoiz! radiadon
(dl Srsttered salsr radistion
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FURDAMENTALS OF THYSITAl GEOGRSDHY

itvl  M=ke correct palrs fom the lollowing tvo columms.

Hl Imscindorn {ai The difference between ths mean
t=mperature of ths warmes: and the coldest
monthis

(1) Albede fi The'lines jolning the places of equadl
[ErEperamre

i) T=osfmnierm [ci The mcoming soler vadiadon

{{v] Anmezal range [ Tme percentage of vialhle Hghs reflected by
an ohjest

(v} The main réason that thé edrih experiénces highest temperatares in the
subrropics in the northern hemisphere rather than af the sgustor s

fe) Subtropical areas tend ) have less clond cover than squetorial ateas.

(b) Subtrapleal sreas have longer day hours In fhe summer than the
squatorial.

el Subrroplcal sreas have an enhenesd “gresm house sffect compared
B0 equdiorisl areqs

ldi Sobbmples] aress o1 nésrer to the cesaple sreas then the sguainral
loestlans.

I{} Heow dozs the unsgual distribution of heat over the planst earth in gpace
-=nd omie causs varistions tnoweather onid elwmpoze?

ffl} What are the factors that confro! =mpastne disoibution on the sioface
af th= earin?

1) In ImfEs why 1= the d=y tempetatinre masimiom in May and shy not after
the summesr solstipe?
¥ Why s the gnmial range of tempersture high in the Stherfon plaing?
3. Answer the ﬁﬂk}mng qguestions g about 150 words,

i) How do the lsfitude and the it in the avis of mtation of The sarth et
th=s smount of adisfdon received at fhe sariEs surfacs?

i Discuss the processes through which the sarth-stmosphere system
maintains heat balanes

il Compage the global distriburien of temperature fn January gvar the
norinem and the southamn Hemdsphere of the: =arh

Froject Work-
S=i=rt 1mﬁémalucg,h::_l olissrvatnry locar=d In vour eity or near your town. Tabnlar=
the immperamre daia g= given in ths ciimamwmlogical tabie of observatoriss :
(fi  NWove the-altinzde, laritude of the observatory-and the period for which the
mean i= I;.B]tui‘_fatad

(1) Define fhe teoms related o t=wipershne 35 given In the =hi=s
il ‘Calcul=te the: dafly m=an monthly tempsrature
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SHLAR RATHATION, HEAT B ANCE aND TEMPERIIUERS

(]
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]

Diraw 2 graph to show the daily mean masimum. the dally mean mintnnun and the gissn

empersiiire

Calenlaze the annnal range of temperatnrs
Find out in which months the dafly range of mmperanure & dis highest and the lowest
L=t out fhe fartors that determine the =mperdture of the placs'and explsin ths possihls
causes for temperaturs variston in the mommhs of Jamoary, May, July and October.

=mple
Obssrvatmy Wew D=ihl (Ssfdasfung)
Latitunde 2835 N
Eesad on ohservadons: H 1951 - 1380
Albhwle shove mean s=a l&vel FlEm
Sy Mesmaf Sesmof Eiglece Lowesi
Atsx{CY Alin { CF [ =
JEratEry 2e1 73 20.3 08
May 298 5.8 47 = B

Datlyr mean manzhly temperesine

21.1+7.3
Januare — 14.2"C

20,
. OB aa75%

May

Anwmuial range of temparatrs

Alean Moy Temperatire tn May - Mesn Temperatire fn Jameary

Avmual range of temperane = 3.75C - 143 C = 1855 C
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