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- PREFACE

It is surpnsing and intnguing as to how even diter 50 years of independence there 1s no bock on
Indian Geography that contains a detailed and authentic account of Indion Geography The enly
book that provides a detailed account of Indian geography was the one published in the 1960's —
Indiax A Reqnonal Geography edited by Dr. R L Singh. Of course, it was a regional account and
contains the most authentic reference on Indian geogrophy. However, there 1s stll no such
systematic account on Indian Geography that can mcorporate traditional as well as modern
concepts

The present book aleng with its companion volumes is an effort n this direction Till Latur
earthquake, the whole of Indion Peninsula was considered as a stable block, tll now drought was
considered to be only a metereclogical phenomenon, flood, only a product of heavy rainfall and
building of embankments the only remedy to controlling flocds. However, this 1s not the case

The book INDIA THE PHYSICAL ASPECTS has been wnitten with an environmental
perspective in mind.

The basic characteristics of the book are 1it's down to earth language, designed layout for better
comprehension, an environmental approach and a non technical representation for the benefit of
non geographers. The book 15 a designed book where essential terms have been explaned in
bold and concepts which are not part of the topic but are nevertheless related to it have been
explaned in boxed sections.

The book is essentially written from em environmental ‘}iewpoint The analysis of the problems and
their solutions carry that tinge and this is very much evident in chapters on Climate, Vegetation,
Soils, Floods, Drought and Land Capability

The book could not have been in the present shape without the explicit and imphcit help of of my
well wishers, friends and students. My special thanks goes to Sanjay Ojha, Manoj fha and MV
Chandrashekhar who read the manuscript and pointed out certain deficiencies They have largely
made the bock useful from the point of iew of students.

I also acknowledge the help I got from the Centre for Science and Environment, New Delhi and
Centre for the Development of Environment and Resources (CENDER), Hyderabad, from whose
publications many diagrams have been taken

I thank the Deputy Director, Mr K B Kapur, NBT, and the reviewers whose efforts have been largely
responsible for the qualitative upgrading of the book

I acknowledge the enormous help I got from the writings of Mr. X . Valdiya of Wadia Institute of
Himalayan Geology and Anil Aggrawal of CSE Their writings and publications from where many
diagrams have been taken

1 hope that my fnends, well wishers and students continue to provnde enough motlivcxuon tome with
therr support and constructive criticism to make this and other books in the series even better.

K SIDDHARTHA






Introduction . .. ... -

The geological history of a country is an indispensabie facet of its geography,
because it shapes the features on the surface determines the structure on and within
thié surface with a wide range of rock types,which were not in'the present shape since
the birth of the planet Earth, rather théy evolved gradually in space and time, The three

- geomorphic units of India, e, lhe Himalayas and its extension from the east to the
west, the Indo- Gnmplams to. south ‘and the. e Peninsular Plateau, all
expenenced dxfferem types of"proc'esse’s&t‘eaonic activities in coumvoluuon
“‘These varied processes and forces are reflected in their physiographical features The
Indian Peninsula'is a stable mass of Precambrian rocks which have remained positian
throughout its geOIOgICle history with _few_Phanerozoic (see Appendix- Il/eﬁvents of
_sedimentation du_llll_g Gondwana.period and Mesozoic era with the extrusion of the
Deccan _lava. The mealayas and the mountain_ chain north of.it are made up of
Proterozoic and Phanerozoic sediments of marine deposits and are tectonically very
"much disturbed as -a result of diastrophic movements of‘{efgpt geological time. The
Indo-Gangetic unit 1s of very recent ongin formed in Quaternary era and is covered
by sediments of recent age. There is yet a fourth division, though not so well marked
“is the coastal plains’ surroundmg the Peninsuld.' Together with the continental margins,
(hey are made up ennrely of Recem or Holocene sediments.

3 . .
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Precambrzan hzstory of evolutzon

Precambrian hxstory of the Earth covers the longest period of evolutmn of the E:mh
!starting from the origin of the Earth to the formation of thewﬂ

India, particularly the Penumnsular area was a part of this- super conunent, znd se
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expertenced the forces affecting the Pangaca during that ume. The earliest terrestrial
,crust was formed by the cooling-of hot molten and gaseous substances between 4.2
and 45 by. ago and the‘_eﬂlic_st_cgrix_n_eggl_g_usl was between 3.8 and 4.0 b.y. ago.
Some parts of the continental areas experienced tectonic stability and were not affected
by mountain building actvities These are known as cratons and are composed of
oldest rocks The craton, though on the whole a stable unit, were also affected by mild
vertical movements 1n different parts. The absolutely stable and rigid parts are

represented by Precambrian crystalline rocks of the basement and are known as shield

and the portion with mild vertical movements which were affected by subsidence and
—

were covered yith sediments are known as platforms. Indian Peninsula, a craton, also

S —— kst rad
has shield which is furrounded by platforms which were covered by sediments 1n later
145 shlel rronnger by patons ™ Sediments B -
period The‘_iatﬂ consists of a Precambrian basement which evolved ‘in’ fous
phases-sedimentationt, magmatism, plutontsm and orogeny.

R o
The oldest rocks (3200-3000 m.y.) are ultrabastc, basic and schistose amphibolite
which together constitute the Sargur schist complex and are found in Dharwarian
terrain These represents Older Green Stone Belt Due to tapping of undifferentiated
material of the upper mantle through deep fractures in the thin acidic crust, green stone
belr thickened—Tife saggingTof the crust along the fractures later provided sites for
sedimentation and volcanism, followed by d(e_[gr_nln_non/glving rise to fold mounntain
beltand formed the basement for the deposttion of the volcanic-sedimentary successton
/knonmesentxng Newer Green Stone Belt. En_l_]ﬂ:g_e’rp_em
of gramuc plutons in the various provinces o W@n of
\vanous provinces like Dﬁwmmdin, Singhbhum-Orissa and
Aravalli-Bundelkhand The culminauon of the life of an drogen, is the evolution of
',chrifgn, which 1s a compos:[:? of many former mobile belts. While one part of the crust
was stablizing the Olkm‘—xpenemmg mability. Thus, the belts of mobility shift in
space and tume giving rise to tectonic provinces. . e .

A P PN PR R Pl T N
In the Peninsular region of India at least seven tectonic provinces are identifiable.
The.N,’.ISLCLP'LO,Lﬂﬂ of Charnokite, Khondalite and Granulites of 3200 my 2ago and
embracing also over 3800 m y. old Champua area in the Bihar-Onssa border and 2
part of the “Banded Gneissic complex” 1n Rawwf the orogeny that
climaxed abouL_26021;u)_()_/M~a"g§‘_j‘hﬁhnrwnrihn province '5F cugeoclinal
. lithological association, moulded by Dharwanan orogeny of 2400-2300 m.y. 2g0
accompanied by emplacement of the Closepet Granite, Ii northern India the Satpura
orogeny (2000+100my.) gave nse to the Aravalli - Bijawar, province, which

encompasses the Sausar, Sakoli - Chiplighat of M.P'and Gangpur-Dhanjori of Bihar and
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Orissa. The Eastern Ghat orogeny (1600 + 100m.y.) gave rise to various ultracratonic
basin for future sedimentation which is represented by the Cuddapabh, Pakbal, Kaladgs,
Delhi, Semri and proto-Himalayas. Dunng the , same time i.e., Precambrian (1600 m.y.)
there was no sign of the present mighty Himalayas but the stage was bemg prep:ued
by, the nature through:continued sedimentation on the basement in the Tethyan
Himalaynn zone which comprise of Salkbala Group in the northwestern H;malaya, the
Vaikrita Group in the Spiti region of Himachal Pradesh and the Bbimped: Group in
the Central Nepal. The groups are overlain in a normal stratigraphic order by an
unfossiliferous sequence of Late Precambrian to Early Pnlaeozoxc The jutogh Group
and Daling Group occurs as highest structural nappes 1n the Lesser Himalayan region
which have been presumably denved from the basement successions of the Tethyan
Himalaya. In this way the formations which developed in the Peninsular area during
Precambrian/Archaen times can be summarised as below

i+ + . . Table 1.1 Precambrian and Archaean formations

i) il D ) ML IR TR

s B Lo L .
Dharwar (S In- Central India Eastern Ghat Singhbhum Aravalli
dia) o FAERNNLTA HIVI . 1o Bundelkhand
Closepet Gran- , |Dongargarh . |« ;0 0 o Mayurbhan; . | Aravalli Gr.
ite 2000-2380 1 Granite (2200) Grante {2000-
m.y. Nandgaon ) 2100), Gangpur
oo Granite (2200) - ) ', | Gr. Singhbhum '
- . .. |Sakolr Sausar Gr. | . B , | Gr.Dhanjori Gr. .
. 1 . , (2100-2200)
) g B . .
Dharwar Super  |Amgaon Gr. ' Bundelkhand
Group .+ - (2500). . i | oo . . Gneiss
- Charnockite "7 |Banded Gneissic
. I N .., |series (2600) . Complex
Penmsular , ' C . © 7 lsinghbhum
Gneissic Com- s et N Granite I O oo

plex (2600-2950) . q ) .

Sargur o . ;| Khondalite Senses | lron ore group

’ Older

. o7 Metamorphic’ -
- . Group ‘ o

= Soure, H storcal Gesogy B STPITRNT B SE
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In late Palaeozoic a manne transgression took place by way of Salt Range and
Rajasthan 1n the west, or through the Mahanadi graben in the east into these areas.
This marine basm. Decean syneclise extended over a vast area now covered under
Deccan trap The syneclise achieved its maximum tectonic’activation durmg Late
Mesozoic and Early Tertiary when a thick succession of baslels were_ hxd dowh nlong
with Inter-Trappean Beds

Proterozoic bistory S -

Beginning of the Proterozotc eon 1s placed at about 2500m.y. ago and the era came
to an end at about 570 m y ago. The Proterozoic Era began with a tectonic zohation
of the Earth's surface into sedmmentary basins of platform and geosynclinal type.

The ntracsatonic basins which were formed as result of t}_lil:?iir_e_rg Ghat orogeny
(1600-100 m y ago) expenenced protracted period of sedimentation which gave rise
to the Cuddapab, Pakhal, Kaladg:, Delhs and Semri mocks These
sedimentations were interrupted lwewwﬂgmnd 1100-1000m.y
that brought into existence the_ Aravall; and also the arcuate synclmonum of the
Cuddapah basin, This diastrophism was accomp1med by granitic actwity in the Aravalli
(Erinpura) and along the faulted margins of basins in Bihar and Cuddapah ' Almost at
the end of Purana about 600 m.y. ago the Vindbyans, Kurnool, Bhima, Indravati and
Chattisgarb groups were affected by the last of the Precambrian tectonijc disturbances,
which put an end to the Proterozoic era. Duning this pertod the Peninsula (a part of
supercontinent) witnessed a phase of glaciation, the evidence of which in India is
recorded 1n tillites found at the top of the Proterzoic-Bihar Group tn Chattarpyr district,
Madhya Pradesh and tillites in Son valley in Mxrzapur—j‘:dhx area.

Thereisa pronounced unconformuy, the Epnrchucan unconformity, represemmg
major tectonic cycle, separating the -strongly deformed and menmorphosed rocks of
the Precambrian basement from this less deformed rocks of the sedxmemary cover
over the Indian Peninsula, Most parts of the Indian'shield had stabilized at about 2100
my. ago. They were partly submerged beneath the shelf seas giving rise'to platform
type of sediments preserved in the Cuddapab Depression, the Kaladgi Basin and the
Godavars Graben and were deposited in a single sedimentary basin covenng the

B} (hem central parts of the Indian Peninsula. The Middle Proterozoic Succession of
orthern India is exposed in the “Delhi Synclinorium” of the Aravalli Range and
presented by the geosynclinal séquence of the Delhi Supergroup. Dusing the Upper,
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nonhward_qnd, at the same nme, .it had enlarged‘norlh eastward to include the -
Chatusgarh and Bastar Depressions.. In;the northern part of the Peninsula the Delhu
geosyncline had closed with formation of the Delhi orogen. The Bijawar shelf sea was
replaced by the, Vindhyan synclihe over the northern edge of the Pemnsula. The
\}xndllyan sea presumably extended northward into the Lesser Himalayan region. To
the west of the Delhi ox:ogen a series of volcanic rocks known as “Malans Volcanics”
were lad during the time of deposition of the lower parts of the Upper Vindhyan
The volcanics are overlain by arenacequs formations which resemble the uppermost
succession of the Vindhyan Supe:group deposited i the Vindbyan syncline duning the
L‘\Le Proterozoic ime. - N o s

The Precambrian-Cambrian boundary is represented by Lolab formation of Kashmur,
Kunzamala formation of Spiti, Martoli formation of Nandadevi in extra Penmsula
reglon and by part of Bbatider Groip of the Pemnsula
! : e ST e T !

"Table 1.2 Proterozoic formatmns of India

H s ' B Southern Penmsula ) Northern Peninsula
Upper Purana or Kurnool Gr., Bhima Gr., . U.p;;m Vindhyan Gr., Malant

t [ . | Sullawai Gr., Indravatt Gr., " | Volcanics
, s ¢ -2 | Chhattisgarh Gr.,, -
Lower Purana’ *» * | cuddapah Supergroup, Lower Vindhyan, Gwaltor

A Kaladgi Gr. PakHal Gr. Gr., Bijawar Gr., Kolhan Gr.,
. e ) * . {Delhi Supergroup.
. 3 S
S on ol iRt ___F_f:';_,’*"d’ . Soutce istorical Geology and Statgraphy of india
gt -

A‘q;

Geologlcal evolut1on of the Peninsula 'r 2
There are four structural stmngmphlc stages of the Precambrian Basement of
Indian Peninsula. The Peninsular gneiss was emplaced after the formation of an
Older Greenstone Belt which pmbably represems.\_—t’l;e—'relxcs of primordial crust.

The gnei th 1 form the' b t for the deposition of the first
sedimentary volcanic seqUence, now represen(ed by a Newer Greenslone Belt.
This gneiss formed the b t_for-all_the ding rock formations.

Thereatter, large intrusion of granitic plutons togk place,
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The Precambrian basement has seen many orogenic cycles. The oldest orogenic
cycle is observed only as relics in some Archaen area. In Middle Archaen, the
Singhbhum Keonjhar orogeny tock place in northeast Peninsula (Iron Ore Series).
The Late Archaen time witnessed extensive formation of Peninsular gneiss and
Eastern Ghat trend. Towards the close of the Archaen era, Dharwar and Amgaon
orogenies took place, which culminated with the formation of Bundelkhand gneiss
in northern Peninsula. {\;{_“_\w v W o Hae
Fovo SffT oneg

During early Proterozoic, first Aravalli, and later Delhi orogeny took place and the
Eastern Ghats were affected. During Middle Proterozoic, successive phases of
orogenic events gave rise to Satpura and in Late Proterozoic, orogenic cycle took
place in Shillong plateau and Travancore region. At the same time massive
sedimentary deposition took place, covering o major portion of the Peninsula

. o ,
W{‘ s v rateg b rocen EEH
. - wiraren Suremem G
L WA\ e

Fig 1B.: The tectonic fr;rr;ewurk of India ~
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known as Cuddapah Middle and Upper Proterozeic, Vindhyan
syneclise “were formed having ,been deposited directly, over PretambiTan
Peninsular Basement emerging out of the sedimentary cover in the northern part

of the syneclise, comprising of qnms_gsn_&@ggmgx_tg in the form of Bundelkhand
Massif (Fig. 1B1.1). . N
—

roeL

. I T (TS

During Middle and Upper Pro’lerozotc, Chhattisgarh and Bastar ~depressions were
. e e

formed. v o ey

A AR TR
The Lower Paldeozoic formation is conspicuocusly absent, from the Indian
Eeninsula. Thick successions of Upper Palaeozoic, and Mesozoic rocks were
deposited in fhree great gmben type basins Narmada-Sone-Damodar, Mahanadi
lar ‘gely_oge'g‘s_tnal,ongm‘ ile the gmbens were formed in late Palaeozoic
times sed:mentcnon continued till the end of Mesozoic, .

In Late Palaeozoic a marine transgression took place by way of Salt Range and
Rajasthan in the west, or through the Mahanadi graben in the east into these area.
This marine basin. Deccan syneclise exténded over a vast area now covered
under Deccan trap. The syneclise achieved its maximum tectonic activation during
Late Mesozoic and Early Tertiary when a thick succession of basalts were laid
down along with In!ey Trappean Beds.’huring Mesozoic and Cenozoic a large
portion’ of Northwest and Southeast of the Peninsula was under marine
transgression leading to deposition of thick marine rocks on these continental
shelves, e.g.. Rajasthan sh-éTf, Saurashtra Kachc}xh shelf, ete,

In Southeast coastal region, t}w_e_ih es were Thanjavur, Godavari and

Cuttack shelves, in which Paldeogene and Neogene rocks were deposited. At
about the same tims, the oil producing (Palasogene-Neogene) North Shillong shelf
and upper Assam shelf were formed overlying the S}nllcng massif and the Mikir
Hill Massif, respectively. N

Palaeozoic bistory . -

The Palaeozoic Era began at about 570 m y. ago and came to an end at about 225
m.y.ago Palaeoclimatic and Palaeomagneuc studies have indicated that during the
Palaeozoic era, India was joined with southern contmnents farming a supercontinent

- [ e
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known as Gondwanaland. This supercontinent was encircled by a_series_of
geosynclines. The polar wandering curve indicates tha‘rmaffecxed :
Dy much greater movements than Lawurasia, which undervent a slow northward

movement throughout the Palaeozoic. These two were close in the Devonian and
separated again 1n the Late Palaeozoic to give rise to the Tethys sea. In the Himalayan
region the sea had been there sincg the Late Precambrian. It is believed that the Late
Palacozoic events widened the preexistent proto-Tethys of the Himalayan region and !
connected 1t with the Tethys of the west. Exce;;l for a northward drift nothing happened
to these continents unul in the Late Trassic to Early Jurassic. Stratigraphic records’
indseate a typical character for the tectonic movement during the early Palacozoic ume.
The Cambnan and the early parts of the Ordovician periods experienced 2 gencmlg
subsidence which led to the deposition of thick 'sedimentary sequences. This trend was'
reversed during the later parts of the Ordovician Period and during'xhe Silurian period

leading to a world-widg marine regression and emergence of several mountain chains.
There were two orogentes, Caledonian and Hercynian during the Palacozoic
e B PR s

fig 1 1. The parition of india in Pangaca
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In India, the Palacosea (Vindhyan Sea) thatcovered'the northern part of tlie
Peninsular region during the Late Precambrian times gradually receded at the dawn of
the Palaeozoic Era."A™ ﬁifly con!mugus phase of sedimentation has been recorded'in
the Tclhyan Hfm'\hy'm Zone for nlmost entire Palaeozoic Emj_e__‘l_"e_lhwe

basin of the ==+ ©

an and Herqym-m

Jrbmiub s S
orogenic ph to the sh:mowmg
of the basin' 1an tectonic phase

is represcmed in the” norlhwes(ern and castern Himalayan belt by eptsodes of sub
manne and coaslal vo]camsm

oy P

The Upper Carbomferous Epoch m'lrks the beginning of 2 major cycle of continental
sedxmenl'mqn over the Indx:m Penmsula which began with glaciation phase, the traces
of which are fetotded in’ lhe form of/tillitc beds. Dursing the Lower Gondwana
sedxmenmlon wo phases of marine trnsgression took place in Peninsular, India, the
first as an extended armyof the Tethys through SikKimi to, Cemral JIndia and the second
along the Nnrm’lda wvalley and represen!ed by marine mzerc1hnons at Manendragarh
and Umarm, respecuvely. The glacml deposus are overlain by a vast thickness of rock
succession of ,Contine tal “Tacies u;p. d .by Go T Supergronup of
Permmn Early Cretnceous form:mon N ( T -

Py . . ‘ ‘

'\ oY e ~ PRI TN g e
The" mdrng- Pal:leozmc form:mons of India xs.represented by .the Dogra, slates,
Hazara slates snd Att6ek Sates in the western Himaldya, Shifia Group in H.P.,

Haimanta group in Spiti (H.P.) and Garbayang Formation in northeastern ,Kumaon,

. Gauran beds in Lidar valley of Kashmir, Muth, Quartzites in northern Kashmir,

Tanawals in southwestern'Kashmir Agglomeratic \'lates Ain Pir Panjal range, Lidar valley,
Chamb'« An H P and Panjal Volcam'cs. iThe, sub aerlal volcanic activity persxsted in
}\nshmxr from Late Carbomfexous to Late Tn:zssxc epoch The marine condition in Middle
to Late Permian time led to the deposition of ‘fossiliferous limestone shales of Zewan
Formatiun In Spm‘ vnllev C:imbrxan succession is represemed by the, Haimanta Group
of Cnmbnzm age Mrub quaﬂzim of Middle, Deyomzm and, Lipnk Jformation and, Po
’Fr')fmation of C'u'bomferous uge “In, Kux‘r}h Garhwal lhf: Te[hyan ,sequence. 15
represented by Garbavang Farmﬂlion Sbmla I-ormalwn .Muth Quartzite,, Kall
Formatmn and Krmgkmong Formatlon JIn Nepal mealaya the Palaeozoic Formations
t “."xlgy Phulch bt Group“,legin Carbonate Group, North Face Quarizite,
Dark Band Formanon,‘ Txltchq Pass, Formanon, Tilicho laLe Formation and Thiri Chu
Formalmn In, lhe Lesser. Himalayan ;region, during, Lower. Palaeozoic, formed the
nonhem part of the dehyan seh sedxmemzmon as represemed by Jaunsar Groug! and

are, mpn
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the Upper Palaeozoic rock formation R

. N
are represented by Balasniand Infra- P P e
Knol Formations - . ’

Mesozoic History

‘The Mesozoic Era began at about

R
230 my ago and closed at about 65 i/ P ‘A\\\_‘\
X

N
my ago It has been divided mto ' L‘/A“"m ;
Triassic, Jurgsic and (Mepus‘ .1-- “ )"x!aﬁ?
period During this time, major NSl /
charges took place m the disteibution '

of conunents and “ocean. The'
Supercontinent of the Palaeozoic Era,
Pangaea, was gradually torn_apart’ =
Fragmentation of the Pangaea began

with the opening of proto-Atlantic

and proto- Indian “Oceans. ' This '
breamaﬁdn"of‘ ’

North Amenca and Gondwanaland in * ' ™" '+ ! n R
N e poe e PR Y .

Late Triassic Epoch. Dismerhberment > " ¥ Lo R

of the Gondwanaland begah 'in Late * '+~ Hf1:2. The mpturing of Pangaea it .

Jurassic Epoch which led 1o the separation of India and Africa’ from iiiustralia;'}'\ﬁia‘r'ctica
and South’ America. " ' :

[T ] [ AV e | TR I N
'

e e i, RN St
Pl e oo .

The Permian-Triassic’boundary all'over the world'is tfeséiﬁ/iﬂ___ﬂkffnﬁié o
incomplete stratigraphic record beciuse of the ‘widespread regression at the close of
“¥alaeozoic era. In many pans'of “Tadia however, a fairly continGous succession of rock
formations containing Permian and Triassic is found This boundary 1s represen‘ted’b)"
the Guruyul ravine of Vihi district of Kashmiz, the Triassic Stccession of Spitt, Kimaon
and Zanskar which began with'massive limeston® " ahd inter-calated shiales containing
three distinct ammonoid faunal assemblagés viz. 'Otoceras-Ophbiieras, Meskoceras and
Hedenstroemia-Flemingites faunas. In thé Gondwana' sequences of India,” the
»no-Triasslc boundary is'evidenced at the base of Panchet formation. '
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o A e Y T S L

£ During the Gonc[wana tmcluml staget intense block nidvements occurred alcmg
ariciént fiults) resullmg m'

VIS A B
e e

basemeént lifléaments™ A o
T L, :
pertod followed bg asec

S ——
an “earliér phasé in Vedse of the Godnvan’Graben during this stage. *’

1 A

T TR T TTTTC 4D, 3 [ SN

Y’Fu'flher (étonic evoldtion bf th’er’mdrm Platform"HinAg the ‘Middlé and -upper
nxeSMé developed n all xhé
* periplreral” strueture"includmg arts ‘of the Narmzida~ Son“Damodar Gmbé’n"Sa‘hrashtra
-I\nchchh and’ Ra]asthan shelves, a]ong the flank$ 'of the Cambay and Indo- $nt Lanka
Grdbeh hind thé southerl’ slopes of the’ thllong ‘MassE> e G

R LI A L N S L1 S 11 IO SR IS E A AN e

o o i

kg

Vet o, s\,'.\; TR Ee T Y SO MR
The Deccan Basalts ... .

n’ e EnaL T A TR 4 . N .
The Deccan bcsalts cover an area of 5, 18 000 5q. kms. The ]cwer trags occupying
the - S«wn portion. of ;the basalt outcrop, are characterised by
tranquil eruptions of chemmtz normative thoeliite in horizontal
manner,.The upper traps which are confined to the’EMasmendlurGUJGrat.
Kachchh and Narmada vcxlley show 'explosive activity. The lower' traps
characterised by quartz normative thoeliite show « total increase of alkalis from
east to westsuggesting that younger flows gradually were ennched in alkalis. The
upper. traps , composed, of thoeliite ,basalts. clso sho satarat |
(alkah olivine, ‘nephlenites, etc.) cmboncmes, pyroclashc tex?alg a;d Plutonic
mcks In recent years the G.S.I has clq;sl{led a substantial portion of the Deccan
traps into areas dominatgd by simple flows or compound.ﬂows.lo,th_ﬂny»;s and ash.

.beds generally indicate relative proximity to sites of eruption. Deccan basalts were

,unsaturated, basalts

therefore, the considerationof events associated .with the. breakuP is -highly
relevcn( -This was made possible exther by ' .- .

W
Lo I T E ) Ly

(l)Intraconlmentcl rifting, interplate thinning. and Mid Oceanic Rxdge foxmuhon
: dunng the breakup ‘of Gondwana Jand, .ejecting enormous amount ol lavd
- General decrease in flow thickness and differentiation eastward icvqurs that

. basalts formed in this way. L

. N .

Ty, > v I

v (2) Due to the passage of Penmsula over Reumon island hot s!‘mt
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The nephlenitic magmas associated with Deccan traps may have been derived
through low degrees of partial melting in the presence of small amount, of ;v;!er‘ -
at 80-100 kms. depth. Quartz thoeliitic composition were derived from high dégreé™
of partial of peridotite at moderate pressure which corresponds to the pressurs gt ™|
the base of ‘the crust. Alkali, olivine, basalts and, nephlenites of younger, age
originated from garnet peridotite at high pressure along tectonically active belts "+
in west India. Eruptions in Western India 2000 m thick dlp near. Mumbcxx Upper
traps thin out towards eastern and southern areas. . . . Lt

[P S

The Deccan Trap and equivalent lav‘;\ ﬂo(ws"repr_eﬂsem a significant event in( the
evolulion of the Indian Platform. These diffusives cover an extensive area of ihe
platform, mostly 1n_central and western India, attaining in some cases vast thickness
and thus obliteraungthe earlier tectonic history of the Cambay graben and the Deccart

e e, g e s € - 3 N N
syneclise The evoluuon 6f t can_Syneclisé-was-comiplete-with-the outpouring of
the lavas burt ymahal and. Sylbet events continued.intd” retaceous. The mam

voleanic event occurred in"a short peridd tbetween’ 60-65 m y.-ago and ‘the second
significant activity took 42-50 m.y. ago in the north eastern part- The'Volcanjc activitiés
are related to the activation of 1 West Coast Faultand the Jaults of the Tapi and
Narmada Grabens Mwer and upper lava flows contain numerous inter-trappeafl

. et
beds of lacustrine and floviaule ¢ ongin' © ¥ EEE N e R
v d gy o~ . T %

. The me_f_agc_sif'_tm_misw}jm developed in the Te!hyan menlayas, the
Krol Belt of the Lesser Himalaya and the northwestern and southern parts of the Indlan
Peninsula and the rocks of contnental facies>constitute the' Middle and Uppef
Gondwann sequences. In the Tethyan Himalaya; a fairly continuous successioh of rocks,
yielding Triassic, Jurassic and Cretaceous peribd'had devéloped indifferent parts. The;
Triassic and Jurassic rocks are predominantly of carboniate facles but'the Cretaceous
tocks show flyscholdal charactefs. The Tethys !palaca-sea became shallower during
the Cretaceous period leading to gradual withdrawal of water towards the Indian 'Oce'an'

which widened during the Mesozoic Era asa’ consequence of the northwarg drift of
lhc Indi-n P1-an -

lcs n assocm!xon with the deep

. R m the appearance of of om {

- nost 3t 15 _the ‘Indus:Ophiolite. Belt of
h“dl@ﬁmrmm Era of Tethyan' H:malnymepresemed b)’
\- SThiRksuceession of limestone and shales in Kashmir-Chamba -region, Kathel Limestond
in Kishtwar and Chamba region, Lilang Group and Glumal sandstone-and Chikkint
imestone and shale in the Spit Valley, Namikla Flysch in L:lddnkh Thini-chu formation

Nepal. Inthe Lesser Himalaya, the Mesozoic Era laid to the development of carbonate
s IR

manne
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5 In betwech the
deposition of tliese two formations; the Phosphorite' horizon represers thé evapofite
facies which is indicative of partial withdrawal of marine condition. In the Penisula
area marine facies (of the Pilabozoid Erd® dte reported at Manendragarh and Umara)
have been extensively. recorded.in Kachchh-Saurashtra which started with neritic
facies of transgressive sea, followed by deep water facies, shallow martne facies and
lnslly of mixed . marine - and continental ongm -in- western Rajasthan exposed 1n
Jaisalmer region and grouped«mto Lathi, Jaisalmer, Baisakbi, Badesar and Paribar
Formatmns in Narmada Valley as " BYgh™ Beds, Lameta’ Beds,' m Cauvery Basin as
Dalmmpuram Uttatur, Trichinapolyand Arivaluras a resulz of four successive phases
of marine trnnsgression and regressxon, in Meghalayg as ,vx‘v{abaf{ekformatton.

fedothinant Krol formation’ ovédai

T/he_u:rm__g_undwann.saqu_enctof_ln\la represents a 180 m.y. of sedimentation..
_,pxsode_x\luchmadbegan_m-marmum,gn close uung the Cretaceous period
and is now exposed '“wﬂ_ﬂ%mbens \viz., the Narmada-Sone:Damodar,
the Mahanadi and the Godavan Grabens. The Gondwanamhad started
Locavan brabens. 1he Gondwana_sedimen!
with deposi lactal sedi of the Permian age The evidence of continental
ghcxanon have been found'as 7;n!‘_cbtrpavement in Chandrnpur dlsmct of Maharashtra,
the” equnvnlent form:mons have also beeh ‘recorded s Tahnaki Boulder Bed in
l\ashmnr-Hazara, Mandbalf ﬁonnu.‘ion in Garhwal, Blaini Formaton in Himachal

Pradesh i . f -

The most prommenl centre of ghcmnon was located in the soulhwest of the present
Godav:m Valley,l ‘north and nonhwest in the Damodar valley regxon with ihe retreat
of thé glacxers At the' close of glac:a] epcch ‘the lrregular topogmphy of the Indian
Peninsula'was filled in by sw‘lmps rich in vegetauvc matter' which' latér became
conlu’erous as the condmon becnme favourable for coalexcation Aﬂer the deposition
of the ‘coal” bearmg sedxments the bnsin 'was affected by Y vzlrlable condmon of
deposmon “The ¢oal !'ormmg condmons were ag;\m ushered in durmg the” deposnlon
of _ the Upper Permian rocks, The Triasstc . Gondwana_ 1s characterised by cyche
alternation. of arkosic s:lnldstoneA:\nd. red shales whereas the Jurassic and . Lower
Cretaceous Gondwann formation consists'of quartz- nremt)e pebble s:;ndslone and red
siltstone association Thc Triassic sedimentation took place in streams of gentle slope
whereas Iater sedxmen!anon took place in streams of szeepcr slope.

The lower part” of the Gondwana sequence were depostted in a cold climate, the
coal bearing formations in humid sub:tropif::ll “and the Trassic formations in dry
imatic conditions. The Lower Gondwana sequence is represented by the Talchir
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Tullites, and the Damuda Group. The Lower Gondwana successions in the P 1
y ! N N . .
India jts development in different area has been givén below: =~ - L
Table 1.3. The Lower Gondwana formations. , . .. .

L Damodar Valley |Narmada valley |Mahanadi valley | Godavari vafley *
Upper Permian | Ramiganj Bijon formation, | Kamthi formation | Kamthi

formation, Kulti | Motur formation formation,

Formation

Motur formation

Middle Permian | (Barren Measure)

Lower Permian | Barakar Barakar Barakar "I Barakar '
formation, formation, .+ { formation, formation,
Kaharbari Kaharbari Kaharbari .
formation formation formation, ! )
' Umaria Marine ' |/ ' v
L Beds’

Upper Carbonif- | Talchir formation | Talchir formation | Talchir ,
erous formation,
! v [Mahendra garh® vt

Marine Beds o .

Source Historical Geology and Stratgraphy of o2

Talchir formation*

Rocks which can  be correlated Eas!ern Hlmalayans wuh the Penlnsula Jare
exPOSSd in Darjeeling district as Rangat Pebble slate formation, in Arunach:ll Pradesh
as Abor Volcanics and KIreIongformmion, Rilu formations and Bam'lfnrmm{ans .

The Upper Gondwana sequence as developed in different pnrts of thq PmmSU]ﬂ
can be different patrts of the Pemnsula can be listed and correla(ed as below

, 0

DAMODAR VALLEY' ' | SATPURA REGION® s RI T
ONEMAHANADI | GODAVARI
RAIMAHALHILLS - |70 L, VALLEY >+, | PRANHITA VALLEY

Traps v 0 7 B

f PLEEE 1 T

Nipparia Beds Jabalpur Beds Gangpur formation
-raps ! N B - . ' .
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Lower plant béds ™ "7~|Chaogaon beds | .« . '|Kota formation
VLG
Dibrajpur formation « L}ncor:formlty Parsora formanon , .\ Dharmaram formation
- R seet et L o .
Supra-Panchet— « | Bagra gohglomerate{ Pah formanon - | Materi formation
s . ke I e . '
Lo IR 3 : T
- ' N R
Uncon/formlty " De,nva clay . - Sempabh formation
i) . L n . f [
2 R B A AT . PO .
Panchet formation ., | Panchmarhi formation i Lot | Mangh Beds
L . . s N b | san r wee’Y P R
= T 75 A - X
[ o N Kamthi formation ' Kamthi'formation  *"*
5 i i . ‘
ol ) to. A Source Historical Geology and Stialigraphy of Intha
. h b

~. 4 . H
. : |
C'enozoic‘z{vplzition\gjry historj{,'
¢ The Cenozoic Eri compnses a hxslory of evolulxonary phase ofi the earth’s surface”
of aboul 70 m.y and 1s the shonesl ‘and the mosl recent -phase which started about 70
m. y ago and ended at about 1 5 my ago. The physxographnc features of India were
shaped during the Céfozoid Er;v The Era bmmer @
» the Indian Peninsula, a_marine transgression: over .the northwestern Peninsula and @
tectomc instability of the Himalayan basin. @

Euolutzon of the Hzmalayas‘

¥

) The e protracted cycle of sedimentation whnch had started more than 1600 m.y ago
in the Vindhyan basiniwas affected:by an orogeny of Cambrian time due to which sea
was divided o (w6 basins - the ‘Lesser Himalayan- Vindhyan in the south and the '
Tetliyan in the riorth and the sedimentation _in_the Vindhyan basin came to an end
The barrier later evolved into the Great Himalaya but_the sedimentation continued in
the Tethyan.proper and in a narrow restricted part of the central sector of the Lesser
Hin)al:\yn.vu'[jl_le Hercynian orogeny which took place some 300 m.y. ago, forced the
sea to vacate the Lesser Himalaya completely. Soon the ‘sea water returned and created
a continuous Tethys sea extending from Spain to Indonesia and the sedimentation
continired in the Himalayan areza until about 70-75 m. ¥. ago. The nostherly dnft of the )
lndl’ln subconlment collided in the Middle Eocene with Eurasian plate. Combined with
the domm'mt north®Itd movement of the Indian plate during the Mesozoic, the Indian
sub-continent rotated clockwise, but remained between 50°S and 20°S. An island arc

. .
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consisting  of oceanic  volcanics
an ’!lu;adiamnuL@gLscdxmcms
including turbidites, chert  and
pelagic clay that was existing in

front of the Tibetan block, became

welded to the Indian plate during

ar T

“the Late Cretaceous_to Falcodénie,
representing the zone of collision
and obduction of oceanic material

s _the Indus-Tsangpo—.Suturc

Zone Asa result of the collision of
the continental blocks, crustal
shottening to the extent  of
300-700 kms tock place, while X LN 55my L ooyt

- . . emdn VNS - -
the Ipélﬁl_glig:_ﬁggggg_u_n.dcr the “w ~% ! /
Tibetan landmass 1n the north [‘
czusing the emplacement of ,
ophiolite suite. All the subduction |- ,;"_‘y""‘ . .
zones, viz. under the Afghan-Tran [y \
continental block and along the" oo / -0 .
Patkai-Arakan-Andaman Lare xrf - e )
emplaced with ophioliuc roch suit s ' o - N )

Jhe nitial collision nvolving the !

7 - ——
the Late Paleocene-Early Eocene
_penod _was accompamed by L=l oo 4 g oo o
clockwise rotation by 10°-20° of Fig 1.3, The northerly drift of Indian subcuntinent ard ts.
“the sature zome e RGE The . .  fubscavent coflisionwith Tibet © > (oo -
~ote thae - |
more than 10° of latnude and then'rotating clockwise by 10°-20° just after the fiml'
collision n Eocene-Oligocene umes The two limbs of ' the Jhelum syntaxes’stiow
contrasting rotation the Pis-Panjal rotated clockwise ‘by more 'thin 20° Siinil:irly,“fhe !

Loralat range of ‘Pakistan’ rotated clockivise by ‘mére thard 50° 3 *

. ‘ R N T PR

~During the
tate four phas
ords,
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- Burst,, the' Knrkab’ra‘mii“' LR
phase  of ‘sthe ‘Upperi =« ¢

Cretaceous 16+ Paleocenei™™i 1 W
during  * which "includedﬁu L N
convergence-of the leetar;%l LA ARSI ToE
and Indian plate, welding /:/—“:—\—/%\T\‘:Q\ Sorvenisran Orocting | 4,
he island arc-trench pair and“i'N\a\ Stroigntensa -5

i o

emplacement'of the'ophiolite, *

T clongate “Subathu basin v

S

A

as & result of » which the: T g L o4
Karakoram- Kaitash-Thasabelt = N\
emerged from the Tethys Sea '
and became~''an  elevated i
landmass. During this pertod '

evolved to the south of the-t  1¢7% L b
foot of emerging Himalaya in E N

arl
which Pre-Subathu and ¥ Sta ge

1
Wt o e,

P TR )

The. 'second!: phase, ithe +~
MallaJohar phase of the Late

Eocene to Oligocene was

7

marked by _the collision of the -

Ingdi : cand, s« e
ngdian : plate - aand, - later ‘
emergence . of; the Tibetan « =

pialeau, Irom the sea water;: (,,..! [
‘shW phiolite. yand;~ o7,z
ophiolitic  melange  were ARA
thrust southward as nappes
and ainarrow elongated fore- - - ¢,
arc ;basin developed 1 thes '
sumre‘q,‘v zone« “vin .- the.i..
Kargil-Hemis-Kailash-; ’
Shingatse zone..: . .t ,

oot RNV S S

. .Thé !hird phase known as ‘i

the Sirmurian Phase of. the

[T

Punjaob Draciing

Dy Straigntened
;o R ,\ '

Voot

o b s . . Coaee
1.4, The' clockwise rotation of indian plate after collision
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Muddle Mincene was the strongest phase and was marked by folding, splitting, uprooting
and southward displacement of the Lesser Himalayan nappes and the development of,
the I;l_aiﬂﬁ(_lgq!gl Thrust l{rxngmg upto. great_heights the basement_crystalhines,
emplacement of great volumes of  granites in llxc\‘(‘-m( Himalayan realm and

development of a long basin in the southern border of the 1esser Himalya.
— T T T

The fourth_phase sanging in age from the Late Pliocene to Middle Pleistocene,
known as the Siwalik phase was marked by the d_s_\gopmcnl of Main_Boundary -
thrust due to folding, faulung and overthrusting of the Siwalik sedimentary materials,
pile over the advancing Lesser Himalayan 1ocks, Tlic-Kirewas basin in the Tethyan
“realm in Kashmir was elevated AFJ'MMOH‘
~of the nsing Sivalik hulls. The next continuing Phase_of Holocene brought the Lesser
wﬂw the_Indo-Gangetic alluvial plain_During thesé
phases the basin of deposition_was progressively shifting_southwards which is ’

il o A
depicted by gradual development of older to younger rocks from north, towards the
—_— e ——
south

- o ‘

The fifth phase of the Himalayan upheaval took place after, the Pleistocene glaciers
had receded into the }I:glxer Himalayas which is attributed to the isostatic nd};;lmcnl
‘after the removal of the Tee=sTiger This movement has not yclm as
evidenced by shight adjustments being observed in different parts of the Himalaya..

Indian Cenozoic formations - - e
. . . n " . LI . - .
I“diﬂq%mrq\gnons.gre ‘exposed in the Himalayan and thé- Arakan'!
mountains and “the shelf basins of Kutch- Saurashtra, western Rajshthan,
Tnuchxrapal]1—Pondxcherry__nnd westeri{coast of Kerala. The parallel belts, a northern’

belt of the Paleocene rocks and a soithern belt.of the Neoggmckiscpﬁ}hlcd fromf
each other by the Main Boundary rault.” i 4 v
, TTTT——— / . .. b

. ; s

The Palzeogene rocks of the Lesser Himalayas'are exposed in the'Stmla Hills as”
= plaihinidhal £ e

s“ba'h”f”'mf’“""ff)f manne facies and estuaride and freshwater facles. The neogene™

:mc? freshwa!‘er faC}CS;\!W&ﬂ“ng the molasse
facies arc exposed in the Stwalik hulls and other foothills comprising the Outer Himalaya -
and known as the Siwalik Group whereas those intermontane molasse facies, exposed
i the Kashmur Valley at present are known as Karewas formation. The Indus
iogeochnal ynit and the north of the Indus formation, overlain by molassic sediments
- " U ey 2 oeere v W
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deposited in intra;deep and back deep molassic basins of Laddakh in the Assam-Arakan
Region of Eastern India, its adjoining regions of Shilloﬁg Mikir Plateau also exposed
vast thickness of Terhary and Qu1lern:lry rocl\s and are repxesented by Mabadek
Sormation, Langpar formation of sln]low w:x[er open séa envlronmem of depo¥ition,
the rising group of Geochnal deposmon the Tlpam group, the Dupltlﬂa group and the
Dibing gmup .

