WoriLD CLIMATE AND
CrLivMAaTE CHANGE

he wond climate can He studiE=d oy

EEanmising infrmaticn and dats oo

ciiizats and synthesising fhem dn
smaller umnits for ezsy onderstanding.
description =nd ausiyvsis. Three brozd
approachss have been adopted for classifving
chimate. They =re smpiticsl, g=mebc snd
applied. Empirical classificetion is based on
chs=rved d=la, partoniasly oo Empersinre
and precipitetion. Genstic classification
attermpts to crgantse climates arcording to their
causes, Applisd classificstion = for speafic
PUIPOSE,

EKorereExn's ScaeME oF CLASSIFICATION
oF CimaTe

The most widely used classificstion of elimats
is the smpinca! climate classification scheme
developed by V. Eceppen. Eoeppen identihed
a close relationship between the distmbution
of vegeiation and climate, He selected certam
vehies of tempersture =nd precepitation and

CHAPTEE

related them o the distribotion of vegetation
and used thE‘S-E' values: for classifving the
chimates, ltis mmpn_a] classifiration tmsed
oo mgFan annual and mEas monthly
temperaturs and precipitation data, He
mtrogduced theuse of capitdl and smail letters
te deésigfnate chimatic groups and types.
Although developed in 1918 and modified over
a pericd of tim2. Keeppen's scheme is stll
popilar and in use.

Koeppen recognised five major climatic
groveps, four of iem are hased o tempersitre
and one on precipitation. Table 11.1 lists the
chimatic-groups and their characteristics
acoording to Koeppen: The capital letters : AC,
D and E delinests homid climgtes 2nd B dry
cliitrates.

The climatic groups ars subdivided into
types. designated by sm=zll ietters. based on
seasopality of precipitation and temperatiunre
cherscteristics, The seasons of drvoess are
indicated by the small letbters - £ m. w and s.
where f corresponds to To dry SEEsScrn,

Tahle 131 Climstic Gronps Aconodimyg to Bocppen
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A =Troyieal
2 -Iar CGinrates

€ - Woam Tomper=te
T = Cold Sreew Fimess Ciimates
E - Cold Climstes

H - Figh Larsd

Azrcrage temmpetatinre of the coldestmemithsi= 18 Em’mghl:l‘

The sorege =mpereture of the eoldest onth of 1he (Mic-lafitode) limste=
ve=rs s hicher than mimus 3 Chut below 18 C

The srevyaxe temperstire of the doldest eerthis oa=s ) Catelow
Average temperatiire for =il monthe = helow 10 C

Eoil ooe te alevston
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m ~ monseon cimate, w- wind=sr dry season and
5 - summmer dry season. Thesmmil I=tiers a b,
c and. d refer to the degree’ of s=verity of
temperzture. The B- Dry Climstss are
subdivided using the capital letters S for steppe
ot semi-arid and W for deserts. The climatic
tvpes.are listed in Table 11.2. The distdbubion
of climatic groups anod types 15 shown in
Table 11.1

FURDAMENTAIS OF THYSICAl GEOGRAPHEY

islands of East Indies Sigmificant smount of
rainfail securs in every month of the yearas
tlrunder showers i the aftermoon. Ths
temperature is uniformiy high and the annast
range of temperature is negligible. The
maxinnnn iemperalire oo any day is aroand
30 C while the mimimum temperature is
around 30 C. Tropical evergreen forests with
dense canopy cover aud latde bicdovessity are
found in this climate.

Tshie 11 2 : Chmatic Types Accarding to Kocppen

Orr=1 T fottrr Code Chamactericty=
) Tropic=] wet . Af Nodry se=son
A Tropecal Herrricd
= i | o Topcalmonsom A Meon=consl, shest ory =eason
Trogi=l wet sl dry A Timt=r gy ===
= Sie=t deeers EnWE 1 ittt sve] o ony
BDry Climate M-I titrede steope Bk Agig-latsude o arid oo doy
£ Elmdaﬂ;zqm:al i NG ::Enm:::_ =TT ST
trnprr=te Sl Sefod I C= By hok i
hamine west oo=st i Mo gy e=eon wEmm=nd el Sremer
——— — - - - —— — s = - -_—
THald Sroe- Himmin continente] =1 e Ofy eSS0 STVTTT ST
E-Cold (irr=t==

Group A : Tropical Humid Climates

Tropical humid climates exist between Tropic
of Cancer and Tropic of Capricorn. The sun
being overhead throughant the yearand the
presenes of Inter Tropical Convergenece Zons
[ITCEl make the climates hot gnd husnid.
Annual renge cof temperatinte 8 vy low and
ennual rainfall is high. The topical groupis
divided into three types. namely {1] AF Tropieal
wet clitmate; () Ash - Tropical monsdon climate;
fiif} Aw-Tropical wet and drv ciimate.