The Cenozoic rocks of the ‘Andaman Nicobar'island Belong to the Arakan folded

belt of eastern India and Burma and represented by’ ‘rocks;o_f_U_p_WS‘

alaeogene group and younger archxpelago group. In the northwcstem Pemisula, after
T — e s e A A ———

a brief phase of marine regression towards the ¢ close of. the Cretaceous period, the
région was once again submerged by a shelf sea dunng the Cenozoic period. The rock

formations deposited during this phase of sedimentation in Sindh is represented by
Ranikot. Laki, Kirthar, Nari, Gaj and Manchar formation; 1n western Rajasthan by
Palana, Khuiala Bandahb and Jogira formations, and the Saurashtra-Kutch by Madha,
b‘enmh Laprm Almn nnd KarLaurmx Sformation. | )
. Bt
The Cenozoic rocks of the south India were deposxled 1n the coastal area of Cauvery
B-nsm Malabar coast of Quiton Basm and Coromandal coast of Godavan Basin In the
Pondlcheny area”of the C'nuvery basin, the Cretaceous rocks are overlain by marine
“Succession of Pileocene-Eocede age. Widwn took place ::lurm’g—t—fu-:r
Plio-Pléistocenc period in_lour phases. First, during the 7atrof formation followed by
the Sorra glaciation, Potwar glaciation and the last one in the Potwar area indicated
by boulder beds in the relevant formauons. - ... . . o

o - : - ] ot L Pt e
The Pletstocene and recent coastal de}fusits are reflected by raised beaches on the
e e ——
Eastern Ghat, gradually diminishing size of Chilka laKe,” mud bark formation on
—— — e
Travancore and Malabar coast; the aeohan deposns of loess f und in Punjab, Kashmu,.
Tar:u dei:o;us 1n the foot hills of the Hlma]ayas and zhé caire deposus in the Kumool
deser( Andhra Pradesh. Coastal dunes river alluv:um and l'uemes are the mamfesmnon

~of recent activities taking place on }hq.surface. A large part of the continental _blocks

* " -

g‘e_iill under the imperceptible slow and secular episodic crustal movements that have
been taking place s; egin of the Quaternary period some two mullion years
ago and are manifest in _recurrent sejsimicity, movement of rock masses along faults’

! o s

and thrust p]anes subsndch and n§e of the gmund s(ruczuml de[ormnucn :md

development of pecu rar geomorphlc fedtisres-
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Table 1.4 Major Indian rock formations since Precambrian

Recent

T [

Recent alluvium, Sand dunes, Soils

Pleistocene

) : B .
Older alluvium, Karewas of Kashmir and Pleistocenc river terraces,
)

Mio-Pliocene

Siwalik, Irrawaddy and Manchar systems, Cuddalorc. Warkilli and
Rajahmundry sand stone

Oligo-Miocene

Murree and Pegu systems; Nari and Gaj series s *

Eocene

Ranikot-Laki-Kirthar-Chharat series

Lower Eocene, Upper

Deccan Traps and Inter-trappeans.

Cretaceous .
N » Ve IR
Cretaceous Cretaceous of Trichnopoly, Assam and Narmada valley, Girumul and
Chikkim series; Umia beds
urassic Kioto Limestone and Spiti Shales; Kota Raymahal and Jabalpur series
— - ==
T 5 7 —WL
Triassic Lilang system {ncliding Kiato Limestone, Mahadev and Panchet”
series , It
‘Permian Kuling system; Damuda system ' v - o [l
:

rboniferous
—

Lipak and Po series, Talchir series

Devonian

Muth Quartzites P . ' , bt

Silurian |

X

leunan of Burma and Hlmalayas

Drdbv!gran of Burma and Himalayas

Hemanta system; Ga'rbagyan'g series’ B '

Precambrian

Cuddapah and V:ndhyan system; Dogra and Simla slates; ‘Martoh
series

o e o e

Archaean

- u
Dhavwar and Aravalh systems, Salkhala and Dallng serles, _vanouf Lo
gneisses
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TR '"""THE‘HIMALAYAS" u&.‘;

PRSI your 5

ORIGIN :

FER TR > PR AP AL AP IS | 5 St S S :
The origin® of the Himalayas is related to contment‘cont{nent collision.. The{
continent-continent collision -occurs when two. contlnentdl plates collide. As the*
continents carried by plates move towards each other, the ocean basin is reduced,
in size and eventually closed..The Himalayas were formed when Gonduwcxnuland;
moved towards Eurasia or the Indian!plate:moved” towards Eurasian. plate,

eventually enclosing the Tethys sea. ;
PRI

tae bl

The major events in the gensmhon of the Hnmulcyun mountain belt by

i
f
continent-continent'collision are’ 4 7 "o - zoontreio TR
1. Geoclinal sediments occur along the margins of Indian plate and Eurczsicmé
1‘plctef . o R N R - LM o S 4
o i e wr R T N O ST AT SRR P N

s 7 (RS PA-P T S P L A S f
2.‘The wedge of the se'@iments along thé margins’of the ‘continents are defc‘armedj
-:11 above the subduction zone as the ocean basin deéréa‘ses in size., Subduction’

. - :begins as the oceanic crust is consumed. <. ~temiont ocooc

e, K - [ O B TR Tor S BT ST N INTEN

3. «COl]lSlOn forced .somme of oceanic érust {ophiolite assemblage) to be ccmght
- between two plates and squeezed upwartds and plastered agmnst the plates.,
~-* This marked the site’of welding of two’ plates called has suture zone. The Indus,

Tsangpo Suture Zone is one such zone.” .

<+ As the continental crusts collide one continent moves into the subduction zoné, ;

.. «its buoyancy.prevents it from descending into the mantle more thdn perhaps 40

< kms. helow its normal level Here two thmgs had huppened S £ P {
SRS :.u“_“"'-‘ ’,”- M R e USSR "":5

(a)the Indian plate was thrust undér the overriding plale creating a double’
lctyer of low densny whxch rose buoyantly to produce a_broad_belt of
S RSl

,(b)Even before conhnental (ophmlxte assemblage) were ccught masses
"/ ..::became . welded together and fragments ‘of; oceanic crust helween them

squeezed-upwards and-plastered against'the plates, thus marking the site;
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of welding ‘of two-plates:hence colled suture zone. The Indus- Tsangpo'
Suture Zone is one such zone.

4. The oceanic slab descending into the mantle becomes detatched and sinks?

I

i‘ndependemly. When the:slab has been d-conipletely, the volccm'lct'
activity and the earthquake it eneruled are ceased.’ “o i =N
(__,.Y -—-—v-—~\q~___’_..g——._._~_~,,_"—-—' g o r"'wé
'5. As resisting forces build up and convergence “stopped, !he mountain becomes;
. = eroded and adjusts itself isostatically. < . [T N U A ot
[ L L SE T S B
EVOLUTION
St H w0t ol 2T

The uplhifiment of lhe Hzmaluyas was cccomphshedun a series_of five impulses
punctuated by intervals.
R L. v IRARIEIN TR SVRCIVETD B
The(lirsPupliftment took place in Late Cretuceous-@o‘cene time along the
northern border of the mountains leading to_a palaeo-island are system that was
ig{med at the commenc of Himalayan .orogeny.- The clue to this- va]camc‘
activity.is found in a 500 kms. long sequence of volcanics beginning from Lato
called the Dras Kohistan range. Here the reddish mountain slopes bear evxdence;
of the extenswve volcanism that once took place. At the same time mhnse
deformation, regional metamorphism and emplacemnt of granitic ‘gneisses tookz
place. The Tethys sea was furrowed into longitudinal ridges-gnd basins.:These,
basins became the site of thick accumulation of flyschoidal sediments during fh";

Palaeogene times. R S T Y o o LS Mot S N
The §9C0n§ upliftment which started in‘late Eocene }Hmes:resulted in de{armahon;
_‘?P___L_H;M*L_’H frani iti i

Tethyan Himalayan zongnnd_emplacement of granite and granitic gneisses that !

comprise the higher Himalayan zone..THe .Lesser Himi n~Basin became|
SEQWGL_ALOMMLWMH. Brackx_slz__uzn!ﬁLSecﬁmemss
Vjﬁ_lg_lém_lhesa,.-~ “ L EECIWET EE U

. . 2 poTrotagts ebow %y vy

s

The third upheuvul whxch took plcxce m.ngdle ancene was most pmnounced

ﬁnnl—e P gUpN LS
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TheLf;u_rjm upheaval took” pluce“ln“ Phocene-Plexstocene_,Epoch rcnsmg ihe;
meglagun_iqgl_vjls, Broad folds were formed in the rocks of the foredeep ‘

I ‘1e Lesser mealaya from the outer
<t Tfmex

- - B e - -

{ . < \
Thelfifth’ and the final phase started when Pleistocene glaciers had receded into »
T R e P
the higher Himalayas. Ag the ice sheet was removéd there was 1sosxuhc_uplxﬁmem
S ettdb s
This upliftment due to isostatic adjustment is shll in progress.

; g_QQ:)s\‘“

STRUCTURE ;\““iﬁ; LiG}f’““?’ —3:‘.% ’WZ i%tu(

L:LT TR L -

' Sk . dl

r:\?(
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- > q_s
1. The Siwalik belt also known us‘S"%-I;ifmulcyu 18 tf? §oungesf énzxft of th ;?9
mountain chain. The rocks that constitute the chain consist mainly of
alternating sequences of sandstone-siltstone-clay. Structurally Siwalik belt is
characterised by broad open folds, However, towards its northern limit there is
a greater deformation as reverse fqults became common culminating factor in
_a major, prominent . fault _which_marks . the_northern boundary of-the SIWG]lk
i group and is known as Mai Boundury Thrust (MBT) and mdxccles the hmu to
-] ' the rlorth of which no Siv sedxmenh:hon has occuned . .
: e i W Y s
The lower Siwalik consists mcxmly of red sandstone” altemcﬂmg w;th reddish
. o :1.\--,.,._.1_.,_ Vi oove ,_1‘:/-‘ ‘-':‘-undtheupper

: e th Siwalik

[P ——

l

The Lesset meulaytxs are chamctansed by large thrust sheets (or nappes)
K(I which are caused by, certcun “tock units maving over great distances and
¥ J‘Jﬂ'OVEYﬂde the younger ones:"These nappes are found in Garhwal,"Simla and
~Kashmir. In Kashmir nappes have two groups, the outer thrust called Murree
\"’» and the inner thrust called Panjal. The highest thrust sheets consisting of
s Precambrian crystalline rocks were derived from centrat crystalline zone during
Tertiary deformation. The crystalline rocks rest tectonically over less

" metamorphosed Lesser mealcryun formations, : The lmgely unfossxleerous
[V . — e
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. .Stagesin the evolution of the Himalayas | e
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The Structure of the Himalayas

. sans

B }_ Siwalik {_ < Lesser 1 Greater'~ 4 Jibetan
1 Hits | . Hmalayas. | 1 . >
N i .- Himelayas I Plateay
. B v R SO T P R AR TURVEN AL v
Main Man e o ¢ DR o
frontal boundat M entral
Thrust st Crystaline | cantrat, €7Ystallne_ Tethyan Indus-Teangpo
2o Siwalk Yo MRS e hrugt s fOCks sodimentaries ,OpNon- N

*In Palasozole

sedimentary rocks
e e ke
e . Go‘j&.t;) e WAM Ep—u»o o
nature of Lessex H\mclayun formation bélonging to” Pxecambrxan Time " is”
overlain by sednmenls,.of Gondwana}und Supergxoup‘cgewwhxch again are
overlain by m%gg%gﬁfg&b. A series of thrust faulting has brought
about a general Teversal i straigraphic _succession. "Thus, the youngest
. Palageogene succession is overlain tectonically by late Palaeozoic-Mesozoic
avhatul. S siioy
succession of t‘he; Kxgl bel( which in turn is ‘over‘lcin by Precambrian rocks.

3. The Ccnlrul Cryslnllme Bocks (Rms) The Cenlml Crystallme Axxs (CCA)~ 15
the general name given to }ugh gmde melcmorphlc ro;ké'vbhlci: forrb‘ én'é‘
continuous series, from Kashmir to Arunczchal Prcdesh occupymg the cemral
part of the meulaya. ,'I'hus. they are smd to form the Central I‘X‘?cxsh ’I:}‘x?’}'(’lte’north
of the Lesser Himalaya separated by,Main Cemwl Thurst (MCT) T e CA
consists of Precambrian rock intermixed with gmmhc plutons. The component s
rocksof ,the Central Crystalline; Axis have ;been subjected to, severe
compressional forces causing heavy buckling and distortion. There, is a
common sequence of deformation in widely separated areas such”as Lahul,
Kamaon, central Nepal and Darjeeling. R W_LM St <2 ‘.‘1‘34»4

' s h»J
The xeglon is consndered to be the toot zone of the nappe of Lesser meclcya
and perhaps acled as base for the deposition of the mcmne Tethyan success:on

?lfu

33

. The Tethyan Himalaya The Tethyan Himalaya is located norih of the. Central
et - 2 . .
Crystalline Axis. It has four distinet areas that preserve geplpglcal record of ‘
about 600 my., these are Kashmir, Lahul, Spiti, Kgmaon and the Nepal »

sed 'fmaa»{rfﬂwﬁ@f_@ hing

S
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Himalayan region which were once connected as a single unit. There is
tremendous variation in rock type from huge boulder bearing conglomerate to
fine grained bla¢k shales. The Tethyan zoné is marked by intense folding,

recumbent overturned fold and small scale thrusts. ( rF(uO ante s

5. The Indus Tsangpo Suture Zone. The northem'boundury of the Telhyan zone
is marked by a conspicuous fa fault zone called ihe Tndus Tsangpo Suture Zone,
The sedlmgm&Mpnsmg this zone consxsts of ﬂysch {sandstones and |
shales that exhibit rapidly changing physxcul characters). Associated with the
ﬂysch there are basic intrusive and extrusive rocks mukmg the whole
assemblage complex what is termed as ophiolite. The Indus Tsangpo Suture
Zone (ITSZ) ig highly deformed and is characterised by the presence of newly

- vertical thrusj_cmlis,_c M Ko O Ww ,\&

T e

/ Hm@@wﬁ@m{t Words = - : flabe Upnindid
B Tt pon, . ‘WALb)‘
Cratons ’ Shield oo y“;%}a platforms > PRl
Olde! Greenstone Belt . Newer Greenstone Belt / Tectomc Provmccs R
Banded Gneissic Complex Euogeoclma| Lllhologwal Assocuahan . ’ B C ‘
,Ultra cratonic basin ; Nappes ) ‘Graben '~ " v’ v
Syneclise . " Inter Trappean Beds '~ Tillites e ’

Eparchaen unconformity Geosynclines " Marine reBI:ESSIOH
vCaledonian orogeny ) Hercynian a’rog:sni' cor s Palaeosea re '
(Facies Flyschaidal LS - Neritic facies ° ° " '
|I’|d:i Tsangpo Suture Zone Main Boundary Thrust * Main Boundary Fault'” :
Ophiolites = | « ~ vl - : {
o Melange . A oo ¢
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India presents qu_aLduLersuLas e teoenor o ~teiegraphy.
The Hnmal:\yas are young fold moun - o L. hxghly

e o .N...._».»Hu.,-._..n.
R gv-,. [N

i
3
]

uneven surface, ~rugged topogmphy ana young siver vatleys; e MM@LJS
ah old shield bl having mdny relxcr features and old river valleys which have seen
many cycles of erosnon lhe plams of northem lndna are. aggradanona] features with a
mmm of relief and very lltlle gradxem that are traversed only by some ridges
whnch bréak the mpnmony “of the plams the codstal lowlands are flat with a rolling
surface’and many deltas (Fig.2. n- ’

2 M ohL Ll R N o .
Ve . .- X -
N ¢

o The differencés in the relief featuses is Jarge)y due 10 dJ!TeIences in the geoJong:zJ
hlSMﬁxm of !he relxef features of the Peninsular
El&fm_emanates from lt_s‘ggmglgggm 5.0f old rocks (a ératon) which has remained
almost free from zmy _gtﬁm_mm:ms_o m that it has remamed
4bove the level of the sea since the Cambrian bears testimony (o its stable nature. Most
ok the selief features nruelxct-m.n:uu@ and, have withstood the onslaught of various
agenls of erosion. Nevertheless, the Pemnsula has, been and is being a[fected by
cpeirogenlc movements. The 'g_glig of the Deccan plateau continued dunng the
Teniary and Quatemnry Period at a_rate of 0. 36 mm. per year Thxs vemcnl uphflmem

ns “the source of 1 mznx su;{:lce (g:uures T ek -

On.the contr he Himalayas w}% The Himalayas, unlike
the relict mountains of the plateau are téctonsc in origin and present many youihfuol
it sty A
topographic features. . - -
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Fig. 2.1. The Physiography of lndia
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The‘G_rsgt_,Iigns are chamcfensed by a low “levél wrelief: Howeves, 1t is not
mbndtonous but’ h:\s ‘diverse 'geomorphological features, such as levees and bluffs
formed by the rivers‘along theit banks, It’ ponrays many fealures of malunty found 1n
late smge of fluvial mpogmphy"? AT e, g

T e i IR U m,n a0t

e R T L . .

The Himalayas

AU

The Himalayas ($anskrit ‘Him‘-Snow, ‘Alaya’-Home) form the é;éitest mountatn
“hain of .the_world:. They. form a. lﬂgh)h.zgg,gg}‘nnd,cominuous stretch of high
.mountainous country, flanking northern India for a Cpnsidemble length.

. t1 I, o by + PR S
51 The Grent Himalayas extend for aboul 2500 kms belween the Brahmaputra gorge
in; lhe east and the Indus in, the ‘west in,an arc shaped manner. The Himalayas are
150- 4b0 lﬁxs;f oad and aré, convex to the south Most of, the Hiini alayan ranges fall m
India, Nepal and Bhutan; but the northern slopes are mnly situated in Tibet whl]e the
western extremuy lies in Pakistan, Afghanistan and Central Asia, Himalayas are relatively

br nder n Hlmachal Pradesh and Kishmir 2nd" hlghest in EaStern Nepal.

- qy . +
. '

R T L S A A A TN ot et
The Himalayas’ consnsts of four mmn sectians sepaméed fromlone another by the :
gorges of the different rivers which traverse dxfferent ranges at dnfferent points from
Rrunachal Pradesh,to Kashmir, e.g., the section between the Indus and the SUUCJ
coverning 560 kms is referred to as, lhe Punjab Htmalava, fmm the Sutle; to the Kah
for a distance of 320 kms. as the Kumaon Hmmlaya between lhe Kalx and the Tlsta
for 800 kms, it is called the Nepal Himalaya and from the Tista to the thzmg (TAangpa
~Brabmapmra) for 720 kms. as the Assam Hmmlaya. Cert:un cther regxonal names are”
also used to name the Himalaya, e.g., the Punjab Hzmaluva the Kasbmir mealava
and the H:macbalemaIava and even xh Eavtern({xmalaya and the Western Hmmlam
. CANVILIRTAY 2w minsntl eazol ey

The [\ah river. hmns the \Vester? H;malaya n lhe east, whereas a\‘ blgh ransverse
IS IR IR (s
r:mge, ﬂ\e Lﬂnth’l”marks the western Hmit of the Bastérn Hlmalaya "The Western

. i Hnmalaya ‘the Sbuth
e Ty

. : y fron’llwésl 16 éaist.

. et o)
aane (\veslcm part ol ) . . EECL M -Darjeelmg

Lok et

,mealava and the FLEN . T * remaining

e e
portion of of the Easte ) R
" £80mDT o0 Qu e s s e sttt ool
pres il ptidn, conn 2 odanin paos e LYo soeuhio o e z
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In a similar manner, the Himalayan, mountain chamn all along its, longitudinal -axi
1s arranged 1nto three main senies of parallel ranges called the Greater, Himalaya, th,
Lesser Himalaya and the Sub meahy'l or the Inner, Middle and the Quter Himalay.
(Fig 22) These ranges are separaled by intervening spaces occupied, either b
longitudinal valleys of tectonic origin connected with the Himalayan uplift’or plateat
marking the eroston surfaces of an earlier age.

PR

. ;

The Siwaliks

' o o a Lol

The Siwalik mountains represent the outermost range'af the Himalayas. Thes
mountains are over 2400 kms. long, overlooking the Great 'plains and running 'fron
Indus to Brahmaputra The height of the chain varies from 600 to 1500 m., but rarel
exceeds 650 m. The Stwaliks are krown by different' names in different parts, e g., th
Jamma hills 1n Jammu! the Dafla, Miri, Abhor dnd'ihwﬂ“_—mﬂcﬂ

Tradesh, the Dbang rdange, the Dundwa range and the Chiiria Ghati hills in Ne, al.”:

The Siwaliks are characterised by fault scarps, antclinal crests and syn¢linal hills
Atiaiicbvioh e ,——JLLJ&\—M

It 1s bordered invariably at the top By scarps and descends northward to flat floorec
structural valleys called duns The inner portion of the Siwalik compnses 2 series O
parallel ridges and structural v:\lleys nsmg toa mnxnmum hexgh! of about 1500 m.

. P .\ i}

Many Himalayan rivers ongmalmg in thie Greater Hnmnlay'\s or beyond hnve forme:
steep gorge liké valleys passing through the waahk e ¢ -

o o toLa . b

The gorges of Tista and Raidak have jomned t6 form a 90 kKms. wide kap in !h(
Swwalik range 1n West Bengal, f B . Ve

TbeLésserHi;ﬁthayas (Himacbézlj cL e

The Lesser Hlm:ll:\ya n :mcxem Interature has been referred as the memlml The)

e to the north of the S|wahk range,, Flat bouomed longnudm:ll valleys calléd “duns
in the centra) p:\n covered wx!h gmvel and '\lluvxum separate lhe "Siwaliks from the
‘L:.s:s: :l‘m"]hY’ls The exnmPles mclude Debradun Kalbr!dtm and Patidun. The
wide nndmlnogz;n: form, the most ‘mﬂCﬂle and i'ugged moumnmous system, 60-80 l\m'
. . -4500 m ’"Sh The 6-80 kms wide moumnms “and valleys run m :11
e h“g:“‘::oumnms sometimes fise up to 5000 m. and the valleys touch 1000 m
accordance of altitude among neighbouring summits giving the Less¢:

@



- T
N

India The Physical Aspects

31 ¢




—

Sl ‘\_;;__Lk-.f.bys_@xzfmlax

32

Himalayas (he Appearance of 5 highly:dissccled ilateay, Locally, linear longitudinat
fanges have alsq developed With sl\t‘i’Bcr southern slopes and Seatler northern slapes

8VINg it a typyeay hogback type look. 1\ %

The vanoys westward runninglrangek are the' pjp Panjal, Dhayia Dhar, Mahabhara;
and the Mussorie ranges. Ty Tt

] N i )
The Eir Panyqy range n Kashmyr riins from the Jhelum fiver to the Upper Beas river

for over 309 kms. -

. 1 o
I extends €astwards a5 the Dhayia a e, which rarely altajns a height of
more than 499g On Dhautg Dhat\%irxc‘:js:ilyat\e the hilt sations of Simja (2205 m.) and
Pir Pany The pyr Panql :m‘si :I?e ‘Brkz;xihtall are ¢ ]
Between the py; Panja} and.rhé~Zaskal:lie§ th
and 80 kmg wide, [ 7, A

1€ WO main Passes-in this range,
v\:a\lley of Kashmir about 150 ks, long

e
(2%
-]

L ¢
INTYS

} h
SO
v ~\.)
high / S I\\\\\
~ \> N TR
e j N R
The Mahabhaga, range js :;;éeminuaiion of the Mu§

With 1ts summy Ising 19,3004 pyl ) \ - , o
T
- s \\.

fange 15 the Vol
m Kashmiy,
- .,
g >
4 Fy
The Greatey Himalayas/' (Hz‘madrz?’:.r 4 )
e s !
i

PR
i -
The Greatep Himalayas, Ejsc{ called the Hx'mka/dri

T

Va

hd the Bahirgiri in the ancient

literature, 15 a IO“E‘EEDP"'HQ_OUS and the(highest’m/mge.m»zl{e world with an/average
; oS

- o PBe- /o
herghy of 6100 me‘fef,i'!.{?"e €2 level The mountamTare ternunates apry ily in the

€aks aboy, 000 - ) ),

Maky, (848 ° 85 *o’m E'U\S.*l.._k 848 m.), Kanchenjunga (8598 m.)
bat ggan " g, gal 2 m] Mansaly 156, 5, Cho Oyu (8153m.), Nanga
126m) ang Annapyiny (8026‘5{.)'?ﬁiélé"z'f'sf)".!"l‘}:'e""lrange is snowbound
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throughout the year and a number of_glaciers descend from it (upto 2440 m. in Kashmir
and 3960 m.'in the Central andiEyz_lgterp‘,?‘Iir,r}_a_layas east of Hjmachnl Pradesh).

Many. of the Hlmnhynn ranges . in, the Greaier and the Lesser, Himalaya are
orthoclinal in their structur'\l plans, i.e., they hnve a steep scarp like face on the
southern side overlool\mg the plam while  they mclme gently towa;ds the leetan side

e b v;w';.u R ) '? e o
, The .1ange is forblddmg nndut (can be crossed by, only few passes whxch are snow
bound throughout the year. These passes are (heﬂyrzgl pass and the Zozi Lan Jammu
and_bls_b_mlr the Bara "Lacha I :md the Sht_pLi Lain Himachal; the Thaga La, the MNits
Aimach:
Fass and the Lipy Lekb in Utar | Pradesh and the Nathy La and the jelep La 1n Bikkim
— —
These passes'ge.nemlly, he at an.almudei qf,,éASJO ,m,‘aqdlpre used, for crossmg‘the
Hlmnlayas They have i in the past provxded important means of commumc:mon between
T’bF‘ and [Ind’ Lo ol

s gl .‘b‘ Lot o .oodﬂnn BLoer TURLL G g

FOTO) denlindt ML sog todeid ol w00« b oprrove v bre g P e
The Zaskar range lies to the west of the Greater Himalaya. The Nanga Parbat (8126

m.) forms its culmination in the northwest. The aw;erage height is beyond 6000 m.

Allhqugh geographically it.is confined;to; Kashrp_i_rﬁme:lchnl Pradesh-Garhwal region,

it continues eastwards in the Dhaulagiri and further east. On‘_!h_eﬁlgga_r are located the.

\peaks gl Sf "Ramer (1756, Nanda Devi (7817 W) and - Girla_Mandbata. X7728

T ——— —e
). Beyond the” Zﬁs’ ﬂr‘ls"thegdrge of- lndusf - [

| l
The TRINSHIfdldya THiTseAs

IRt THOIZH)Y ‘

The Kamkoram (called the,Kmhnagxri in ncien
of lhe I‘ﬁaﬁ'szhe Karnkoram ‘ranges extedd ﬁ'om, xenst of {he Gilgit tiver
crossmg xhe\r‘egqu of Gllgxt“BaIlstan}{nd da h< 5 K:lshmu‘ for about 600 kms. Its
L § ST SRR Wt Fodtohreggand river,
ST " vt ‘ " The general

. LRI C. ' . ) kms. The

g . L K2 (861

rh) (GodumAmrerr’eragw as’?ie"Chmes\e hnvemmed it after occupcmon) Other
nmpxbnantvpeaks nsmg nbov- B R B . 79068 m.),
road- Peak—(80§7 m)and- \ I Lii. ot . v veare the
abode of some of the l:u-ges! glacierstinthe world- thefizchen

altoro;-Biafg, HISPET
o &WL’:EF
—
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and the.Rimu_glacier of Pakistan. The Rimu is most notonous for brc:lchmg s walls

and 15 one of the best examples of a diffluent glacler.

The Laddakh plateau is situated towards the gmm.nf_ll_&jnu'kmn?n range,
RPN 3

. , - )
South of the Karakoram range, between the Indus and fts tributary the Shyok,

is

the Laddakh range It extends for a length of 1000 kms. through the border of Tibet up
‘to Mustang” Its elevaton, in general, is lower than that of Karakoram with only re“(
peaks rising above 6000 m. The important peaks are Mt. Rakaposhy !7880m) and Q_l_l_];l
Wﬂmauddﬂh ranges can be crossed from many places- one pass, about
24 kms wide, has been created by Sutlej. The most.important pass, however, is focated

)

v 1o the north of Chomo Lahri through' which flm\s (he Ni:mg, 1 mbumry of the Ts:mgpo

9 The Kailash range 15 an offshoot of the Laddakh range. Its average elevation'is

m)

.

Fig.2.3. Important Himalayan Peaks ' s
O .

5500-6000 m and the average width 1s 30 kms. The highest peak is Mt. Kailash (6714
. I J . e ) S e,

IMPORTANT HIMALAYAN.PEAKS
(HEIGHTS IN METRES) )
SCALE

L ar eeme e o ev e we em witems
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The Purvanchal (The northeastern Highlands)

Afier crossing the Dihang gorge in the cast, the Himalayas bend towards south
forming a series of hills with a north-south trend but slightly arcuate with {h& éonvex
side facing west. However, the ﬂli\:mchnl not only includes the lofty ranges which

“Gorder India in the northeast but also the hils and plams in Mampur_“']';xpura and the

,1d10mmg’dlsmcts of Assam. It .may be, funhe(__aubdwxded into six physxogmphlc
pm\mces Purvu-NEFA, Nagaland, the Manipur hills, the North Cachar hills, the szo
 hills nnd the Tripura hills. R -

i

y Pum‘J NEI‘A has !wo major gecucns -the Mishm| hills and the P;ukm_Bum (ghgg)
The Mish ilis"contain the~hnghesl ranges of Purvanchal with many summus above
5000 m. There are several basins, e.g., the Taroan basin which is surrounded by several
south flowing tributaries of Tulu river (Luhit). Dapha Bum (4758 m ) 1s one of the
highest peaks..

D O At LU A L I Y R L AL

Mzmy of the peaks of lhe Palknl Bum 1 e betwcen 2000 and 3000 m It is typreally
a synclinal range built of strong Tipam sands(one “The axis of the synclme 1s roughly
e 12

coincident with the crest of the range.

Lo P D]
M@gﬁ_{mﬂﬁhmlﬂmhﬂdb&,&enﬂng&lmd zmd Burrﬁ’: Sammatl (3826
m.) is the highest peak on the Naga range and there are other peaks over BUﬁﬁ"hngh
Towards west.are the Kohima:hills the hjghest peak of which is Japvo. The Kohima
hillsshas a-range and valley type of topography. Serrated ridges alternate with deep
m S -

s

' N .
EYRRPCE “ a ¢
PRERC Lo s B

oy C

This ndge and valley character becomes more pronounced in the Manipur h"lls

Wthh runs from the Tuensang hills jn the north to.about'24°N parallelm

1€ : . T T aipur hill§ ron®alorg ‘the ifrontier betweén ‘India and

* abuit against'the Cachaf plams and hills. The Gentral

pan 30 kmhs. broad :md 50 kms. long, surrounded by mountains on all sides is a large

p.ain This basm is supposed to be the bed df an old lake whose remn:mt 15 sull seen
m (he form of Loklak Lake having' centripctal drninage' queoee e

"A bell of hl“S and pl:uns sepamte ‘the Nagaland “and’ lhe Mampur hills of the'
Purv:mchal from the Meghalaya platenu Along the eastern portion of Meghzlaya runs
the Barall ranges overlooklng the Dhnnsm valiey m ‘the fiotth and 'the leChar plams in
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Fig. Cross section of the Himalayas from Everest to the Kerala coast - )

the south The Barail ranges present 2 hogback structure lowards lhe western plains
. P
and merges imperceptibly with the Kohxma hnlls in thé east. * P

P TR B e

e

The larger pomon of the hilly belt between Meghalaya and the northeastérn ranges’
1s known as the North Cachar hills. The nverage elevation ts about 500 m. but here and
there pedks nise to over'1000 m.  © i g e 000 o

i I T . e R

The southern part of the norstheastern ranges are the Mizo hills’ (previOUSlY k"OW"
as the Lushai bills) They are long north-south trending parallel ranges and intervening
valleys Most of the ranges are of cuesta type and the slope is much steeper in the
west than in the east

. R e - P KH

The Tripura hills comprise -alternating - with' valleys.. Thls' range : and
valley typR of topography.has rendered communication very difficult, creating transport

. broblem~Southwards, the array of hills pass into (hevAmk:m Yoma of, theﬁurmese
coast.

' WO e e I D g
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One striking chamcuensuc of the mealayas is !he dxfference m the :nmmgemen! of
the mountain ranges be(ween the Eastern and the Western Hlmalnya The Eastern
Himalaya rise rather abrupdy from._the plains of Bihar and Bengal with, the hlghest

peaks of Everest and Kanchenjunga | located quute close together (Fig. 2. 4) n commst,

S
the Western Hmalaxn attain height lh:culgh 2 graded sgnes of low hills (Flg 5) The

)«
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fig.2.5. Section across Western Himalayas
tirst serfes.1s the Sub- Hlm’xlayan Iulls of Jammu'and I\wshm:r. the second, the Lesser
Himalayan ranges of Pir Pan;al and the Dhaula Dhar and the third 1s the Great Himalayan
range of-North Kashmir and.the Zaskar ranges. Northwards still, (hey are replaced by,

the Laddakh Kailash and the Karakvram ranges.'»

[ ¢

.+« The ongmnl rehef of, lhe menlayws Ins been extensnvely modified by the 5ubaenal
processes particularly by the work of ruiining water and jce. This 1s evidenced by the,
deep gorges of the major rivers such as the Indus, Arun and lhe Brahmaputra TheA
evidence of glacial erosion s scattered all over the H1m1luy1 Thcse snclude |

amLt v sl

Lot sa
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A0+ -lagge block of rocks which h-we been tmnsporlcd from the lugh suxmm(s of the
Hmmhyan ranges over long distances;

‘

14 IONIE]

:(lll? M‘“V U shnped ""d lﬂngmg valleys are, found ‘elevations much lower “than’
jthe positon of Khe exxstmg glaciers, ’\nd

2 wedrae Lo
Monme deposns found exlenswely ﬂlong many nver v:\lleys wluch form Well
s
s developed térsaces m m1ny nreas pnmcuhrly on lhe fl.mks of the sunounding;
nges, e g 4t Handwar R:shxkesh éte.” -
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/Significance of Himalayas

The Himalayas, no doubt are one of the most important geomorphological feature
of India. More than that, however, is their contribution they have made towards
shaping the destiny, life and culture of the people and most importantly to lhe
egonomic prospect and prosperity of the entire region. Py St
Wy
BOL tonmeke s b
1. They urqahe single most faclor in controlling the climate of India@ __geag
. e
Himalayas are regponsible for making the entire country tropical even though
- only half of India:ljies-under tropics (see Climate): hey are-responsible for
9 splitting the jet stream into two branches and these in turn have the most
imporiant influence on the mcnspon% ides, they block the intrusion of cold
winds from Central Asia in winter,
e e
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2. The Himalayas are the birthplace of many lndiaxi,rivers.:'i' he snow fields
MN‘VM ~
(himals} and the glaciers are source oKL.muny rivers such as the Ganges,

) i —_—
Yamuna, and man eir tributaries. Although the Himalayas de not form a
eirtr Aitnough t — =
;mﬂnire‘r‘divide they are also responsible for draining a large portion of
" water {&1ling on them. quse it is a source of many tivers and giso because
—_—
ot youthla ogTaphy, it is an important reyiof for hydel power development.

3. The Himalayas are_an important source of 'soil. The weathered debris are
transported, reworkm river in plains when their
velocity decreases, These rich alluvial deposité support the population of the
Indo Gangetic plain. st f dae 0l

4. The richness of the Himalayas in terms of its biotic resources is unporatlel.
Because of a variety of climatic conditions even within the Himalayas, there is

—greater diversity of flora and fquna. The Himalayas and the Khasi hills in

northeast account for about 3000 of the 6700 endemic floras found, THe Western
Himalaya comprise silver fir, silver birch' and junipers ‘'while the Eastern
H'zm'nlqy(I and Assam has oaks, maples, alder, birch, bamboos and other tall
grasses. The Lower Himalaya has rﬁdﬁy'or‘ché'xds’ of apple, pears, grapes.
chertles, peaches, apricots, gooseherry, raspberry and strawberry. ‘Some very
beautitul flowers grow in the Higher Himalayas such as the rhododendrons.
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The valley of flowers-in Chamoli. dxstnc& of U P -is a yery: nch reservou’ .of

endemic biodiversity. Q_“L‘ Q‘;jw*-i ﬂ@
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* ‘valuabie mmerc[s Copper, lead,
P
ungsten occur m the Eustem cnd

. el L e v

6. The Hlmcluyas axeanxmportcmtqn sullunexploxted tourist destination. Many
‘hxllslutxons dof ‘the mealayus such as thulgam, Gulmarg, Srinagar,
Amumath‘ Dalhousxe, Dharamshcxla, S}umla, Solcxn, Chml Nmmtal Almora,

N T s
Mussone Rumkhet etc, ™ B .
exchange for thé cousiry I
——— w.»ujl
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/ﬁﬂfernce between Peninsular Plateau and
the H1malayan reg:on

g YSIOGRAPHIC DIFFERENCES

RESESNYLS NP

e T e v e b g
1. The Peninsular mountains are of relict type, a large pon‘ion of which have been
. sub]e’cted to extensxve denudation whxle the meulcyun mountmns are young
) Daakinmesta R

Tt Lo

2. Pemnsuer region has flat, shallow valley with a low gradlem This is because
m
their channels have approached base level of erosion, while the rivers of the
) meulayun xegion are in thefu&gt_b,

IPIRY o [ L e R

STRUCTURAL DIFFERENCES & 7 "Minfor vt ued o
R YR T T T T ORI A S PR

3. The Peninsular plateau' is ganerally composed of crysmllme tocks which have

seen mcmy cycles of granitic activity and metamorphxsm They have remained
“little ‘of unaffected Since ' Palaeozoic’ by any' earth “movertients,’ whxle ‘the
'Himluluyaé are’ composed of sediméntaty rotks which have been folded

o Ty TR R I P T T s

z.q.,;/
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The Peninsular Plateau - \/ CL wa/,fc;%

AAW‘v

The Peninsular plateau emends from the alluvial plains of Uttar Pradesh nnd Bihar .
towards the south to encompnss the whole of the Penmsuln. It has a general clevahon
of 600-900m. 2nd makes an |rreguhr mangle with its concwc base lymg belwecn the ¢
Delhi ridge and the Rajmahal Hills and the apex formed by Knn)akuman A pm of the i
northern portion of the plateau 1s buried under the alluvium of, G'mg:x and Yamuna.;
The slope of the plateau xndxmted by the Chambal, the Son -md tl\e Damod:lr 15 furst’
towards north and east and then westwards after (he dehyan Kaimur range. Southf
of the Satpura Maikala line, the general slope of the land is to the cnst and the soulheasl

However at its western extremity, the s]ope is quite steep towards the Ambmn sea.

The pl'ueau has remained above the sea level for a lnrge p:m of the geologlcal
history and this has facilitated the sub aenal processes to work incessantly. The plateau
also . has .crustal fractures and. faultmlmlemem of - dnversny» in. ns~
geomorphology . Fao

. ' [
¢ The various stages in‘the evolution ‘of the' Peninsula is ‘clearly discernible 1n the1
erosional surfaces of Chhotanagpur, the dissected gnexssxc Country of Bundelkhznd,i
the  Narmada-Son-Damodar Lineament, the - hill - “ranges’ "Zof. --Nllglﬂ' ’““d
Annamalas-Palasy- Cnrdamom and the valleys of Godavan and Ilv\nven - .

P L [

The Peninsular plateau xs charﬂctensed by enormous geomorphologlca] dxversny
However, 1t can be conveniently grouped into five main physiographic regions.

gZ..Tbe Ce;ttral,ﬁigblahds N f' S RV

P oA [

The Central Highlands are a wide tract of hlily country that includes the Ra]:lsthnn
uplands, the Madhya Bharat Pathar, the Bundelkhand uplands and the Malwa plateau
bounded by the Aravalli range on the West and the-Satpura ringé on ‘thé South! Th
Salpum separates the Great Plains from zhe Peninsular pla(eau. Coram s s

n IR

'L
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« The Aravaily R:mge is one of the oldest mountains that runs for nbout 'IOO kms from}
Delhl tn 2 northeast to southwest dnrecnon through Rajasthan into northem Gujarat..

¢ The general elevation is only 400-60 m, although parts of this range lie well :lbove'
wﬂL‘J \.Near Delhi, it has been reduced almost to the level of the alluvial plamn.i.

'!\ex ertheless,
1t still retains its rocky character and is known as the Delb: ridge. Further!

= R U i e v T &t e A O s
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north, it continues up to Haridwar but is burled under the alluvium of the Great plains
At the southern end it has been much more diséected and only few scattered buttes
rising hardly above 60 m. are all, that téfains of the Aravall. However, the southern
portion is more continuéus and rises to over 900 m. south of Délhi, a Jong_gw
of hogback type extends for about 70 khs. ‘from Sohna to Ramgarh rising to a maximum
height of 404 kms. It widenis out southwards'in a fn:x_li,k‘e‘_f_qgm,sppt}l of Alwar. Here
the topography consists of hogback qudrtatic_ridges, ‘synclinal valleys and_erosional
valléys carved out of phyllitic rocks giving rise to a ridge and valley type of of topography
In'the past; the entiré’ Iength of the"chain was & complete barfier (o all Kinds of

movément from West to east. Today, however the'barrier effect is felt only in the central

and southern parts.In the north, many ‘wide" water gaps run transverse to the range as

far south as the’ Sabarmau rxver facxhtaung tmfﬁc However, south of Bewar all the

movements are restricted t5 f ur asses thi o, 't p at, 't ewarr and the
our p éBar he Pipli Ghat, the Dewair a

13/65_1,111— K Cg '

e e P
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Ul prououm.eu SUIIKE 1Uge nsing L0 suv.a, whle llle weslern purt 1s 4 jampieu llldbh
of hills and ridges of 'stil{ hxgher ‘elevation. Guru thkhar (1722 m) on the Abu lnlls is*
the.hnghest peak of lhe Amvalll and Mt. Abu (1158 m.) is the only hill station of
Rajasthan. i '

oo 0

'

‘rhe Ra;asthan uPlzmds and thé East Ra;aszhan uplands drdined by the Banas and

its tibutanes, lie to'the east of the’ Aravalli, They are 250 16 500 m. high and consist

mamly of ancient crystalline focks. The M1dhya Bharat P'uhar towards east is 2 plateau

with rock surface made up mainly of the ancient Vindhyan sediments through which

Chambal river has cut deep and wide valley and has formed ravines and badlands.
S8

(W 7. AR

Further east, lies the Bundelkhand upland presenting an old erostonal surface cut
Sut from'granitic and gm1khan& and sloping' towards northeast
These sutfaces with @n average elevatuon of 100 m., 150 m. ind 300 m. cover almost
the whole of the region xhough individual mesas 1an ‘buttes rise here and there. The
Bundelkhand uplands merge: imperceptlbly wnh the Great plains. Then the landscape

changes. Buttes of granite and sandstone, lgng narrow serrated ridges of quartz reefs
and trap dykes diversify the topography.
P R



: ...Pbysiograpby

The Malwa plateau lies towards the southwest, It is a large physiographic feature
made up mostly of lavas, It has rolling surfaces and flat topped hills dissected by several
nvers of which lhc Chambal, Betwa and the Parbati are important. &muh of the
?undelklmnd upland, and east of the Malwa plateau, the &Md forms a
senes of tablelands scmralcd from cach other by a prominent sandstone scarp trending

east-west. IU's structure 1n its simplest form is that of a flat topped syncline. The strong
Lihis e Adhadathad
sandstones of the Kaimur, Rewa and the Bhander series of the Vindhyan group are the

principal scarp makers and also form the susface of the three constituent plateaus

descending in steps from west 1o east. All the three plateaus are limited in the south.
by a great escarpment locally known as the Kaimur bills. In the north similar scarps

SepnriTe’ﬂTETn,from adjacent lowlands. An;l_l.cr scries of transverse scarps trending

north-south separate one plateau from the another. The plateau surface near the scarp

1s hughly dissected and 1t 1s hxghl); notuiceable in the Bhander plnlcnu;g_r_cn_m_s_fp_wng

over the northern scarps of the Rewa platcau have formed rapids and waterfalls and

the Tons, the largest of them have formed a gap scpnratmmfrom the

Mirzapur hills. —

The Vw ﬂankmg the Narmada-Son 1ift in ils nOLtb__Ls__g_xusc_ﬂrp_Lnﬂl_
_lrending east-west. It vanes_in charagter and_height depending on the structure and
llthwks The general elevation of the Vindhyan hills is about
300 to 650 m. The western part of the range is chiefly composed of b‘ls:lll.;l:h_s_
‘P_elﬂgp‘l?m\ed_mw;f the Vindhyan rocks was subscqucmly burmr lava
flow and 15 now in the process of being exhumed. Near Hoshangabad, the Vindhyan
mountains come very close to the Narmada river and.present a terraced slope built of
hard sandstones alternating with shales. The Kaimur range on the eastern portion of
the Vindhyan mountamn is the most pronounced scarp in India developed on sandstones
and Limestones and 1s nowhere breached by any large stream. o -

- , .

2. Tbé Deccan Plateau L '

T T U T .

The Deccan plaleau isa vasl ternitory occupying the major part of the Pemnsula
emendmg from the Satpura-Maikala ranges 1n the north through the Maharashtra plateau
) to the Telangana and the Karnataka plateaus on the south. The Western Ghats occupy

mos
t of the Maharashtra plateau while Archaean crystallines are spread over the sest
of the Deccan. [ S
N . + .. K I i N - i
Cee et
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The Satpura range lies between the valley of Narmada in the, nogth and the Tapti
in the south. It commences in the west from the Rajpipala Hills thrci gh the Mahadeo
Hxlls 1o the Maikala.ranges.,Most of the hills are occupied by the Deccan Trap and nise
o an elev'mon of 900 to 1000 m. The t_xxo_my,thLpeaks of the Satpura are the Astamba
Dongqr (1325m ) and Dhupg:lrh (1350m.). . . e

C_—"‘““

o B '

{ oo o !
MM onsidembly in the lcentml pact. This part 1s bordered to the
north by the MqhndeﬁMh hills. The Satpura forms
| a series of scarped plateaus to the north at an elevauon of 600-900 m. T&g/stgpg\ldfjd
ﬁmﬁfweswm”pm of the..Satpura comes down to 360m at
mmwmch the Narmada may have flowed along

what js pow.the Tapti River. The Tapti is the only major stream to arise from in the
Mwawmmage)
AR v st T e et B 0t
. 1Nearly the whole of the Mahamshtm plateau is formed-of plateau basalt which has
gwen nise to rolling plains with intervening smw;ys. .Flanking each of the three
river valleys of the Godavari, Bhima and the Krishna, there are flat topped but s LQ

Ei—dfi‘ﬂ"’,’i‘_‘.s- T uwi.‘r:-. i ’M
[ LT 3 L Osh o ?‘

Jlnhkc\tl_lg_h_/lgﬁ_aia_s_,___lm plateau, whnch is made of Dﬂan Basalt, the plateaus of
Andp{n Pradesh and Karnataka are carved GUt of Archaead gneissic rocks. The Godavan
divides the Telangana plateau into two sections. The northern section is bounded on
the north by east flowing Wardha and on the east by south flowing Pranhua. The surface
of the plateau is dotted .with low hlls_a mThe twin ,city of
Hyderabad-! Secunderabad 1s located m such a “depression ; <
._________/ﬂ

TR . ‘ i € . RIS NI whro '

The nonhern portion of the Kamn!al\a p[nteau is dramned by the Krishna and s
tubutaries- the Ghatprabha and the Malprabha, The Mysore plateau {5 the Toftiest 57d.
most ‘well defined . plateau ,in South Indi. The regional slope 1s to the east but the
nosthern postion has developed a nosthesly slope. It 15.bounded on the west by the
Sahyadris.and to the.east by the Eastern Ghat m\ysxogr;xplxicnlly, the Mysore plateau
can.be _d’wided mto two sections Malnad z—md,*"'/’{ The Malnad porf\oh is a hilly
area_ bordering the, Sahyadri having an average width of 35 kms. and an’ average
elevation of 1000 m. IIWd ‘n‘ﬂﬂie_ﬂwleys and covered with
dense forests, The highest 1s,the Bababudan group. The Maidan is an area of rolling
plains with low granitic hills. T

R
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3. The Eastern Plateau ' ‘ v

The Eastern plateau has a much more varied topograply than the Deccan. This part
of the Peninsular plateau consists of the Baghelkhand plateau, Chhotanagpur plateau,
Mahanadi basin and Dandkaranya The eastern part of Satpura is known as the Maikala

plateau It 1s bordered on the east by a line of eastward facing escarpment, the Maikala
e gl
fange This . . e e .. T

gzxnd th

East of the Maikala plateau and north of Mahanadi basin is'the Ba'g;helkimhfldrplateaue
The Baghelkhand plateau is bounded by the Son river on the north, anid to ‘its south
occur antichnal hills and synclinal valleys of sandstones and limestones which appear
to be remnants of an ancient mountain ‘'of the type of the Aravalls trendi}ig east-west
parallel to the Son The topography 1s further diversified by flat granitic plateaus to the
east of Gopad (a tributary of Son) with broadundulations and basins of the Gondwana
age in the south The Singrault basin is considerably dissécted. " e

PR . PN

The Chhotanagpur plateau has three major levels of which the Ranchi plateau on

L e
granle-gneiss is the largest. Rounded hills of massive granite (exfoliation domes) and
shightly elevated terraces of older flood plains mark the topography of Ranchi plateau
1, . P

Apart from these low hills, the surface otherwise is quite flat like a ]:'J'eﬁeplain. The'
Ranchi plateau is deeply dissected around its edges giving rise to steep escarpments
locally known as,ghats. A number of waterfalls including the Hundsu mark the breaks

T ——

in the thalwegs of the Subarnarekha and other streams crossing these scarps. 7o the

Wﬁws the Damodar which drains the important
Gondwana coal basins : ’

North of the Ranchi plateau occurs a'‘group of plateaus’and hills’ including

_ Hazanbagh and Koderma representing peneplains at various’ stages of uplif and
g dissection

¢

3 They are flat in their outward edges because of the massive character of the
—y mmﬁ’mde}mn pldteau is bold short quartzitic
;'c(;’fz:e“;?:l‘ll alternate with valleys carved out of schists giving rise 10 toPOgr:l?hic
Netarhat anda‘l;l to that of Appalachian mountains. A group of higher 'plateaus,”the
have flat laterg € Jashpur Pats overlook the Ranchi plateau on the west. These plateaus
steep sea e-capped summuts known as pars which rise to over 1000 m and present )

*Ps araund their edges. These plateaus are mesa like and are supposed to be
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the remnants of an older and more extensive peneplain-largely destroyed in iater
cycles. They enclose a number of flat floored oval-shaped basins such as Chhechhari
basin. + , I P I SRR 1 1

. DT PR .
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1, +On the northeast, the Rajmahal lls demarcate the Chhotanagpur pla[eau These
hills are capped bX lava flow of Jurassic age which are dissected on the northern edge
to produce scarp like features. -, - TP

- - The Peninsular plateau continues far eastward mto northeast as the Shillong plateau,

. the gap between them,is known as the RMP The gap was formed due

to downfaulting and the downfaulted portion.is covered under thick dei;osxts of
alluvium brought by the Ganga and the Brahmaputra. ..;, -

The thllong phteau 15 a lughly, dlssec!ed tract extendmg over an area of 240 kms.
long and 96 kms. wide with summut, levels at 1000-1300 m. The plateau descends mn
a sleeB slope towards the Soorma valley. To the south of the Shillong hills oceurs 4
typical granitic, topography,_with rounded hills and shallow valleys. In the north, 1t 1s

.%mmthe Refgma hills. . 7Y :

R T PRI (- N . '

+,  The Garhjat hills in Onssa extend from southern border of the Ranchi plateau to
. almost the Mahanadi in the'south. It is lower in.elevation than the Ranchi plateau but
having a much pronounced Jocal re}ief. The Bonai, Keonjhar plateau and the Simlipal
Massif are relics of an'ancient landmass attaining heights over 1000 m They have been
{éponedly peneplained and uplifted. » .

The Mahanadi basin is a iow lying tract surrounded on all sides by hills rising from
600 to 1000 m.,The central part of the Mahanadi basin is named after Chhattisgarh
Chhattisgarh 1s a region of remarkable uniformity in reliefimerposed between the Mikir
and the Orissa hills. It s mainly drained by the Sheonath, a nibutary of the Mahanads.
The terr;\m gradually rises southwards into the Bastar hills.

1,

Souzh of ll)e Chhatusgarh b:lsm is lhe Dnndakamnya region‘ ‘The Indravati flows in
the middle of this region from east to west across three broad terraces - the highest is
the Koraput plateau (1200 m.), the second terrace is well developed around Jagdalpur,
westward.to Chitrakoot where a fall has developed on the Indravat river., Below the
fall the third terrace exists.

' Rt I .
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4. The Eastern Ghats : e
- .
’ e )

The Eagtern Ghats are not really mountain ranges in the true sense of the term.
Thi i i ing-i

ey are highly broken and dxwmng in fragmentary spurs and mnge's
down the east side of the Peninsula from the Mahanad: in Orissa to the Vaigai in Tamil
M The range is cut into various discontinuous blocks'of ulls’ by several large

antecedent nvers flowing down towards the Bay of Bengal. '
e e

[ ——————

The Eastern Ghats exhibit a true mountainous character only betweer the Godavari
and the Mahanadt wﬁﬁ‘a\n average elevation of 920 m. North of the Mahandi it has
several peaks above 1000 m. in height like the Meghsani, Thakurain, Gandhmardan
and the Malayagirs. The highest peak is the Mahendragiri (1501 'm.) after which the
Eastern Ghats here are known by the same name. This mountainous tract, principally
composed of Khondalites (after Khondmal hills) and charnockites, is locally known as
Maliyas (hughland) Bestdes Maliyas the Eastern Ghats_also comprise the Madugula
meneml elevation of the Madugula Konda is higher than the Maliyas
at 1100-1400 m; the most eminent summits are the Arma Konda (1643 m.), Gali Konda
(1643 m ) and the Sinkram Gutta (1620 m.). Its southern part, the wﬂls is traversedy

by a narrow gorge of the Godavar: This gorge is a clear evide the nmeceden:(“‘h

character of the Godavar t

T "
v

el
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The Eastern Ghats appear as a continuous range only iri the Cuddapah and Kurnool
districts of Andhra Pradesh To the east of the Eastern Ghats there ar€ two other groups

of hulls, the southern group is dominated by the § heverey Hills and !P{e northern by
the Javadi hills. Both of them are high_lyfd’le_CYli(_i

A Lot

The other prominent ranges are the Nallamalai and the Velikonda. w‘
w and the broken chain of the Velikonda rafiges are of lower dlevations
600-850 m.)3t the southern end of Eastern Ghats The Nallamalai range runs parallel
to the Coromandal Coast and changes its strike’ northwards alongwith the change in
the direction of the coastline. Its southern part, the Palakonda range, 1s higher. The
lengih of the Nallamalai from the Palnad basin in the north to the Tirup;:u'l hills in the
south is about 43¢ kms and the elevation ranges frgm 900 to 1,100 m' To the west of

allamalaj js the wide Nandyal valléy.To their south, the hills and Ypl:ueaus attain
Vi ' -
ery low alttudes- only the Javadi and the Sheveroy hills, form two distinct features of

1001 . [
0m general elevation between the Palar and the Kaveri valleys. The:southernmost
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limit of the Eastern ghats may be taken as the small isolated hills of Karandamala and
Sirumnla--lying between the Kaveri and Vaigai Valleys.

[ ST A ey

A fairly wide belt of hilly: country lie$ at the foot of the Eastern Ghits in Chennai.
—_——
"“This place gives one of the best examples of-pediplains in India. All the east-flowing
o ki oty

rivers from the Vagai in the south to'the Palar in the north have to cross this upiand
e

, before entening into the east Coaéml'plaihs.
P =St -
)

, pene gatng 4 pediples
5. The Wester;% qu{s ‘
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Thé Western Ghats also”known as‘the Sa}J_f)ad;‘is form the western end of the
), Peninsulat -plateau running from Khandesh, ‘south 'of the Tapn to Kanya Kumarn for

1600 Kms? (Fig?2. 6. They have a geneﬁ'al 1lmude of 900- 1100 metres but occasionally
‘rise & 1600m, =~ T
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The northern section of the Ghats is made \!p of horizontal sheets of lava which
have produced a typical trappean like landscape] the eastern side descending in steps

one below the ‘other and forming a “formidable syall like feature on the western side
overlooking the western coastal plain. The Western Ghats reach elevations upto 1200
m but some of the peaks attain greater height suchias Kalsubai (1646 m.) near Igatpuri
and Salhar (1567 m.). A large number of en echeloh fuults strike nosthwest-southwest
are_found along the trend of the Ghmw

important passes n this range.

South of 16° N latitude, the Sahyadris are more rugged and run closer to the coast.
The western scarp 1s considerably dissected by headward erosion of the west flowing
streams The general elevauon 1n this part of the gl;:l‘s‘rc'nch 800-1000 m. but the highest

_peak here gs the Vavul Mala which rise to 2339 m. The Nilgiris is the ﬁm

the the Western ghg@:he Eastern Ghats. ﬁere—lhe Western Ghats again rise angp y
to over 2000 m above which are two of Tts lln‘gj;;\t peaks, the Doda Betta (2637m ) and
the Makurt; (2554m ) The southwestern part, part, named the Kunda is more hilly and is
traversed by bold ranges and intersected by deep vallcysm steep chff towards
the Malabar plains on the west, There is perhaps no landscape mn South India that
surpasses this enormous escarpment in gr:mdeur The rest of the Nilgiri has a different
topography altogether having undulm terram. Ootacmund (Udhagamandalam), a
popular hill station in South India, ‘is locnted mna broad undulntmg‘v:llley at the fom
of the Doda Betta. T

5 . » o o

The southern portion of the Ghats IS separated from the mam S:lhyadn Rnnge by
Mwhmh is believed to be an abandoned valley of an old'nver. South of
Palghat occur several flat tppped halls’ af.crysn]lme rocks. The r:lnges of south Sahyadri

radate’in three different directions from Anal Mudi (2695 m) lhe highest point 11
southern India; the ranges are the Anaimalmi Anaimalai 1o The Tior oIt ne Palint to the north the northeast

.andthe=Cardamonm to the south, Finally, the Ghats terminate near the T the southern tip of
India at hanya Kumart,

:he Westem Ghats form a perfect watershed. The rivers Howmg eastwmi journey

i

Wcsxrou;ﬁh the Peninsula before they empty (hemselves m the Bay of Bengal On the
em face there are several indentations formed by swift ﬂowmg streams that traverse

the sk
ms hort distance through the narrow coastal pl,’un before dxschargmg into the Arabiin

all
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The Great Plaiits
In front of the Himalayas lies the Great Plains of India which are spread over an
area of 777, 000 kms. They include the Sindh plains, the Punjab Haryana plains, the
desert of Rajasthan, the Ganga plains of U. P., Bihar and West Bengal and the
Bmhmﬂputra vwlley of Assam. The central _part lnve been built up by the  Ganga and |}~
1_Svt_x_'&u_!nncs The Pun;ab plams occupy “tie westem ‘part “of the Great Plams where
tribitaries 'of ‘the’ Indus flow in'a southwesterly dlrecuon “THe southern part of the
Punjab have arid conditidn which continue Southward {owards west Ra)asth'm where
_the arid conditions get accentuated. West Rajasthan was _originall art_of
Indo-Gangetic plains but today it is passing through a different landscape Qc‘le. This
sectmn of the Great Plains forms a di.s'ti;clive region called the Western Arid Plain @l:
mhmnputm region has béen formed by Gdnga and its tiibutariesThe Great Plain
extends for’3200 kms anga and-Indus all“along the foot of
theé mountaihs™with a width vatying between 150-300°kmnis. The Plain is narrowest in
Assam whefe it is only 90-100 kmis. wide But it widens to a maximum of 400 kms. 1n
Bengal, it expands to about 500 kms. in western India and the adjoining Pak regions.

etween the mouthis o

TWWM& depth varies from place to
place. In other words, they are a classical example of an aggradational plain which
resulted from an inhiling of initial depression by the incessant wogk of the Himalayan
rivers. The maximum depth recorded so far is w:res There 15 no uniformity
in the thickness of the alluvium either in the Ganga or the Indus basins,the indus basin
being much shallower than the Ganga basin.

y o

S wane D o TG

I i5 not true that the Great Plain is a region of monotonous relief. Of course, as far
as the diversity of features is concerned there is no comparison betwéen the Himalayan
méuntains and the plains or even‘between the Plain and the’'Peninsula. However, the
phm lhas its own diversity. Geénerally, the ‘Plain 15 recognised as consisting of four

t pebie
division'each characterised.. by..lmport'mt differences in surface rehef They are the
B g

COT T e

7h habar-— Fra il L

The Bbabar lies all along the fool of the Siwaliks running from the Indus to the
T|st1 “This’ piedmont plain i’ ebble studded zone intermixed’ with finer and

c'(lremely pervious détritus so Khal the smaller Himalayan rivér disappear underground
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on reaching this region The pebble beds are usually parallel to the slope of the river
beds but there are some exceptions. The Bhabar is generally 2 narrow belt only 8 to
16 kms tn width

The Terai ¢ ' ) o

‘: P . : Ty . .
The Terar (Hind: “Tar-Wed belt 15 marked by re-emergence of the streams which
have lost themselves in the Bhabar. Thus, it is a mnr:§hy tract and zone of excessive

dampness with a thick growth of forests and a variety of/’vvil‘dhfe.”“ e mme )

The Bhangar ‘/ . o -
3 , - L T
“Most of the Great plains are composed of alluvium deposited during the Middle_

Pleistocene and Yecent geological time. The older alluvium is'éalled the bbangarshich

forms hugher ground in the interfluve area and forms alluvial terraces above the

level of the floodplains. It is, often impregnated with calcareous concretions known as
Kankar

S ~

The Kbhadar (.~

. w :

The younger alluvium of the flood plains of the numerous nivers is called the Kbadar

in Uttar Pradesh and the bet in Punjab. They form the low lying floodplains adjacent
to niver banks. .

[ . oo, h g K

There.are two man relief features on the Indian plain - alluvial cones and fans
and intercones - the intervening slopes between two'conm
E‘SiO_Ciflle\-m 1 all the Himalayan rivers except the Ghaghara, Simple conés have jeen
formed by momdak:;;rivers except the Beas, Ravi, .Mahananda and the

_Tista, all of which have formed composite cones. The Bihar plain offers one of the best
examples of alluvial cones and Tntercones. Lying between the Himalayan foothills and
the Ganga, the north Bihar plain ts composed of three cones of the Gandak, Kosiand
the M“_l‘wﬂg_i_s_l:!\s_egnmted by intercones which have a reversed—i)l—:ln o that of

Lones. The size of the cones vares_from river to nver depending on the volume of
water and the load carried by the niver.

. " e " . . P
. The regional slopes of the Great Plains are mainly 1n two directions, southeast and
vouthwest, ¢

and the general shape conforms to the trends of the mountains lying north,
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west and east, It is largely due to the influence of the Himalayas that the plains extend
from west 1o the east. The regional stope is influenced by the underlying Aravallis 1n
the west and by the buried Rajmahal = Garo gap in the east. The surface of the Great
Plains is well above 200 m. in the Punjab plains while near the mouth of the Ganges,
itis attide level. This one factor has relieved the Great Plains of much of their monotony
Thus, there exists differences ‘in local relief over the entire extent of the plain from
Sindh to Assam Each of the segmems of the plain has 1cqu1red distinctive character

of its own. W e

Sindh Plains

EEE Y

The Sindh Plains lie to the west of the Ir;dus It is one of the most homogenous
physiographic unit, on, the Earth having a total area of more than 50, 000 sq. kms The
plain is mainly formed of bbangar. The northern part of it is a clay pat desert while
the southcm part1s gencr—mo loamy and is dotted with many small lakes. To
the east of the Indus,’ the relief is deitaic in nature. Theré are’ m:lny remnants of the
former river courses on the recemly deposited nlluvml sands and c]ays These are called
dborov Along the dry courses cf these rivers there :u-e many alkaline lakes which are
locally called dbazm'c Towards the east, thejIndus de]m Fmdunlly merges nto the Rann

of Kachchh! HE A o : . . .
; :
Tbe Tbal Desert - R .

- " b ‘r '

Between the rndus and the jhelum ‘Cheénab nvers lie the Thal Desert The desen is
:\lso known as the desert of the Indus and its, northem boundary is formed by the salt
ranges The northern poruon is 80- 90 kms. wxde but narrows down to only 20 kms. at
the Southern end IL traverses for about 250 kms, from theinorth-to the south cov-ermg
an drea of about 18 000 59 kms. It is mostly a monotonous desert, only the central part
is OCCUplEd by shnﬂmg s:md dunes and the southem patt is dotted by some ‘oasis. The
longltudmal depressxons “etween the sand hills are known.as the pattis.’

- 3

Tbe Pun]ab lens o

: [N L . )

The Punjab Haryam plams extend for nbout‘640 kms. from northeast to southwes!
and E6vé AT ated of 1775 1akK Kms, The Arvalli Ranges extending up to Delhi and the
ground swell running along the west bank of Yamuna farther north, form its eastern”
boundary. The altitude of the plain varies from 300 m. in the north to 200 m. in the
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south The Punjab Haryana plamn is dramed by five rivers and the intervening area

between the nvers 15 known as deab. The doabs of the five rivers have been united
———

by the depositional process mto 2 homogenous geomorphological unit. From east to

west these doabs are as follows-

(1) Sindh Sagar doab between the jhelum-Chenab and the Indus.
(1) Chayy doab between the Chenab and the jfxelum
() Rechna doab between the Ravt and the Chenab.

Gv)yBar: doab between the Beas and the Ravi.

The mass of alluvium brought
by five nivers has been broken by
nver courses which have carved
for themselves broad flood plaxris
of Khadar flanked by _bluffs
locally known as dbaya. These
bluffs, somewhere as high as 3
metres or more, have been heavily
gullied These type of features
contmuf: further eastwards.

The northern part of the
Punl.ainaryann plain adjoining
the Siwalik hills has witnessed
intensive erosion leading to gully
Tormation by a network of sireams
called  ¢bhos, These streains
rc:rnng-eThén_r deposits every year
and the stream banks are so
. unstable that they go on shifting

conunuously,

Arsbian
Sea

Gy EE

. Former extont
' of desert’ '

Intarnations| «==«=—
+ boundary

»__ Pbystographb
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The Thar Desert o

DRI v . f

The dtier plains of the Punjab extend séuthward and ' merge impercepiibly into the
arid plains of Rajasthan. The desert is'about 650 kms. long and 250-350 kms wide
occupying an area of some 2, 00, 000'sq. kms. This tract has a well defined boundary
on the east marked by the Aravalli range (ng. 2.7).

The-desert forms an undulating plain. Its average elevation s about 325 m but the
elevation drops to about 150 m. near the ‘India-Pakistan border. This tract has two
regionil slopes; westward to the Indus valley and southwards to the Rann of Kachchh.
A few rocky hills to the south of the great bend of the Luni rise even to about 1000 m
‘west of Jalsalmer, the ground level falls‘to'Below 100 m. and the lower Luni valley is
the most lowlying part of this region hardly rising'about 20 o, The' desert 15 crossed
by short ‘dried Up streams. Its wéstern i)o'rtion lies in' a piedmont depresston in the
Indus valley and its eastern part 1s located i’ an eroded section of the Indian plateau
The’ eastern ‘part of Thar is characterised by a* complex’ of aeolian sand ridges
alternating with outcrops of older bedrock alongwith innumerable depressions.in the
flat ground (swale and ridge topography). o

The vast desert territory consists of two parts : LA

or'the Marustbali, fringed by : = ﬁu)f-"""

ol EEEREN . . . 5

(D) ' the desert proper

N
(i1} semi desert known as’the Rajastban Bagar -which also 'contains some S:l’l’!ld free
land with steppe type of vegetauon. The Marusthali 1s 2 wide expanse Sf sand
200-250 m. above the sea level containing sand dunes. It 1s devoid of any river. In
general, the eastern part of the Marusthali is rocky; the 'westerh Marusthal: is sand
covered almost all over by shifting sand dunes Tocally known as the dhrian The

- iy
main characteristics of western Marusthali are to be seen near Jaisalmer town which

—— e
stands on a rocky plain. The Jassalmer plain is traversed by short intermitient and
discontifitous. streams. To the north of Jasalmer;'a number of playa lakes called

R, it Sadunsgg
the Ranns_accuran basins nmmed by scarps. They are charactensed by centripetal
plted flidv pt e et

drainage and remain dry for greater part of the year.
—_— e

The eastern part of the Thar which forms a_piedmont west of the Aravalli Range 15
4 semi-and plain called the Rajastban Bagar. Thie Bagar has flat surface and in some
parts it contains salt soaked playa lakes locally known as the sar. The Bagar is drained




54 o v+ v . Pbysiograpby

by a number of short streams originaung from the Aravalli and. it also_contains ns some
sand hulls The fertile tracts here are known as robi Several large p:nches of rohi lnnd
occur 1n the northern and'the central parts ofthe reglon The Ganga plain attl the northern

end and the Godwar plain within the Lum basin at thengulhern end are agg_g_lMlly
the most producuve parts af the Bagar_plain. The highest group of hills in western
Rajasthan occurs 1n this region. Parts of the hilly region is buried under sand, though
there are evidences which suggests that it represents a fluvial landscape carved out by
former nivers and subsequenily modified by the aeohan processes. The tract north/ot//
the Luni is known as the Thalr or sandy plam, it has-immobile or stabilised stabilised sar dunes
The commonest type of dune 1n the Thar desert is U- shaEed_pambolxc dun J:he mean
height of the dunes range from about 8 m. in Jaipur and Sikar district to 31 m. in Barmer.
There are relauvely few simple longitudinal dunes _(Siefs), locally known as the bhuts
and few barachan duncs Within these s;ef _dunes_there .are l:lrge_number of
depressions occupied by alkaline lakes locally cnlled the dands,or the dhands The
Pt
Dhands are salt lakes/l'SHE‘Vs‘n-ol more than xhree metres deep, ellxpucnl in shape

and aligned p1rallel to the ndges of the [ongxludmal ‘sand dunés. They are pumerous
n the western part of the g]f.sgrt Some dhands have no oulle!s !o dmm their water nnd
they become huge evaporating pans.

or Carew e t
—
The Ganga Plains

The Indo-Gangetic pl: | o
1y three transverse *hugh’
Joiihiiyl

landwar ndge, Faizabad ridgesind the Munger - Saharsa ridge. Thus, from east to west

lie various units are ‘ '

1. The Dethi - Handwar Ridge

2 The Sharda Depressi
SoeEpeson,

3 The West Untar Pradesh Shelf
V' The Faizabad Ridge
S The Gandal Depression

f The Faer tay Pradesh Shelf
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7. The Munger - Saharsa Ridge
1 /-V_N:— i i se
The Ganga plains hc in Uttar;Pradesh, Bihar, and West Bengal It includes the
Ganga-Yamuna Doab, Rohilkhand plains, Avadh plains, Bihar plams, the north Bengal
mlams The plain has been formed by the alluvium brought down
by the Yamuna, Ganga, Ghaghara and their tributaries aligned parallel to them. It 1s
beunded on the north by the Siwaliks swhich forms a knife edge boundary whereas the

southern boundary is formed by the PEninsula,and is broken by its xmpenetrauon.

. South of the Yamuna, the thin alluvial lnyer merges wuh thg spurs of the plateau
in the narrow floodplain of its tributaries the Chambal, Betwa and the Ken. 4
- .’l;he Ganga-Yamuna doab is the largest doab. The general slope of the land is from
north to south but there are ‘many micro slopes. The old Bhangar alluvium of the doab
has formed an upland that is quite distinct from the low Khadar. The intervening slopes
which are quite pronounced with a relative variations of 15-m
locally known as.the kbols. There are marked differences-in the development of the -
drainage channels-and other relief:fenturémg_ilifmmmui
The klols have a variation of 8 to 15 metres along the Yamuna while in the case of the
Ganga, this variation is of the order of 12 to 20 metres. However, the land 15 generally
-flattish as is evident from the variation 1n local relief that is only from 4-6 metres. Two,
’Wznga and the Yamuna Khadar are idenufied They
are ﬂanked by two natural levees,.of which the older one is more extensively eroded.
i u e wit T T BT N M}/M%
o Further variations in the topography 1Swmtroduced by the bhur -aeoclian deposits. 21
The bhur forms a beltrof undulating sandy uplands on the eastern banx o h‘e’Gzr’
in Muradabad and Bijnor. e .

L

East.of 'the Ganga Yamuna ,Doab is 'a vast stretch of alluvial plains from the
Himalayan foothills to the Ganges plains called as the Rohilkhand plains. It lies almost
entrely 1n Uttar Pradesh’covering about 35,000 sq.kms. The level of the land increases’
from 132 m. on the east to 274 m. on the west. The bhabar and the. tera; tera1 are well

Sveloped in this reglon. R B b depe e pr

The Rohllkhand plams merge lmpercepubly into the Ayadh plains! It-lies "towards
the north of the Ganga and is gently sloping eastwards. Thm;—ldTp-lams is traversed
by the Ghaghara. The numerous bars and channels indicate tham=m aggrading
river and conslaml shme]s, , c e e
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The Ayadh plains end in Bihar plains. The Bihar plains have been narrowed down

by the Raymahal hills The two parts north and south of the Ganga are known as the
North Bihar plam and the South Bihar plain, respéctively. . ' B

The North Bihar plain is a land of rivers. The Ganga receives three m:ljohr Himalayan
rivers, the Ghaghara, Gandak and the Kosi and,a large number of mountain streams
on 1ts left bank. The general slope of the plain is towards southeast in the western part
and south (n the eastern part A long line of marshes extends from a litle east of Chapra
to near Khagara parallel to the Ganga, locnl—l_y—kno;v_x-l as the Caurs. Some of these caurs
are deep enough to contain water throughout the year (e.g., Kabar Tal). South of the

.caurs, the surface rises towards the Ganga. - RO P

South of the Ganga and west of the Rajmahal hills, are'the South Bihar plains which
= 1
increase to a maximum width of 120 kms Like the'North Bihar plains, 1t also contains
“ Jala near Patna and tal farther east of Mokama, e - . .- :
e

—— : O e o . .

The plains of North Bengal extending from the foot of the eastern Himalaya to the
.northern limit of the Bengal basin 1s formed by the detritus being brought from 2 number
of powerful streams like the Tista, Jaldhaka and the Torsa and its western fringe, known
as Western Duars ,'is most typical. South of thé Duars, the plains are more Hatush'and

get waterlogged during the rams.
e s5TC Tlling Hie ra

. vy . Lot

Y N . t T e o

‘5} The Bengal basin tncludes most of West Bengal and Barigladesh. It is quite flat: The
_m«‘]‘)r poruon of the Bengal basin 1s occupted by the Ganga delta. The delta has its,
seaward face wum@we\t%ms with' the result
that the indented coastline has a maze'of sandbanks, mud flats, mangrove swamps,
islands and forelands. P T EE  E S N

Although not a part of the delta, the lowland io the west of the Bhagirdthi js gqually

flat and is ll\'\ — < , ”g = ificial
- and is called_the [Rarb Plain] The -natural levees 'strengthéned by artificia
embankment is a characteristic feature, Dead arms, deferred junctions or the bhtls

add to the variety of the landscape. . : T v -

The Brahmaputra plain of the Assam plain 1s rarely more than 80 kms. broad
surrounded by figh mountains on all sides except on the west. The general level of
the Yvalley varies'from the valley slopes towards the southwest draining into the Bay of
Beagal. The gradient is quite low and'is"characterised by numerous riverine islands.

N o . TS
’ws\"lﬂ'ﬁ‘_‘\hﬂg&"‘ﬂ! abruptly from the general level of the plam.  *
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The Pcmnsul:u' plateau is ﬂanked by !he constal plam of varied width extendmg
from Kachchh in the west to Orissa in the ensh’l‘hese coasts are oflo g_mdinau!acxﬂ:_.
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- The East coast of lndm snm the edge of the Ganga delta and runs to the
southernmost tip, ol‘ Indm at Kanyakumm facing the Bay of Bengal. The coast is mostly

of, emcrgcnt typc i e, itis regular in outline and Is charactertsed by offshore bars,
m ,d-mﬁ?n’exrends from Cape Comorin northwards
to the united deltas of Krishna and Godavari for 1100'kms. with an average width of
100 to 130 kms Farlher north, the hills come down almost to the coast. North of
Berhnmpur, the en?c.z;sml phm wndens again and extend to the Chilka lake, the delta
rof Mahanadi and lmfam where they merge into the Ganga
deltaic plains. From north to south the coastal plains are known as the Utkal, Andhsa
1ndth.c-’l‘im‘nlm IR e LT —

dets ) [T S PR

The U(kal phms extend for nbout 400 kms. from a little north of the Subarnarekha
T

to a little south of the Rushikulya river. They include the Mahanadi delta with Cuttack
at its head, South of the Mahanad: delta is the Chilka lake Its origin is due to the

—— e

forma!ion of,a bay mouth bar. R )

A
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The Andhm plains stretch from rhe southem hmus of the Ulk:ll plains to the Pulrcat

lake about 40 kms.;north of Chennai. Thelr elevayon near the coast ranges from 5 to
50m., The Godavan and the Krishna flowing through.this region have, formed deltas.
Bem&ggl@ihes theég”gg_lgl_c; ..The Pulicat lake has been barred by 2
long sand spit.now called the Sriharikota 1slarm-(;;n 1s about 60 kms. long

and about 60 knis. broad i the widest part. Tt 15 dotted with several large islands.,

\4 . ‘The.Tamil Nadu plains is about 675 kms. in length with an average width of 100
kms..The Kgqeiww’}%wmls region. The

¥ Kaveri nver divides the delta into two channels, The islands Srisailam, Srirangapattam

. and Sivasamudram are found in the Kaven delta. | —————"/ —
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The eastern conunental margin is of narrow, width, only 30-60 kmsl. wide between
the deltas of the Mahanadi and the Kaveri. This shelf is advancing seaward at the rate

of one kilometre 1n 25 years because of sedunents brough! about by the nvers
— e "

The Western Coast .

.
The plamns of West Coast, are confined to a narrow zo|ne the width ranging from
10 to 25 kms. It extends for about 1500 kms. in length from Surat in’the north to
Kanyakumari 1n the South The Western Coast is divided into three sections - the
~Kathiawar coast till Daman and Diu, the Konkan coast betwéen Daman and Goa and
h‘l‘wmof Goa The—w:n is a fault'coast. Seveml
projections wto the sea have formed open bays. South of xh; Indus delta, is the'
Kathiawar coast (Peninsula) But for it the Western coastline rﬁns siraight from the
Gujarat plains to the extreme south. This straight lookmg coast is qunte indented marked
by a large number of coves (small sheltered recess in the coast)‘and crecks (sm:xU ndal
inlets or estuaries of small streams) o s

The most important physiographic feature of the Kachc¢hh Perinsula'is s:\n'cly plains
and bare rocky hills The coasts are fringed with sand dunes. Behind these; and
particularly 10 the south, fertile plains extend parallel to the coast with an average width
of 50 kms, the shores of Kathiawar are shghtly raised nbove lhe sea level East of

Kathiawar lie the plains of Gulara(
4§ W"‘Q{”’\ }p»ez‘c-\-

The Guiarat plains are built up mainly of alluvium of thie Sabarinati, Mahii, Narmada
and the Tapti, all of which have formed large estuaries. The regional slope is to the
west and the greater part of the phains he below 150 m The northern part of the plzlms
is drained by the Banas and the Saraswati into the Gulf of Cambay. Elsewhere the plain
's drained by the Sabarmau, Mahi, Narmada’ and the Tapti. 'The banks of the ‘lower
reaches of the Mahi are dissected into ravines. Near'the cons[ wmvers
a greater pari of this region Near-the-western hmit of the Gu|nrat plains, a series of
saline marshes occur which are subjected to overflow at high txdes

The Konkan coast stretches from Daman to Goa for a distance of 500 kms. It is
narow and has typical coastal features. The'coastline in general 1s cliffy. The submerged
SAstsareindicanve of rise in the sea level. Raised terraces entier in the form of pure
cﬁ:;‘;ici:“;:s impure incoherent calcnm@md corals known as

Tete occur in the esplanade islands of the Mumbai city. The northern
e ———
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portion of the Konkan coast is drained by the Vaitarna'giver which*provided means’ of

earliest trade between the sea and north Deccan. The coastal plain is dotted with flat _
topped hills.
Bt

FALENRF ARV AN T BRI el ot Ty

The Malabar coast_runs for about 725 kms. from north to south In the northern
partin Knrnazakwmmwww J
the édge of the plateau The plam 1s nowhere more lhan 24' kms wide and is often
only 8 kms The plams m Keralzl are much wnder :md less hxlly thh an average width

of 25 kms and rangmg from 10 to 30 kms m elevanon Tt xs only on the Malabar coast

that there aré'a number of lakes, lagoons and backwalers locnl]y called the Kavah The
l@of such backwatm long and 5- lom.wnde,
enclosed by a 55 kms long spit. Some unique mud banks have been located between
Cochm :md Alleppy m lhe contmemal shelf off Vembnad lake “They are the modern

nnalogues of an anclent anclen[ h drocarbon enerann envxronmen .

s

I

The ‘Western contmenlal margm 15 much broader than !he e:xstem counterpart. It 1
only 4omm of
(he K'uhmwar Penmsula A large pla!form Tises on lhe shelf some 125 kms. into the sea
frommg lhe Ratnngm coast

R R T

I , Table 2.1 Difference between Western and Eastern Coast . -
el e Lo
EAST COAST WEST COAST
T “ “e - 1
EI (R N & R TR JE P R
Much broader .0 ! « g =i Narrower, .
Q———‘—-’ i —— o ’

e py T T et d

Smaoth ou:hne .

. Dissected outline with many indentation

o gt
Occurrence of deltas Occurrence of Estuaries
TR oo o A e \
Runs In wide curves Runs more or Iess stralght

s SRR o R

apg e et .

Wener, abundant rainfall
. . ) P

Comalns shifting sand dU"ES . T Dunes‘and stretches of saline sods

[T ' . - e . .
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The Oceanic Islands S C

N - sey

There are many types of 1slands occurring around the mainland - d’e_llill,C, A(_;'(—){:_ll and
volcamic o, R
—— ‘ e

The deltaic 1slands have bBeen formed by ou(waf& bulildivné of deltas by )ngarshore
deposition of river horne sediments aided by wave deposition. Tl}eré are few:‘l’slands
off the east coast, all of which have depositional features e'g ‘,;on the m'outAh of Dh:ymrg
river, north of the Mahanadi delta and on the mouth of Chilka lake anz numerous
1slands on the mouth of the Ganges. o o

Lo
In contrast, practically all along the west coast arielnumemlv.‘xxsy small iigvlahds, g"energl‘ly
rocky, reflecting the lithology of the nearby shore. In the Khambhat area, on the estuary
of the Narmada occur some depositional isla_nds',_‘thgwg
W&Off the south coast of Saurashtra there.ar'e‘two prominent
sslands. One of which is Diu. The small 1slands in the Gulf of Kachchh are extensions
of the Deccan basalt Most of the islands in the Rann of Kachchh are small and rocky
but the larger ones are the Pachham Khadir and Bela island. The two majot islands of
Mumbai on the west and Sriharikota on the east have now become part oitll?}nﬂinlﬂnd-

L or . L 1 Nty s s :
:ﬂﬁ‘aliﬁ Pemban Island and the ‘Manfar are the remnants of th?ﬁw
yiZAre now connected by Adam'’s bridge.

The Andaman and Nicobar islands are the submerged peaks of ndges continuous
with the Arakan Yoma mountain ranges. A parallel chain of slands to the east of
Andaman are almost entirely submerged except for the volcanic islands of Narcondam

and Barren and which rise at pinnacles above. The Barren Island is the ‘only active
— L e e

voleano in India,

o nda,

The Lakshwadeep which literally means one lakh islands are widely scattered 1n
the Araban Sea 200-250 kms. off the coast of Malabar. Thereﬂw’ﬂé The
islands north of eleventh parallel are collectively knox;dn;s Amindivi Islands which
includes Amins, Bitra, Chetlat, Kadmat, Keltan and a few tm“le those
occutning south of 1t are Kavarathi, Cheriyan, Androth Pitti, Agatti, Kalpeni and several

small istets together designated are Cannanore Islands. Minicoy is :m\/iio,lw&hn"d
%fgims. south of Kavarathn U
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Teerievan e 04,

Physiogiraphbic Regionalisation -
India may be divided into the following physiographic regions and sub-regions
I The Himalayas :m<‘i the mountains of the northeast. Himalayas are subdwided into
(a) Western (lg)'(::engr:{l () Bastern, . - . i, \
(a) Western Himalayas are:fuglh;r diy}dgfi into¢. ¢, b
- (D) Knsllmjrrﬂin:l:\'l:{ya\s\ e (ii)‘ Punjab (lii) Kumaon, .
(b) Central Himnl:l.yas lse in Nepal.
(c)‘gas‘te‘rg\ Hin}all?yas are ‘f.u(rther d‘iyx‘ded!xmo_ [ T IR

. O T
(i) Bhutan, Sikkim and Darjeeling Himalayas
(ii) Arunachal Pradesh except Tirap ‘dnstric't. ’ ’

L AN B . '

1I.Great Plair‘xs are subdivided into

A
(a) Western Plains (b) Northern Plamns (¢) Eastern Plains

. C ey .

(2) Western plains further divided into
LAY GRS

(i) Marusthali fxf) 'Ra]as‘than Bagar.

r

FEEYS . - A L
(b) Northern Plains are further divided into
(1) Punjab Plains () Gaynéa“- Y:;munzl Doab.
FIIPR TR S o bk
(ii0) Rohilkhand Plains and  (v) Avadh Plans,
PR . [

{c) The Eastern Plains are further divided into

(i) North Bihar () South Bihar and (i) Bengal Plains
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fig.2.8. The major Physiographic divisions of India *
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(e) Eastern Hills are further divided into
(1) Eastern Ghats north (i) Eastern Ghats south

() Tamxl Nadu Uplands.

R .

b
(a) East Coastal Plains are further divided inlé A A :
e . . ¥

. ,
(VI) West Coast are subdxvxded mto T T T
LT R Lo i
@ Kachchh Peninsula (b) Kathiawar Pemnsulm " ! :
T i
VID Islands are subdxvxded mto (a) Bay Islands (b) Arabnn Seﬂ 1513“(’5 =
) X i LY J
B Smnite, z s N : e
ﬂmm@wﬁamﬁ W@m@]g - -? . T P
T L3
. . 1 TT o e, IR
Epeirogenic Maovements ' Hogback - L, 4 5¥"C|l"°"”m - !
Orthoclinal Diffluent Glacier < | *, - -Range and Valley 'OPOK’aPhY
Centripetal drainage Cuesta Vi T v -
Ravm.es Badlands <.,V L Trap Dykes ; ,
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e

* The drainage of India has evglved and adjusted itself with the evolution of the three '
physiographic units-the Himalayas, Peninsular pla!e'm and the'Indo Gangetic plam QOn ¢
the basis of the grigin, the draigage system in India_tan be broadlv divided mto two
cntegg;;s ‘M The__tlxina/hxy\_m/ers :md (ii)-The Peninsuldr nvers

,5» Ll T P .

The Hzmulayan Drmnaga/ o

)‘\J“.a.; g L S A

I The'Hlmaluyan nivers belong to the three principal systems-the Indus, the Ganga
and:the Brahmaputra. These three rivers have evolved through,a long and fluctuating
history. These rivers onginate from almost the,same region,within few, kilometres of
each other separated by water dwides. They fust flow parallel to the main axs of the
mountains in,longitudmal troughs. ;Then,they take,a,sudden-bend towards the south
cutting througimhe masstve mountain chain to reach the north Indian plams. In the
process, they have carved out deep Vtshaped valleys: This :&ell exhibited, by gorges
of Indus and the,Brahmaputra. (.5, + o &

[ TN Vi e PR AT ¢

JD ZThese nivers have mamntaned their onginal course and du-ecuon by deegem g therr
--valleys symultaneously whlle the uplift, of the mountains was 1n progress. Thus, they
have got themselves enlrenghed forming deep valleys and gorges. These rivers.which
are older than the molintsinsTemselves are called antecedent rivers. The gorges in
1he Himalayan ranges are thus not the result M
' mhen stepped valley. The Nanga Parbat nises steeply to 8125 m. withm

“a few kalometres of the channel Thus difference in height 1s due to the antecedent

. e—
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character of the river accentuated by upliﬁmcntnonly recently. The Sutlej carves out a
simular transverse gorge 1802 m -2000 m. deép at Shipki.sThe Kali Gandak flows only
atan elevation of 1200 m. at Dana between the Dhaulagin mnmpuma
(8078 m ) only 55 kms apart, making 1t the steepest valley in the worldi. The bed level

of the Arun at 1800 m. les between thc: ranges on which Everest, Makalu and

Kanchenjunga are situated * @J .
AN -

X 7y { Lo .