Tropical et Climate (AN

Tropical wet clitmste s found near the squator.
Themajor areas are the Ainaron Basin o South
America, western eguatoriz! Africs and the

Tropical Morsoon Clipiste [Am)

Tropicel monsoon chiimate (Am) s found over
the Indian sub-continent, North Eastern part
of South America and Noritero Austalsa,
Hesvy reinil ceotrsmostlyin ssmmmer. Winter
is dry. The detslléd climstc accoust of this
chimstic type 5 f=n in the book o Jmiss:
Physical Enviropment.

Tropic=l Wet and Dry Climsts fAw]

Tropical wet and dry climate orciirsnostls and
south of Af type-climate regions. It borders with
drv clirnate on the western gart of thie continent
a1d Cf or Cs on theesstero pmt Exdernisive
Aw climate is fousnd to the north s5d south of
the Ammron forest in Bragl s adinining pars
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of Bolivia-and Peraguay in South America
Sudan =nd south of Central Afrira The aomuml
rainaliin this climate 5 considerably 125s than
that'ing A and Am chiitmate tvoed and 18 vardahis
gl=o, The wet seascno {5 shorier and the gy
szason is longes with the drought being more
szvere, Temperature is-high throughont the
great=st in the dryseason. Deciduous forest and

Dsv Climates : B

Dy climstes are chazacisrised by ey low
rairdall that is not sdequets for the growth of
plents. These climiates cover avery large ares
of the planect exiendinf over large lalitodes from
15 - B0 nmorth ==d south of the équatsr. At
low latiindes, from 15 =30 |, thev oiour in the
grea of sublropics] high whers subsidenes a0
mversion of temmpersture do not prodice
tainfzll. On the we3tern mardin of the
ecndEernts. sdjsining the cold current,
particularly over the west coast of South
America they extend more equiatcreasrdsand
ofour on the coast latnd  In mriddle Istitides.
fFom 36 - B0 norihand scuth of equsator ey
are confined to the interior of continents'whers
maritime-umid winds do oot Tesch a4 to
ar=as oiten1 surmotinded by soust=ins.

Dry climates arc divided Into steppe oz
sami-eryl cliimste (B8] and desest climmste [HW]L,
They aze hoiher subkdivided as subiopical
steppe (B3H) and subtropical desert [BWh)at
lstitndes Fom 15 ~ 25 =snd mid-latinde
steppe [BSk] and mid-latitude desext [BEWE) at
Iatitides between 30 - 60 .

Subtropical Steppe (BSh) and Subtropical
Desert (BWA] Climates

Subtropical steppe (BSh] and ‘subtropical
desert [BWH) have common precipitation and
temmneratiire characteristics: Dneated in the
transition =zon= bestwesn humid sod drs
climates: subtropical steppe recsives slightls
more rainfall than the desert, adequate enough
for the growth of sparse grasslznds. The rainfall
in both the climates is highly variable. Ths
variabilityin the rainfall sffects the life in the
steppe much more thats in-thes desert, mors
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gitens causing Eomre, REain ccocurs o shiot
mtenss thundesshovwess m dessri= and =
mefferiive In bullding sl moisture. Fog s
common n coastal desais bodermyg culd
currerrs. Mosimmnm tenpersture in fhe synmnmer
is very high. The highest shade temperaturs of
52 C was recorded at Al Aziziveh, Libya on
13 September 1922, The annueiand ditrresi

randes of temperaiurs ar= =0 lngh.