Except where the rivers cut across the sanges, the course of most of the Himalayan
CT e " , - AR R — "y

nivers are controlled by the stuke and structure of the mountains, for example, Indus

flows 1 a northwest direction through 2 strike valley between the higher Himalaya and

turns southwards near Gilgit Between two ranges which formed a natural divide before
LT PR T
therr uphft Tsanggo rising n the same area flows lowards east through the depression

mn lllef_ilil*ll__re‘z_gl_e The sudden change n 1ts direction towards south aroun amcha

o _he sudd € ards south arounid Namcha
Barwa is controlled by.the eastern syntaxis mn a symilar manner to that of Indus whose _

course 15 controlled by.thg’vs‘_/_c;s.t@_gmm\xis. From Garhwal to Arunachal Pradesh, the
nvers flow down the southward slopes and receive their tbutaries which follow the
—
easL- west general strike of the lulls In both the cases the direction is_controlled by 2
combinat e e S — C}/\/‘-’M\—\ PR
ton of strike and structure aided sometimes by faults.
— ——

EIN EaY

Evolution of the Hz‘;nalayarfc;’i’gi';z"a;é:e‘ ‘ ; v

The evolution of the Himalayan'‘drainage can be deciphered i ‘the piedmont
deposits of the Siwalik which' runs from one end’ of the Himalaya to anotlier. These
deposits are formed of boulder, conglomerate, sands and clays. These deposits are said
‘o have been laid down by a mighty stream. This stream variously named as “Swoalik’
or *Indo Brahm" traversed the entire longitddinal extent of the Himalayas from Assam
10 Punjab and from here 1t took a southerly course and finally emptied to a-gulf which
boeupied parts of the Sindh and the Lower Punjab duning Miocene period. This stream
t::f;:::;z““ous amount o.f debris from the mam Himalayan range n recent geological
rate along (i:‘l;‘se from middle Mlocex?e to Pliocene and deposited’it at a° com.muolus
combined flog ::-ST of the mountains' The‘ stream is supposeq to have C:ln:led the
The thickness 11:“1[ 1: Himalayan ufﬂfxem stream beff)re draining into thc': Arabian S.e:l. -
been pcrforn)c;i b | e\exfenf 'f’f the Siwalik strata’ts a tesumony to ’l'hls sk having

Y this massive stream. oo . RETERNE RN o
4 T A
T on the stream dismembered into: " ¢

Late,

I
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- a, (a) the Indus,, . o "

(b) the five tnibutanes of Indus in the Punjab,

. (c) lhe Ganga and 1ts Himalayan mbulanes, TS PRI
o, . v B SE s Y i
(d) the stretch of the Bmhmupuua in.Assam and.ts’ Himalayan tributaries
Lo o i L T N T ' .
This sphtting may have been caused cuther by the upliftment of the western
Himalayas and the Potwar plateau in the Pleistocene or due to nver capture which

caused the dranage direction to be reversed, The_ upliftment caused the Assam-Punjab

stretch'of the Indo Brahm to-flow from southeast - northwest to southeast direction

P el .

Two dxfferem nvers or two branches of the same river emptying into the Bay of
Bengal cut back and beheaded this Indo Brahm, the eastern part gradually capturing
the portion lying between the-Yamuna and Assam. Meanwhile the Indo Brahm was
being reduced further by the gradual capture of the portion lying between the Yamuna
and the'Jhelum by tts own tributariess The Attock portion of the, present Indus was a
tnbutary of the Indo Brahm whichiat an early period cut back its way into Kashmir
where 1t captured the upper waters of a large niver, that flowed northwestward erther
nto.the Oxus river or curved southwestward mto eastern Afghanistan.

asar sedte

s s, T A TP T

The Yamuna which had previously a southwesterly course and was possibly 2
tnbutary of the Indus was captured by the, Ganga which.took a southerly course.

TR T O O S B T Lt I

Many evidences can be cned which shows that the, niyer. syslem evolved from a
single river: :
A TR N L I S I R ST IR
1 +The enormous thickness of Siwalik deposits,. - ..

Ve o, s et Yo o

2 The V.shaped valleys in.the upper courses,and the ameceden[ nature of the nvers

LR Lt Yo R L . R .
3., Suulanity 1nthe constituent rocks: of the Indo-Gangetic plamn (which are alluvial
" . formations) with that of Siwalik formntlons‘ oo . .o

o ] . . -

' g Ty R [T w
4. Sumilanty between Lhe fishes of the Indus and the Ganga system. Thls snmxlamy would
not:have been there without their being joined together. FEPECI .

e 1 I it N RV L N
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This theory, however, 15 not universally accepted. It has been cnticised on many

grounds

\ I

1 It s not necessary to visualise a stream of the size of the Indo Brahm or the Siwalik
flowing all along the longiudinal extent of the Himalaya to explun the vast
thickness of alluvial deposits consisting of boulder, conglomerate, sand, shale and
clay These deposits may have been formed by ther coalescence of many alluvial
fans which were formed from numerous streams descending into the plains and
debauching their load ‘ T o

2 The evidence furnished by the depositional listory in the Ganga delta and 1n Assam
does not fit well mnto this concept The Rajmahal Garo gap deposits should have
been laid down over a much longer penod of time than that suggested by the
authois of the Indo Brahm theory.

In all probability the Raymahal gap was formed dusing the second upheaval of the
Himalayas, 1€, just before the start of Siwahk sedimentation. ‘A westerly flowing
river could not have existed in the eastern Himalayan region because'such a nver
would have found a ready exit into the Bay of Bengal thiough the Rajmahal gap.

. . Co
The source of the niver was close to an estuary as evidenced by Tipam sandstones
of Assam and this poses serious difficulty to the acceptance of this theory.

. . L .
An alternauve etplanauon was put forward Protagonists of this theory, the s6°
called Multiple river theory, found nt difficult 1o accept the existence of a huge niver
on geological and physiographical grounds. ' e '
)

The Eocene sea extended up to Sind, Rajasthan and from the Punjab to Jammu and
thereafter eastward to Lansdowne and Natmutal, this was connected to Tethys. This 15
evidenced by existence of shallow water facies indicative of coast near Lawnsdowne.
This bmit also coincides with the eastern conunuation of one of the ridges of the Aravalh
Range which presumably acted as barrier. At the same ume, another ndge extended
fom the Rajmahal Hills 1o the Shillong plareay (Rajmahal-Garo-gap) which 1 no™
z;cl:‘:;z:]ﬂﬁfﬁlwme sea was broken by the firstrupheaval
sediments Sho)"vﬂz 10 korm 7R isolated basin 1n which sediments were depostted. Thle
2 pronounee f(,:: 1sh Ta(er facies and later fresh water facies. In the next uphenv::j,
This foredeep com:ep all along-the southern'border of the Himalayas was formed.

tned numerous uninterrupted lagoons in which flowed many
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ransverse streams from the Pemunsula and the newly uphﬁed Hmmhyas These slreﬂms
.'brought sediments whxch later came to be known as waahk dcposus The oitlet of
this foredeep was through the Rajmahal - Garo' gap mlo‘the Bay of Bengal and the
Ambmn Sea into the west. Later on the. lagoons got dned .up.and. the numerous
transverse streams flowing from the Himalayan region formed what 1s now known as
lhe Himalayan drainage.

The Hzmalayan Dmmage System ¢ ot ® Siv
} The menlayan region consist of three systems-the Indus, the Ganga and the
vBr:Ahmnpuu'a (F1g.3 1). . ! A

The Indus System T

, s

i The Indus origmally called the Smdhu gave (he coun[ry 1ts name Alongwith 1ts
main tnbutaries, the Sutlej, Chenab, Jhelum and the anx it forms a system of five matp
rnvers after whxch the province of the Punjab 1s named. The Indus rises in the Tibetan
platcnu near Mansnrovar lake from.the springs_ of, Sengge Khabab 1t enters the south
eastern corner of Kashmir and flows in a nonhwest du‘ectlon between the Laddakh and
the Zaskar Ranges falling to some 4000 m. About 50 kis. from Skardu, 1t15 jotned by
the Shyok- at an elevation of about 2700 m., 40 Kms downstream of«ikardu at 2200 m

1t enters a 480 kms., long antecedent gorge ]( takes‘a sharp soulherly bend near Buniji
‘and enters the plains near Talbala. After travemng mountain. ranges i Kashmir the
‘nver mkes a southward turn enters Pakistaiy and flows at the foot of the Nanga Parbat

In Paklstnn 1t 1s joined by the Kabul river from the west near Auock nnd 1t receives the
accumulated waters of five eastern tnibutaries-the Panchanad near Mxlh:mkol The river
finally drains nto the Arabian Sea near Karachi. The loml Ienglh of Indus 15 2880 kms

of which 1114 kms. lie 1n India. o >

The Indus river system drains a large part ofnonhwesl Indxa :md most of the terntory
of Pakistan’ The total catchment area of the Indus river system 1s 11. 65 lakh sq. kms.

of whlch 321,290 sq kms. lie within India. L s f

L

¢
i The most smportant tributaries of Indus are Zaskar, Asmr Dras, Gilgtt, Hunza, Kabul
Jhelum Chenab, Ravi, Beas and Sutley.
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» The Shyok 1s an important tnbutary of the Indus which flows all along its course
\\NW

parallel to the Indus for over 300 kms. before joining Indus near Kinis The principal
tributary of the Shyok 1s the Nubra having its source in the Siachen.
. Lt v ‘ . o oo
The Kabul River Iske the Shyok s a right bank tnbutary of the Indus It rises in the
southern ' Hindukush mountain near the Unnai Pass -and breaches the
Afghanistan-Pakistan boundary north Khyber pass before joining Indus at Attock.
The Sutlej (called Langgen in Tibet) nises from the Dharma pass on the Zaskar range,
it joins, another branch (Zbangchhen Kbabab) Cmme
Mansargvar and Rakas lake within 80 kms. of the source of the Indus It takes a
Wy_mursukghe Indus on the Shupkila pass on the Tibet- Himachal Pmdesh
boundary and then turns southwestwards: In the Nari Khorsan province of Tibet, 1t has
created an extraordinary deep canyqn almost of the size of Grand Canyon Colorado
up to 900 m.‘dcep;jngwueleluh&smmwmghe Himalayas
a5 an antecedent stream through a strajght steep wa ge 1525 m - 3570 m. deep
“and 160 Yong between Shipki and north of Shumia. it descénds into the plains at Ropar
in the Punjab. Between Ropar and Mithankot a distance of 900 kms , the Sutlej has a
low gradient as it flows over a plain of (reglafk@bly,gentle topography

. ) ) o

They_siwpasa in Sansknt) onginates from Rohtang pass on the southern end of
the Pir Panjal range close 1o the source of the Ravi. It enters a- gorge 900 m deep at
Larji where 1t takes a westerly course through the SlWﬂllk hills emergmg on the plamns
at Pong, lheremer it flows southwards to jorn Sulle; at Harike.

The Chenab'(Sansert - Astksnd) has both its headwaters the Chandra and the Bhaga
nse.in Lahul near the two ends of the pass over, the Bara Lachala (4871 m.) in Great
Himalayan range. The rivers unite and, then the Chandrabhaga flows through the
Himachal Pradesh for about 100 kms. along anh parallel to the Pir Panjal
range. Emprmg}kushmir, it is knownﬂas‘ Chenab. It takes a sharp southward bend at
Kishtwar through a 290 kms. long gorge sometimes 1000 m. deep,. All along its course,
it receives tributaries wuh_(o_ve;lmlgr_,g__‘y__m‘mllesl\t emerges on the plains at Riast in
Jammu and from here it turns to southwest through the plains of Pakistan Punjab unul
it unites at Panchnad with the Sutley, -




— e —— * .. °__ Drainage

The Ravi (Jravati in Sanskrit) rises trom the,southern slopes of the Pir Panjal west
of Framdr After following a course between the Sutlej and the Chenab it emerges on
the plains at Madhopur . Lt :

The fhelum ongmates i the Pir Panjal near Banihal pass in Kashmur, Itflows through
—_—— ——.

the Vale of Kashmir passing through the Wi lake. At the head of the vale it flows in

a westerly direction. Below Baramula, it flows in a deep valley with almost

perpendicular walls. m{ Muzaffarabad, it takes harp_hairpin bend thereafter 1t

forms the boundary between Indi_nzﬂc_lﬁklsmn for 170 kms. and emerges at the edge

of the Potwar pl:ueau?xear Mirpur

.. Evidences show that these nivers have continually changed their courses during the
_past For example, the Jhelum ongmally flowed 1n_a southwest direction opposie to
the pres@rse This 1s evidenced by _several_tibutaries which join-it in a direcuon
OPFTOETL J._a(he—prtsem—cou;se‘ The Chenab flowed east of Multan.in 1245 A.D. During
15 time, 1is course was filled by the Beas near Dipalpur. The Jhelum, Chenab and the
Ravi met northeast of Multan and joined the Beas about 45 kms. south of 1t. o

Table 3.1 The Indus and Ganga river system = -2

River Source Total Length Dranage Area | Important
(kms.) (sq. kms ) Tnbutanes
Indus after flow- |Snow ranges of {2,880 of which - [3,21,290 . | Zaskar,'Astar; '
wg for 709 kms | the Himalaya at | 1570 kms, (in . s Dras, Shyok,
n India, goes to | an altitude of India) Swat, Kurram,
Pakistan 5080 m, in Tibet ! ’ . Shigar, Gilgit,
near Mansarovar Kabul, Jhelum,

Lake Chenab, Ravi,
R ' . ' | Beas and Sutlej

Chenab Atan elevaton {1,800 (in India) {26,755 ° o
of 4,900 m. at . 5
Lahul

)

. )

Kulu hilf of 725 T 14442 )
Himachal ! '
Pradesh
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Beas IKulu hilt atan *"* 460 20,303
! elevation of '
3,960 m. near
Rohtang Pass °
Sutlej . Atan elevation | 1,050 (in'India) | 24,087 Beas joins at
of 4,570 m. near | - Harike
Dharma Pass
Ganga com- - |{i) Alaknanda at  [2,525 8,61,404 Yamuna, Ram
prises two head- |an elevation of Ganga, Gandak,
streams 7,800 m. (n} Ghaghara, Kosf,
Bhagirathi at an Burhi Gandak,
. elevation of . Bagmati, Gomti,
6,600 m. Both Son,Mahananda,
' join at ' ' Kamla,
Devprayag ' ‘ Damodar,
Jalang, Bhairab,
Matabhanga-
. Gorai, Hooghly
. Confluence of
8 X K Yamuna at
. ) h Allahabad
Yamuna West of the 1,300 3,59,000 Chambal, Betwa,
Ganga source at Hindu, Ken,
| an elevation of. Sarda
6,330 m. from a
, . » |hotspnng at
_ .| Yamunotn.
Ram Ganga Near Namital, in 1696 32,412 jomns the Ganga
the lower below
- -, ~ ]Hmnalayaatan® * - - Farukkhabad.
’ elevation of Tributares -
3,110 m. Khoh, Gangan,
. N Aril Kost, Degha
Ghaghara . .|Rises east of the | 1,080 1,27,950 Rapu, Sarda
., |Ganga .
. e EEEEPE Tt . v -~
Gandak ., {Ataneclevation 425 (inIndia) ' [9,540 (in India) |In Nepal, itss
e b | of7,620m in D R T . lknown as
_i+{ the central Narayant. It

Himalaya near
Tibet. v

joins Ganga at
Patna. Total

45,800 5q.

drainage: -
kms. -
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Burhi Gandak Western slope 320 . | 10,150 . lJoins Ganga at .
of Sumesar Hills Munger (Bihar)
atan elevation
of 330 m.

Kosi From 730 (in India) 11,600 Kos), Arun,
Tibet/Nepal. - {Tamur. Total

drainage:
74,500 sq. kms.
Naotorious for
! floods and
hence known as
o + | *Sorrow of
Bihar”.

Gomti About 3 kms. 940 30,437 Sai, Barma,
east of Piibhit at Saryu, Chuha,
200 m. elevation. Gachai, Jomki

|

Damodar Rises in 541 22,000 Gartus, Konar,
Chhotanagpur Jamumnsa and
plateau (near . |Barakar. Once
Balumath) at an known as
elevation of “sorrow of
1,366 m. , o Bengal”
|
Son Amarkantak . Jomns Ganga at
« "' |Maner near
N Patna.
) Tributanes-N.
R E | Koel & Punpun
S o

Source Mamona and M S Krishnan

The Ganga System - {

The Ganga has twin sources, the main one being the Gangotr: glacier at Uttarkashi
n Uuar mm’mled the Bh~agu'alh1 and the other being the Satapnath
;;)1““3" northwest of Badninath Where 1t is cailed the Alaknanda. The two_oin at
ini?::lz:i:]o r‘l"m the Ganga that emerges from the hills of Haridwar. At fir3t, the rver
Pradeds Bnl:er y direction and then turns eastwards flowing through the plains of Uttar
R s ar and West Bengal. In West Bengal 1t bilurcates 1nto two ranches, the

*ad; : T
% deshind the Bhagiraihi Known s the FIooghly in Bengal:
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The c1lcll\mcnl arca of the Ganga basin mcludmwmgﬁu_jncs that
or;gn)ng_m,mwngmﬁ_.plmcnu 1s 10.86 lakl sq. kms. of which 8. 61 lakh sq kms.
lids in India The important tributaries of the Ganga are the Y1munn the Ramganga,

the Gh.\;,)ur) the g’l/nﬂ:lk lhc Bn;,m'xu thie Kosi :md the Son

The Yamuna_has its source in llxc wnya at- the Yamunotrt_glacier on the
Bnndarpunch Pcnl\ in quh\v’nl nol yery far from lhc origin of the Bhagrathi. It cuts

- across:the N15_11h)1 the A 16 Snw1hk r@iand emerges on the pl:uns

abo\L P.lonm n, Humchnl Pmdcsh - Leuuv MMAN ol -

ln the )whum the ‘{'\mum nWomse and from here it
turns south cast unul»u»wthc Ganga at Allaliabad, It traverses a total of 1400
kms Tom 1ts sout formed part of the Indus
sysrcm and 1omcd CL —weesguens v waained directly into the Rann

of Kutch, but finally it became a tributary of xhé'on'ngn bccnuseof mclonic disturbarces
.

‘The Gh'\g\nn mlled the h'\rmh m wcsu:m Nepﬂ ongm'ncs near Gurla Mandhata
Pc’\k suulh of M.mS'xrovar in Tibets ll ﬁrst ﬂows soulhcast and then south-southwest
cuumg 1cross lhc hxghcr menhy"x It |oms the G1n;,.1 ne1r Chapm 1 Bihar

' . v - [ — - .

The Gandak nses at 1n elevation- of 7620 nr urthe Central” Hmnlny1 near Tibet In
Nep‘ﬂ 1t known as the N1r3ynm )omcd by \ndum'm Bhanumati and Bagmat It rusis
for about 425 kms. in India and finally joins the Ganga near Pataa

The Arun nver"is‘énc}c;f thé sévé:'n“fé:eit}clié( of. Sapt l\"cfshi. In the high mountains,
-the Arun has several branches which are- fed by the glaciers of the Gauri
" Shankar- Everesl Makalu- X\'lnc]un;ung.l group of peaks. In the upper reaches, they all
form deep gorges through'’ their passages in the Himalayas. It onginates near the Shisha
Panga peak (8013 m.) in Tibet. From here 1t flows east and then from northeast of the
Everest-Makaly massif 1t swings southwards. Besides, these Himalayan rnvers, the
Ganges also receives water from the Chambal, the Betwa and the Son.

E . .
‘on the other hand {lows between steep banks which are sublected IOMM
crosmnm lindscape ﬂlw Chambal a typical badland !ype of
T?T)-_@ﬁphy Thc Ganga is known as the Meghanmwer Bengal.

1 Y
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The Brabmaputra System

The Brahmaputrz known as the Tsangpo in Tibet_rises, from the snout of the
Chemayungdung glacier near Tacchong Khabab Chhorten about 100 kms. southeast of
Mapsarovar It flows gastwards for about 1700 kms. through_southern Tipet. In this
reach, 1t 15 joned by a number of tnbutaries. Near Lhotse Dzong, it opens out into 2
side navigable channel for about 640 kms Thereafter the river breaks through 2
succession of rapids It enters in a;xza&-loap_s_ry@csl through Arunachal Pradesh in
fdia, Tirst as the Stang and then as the Dihang. Emerging into the Assam valley, 1t is

f'gim_ed by two tributaries-the-Dihang and the Lolit, From here onwards, the nver is
* Known as the Brahmaputra. Alter flowing LaE.720 kms. in the Assam valley, it enters
Bangladesh and joms Ganga at Goalundo Their combined flow meets the Meghana
Janglaae Anga_3 Meghand
about 105 kms. from Goalundo From here southwards, the niver forms 2 hroad estuary
before flowing into the Bay of Bengal. The total length of the Brahmaputra 1s 2900 kms.
A 1311_/““ge numberofstrenms—aesccnd to the Brahmaputra from the Himalayan ranges o
the_porth,, Among them are the Subansiri, the Kameng, the Manas, the Mora, the
Gangadhar, the Raidak, the Dharla and the Teesta, The sgreams joining the Brahmaputra
frw Burh: Dihing, the Mri :mé('[h—eT(T_—-_:mg.ThC_BErr”T“-‘U“"l
hias “j%gfowu@_e and the sWnlly. The siver
causes Water and silt 10 mon 15 bed which is Ehe

cause of disastrous floo ear after year. No wonder, the niver is called the “sorrow”
s palidbhtd
of the region

Table 3.2 The Brahmaputra river system

SOURCE LENGTH (in kms.) | DRAINAGE IMPORTANT
AREA (in sq. TRIBUTARI;S
kms.}
FROM NORTH
The Subansin t
{known as the Lo | Tibet 432 32,640 The Kamia
hitin the lower . . . .
reaches) LS . N
3 L—]
(Tal“lfse ”: Bhorelli - in Tibes 264 T 111,843 . The Bichom, the <
th OK meng) ' ’ Khar, Dikart, the
¢ fameng) - - Sonay, the
.|Tongsa, the Kur
rAL__._——————J
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The Manas

tn Bhutan | ’

" The Tonsa, the

Kur

FROM SOUTH

The Bun Dihang

8473 « "

The Namphunk,
the Namchik, the
Manaton, the
Tirap

The Dhansiri

In Nagaland "

St -

' {The Dihing, the

Diphu, the
Nambar, the
Kalyan

The Koppili

Mikir North, - *
Cachar hills

The Jamuna, the
Borpany, the
Upum

JIoINING

IN BANGLADESH| ~

12540 . .

The Teesta -~ - {In Sikkim .. 309. .- - The Rajany,.the .
. . great Ranjit, the
R S el Lty t st v {Lish, the Gish,
the Ghel.
The Jaldhaka" .. |InSikkim-.. (186 .. B 3,938 The Murk, the
A P . R . an . R Dihana,
The Torsa | In Chumbi valley |358 " |ass3 The Holong, the
- R of Tibet v ’ Kalgant.
The Barak Manipur hills - 902 25:9[);) The J:rrjtixe -

N [

Chini, the
Horong, the
Katakhel, the
Longat

The Soorma, th
! |Rajma -

e
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Himalayan and Peninsular Drainage

1. The Himalayan'rivers ureieie’n_rlk_il_; they are dependent on snow melt as well
as on rainfall while the Peninsular rivers are not perennial; they are seasonal
as therr flow is mainly dependent on rainfall. Even the rivers which overflow
their banks during winter dry up during summer.

. Many Himalayan rivers have cut deep valleys during the long periods of
erosional activity. The Himclaymuy youthful topegraphy. On the
other hand the Peninsular rivers flow through shallow valleys which are more |
or less gxgéed. Peninsular rivers are in their mature or old stage. L boged

- In the lower reaches on the plain, the rivers display a strong meandering
tendency and often shift their course while g hard rock bed g__q__‘d the

~Predominantly non alluvial character of t.};;;)lateau surface hardly allow any

meandenng. Many of the Peninsular rivers have straight, linear and a well
defined courses.
—

w

The Peninsular Drainage

The Penmsular drainage pas existed for a much longer gen’od of time than the
Himalayan nivers This 1s seen in the broad largely graded and_shallow valleys of the
—_—

Peninsular rivers which 1s indicative of the fact that they have acquired mrlluhly": The

_b?eds have a very subdued gradient except for a imited tract of !hé rivers whe;ri@_"m:lllpng__
1as allowed steepening of the gradient. (et W\‘F“ ‘j
=>7 } h J~/——'z S Poan . OdlA -

The We. “‘l’”ﬂ—/ ut most
\f.‘ﬂn Ghats, very closg_lPJllf: west coast 15 tlie chief water divide b

— ——— T
,‘Pemnsular nvers flow towards the east. The Narmada and the Tapti are the only notable

i_\’/‘cephons which flow i a nft valley before emptying them in the Arabian Sea. The
este o

~
. ™0 Ghat was the original water divide but the subsidence of the western flank of
the Peninsuia has™Te

sl

T submergence and cqnsequently disturbed the “generally
Skmmel N

dtncal plan ofrthe nivers on either side. During the collision of the Indian plat
i A second major ¢ o1

istortion was introduced 1n that the Penmsular block was sUblCCled
1o subsidence an

a0 d_conséquent trough faulting through wihich now flows, the Narmada
o the Tapu. Because he Pempsulirs mally filled cracks with-their detnis3
there ss 5 o -

neral lack of alluvial and deltaic deposits.
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' ‘The Peninsula

ivers fall into twc

ategories - (1) the coastal rivers and (b)
he. coasml rivers 'draining.into the Arabian sea are compamuvely
small ‘streams but are numerous, about 600 1 all. Only the Narmada and the Tapti are.
the major west flowing streams. Major rivers of the Peninsula such as the Mahanadi,
Godavari, Krishna, Kaveri flow eastward and drain into the Bay of Bengal building huge

deltas. Some rivers are associated with inland drainage such as the Mahi and the

e e e e
w“hlle some ‘are just tribtitary lo the Ganges and g Yamuna such as the

Chambql and the Betwa, =~ - - '

NN - g [N TR W .

The Narmada nses at an_elevation of 900 m.in thé Amarkantak plateau 1 Madhya
Pradesh. It flows westwards descending'over the bnmawn
to Jabalpur where 1t cascades 15 m. 1nto a gorge to form the Dhuandhar or the Marble

Mnslream of J:lbalpur 1t flows along lhe northern edge of an asymr.x;efr;éal
vnlley lhrough alluvial basins nlzcrnatmg wnh gorges ‘enclosed belween the Vindhyan
;md the Satpura ranges. Furlher downstream of T:lwzl_&onﬂuence it forms the Mandhata
gorge. At Murakata, it again form a _gorge rising over 1000 m. in the Akhrani Hills of
the Satpura R:mge It fmaﬂy emergcs from the hills near Gardeshwar and meanders
through an alluvial plain past Broach’ %0 open into the Gulf of Khambhat. The Narmada
ﬂows for a total distance of 1312 kms. dmmmg an area of 78, 796 sq. kms. The drainage
area mostly lies in M:ndhya Pradesh." .

T —— e ——

During much of its journey the Narmada flows through a narrow ift valley confined
within’ precipitous hills'which’ db not favour development of uributaries However, on
<he Ielt, a Tew small ¢ channels- dmm mto 1rfrom the Satpuira’s mnge " for example, the

mlﬁ Betul’ plateau and ;oms lhe Narmadanear Hoshangabad.
R

o v v ool
Ix B - ard

" The Tapti rises near Multai in Betw! district at an elevanon of 792 m. Runmng for
724 kmm;;mllel to the Narmada 1n the'rift va_ll_y it drdins'an area of 65,145
sq. kms in Madhya Pradesh, Maharashtra and Gujarat. The important tnbutaries are the
Puma Betul, Lavda Vnghur patki, Gema, G:m|:1[ :md the Aner The Taptt finally
dratns into the ‘ArabianSea beyond Surat 1 ' narrow eslu;n:;a
\ ———em B

e

Neitheé;t_}'é N'll‘_-m_» ada n “northe Tapti form deltas: This 15 because they flow through
-hard rocKks for gmcucally nll 1 8 thexr courses zn@ﬁeﬂmﬂﬂ_ﬂwﬁm

dswbuanes R e ey (oS

= RS SYLEATLEN

Besides these two rivers, numgrous small streams sgring from the Sal{yadn Ranges

and descend swiftly down into the narrow plains of the west coast and pour mto the
~——
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Arabmn Sea forming indeatatans and creeks, This is in contrast to the east coast-which

“Falmost unbroken and straight, Many west ﬂowmg streams have-created xmgressxve
waterfal 7 m.), Jog Fall 3.m)on aravati, Chalabudi

Falls (56m.) and several others ranging from 20m:10-30m. on the Anaimalar-Palni
-Elamalar hill chain. h ) ,
The Sabarmati and the Mahi drain the northwestern flank of the plateau. The
Sabarmats after rising from the Aravalli hills flows for about 300 kms. south - southwards
drashung about 21,674 sq kms of area. The Mahi which rises in the Vindhyan uplands
flows 533 kms southwestwards before draining into the Gulf of Cambay. The Luni nver
fprms an area of interior drammage. The source s in “Annasagar in Aymer dlstnc( and
drains an area of about 37,256 sq. kms. T

The Lun: (Sanskrit: Zavan -salt) is the only stream that drains (hrough the and Thar
Desert of Marusthali. It rises from the Aravalls range, flows from Rajasthan Bagar to the
Rann of Kachch for 450—kmmlm which was formed when the Lum
carried a huge quantity of sediment. It is now an eghermal stream which gets lost at

ma laces. Sukr 1s 1ts most imporiant tributary T

There are three major systems of east ﬂowmg rivers- the Mahanadn, Godavari and
the Knishna. —

Theﬁ“ﬁt}_ﬂ!_ﬂ_nses near Pharsiya village-in Rzupur Ithasa leng!h of 890 kms and
15 141,600 sq. kms of drainage basin is sharemharashtra Madhya Pmdesh and
Orissa The Mdl_ls_igl,n_e_d_lmhe‘sh@gg and Hardeo on the left bzmk and the
Jonk ang the Tel on the nght, before draining into the Bay of Bengal where it forms a
delta <delta_The delta, althion shghtly arcuate, ia much S!W!LOHL

\han the hxghlg dissected Ganga delta,

e -

. Tl‘)le Sodawan known as_the Vriddba“Gan a’ or the Dakshm Ganga rises, from
fimbak in Nasik at an elevation of 600rm. The Godavari flows through gnelsses and .

G \rw
ondwang s iments for 1450 kms. drammg an area of 3,12,812 sq. kms. It-cuts 2
transverse

80rge 60 kms. long and 200 m. wide xhrough the Eastern Gh:ns about 100

kn:js from s mouth. The delta of the- builge
an =201 the'Godavan 15 of lobate type wit
ﬁwﬂw Projects a front of about 110 kms. The northern past is made
ying rnarshes extending into a 15 kms. long spit forming the Kakmada Bay.- -
2 72 kms. fong spit forming e A T -
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N

The Krishna ,nses from a spring near Mahabaleshwar. It.is joined by the Koyna

\ Ghatprabha Mal 1bha Bhima Tungabhndra Must ;md the Maneru along its stretcl

of 1400 kms. South of Bjapur, the river eniers the Dharwarian gneissic terrain anc
creates a waterfall before entenng the jaldhurg gorge. Further downstream, 1t ha:
created 3 gorge through the Srisaifam plateau of Cuddapah group and continues to flov
through it before finally emerging in the coastal plain south of Jaggyapeta The delt:

o '

formed by the Krishna 15 of digitate type (much less complex and smaller) and 1t ha
mérged with the delia of the Godavari. , R B
| —————— :

i et

Th:_KAMan—nses from Brahmagin on the Coorg plateau on the edge of the Sahyadr.
Range. The.river flows across-the strike of the country-rock It 1s supposed to be ar

ancrent nver whose meandering course has been supenimposed on a toj y whick
meanden £1as been nposed on a topograph

has become youthful as a'result of recent earth movements. The river creates a waterfall
at Swsamudram (101" m.) before entering into a 200 m. degp gorge. At places it cuts
Ihrough the‘ Easzern Ghats'and Finally dmms into the Bay of Bengal fornung a delta.

. about 8000 sq kms_The delta has

v

- ,-- -— -—eated uplft and erosion

The other Pemunsular rivers include the Subirparekhy rising from the Ranchy plateau,
Koel and the Sankh also from _the Rancht plateau which continue downstream as the

‘Brahmant nver The Damodar dxvndes the Chho[anaggur Blate'lu intg two pasts- the

[N

Ha h.and Ranchy plateau.
zanbagh, an p

“‘The Vainsidhara and the Nag#ali rise from thie Eastern Ghats, tlie Penner nses from

EAALLISR

the Nandi Durg and flows between the Kavert and the Knshna to
e T AR T e

: . . .
" The Palar and the Ponnaiyar are shcrt streams confined between the coastal tracts
¢ ralr: e g el 1he coastal Ir:

of the Knishna :md.lhe Kaver. - e -

Sy e .

' The Tambrapaxm whlch rses from Agas!yumalal Hulls form many benum‘ul

waterfalls.

i SguLI.\_n-I th g:' ’K:Iﬁ/e:ri delta 15 the Vaigai which flows through dry channels and have
T . g phida - it Stical-o

a tendency to get ntermittently lost in the ground and reappear agamn.



82

84 ~ : Dralnage
Table 3.3 P far rivers: their sources, tributaries, and drainage
RIVER SOURCE LENGTH [AREA in
{in kms.) |sq.kms.
WEST FLOWING RIVERS
Narmada ~ | Amarkantak plateau in | 1,312 98,796 Burner, Bawyar, Sher, Dudhi,
Madhya Pradesh Shakkar, Tawa, Hran,
Tendoni, Barna, Kolar, Anjal,
{ Machak, Kundi, Gol, Karyan.
Tapr Near Multan in Betul 724 64,145 Purna, Betul, Levda, Vaghur,
district . Patki, Ganjal, Dhatranj,
-1 Bohad, Bori, Anbhora; Khursy,
- Kapra, Sipra, Panjhara, Garja,
. Khokr, Utaoli, Bakar, Subt,
, Mor, Mautri, Guli, Aner, .
- | Arunavatl, Gomal, Harki, S
Valer, etc.
—
Lumy Annasagar in Ajmer 482 37,250 .
district
Sabarmati | Aravalli hills 300 2)1,6741 Wakal la\var, Mittd, Sei
Harnav, Hathmathi, Walrak
Meshwa,
EAST FLOWING RIVERS
MAHA- SYSTEM
NAD} _ o
Mahanadi | Near Pharsia viltage in {360 1,41,600 |Sheonath, Hadse, Mand b
Rajpur distnict . , {left bank}, Jook, Ong, Tel
(rght bank)." B
Brahmani | Near Nagn village of 800 39,033 " {Kura, Sankhed, Tikra. s
Ranchi District e ol - -
Bait, T - - e E . )
Ham 333 19,500
Subar.
narekha Bihar 395 19,300 Kanchi, Karfari.
I —
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GODAVARI | SYSTEM ’ -

Godavari Trimbak in Nasik 1465 312,812  |All the following nvers.

Parvara Western Ghats vol200 6,537 Mula.
Pur.na Ajanta hills 373 15,579
‘IMamra | Balaghat : 724 30,844 Tima, Lanaya.
\
‘| Painganga | Buldhana Range 676 23,895 Pus, Arna, Aran,
Wainganga |Seom 609 61,093 Pench, Bagh, Andhar. )
[ B
Wardha Betul district 483 . 24,087 Wunna, Bembla, Painganga.
Pranhita . 133 1,09,077 ang.‘mga, Wardha.
after .
¢ confluenc . T v
Indravati | Kalahandi™ ! 1531 41,665 Narangi, Kotri, Bandia,
Nandira,
- | Maner 13,106 Haldi,
220 I AVE VRS LR e e e st
Sabari Sindaram hills 418 2,40,427 | Sileru
KRISHNA  [SYSTEM O N N R

Knshna At an altitude of 1,360, 11,400 ' 12,58,948 .|All the followng rivers.
north of Mahabaleshwar .

Koyna

—
Ghatprabha | Western Ghats' -’ 283 ' {8,829 - - |Miranyakshi, Markandeyu.
Malprabha |{Western Ghats*  * .1306: =~ {11,549 - T o

R
T 1 e

Buma ' .|Western Ghats a2 |861~: + [76,614 Mula, Mutha, Ghod, Nora,




-
/
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Tungbhadra 531 71,417 Varada, Hagari. Lo \
Mus) Madek District 240 11,212 Aleru. | i .
Muneru 235 10,409 Lo
KAVERI SYSTEM
Kavern Brahmaputra hills 800 87,900 All the following rivers.
Harang) Pushpagin hills, Coorg |35 540 ,

district
Hemvau Western Ghats in 165 5200 | Yagachi Algur.

Mudgi Taluk
Kabin Wynad Taluk 210 6,693
Suyar- Nasurum Ghat 64 1,689
nayath
Bhavan) Silent Valley Forest 216 7,144 Siruvani, [(undah, Coonool, .

L Moyar,

Sovice M S Krishnan, Mamond

The Drainage Pattern in India el v

India 15 so vast with se much variations physical background that all sorts of

dranage pattern and texture is found. The drainage pattesn refers to the pattern that
many stieams collecuvely form. ‘

Dendritic Pattern
Sl Fattern

s 1ts best example in the form
« lndn-(}jggcuq plan. Here the vanious tributanes 1;\"c joined the Ganges at fairly
< angles implying that there was very litle structural control. Many streams of
Penenanlar_region also_have dendntic pattern. Much of this region represent very old

‘onun susfaces which were peneplamned. In a pencplain there 1s negligible effect of

. ‘Tl\c Dendnue pattern with 1ts tree like disposity
afy arious trbutar

Ay
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structure on the patem. However, thhm the general pattern of the streams of the
Pen sular upland there are evndehces_qf_samumucluml_comrol

Parallel pattéern '

The Parallel patterns are usually found where there are pronounced slope or

structural controls w whlch lead to regular spacmg of.pamllel or nea parallel streams
Such a pattern is found on the western coastal strip dnd 1 many parts 1ts of the eastern
cw’l_a_gds. On the west the relauvely young and steep Western Ghats have given
rise to a,number of streams emerging from therr crest ﬂowmg rapidly down their slopes
and joining'the sea independently. These streams which onginated with the formation
of the' Western Ghats have not been very effective as captor stream. Therefore, most

of the consequent streams follow the general westerly slope of the relatively new surface

on u)masm lowlands. "’

Howevef, 1n many cases, the gradient is genil ing 1o recession of Ghats as in
. N SRR :
the case of the Nilginn and Kerala hills where a number of tributaries have been
integrated into dendntic pattern in the upper section of the streams However, mmor
structural conirol 1s evident throughout the Western Coastal Plain where the rocky
eminences have diverted ‘the 'streams from their straxght courses giving them
considerable sinuosity. In the ‘section of Ratnagiri Coastal Plain of uplified Tertiaries
the parallel pattern 1s remarkable. The emergent.Eastem Coastal Plam exceg! in_the the
—t [eaestnstit by
deltaic sector shows stnkmg parallel pattem
—

e LECISTUNEY I

' . -
PR . . '

Radial pattern

Radinl,pauf:'m'of dminagev 15 quite obvic:us n Kathiawar where there are no
longitudinal suuctural trends facilitaung rectilinear pattern. This pattern 1s surrounded
practically on all sides by the sea and there 1s n,hiéhland mn the centre causing the
streams to radiate from this central hughland. Anm pattern is the
Indravati basin ’ .

Pinnate pattern . .

Pinnate  pattern 15 a feather like dramage pattern contammng a large number of
clésely spaced tributaries, It is found in 'mada_and the Tapu valleys. -
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Trellis pattern
Pty

It consists of a series of sub parallel streams along the strike of the rocks. The larger'*—

transverse streams flow along the dip 1n their effort to cut across and thu; arrange
themselves 1n reclangular bands This patiern reflects_striking control of structure.
Except for the major tfansverse streams like the Arun, Kosi, Karnali, Gandak and the
Brahmaputra which are either consequent upon the general southerly slope of the

Himalayas gr antecedent most of the Himalayan rivers show marked structural control.
The man consequent nver runs across the Himalayan wall in a north-south direction.
Then there are the major tributaries running in an east-west direction, The primary
tributanies insually seated themselves on orginal synclines of the Himalayan, folding
and have subsequently shifted to the adjoining anuclinal posttion by inversion of relief.
At the same ume the primary tributarnies pem;t to form the strike valleys Then there
15 al'hll'd_‘_siof streams parallel to the north-south transverse master stream, These form
the secondary tnbutaries parallel to dips and transverse streams. The_io_u_’_rthsgg)f
streams 15 parallel to the same direction but is generally shorter than those from the
north It may be called obsequent in the sense that they are oppos:ed to the flow of the
transverse master consequenl 'l'lVel'S

¢
feature of many parts of

e .

'

The trellis and the rectangular pattern s the characteristic
T — S ——

Pemunsula where the rivers show marked structural control.
_ emnsTk: re the | ;

The texture of drainage refers to the relative spacing of drainage lines implying
the drainage density and stream frequency. Drainage density means total length of
streamis 1n an areq divided by the streams while stream frequency means the number

of streams dided by the area of the basin.

The factors controlling the drainage texture are chfn:{te, pe!meablln)f‘of the
underlying rock and bedrock relief, » ' J

Climate ; ¥ )
mate and Precipitation has a direct control over dranage texture. An area of

heavy
Y runfall 1 matked by numerous streams. Vegetation also affects the drainage

lexture, o . .
¢ —Sk—mlﬂ““LLcﬂwl_Rgpr vegetation has finer dramnage texture than a region
with dense ve, p

rext 8ctation. Permeability of the underlying surface has a direct effect on
EXtur . 9 R
~ure. The

o streams seep through permeable strata, Consequently, there are a few
MNAZE Tnee g ou8T permeable stra )
'ﬁr-m}"uwmi' are numerous on.anampermeable strata. In areas having

CBUIAr relief wy s S
s hav € stage
usewmnge lhines lhanw&ﬂuﬁl& A mature Sg
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of cycle of eroston will have finer.texture than the z'éﬂ‘th“’#tégéﬂ Badland, type. of,
Py . Y
topography is one set of condition le.ad}ng to fme‘rd;ag‘ziﬁf;texnfrf. n Q“C*“‘e‘éjisﬂi
on the sand and grayel outwash plains and vailey™tetrains [ée hikh b eab:h@‘gnfeg
a, cg:.lﬁq__(_:lrainage texture. . . w .. .
N [ A - e '

Applying these concepts to India it is found that in the wﬂggid:r%cks
of high relief on the Northwest Hills bare of vegetation results in a very fine texture
of drainage. On the contrary there age few drainage lines in the permeable soil region
of the Indian desert and the sandy areas of the Punjab. The Himalayas and the Northeast
nlls have medium to fine texture. In the Bhabar region where the vegetation cover 1s
dense the texture 1s coarse while in the Siwalik region the, texture 1s much finer on
account of consolidated nawre of the,soll_In the Indo-Gangeuc alluviim, the texture
mmm of ramnfall. Higher ramnfall causes fine
texture and vice versa. Thus, the texture 1s coarse in the Punjab and Uttar Pradesh
whereas 1t is finer in Bihar, Assam and Bengal. In the Pennsular India the texture is
medium to fine with no marked variations 1n the permeabulity of the structure and soil.

The areas of higher relief, however, have a finer texture than those of low relief.

3 six &I
Drainage Regionalisation of India

India can be divided into the following drainage regions based on the source and
direction of nivers. Thus, gach drainage region confirms to, the river basin of India. The
_ main nver basins and impostant rivers are: o
, - R aMBA cHpm BAL. ‘

1. Ganges Yamuna, Ramganga, Gandak, Ghaghara, Kosi, Gomt, Son, Damodar

2. Brahmaputra  Subansiri, Kameng, Dihang, Jaldhaka, Teesta, Barak, Dhansiri,

Soorma
3. Indus Shyok, Nubra, Skardu, Zanskar, Gilgit, Ravi, Jhelum, Chenab, Beas,
4 Sabarmati Wakal, Jawai, Muss, Meshwa, Sei, Hamav, l;:uhm:uhi, watrak,
S. Mahi “

N



T \\N
6 Narmada Dudlu, Shakkar, Taw:x, Mach:lk, Kundi,' Goi, Bumer, ‘Baiyar, Sher,
Htran, Tendoni, Bama, Kolar An;:ll, Karyap,
7 Tap, Puma, Betul, Levda, \(aghur, Pa!ki, Ganjal, Dhatranj, Bohad, Bori,
Anbhom, Khurst, Kapra, Sipra, Pan;hara, Garyg, Khokn, Utaolj,
Bokar, Suby, Mor, M.1um, Gulj, Anér, Aruhavnu, Gomal, Har;, Valer,
etc Arunawau’ ’
8 Mah:madx Ib, Ong, Tel, Sheonath, Mangq, Ib, Jonk, Hadse
. f
9 Godav:m Pranhxta, M:mira, \Vardha, Waingnnga, Indravau,‘Sabari, Pravar,,
Puma, Ma ! .
1o Krishng Ghatprabha, M::Iprabhﬂ thma, Tungbhadra Musj, Koyna,
11 Kavey, Hemv:m', Harangi, ShlmSha,'Lokpavam, Bhavzmi, \Suyamayathi,
abin, - T
'*“Lhmk:%z%g%i%w . Eaxn~w'§i:?5'§«3,%_ s "““&f“‘“““m
Uﬂmm@m@ﬁnﬁ Worgg ‘
An(etedenl Rivers Badlands ‘K hermalsrrenms
Lobage type Digitate Delty
Paraitey Pattern Radiat Patterp
Treltig Pattery

Dendn’ﬁc Patters
Pinnate Pattery
Dl:u'nage Density

Dr:u'nage Tex(ure
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¢ Latitudinally, India lies. half in the  tropics and half inthe_sub tropics. But even
though half of the region lies outside the tropics, the climate of Ind1a 15 basically tropical
it character, It is essentally due to two factors - the Himalayan mountain complex in
the north which shields the whole of Indiasfrom the intensely cold Central Asian winds,
antd the thermal shifung of the equatdr which brings the whole of India under tropical
chimatic conditions; when. the . Himalayas. are insulatng: the ‘Indian* subcontinent.
Consequently, the essential characteristics of climate 1s always tropical 1 character
This tropical climate 1s marked by distinct winter and summer seasons. The rain comes
in summer in one part of the country and in winter in another part. This seasonal pattern
is the result of seasonal variation in the temperature and pressure pattern ‘and its
resuliant effect on the direction of wind, which brxx;gs about a marked reversal in the
wind direction. This'seasonal reversal has.been described- in one word “Monsoon”.
The monsoon type of chmate 1s thus charactenstics of the whole'of India.
I

PR IRt BTN W v

The’Monsoons’

There are, .however, wide regional vanations ,within this monsoon region. For
example, the climate of South India differs from the climate of North India. Not only
does the climate of north and south India differ, there 1s wide difference even within
South India, for example, between Kerala and Tamil Nadu. These differences are
reflected in temperature, pressure, winds, moisture and precipitauon conditions. Chury,
Barmer may record a temperature of 48°C to 50°C in June while temperature hardly
rises beyond 25°C in Srinagar on the same day. On a December night, the tempcmmorc
may drop to -40°C at Kargd and Siachen while on the same might it is only 20°C to 22°C
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i Chennay, Vishakhapatnam, Pondicherty. The differences are also quite striking in
rainfall The annual ramfail 1n Jaisalmer hardly exceeds 12 cm. while Mawsynram may
get 8 years of this equivalent rainfall on'a single day. .

The western coast from Kerala to nvor!h‘em up of Maharashtra receives very heavy
ramnfall during July and August while the whole of Coromandal coast goes dry. ‘During
the same peniod the Onssan coast gets hit by ramfall almosl every 4th or 5th day. The
Brahmaputra valley gets ﬂooded wuhm thé very fxrsz week of being hit by monsoon
while during the same period there xs no mdlcmxon of 2 any rain in Rajasthan desert.

The interior regions such as the Punjab, Haryana, northwest Uttar Pmdesh and
adjoiming portion having continental location have extremes of tempemture -vcry h:gh
temperatures 1 summer and very low temperature during winter whde the regions
affected by oceanicity such as Mumbai, the Konkan and the Malabar coast have hardly
any range, annual or diurpal, s ! . 'y Lot

“ LS BT D T

Apact from these, vanations also exist 1n tesms of onset and withdrawal of monsoon.
Kerala, Malabar and the Konkan coast get rains dunng the first week of june while the
advent of rains may be delayed by as much as last week of June in.Delhi. ;> -0 »

¢ U TN PN T E

The differences in local climate 1s,the result of.many factors. These are broadly’

(A SN L s o vl

1. Susface pressure distribution and windsa + ot s

s s e . et

- Upper air circulation, pasucularly Jet Strcam and the divesgence and convergence
associated wath . : : o

[ ' Pt 3 o o

Inflow of western disturbances (depressions) dunng “g"“e" “"d trop ‘Cal
depression during Southwest moasoon. e

The surface configusation pasticulasly the distribution of the mountain ranges.
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e The Southwest Monsoons

iy [P oo o

(li They blow fmm the southwest dxrecuon. ! o o

B Aty Lt L v

1(2')‘ Thsy hrsl stnke the soulhem hp cf lndxa. The onset is a graducxl process but
lhey cxmve m !he form oi burstmg R
1S A , TS LT e P IS PR LE S L
T ST I I T K
&)} ° The rq'qull l?ropght py thé‘ monsapn c}ejz{reases v:’xw’qy\hfro)mr ,the seaq.

: 9PN , ‘
4" Over 10 per cent of ccuntry s ramfpll i recewed by !he southwest monsoon.
RN N IR TEL o

. n ", TP
\S) The monsoon do nol gwe nse lo a sxmple pattem of wea!her all over Indxa.l
. lhere me dry m’eus, Se and cmd hu!md axeas. . -

o) = 5. P

LI ) LT R L B .
{6) The monsoon are ‘piulsalmg in nature,
K A eatoy g s

LRSS N

(7} The monsoon vary from year fo year.
PR A Yeorhoan oy ' ’

(8)  Within the monsoon region there is high reliability and variability of rainfall.

- . s AN

(9) The duralion’é} méhsoonjs from 100-120 days.

(10) The, wnhdrawal oi monsoon is a much more gmduql phenomena thun its

amvcxl : f

g ‘ N, - N v
Orzgm of Indwm Monsoon ( The earlzer wew)

‘
It is well known | fact that from a high pressure regxon the wmd has a !endency to
flow out and m3 low pressure zone the wind hasa tendency x‘o f‘low in. In other words,
the high pressu:e “1s related with centrifugal (anncyclomc) flow' whereas the low
pressure is related with centripetal ﬂow Thus, the weather pattern 1s mﬂuenced by
the formation of these high and low" pressme cells. In “winter, the region lymg.xo thé
north of the Himalayas becomes a centre of high pressure. High pressure (s produced
by the cooling of the surface. The Winter csrculation at the surface mn India is dommaxed
by anticyclonic conditions, both to the north and to the south of the me:llny:m-T;bemn
mass. Thts forms an effective barrier to communicaton between sectors of the syrface -
cxrculauon The Indian Subcontinent, is thus, 1solated from lhe rest ofAsm Wmds blow
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outwards from the hnd over whxch air i subsxdmg (bccnu..c of lhc hlgh pressure),
Over Indua, this air is cool and dry and flows through the entire stre(ch of the Gangetic
plain, crossing the Bay of Bengal, and when 1t had pxckcd up enough moisture nses
along the Eastern Ghats due to orographic effect and pours it down in the eastem
coastal region This is the winter ramnfall of South India which 1s orogmphic in nature
and often brings flood 1n the parts of Tamil Nadu. There is a gr:ldunl tmnsmon from
this situation from winter to summer. With the thermal shifung of the equa(or, the whole
scene changes. The Sun is shining veruc1lly over the Tropic of Cancer. The hxgh
pressure centre vanishes and a low pressure centre is created in the norlhweslem part
(of India. Ths wmvites inflow of winds from all directions. The trade winds while reaching
’Io fill this low’ pressure_zone crosses the cnure Iength and breadlh of the Arabian Sea
sand the Indian Ocean. This makes these wind mossture laden and thus !hcy cause heavy
}downpour when they strike the Western Ghats and the H;malny:m ranges. This is by
definition, the southwest monsoon (Fig. 4.1). The ‘tmditionnl‘ view that wind reversal
1s due merely to difference 1n surface hemmg is typical of the slmple explnnnllorl given
before extensive investigations were made of conditions aloft. '

Fig.4.1. The Traditional view on the origin of Indian monsoons

. ’ /7//); - oot RS £ 1) o /

WL
Uty 4 I
n’OIno

WINTER Lo "sUMMi-:,R'
T SO T

Origin and mechanismof‘morisoon . c

) PR
' - PR H

(Recent explanations) P O

:ow'z"“ the pattern of pressure and temperature distribution s not a8 SlmP’e as
ma
e out by the above analysis. When this analysis was made not much nformation
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was available regarding causes of pressure’difference; spatio-teniporal vanations, the
relationship’ of. monsoons with the'flood and droughrt conditions, the transition of the
seasons, the generation of tropical depressions and their track, etc. Broadly, none of
the characteristics of the monsoons and the Indian climatic conditions were known nor
were they explained. With an increased knowledge about the upper air circulation, the
Indian weather conditions, in general; and monsoons; In particular, can be much better
explamed -

B .
ol N

' ~Wz’1iiers* LT .
e Ar/{H,}A,,. T

Above 3000m, the circulation is quite different. A strong easterly flow, including

the jet Stream flow across the Asian continent at lattudes north of Himalayas soughly

parailel to the Tibetan highlands, which act as barrier to this movement The effect of
the Tibetan plateau is to bifurcate the Jet Stream'into'two paits (they again unite off
. them effect is limited to altitudes below
about 4000m In fact, the northern jet is highly mobxle and may be located far from the

< '
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Fig.4.2. The jet stream circulation around the Tibetan plateau
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Tibetan plateau. The southern branch s located over northern India corresponding to
a very strong thermal gradient which prevails from November to Ap‘fxl.‘The mean
posiuon of the southern branch of Jet Stream 1s about 25°N lat, in February at 200 to
300 mb and has an average speed of more than 40 m s** (90 mph) at 200 mb, compared
with about 20-25 m 5™ (45-55 mph) for the northern one Where two unite over north

Cluna and south Japan the average velocity exceeds 66 m s | (148 mph), i

The upper air flow has two effects N LA ® @ \w’u'
ce. 7 ol % © ]

() It intensifies surface anticyclone, and e

.
() It brings strings of surface cyclonic disturbances. < [ © o

Atr subsiding beneath the upper
westerly current gives nise to dry + €+ comvergence == . BRI T [
outblowing northerly winds from, the Ddivergence - —
subtropical anucyclone over
Northwestern Indna (Fig 43) The
surface wind  direction -1s- north -
westerly over most of northern India
and easterly over Pen{nsular India
The general pattern of weather* is
warm and dry, and’some ramn in
Pemnsufar\lndm. The upper jet.at the ’
sume  ume  steers -“the _western -1 T “a i,
depressions over northern Indrm e+ © : ’ !
lows which are' not usually

o [ TP

appear 1o penetrate across the N
£a;
b;f' from the

.. )
Mediterranean and “are 1m b;:;;t:od?égs of ;z‘nnfnlrfor'n/o'ril;f_f nd
Nonhwest India especially as i falls when evaporation st its munimum. The general
Pattern of dry weather 15 thus interrupted by some cloud- and’rain, (\yhich"becomes
SPOW on the m"‘“'“){“‘:{SlOPeE) ‘Zl d even by cold’ spe‘lls\as cP air §'xlls‘mlo 1ndus
L"ﬂ"\"_i‘;ln ll\p-cxr;cm\:;ﬂonhwes( these winter rains are generally greater thap those

ceened in summer, << L . =T =Ty
B - .

- T K
. S —— I8! ! These
Sligse disturbances usually octurto ihe Least of the westeily Jet Suream. Thest
chmauc disturbinges s gERerally- preceded=hy  warm, weather_or. sudden, nse 10
T e LU T e e
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temperatures. After the rains which are light and spread over a couple of. days they are
followed by cf€ar skies and drop in temperature. Occasionally, i their trail they bring
in severe_ cold waves, The cold wave is generally defined by fall in temperature by
5°C or more from the normal. )

i

[ s L R N T ‘

Beny o

As the aix/flow_passes over. the.Bay of Bengal.it:picks.up moisture and becomes
involved wn weak tropical disturbances which bring rain to south eastern India and the
east coast of Sri Lanka.: [ A e I T K L

, .

Thus although host of India 15 dominated By winter‘drought it may be interrupted
by rains in the extreme north and south, and even elsewhere where the northern

cyclones draw in mT air from’Indian ocean. Temperature remamns high because of

-prolecl'mg effect of the Humalayas and the Tibetan plateau. Thus Calcutta 1s 7°C warmer
n Februnry than Hongkong Whnle both lie on the latitude (22 1/2° N).

i st ,wj..u;.un ol e D0

. Spring '

) . s -

The spring 1s the transmon season.where" th anem of the the upper air flow
changes. In March,. lhe WESIerhes begin their s usqnal migration northward. During
March, the northerly 1et strenglhens :md begms to exlend :lCross'Cemml 'China and
Japan, while the sou!hem branch remams posmoned south of Txbet allhough its strength

and mtensity du‘mmshes India is sull dommated in sprmg by a subsxdmg and outward
blowing anticyclonic cuculation and the’ clear sknes “‘allow m'lxxmum and, increasing
insolation. Higli temperature, ‘a: heavy he'm haze and drought are the charactensuc
feature of the weather in me cemral nreas Gremer solnr radiation hentmg ntensifies
squally dnsturbances R Some preClpll:mon < occurs - m .the- north™ «wnth " “Westerly
disturbances” pamcularly mw:u'ds the G:mges delta where the’] Iowlevel nflow of warm
humid aie is ovenun by polenually cold 'y ggenng squall hnes known as nor westers'

The, - s convecuon and™ thunderslorm formation due to
explosive «... . ' _ lthe’ aftemoon (such convecuoq”v!as prevented

when Jet Streami was strongly developed) In the northwest, such conditions give gise
to “andhis”, - dust storms, forming in the absence of atmospheric moisture.
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Summer

- -
As the summer sets in and the sun shifts northward many changes take place

(a) Nearer the surface, the low pressure belt has formed consequent upon intense solar
heating. This in fact 1s the Inter Tropical Convergence Zone (ITCZ).

(b) The westerly jet moves north of the Himalaya- Tibetan mountains, (Fxg 4.4) and

(c) the easterly winds are established over India., f Q)
. 2 2,
All of these changes are interre‘kxled. (&Q W
( ) O w
‘ i L - WW

ig.4.4. The location of westetly jet stream north of the Himala ar\'b’ Em
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;
Thc summer months

g .3 The location of monsoonal low p gh
ace 11 Pe(lod Of nsmg al low pressure trou in Indla.

[T
lempem!ure and falling air S

L . 83 . Lo 75 ® (1) 0 93 oo
Y T ¥ T ¥ T

pressure in the northern
half of the country.

The ‘equalorinl low
pressure . trough h::g

alre"tdy started, moving |
:nonh Towards lhe end of
May an elongaled low
press

1 is, called the “Monsoan
Low Pressurc Trough.” It |

e nrea is developed.

exlends from the Thar
deserl in the northwest to
Pat@ and east

Chhomnagpur plateau in
lhe , east- soulhf."lst (an"
\‘?5) In the heart of the low ;
pressure lrough m the
northwest, the dry and hot - ’ -
winds blow 1n the afternoon and sometimes they even continue till midnight. 'l'hese
hot and dry day winds are locally called loo. Dust storms are common in the evening
m MayTn -‘ll‘]&:-l;l;l:lj;b Hnr);cma, eastern Ra;asth'\n and UP ‘These are the result of
Convecuon and explosnve cumulonimbus growth because of weakenmg of the Jet
Sueam These dust.storms or andbis as they are ‘called :llthough lemporary, brmg
welcome respite from the oppressmg heat since they brmg wuh !hem pleasant 2061

breeze.

i ;

. Occasxonally, some moxslure laden winds are altracred towards the penphery of the
lrough A sudden ccmacl belween dry and moist air masses gives fisé to local storms
cf great intensity. These local storms are assocm:ed wuh violent wmds torrential rains
:md hail storms locally ‘known as Norwestcrs In lhe norlheastem reglon they aré called
‘Kalbaisakbi- (c:\lamx!y~ of ‘the. month of BaLmleb) Towards the begmnmg of
pre-monsoon showers aré a common phenomena in Kc;mla and coastal-areas of
cursxans of the pre-monsoon

st o

%

Karnataka, Locally they are known as mangosbowen
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showers and early start of the monsoon further north 1s checked by a belt of relatively
high air pressure zone lying over the Deccan plateau; In the coming months, there is
further intensification of the monsoon trough assisted by the northward movement of

the jet further towards Tibet. The prescncc of the jet impcdcd convccnon lhroughou!
the winter and spring.

. . "
f B .

The

are of oceanic ongm Commg from-the Indlan Oce1n lhcy cross :he cqunlor and ‘enter
the Bay of Bengal.and the Arabian sea.: After crossmg the equnlor ‘they follow a
50uthwesterly direction; These southwesterly winds while lrnvellmg on the wnrm
Ambxzm sea water have pxcked up enough moisture and'is by definition known as the
southwest Monsoon Thus the Northeast trades of wmlcr ongmnlmg on the land are
replaced by diametrscally opposite southwest monsoon ladcn wnh monslme (however,
lhe monsoon like the trades are’not steady ‘winds ralher lhey are pulsntmg) The suddcn

appruach of the mosture, Iaden wmds accompamcd by v1olem thunder nnd hghtmg is
known as the burst oftlJe monsoon , .

' te 3

g Southwest monsoon causcs eaﬂ downgour o&the Western Ghnts where lhe
winds strike the mountains almost at right angles. Another area of henvx Erempmﬂl N -
1511 NE region where the Himalayas lie athwart the monsoon. onh of lt ‘the ramfall

oes on decreasing all along the 5 “
}{\lmalay . I
———

The Southwest monsobn'lhl;s
comng, from the Arabian Sea
known as the Arabiin Sen
branch and lhe B1y of Bengnl
known as the 'Bay of Bengal
branch  (Fig.4 6) and is
responsnble for, much of the
rainfall over Indm S

;. These low g vel ch:mges are
'%&.ﬂiﬁmﬁh@:m °f at

h‘&h—EXSLL“SKerly jet slream over b

sou(l\em Asia at about 15°N (Flg

o IO Vb, T " N1
i The northwestward " Fig-4:6, The two branches of the monsoon
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Fig. 4.7, The easterly jet stream in relation to low fevel circulation

Figd.8. Thc origin of casterly jet steam due to

heating of the Tibetan highlands
fmovement of the monsoon is apparent!
related G the extension over Indsa of the /”__\

Upper iropospheric easterhes.
e e s LR

Jhe easterfy Jet Stream owes its ongin
o the summer heating of the i ¢
Ad_Tibetan highlands (Fig 4.8) The

Plateau surface is strongly heated in spring
and early summer (nct radiation is about )
180 \Vm 4in hhy) and nearly all of thisis  otanTuos., 'nBET Equolrmn.
Imnsfured via sensible” heat “to the (3W = WESTERUY veT, vs-nsrsuv st
ﬂ“"“’-"Phen: Tlus fesults in the forniaton * e

of a sh:lllow heat low on the plateau overlam at about 450 mb by a warm anticyclone
The pla(cau (hus acts. lxkc an elevated heat 1sl:|nd But unlike the heat Jow gver the
Indian subconnncm thermal convection is stronger. aver the Tibetan,plateau because
of uts hlghcr clcmuon. Thu‘s :ﬂ(hough lhcre fs heat low gqver Tibet at elevalion around
500 mb’ (kas.) the ascmdmg air r1p|dly sprcnds outwards both to the north and to
the §culh or the phlcnu. AU xhe same nme, pm-monsoonal convective acuvity over,the
south eastern rim of the platcau provndes n ‘further heat.source by latent heat release
for the upper nnncyclonc The equalorward branch of the' upper outflow from: this
anticyclone gains’ casxerly/nngulnr momentum and-<the poleward branch westerly
angular momentum. Therc are thus two jet streams; a ‘westerly jet'to the north of-the
anticyclone and an easterly jet to the south of it'(Fig™ 4.8). The SW monsoon beneath
the easterly Jet Stream flowing n reverse direction in the lower tropésphcre compensate
for the: mass.. It 1s basically.a return:flow in the .lower’lévels “of the meridional
circulation s);stem. 1t 1s convergent and picks up enough moisture from warm sea

¢
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|

some depressions do not receive but continue.to move westwards and generate heavy

rinfall over western India. Sometimes they become the reason for floods in Gujarat
and Rajasthan. nlid frase
j . Aanmtha oy ‘

The track of the monsoon depressions is along the axis of the monsoon trough of

low pressure (Fig 4.10). Astl the axis of the monsoon lrough oscillates the track of these

> it Iacx of these

depression also vary. thn this axis hes-in-the plains, the plains rec recewe fair amount

of rainfall. On the contrary when the axis moves north and lies close to the Himalayan
foothiils the nins ~Oothiils the mins abruptly cease over the plans of northern India but increase equally
rpidly in intensity over the footlulls of northeast India bringing devastating floods.
. When the equatonal uough is farthest north there 1s marked lendency for less rainfall
1 southern India although the region Iymg 1n the lee of the Sahyadns denive much of
their rainfall, When the axis of the monsoon trough moves south and dips into the Bay
Wns are fnvoumble Tfor depression formation. Since; the. westwards
passage of depression is nccompnmed by heavy rains therefore southward posmon of
monsoon trough augurs “well for Indo Gangetic Plain and Central Indna Most of these
Westward ropagating systems arc either linked to westward propagmmg syslem from

D
the nonhwesxem n part of Thailand™or lhe}i_v;v_g_rg_ﬂn________:m!scf!rggl_gl_cy_clones

lypbomu or they originated 1n Bay of Bengal itself. V"“?"C"Q Lb‘/()@‘
R __STD_____X__,E——— ) . Pt y

It has becn recently dnscovercd that part of the southwest monsoon flow occurs in
the form of a 15-45 m s? (30-100 mph) Jet Stream at a level of only 1000-1500m
(3250- 5000 ft). This jet lows northwestwards from Madagascar and crosses the equator
from the south over east Africa where its core is often marked by strezlks of cloud and
where - may bring excessive local rainfall. Then it'1s deﬂected by :he East African
plateay’ to the northeast across the Arabian Sea ;owards the west coast of Indian
Penmsula This southwesterly current is quite dry ne:u" the €quator except for a shallow
moist layer near the surface. The air obtains moisture over the Arabmn Sea. The moist
air is forced to rise over the Western Ghats and releases this moxsture

Very hea ainfall over western India especially over the northern parts of
vestern 1ndia | N
Maharashtra, Saurashtra; Kachchh and Gujarat was associated with cyclonic vortices
that were confined to the middle atmosphere and are not vistble at the surface.
—_—X s

- The dimension of these vortices 1s of the order of 300 kms, in the honizontal direction
and about 3 kms. in vestical direction. These vortices remain quast stationary for many
days and 1s responsible for heavy rams on the northern sectors of the west coast of
India. Although the precise cause of the formation of these vortices 1s not fully known
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Yortices. When the monsaon winds strikes the Western Ghats that suns

in length, on many occasions they do not have enough energy 1o
estern Ghats. Thus instead. of ‘crossing 1t they tend 1o be deflected
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round the' mountain: The return current.theri fofms an off shore vortex. The diameter
of these vortexes is about 100 kms. and their presence is often detected by a weak
easterly wind “at coastal locauons. Notwuhstand-u;g. Jlexr small dimenston, they are
annble of generating spells of ve{y heavy ramfall Instmg for lwo to three days.

i s

- CJm.southwt;sLmouﬁchAc»called l':c:causiu\xgiouow a southwesterly direction,
Frst strikes the extreme south i msula, lhe Kerala coast when it is known
Lnidaaahasiuidy
as ‘burst’. Subsequenl]y, us progress can be traced in the form of two branches - the
Ambxan Sea branch and the Bay of Bengal bmnches The monsoon rainfall 1s
e e
cha cx.ensed by, declmmg_}grld with mcreasmg “distance ffom the sea.
W%

} vu ».\ . "”

Arabtan Sea anch amz' tbe Bay ofBengal ancb . ) .

: The émbmn sea br:mc causes ramfall Zl“ :llong the west coast Qf Weg;gm Ghats -
Mahamshlm Gu;arat and parts-of Madhya Pmdesh ,Thz; monsoon . winds whiclt strike
the Weszert} GhaLs shed off lhcnr motsture, on the wmdwnrd side_of the Western Ghats.
’l:r\l_\ﬂ_n’d_mm_recelve‘ the first showers :md lhereafter the monsoons moves northwards.
Ten days Iater gt ‘Teaches Mumbal Thus Mumb:u recewes 187.5 cm. of rain duning the
monsoon whnle Pune only 160 kms. away :md in the lee. of the-Western Ghats receives
only 50: cm during the same perjod. Crossmg the Westem Ghats, they overrun the
D?c?:?xﬁ"ﬁlateau and Madhya Pradesh cnusmg farr '1moun( of rainfall that goes on
gradually, decreasmg Thereafter, fliey enter the Ganga plams and mungle with the Bay

of Bengal branch Another part of Arabidn Sea branch strikes the Saurashtra Penunsula

and the Kachchh. It then passes over West Rajasthan and along the Aravallis causing
p E P o F
only scanty nfall AM”’-”“*“ oo o
aa wyv—do

Aadlugelemic
"The' Bay of Bengal branch’ moves northw1rds mto the centml Bay.of Bengal and 15
directed tow:uds thé’ Burmése coast and parts ‘of ‘South-e3st Bangladesh"’rhe Arakan

. - ) eﬂecx a big chunk of this branch'and enab!

' . . oons therefore, enter Wesl Bengnl and Bangladesh from
mﬁ instead of southwesterly direction. wﬁm@nw
two by the effect of Himalayas and the thermal low 1n nolthwestern India. One branch
moves westwax along the Ganga pi ains r re:lchmg as far as the Pun;ab plains. Th other

bmnch moves lowards lhe Brahmaputm valley in the north ‘and nonhwcst}g;usmg__

widespread rains in,_the Northeastern India MM@ML’%E‘L“&“

“hills of Meghalaya. It is here that Mawsynram'is located"and 1ts unique topographical

location together ether with wind direction is responsible for receiving the heaviest rainfall
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" becomes’ difficult to discern whether Delhi'(36 ems) had ifs' first rainfall from"Arabian
Sea branch or the Bay of Bengal branch.’ = 737 .La7770 ; -

Ja

- By mid july.the monsoon extends it Kashmir. and the remaining p:ms"of the

——

country but only as a feeble current because by this time it has shed most of its moisture
i Anbatosiiritn st

I

N ' R P s
e D e T S

'

The monsoon current does not give rise to"a simple pattern of weather over India,
nofthon St
despite (he fact ;h.u much of‘lhe country recewves 80 per cent or.moze-of ifsiannual

prccnpnauon durmg the nionsoon season. There are consxdcmb]c spells of fine sunny

i Attt el
weather at many phc:_s .md many areag.are senu—nnd particularly in the rain shadow
* areas of Western Ghats and'some in the north west. In

the northwest, a thin wedge of
N
Fig.4,13, Cumulative rainfall for the period uneI—Sep_eﬂllchD 1996 ~ o
N - . @34’“ /
S CUMUI.ATIVE RAINFALL

L. FORTHEPERIOD™ .
P JUNEY. 1996 TO SEPTEMBER 30 1896

EXCEss (.za% onMuﬁf)
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monsoon air 1s overlain by subsiding continental s, The inversion prevents convection

. . ., . —— 1y,
and consequently little or :lgmln f.ly"! in the and northwest of the country

The eastern coast of Inds particulasly Tamil Nadu remains refatively dry dunng the
southwest monsoon pesiod. This is because the Tymil Nadu coast lies in the rainshadow
area of the Arabian Sca branch and is parallel to the Bay of Bengal branch.

—_— hod

Spatio-temporal variations in Southwest Monsoons

The southwest monsoon is highly varisble from year to year (Fig 4.13). These
variations afe essentially caused by

@) The southward movement of the midlautude Westerlics accompanied by Jet Streams
during the summer season. This weakens the Tibetan anticyclone and displaces it
north eastwards. This re-establishment of jet prevents convective activity and thus
the rain fall totals are low,

(b) The extension of subtropical high of Arabia castward over Central India. This causes
the shifung of the monsoon trough northward. The westerly troughs travel along
the southern edge of the Himalayas causing widespread rains on the mountain
slopes but little rain in the. plams and elsewhere. : 4

;o N .

(¢ The unusual cooling of surface temperatures over the Arabian Sea by as much as
3° to 4°C before the onset of the monsoons. This 1s due to the cool Somali current
Which pushes towards the Arabian Sea. A very strong wind in the form of jet (named
after Findlater) flows off the coast of East Africa. These low level strong winds
dnive away the surface coastal waters towards the east resulting in‘uPWC”i"g of
ool ocean current called Somali current. Thus along a narrow co?xs}al sinp zlong
Somalia, the sea surface has a low temperature of 15°C while off Mumbai coast of
India, the sea surface temperature js between 25-30°C, In view of cold sea surface

temperatutes off the coast of East Africa thefe is a marked igversion temperature

and suppression of clouds as convective activity and é('npor;;lion is inhibited. But
as warm waters appear again towards east, evaporation s_mx]zs, convective :lCli\(ﬂY
and cloud devélopment takes place under unusual circumstances. When the Arabian

Sea is cooler due 1o pushing of cool Somal: ‘current ' the winds blowi m,ﬂ’
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i wuSouthwest do not pick up as much maisture nordo they develop instability which
1S s%ggqgssary|fgfjl§ﬂgeqemliun.~ rat e T

.{d) The EI Nfiio effect, which 1s the periodic appearance of warm water off the Peruvian
.-+ ,,coast. This.current replaces, the cold Peru or Humboldt current.and sea surface
. temperature may increasg; by _109C.+This has widespread .effect-on the world’s
c'llm‘:lvle‘-When the cold Peru or, Humboldt current flows off the Peruvian coast, there
is.always a.ugh pressure zone,that,is centred around in,South Pacific. At the same

o

Yoo

.. ume therg is always a low pressyre region centered around Indonesia,and southeast
Asia. The appeagance of,warm ocean current.off the Peruvian coast means that there

Fig.4.14. The effect of El Nino on Indian monsoon (top), Normal condition (Below)
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will be low pressure n the southPacific Oceatf and 4 simultaneously high pressure
sone centered around Indonesta and southeast Asia (Fig 4.14). Applying the simple

) principal that wind always blows from high pressure to low pressure, it can be
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shown that when there is normally cold current flowing (the Peru or Huzpboldl
current), there 15 a high pressure zone resulting in anticyclonic circulation.

Thus the low pressure around Indonesia and South East Asia invites wind from this
direction and the long passage of this wind over water mass makes it rain-laden.
Subsequently, we have rainfall in these regions. On the contrary, the low pressure
associated with the warming of the ocean current and consequent high pressure
over Indonesia and South-East Asian region'inhibts any’ cyclone or depression
formation over Indonesia or the Bay of Bengal. Not only has the el nino an effect
over this region but it has disastrous consequences elsewhere. ::

. - [N PP IR

The normal duration of the southwest monsoon is about 100 days beginning from
June 1-With the advent of autumn, there is transition from wet season to the dry.
Autumn and Retreating Monsoon’ RETRAN
" T

During this season, the monsoon low pressure rough’betomes weaker in the

ﬂ°rlh8m'fplalns and shifis southwest across India. It brings rain_to the south, of the
vest onr . |

Perunsula (which had little 1n summers) The weakening of the mor;SQQf!,"QUBh' the

gradual'establishment of the southefn branch of jet stream leads to the withdrawal of
monsoon. It begins to withdraw from the northwest India”by "the énd of October
(F1g.4 15). The withdrawal 15 a more gradual process than its onset. The retreat of the
monsoon 1s marked by clear skies and nise in temperature. The land is stll moist, owing
to high temperature and humld_uy\:md the_w ather condition is highly gppressive. Thlsﬂm"
18 known as “Ocrober bear’ LT S Tt
- B e . e - ~ r ODa Ao
. L AT T e ek
e low pressure condition which“dnce prevailed over Northwi stérn India gets

t — 5 f
_{?ﬂsﬁrred to the centre of the Bay Jf Bengal. The conditions are ripe for the formation
of tropical eyelnm e 2= Bengal. The conditions are ripe fo

; - 9
ical cyclones over the warm!waters of the Bay of Bengal. This coupled with the

replacement of southwesterly airflow by Ea?{erly‘wmds aloft enable the severe tropical
Coyclone's 10 cross the easiern coast of southern. Peninsulq_and. West. 'Beﬂg“l‘
04 G s o €7elone s ver destuctve, The delsof K, Ko
o mce“a,n are all pr.eferred target of these cyclones year after year. The Coroman
€s bulk of jis rainfall from these cyclopes. 4

[ R v . RRTN AN LT
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Fig. 4.15. Normal Dates of Withdrawl of Monsoons e
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Winters . . e e N

Gradually, the ITCZ moves to its position south of equator, the westerly jet Stream
reappears, high pressure condstions prevail and winter drought returns. The winds
blowing outwards from the high pressure zane as they pass over the Bay of Bengal
pick up enough moisture These rain laden winds called northeast monsoon are

responsible for winter rains 1 coastal Tam:l Nadu. o .

The Subtropical Westerly Jet Stream establishes itself soutl;t’of Himalayas again.
They bring western depression into India. The western depre;s’xdb};s bring winter rainfall
over most of northern India. A cold wave conditio};"foll{;xys-nr!er these rains. The
subsidence of the jet streams over India inducesan nq!x‘cycjgpic circulation. The
anticyclonic circulation finally picks up enough moisture from the. Bay of Bengal ‘“Td
pours 1t on the easte‘rq_\sxde of Eastern Ghats. fxlmbst enmrc'l "I‘nm;'lﬂndu receives rain

[}

by this Northeast monsoon. ! * . ~. 7’

. - . N 5\ ~, 'I , ”
As with the Southwest xﬁor}soon the opsel;of wiht;er' tains over Xamil Nild“‘ls 2
gradual process begl"nmr'lg with a period of tfansition: But there is one"very ~ii?1pox(3nl
difference, the onsef .of summer .monsoon 1s much well defined-1t follows 2
progressively northward mon ém‘éhE which can be discerned with‘reaso.nablé accuracy-
The onset of wintef.}nonsoon on the other hand is not so cl;‘arl)’ dér!“ed'
o N . SN . !

. ot . . v
Seasons of India |

Si -
s . 2

) RN A T d
The monsoon type of climate 15 charactérised by .distinct "seasonality-the col

¢y N . -
weather season, the hot weather season, the southwest  monsoon season and the
Telreating monsoon season Lo g

- . LY

3

.
It -

o,

Cold Weather Season
— T S

The cold weather season normally begins with mud November in northern Inew
The mean daily temperarure duning the winteg x:Emn'ms below 21°C over most of the
!rl‘t:rcl;lem India, the night temperatures are quite low and very often drops belo® [:: )
norl}:::ges‘po’nl. The weather is dominated by tugh pressure. condimons over l\hs .
v g €In part of the plain. The temperatures are quite low during the winter mon! N

© Indian subcontinent, January and February are the coldest months put ¢
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coastal areas are exempted from all this. The coastal areas do not register any significant
change 1n temperature. The coldest months in the inierior of the Peninsula are
December and January with mean daily temperature varying from 28°C in the Peninsular
region to 19°C in the Northwest (Fig 4.16). However, there is a large diversity 10 the
mean daily winter minimum temperature which vasy from 24°C in the Peninsula to 5
°C 1n the northwestern part of the country. In northern India, the night temperatures
sometimes go below the freezing point.-Such periods of, u/mXSua)ly cold weather are
called “cold waves” ST -

- I3

<
While the northern India has a very well dcflped gcla ‘weather season. The
Penunsular India thoroughly lacks such seasonality. 'I:he cc‘)lr‘lst:l! areas hardly show any
pattern of temperature distribution and the effect of oceanxcjfy, 1s well marked. The
mean maximum temperature for the month ofjnnﬁpgy at Trivn‘ndn}m 1s as hu;h as 31°C

and for June 1t 15 29.5°C Mumbai, Goa, Mangalore, Cl‘leng_ajL‘Vulmkh_upm/r.in‘m all show

a similar pattern of temperature distribtion and 1s obviously chafactenséd by a very
small diwrnal and annual range. ! £

D .
T Ve

R » s

An important featire of winter season 1n India is lh‘e'iriﬂo'_g;zofhdeprés’;x_c;ns from
the west and the north west, These low pressure systems called the wesfe_m d}siurbances
ongnate 1n West Asia and over Mediterranean Sea and travel eastward actoss Iran and
Pakistan 1o reach India duning winters: These :giepressions are stirred into India by the
westerly jet stream. Four or five such depressions visit India each winé_en,qn an average
being most active during December and Fébrua;y. These debr‘essiof{s are responsiblle
for much of the winter ranfall over the plains dnd snowfall over the higher reaches 10
the Himalayas The amount of rainfall decreases from west o east!

S H - i

L Vi3 B !
The depressions are also responsible for winter minfall;jn NE .in Assam ﬂ"d.
Arunachal Pradesh Tamil Nadu coast receives mos;of\il§‘rai}lfali during October and

Novelmbe.- 1t 15 caused mainly by winds which pick” up moisture while crossing 1he
Bay of Bengal. RAPERY K

s AN
;o

o~

The Hot Weather Season, - = L
o J:‘he north Indian region experiences a well defined hot weather season from April
of \‘:°~Tcmpernlure rises from the middle of March and conunues rising. By the middle
du;u s’: the mercury touches 41°C 10 42°C but the heat 1s reduced by the locally formed

Orms. Loo 1s a strong hot wind that blows durning day, time over northern and
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northwestern India. There.is a wide; variation in the temperature pattern from regio;
to region. It rarely goes below 27°C and may be as high as 45-47°C 1n some areas. th
heating of the sub-continent attracts the ITCZ northwards occupying a position centrec
at 25° N in July. The location of the ITCZ attracts a surface circulation of the wind:
which are southwesterly on the west coast and north-northwesterly along the Bengal
coast.

. £,y oo,
Although south India does. not have any hot weather hevertheless the temperature

-

1s very high above 37°C in many places in sou'tlg and centré{ India but it never goes
" below 20°C (Fig 4.17). R S
‘ Lo el
b 7

N A
The hot weather season is generally dry over.north India and without any rainfall.
Whatever little, amount of ramnfall that comesj‘cgusés‘by the’gt(fiy of dust storms or
thunderstorms [n general the total amount of rainfallis less than 25 ¢m, over Rajasthan,

Gujarat and Madhya Pradesh, It Varies fom’'50.to 14 cm. mthe sub Himhlayan districts
N IR e o ] s 3 -

of Northwestern ;ndxa,:‘Uttg‘r;,}:radesh,‘:ﬂlhar, West ﬁgr}gal, On‘sia and g{e:’xger part of

the-Peninsula. In Kerala xr’is’n;brg lhiniS cm. and over.50 ‘em, in Assani, ..’

Looem ey Smy

i
F A ’
. S N S T ~.,
The Rainy Seaspn™ o0t 3 :) .-
Gl PR TN Lo 4., f
WLipe TN Lo ;‘!j
* The southwest monsoon brings aboug,a: complete change of weather 1n India The
S.W monsgon comes in two main currehgs‘-!h‘e‘AgrnI‘)'iap Sea aid the Bay of Bengal

L RPCILY S
currents. The.fains come rather suddenly: This sudden onset js called “the Burst of
. fne ot N 5
Monsoon”. The burst may occur in the first week{ofjune,:m coastal areas even earlier
v ) oot )
In the mterior it-comes  the first week ofJ‘uly.;Th:: bur; t.causes the temperature to
CH } )

T ‘ AR
lower's’ubsmmiallyg;The day temperature registers 2 declmLe_gx’5°C to 8°C between mud
. e Lo e
June atd mud July. § - BRSNS 1 I N
: wd i C
T . . St A
With the onset of ramn témperature starts ffllin’gfeiqn though at many places June
is extremely hot, There is A _wide_spatial vanatiofl i thé amount of rainfall. These

Yanations are of utmost’impastance for the Indian agricultural economy.

" The 'scuthwest monsoon is the major éupplier of ramn to the Indian subcontnent.
The Aral;ian Sea branch causes rainfall al along the west coast, Western Ghats,
Maharashura, Gujarat and parts of Madhya Pradesh. The Bay of Bengal branch causes
;'ainfall throughout northeast and in Bengal, Meghalaya Plateau before being deflected
towards the west and _Norihwest moving aver the northern plain parailel 10 the axis of




- - Fig. 4.7 Meanmaximumlemperamre (May) A
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the Himalayas.’ BGil11i€:Bay of ‘Berigal, biéngh aid ilig Arabjan, Sea bfanch Théel dvér
the Punjab and the nd]ommg;me:;l,ayn_.L,w TR A RO sl w o ean .
ARTEE'S oA ENIIRY teD T L IS, 1 L e )

The average rainfall over the North Indian Plain generally remains between 100 and !
200, cms durning this . period, The, general  feature, of- «\hecmonsoon .ranfall goes on’
decreasing with ,dis{tance:frqm; the, seaa_Calcun:g- receives. 119- cm, Patna 105 cm, ©
Allahabad 76 cm-and Delhi 56 cms. 2 nm.? o ¢ s

AT B TR B R L T R G L CANCE Uy Tt LS R I :
.In,southwest monsoons there are frequent bregks o spellsl of; dry, weather. These
brqus arg; related to, the inflow of the tropical depressions which.have a fluctnaung
pattern, Thesg frequencies,determine, the amount;and intensity of monsoon rainfall. }
St s Ly 0 woer oty aandtin serac i o v ’
«During Eogmw,es; ‘monsopn ong area, in the egstern coast ofondn pamcularly n,
Tamil. Nadu.femains dry.;This is because the Tamil, Nady coast lies m qle rainshadow
area;of the Western Ghats,and is,parallel to, theyBay:of Bengal branch. . o i
The Retreatmg Monsoor
ey qan S ia e 2017 ¢ b opuditt o3 s fersotrar Sy ?
. !By t}lelsecond week ‘of September the soutliw'est'mons'oon begins fo retreat. The
retreat is'very gradual and stands oGt total . Comras! to'the ‘burstt.which is'sudden. The
:  retreatcalso shows regional’ variations. The wéather doring the season is chzractensed.
by tigh day temperatures but'a pleasant’ mghts with mean mmnimum temperature gong ’
‘ down-t0i20°C or even lower than that, _therefore the’diurnal range of temperature is;
s ' high. Severe' cyclonic storms/devélop during’ this*season in the>Bay of Bengal which .

3m0ve 10 a south-easterly ‘10 north- -westerly direction: brihging substantial amount of}

] rainfall on the eastern coast. :
e b ang b LM

Ll Lt Sy Ve o FOTLTSOGEIDV S8 LS00

! : T tioan Tans s A P L PR
§ Whyhls Thar a;»Desert "
: Higpoct fu s vand B0 2 Mmoo ds mIawes WD odl c 510~ BT D LAl

{ The Thar is basically g extension of the Imman and the Arabian desert. The unnual
{ rainfall averthe Thar desert,is less than 15 cms sprecxd mostly over the westem
$

BT T N

S S TR ot b

districts of Ra)uslhcm. The Thar desert,is under the spell of the Arabjan sea branch
of the monscon from the month of July to September. The moisture of the air over

' R&jastiian is"high bt the Tainfall figufes aié disappointifigly” Iow.

The basic reason for the desest and Semi-arid condition is a marked absence of
1ain generating weather system and an absence of humid airstream. But there is
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no absence of humid air over the Thar desert as the reglon is covered by
monsoonal winds every year between June and September. So the desert condition
must be a iated with the ab of raing ting weather systems.