Warm Tempesace (Mid-Latitude) Chimai==-C

Warm tSsperate nid-latitods) climates edend
Fom 30 -50 ofl=ttudes msEnly on the eastern
ard western margins of continents. These
chmidtes generally have sam stEEmess with
mild wirsters. They are grouped into our types;
[) Hussd subbopics]l, Lelidiy I winter s5d
Heot i Stinmmer [Cwall (8] Mediterraneas (OS]
fitz] Humsid szibbropical. (e-nib g1y Scason and
muild winster [Tl [v) Marins west coast clbasts
[Cio).

Humid Spbtrapical Climats (Cwal

Humid subtrapical clirpate eccurs-poleward of
Tropic of Cancer and Capricorn. mainly in
North Indier plains and Sovnth Chins interior
plains:. The clitmgte is-simitar to Aw climats
except that the temperatures in winter is warm.

Mediterman==sg Chmszte [Cs)

Asthensme sugdests, Medibrreneam climare
gccars aropund Meditelrsnesn sea . alond the
westcoast of contiments insubtropical Istitndss
betwe=n 30 - 40 latibsdes eg. — Central
Califormia, Central Chile. along the coastin
sputh eastern and south western Australis,
These areas come under the influence of sub
tropical high in summer and westerly windin
winter. Hence, the dimate is chavacterised by
hot. oy summmes and md, mwiny winker Moothly
aversgfe temmpersture noosummer is =rouand
I3 C and m wirder below 10 C. The anmuat
precipitation ranges between 35 - 50 om.

Humid Subtropical (Cfa)l Clirpate

Humid subtropical eiimate lies on the eastern
parts of the continent in subtropical latitades,
In this region the air masses are genesally
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urnstable and cavise rainfzll throughout the
year. They oimir i east=rn United Siates of
America, southern and eastero China,
scuthern Japan, nottheastern Argentins,
coastal south Africs and eastern coast of
Anstraliz. The annual syerages of precipitstion
vary from 75-130 om= Thunderstorms in
surmmet and fmptal precipitation in weEnter are
commuon. ean moznthly temperatures in
summer s around 27 £, and in winter it varies
from 5 -12 C. The daily Tange of tempemtire
15 small,

MNarine West Cosst Climare (Cih)

Mi=zinie west coast climatsis locet=d polewazd
from the Mediterrsnesan climate on the west
coast of the continents: The mmain a=as arss
Nerthiwestern Ewrppe, west coast of North
America north of Califormia. southsm Chils.
southsast=n Australis snd New Zealond, Thas
to marime influsncs, the temperature IS
mod=rate and o winter. |§ s waoreer than for
its Intitnyde, The mesn t e in suTnmeET
months anges from 15 -20 € and in wint=r
4 -10 €. The anmnal and daily r.{.l:i_ges =it
throughcut the vear Precipitation vanes
greatly from 50-250cm.

Cold Spow Forest Climates [D]

Cold snow forest clirpates ocour in the large
continental ares in the northern hemnisphes
between 40 -T0 perth Iatitudes in Eunrope;
Asgia and North Ameriea. Cold snos forest
chimates are divided irio two'types: i) Di- cold
chrnate Wit mmgd st (U] Dt cold climiats
with deywitster The sevgity o winler s more
pronounced i Higher latitades.

Cold CHmate with Hammid Winters [

Cold cHmate witk bumid winter ooceurs
polevward of marine west coast climate and yid
latitnide steppe: The winters are cold and
snowy. The frost free season is short, The
annual ranges of temperature are large. The
wezther changdges are:-abrupt-and short
Foievwmrd, the winters sre mofe SSVere.

FHREDAMENTALS OF THISICAL GEOGRSPHEY

Cald Climate with Dry Winters )

Coid cdimste with dry winter oocurs mamdy
over Northeastern Asia. Thes development of
proncunced winter anti eyclonée and s
weak=ning In Sinmmer 5eis @ monscon like
re=versal of wind i this reglon. Polew=sd
sumnner tEmperatures st lower and wint=sr
IIEEE;}EIE:LI:E‘E are exizemely low with many
Ibrations sxperencing belsw Teering point
tEmperatvres for up o seven wonths It & yeaT,
Precipitation gcours in summer. The annnai

precipitation is low from 12-15cm.