S BV S | I 1 i

The monsoon circulation is marked by a region of ascent over northeast India and
a zone of subsidence over northwest India. It is this paltern of subsidence over
Rajasthan that is responsible for the formation of the'desert: condition over
Rajasthan. The subsidence is the result of cooling over northwest India. In the
northeast India warming is largely the result of latent heat released by heavy sain.
This type of warming is absent over northwest India. It can be expected that cooling *
over northeast India is largely the resulf of outgoing long wave radiation. But the
estimates of cooling by radiation reveal that cooling could only be about 1.6 to
1.8° C per day by this process. However, to cause subsidencé, cooling must be
2:4°C. per day and indeed the rate of cooling as measured by instruments is 2.4°C

per day. How can the addifional rate of cooling'of about 0.8°C'per day can be:
accounted for?

L ORI TR N
The additional amount of cooling could be attnbuted (o the pres;nce of dust over
the desert. There is a deep and dense layer of dust over the:arid. region.of
Rajasthan. These particles of dust are very small having o.digmeter of.the order
of millionth part of a meter. These. dust particles, do not hqve their source. in
Rajasthan. Had it been-so, then there must, be{airly strong current, of ascending
qir to it particles to a height 5 kms. or more. This precisely;is the mechanism for."
1ain formation, Obviously then, a large portion of the Qust over the Thapdesertwas.
transported from the desert of Arabia to the west of the Thar. ,; 5, dwe 2t 0"

TR IR )
‘-.. < n

R -

ﬂ“" atthe t"lb Of the cloud is the'difference Betweoh the upward Hux hom the cloud
tep and downward radiation from the atmosphere above the cloud. The net result

Is overall cooling, CDOlmQ in turn promotes Subsidence’ anid’ formation’ of an {
inversion layer which pxeven[s Vemcal ascent und‘consequently rdin Iarmananv
inspite o! lhe presence of a moxsture luden qir, i o< Te b T amdn ofse
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Traditional Indian Seasons

The division of the year on meteorological grounds has hardly any significance fo;
the general population. The common man’s view of seasons has developed on the bas:s
of his practical experience and his age old perception of the weather phenomena

According to Indian Convention lpe year s divided into six seasons Crium) )
ot . , B
Seasons Months (Indian Calender) ynths (English Calend:

Mon
I
'

Vasant Chaitra-Baisakh Are
Grishma Jyeshtha-Asad
Varsha Sravan-Bhadra

Sharada™ % - Aswmn-Karuk - . -
et N

Hemanta : j {\“iu_rg§hi'rsha-Pa‘u‘s‘a

TR s T
,,jliggh:;-,l?halgun,y

RHBMETHING

R ‘March and Apnl
Af&eﬁ\kﬁsﬂ{fﬁ’, occurs the
hej{{%iré_{x_;Ritu (the Rainy
ver=Sravani and Bhadra
Quly-August). +The rdiny s€ason ' .  May and June
and cé;ntl}mef\\xp[o the middle -

dxffe;énz parts of the country NN

Season) comes “after the Grishma Ri:t}i'fgrqufe*:téﬁd

i different 1n

,'f“ =y
';‘!n Aswin- \ar =
Sharada 15 transitional}()Be(wge
(l\l'allgnshirslla-Pngéa): Dilruig (e Hen
distinguishing factor withiShafada.e ..} Rat S 00t

oo OO0l evoe 2o O 1 .

thé follogwing Hemanta

53O e .
r!ﬂ"nensmes,and this 1s the
i

‘The Stushifa wl;i[;lx followsHel_’nanta falls in’M:lgh:l and Phnléun (anvary-February).
The thsl}irq gradually gives v‘r:ljrl’o Sp}ingf h—

This view of seasons holds good only in north and central parts of India which
have well defined seasonality.

et I O N N R R Tr S5 T
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Fig.4.18, Distribution of annual rainfall in India
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Annual ramfall dzstrzbutzon e
5 LS TTR 9 ‘4, : R

The distribution of mmfall m Indm is quue uneven :md the reglonal variations are
apparent (Fig 4.18). The hlghest ramfnll occurs along the west coast, on the Western
Ghats, over Sub-Himalayan reglons in the NE and the, Meghalaya (Khasi, Jantia and
Garg) hills! The mmfall gen;rally is above 200 cms everywhere and in certain parts of
the Khasirand j'llnll:l hl"S[lhe ramnfall exceeds:1000 cms.It, however, drops to 200 ¢cms
or even below in.the Bra m1putm valley ‘andsthe. adjoining hills. »; e

*r' o ) i ,"’{.:f » W

Along the weslem cmst‘ the high rainfall regions are linearly arrang=d which are

m decreasmg order as weigo- away from the coast [T

The larger part of the Gangeuc Plain and the Central uplands receive a moderate
amount of rainfall. The 100 cm xsohyet tends eastwards passing ove'f the southérn parts
of Jammu and Kashmxr. Hlmachal Pradesh and nonherniUttar Pradesh. To the east of
Allahabad, it bends to the. west passing over Bundelkhand m Ultar Pradesh. Turning
west-southwestward it covers Madhya Pradesh'and! eastern Mahnrnshtra and horthern
Andhra. The region lying to the west southwest hive'a geénenilly deficiént fanfall. In
south the isohyet of 100 cms rainfall runs southward from the Gujarat coast roughly
. parallel ita: the, Western Ghats tupto. Kanyakumari; Towardseast there 1s an abrupt

decrease of rainfail and-this drops to below 60 cmsse o <l wone g

To the west of the 100 cm 1sohyet in the north there is a gradual and steady decline
1n the amount of rainfall towards the Thai desert. ™ v v e TEad 0

MY e s Vol T T T =

ol bty b

- The' rainfall’ over parts of Punlnb Haryana; ‘northern ‘and -western Rajasthan; and
*Kachchh and Kathtayar region of Gularnl is' below'60 cm andtn'the*dry’ region of
Ralasthan it is below 20 ci? A nafrow’ stnp ‘of tand in fe'lee of Sahyadns 13 lymg in

the taifi ‘shadow aréa his Below 60 citl of rainfalli¥ "¢ Pdituw it 1 "'

LRIV I 1 STy SN BN SRS BT PR S SRS S

e e et o h

- In genern] two main trends in the dlstnbuhon of" mmfaﬂ are dxscermble

i . T 4.;‘ N Y YR TR PR NP IS P

rom Bengal :md Onssa Coasls i steadx]y decllnes lOW:lrds xhe west ;lnd northwesl

[RN N T i ._..rq.,n,,

+2.0n the west and ezl5t coasls it shows a declmmg “irend tow:uds t e mtenor "of the

plateau,
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Not only does the annual ramfall’, . . Fig,4.19. Varighili¢ Ef rainfall in India;- 45 [
varies from place to place (spataily) )

there ts wide varability from year to L o
year as well The actual rainfall of a ' AT
place in a year may deviate from 1ts
mean ramnfall by 20 to 50 'per cent.

'

The variability of annual rainfall
can be computed with ‘the help of
following formula:

C= Standard-deviation X 100 -
mean

The values thus derived are called
coefficient of variation. They
indicate the amount of fluctuaton .
recorded hy; rainfall Bvcrg long penod
of ume frorp the mean v.xlpes (an§:19)

vy

e oppercent
~ . mﬂ]%f:pewem

O"‘Dmﬂf’

. PR TEE RTIN SR SE PR
: L TR
' [T TE LU RS

. A t 30

The coefficienit of variation of annual rainfall generally ranges helwecm]f and iy
Der cent. As a general rule higher 1s the amount of ranfall lower is the.coefficient 3
vice versa

[ETT « vl IR
A lower than 15 per cent coefficient of variation is found alopg the, west coast t:c
sub Himalayan belt including Sikksm and Arunachal Pradesh and Northeastern hxhi
tegions of Nagaland, Manipur and Mizoram. From the westcodst to the intenor. nf'l "
plateau the yariability increases and, oyer the, regions of Maharash K?ma“kz“l“‘:;,)
Andhra Pradesh it 1s a5 high ag 30 per cent, The, 30 per cent yariability ling (S0P c,ng
funs over southern Gujarat, western Madhya Pradesh and central L."m-’}f'r"ld‘u?h‘“mmnd
the Himalayan and the sub~Himal}l‘y.n|:1 region, uli xhel 'pldces lying to the west ::u).
notthwest of this ine are charactensed by high anaual variabdity, Lover 30 per gi of
Oter Rajusthan and Gujarat the ;":ui‘abllny is ‘:)»"er‘-to per cent. The desert :m:nd 0
Rajasthan, Kachchh and Guyarat have a sull higher vurubilil)", ,‘:‘."";be‘wgcn 2244

5 g o) L he
g T tin b
Per cent. The vanability deternune to a large extent the incidence of drouih region
country. Regions having higher variability are more prone to drought than (8¢,

. I ‘
having low viriabily, ‘ '



India The Physical Aspects 121
N < ;
o [ Weather’ Forecustmg in'Tadia " "~
f cu ool LD o Tom o o TTae e [

he sucoess ona failure
of‘ihe Indmn ctgnculture ond consequently“ the cascudmg effect is fransmitted -
throughout the economy In such d condmon, predxcuon of the monsoon becomes
a necessxty If the expected avetoge Vreather" doesl not prevml it often’ leods to
ecom‘)mxc joss and discomtort, In the obrlculluxoi sector olone 100 x;:ho of land are’

In an economy is very ‘much dependent on the'fonsoon;

totally dependent on monsoon rains.
{

?eolisin‘g' the i;npor(hnce of weother iarecost in ogxiculture a separate Depoﬂment
of Agricilture, Meieorology or Agromet wos 'set up'underihe Indxcm Meteorologlcal’

Depcmmem (IMD) in co >Iecasis of vurymg
d\mxt)on keéping’ the . . Yergioupe Lo
reut pravant hoo-tor b e Ry o T RN T

I
Indm hos done pxoneenug woxk m wealher forecastmg There are essentially three

o en ot rilan v entane o rase el

types of forecast’!

St

1
(l) Short Range forecast {for 48 hrs.)

EREEYT YRR I RY-TH IR TS S I PSS S 2 ) e N A

(ii) Medium Range Forecast (3 to 10 days}

Pred\chon methods whxch hus heen recently mlxoduced by “the' IMD followmg
ms(cxllcmqn ol camputers and speedy talece ication This is an
Oblechve method of weu!her pxedxchon basad as n is on the pnncnples of
Cﬂmosphenc phy icsi 1t tokes intd accounts the cunem stable weather m cx faisly

PR N pais

lcxrge Aumber of synophc stations of a giveri Iegxon.

Lt omean Tt
rThe IMD gets weekly averages of v{oxlcus meleofx:oh;:gxcal data like cloud amount,
\vmd velocity and “direction, maximum and minimy "mébn perat telative
humxdny, etc., fmm wemher forecasting unit. The duta is lhen anolysed c.md
iorecus\ for lhe nex! twa doys Further xemotely sensed INSAT pxcluxes of lndla dnd
nexghhouxmg countries showmg clou pcxuems "and 1w pressute areds are
TEgulorIy cxvmlable. With ihese facilities IMD has advanced considerably in its
uccumcy cmd n the ovexoge of the counlry for short lexm wealher pmdlc\lon. B
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It is now possible to glearly demonstrate spahally, the areds whxch are currently
under the influence of the monsoon clouds and’ the areds to whzch clouds are
advuncmg Fairly accurate forecast of cyclones, heavy ramfull or olher such
disasters are now given for various regions on an operchonal baﬁsgs'. However, it
is the long range forecast that predxcls the mcnsoon For long and medlum lelm
weather forecasting the government has set up @ Nuhonal Centra (or Medmm
Range Weather Forecaslmg (NCMHWF) A supercomputer hus been mstalled at

the centre. - nn >

ln 1989, the team of Dr. V. Gowagliker developed a new LRF techmque comp.{'{ﬁi“g
pammemc and power regression models (PRM) which takes m(o acccum the
influence of a total of 16 parameters - both local and global These pummete(s
include wind pattern recorded in the wmter, the Eurasian snow coye{ of Decembef.
the central Indian temperature of May, the zonal wind pattem of TdnquY: the e!
nifio of the previous and the current year, lhe Durwm pressure in Spnng the
mealayan snow cover between Ianumy and March and other vcmables. Howeveh
{he PRM technique has its shortcomings
B ey e, BEaRYRINS
{a)There are too many variables and factors in the atmérs'}‘;he}e’ thqt oﬂen mar the
accuracy.

T

{b)lt is essentially a statistical calculations and has all the shoncommgs of that
exercise. It becomes statistically much weaker with ‘@ large‘ “mumber of
variables. The negative and the pesitive influences each get 50 (thY that it is
impossible.to zero in on the cnhcul pammeters in xelcxhon to the Weuker zones

. .

{c}The model also does not 1denhfy a set of mdependent vmiables (eﬂmh is
dependent on another), for example, the pressure at Dcrwm is in{luenced by

ot
and influences the southern oscxllahon mdex and tuge!her ghese ar® 5
+ independent of the el nino. )

il

(d) Rtis ""‘Y QEnsml model und cannol predlct the reglon 1 dlsmbuhon of rcmfa
t

}o)The definition of the term normal is + 10 per cent und smce Ncrtheus' almos
always has high mxn!ull lhe dehcxsnl pockels equahse lhls pred\chan. L
3

H°“‘°Ver, with the advent ot new technologles cmd a better undexslcndmg Of th

Slobal atmospheric circul “the predi are bound to improve.
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Climatic regions of India '

. PR v o - 7

The essenttal characteristics, ‘f th’é climate of Xnﬂdﬁh i ,hlv:mys tropical in nature.
However, the combm:mon and dxsmbunon of the v:mous elcments of climate reveal
many regional pn!tem These regional‘ p'mems thus ,formed , are more or less
homogenous in chnraclcr brond]y wuh respect to ten;permure monsmre and rainfall
conditions. The division of climates into broad homogenous types i
requires mtncale methods mostly st:msum\ to gmup 1! 1mo snmp]e 1ndex Many climatic
factors for llus purpose are taken into nccounl such as’ lempemlure us dxurnal and

ot very easy and

annual rzmge, precxpmuon- usiquanuity; se1sonabnlny and frequency, evapomtxon and
transpiration :md the vegelatxon types,which are reflective ofa] pamcular clxm:ue Based
on these posxumes therd have been attempts to divide-India into cllmauc Zones Most

notable of these 'mcmpls are l'mm Koeppen, Thomthw;u[e and Trewartha ; T
, I A", o A /“
Koeppen scbeme e S &

Koeppen bnsed hIS classification on the nature :md type oF veget:mon which is

determined by climatic factors like tempemture and ramnfall. Based onhis scheme India
can be dxvnded into the following climatic types (Fig 4.20). 1 . : "

[

. " "y 5] ', I “
1. Monsoon typc with short dry séason (AmW) This reglon compnses the western
coastal strip where the rainfall exceeds 120 mches, ,The dry weather 1s very short
Qasial sir Ang R :
and the vegemuon is chiefly of evergreen t 7 z . . W“'
1of

5 oa

H

2. Tropical S:lvanna type (AW) Thxs région mdudbs :llmost‘the entire Penmsula
' the whole of Guijarat, Maharashth south and cen‘tml Madhya Pmdesh,‘Orxssa,
Andhra Pradesh, western Tamil Nadu, southwest Bengnl 'southem Bihar, and parts

. of Karnataka. The summer lemperalures are high and the tawnfall is from 30 to 50

. IR T S e [T

iniches!’
o R T ey et

3. Monsoon Type with dry season in hugh sun period (AS) compnses of the coastal

sttips” of 'southern” Andhrd Pradesh’ and eastern Tamul-Nadu.The ‘szinfall tothes’

mainly' in winter from the retreating monscon and 15 modérate: 30-40 inches

4. Semi-arid Steppe climate (BShW). occupxes parts of Rajasthan, southwéstern .
Pupjab and parts of Karnataka and Mah rashtra. The s are dry and the
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PARDAN LoLaen

) INDIA - -

Y cumatic REGIONS
2 (KOEPPEN) ™

Aw Tropical Savanna R
Amw  Monsoon with short dry season

*As  DrySeaonwnSummer . ' . .
Bshw Serniand Steppe type . o
Bwhw HotDeset  * -
Cwq . Dy Winter
Dfc,, Short Summer
E Polar * " ° Lo
'ET Tundra ¢ .- I

AR

. ‘o L T PN e
- AT PAN S e d
ranfall 1s very scanty, 1.e., four mnches which comes mainly in winter. Shrubs an
comes mainly i winte
thorny bushes charactenise the vegetation
—_——— —_—
5 b Deseng o pe . ' ‘.
' -—, te - ' : !

G. Monsoon

o i s,
type with dry winter embraces the whole of Sutlej, Ganga pl-’}‘“.?“‘.i.pxa
of Mal; —_— t I At R
VA plateay. Wl Pooimssd , o
L R L. ( H

. P RN .
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7. Cold humid wintcrs with short summers covery, the whole of northeast India

©

Polar type covers the whole of Kashmir and Laddakh plateau. Snowfall 1s very
tolar lype 2 dT 15 ver

frequent in winter and the warmest months temperature varies from 0° to 10°C.

Thornthwaite’s Scheme

Thornthwaite based his classificaion on the water b:d':mce evapotranspiration, as
he called it on the basss of the method to calculate the. momhly value of water surplus
and water deficit. He linked areas having water surplu& and water deficit. The water
deficit areas had thus and climate while water surplus areas had humid climate. On the
basis of Thornthwaite’s scheme the following clu‘n:mc regio’ln)s‘ can be identified

. '\ PRSI
A 2
1. The perhumld rcgmn whnch lies along the: wes( coast of Indm south 1f Goa and
parts of fiortheastern Indxa R ~ S o .
e a e , e Rl .

2. The humid: :limatc is found m “the adjomning regxons of\humld regxon of
Norlhwcstern Bengal nnd the nexghbourmg pans ‘of Norlheastem Indxa .
\

Ter”

. )
3. The moist Subhumid typc of chmatp is, found in pan.s of \V

. -
and West Bengal RN ,7“ 3 o7
S J ok
4. The dry Subhumid type of cllma!e Spread gr Ganges valley and Northeastern
paris oF centml India * "';:‘ : i—i .\u ;"'/,'/ ]

o . RN P

: N ‘.4 :

5. The Semi-arid type“of ¢ clxma e’is Found in the interior, of, !he Peninsula, western
Uuar Pradesh and, Madhyn Pmdesh Haryana :md Punjab , ;

Yy
s O R

6. Arid climate sprends over Saurashtra, Kachchh and Ra;asthan DR i
lon. o g

e .

Trewartba s scheme :

& .

Besides these two schemes of clxm:itic cldSSifichi:on, one classification was proposed
by Trewartha. It 1s modified form of Koeppen's classification and is thought to apply
to Indian conditions most appropriately since it broadly corresponds with the physical
aspects of Indian geography, it's vegetation cover, soil and broad natural regions of

the country, which closely correSponds with the agro chimatic zonation. The tropical

3
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Fig.4.21, Thorathwaite's scheme of climatic classification ™ * "©+v+ <¢ -

. R Y
PERHUMID
B HUMID
C  MOIST SUB HUMIDZ
C  DRY SUB HUMID
0
3

£,

. SEMI ARID
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- rainforest region, the tropical Semi-and steppe climate, tropical and Subtropical steppe,
tropical desert, humid Subtropical with dry winter and mountain climate are the seven
regions into wiich he divided the country. However, all these divisions are only sub
type of the cimate which can be described as monsoonnl type of climate

o

1. Troplcal Rai:g/‘orcst (Am) LR

[PRY . e ,,;’
.1 e : I
stmbulxon S5 Westem consml ‘Plain, Sahy1dns ! of Assam
. '"\e
Temperature: Mimmum 18°C dunng winter :md mnx;mum 29°C in Apnl May
PR
LR M /’ .
Rainfall: \ Average annual r:unfall 80" r:unfall from soulhwest monsoon, which

RN bre'lks easily nnd lns‘s long

. b Y e -
Dismbuixon et Most of the Eenmsula excepL lhe Seml-and zone m the»lee sxde of
.- the thyadn Marked by long dry.wealher.lastmg through wmter and
T "early summe Z:

Tempergﬁﬁre: < Above 18°C durmg wmler ar;d above 32°C m summer Southem areas
/- 27 expenence moré equablc: temperature reg\mc th:m the areas ‘farther

{ north. \( PARRES 2:532 =

A ' Pl
Rai;fall: Vanes from 30 inches in” the west to 60 mChes in lhe east. Northern
reglon recewes most of the mmfall from’ southwest monsoon In
Tamil Nadu haif of lhe amounl comes from northeast during October
and December

3. Tropical Senti- arid Srcppe Chmate (Bs) N .

- ; et
sttnbutxon Rain shadow belt mnmng southward from Central Maharashtra to
N Tamil Nadu in the l€e sidé of Sahyadris’and Cardamom hulls

.

’;\{aryiqgjfr(g;il: 29-.2‘?() xfor. Décember (coldest) and 33°C for May
(hottest).

Temperature_
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Rainfall ..* »11.15 inches to 30 inches. The rainfall is erratic and uncertain Southwest
“ue i e fr monsoon prncipalisourceson v v v,

gt "34’,”“: Py Ty N o N ’»‘1."‘;,‘{ HE R
4. Tropical And Subtropical Steppe (Bsh) - 5 . -4, .
Distribution Broad crescent from Punjab to Kachchh between-the That.desert 1n
the west, Ganga plamn in the east and Penmsula in the south
B L % U S :71,' DI S TS S IR 81 -t
Temperature Average temperature 1s 27°C. Minimum 12°C 1n January and 35°C
¢ 7t hew g maximum inJune. Maximum temperature recorded 1s 48°C.
L R T LR B D P A RV R SV TLN L
-Rainfall.- © ol Apnual average rainfall 111 inches.! Highly. erratic vanes from 11
inches to 24 inches. Monsoon fatlure and drought common.
Tt sl Eerp e HTRVES SLE BT T TR PO TRV
i 5 Tropical:Desert (Bwh) "10iv.. qolv e fue vy
L T I T PN S L L s B LIV IS S,
Disiribution ! Western parts of Barmer, Jaisalmer and’ good parts of Kachchh form
the sandy wastes of Thar.
Temperature Average temperature 15 34.5°C. Highest 48°C in summer to lowest
R 12°C in winter, Temperature decreases towards north 1n wanter, re.,
“273¢éry¥ high divrnal and anmial temperature. o ‘
LN ANAST: M Ai06 L annh T -
Rainfall ¢ AVerage annual ramfall 1s 11 inches, véry'high'$patial“and temporsl
s te 'van:mon Wlxelher ll rams it’ 's in the form of cloud burst taking pl:ke

- e "" fly i julyv September. When the southwest monsoon riay
(-4- widlesln bm

: > etm[e the region. Sandstorm m the afternoon and hot’ :md dry
«PE0

wmler winds blow pmcucnlly [hroughoul the day.

6. Humid Subtropical With Dry Winter

1

Distribution Large area to the south of Himalaya, eastern Rajasthan, plamns of U.P
and Bthar, N. Bengal, parts of Assam and Arunachal Pradesh.
More 46-48°C. Mild to severely cold winters. Summers hot in western

Temperature
part and muld in east (equable).
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Rainfall

7. Mountain Climate (H)

Distnbution

Temperature

Ranfall

"

Annual ramnfall vanies from 25 inches to 100 inches received mostl;
from southwest monsoon. Ranfall increases towards east and nortt
where 1t 15 humid. Dry winters. Western parts receive little ramn from
westerly depression. Lot ]

Himalayan and Karakoram ranges above 6000 m.

Sharp contrast between the temperatures of the sunny and shady
slopes, high diurnal range of temperature and varnability of rainfall.
Maximum temperature 15-17°C in summer and below 0°C 1 winter

3-4 “ on northern slopes and 100 on western slopes. Chimate slightly
better on southern slopes, amount of rainfall increases towards east.
in are accompanied by strong of cold air that emanate from a large
anticyclone located over Siberia and the adjoming parts of China.

i

Impertant Werds .

Monsoon Qceanicity 3 ' : Jet Stream
Depressions Anticyclonic Orographic

Inter Tropical Convergence Zone . Nm’WeS“"s -
Cold Waves Monsoon Low Pressure Trough Mango Showers
Burst of Monsaons Mendmnal Clrculnhon Sys(em TYPh‘W"s

K Nino La Nina ™ Findlater Jet Stream
Loo

Coeffucnex;t of Varinlioy(l ! lsopleth
. . .
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VEGETATION

Introduction

The chimate of India is essentially tropical and even in the northern regton of Punjab
phin winters are mild. Consequently, vegetation 1s of a tropical monsoonal character
throughotit'India’ below a height of 900 m. Vanations in species and luxurance of
vegetauion from place to place thus depends largely on distrbution of ramnfall. Many
scholars including H. G. Champion, Seth, Cadtroll and G. S. Pun have added to our
knowledge of Indian vegetaiidn (Fig 5.1)

India can be classified into sixteen different groups of vegetation. ,

- . 1. Tropical We} Evérgreén,Forest

2. Tropical Sem: Evergreen Forest < K

N Tv,
3 Tropical Dry Evergreen Forest
4 Tropical Most Deciduous Forest

5.'Tr§[)ical Dry.Deciduous Forest

6. Tropical Thorn Forest e

N -

7. Subtropical Dry Evergreen Forest



[T Mast Tropuad
Dry Tropuas
Dy Tropesl Thars
ETq Seeppe sad Dewe

5

i
i gfum‘ﬁ‘ﬂ' )

A}

T 4l
il
i

. e
Fig.5.1. Vegetation of india

_Vegetation
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8. Littoral and S“amp Forest (Including \mngro\zes) R Gy

arey vt . kot 'y

-9. Subtropical Broad Leaved Hill Forest DR B . N

10.Subtropical Pine Forest

e heen Ten ey e 2y,
11.Montane Wet Evergreen Forest
B I AL E P JR T e L T B
- J2.Hijmalayan Moist Temperate Forest. - R e
B T T T e VOV RIS
13. Himalayan Dry Tempecate Forest. .4y ¢ ,.,. . .. SRS
P N T T N LN T M
4. Sub‘Alpme and Alpine Torest N N DU

Vegetatzon zones of India e

T [P (N N . [
I ]‘l\ DU . v art " S LI . it PR
1 Tropzcal Wet Eve;green Forest e T e aL .

N N RS A Lo . B [T B
The Tropxc’tl wet, evergreen forests are found.in regions where, the annunl ramfall
is above 250 cms. The dry season is comparatively short, (about 3 to.4,months) and
the mean annual lempernture 15 27°C to 30°C. They are found all along the Western
Ghat from Mumbai,saquthwards to Tirunelvelitiand, in pajches covenng parts of Tamil
Nady, Karnataka, Kerala, Submontane West Bengal, Coastal Orissa, and in Tripura,
Arunachal Pradesh, Manipur, Nagaland, Meghalaya and practically the whole of
Andaman and Nicobar island. LN s ie s Ko Y anh oY
Excessi\;e heat zmd humidity gives risg to, Iy quuriant growlh of trees, The growth of
Vege!alxon 15 80, profuse lh:n the, trees nse hlgh compelmg wxlh .one :lnolher and
“lllmately arrange themselves m three or four stories of uers Txers of lrees are covered
with climbers and eplphyles (plzmls growing on another trees) The undergrowlh mzunly
ns, lhe
Trees
e R Wl
3’°W very close togelher and ina smgle acre hundred dxfferen[ specxes of trees c:m be
found. As such these forests are very dense :md |mpenetrable and lhn\s in fact, does
fot allow light to reach the ground. The ground flora” species are fow wih Intle gmss
Since there 15 abundance of moisture availability, the trees are evergreen and do not .
shed their leaves in any part of the year. The trees are chiefly of hardwood type. The
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\mportant trees are Toon (Cedrella tuona), Poon (Calopbylluny, Rosewood (Dalbergla

* sp), Bishopwood (Bischofun), Ironwood (Mesua), Tbony (Dlvspyros), Chaplas
(Artocarpus sp), Gurjan, Hopma, Telsur, Pilachampa (Michelta ntlgirica), - Sisso0
(Dalbergia sp.), Sandal (Santalum album), etc.

2, Tropical Semi Evergreen Forest

Where annual ramnfafl decreases from 250 to 200 cms. evergseen forest de‘g{:r'xefﬂ‘e
mnto semi-evergreen forest. The temperature 1s from 24° to 27° C and moistute is not
adequate to keep them evergreen and the deciduous trees increase in number. These
forests are found along the Western Ghat from Cochin to Mumbai, in ‘the western coast,

nd
upper Assam region, lower slopes of castern Himalaya, Onssn and ndjommg l"”s a
in Andaman and Nicobar Islands : :

These forests are mixed evergreen and dccnduous forest wuh a tcndcncy IOWMds‘
greganiousness, thicker and rougher barks, with relnuvely less dense c:mopY and h“w
climbers 'In the upper canopy Xylia and Terminalia are conspicuous but Dlplemcﬂ’ﬁ“j
also occur Myrtaceae, Lauraceae and Bamboos* (Bantbusa)' Arundinaceae -;u;
Bpolymorpha form the middle canopy Underground cover is made of evergreen shrubs
of Rubiaceae and Cantbaceac. Epiphytic mosses, ferns and orcluds are present.’ Trees
with buttressed roots are also found. ‘ se et

' Haldu,
The important trees are Aini, Semul, Hopea, Kadam, Laurel, Rosewood, »
Kusum, Champa, Mango, Indian chestnut, etc. ' i "

N Co

3. Tropical Dry Evergreen Forests ’ v

n Famul
These forests occur 1n the east coast' of the Peninsula, nor(h of Nellore t annual
Nadu and Andhra Pradesh, where the annual rainfall is about 100 ¢m. and mean

e,
temperature 28°C. The r;unfall comes m:unly frcm thc NE monsoon:”

[ AR
. Sy

- us ttees-
The forests are predommantly evergreen broadleaved with some decndu: o these
The forests are.often dense but usually under 20m The 1mporl=ml trees l‘ouns Cb"oS
\ tegons are’ Af; ps elengi, Manilka ; bexandra, "onn‘PV"" ”be"“m T

nuxvomica, Memecylan edule Sapmdu: emargma"u

. B [
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-

4. Tropical Moist Deciduous forests., - .1y .t . IR S

These forests are found in all parts of India having a runfail of 40-60 inches, (100-150
em.) and a mean anpual emperature of 24°C ranging from a maximum of 20°C in the
south in coastal regions and 4°C in the north and inland regions. There are four regions
where these forests are found : i o . .

e e S B o .

L. Himalayan Iooxlnlls, a belt just to the south of the evérgreen belt and in Assam.

. LRI “ . P T

2. .Central pl:uc:xus including Chhomnngpur Upper Mahanadi valley Vindhyan and
Satpura hulls. oL

3. A belt running north-south on the eastern-slopes-of Eastern Ghats, west of the
evergreen bclx‘in Mallamshlm, Karnataka, Kerala and Tanul Nady. - . \

o R [P . . . .

Hilly areas in lhc eastern part of the Deccan mcludmg Eastern Ghats in Tamil Nadu.

'S

The chief fe.;uurc of these forests is -their leafless existence in \he, dry season
generally in March ‘:md April. The wees come o new leaves long before the
commencement of the monsoon and many of them are in bloom when almost leafless,
€8, Salmalia malabaricum, Cassia Sfistula, Erytbring sdsca, Stevculia sp., etc. Others
hke Dalbergia sissoo ﬂowcr after the appearance of new leaves., . R

These forests ~are characteristic af an irregular ;top ., storey, of predominamly‘
deciduous species “40 m or more high, buttressed roots, existence of a second storey,
“"defgrowlh of shrubs including heavy climbers like canes with bamboo growing here
and there 1n patches. Sal (Shorea robusta) and Teak _(Tectonggmlndxs)“n‘reﬁ the two most

P T T T

important trees.. -, L
PR N A S (AR PTPINR WIS VR St VT TN 110 IS B SRR IO RN

The typical landscape consisis of tall Teak trees with other trees, bamboos and
shrubs growing cloge together so as to form thickets. Besides, there are also open grass
Patches.; ;The important trees, are , Anun. (Terminaha anuna), Lnurel (Termmalxa
o‘omen.’osa) Mulbery (Morus), Kusum (Schleschera trjugu), Gulzlr (Ficus glomeram:,
Sins (Abizz1a procera), Haldu (Adsma cordifolia), Mahua (Bassia Ianfolm) Sandalwoo
(Santalum album), Shusham (Dalbergia s1ss00), Khais (Acacia catechts), ek:- . R
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5. Tropical Dry Deciduous Forest.' . .o..owt % 4 vy

Tropical dry deciduous vegetation is found in regions where the averagé annual
rainfall 1s between 75 em and 100 ecm These are found in Maharashtra, Madhya Pradesh,
Andhra Pradesh, Tanul Nadu and Karnataka, chiefly on low hills. Thus type of vegetation
is enurely deciduous or nearly so. The top canopy is rather light and rarely over 25m
high usually 8 to 20m found 1n many States. The landscape is of parkland type with |
open formations especially of teak and several other tree species 1nlcrspcrsedl‘wllh
stretches of open grass. Enough light reaches on the forest floor to permit the growth
of grass; Bamboo'is present but its growth 1s not luxurnant: The chmuers areifew but -
some are large and woody S

In the south the most characteristc tree 1s Teak.(Tectona grandis) associated with
Terminaha, Boswellia, Sterculia and Acacia-catechu.-The .Bamboo. growing here 15
Dendrocalamus and the grasses are of medium height such as Heteropogen, Saccharun
spontaneum,ietc. o ) o

oh [T

‘In the northern region the Punjab, Uttar Pradesh, Himachal Pradesh and lly tracts
of Bihar and Orissa the dominant tree 1s Sal (Shorea robusta) and the forests are known
as Siwalik hill sal forest and dry Peninsular forest, In summer and, before that thesé
forests are completely leafless. With the return of the wet weather the.irges, and 5¥1mb5 )
are thickly covered and the ground is.overgrown with shrubs:. o 3, -t

0. Tropical Thorn Forest  «. . . .o w. =
o Cy L T A N

. ' ) i 4 d the
Tropical Thorn forest are found in areds where the rainfall 1s'50-75'cms an Uttar

Mmean annual temperature is 25°C to 27°C ' These forests cover parts of the Punjab, htra, !
Pradesh, Rajasthan, North Gujarat and extend in the south to Berar in Maharashird,

Bellary 1n Karnataka and Cuddapah and Kurnool districts of Andhra Pradesh-

. Vot
" R A LR TI IR AR T | e

. These forests are deciduous with ‘16w - thorny “trees with 2~ predomlnﬂﬂ‘-"e_‘_::
Xerophyles. The danopy is more ‘or less broken and the height hardly 'eadles{wm“bms
vegetation largely consists ‘of coarse grasses with widely spaced Acaclas and EuPborlms
ncluding the typicil spiny and thorny varieties: Ar'places clumps of wild. pa -
Pboentx syluistris) grow here and there. In the central Peninsular région the vegemubs
hiefly consists of Poor grassland with stunted Acacias (Cassistora) and other shrd s

well dispersed throughout In summer the surface 15 covered by a pale carpet of §r35%
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. Fig.5.2. Vegetation in refation to rainfall in India
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In the more drier regions of Rajasthan where the rainfall decreases even further, there
are grassy patches and salt marshes Plants are endowed with drought protecung
machanism, such as Cactus and Eupborbias wiich increases in aumber.

The most important tree found in this region is Acacia phulia (dcacla modesa),
Khair (Acacia catechu), A4 arabica, A catechurides, A, chunder, Babul (Prosopis
suliflora), Kokko (Albizzia lebbek) vanous spccu_s of z:z;pl;m' ztz)pbuv maunritiand
and many types of fleshy Eupborbias L -

7. Sub Tropical Dry Evergreen Forest P
3 1.
These ase found sn northwest Indma, 1 the Punnb :md Jnmmu They are low scrub

]
forests of small Ieaved evesgreens. In the monsoon; hcrbs :md gmsscs devcloP The
chuef types are 73 - ' T

(a) Olive Foreslh'wilh Olea cuspidata T

(b) Acacia Forests wnh Acacta modesia

he
They form a very small region where\ lhc vegemmn ls snmllar to- ‘h“‘ of L
Mednerranean countries ’

8. thtoral and Swmnp Forest.

These are found.in the coastal regions only in (l\e {orm of 1 clkcl"s'orLlhE western
coast of few places'and in a continuous belt along the” deha "of Ganga, ‘Mahanadi
Godavan, Knishna and Kaverr. They axe besx represcmed by'the sunderb:ms in the
Ganga delta. . RN / P A :

K .... " K " A > M

These are m:unly evergreen forests of varymg denslty and height but they alway$

and
associate themselves with swampy and water logged conditions or coastal sahds
estuarine muds

. X ere
. The trunks are supported by stilt like roots (submerged under high tide) and th
1 profuse growth of climbers
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° This type is furtier divided into five subtypes The subdivision 1s mainly based on
special site and qother locality factors which gives distinctive .character to subtypes.
Ecologically they may be:stages in natural succession or edapliic preclimaxes. The five
sub:ypes and the mmportant species found in each subtype 1s :

TR S L T R L R PN .

(ﬂ) Littoralr © >3 ' tu
AR
Almondwood (Ternmmlxa cmappa)

T 0 n v ‘

Sundn (Herztxem PYon Lo AITON oty

. P e ' Cot

Bulletwood (Manskara littforals)
sewto™ A A e o -

=

Poon (Calophylum sp )

o 'n ity vGurel (Trewsa nudifloray: . 0 i L s [N an
P: (b?tl‘xdaIQSv;'n:n? _l;‘?rests (Mangrove) 'A: i : ’ ’ ' ' . )
o G';Jon (Excoecarm agallocba), S ez oo b . PR
. Keora (Sonneratia apetala) i Vo e . .
T LINC S LAV TR 2N [P S Crevie . FE T

N (9)‘>lf{e§hWatgrSfygmp i T N S

* ot vaJarul CLagestroémiaspectosd), Benau (Lophoptal ighti \

FRCIRAR ST [T’ TR PP I
Seasonal Swamp Forests

¥ IR Av v bty oo Ly du
_Anun (Terminaha arjuna), Jarul (Lagerstroemia speciosa),
s e

) I T I AL S e I
Uriam (BtACbDflajaUﬂnlCa)“J‘\ LT R s

(e) Rlverme Frmgmg FOrests |, .y nf ool e s b -
oD Arjun (Terminaha Anquna), xlove L0 irinn "
S T O SIS R e ».) RIS PP BTTRNCRE 5% T VPR TR NERFENGN T
- slroemms eC1054, .- R
ST attongn :]a‘r‘ul (Lager J«Ap A I TR I ST S PO BT ¢ R

Uriam (Bxschofmjauamca) R T R R b

9-Sub Tropical Broad.Leaved Hill Foresti .. » nxt. -

et - ot N S L us Co ot
R O O rL SARVIFI RN . AR

' These forests are essemmlly fqundbe[ween 1000 lo 1700 m. where the mean annual «
‘emper:llure is about 18°C.10.21°C and the ramnfall about 75:to 125 cms., The rainfally
however, varies exceedingly. Mahabaleshwar has a very heavy rainfall of over 600 cm
<oncentrated in about 4 months, while Cunnoor has much less rainfall but with no dry

B
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season. This type 15 divided into two parts - the Southern Hill Forests found. in the
Nilgins of Scuth India, Central India, Rajasthan and Bihar, The Northern Hill Forests
are found 1n the North East India, West Bengal, Assam and other north castern States.
o s e

In the northern regions the trees may attain a height of 50 m. with a middle storey
of medium sized evergreens and a shrubby undergrowth. Climbers arc numerous. The
main trees are species belonging to the genera Castanopsis schima, Ternunaha,
Eglebardita, etc., while in the southern region the main lree“specie’s are Syzyguum,
Memecylon, Calopbyllum, Eanthium, Rhododendran, etc..  »»' = »

10. Sub Tropical Pine Forest

These forests are found 1 the Punjab, Uttar. Pradesh and Assam and all along the
western and central Himalayas extending further into Assam where the rainfall is
150-300 cms These are muxed forests of broad leaved irees and Conifers, vegetation

predomunantly with Pine associates. PR w o s

The predominant broad leaved trees are Quercus nsl associated with Rhododendron,
Lyonia, Syzygium, Mallotus, Casa, etc. The Pines are Pinus roxburghs in the wést, Pinus
kbasya wn the east, and Punus nsularies (chir,and chil), Quercus incana, the typical
?ak of the western and Q griffithu of the eastern Himalaya are founz’:l n lyhis lyl?e of
orest an '

. st oo, nd

11. Montane Temperate Forests, RV PN

This type of vegetation is found in both the south and the'north in'the Westert
Ghats and the Himalayas, respecuvely. These forests. differ mn therr form and
composition in north and south but the true montane temperate forest of India is more
akin 10 the flora of eastern Europe than to any other patt of Indiansubcontinent. The
conifer forests of India are also confined to the Himalayas'only. - %

f As these forests are locatedtin-high' alutude’ mountains;*the. climatic and edaphi

act : i

) Orls such as preciputanion, day length, aspect, soil types, drainage, wind Velcc‘;);'
- Play an important role and control the preponderance, presence of absénce of ¢

main i .
tree species 1n a relatively small area giving rise to forest types and subtypes.
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{2: Mountane Wet Temperate Evergreen forest v
e PLeat o, L T n . Y . th [ NS s

These forests occu? above a height Sf 1500 m. wheré thé mean annual temperature
15 about 11°C 1o 14°C and a mean annual rainfall between 150 to 300 cms They are
confined to the Nilgiri, Anaimalai and Tirunelvell: hills of South India and in the high
lls of eastern Himalayas in West'Bengal, Assam and Arunachal Pradesh  *

PRI Lt noos , e

These are closed evergreen forests with short bold branchy trees attaming high girth
with a height that rarely exceeds 6 m. The crowns ase dense, the leaves areirounded
and the branches are covered by mosses, ferns and other epiphytes, woody chimbers

are common, -« . R - . .

AL O PN T Lo ‘ B ' P

In South India the forests are confined to’sheltered-valleys of the high hills locally
called ‘shotas*. The trees found 1n shola forest are not found anywhere else in India
(Seellox),",‘: Lot ce L B L © e i

- Teni ol a1 €

e N L " VT IR RS T A .

The important trees are Deodar, Indian tchestnut, Magnolia, Blue:pme oaks,
Hemlack, etc. The principal species of Oaks are Quercus (Q lamellosa, Q hneataand
Q- panchyphylia).. Associated with oaks.are mostly Rhodadendrons,spectally R

arbortun, Chilauni, Bsrch, Plum (Michilus) are other trees

To vt - B m s oo

[ A N R R PR TARIDTES BRUPTR

13. Himalayan Moist Temperate Forests 3 o

" These forests occur in the temperate eastern and western Himalaya, i.e., along the
entite fength of the Himalayas comprising Jammu &:Kashmr, Himachal Pradesh, Uttar
Pradesh.and eastward to Darjeeling and Sikkim at an altitude of 1600 to 3500 m

B '
[ R SN R LY N L N T A

These are basically evergreen coniferous forests 30 to 50 m. high with
fems'growing'on trees-These are quitealike the forests found in-North Temperate zone
n Europe and*America. Among the broad leaved species Oaks are most common The
d;ﬂ;de'odara), Fir (Abxespiridraw), Qak (Quercus),

-
mosses and

Most important trees are Deodar (Ce a ]
Spruce (Prceq smithiana), P.spinulosa, Rbododendron arborium, etc.
S T AR R .

14. Hz'muluyan' Dry Temperate Forest. . , ; o
-t 30 had e s 5 ‘i:

™ Thiese forasts are found in Jammu & Kashmis; Punjab,
Pradesh and some portions of NE India.

Himachal Pradesh, Unars
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These forests are chatactensed, by open formations predominantly with, conifer

species The usual broadleaved spucv.s are of poor height and occur scatered among
the confers, In some places they also occus 1 pure paiches of xesophyuc, shrubs all
over the area.

! an v B
The wmportant tsees are Kali (Pirus wallichiuna), Indian Oak (Quercus flex) in the
west and Kal, Spruce (Picea spinulosa) and Bisch (Betula sp.) in the east.

«
[ v n

15, Alpine Forests e : I
. 3 Lo L
Alpine forests are found in the Himalaya and connected ranges. Above the timber
hmt high forests are replaced by Alpine scrub varying in form wth the avaifable
moisture supply. In Alpme forests three types are recognised. . .0 T

v
| o aeh

Sub Alpine Forests have stunted deciduous or evergreen l'orcsl usually in close
formaton wah or without comfers The characteristic species are Sprucc (chea
smithiana), Fir (Abies sp) and Blrch © & 11 e DR

Moist Alpine serub are low but often dense scrub hnvmg Bu‘ch and mlododendroﬂ

frs . 5 PR RTRATIIEI

e
Dry Alpine Serub are xerophytic scrub 1n open formation wnh a preponderanc

s
of Junipers (Jumiperus communis and J. wallxcbtana) in, the west and. Gupperss
recurvg) in the east

N . - ' N e g T
' RENSEAR) R PIRUIRPLN

oo Tahle 5. 1 Ma or forest groups of India. .., : o

TEMPERATURE CONDlTlONS RELATED TO | QCCUPIED BY

e GROUP .+ + 7+
FERET N ] T ~ I A e

Meanannual + , , IMeandanuary. v .,  Winter o Lol

temperature, | temperature - . L L (0
‘. . - " . RN

“ o - N L sl o
Over 24 deg.C Over 18 deg.C None-no frost.
—

. PR |
17 deg C to 24 deg.C* |10 deg C 10118 '¢: %" | Definite burnotse =3
deg.C vere, frost rare.

T T T T e b

IR DI TOREI (ST PR B
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Temperate .,

7 deg.C to 17 deg.C

1 deg.C to 10°de;

8.C

Pronounced, with

7 frost and some snow

|-

'

1
m

Alpine  .lUnder7 deg.C Under Tdeg.C Severe,with much
snow T T
TROP CAL GROUPS Seven groups are recognised
TYPE e JOR TR ‘
e 0", |BROAD CHARACTERS . |MAIOR TREE TypES
‘Wflfvergreen Forest Dense tall forest, 45 m. Or even Dipterocarpus,

higher, entirely evergreen or nearly so.
No species occurs gregariously. No
individual species form more than 1 %
of the upper canopy.

Actocarpus, Hopea,
Dysoxylum and Mesua.

I

Semi Evergreen Forest

Dominants include deciduous species
but evergréens predominate. The
general canopy 1s typically less dense
than the true evergreen -

Doltercarpus, Artocarpus,,
Terminalia, Albizzia and
Phoeta

Dorminates mainly déciduous but ™~
subdominant and lower canopy largely
evergreen. Canopy rarely dense and
even but over 25m. high.

Tectona grandis (Teak) in
south, Shorea robusta
(Sal) in north, Albizzia,
Ternunaha,
Lagerstroenuia, Cmelina,
Pterocarpus and
Dalbergia.

Swamp.For-
FIRIIN .

S

:
Litioral and
est

RN

Mainly evergreen, of.varying density -
and height, but always associated with,

wetness.

Casvarina, Hertiera, ,
Manytkara and
Rhysophera,

[T
MR

RIS RN

+{Thorm Fgrlt‘alét' ’

Entirely deciduous or nearly so.Top
canopy rather than light and rarely
over 25 m high usually 8-20 metres:

. i .
[ SENPRTEN

Teak 1n south, sal in
north, Anogeissus,
Terminalia, Madhuca and
Diospyros

Deciduous with low thorny trees.
Canopy more or less broken. Height

under 10 metres.

Euphorbia.

Prosopis, Acacia,
Caltropis, Salvadora and
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Dry Evergreen Forest

Hard leaved, evergreen trees, ~ ' s -
predominant with some deciduous
emergents, often dense but usually
under 20 m. high

[

—
Manitkara and Mimusops
T

SUB-TROPICAL
GROUPS

Comprises three types of groups -~

I

Sub-Tropical Hill Forest

Broad leaved, largely evergreen high
forest. ' i

- é;lophyllum/ .

Cinnamomum,
Castanopsis, Schima and
Maicheliay, ,,

Sub-Tropical Pine Forest

Pine associated predominant

Pinus roxburghi ‘(m
west } and Pinus insulans

1 (n east) L
Sub-Tropical Evergreen | Low xerophytic forest'and scrub  * " Olea cuspida and’ -
Forest  ° ‘ T " |Acacia modesta
TEMPERATE GROUPS Comprises three types of groups - - i

Montane Wet Temper-
ate forest

Evergreen forests without conifers = -*

[N S

Temstroemia and
Michefia in souther
tulls, and Qercus {Oak}.
Acer, Alnus and
Machtlusu in the
Himalayas.

Himalayan Mo
ate Forest

ist Temper-

Evergreen forest mainly Oaks and 5
Comsfers + - R

‘ T LR Y it

o sndrow (Fit),
ank), Picea -smithrana~

Cedrus deodora: +* L
b
{Deodar), Abtes quercus

Himalayan Dry Temper-
ate Forest

T T Tt 4t
Open coniferous forest with sparse:-- >
xerophytic undergrowth

L T A a1
f o ~ L m (nr

0o i,

rardiana an
5; n west, and Picea
’ spinufosa,
wallichiana  and
1n east.

{Spruce). i
" na, Pmus
pinus wallichia aercus

Piwus o
and Betlla

ALPINE GROUPS

are recognised.

- e . Apove the
These are only in the Himalaya and connected ranges. AboV:- :n
timber imt, high forests are replaced by Afpine sccub Vamugs
form with the available moisture supply. Three types of 87
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Zae
Sub»Mpme Foresl R Slunl deciduous or evergreen foresl Picea sm:lh:ana and
sl T Tustally i close formation, with or - | Abjed spectabihis in west
..~ *| without conifers, v+ ¢+ jand Abes densa rand
Betula utilis in_ east,

A i N SN T

ot lian .

ARSI, 01 st Pl . 14 PP SR L D
Moist Alpine Scrub™ | Low but often dense scrub Betul a'utilis and
Rhododendron
- . . . - .. |campanulatum.

RN T - R

Dry Alpine Scrub ~ Xerophytic scrub in open formation Juniperus cummuns
and Juniperus
wallichiana in west  and
Juniperus  recurva in
east. 7!

R

The H1malayan Vegetahon Trcxnsx'uon&’fﬂ}%j
B e
The mealuyun mountain system exlends for about 3000 km. from north west to

south east qnd its vegelation belts can be explained by transitions from north to
in top, The hern slopes

south, from east to;west and from lowland to
and ranges are exposed to the rain bearing winds and are denselyJorested
Forests change on the Tibetan side of the mountains to cold hth mounfum steppe
lands. In the same direction the Alpine tree line rises from 3400:3000 m, xn{hg-outer
southern ranges to 4400: 4600 m. in Tibet. The zone of perpetual snow begins at

4500-6000 m. in the south and at a maximum of 6400 m. xn;’ll‘ibe}t I

SChwemfuxth (1984) has made a distinction belwee.rg ouler,‘ mnet, and Txbetan
H’mul"YG in a north-south transition. The character of inner mealaya is

detexmmed by local condition « *
dEEp vulleys in (he ecxst cmd Ka'
Sxkhm represenls lhe wel pcm tl._. -l

B ":? 'r;,A"-'A;

- . 1. .
Another transition is from southeast to northwest direction in the foothill zon'ehfx:::
near| Jropical rainforest in Assam to semi desert conditions in parts of the n:::xcv:;ed
(Flg 5B1.1). Thus, the ]owlcmds in Assum ‘and Bengal as faras Bhutcmdcxr;an Srored
thh u'~'1Plcul evergxezan wm forests. This gmduully changes westwards

T Voot g R or- S C I T M N PR e
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and Nepal to tropical humid deciduous forests (scxl. forests). Fro_m \{lest qufxl to ‘
the Sutlej a drier semi humid type of deciduous Sal férres’.tjoccuxs. In the much drier
Punjab, the natural vegetation is sub tropical semi arid thorn steppe and in the
valleys of the extreme north west towards the Hindu Kush and the Karakoram
semi-de‘sen conditions give way to Asiatic Aﬂe’fn’egia sgelppe c}:{?vg:ZOO[J‘l’xn. -

Carl Troll (1972) has prepared a subdivision of _Himulquf into ff"?{}_“f"?ml

sections. ) . B ‘ b
1. The Tsangpo Himalayas, the mountain ranges and valley of southeastern
Tibet.
"2, -The Assam Himalayas == -~ ===+ - comee- - :, '
N I , PN - TN SIS D
) ' SRR L 1
3. The Sikkim Himalayas from Bhutan through Sikkim to eastern and Ce?tra
Nepal. - o renrm et R
s e
4. The Garhwal Himalaya from western Nepal through Kumaun and G?r'h.WT
tothe Sutlej. - - - - e L
8. The Punjab Himaluya fom thi:Sutlej to the Indus.- T
B AT " PR * 4 . KT S :
. .

The Indus Himalaya =~ 717 0 st

7. The Tibetan Himalaya * C
A - I - g eroat 2 :
Inall these regions there isa ciisﬁnci vertical §r040ii‘;h.di4°11xh°t‘e and vfge!m’"‘:
(Fig. 5B.1). In the east nop"u:ul rainforest is followed by evergreen I(OVWI?’X nfc"‘x')‘lgn‘t
lorest, evargraen uppet montane forest, lsul:;c‘xl;;i'x;e;ﬁhoacdéndxog forest and ?l
higher levels b‘y wet alpine scru‘B and meadows, In ilzta"i";,‘?§."‘3’~n ,p E{ﬂ‘bf t’_he : en“‘::
Himalaya the tropical deciduous forest gives way 1o_P ;';?j_,i’;foxllauqu? f?'xe?c;
followed by mixed Oak and Coniferous forest, subalpine forest of Birch (Eelu‘
utilis) and moist alpine scrub and meadows, PRI . : ‘

NIRRT

. . , T
. . . . B A - thills
In the drjer north west, the sequence ranges from thorn steppe ,?lfmg the ID: Van'd
Into overgrean sclerophyllous forest, Pinus’ roxburghii, foyest, mixed ‘oa‘dow:!-
canilerous forest, subalpine forest of Birch and moist alpine scrub and meadow;
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AR LESSER ' 7 .
HIMALAYAS

Temperata’
comferous forest |
Abeas prdesow
Pz oo

Costrus dowdare

T
Temporate
¥ broad-leaved forest

Guercua wicana
NRbdmenlrree astor oo

, Scrub R .

Sub-tropreat mhed daciduous farast

i FL s ‘ o '

A conditions become even dner ‘ihé sequence rcmges fxom the sermi ( deseri of the

valleys through Artemisia steppes ‘and steppe forest’ of Pinus gercndxana aud

Quercus baloor mto Wes!em Hlmalayan forest to subalpine forest of Birch (Betula
utilis) and moxs{ ulpme scrub cxnd mecxfic';ws. n'the extreme noxlhwest there is no
f semidesert valley floors lead into

Moist vegetation type and dry vegetation types
Artemisiq steppe and into the alpine steppe of the Tibetan plateau. 1«

Hc'ster lhere area numbex of mle:eshng ‘variations created by local toéoérdpﬁy,
thmate und geomorpholagxcal processes The descending winds in the 'deeper
Valleys cr Cleqte d;y vegetqhon on the valley floor 'and lower slopes in contrast fo wet
Vegetation at higher elevation in' the belt of cloud forest. Contrast also occurs

be"“een north a@nd south chmg slopes. Slopes prone to frequent snow avalanches
e _ tracks. Conifers get replm:ed
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Distribution of Forests - - R :
;
The distnbution of forests m the mainiand of the country is very uneven. The
Indo-Gangetic plain has little forest, Major porttons of Uttar Pradesh, Gujarat, Rajasthan,
Madhya Pradesh, Bihar, Karnataka and some pasts of West Bengal, Orissa and Andhrz,
Pradesh are covered by tropical dry deciduous forests. The whole of aorth Arunachnlr
Pradesh, Nagaland, Meghalaya, Manipur and Tripura have moist deciduous type of
forest except Arunachal Pradesh which has some areas under subtropical pine farests.
Keraln Maharashtra, Madhya Pradesh, Ogssa, West Bengal and Uttar Pmdesh have 1het
ma;or portion of moist decxduous forests The Tropical thorn group is spread over.
Rajasthan, Gujarat, Madhya Pradesh Maharashtra, Andhra Pradesh, Tamil Nadu and m:
some extent in Uttar Pradesh. Kerala and Andaman and Nicobar islands have large areas
under evergreen forests while Lakshadweep, mecoy and Amindivi Islands have almosl“
no forests

’ H

Broad leaved species consutute 93% of the total forests in India while conifers:
account for only 7% An interestng aspect is thé location of broadlea;led farests in the_
temperate Jautudinal zone, yet from the point of view of ﬂorxsuc composmon they “e'
more akin to the flora of tropical region than the subtropical reglon This is bccausc
of the tropical nature of Indian climate (see Chapter-4, Climate), because of influence,

of the Himalayas which separates the Asian mainland from its temperate influence.

b
The occurrence of various forest types i the countey, as based og the mterP’e‘a“‘m

of Landsat lm:!geues of 1981-83 is ngen in table 5! 2 B Rt

NS AT poA%e

l

. . . Gl

Table 5.2: The occurrence of varmus forest iypmﬁw s

e gt t=T
FOREST TYPE AREA. %AGE * - {-OCCURRENCE. =~ - -
{km2) L= !
R X 3
Tropical Wet v 1,290 ; ' R
Foret ergreen | 51,290 8.0
I } bl -
" Vo \ -
I:::z;fﬂl SemiEvergreen | 26,424, a1, Assam, Gujarat,, Kamalaka, Ke(al:_,,";“
o <72 1+ | Maharashtra, Naga land, Oriss3. T3,
bar Islands

Nadu, Andaman &Nicol

g\_“ and Goa
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-
Himalayan Dry Temper- | 312+ {. ‘ fammu & Kashmur and Uttar Pradesh +
ate Fotest c ' Cew o
BN o Arunachal Pradesh

Sub-Alpine and Alpine 18,628 2.9 fammu & Kashmur, Nagaland, Sikkim
Forest and Uttar Pradesh, ~ N -

1 Source Forest Survey of fnd 4

Mangroves: An Unique Ecosystem

. . [ PETIUTNINE IS SN

Human beings originated on grasslands or s:'xvannus’ in ﬁxel !ro}giés where

abundant food'was available for consumption. Flowering: plants also evolved in

areas where canditions for their‘"grow(h were conducive - wdrm temperature, bright
sunshine, high relative humidity and moist soil - in iropica’l shallow wetlands.

|

From this stock, trees evolved according to specific isl—ress'es in the environment :

too high or too low, (empem{ure. too much or too little water, and sa on, One’ of

thesg branches of evolm'mn’- led to plants qdlapted to high salinity. Most plant

species in thi‘s” branch‘sp"eciu‘li‘seé themselves Th avoiding saltsin the vicinity, at

least in avoiding ill effects of salt stress, and came to be called halophytes. - -
T o S R
Some halophytes can also withstand water stress, hence they could grow in _jg»x_x_d_
saline lunds. & great majority, however, grow in saity marshy Gieas along “°?,i°,“,l
and sub-fropical coastlines { muddy banks of river estiaries, creé)ks'.:,lﬁuqutﬁrs‘

and along sea shores. These are mangroves - Nature's miracle. _ _ - -

. G, T

. . 5 <) : R .
There are several adaptations in'mangroves that make them absolutely unique.
Vs L - v ’ 1
Far example, they hcg‘veglm{ds onleaves through which salts absorbed by the rools

are exuded; high concentration of the liquid in their cells {sap) prevents loss o f
cell turgidity; geeﬁlinﬁs: g;a\'gvl 'Sn parent m;ejs and ‘mc:oirl:l saline :Eéﬁaiii9n§' i,
juvenile stages; preumatophore 1oots grow upward and emerge above saline
muds to stan breathing through micxoscopic pores.in the bark, or roois grow fxcm’
shoots’and reach the soft mud around the main stem to provide stability to trees
on the unsteady substratum that Gre continuously subjected to tidal forces.

SN, . i
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Mangroves are a rich ecosystem. The habitat of mangroves is extremely conducive
to numerous forms of life thanks to abundance of moisture, nutrients from decaying
orgamc litter; minerals arriving. with..runoff. surface., waters like, rivers, and
abundant sunshine. The shade provided by dense foliage and shelter by profusely
branching roots, ensure excellent and secure homes for a large variety of
organisms like insects, worms, crabsj! prawns and -fish; during’ growth and
especially during breeding' periods. Parasites and predators (snakes, birds, wild
cats and foxes) and saprophytes and predators (worms, insects, molluscs, frogs,
birds, etc.) find support in the region.

PR . " . ; 5 .
Another significant contnibution of mangrove vegetation is arresting the movement
of soft muds with tidal movements of water, thus providing effective control of soil
and mineral nutrients from: flowing into.the seas. A mangrove ecosystem is a

unique system. The need for conserving this type is felt intensely.

HR TN TR L S I AR AR E :

Programmes.have been initiated by the Department of Environment, Government
of: India,i since 19886,. 10 ‘study, conduct research, .cultivate and propagate
mangroves and to devise practices for the management of mangrove ecosystems.

Mangroves ,aréas are being selected for absolute conservation and mangrove
munagéme;xt. plans are. 'being prepared. The Sunderbans in West. Bengal,
Pichhavaram. irr‘Tamil: Nadu, Kachchh in Gujarat and Andaman and Nicobar
lslcmds are ulrendy 1denhﬁed for the purpose. Some.States like Maharashtra have
declmed mangrove specxes as protected by law. Mangrove parks are being
desxgned in Goa and Mcth’ashtrm It is hoped that a concerted and co-ordinated
action pmgmmme by diﬂ‘erenl authorities responsible for conserving coastal and
hill: ecosystems,nwxll ensure- perpetuation. of~this unique systems of:nature’s
creation, .« 2 forw tUT L T v I e L v T oo -

fregzot monom FEE Iy ST

The term sholae has been used in: Ma;or Hamilten's Eepon of the Survey of the
Anainialais - in :1854: According «to’ M. ‘Krishnan, shola forest :are considered
| peculiar to southern India and a somewhat distinctive type of gropicctl;rgm forest.
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Originating millions of years ago, these forest have.evolved through geological
epochs, which is one of the reasons for the densil} of species. Varieties of birds
and insects act as pallinators and help in the evolution of new érmﬂmimama)
E)g;i_djsalinn..’l‘hus the rain forest is one of the earth’s biggest genetic pools. The
wild ancestors of many of todgxﬂi_ggps such as rice and barley can still bo
found in the forests. It is in these forests that the evolutionary history of pl plums and
animals is recorded and it was in one such foxé?t\thal.sa;‘;i-r; got the clues fo his
theory of the origin of man: DI o CoL e s

PR e PR oLt <
The sholas of southem India are part of the Indo-Malayan forest chain and differ
in some respects from other rain forests. They occur amidst stretches of grass lands
in isclated patches. They form a characteristic landscape in'the tain chain
o} the Anaimalai; Palani and Nilgiri:ranges. The tree in these sholas are.short
compared to the other rain forests and. range from 12 metres to 20 metres: The
crown of the trees is dense with leathery leaves which tend to be rusty in colour in
varying degrees when young. The leathery texture of the leaves makes them less
vulnerable to insect damage and hence to nutrient loss. The iree trunks-are
covered with crespers, lichens and algae: -+ .. s oV

The tree species common in the sholas are Kattusbenbagam (Michelia nilgirica),
Pathachi (Elaesocarpus  ferrugineous) tand - Mullakadambu- - (Mahonia
luschenauitiy). The under growth has Strobilanthes and Impatiens, species. On the

ground is o wealth of ferns’and mosses.. Orchids,. both terrestrial and eplPhY”c'

abound.. ¢

L T A S OO

- Wylee Lonovatd sy DT
The sholas sustain an 1nteresting variety of fauna. Thwe and
the Nilgiri langur, the country's only black monkeys, are resident of these sholas.
It1s also the home of king cobras and green pit vipers. Birds such as the Malabar
tragon, the grey headed flycatcher and the great Indian hornbill can be sighted

in“the sholas~The grasslands are home for the Nilgiri-tahr; the endangered
Mmountain gom e N LT R i

Just @ hundred years ago, sholas covered.wide areas of southern India, forming &
continuaus belt in most of the Western Ghats chain. A Nilgiri langur could have
3wung its way all the way from Topslip to‘Kalakkad. But things began to chande
by the end of the last century. The sholas-that remained inviolate for. millennia
Game to be destroyed by man,= - R P TS

N
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Now. sholas are confined to isolated patches in'places such ‘as Md
Manjolai in Tamil Nddu, Esavikulam and Silent Valley in-Kerala and‘l&m‘tmb\ein
Kamataka: Some of thé most verdant sholas forming a breathtakiigly beantiful
landscape are in Grasshills near Valparai in Tamil Nadu.' This is one of the very
few spots where the original ecosystem, the shola-grassland combination, rémains
‘intaet, not by design but-due to the tough weather conditions that prevail there.’

Much remains to be studied about the nature of rain forests like the sholas! Its very
complexity has deterred closer analysis and this is only one of the rexsons why
the sholas'should-bé:presérved. Théy are not'only part of earth’s génetic haritage
but'a n&tural and tnique heritage of India.-Nothing can replace the shola fore'sts;

a product of millions of yearsi=r > om0 s s weer w0 I g

vorueer otk e mntuean e e Mt

<S4 KZ]um;.x
Grasslands of India «

Wil

Although grasslands of the typs of Steppes, Pampas, Veldt, Savannas, Llanos are
absent in India, still grasslands in'India are found on wet soils'and frost packets
in the Sal belt and in the hills and other pdrts of the country. In the lower alluvial
deposits, where trees t'be ‘colonised; ive grasslands are found, Even'
in the higher alluvium they have resulted from unthropogenic*iacforsf Ingeneral,
-grasslands'represent degene_mtsd'v]egetcxﬁcn.’ln‘areus affected by fire;grazing;~
felling, etc. The grasslands occurring in Indic belong to three categories - Hilly
and upland grasslands, Lowland grasslands and Riverine grasslands.

1. Hilly and np!uqd"g‘russlundr‘
e fias

They are found'mostly in the Himalaya above 1,000 m, and on Nilgiri ‘dnd other'
hills in South India, where forests have been cleared up. R .

In the Himalayas, a variety of grasses are found changing their character with
altitude. At foothills, tall and coarse grasses like Saccharum spontaneum, S.
v 1 Arundod: M ya, Porphyr« a, ete., are found. Between
2,500 m. and 3,500 m, grasses are found interspersed with the pine, oak and
deo.dur trees. Above 3,500 m., foresis give way to grasses which extend up to
snowline. A majority of the species found here have close aifinity with temperate
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“climates'dnd inzits higher"elevation many.species are-identical to the. same as
those, occumng in the mountains.of Europe and Amencc. High grassy meadows
are dniferenﬂy known in different pdrts; as Mqrgs in Jammu, & Kashmir and
Bugiylas or Payas in Uttarakhand. These grasses reach their full bloom in Autumn
just after the rains when majority of grasses flower. These grasslands constitute a
very good grazing ground for cattle and sheep dunng summer. .- o Lo

2, Lowland grqsslunds y Cu - los Voot un

.- g4 PR

zespmmiaby o0 T iy
They occur. in the plums of Pun]qb quyana,_ Uttar Pradesh,:, Bihar,.and
notthwestern parts-of Assam where rainfall is high_and the climate.is.of humid
tropical type. Both perennial and seasonal grasses occur,in these places.,Tl_le
perennial species are Aristida cyanatha, Dichanthium annulatum, Heteropogon
contortus,. Dismontachya- bifinota, -Porokolus -indicus, Nerandia- arendiances,
Eragrostis.tremula, E.wviscosa,»Extenelia, E. ciharns,- Chenchrus-biflorus- and-
Anstida redacta, efe,

[ I i IR S

P 5
3. Riverine grusslands /

T A S N AU PR

The mosl xmportunt of the riverine grasses occurting on alluvial, sandy,and loamy
soils are known as bhabhagr pastutes. These pasjures constitute an important feed
for cattle and buftaloes. Important grasses are Erianthus olivacens, E. vulpines, E.
lensice indjca, Paspalwm species, ete. | 1

FEE TS AR o) N '

ooy

impertant Words, , . . . c o

L EPRNS S AT T PR RS )

Epiphytes Climbers te s lhanaij‘ L el
Halophytes Buttressed roots Parkland *
Stilt like roots Edaphic _ N

.o Xeropphytic,
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Introduction S e e
RS T B el o, N ST T LA . -

Indian soils, like elsewhere reflect the combination of factors that have gone behind
in forming 1t. The correspondence of the soil forming processes and particularly climate
1S so perfect that each climate type has-its own'soil - wc on

I

P S ‘

,
4
The broad components 1 the fofmation of soils'are

(@) The underlying rocks whose breakdown by weathering gives the regolith. This is

called the parent material.
o,

- Landfor:}z and 1ts configuration, particularly the slope aspect whether the slope 1s
; steep, gentle 'or undulating.! This"is of much significance sinée this will determine
“whether the soil 1s going to be thick or thin; prone to accelerated erosion or

degenerat;on, etc. ’ G e A T

N \

(©) Climate, - the most important factor ‘in ‘soil’ formation, acts through* moisture

’§~condmons (precipitation, evaporation and humidity), temperature and wind? These
" 'directly. affect the formation of soil: Indirectly, clumate has -an -overwhelming
' mfluence- ‘on¢ the"_lyrpe’ of vegeration to be-found i’ particular region. This
Vegetation 1s responsible for the colouration and the structqr‘e of soil, not to speak
of the nutrient which 1t provides to the 5011.' Only when these processes have afted

“'“"for-enc‘mgh'amoum of ume thatithe soil comes”into bemg, Ozherwise. it rema‘ms

i3 ir‘nmmuré.XNone—of these factors,’ however,iwork 1n isolation. They-all-have an’
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integrated effect and every other component 1§ inseparably linked with every other
component making a soil forming system.

Formation of Indian Soils

In Indian conditions, there is wide diversity as regards to 1ts geological setting,
phystography, climate and vegetauon, therefore, it is least surprising that the soils too
display wide dwersity. The soil forming fictors, the parent material, relief, climate,

X natural vegetation, each are different in different regions.
TR -
Parent Material SARLT s

The parent material of which the soils are formed 15 dernved from the weathermg
of the rocks exposed on the surface. The parent material detesmines the’ colourallon
of the sotl, its mineral composition and texture. In India, the parent matenal 1s of dwverse

types. They can be categonsed as , Lo g J Pt DU

Lo e ol LU e e ey ot e 1E

[©)] Ancxem crystallme and metamorphic rocks | A S T A

(i} Cuddapah and Vindhyan rocks Lo BPTTER T

RN N

(ui) Gondwana rocks |\, - oL oyl it v R wr noAmba o

(v) Deccan basalts -

P R

(v) Teruary :md Mesozoxc sedxmentary rocks,of extra pemnsular India,

—~
' ' R S

(V1) Recent :md sub-recent rocks

The ancient crystalline and métamor’phxc rocks, which cons;‘ te a greater part ot
the peninsular region, are basically gneiss and schusts rich in ferfomagnesian., matenals.
These rocks on weathering have _given rise to red soils, whos red colouration is due€
ta the presence of ron oxide, The Cuddapah and lhc_}_ﬁ_\"_nwrocks have weathered
10 give calcareous “"dé‘ﬁl_"_&gu_s_ﬁ)lls These soils are quite mature. .~ ¢

S N TC

The Gondwana "°°k5' n general have given nise to thin pale calcareous soil

in humus,, The Deccan traps are composed of basalt, Basalts are naturally acher in

s rich
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titanium, magnetite, aluminium and magnesium, Thus, the.weathering of these rocks
has given rise to soils darker In colour because they are nich in titanuferous magnetite.
The plateau soils have undergone a senes of changes m theirchemical composition.
In general, the plateau soils tend to-be coarse gramed and-less fertle. i '

. C L -

The Tertiary and Mesozoie sedimentary rocks of extra peninsular India has given
nise to soil with high porosity. The soils found on the North Indian plain dg not bear
any relauohship with the parent material as they are fmnsported and reworked soils

Relx’af 3 P, L R
Sy to ‘ MR N I .

‘Landform configuration (rehef) affects soil in that it determines the degree of runoff,
susceptibility to erosion and consequently thickness or thinness of the soil. Where the
slope is steep, high runoff will lead to washing of the top layer and the soil tends to
be thin with little development of profxle. Tlus lmppens in !he Hlm1layan regxons where
the slope is steep. The same 1s the'case with' thé pl:ueau sonls Where' the” soxl 18 shallow
except nver valleys. In very fNat regions, where drainage facility is poor and water
loggmg is the’rule, the soil tends to’ be peat and accumulale large amount of organic

Vo [ et AN

material. !

Aoy B R N e

. .o N T BT I P

Cl;mate O

woe v B co ;e

It haé already been noted what an 1mpormnl par[ ‘clxmale plays in soil formation.
In'ageas’ of high rainfall and humidity where xhc temper:tures are’ also hlgh the soils
are red or Istéritic. The mlense rainfall durmg the ramy season washes the upper soil
and leaches the nutrients Into thc t}ieeper horizon.’ th the commg summer, the
eV:pox‘auun “excesds precxpmmon and xhrough .caplllzuy ‘action 1ron and alummum
sesqumx;des ;u-e tr:msported to the ‘surface ‘making the soil red Also, Under such hot
hu[md condmons " where vegel:mon is thick and luxuridnt’ the sod should Supposedly
be containing enough humus, but the souls are devord pf any humus ¢onteqt 'In areas
of alternate wet and dry chimate, the leached materal whxch goes deep down n the
horizon is brought up in the blazing sun bakes the.top Soil.so hard that it'resembles a
briek, hence the }lame latente. In such areas where evaporation always exceeds
precipitation there are two necessary factors that determune the nature-and properties
of soils Fist the land, which in the name of vegetaiion contains only a few shrubs
there is Little' 1o add to the soil'in the name of humus, as a result the soils formed under
stich conditions are always light.in colour. Secondly, the excess ©of evaporation which
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makes these soils lime accumulaung. Thus.they are bound to be-pedocal in nature:
This.1s exactly the case of soils found in the extreme western part of the country, Cold
climates, although 1t may be supportive of some vegetation but under such cold
conditions the vegetation decays very slowly so that the soill formed is always acidic
in nature The soil found 1n the Himalayan regions are of such type. .

Vegetation o e o "
EE R 'y ale EEN

The role of vegetation basically lie in giving humus 1o the soil. Humus m tusn is 10,
a large extent responsible for fertility in the soil and its colouranon. The dense
vegetation in some parts of our country contain the best sois. The light colourauon
and low humus content of arid soils.1n Rajasthan is.explained by very thin vegetation
cover. In general, Indian soils are quite low 1n organic contents. . .
Classification of Indian Soils "~

Soils vary widely in their characteristics and properties. In order to establish
mterrelanonship between their characteristics, they need to be classified. The
understanding of soil propertes is important as it can then be put to optimum use and
best management requirements for their efficient and productive use. Classification not
only reduces the study of the number of idiwviduals ta a few well defined ums, it also
helps to group toge(her such soils which have common and comparz\ble chnractensnc&
To classify soils and group, them together m a mean ngful manner different soul
classificatjon schemcs have been used from nme lo nme One scheme of class;fncauon
is based on the horzon developmem and its rela!lonshlp [q“c‘llmallc condmons (an
6 1), and the other - the modern system of classnf:canor{ “Sonl laxonomy” developed by
the USDA m the seventh approx:mauon (an 6 2) The USDA sys[em of classmcauon
has been recommended for ad:\pnon in Indm as a result of decxslon mken al xhe Al
India Workshop, held m 1969

RIS BT TR AP

R BRI T T AV N

The Zonal Sozl Clasgy”zcatzon ! .‘

AlluvmtSozl [ RV . , \ Pt

coastal

- The Alluvial soils mclude the deltaic nlluvnum, calcareous. ﬂlluvxal sods, i
alluvium and coastal sands. The alluvial soils are found on 24 per cent of the total land
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surface of India, It is found wn parts of Rajasthan, Punjab, Uttar Pradesh, Bihar, West
Bengal, Orissa, Assam, the vaileys of Narmada, Tapti, Mahanadi, Godavar, Krishna,
Kaveri, Brahmaputra and Soorma

The main features of the soil are derived from the Qeﬁésition laid by numerous
tnbutaries of the Indus, the Ganges and the Brahmaputra sifstems. These streams
drmning the Himalayas brought with them the weathered products of rocks constituting
the mountains in various degrees of fineness and deposited them while traversing the
plains. . .

Characteristics L
'The colourauon is generally grey, light brown or yelldwiélx. -

2..The coinbgs[gioh f;{ngé:é from s’hnlg,‘lonmy, silty lo' clayey

3. Thexr wblﬂ—mngmg from verz coarse to ﬁne. ngg[lelz sbeaking,

the Fner th e soil conditions for plam growlh

4. The_profile’ de velogmem varies from underdeveloped profxles o very well
developed profiles. In gcneral however, the profile i is not fully ‘developed and there
is no marked dxfferenumlon and’ slr;mfxcauon

5 Thc\e soils are hrgely rewcrked soils so that the mmer:ll matter is thoroughly mixed
ek pran ittt

"up. It is merefore quite ; and mineral mauer, T

. ' - : )

6. Alluvial smls.are inheremly nch n plam numents. In geneml they are fairly

_umm:nu,n_p_hmhg_us .and” well supp! W‘Lna but are deficient 1n
Dut are delicient 1n

nitrogen yand organic matter-contenti™
______,______._-———-—_~

However thére ‘are wide spatial vanations in these chamctcnsucs For example, the
soils of Assam are more acd, the soils of the Brahmapuu—z are high 1n potash content,
“the soils ‘of the Soorma V"I"CY are fine textured. The soils of the Rurh region commonly
composéd of old alluvium are of diverse type 1n. terms of texture, colour, profile,

composition and other mechanical propertes.
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Fig.6.1. The zonal classification of Indian soils
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Fig.6.2. The 7th Approximation classification of Indian soils
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The alluvial soils of Bihar are different in the north of the Ganges to that of the
south of the Ganges The northern alluvium are sandy loam to clayey loam and neutral
to alkaline They are relatvely rich 1n potash and deficient in phosphorus. The sotls of
southern alluvium vary in theur colour’and texture.from- lxght greylsh loams to heavy
black clays Likewise, the smls ofUuar Pradesh dxffer 1n their texture from the northern
part to that of the southern pan - d

[ N . K .

-~ - N
The Onissan soils are both sandy‘and of finer texture wah sufficient potash but
insufficient 1in potassmm (P,05). The composition” of alluvxal soxls of Tamll Nadu vanes

with the ngture of silt brought by the rivers. Away from Lhe rxvers the“soxls are heavy
lhroughout the texture and ranges*from” clayey loam lo heavy clay In GUJaral rihe
alluvial soxls are known as goradu in Ahmedabad and Kaira dlslnct The olde: nlluvnum
i Baroda 15 locally called gorat whlle the recent deposmons are known as bhatzl

- B =5 ,",‘«.,-. ' N
.y PN : - PRI e

The Pun;ab -Haryana alluvial’ sonls are akm to soils.of the Indo! Gangeu; plflin—The
majority of souls-are’ loams or sandy loams consxmng of soxl ’crusl of varymg depth
Owing to the presence "of sodium in the clay the soils are genemlly nlkalme :’l'heY are
adequately supplied with phosphorus and potash bul are deﬁcxenl m orgnmc matter

and nitrogen. .

Black Soils -

The thk sotls are 50 called because of their black coloumuon They are very good
1n addition to

for cotton culuvation hence they are nlso known as Bl:lck coxton sonls‘
y cover the

their local nomenclature was, Deccan plateau composed of lava ﬂows The
platcau of Maharashtra, Saurashtra, Malwa and southern M:xdhya Pr'\desh and extend
castward 1n the south along the Godavari and the Knshna valley. Besxdes they are also
found in north: Karnataka, parts of .Rajasthan (Bundl 1nd Tonk) Umr pradesf

(Bundelkhand) and central and south Tz\mxl N:\du - Lt
5 .

el et .- EPL

It is denved from two types of rocks, the,Deccan and” the_Ray-Malial tmp, ’es'
voleanic rocks, such as basalt nnd othcr memmorphxc rocks, and/_&zﬂg}_ﬂ_o,u_s_gfﬂi
and schists com:umn lime and soda. lime feldspar - which’ dre’ basic 10 character,
occurning in Tamul Nadu state under and and semt arid condition. The soils’ devcloped
on gnesss and schists are moderately shallow (50-80 c¢m) to moderately deep (80‘120
cm) whle those developed on basalt are very deep (150 cm). They have uniform cofour

throughout the depth of 2«3 metres.

PPN 1 N . i

“:m*"-#
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Characteristics Co ‘ [EPICTIRN

. 1

1. Black soils as the name suggests are deep black to chestnut 1n colour. The deep

"* bldck to ‘chestnut colour of the soils 1s largely due to clay-humus complexes and/or

* presénce of titaniferous magnetite and not due to organic matter content which 1s
1ow'(0.5 per cent to 1.0 per cent). . o, ey
e e f N . . LS T | S

2. Besides, .these also contain compounds of:Fe and Al accumulated humus and

colloids, hydrated double won and aluminium silicate. T O

3. Black- soils mostly have a hugher degree of ferulity, buti soils that.are found on

. .m‘ﬁe} poor. On the slopes and uplands; the soils are’somewhat sandy
and are only moderately produtive Between the huls and the, plains .they are
darker, deeper and richer and are constantly enriched by the additions that are

washed down fromv the hulls. - . f R

v4. The Black soils are made extremely fine, re., clayey matenal pargicylarjy
mo.nlmoril]onilic and berdelletic group of clay muneral thus they are lhughly
' - argillaceous, fine grained and dark. The clay is dominantly sonectic in nature with
»- high coefficient of expansion and contraction setung up a steady churning process

"t withun the pedon. The process of churning causes deep,and wide cracks. .

i d p e '

5..Besides, they: also contain;high proportion,of. calcjum and, magnesium carbonates.

6. The capacity to hold mosture m the black soils 1s very high. Yet water 15 not

+ . available to plants because of their fine texture, e .
== S

B P

gly sticky when wet and

. R PR

7. - They are highly- tenacious of. moisture and are exceedin

"consequently have.low permeability’ When they dry up tliey, dévelop deep wide

-, 1 i : - E i . tion of
“ .gracks'due to contraction. The; cracks: promote self aeration and, absorp!

Y- nitrogen from the atmosphere. , . .\ | [ RN
B e T T e \
‘ [ S I T SV s .
Black soils are rich in potash, lime, aluminium, calcium and to magnesium
i horic acid and organic matter.
carbonate, while, they.are deficrent in nitrogen phosp, d and org

~uldn allibinck‘~soil, in general, and those denved from ferromagnesium schsts in
DES particular, there 1s, a layer generally nich,in kankar nodules, formed by the
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segiegation of calcium carbonate at some depth below the surface and above the
parent rock

. e v

Regronally, the souls differ, for example, 1n Mahams]nm the,soils,are light coloured,
thin and poor on upland and. slopes while in the valleys, deep and relatively clayey
black Along the Ghats, the soils are very coarse and gravelly. Degraded solonised black
sotls, locally called chopan, occur in canal zone areas of the Deccan in Maharashtra.
In Tamil Nadu the black soils:are either deep or shallow and may or may not contain
gypsum 1n thetr profiles. © Vo : !

G ‘ PR b . NN

In Madhya Pradesh, two distinct kinds of black soils are found (1) deep heavy blfle
souls in the Narmada Valley (i) shallow black soils in other are‘aw_e_w‘ﬂﬁg__

w.d heavy black sols. . . . ., - . RN

2 A . PR T N PR T

* ’ i
The black soils of Karnataka are fine textured with varying salt concentration.

Red Soil - I L o -

P ' . ' S '

The red soils comprise large parts of Tamil Nadu, Karnataka; Goa, Daman and Dit,
south eastern Maharashtra and eastern Andhra Pradesh, Madhya. Pradesh, Orissa' and
Chhotanagpur. In the north; 1t includes a greater part of Santhal Parganas in Bihat, the
Bubhum district of West Bengal, the Mirzapur, Hansi and Hamidpur districts of Uttar
Pradesh, Assam, Khast, Jaintia and Garo hills and the Amvalli@ﬂw

the Black soils on all sides. i
. B N

These deep or_very deep well drained sg;i}s, Qilhi)c]:ly';enliche«d,j.‘"bsf"}_,h“e

demmmd schists of Archaean period under

Subtropical chimatic_conditions (with®high humidity and temperd [« ions)-

The' micaceous or red’ gramites 1 Tamil’ Nadu- also gives_ rise 10 -such »5.",11,5'1-,}15‘-50“5

grade from poor, thin, gravelly and hght coloured soils, of .the uplands §°,Llhe.'.n}“‘:h
more fertile, deep dark soils of the plains and valleys. ) -
o L - i 0o

Morphologically, the Red sgil; can be-divided into two broad subgroups:

PPN e Rt L G

Red loam:* *

3 d
- Characterised by argillaceous,  clay: enriched profile with 2 clounzI
) " jal:
structure and the presence of only a few concretionary material; 2
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Red carth: . . where the 1op sod 1s loose and friable best rich in secondary
' concretions as a consequence of sesquioxide type of clay., ,

L . .

Characteristics y o .

1. The colour is red to yellow. This is due to coatings of ferric oxides on the soil
»particles, rather than due to a high proportion of the iron content. The colour is
- red when the ferric oxide occurs as haematite or anhydrous FeO, and yeHow when

ferric oxide occurs in the hydrated form; e.g., imonite. @ .

2. The texture of.these soils is highly variable from loamy:sand to heavg clay, but
Bcncmlly the red soils are loam to clay foam in teclx ure, s - -

. PR + .
3. The soil dcpth varies'from shallow:to very deep. Shallowthin gravelly soil being
found on uplands while deep ferule and fine textured soils are found in the valleys

: o

* and plains. -

- 4. *Red solls are poorer 1n nitrogesn, phosphorus and humus and are genenally 'poorer
"1n lime, poznsh, iron oxide and phosphorus than in regur soils. The clay fraction of

the red soils is such in kaohmtc type of:mineral. Red:soils have also.been found
under forest vegetation. Some red soils are’of lateritic origin and "of a ‘quite < different

PRI T . o,

u toae e

nature.

The red soils of Tamil Nadu are in-situ formauons dertved from micaceous.or red
granites. The soils are shallow, open textured, acidic, deficient 1n organic matter and
plant nutrieats. The'soils of Chhotanagpur region are acidic and also contain a higher
Percentage of acid soluble Fe;0; than that of ALO;. The West Bengal red soils are the

transported soils from the hills of the Chhotanagpur plateau.'« . .- )t

Laterites and Lateritic Soils

A TS ST i PN

Laterite is a formation that is found only in tropical countries with alternate wet

onditions. It is a compact to vesicular rock composed essentially of

_and dry climatic ¢ atic conditions. |
2’ mrxture - of ' the Iy d' oxides: of_atumi and wron - with small. amounts of
[ RS S B S .

manganese oxides, titanfa, eic. '
T (YRR EIVE L
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Laterites are especially well developed_on the summits of the hulls of Kasnataka?

Kerala, Madhya Pradesh, the Eastera Ghiat regions of Onssa, Maharashtra, West Bengal,
Tamil Nadu and Assam In alf these places an alternate wet and ey type of climatic
condition s found

[S——

During ramny seasan there is extensve feaching of Dases_and silica, while during

prSIE@e(l dry season iron and glwuyp are brought to the surface by capitlary action
Pail Sidctiaie =i LK R —
which are then_baked by the blazing sun, compacted and cemented formung a brick

like Tayer Thcy ase thus iyt in formation.
e AT WL e atnaon

197

The laterte may be broken off and then carred to the lower let el by the action of
streams and then redeposited n lower levels. It may become cemented again into a
compact mass by the segregauve action of the hydsated oxides including sand grains
of quartz and other nuneeal, There are thus, high lcvel Iaterites which rest on the
rocks which led to thewr formauon, and low level laterites wiich are denved and
redeposited from high level Therefore they are of sedimentary formations, Al latenc
souls are very poor in lime and magnesia and ace deficient in nitcogen. Qccasionally
P05 may be high being present in the form of jron phosphate, but pogash KOs is
deficent. Laterites are chn_racienscd by high acidity. There is a general relauonshu
between altwude an the characterisuc of the soif, for W—L

() they are more acidic on tugher areas,

'

(u} they are poor on higher level and cannot relain moisture, . . s .

f . . P R NER Rt

() on plains they cansist of heavy loam and clays and can easdy retain mosture.