Polar Climates [E}

Polar chimates =xist polsward heyond 70
latitnde. Polar climates consist of tvo types:
& Tundra (ET}; {i} lee Cap (EF),

Trracrs Climsste [ET)

Thetundrs cliimafe [ET)] =530 called sfterithe
types of vegetation, like low growing mosses.
liekens and Aowsring plants. This is the Tegion
of permafrost whsrs the subsoll s permanently
frozen. The: shest growing Sed5on end wsiss
logglng supgport only low growing plants.
[noing summer. the tundraregions have very
leng dur=tion of day livhi.

Ice' Cap Climate (EF)

The loe cap clunate [EF] ocoirs over msterios
Gresnland snd Antssiioa. Evenin summmer: the
receives very little mredipitston, The stow and
ice get arcumulbsted and the mounting pressure
csuses the deformation of the: lce sheets and
they tmesk. They move as E=bergs that float I
the Arctic and Antsroticwatsrs Platean Statan
AAntarchcs 79 S, paroay this climats,

Highiand Climates [H)

Highland climmirs are govaerned by topogmphy.
Inn high mountains. [arge changes in mean
t=mpersturs ccour over short distances.
spatially arross high lands. Thers is verticai
zanation of averng of ciimatic types with
elovationin the monntsin STEviToIment:

%
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Cinvate CHancE

The earlier chapters on climate summarised
curunderstanding of climate as it prevaiis now.

The type of climais we experienre now mognt
be prevailing aver the last 10,000 ye=ars with
minor and ogcasionally wide fluctuations. The
planet earth haswitoessed many vadationsin
ckmsate simece the begfinnmyg. Geological records
show alteration of glacia! and inter-glacial
periods. Lhe Feomoerphological features,
especizlly In high siitndes end Ingh izttdes,
exhibit traces of advances and retreats of
glaeiers. The sedimnent degesits in glacia] lakes:
also reveal the sccurrence of warm and cold
nerinds. The rings-in the trees provide clnes:
about wel'and dry perotds. Historicz] records
descTibe the vagaries In elimate. All these
evidences indicats that change in climateis a
natural and continucus process.

Indis al=o witness2d altermate wet and dry
perinds. Archaroingical findings show that the
Rajasthan dessrt experiznced wet and ool
climate arcund §.000 B.C. The period 3.000-
L7900 B.C, had higher r=infall From about
2.00D-1,700 B.C,, this region: was the centre
ef the Harappen civilisatien:. Dy conditions
eccentiiated simes then

In the geclogicai past. the earth was warm
some 300-200 million vears ago. through the
Cambnan, Ordovician and Siluman perigds.
During the Pleistocene epoch. glacial and
mter-glacial periods ocourred, the lastinajor
pesk glaciz] perdod was shout 18 000 v=81s
age. The present inter—Jlacia] parisd started
10,000 yvears ago.

Climate in the reeent past

Varigbilitv in climaie occurs all thetimne The
nirreties decade of th=s last century witniessed
ertreme weather evenits: The 19905 recorded
the wammest tempersture of the cestizvand
stane of the worst locds ol e wirid, The
worst gevast=ting drought in the Ssheirsgion,
sguth of the Sahara desert. from 19687-1977
s gne such varistlity, Durng the 19306s,
s=vere divaght cororred in southvestsrn Great
Flains of the United States. described as the
dust bowi Historical tecords of coop visld or
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crop fallures, of idods and migration of people
=1l about the effects of changing climate A
mumber of times Evrone wittessed warm, et
coid snd drv periods, the significant episodes
wers the warm and dry conditions in the tenth
and eleventh centuries. when the Vikings
gettled in Greenisnd Europe witnessed “Little
lce Age™ from 15540 to aboit 1850, From about
18685-1940 world temperature showed an
npward trend. After 1940, the mate of increase
i temperature slowed down

Causes of Climate Change

The causes for climate change are many. They
can be grouped into zstronomiesl snd
terrestnial causes, The astronomcs] causes s
the chenges 1n solar outpur associated with
sanspot actvities. Sunspots-are dars anod
cooler patches on the sun which increassand
derrease n z cyclical menner. Arcordingto
some mmetsarslogists when the number of
SUNEPGs Retrzase, cooles sl wetber weathes
and grester stomjminess oocur. A decrease o
sunspot mumbers is associsted with warnm and
drier conditions, Yet. these findings are not

An andgther astromomical theory Is
Millankovitch oscillations. which infer oyrles
irs ‘the variations io the earth’s orbital
characteristics aronnd the sun, the wobbling
afths sasth and the changes Iy the saoth's sxwal
tilt. All these alter the amount of insalation
received from the sun. which in turn, might
have & bearing on the climste,

Voloanssm is considered as auother epuse
for climate change: Volcanic eruption throws
up lots of aerosals into the atmosphers: These
gerosols remain in the atmmosphere for =
considerahis period of tims reducing the sun's

radiation reaching the Earth's surface After the
recent Pinatobe znd E] Cion volcanic
eraphons, the &verdge temperattee of the e th
fell to someextesit for some YEars.

The most mportant smhropogenic ffect
on the climate-is the inceasing trenid in the
concentration of greenhouses gasss in the
atmosphere which 5 Lk=ly to cause global
WL,
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Global Warmming

iz o ths presenceof gresmhouse ga=es the
stmosphers is behoving like agrﬂmbumf The
atmosphere slso transmits the incoming solar
radiation but absorbs thevast malority of long
wave radistion emitted upwards by the earil's
surfacs, The f===5 that shsorb lonog wars
radiation are called greenhouse gases. Ths
processea that warm the atmospher= are often
coliectively refemred to as the greenhousseffect.

The term greenbouss B dabed from ths
anslody o a2 greenhousse nsed in cold
areas far preserving hear 4 greenhonsee
1= made wp of Slass The glaes which is
trafisparsin © Incoming short wave solar
radigtion is opague to ouigoing long wave
radistion. The gl=ss. thevsfors, allows iIn
more radistlon and prevents the long
wave rafiaten going oi=zids the gloex
hmzzs, causing the temperamre Inside
the glafshouse Sirnchue wdmmer thin
ogurside. When yon enier & car or'2 bus.
during snmmers, where windeows-sre
ciosad, vou &el more hast than cursids
Likeswies winter the yehicl= with
rio=ad dhbrs and windeys rematn warmer
than the tempsrature sutsids This Is
snnther example of the freenhoness sfecr

51

Greenhouse Gases{izGHGs)

The - GHGs of conirern todsv are carbon
dioxide [£0,). Chlorofiucrocarvons [CFCs),
methane (CH,), mitrous oxide [N, G) and ozone
(0. ). Sorme other gases such as mittie oxide (ND)
and carbon monoxade (CO) sasily =act with
CHGs and affect their coneentration iy the

The effectiveness of any given CHEG

'Eﬂﬂfrﬂdfp{ﬂdﬁﬂfhﬂma_gmiud: af the
mmﬁcﬁnﬂm fisfife timis i the
atmosphere and the wavelength of mdistion
that it absorbs, The chiloroflusrocarbons
[CFCs] are Highly =ffective, Ozome which
zbsorbs ultra viclet radiation in ths
siratosphete is very eilestive In absorbing
terrestrial Tadintion when it & presentin the
lower troposphere. Anothey important point to
b= noted i= (bt the more time the GHG

FHREDAMENTALS OF THISICAL GEOGRSPHEY

it will take for earth’s stmospheric systemn to
recovel niar any change brought shont Gy the

The largest concenation of GHGsin the
gtmosphiere is cardory diaoride. The emission
of CO, comes mainly from fossil fuel
combustion [oil. gas and coall. Forests and
creans are the sinks for the carbon dioxide.
Forests use CO, In their growth. So.
defmrestation due to changss i land use. glso
immreases the concentration of Co,. The 'tons
talen: for atmospheric CO, to adjust to clianges
in sGurces to 511:3515.1{3—:3[]*:23:5 It'ls risindg
gt ahout 0.5 per cent annually, Douhling of
concentration of CO_ over pre-industrial level
f= uned msan lﬂdﬂfL:TESﬁmEﬁﬂg:ﬂlE rhanges
in climate in climatic modsls. '

Chiorofludrecarbons [CFCs) are productks
of hiumEn activity. Ozrbss accurs-in thes
stratesphere where ultra=violet ravs convert
cxyger: mto ozone. Thus. dltra vialet rays do
notr=ach the sarth's sunfeee. The CFCs~which
drift mto the stratosphere destrov the ozone.
F arge depletion of opone occurs ouer Antarchics:
The depletion of czone conceniration in tie
str=tosphers s cz=lled the orone hole This
allorws the ultra violet rays 1o pass through the
tropospipers.

Imternstions! efforts have been mtiated for
reducing the emission of GHGs into the
etmosphere: The most mnporiant one is the
EKyoto protocol proelaimed i 1997, This
protocol went into effect 1n 2005, atified by
14} pafions. Evolo proteco! boonds the 35
industrialised eouniries to reduee their
enussions by the vear 301 F &g 5 per centless
than the levels prevatent in the year 1800

The incregsind trend 1 the concentration
of GHGs in the atmesphere may, in the long
tun, vwann up the sarth. Once the global
warming sets in_ it will be diffienlt to reversesit.
The effect of gicbal warming may not be
uniform sverywhere. Neverthsless, the adverss
effect due to glohal warming will adversely affect
the life supporting system. Rise in the s=a level
diie to melting of glaciess gnd ice-raps and
thermal expansion of the s=a may mundais
large parts of the coastal area and slands,
Eading to sooial probl=ms. This s another
cause for sennus concern for the world

%
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cummunity, Efferishave alieady been initimi=d
to conirol the emission of GHGSs and {oarr=st
the rend towirds giobal warmning. Let us-hop=
the swworld commmumnity Tesponds to thia challengs
and sdopts a lifestvie that lesves behind s liveble
worid for the genastions to'ctome.

One of the majur coneerns of the world
today i3 global sexising. Eet us losk at how
much the piznet has warmed upg EFom the
temperatuse records.

The amnusl sverage hiea-susface aix
temperature of the world isapproxmately 14°C.

An increasing rend M temmperatioe was
disrernible in the 20th eentiry. The greaiest

97
warmnng of the 20th cemhiny was diming the
two periods. 1601-44 and 197709, Overeach
of theS= two pericds. global temperatures rose
by abiout 0,47T . In betw=en, there wasa shight
coollng, whirh was more marked in the
Northern Hemmisphere.

The #lobzlly avyéraged annual mean
temmperature &t the end of the 20th century was
ghoit DUE'C above tHat recorded at the end of
the 19th cedtusy. The seveEn wasmest y=a3s
Juring the 1835-2000 were setorded M 'the
a5t decade. The vear 1998 was the warmest
y=ar, probably not only for the 20th eentwy
bt aizs for thewhels millenniiom.

-

Greenhouse gases rising alarmingly

Anclent Alr Bubbles Buried In Antarctic Ice To Shed More Light On Global Warming 5°
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—  EEFRCISES

Walriple cholce questons.

Which one of the fallowing is =utishle for Kosppen's “A” oype of climat=?
l2) High rainisll in 28 fhe mohs

fb) Mean monthly empsature of the eoldest month more then fresring
point

(2] Mean monchiy emperative of all the monthe mare than 18 C

() Aversze =mperacre for sll e momrhe bitles 10 ©

Eosgpens avstem of dassiffcation of dimaes =n beteimed as -

=l -Applled (Bl Sysrematic (o} Genet (d] Empirical

Most of the Indian Pentnsnis will he grouped according 1o Roeppen's aystem
under:

2l =“A&f (b Bsh* el ~efh” &) ~&am=

Which one of the following Year=s is supposad te have recorded the warmest
temperarure the world aver?

(=) 1090 () 1935 ig) =S 4} 1950

Which on= of the follswing groups of four climates represents humid
conditdon=? P '

lz2l A—B—C—E
o A—C—D—E
2y B—T—DO—EF
d) A C—D-F

Answer the following guestisns In about 30 words

{1i Whirh two climarie variahles are nisad by Ensppen for classificarian of the
climast=7
it} How 1= the “genstle” sysiem of cisssification different frem thie “smpivieal
e
B Which vpes of climsates have very low Tange: of temperanme?
itvi What type of elimatls canditions wounld prevall if the zun spots increase?
3  Answer the following qussitons in about 150 words,
fi) MEkes comparizon 5 the climese condittars berwssn the "A” and "B
tspes of climsie
il Whaz ype of vegetation would you find in the “C~ and "A” {ypetls| of climaza?
() Whst das you undsrstand by the term “Gresnhonse Gasaa7 Make 2 list of
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