¢ . FF T B

Laterites are essentially devard of humus and occasionally a higher content of humus
15 found.
Lt 1 S A LA Tt
Arid and Desert Soils
N ., N Lo b tern c o an ¢

+ 'The arid and the desert soils are found 1 th‘arid and semj arid conditions in !‘Prxll‘
western parts of the country belonging 1o western.Rajasthan, sAqu.them Hnr)vnt{ﬂ..r"nd
south-west Punjab, lying between the Indus River and the Aravalli hills covering &n
area of 29 myllion hectares.



India The Pbysical Aspects 167

Characteristics canda e

1! . The soils are fine sandy to loamy, fine sand 1n texture with percen[age of ‘clay
"“varying from 35 to 10 0. ) o e S

e E e

7/
2. They are pale brown to yellowish-brown' in- colour," and structureless to weak
subangular blocky 1n structure.

Ll L nbiad

3. They are genenlly poor in nutrient and water-holdxqg capacity.

[OOSR . . : v Sk q*t oot X!

4. They have the tendency to disperse on account of sodium-claylformauons mn the
subsoils which may render them less permeable and may retain more moisture.
5. Where moisture 1s not deficient, the presence of phosphates together with nitrates
“goes a long way to make these desert sands fertile for growing selected crops.

G The pH of these soils vanes from 7.2:t0 9.2; generally bétween 8 1 to 8.6 because
of their calcareous nature.
SO T LT e e,
7. The salts are genemlly high but are not toxic in amount.

R S 1 AT I R

Salme and'AIkalme Sozls e A '

WY gy 2 (ORI R RLTE PRI

. Saline’and alkaline sotls are found in the arid and semi'arid parts of Rajasthan, the
Pun]ab and Haryana. They are estimated to occupy 7 mha of which about 50 per cent
aré'in the- Indo .Gangetic Plain, 30 per cent occur:among Black Cotton soils and the

femaining 20 per.cent are’ in arid and coastal regnons of India. There are three classes

of 'saline and alkaline’ smls

T R

' Saline soils .

’ ““ﬂﬁ?“"j

_ These contain toxic concentration of soluble salts mainly consisting- of chiorides
e
d geause of _the . white
and”sulphates of sod sodum, caleium and magnesium. im. Be

¢ rencrustation due to salts Tthe sahne soil is xs 2lso ¢ c:lled white alkali. -
T ———————

v e gl b, T oLl N N - ‘-

' - ' . N
. [ R R A . f . -
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Laterites are especially well developed on the suaunits of the tulls of Karnatakad
Kerala, Madhya Pradesh, the Eastera Ghat regions of Osissa, Malusashina, West Bengal,
Tamit Nadu and Assam. {a all these places an aliemnate wet and dry type of climatic
condition 1s found
L———

Duning rasny season lhcrc 15 extensive, Ieaching of bases and sifiga, whije duting

. . action

prolonged dry season ron snd .x!wn_u;m 218 broupht ta the surface b)(ﬂgxunry ot
; s the o 4!
which nreﬂg\y;n*_l_)g.gd the blazing sun, compacted and cememed fosming a b

like layer They are thus 11 situ in formatan.
L At Seabledpvodios S S boibl Bubdiitdaidd

The laterite may be broken off and then carned to the lower level by the action ef
streams and then redeposited in lower levels. &t may become cemented again into 2
compact mass by the segregatve action of the hydrated oxides including sand grains
of quanz and other mimneral. There are thus, high feveld faterites which rest on the
rocks winch led to thewr formauon, and:low level latesites which are detived and
redepostied from lugh level Therefore they are of sedimentasy formations. All latentic
soils are very poor o lime and magnesta and are deficient in anrogen. Qccassonatly
P05 may be high beng present m the form of iron phosphate, but potash K:QOy 13
deficient. Laterntes are characterised by ugh aciduy. W
between alutude an the characteristic of the soil, for edample, : -

(@) they are more acidic on higher ateas,

(1) they are poor on fugher level and cannot retan mossture,; e
N L - . 4 L
(il on plans they consist of heavy loam and clays and can cnscly retun moistire.
) . et L HE (R

Laterites ase essen\m“y devoid of humus imd occeasionally a h:glu_r content of humus
is found

J I R A
Arid and Desert Soils

R I T N PR
The arid and the desert souls are found § m the nnd and semj and condxuons i norl:;

western patts of the:country belongung to westers Rajasthan, sou(hem Haryana, an

south-west Punjab, lying between the Indus Rwer and (he Arawlh hills, ccvenng an

area of 29 million hectares,
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Characteristics vl ool

“The soils are fine sandy to loamy, fine sand 1n texture wx(h peércentage of" clay
K varymg from 3.5 10 10.0 o ‘

K N ! y . [

2 They are pale brown to “yellow:sh-| brown in colour," and s[rucwreless to weak
subangular blocky 1n structure

DTS SRS R RS

3. They are generally poor jn nutrent and water»holdm ca acxty
‘ . [ e Y

Coaa . : Ao .
4. They have the tendency to disperse on actount of sodium-clay formations in the
subsoils which may render them less permeable and may retain more morsture

EEET . v

5. Where mossture is not deficient, the presence of phosphates together with nitrates

“goes a long way to make these desert sands fertile for growing selected crops.
W

6. The PH of these soils vanies from 7:2:to 9.2; 'generally between 8.1 to 8 6 because
of their calcareous nature.

PTGV T 0T p e ey

The salts are generally lugh but are not toxic in amount.

~

[ oo I TN

Saline andAlkalme Sozls TN

. L Y I BT} S N ty

* -"Salinéiand alkaline soils are found in the and and semi arid parts of Rajasthan, the
Punjab and Haryana. They are estimated.to occupy 7 mha of which about 50 per cent
arerin’ the-Indo-Gangetic Plain, 30 per cent occur:among Black Cotton soils and the
femaining 20 per cent"are in and and coastal regions of India. There are three classes

-of saline’and alkaline souls. R EEACTIE P

CE, o [T T T SN IR

(LR ] RN RIS

’ Saline soils

These contain_toxic_concentration of soluble salts mamly consisting.of chlorides

and sulphates of sodium, calciwm and agnesum, Beécause  of the white
R

e

e MR, ekt
* -encrustation due to salts, the saline soil is is also called white alkali.»., _ . -
TN—————

[ L U R TS “ o
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Non Atkaline or Sodic soils R Lt ey
These soils do not contan any. large amount of _neural salts but have-a high
percentage of sodsm carbonate. The results in_high alkalinny and consequently
i tl
the surface sotl 1s discoloured and bla\ck and hence the term black atkali is frequently
used to designate the,ng_q_s_aﬁne alkaly soils. .. R o s

Saline Alkali soils

R R N O I AR R TR ]

They ase both sahne and alkaline and have apprecuable amount of salt. The various
focal names of the three classes of saline sods are . BRI T IR AT S
. . PR v R S J3S S A B A
Saline. Thur, Shora, khar, Kari, Lona, Pokkati, Soulu
' 2 M . R S AT
Saline Sodic: . Ushar, Mallar, Karl, Chopan, Rib, Ksbar, Bars -~ Lo
Sodic: Rakkar, Bara, Usar, Karl Chapan ... + . .3 5 .

AT
e Lt

Mountain and Forest Soils

The mountain and forest sosfs are distrsbuted along the Himalayan and the Satpurd
ranges, Nigui and Cardamom hills They are thus found ir, thelstates ,ol"xf*“m‘.“l‘ﬁl
Pradesh, Jammu and Kashmis, Uttar Pradesh, Nagaland, Assam, Meghalaya, Oriss?,
Arunachal Pradesh, Madhya Pradesh, Mizoram and Manipur along the ;Himalayan
mountain region. The characteristics .of these  soils, differ. from, region 0 regtaf
depending on the climate but vegetation and topography also control, the,sol profile
development. These are charactensed by Qugh amount of organic matter. content dug
10 depasition of organic matter from forest gromhww
fauses acudic conditions. The major soils, as observed.in W:

Brown Forest and Podzolic {in the Deccan plateau)
1070 ToK L2 OCzoNL W Tk Lectan piatea

(RSSO A

Podzolic Soils -+ " ' ' Coe B

i . . N n 4 - e St ‘
. L g : us
Those sods formed under coniferous vegetation in the presence of acidic hum .
Teo io
and low base-status are Podzolic in nature. Owing to leaching of bases and transiocatl ’
. . 1,
of sesquioxides, the souls developed under coniferous vegetation (especially Deods
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do show'podzolic charactenstics. The process of podzolisation, as operative 1n the
Himalayas is restricted to the mobilisation of sesquioxides.

Characteristics
The podzohic soils are characterised by
1. Moderate (10 strong) acidnty with pH varying from 5.0 to 6.0.

2. High organic mauer (2-3.5 per cent), and moderately high (20-30 per cent) clay
content.

3 Deficiency in phosphorus resulnng from the formanon of iron and aluminium
phosphates. Son

Brown Forest Soils

The other' soil formed’in the forest areas developed on sndstone, limestone or
colluvium, under subhumid (to humid) climauc environments and Pinus and/or mixed
vegetation are Brown Forest Soils. These soils occur in assaciation with podzohc group
of soils.

The soils have: o IR L .

[ neutral to slightly acidic reaction with pH genemuy' varying from G to 7; the
soils developed on calcareous sand stones. However, show pH up to 8.0 '

[€1)) moderate ro high accumulauon of humus at.their surfaces with organic matter
content varying from 1 to 3 per cent.
G e . B

(i)  high biolagical actvity.

Peaty and Organic Soils

BTN Con H

Peaty and organic soils develop in hot humid conditions as a result of accumulation
of large amount of orgamic matter, It is essentially found in Kerala (where they are



<l Mulaye, mn Moderape amouyn,,
Iron Pyrute these tda) swamp Areas vy, en

Of ferroyg and alumim'u!ﬁ .gulp{zateS. ’
drained, the Pyrite (FeSy) |5 oxidised
Valyeg below, 350r 4.0

ST TN R I |
SRR g
(V)are Very stron 1 dic wy S low g5 3510 4.0 They may also pe due 1o the
decomposmon of Organse Matter under Maergp;, condu‘iqqs ,wher.e 10 nitrfication
is POssible, ~

oo PEETE o
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The Marshy Souls 270 €onfineq o depressxons Causeq by drjeq lakes 1 alluvial apg i
ey are developed Under :maerobic Water logged environmems,
Ormatje, of bIUISh/grEYISh Coloureq Souls. Thyg Mmay be due to, the
ron a,

nd vap, in 2Moun; of ory amc Matter,
ing 8 T? i ACSYS
o, ' ’ v . "

I3 .
Blagy, Sy Vcrusol, Inccpusol

Reqd soy Emisol, Amsol, Incepnsol ’

L tenre soif



India The PblsicalAsgf‘cls ! 171

Qesemsoil .. .. Oxisol, Entisol, Aridosol, .- ) .
b FRUE et ool
1. Inceptzsols‘ i ! B R
A T - £, N P ’
: Inccpusols (L:mn ‘Inceptum'- begmnmg) are found in the,vast Indo-Gangetic plans
extending from Pakistan to Assam and embracing the riparine and deluic region of
Bengal and the floodplains of the Mahanadi, Godavan, Krishna, Kaveri, Tapti, Narmada,

Sabarmati and many rivers of Kerala.: .+« .« wo .- sa

Incepusols are charactensed by light colouration, loamy texture and, dner
composition. Inceptisols are basically reworked souls and exhibit very little pedogenic
variaton, These soils are usually not dry. and have one or more of the diagnosuc
horizons (.c‘ambic, umbrrc, or mollic with low, base saturation). They have developed .
rather recently owing to the alteratjon of the parent material but without much leaching
and accumulation of materal in the subsoil. The horizon ;s not fully developed and
the thickness vanes from place to place. The inceptisols may be acidic (pH 5.5) or,
calcareous (where the content of the, bases varies from 40 to 70 per cent or even
alkaline) resulting from human activity. | Car

i L v e AR TS TR T

2. Vertisols ' o ,

.The Verttsols are associated with the Deccan and the Malwa plateau of western and
central India. These vertisols are built up of basaltic lavas and pyroclasts, and are hughly -
argillaceous black and loamy soil containing carbonates of iCa and Mg, ALO; won
oxides, small amount of potash, soda and traces of.phosphates, all of .which are
responsible “for imparting ferulity, to the sod. The! vertisols have a:high amount of
swelling montmorrilomte clays ( >30 per cent) so that 1t is highly retentive of moisture
and 15 quite sticky when wet but at the same time as the s0il dries out 1t develops deep
cracks (5-10 cms. deep) which provxdes self aeration to the so1l and intake of mtrogen
from the atmosphere.

' B
AR YR P P

Marginally, this soxl grades mto ted soxls, (Alflsols)

Catal A o

3. Alfisols .~ + -~ " T P

Alfisols are found on the margins of Vertisols. Unless sodium ennched, these soils
tend to develop under varied types of climate (subhumid to humud of temperate and
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6.Ultisols .., .. ...

- oo o oot Al i
Ultisols (Latin: *Ultimum' lnst) are found in the Hx;n:llaynn submontane region.
These, are low base, status, timbered mineral soils of bumid region developed under
high .rainfall and forest vegetation , They arg, chamctensed by low (<35%) base
saturauon, and accumulation of clay in the subsoil., In, the pedogemc evolution, they
represent an advance stage of weathering :md are more acidic than the alfisols, but not
as acdic as the Spodosols.

BT TRAVR S S

L Extenswely leachmg and warnm temperatures f:lvour the allerauon of primary
wealhexnb\e minerals lmo secondary cl:ly niinerals and oxndes (especxally of iran) which
" imparts red or yellow colourss w0 lhe subsurface‘honzons showmg hxgh chromas They
are ash grey to pale yellowish brown and'are characiensed by defxcnency in bases,
colloids and oxides of ron and alumintum (due to leaching. Because of low femlity
and low base status, these soils pose limitations for agricultural use! They can support
only larger coniferous plants such as pines, deodars, spruce, cyprus, etc.,, gnd
agnculluml crops only when they zlre adequately hmed nnd fertilized.

(- ey B

7.‘Potllsols TR e

‘e onges oL ain o [ f

4 i Podsols develop on carbonate rocks such as limestone and dolomute of Vaishnodgvi
of Jammu Shale of Hlmachnl Pradesh Deoban of Garhwzll Kumaon and Himalaya.
These are chamctensed by large nmoums of C:l, Mg, P, Mn orgamc and mtrogenous
, mattes besi es Fe Al :md K. ’l'hey largely support tempemte fcrests ©

v o '

8 Mollzsols

Mollisols (Latin: ‘MoIIts-soft) are found at higher altitude havin, yaulhful landscape,

They have developed on lime-rich parent material in which “thére *has ‘been
decomposition and accumulatmn of lnrge amounts of orgamc matter., They are

. distributed | m subhumxd to semi arxd reglons where leachmg ‘of bases is low and
, moisture sufficient enough for addmon of crgnmc matter. The fopsoil is thick, dark and
rich 1n humus dommated by bnvalent c:mons The underlying hcnzon is either altered
rock materal or clay ‘which” e "caléic or sodic depending upon the parent rocks
‘underneath. Mollisols are characterised by dark-coloured thick organic ‘matter rich
surface honzon. They have high base saturation with abundant calcium. Their
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characteristic feature result from the decay of organic material producing'some stable
dark compounds and reworking the soil and organic matter by casthworms.

- b 5 '

These soils are predominantly observed in the Tesai region of Uttar Pradesh and in

some parts (Kulu region} of Himachal Pradesh. These soils produce opumum yields
both under wngated and unirrigated condmons wxlhout inputs,

9. Entisols

. AR o ot . P

Enusols are found in the cold deserts of northiern Laddakh and adjacent Tibet. They
have thin covers of skeletol soil and are charactesised by absence of pedogemc horizon
and great vasration in texture, colour :md composition.

. Coe . E i

10. Aridosols . Lo

Andosols (Latn: ‘dridus>Dry) are mineral soxls of dry places (and and semi arid
tegions) and of areas having high ground water table. The soils semain dry for most
part of the year and the salts accumulate at the surface and/or n the solum reS““mg
m the development of a salic, gypsic or calcie horizon. B *

These soils were fnrmerly desxgnazed as Desert, Reddish Deser, Siesozer. Reddish
Brown and Solanchak. The Andosols orchids are wzdely distribuied in south western
parts of Haryana and Punjnb and in localised pocke:s in the cemml Punxnb Wihot
irngauon these may not be sustable for growing craps. However, in Hal)’ﬂm and punjad,
they are used for growing one crop a year by following water canservation pmcuces

DR EPTAER

- o ta
11. Spodosols i ‘ S
PR
us
Spodosols (Greek: ‘Spodos” ~\Vood ash)ure mmer:ﬂ soils wtth nc:umulauon of humod
and sesquioxides 1w the subsoil. They are charactensed by a2 bleached, “:Bs
ash-coloured E horizon (considered diagnostic of Podzo!) and an illuvial Bh an

uc' of
honizons which contatn humus and free sesquxoxxdcs (consxdered diagnos
Spodasals), !

o P
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The soils develop on coarse textured (sandy) parent materal supporting, acid
producing vegetation, like coniferous and heath under cold and temperate chimatic

.condittons. . . C e LAt Sacsaun 1Y

) L. Pl L ho oo . 1

Spodosols Arg nat femle soils, :md a;c,used for. forestry and/or pasture. When
femhzed,‘lhey may be, used for. growing crops. ; !

el P T ;
ety P A

In India, trye Spodosols/Podzols are seldom found. hecause of lhe lack of typxcal
parent material and/or environmental conditions needed.

T R F R U S

R C e [ N R T S

Dégra atzonan - R cLa *LU*"“‘d
Sozl gr d nda s cs,r@

. Degrad'n‘xon of the soxls 1s (he“mc;s;‘ ;m;oréant 'problem of lhe Indx:m soil.
Degradation refers to a vanety of factors wluch leads to the overall loss of the qualuy
of the soil. Degradation includes latenisauion, atkalisation and salinisation of the soil

zmd soll erosion, i.e., the loss of top soil. Soil degradzllon results from a combmanon

of natural andgg_thmpagcmc_faaozs While the natural forces have been always acting
on !he sonl to cause shght degree of degradauon n hns greatly mtensmed of late on
nccounl of l)lum:m un‘gac(‘

A

TLotain PR R R TN TE 25 )
™ SozlEroszon, e S L

CET )
Soil erosion is the wearing away of land surface by the action of such natural
agencies as water and wind. Wt
AL A
. Factors affecting Sozl Erosz'on
4 v e H pe

Soll erosion is greatly mﬂuenced by .
1,_ Precipitation (its mt;;x;sity and amount), .

2 The slope of l:md (its degree and Iength) o

3. The type of soil

4. The nature of ground cover and landuse
Tt ) i K AN
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1. Precipitation - . . oo

f : .

The intensity of rainfall its duration and frequency influence the yate and volume
of runoff A hight rain is eastly absorbed in the soil and causes no runoff and soil loss.
“Rainfall of long duration and greater frequency i increases both the totaf runoff and soib
'_Qﬁ__ Apan from intensity and duration of rainfall, the w is an
_/ponant vanablc If the soil 15 aiready saturated with moisture the same amoum and
mntensity of ramfnll will cause more sunoff and soxl loss than from a dgy soil.!

o e . o Al 1
in India, most of the precipitanon is. -of
~the annual rainfail of the country is rece! "’i
QL

monsoonal rainfall which comes In_10Mturms snurmeis s givany smvpeses
IS e e
eroson in the country. Areas which seceive higher rainfall and has steep slopes are
e —— . L « .
more vulnerable These mclude north eastern India, Western Ghat. regios,
A ™ © R
Qﬁoﬁxﬂagpur region, etc, o - ‘

——— . [

2 Degree and Length of slope e

The speed and the extent of runoff depends on the slope of the land. w

the slope, the greater is the veloaty of the flow of the runoff.-If- W -

mnoff water is doubled s erosive power is increased four times and the quﬂﬂ“‘y:f J
e

“the mitenal of a given size that can be casried 15 increased 32 times. In any case U

wate of erosion Increases rapidly.

3. The type of soil
. : . X ol iof jon
The type of soil, Le, its structure, texture, organic matter content, its infiltrationt
(3
capacity and permeabiluy. greatly affects the sosl Joss :md runoff. F"‘.__c_ﬁﬂ’s are mOrE
. prone 1o erosion than coarse sois.

Laterstic clays are less erodable than Dblack soids which are ' moderately to lxxsle
erodable. In arid and semu and areas mosst soils are less pmﬂc to d ﬂmon than &Y

soils. ¥

.

4. The nature of ground cover and landuse
e

WHEn raintwatar Falle me a ctrefomen Y I PO : ran thinos
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(a) the falling water 18 intercepted and it slows dowa.

S S

(b) the water qumwmmcsﬂw moves over_the surface without
. bl

any crosive velocity.
any grosy At

Arcas which are not covered by vegetation are unable to absorb water effectively

because the beaung rans shatter the ex osed soil surfnce, the fine soil particles go into

Wme thick mixture of water and soils qunckly fills and closes the tn
xnlc;:ﬂWWMﬂEL“l&—Thus, the xunoff :md soil lass, increases.

chemuon losses which has been brought nbout by mdnscnmmme deforestation to
mcc( ccmln needs ltke umber, fuelwood prolect con‘snucuon etc had a disastrous
effect on 1hc soils Once the vegetation is lost, nox only w of soil gets
last but also the soil 15 exposed to beaun, faIns, Moreover, lree crowns control and
resist. xhe velogty of winds. and thereby prolcct “the e:mh rmm wind erosion. The
dlslurbmg conscqucnccs of deforeslnuon and' deerucuon of plnm cover is very much
evident in lhc S:wahk hnlls m Hoshnrpur district, wlnch has increased the extent of

ngmde Jands by 10 umes.Qvergrazin ‘of pastures :|n1m-|ls strips of the pro!ecuve
22 1€ protecuve

cover and exposcs soils_to -a_devastating degree of erosion. Sheep and goat are
particularly nw;c_l.ﬂ_ﬁ'_'mﬁhu“desh,-nnd hxllw[:yg,r P;ndesh “The

incidence of grazing tn the Hupalayan district,of Kumagn’ and Gﬂrhyya_lx_s_Zi_lg;ﬂl

i

times higher than the ¢arrying €2 acity of the forests. Addmonnlly, pounding of hooves
priadishis =i -—L/—P-————"

of caule lead to formatton of CaﬁLe_’lﬂC_kiwhlch lnger develop into gullies and thus

imitiate erosion.
R g

5. Agriculiural Practices

Unscientific agrucullural practices ;that caust; reducticn iz pe_r_uin_’t_alh_:l and
roughness. of the soil invariably lead to gm;l_ This is because the shallow
topsoil becomes saturated with water in a shorter pericd so that surfage runoff develoss
sooner than it would, ﬂe_s_o_xl‘me;r_eimgkg:_jous which are shaflow are more g8

o

to erosion especially. if the degree of slope is hlghef.&.-s!ﬁﬁ.‘lh agnculm:ﬂ Lo

agricuitural practice thatéle_%ww_‘woy posi T
of erosion. In the mountains, ing plough fusrows in the direction of &
provision of drainage ditches, gre:u]y acceleraes ercsica. This is &% < .
large parts of Garhwal, Kumaon and Nepal
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Fig.6.3, Forms of soil érosion in India
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“Forms of Soil Erosion
H e 8) . M P -1 P S S PR .
u by A LT
A Normal or geological erosion
s e R T . .
[ N > G “ e,
. This is a normal fenlure of any, Iandscape Geologxcal erosnon takes place steadily
but slowly that :m encrmous nme is requued for 1[ to mnke :my marked alteration

.in the mn)or fe'\mre of xhe eanh s surf’\cc There xs always an equxhbnum between
the removal :md form:mon of sonl Tlns equnhbnum mzxy get dxsturbed by some
outside agency and when this happens there 1s more soil loss than can be
. rg:p}en:ilshed: o

Y I 13- L T N

2. AE&élgrét;?d :S_oil Erosg‘ov.rg,d

' .
Y B

A e
P The removal of the surface soil from areas denuded, of their,natural protecnve cover

consequent upon' human and animal interference s termed as accelerated soil

erosion. Accelerated soil erosion takes place at a faster pace than the soil is forined
.+ Ittakes about 1,000, years to bwild the top 2.5 cm. ofjthe soil but 1t only;takes one
- or two year for this soil to.get eroded. ;..

i f*“n oo y 3o whar s ol e :

3. Wind Erosion [ ORI B

'+ Wind erosion involves carrying away of-finer particles of soil. It depends largely

-+ on wind velocity;‘the amount of vegetation cover and.moisture content in the soil.
t Wind acts selectively in’ winnowingaway the particles of dust. Wind erosion is
!> doubly damaging as at one place it depletes the land of us top soil and at another
* ‘4 1t burries the crop under the heap of sand. Wind erosion 15 maximum during dust
t ‘storms. About 38 7 m.ha. of the Indian soils is affected by wind erosion, particularly,
<™+ n Rajasthan’and Gujarat region where wmd erosion 15 arded by climatic condstions

and absence of vegetation. . . . : SR .

4. Water Erosion

Water erosion has mnny; forms such as
@) Rain erosion- The falling raindrops possess consderable kinetsc energy. With
' this enefgy they loosen the soil and iiate erosion by dispersing its aggregates

and splashing them around In the absence of intercepling trees, shrubs and
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(b)

{c)

)

grasses the ramndrop erosion assumes setious propontion as, bxlﬂons and billions
of rundrops pound the soil surface and splash the p1mclcs downslopc. This
type of erosion is most pronounced where uee canopies have vnmshcd in
agncu\\um} fields which are without ¢ 1 crops and on_road cuttings. In India, itis
hnppenmg 1n Kerala,_where phnmuons of cardamom have rep]nccd the original

tropical rasn forest vegcxnuon caver, offcrs Jess resistence aga ainst beating rains,
W I

exposing the top s, A similar phcnomcnon cons«.qucm upon foss of canopy
P N SUSRIRELE

cover 1s taking pface mn North Eastern region, Chhommgpur and a!mcst
everywhere.

'

Sheet erosion- When the sainfall becomes very heavy and the soif has Jost the
capacity to absosb water, the rainwater accumulates and then flows down ia
wrregular manner carrying a thin film of soil with it, The intensity of sheet erosion
depends on the steepness of the slope and on the volume of the flowving water.
Sheet erosion denudes the soil almost umiormly making it thinner, aithough the
loss 15 imperceptible. ‘ : e

Rill erosion- Sometimes the flow gets concentrated in thin thread like channels
forming grooves called rills. Year after year, rills slowly increase not oaly the
numbers but also in their shape and size, This type of rill erosion is particularly
prevalent 1n the Chhos region of Punjab. RO T

Gully crasion- Gully erasion 15 the developed stage of nif crosion. When il
erosion. goes unhindered then the r)ls get deepened and widened every yeas
and ase enlarged to form gullies. The gullies vary in widtk and depth from fens
of centimetres to couples.of metres. They further get deepened aad widened
with every ramnfall. They may be continuous, evolving on the ground surface a$
a sesult of concentration of overland flow. They may also be discontuuovs and
pasticularly associated with subtraction concentration of flow in soil pipes
caused by local lowenng of water table. If rejuvenation has taken place they
may be tresiched.

Gully erosion is the result of many factors which include

.o ) . . PR
() the gendy sloping nature of the land,

Coned 0 "
(is) the, loamy sand the sandy loam and the sifty loam tex(ure of the 50"

e : - . oo o v ‘
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(iniintense rain in the monsoon, -7

s .

(1v)xmproper landuse by resorting overgrazmg,
: ¢ x,._w(; ..,5 YA.J L T4

(v) the biotic interference with the natural vegetative cover dnd

(v1) faulty agricultural practices.

At an advanced stage, gully erosion has given rise to gorges and canyons and
merging of gullies have led to the development of badland or ravinelands. The
best example of badiand type of topography is an exhibition by Chambal ravineland
in north eastern Madhya Pradesh and adjoining Rajasthan. Other places which have
developed characteristic of ravinelands are the valleys of Sabarmats, Mahi and Vatrak
in Gujarat and catchments of the mayurékshi, the Kangaisabau and the Gomu.

. f
TN

(e) Strip erosion- Strip erosion is usually caused by hydmuhc pressure exerted by

moisture penetrating the soil during heavy rains. Due o low permeability of soil,
the ram could percolate quite deep below the strata. Thus, a great mass of overlying
soil on steep land comes down bodxly

Streambank Erosion- Streambank erosion-is acomphished by short hull streams or
torrents which have flashy flows, swift current, ill deﬁped banks and have wide
spreading beds after emerging from hills. These streams get swollen up during rainy
season and carry huge amount of detritus of comprising boulders, shingle, sand
and silt depending upon the geology of- the terrain. The detritus material gets
déposited as the stréam emerges from the mountain.This rdises the channel of the
stream. The large amount of debris reduces the transporting capacity of the torrent
resultmg in overflows, meandering‘of the stream and bank erosion.

[N [ . £ [ ..

(8) Coastal Erosion- Coastal erosion is anotheér form of erosion caused on the sea

coast’ by constant pounding of waves:and currents: Coastal erosion is' quite
pronounced during storms and cyclones when the waves and currents both are very
U strong. Coastal erosion‘ts most pronounced }:xlongkthe western’ and eastern coast
- and especially on the coasts of Orissa, Bengal and-Kerala. The shortage of sediment
supply in therlongshore dnift caused by the entrapment of riverine sedxmem in the

waves, thus increases lhe erosive capacnly of the waves.

This is the prmcipal reason behind coastal erosion.
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The 1ntensity of the soil erosion depends on both volume and velocity of water and
there 1s a fourfold increase in the eroding ability when the velocity doubles (the
carrymng capacity increases cight times), The kinetic energy in channels may nse
up to 2,500 times greater than the kinetic energy of the sheet runoff. This is why,
the intensity of erosion 15 greatest in gullies and ravines. The universal soil loss
equation provides a measure of intensity of erosion - the amount of soil semoved
from 1ts original position

Where,

E= -Soil loss

R = Rainfall eroswvily index
K= Sou erodibility index -
= Legxgth of slope factor
B wctor

S= Steepness of slope factor < | '

!t C=  Cropping and management factor

P =. Conservation practices factor 3 o) S

Soil Erosion in India .
Soul loss 1n India 1s assuming alarming proportions. Part of the problem 15 largely
because we have about 43 per cent.of the land under culuvauon and our,population
15 increasing at a very fast speed. Soil loss leads to the loss of nutrients and tn this way
1t 15 of the order of 5 37 mullion tonnes of NPK valued at 700 crores,, Ei/ery»year in India
water erosion alone takes away more than 6,000 tonnes of top soil containing more
than 1,000 crores worth, of nutrients. The erosion causes rapid siltation of (gnkS:f’!“d
reservolrs and rivers themselves, This has many effects -While the, raising of the nver
channel ts responstble for flooding 1n, the lower reaches at the same time 1t has rquF?d
the effective hfe span of dams. The land area prone to floods has doubled from, 20
mullion hectares 1n 1971 to 45 million bectares 1n 1990. The Bhakhra, Mazrthon, ?%“Che‘-
Konar and many other dam’s hfe span h’gs been reduced to 1ts, half. The coastal line
v’""\suffers erosion durifig monsoon when the Arabian Sea 15 very rough. Of the, 560 kms,
~=tlina of Kerala about 320 kms consisting of sandy beaches 1s subjected to severe

. . o
N <
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sea erosion, Soil erosion s likely, to become only worse 1n the near future and therefore
1t calls for greater attention.

Soil Conservation - ’ PRI

Since the chief agents of soil erosion are water and wind, therefore, soil conservation
must take mto zlccount the following facts, such as

PRI [ T I i >
@) Protection of soil from thie 1npact of rain drops’ ' -

(i) To prevent ‘water from concentraung and moving down the slopes n a narrow path
o 2
(1) To slow down the water movement when it flows along the slope.

(v)To encourage water infiftration in the soil

T e N PR VPR o

(v) Reduction 1n wind velocny near the' ground e

P ‘ -
. y. H . ot '

“'Thus sevéral methods can'be resorted to for the conservation of soils. These tnclude
< o kg2 . ”~ S

- Blologxcal methods where conservation 1s achleved by the use of plant- vegetation

f ' '

cover ‘These mclude ~ [FEEE I P IR

N (R It I L VI SR Lottt

* (A) Agronomic’practices-in areas with normal f:\rmmg where vegetauon itself is

' used for soil protecnon . ' :

(B) Dry farming 1n areas where the ramnfall is slow and moderate and where normally
farming 15 not practically possible, R

(C) Agrostological method 1n areas suntable for successful growth of grasses which
.« . are used as soil binders to check soil erosjon,

' FRR . Lo, T

(1) Mechanical methods in*which conservation is achieved by_supplementing the
biological methods 'so as to increase the time of concentration of waler and to
reduce the velocity of water, s
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(1mOther methods include gully pluggmg, stream bank’ stabilisation ' and walershed
treatment . .

Biological Methods
4. Agronomic Praclices

Agronomic practices for soil and water conservation ilelp to intercept rain drops
and reduce the splash effect, help to obtain better intake of water rate by, the soil by |
imporving the content of organic matter and soil structure. They also help to retard and
reduce the surface runoff through the use of contour cultvauon, mulching, dense
growing crops, strip crobping and mixed cropping. Co

.. . . . s ' . i

1. Contour Farming

Contour farming affords the most effective method of controlling the runoff by
farming across the slopes keeping the same level as far as possible. The plough furrows ,
are of high level and hold the light rains nll they are absorbed by the soil. In case of
heavy rains, the numerous stems of a dense stand of plants obstruct the stream flow
and reaches the velociy of runoff. The ndges and rows of plants placed across the
slope, form a continual series of mymature barriers to the water moving over the soil
surface. The barners are small individually, but as they are larger in number they have
net effect 1n reducing runoff and soil erosion, and enhance plant nutrient content. In
the Nilgiri Hill, where potato cultivanon on red laterite soil caused the soil loss of 39
feet per hectare per year, restoring to simple contour farming brought down the erosion
to 15 feet per hectare per year -

2. Mulching ) e

Mulching 1s the process of placing matter on the surface of the soil m order fo
suppress the growth of weed seedlings or to reduce temperature fluctuatons at the sou
surface or to reduce evaporation and also to prevent soil from being blown or washed
away Some such materials as maize stalks, cotton stalks, tobacco stalks, potato tops, '
elc, are used as mulch (a protecuve layer 2-3 inch thick layer formed by the stubble,
1¢., the basal parts of herbaceous plants especially cereals attached to the soil after
harvest). Later on those matersals get incorporated into the soil and become humus.
Mulching is highly beneficial 1n the semi arid and dryland tracks of India.
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3. Strip Cropping ot

Strip cropping is one form of rotation. Strip cropping employs several good farming

practices including crop rotation, contour cultivation, proper tillage, stubble muliching,
cover cropping, etc. Strip cropping is of many different forms.

B. Dry Farming. - .

(a) Contour Strip Cropping. B

- Contour strip cropping is the growing of so1l exposing and erosion permutting crops
n stnps of suitable width across the slopes on contour alternating with strips of
soil-protecting and erosion resisting crops. Contour strip cropping shortens the
length of the slope, checks the movement of runoff water, helps to desiht it and
increases the absorption of rain water by soil. Moreover, the dense foliage of erosion

* resistant crops prevent the rain from beating the soil surface directly. Groundnut,
moth bean.and:horse gram are the most effictent and suitable crops for checking
erosion. c. oo T .

i . : C [ '

%+ (b) Field Strip Cropping.” = *: o I

It 15 the planting of farm crops in more or less parallel strips across fauly uniform
slopes but not on exact contours.

_.(¢), Wind Strip C_'ropping .o Lo ,

It, involves planting of tall growing crops such as jowar, bajra, maize and low
growing crops in alternately arranged straight and long but relatively narrow parallel
stnps ;across the direction of prevailing winds. I, however, does not follow the
-contours. Wind strip cropping has actually stopped the advance of the Rajasthan
desert into southern Haryana and southwestern Uttar Pradesh. Stmular attempts have
been made in the coastal belts of India by planung Palmyra, Acacia
auriculaegformis, A planifornus, that thnve under saline conditions, moist breeze
and the onslaught of tidal winds and waves.

B

o 8

Dsy farming 1s the technique of culuvation of land and those areas where the ramnfall

is meagre. Due to insufficiency of rainfall, the vegetauve cover s always small and
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himited Thus, these fields are subjected to erosion by both water and wind. The very
purpose of dry farming 1s to grow crops to restrict further erosion of soil ‘and make the
best use of such lands for agricultural production at the same time. The dry farming
techniques are directed towards the conservation of soil mosture and its timely
utdisation .

C. Agrostological Methods .

The function of grasses is not only m being legumous but also in controlling the
soil and water losses. Strips of grass in between the growing fields restrict the. flow of
water and thus control erosion. In those areas where the agricultural pracuces and
mechanical devices prove futile the best way to control erosion is to grow grass A
grassed waterway 1s constructed according to:a proper design and a vegetauve cover
is established to protect the channel section against erosion caused due to concentrated
flow In the Doon Valley under humid subtropical chmate Panicum repens was the best
suited grass Other suntable grasses were Cynodon plectostachyrus, Cynodon dactylon
and Paspalum notatum. The suitability of grass was based on the cover 1t gave, the ease
with which 1t was established and the forage 1t provided. Agrostological methods
include !

(i) Ley Farming N

It consists of growing grass in rotation with agricultural crops. It, thus, improves
the ferulity of the soil and checks soil erosion. Gumea grass (Panicum maximum)
15 an important tropical grass. It thnves well in warm moist conditions and in almost
all types of so1l except waterlogged areas. Though the potential of Guinea grass is
well known, its capacity as a bioagent for soil conservation has rarely been
exploted. The perremal grass with a deep and prolific root system can bind the

soil together, thus preventing the loss of the valuable surface soil. '

)
On slopy lands 1t adapts well with other annual crops of a muluple cropping system
in alternate rows, to accomplish this task. In high rainfall areas, where soil erosion
1s a scrious problem, Guinea grass can be used to achieve the twin objective of
fodder production and soil conservation. In slopy terrain where earthen bunds are
used to prevent soil erosion, this fodder grass can be raised on the bunds at an
interval of 20 cms., between plants, with three ships per hul. This will strengthen
the bunds.
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(ii) Retiring Lands to Grass.. = "+~ ° Lo '

If involves growng grasses on such lands where major propomon of the top soil

- has been eroded! I A T <ot

[ ¢ 1o PRI

II. Mechaviical Metbods S ol .

Mechanical methods are adopted to supplementthe agronomical practices when
these are not quite effective. Mechanical measures include basin listing, subsoiling,
contour bunding, graded bunding and bench terracing on steep slopes. Three principles
are observed in desxgnmg xhese measures to control erosion. —
veop d 3t s b o . N -

(i) Increasing the time of concentratlon and thus allowmg more runoff water to be

absorbed and held by soil. 7 . .

. . ovd il I oLt i [T 3 iy *
(¢1y) Diwding the slope into several short ones for the purpose of mminusing the velocity
of water,

(liDProtection against damage due to runoff,
“~—

A i . T PR

1.:Basin Listing - ¢+ * - ’ S ey .

sowt o | - e v .

Basin listing involves making some inferrupting basins by a basin lister. Thus method

» helps‘holding rain water and is quite effective with regird'to those sotls whicl: have
* 'somewhat greater capncuy to retain water as‘bemg placed on mild slopes (Iess than
< 2percenn). t L, . oy I

2. Subsoiling |

In subsoiling the hard and mpermeable subsoil is broken with the subsouler. This
" * operation does not involve the inversion'of the soil but-improves the physical

condmcnmes into the soil and reduces

runoff thereby minimusing soil erosion. ‘
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3. Contour Bunding (Level Terraces, Ridge type Terraces) :

Contour bunding also called level terraces or nidge type terraces consist of making
comparatively narrow based embankment at mtervals across the slope of the land
on a level that is along the contour. It is an important measure that w

and water n arid and semu and areas with_tugh infiltration and permeability.
e B P B n

o~

4. Graded Bunding or Channel Terraces :

N PR

., Graded Bunding or Channel Terraces involves making bunds. Graded bunding has
been used in areas receiving rainfall of more than 80 ¢m pe.r year irrespective of
soil texture Graded bunding may be broad based or narrow based. A broad based
graded terrace consists of a wide low embankment constructed on the lower edge
of the channel from which the soil is excavated. The excavation of the channel 15
at a switable interval on a falling contour with a sux!abwgrad& Bro:ld]
based terracing is recommended where farming 1s pracuced with tractors. . ,

5. Bench Terracing .

In bench terracing, a series of platforms are made having suitable vertical drops
along contours on suitably graded lines across the general slope of the land. Bench
terracing can be either ‘table top’ or sloping outwasd or inward, with or without 2

.@WTMS depends largely on the ramfall of the tract-poos,
medium or heavy. Bench terracing helps to retain the soil moisture, facilitates
manure and fertilizer use and also facilstates the application of irsigation whenaver
possible. Bench terracing helps to carry out ntensive farming on steeply sloping
and undulating land.

G. Contour Trenching

This method involves the excavation of trenches of suitable Jength about two feet
decp and one foot broad across the slope of the fields. The soil which is taken out
from the trenches is used m the formation of bunds along the lower edges. Tree
secdhings are planted along these wenches.
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. Other Metbods

'1 Controllz‘ng Gully Erosion

‘ . .

" Gully eroion control is essential and urgently requires to be implemented 1 India
= -

. e e ey e 1

< be effecuvel controlled by engmeenng means and by planting of trees and shrubs
ln ravines

o PR , .

i3
(,”) Enginéering memz& , ’ o ) -
Engmeermg means mvolve buddmg of small dams or plugging the gully Gully
plugs protect the gully beds by reducmg the speed of runoff water, redistributing
1, increasing its percolation,, encouragingnditions, there is wide diversity as regards
to its geological setting, physiography, climate and vegetation, therefore, 1t is silting
) and i xmprovmg soxl moisture regime for establishing a pl:mt cover. :

e BRI P . .

""" Gully plug are of various matenials, e.g , brushwood, live hedges, earth, sand bags,
bncks masonary and boulders and these have been tried in India Al types of gully
plug are effecuve enther in retainting or relardmg the runoff, The earth 1s the cheapest
and the most readily available material and it'is, therefore, easter and economical
0 construct the eacthen gully plugs. If matenial is available, boulder gully plugs are
equnlly effective, The problem wnh brushwood as gully control matertal ts that 1t
cannot survive an attack of whlte anls and‘are hkely to disintegrate within a couple
of years. The’ engineeering measures qﬁwa&wnd
w The slopes can be stabilised by soddmg with grasses like
Gencherus ciliarts Di 5 datum and Eren ipogon Fe e D b
annulatum and Cenchrus ciliaris which have been found suitable in Gujarat and
in the ravines on the bank of the Yamuna nver. Thew
by severe erosion. Within a decade, the sediment load of a major stream declined

- rom 50 tonnes per hectare per year as a result of vartous conservation measures.

+ - Efforts- made in the ravinelands of the Yamuna (southwest Uttar Pradesh), the
' Chambal (Madhya Pradesh), the Sabarmati- Saraswati (Gujarat) and the Mayuraksht

likewise paid dividends. In the Damodar catchment area the sediment yield has




190 . Soils

gone down by 50.23 per cent and in the Mahanadi (Orissa), at Hirakud, and the
Machkud by 13.11 per cent and 31.95 per cent respectively.

The best landuse of ravine lands is fo retire then{!o ~;A)ei'manenl \;eg;ti}ibﬁ
comprising grasses and trees. This type of landuse is must for, deep and narrow
gulhes. -

. “ oo
CaoL ey vy .

The natural tree species of the ravine l:md of Gujirat comprise Accacia nilom:a A

mmwbeck Aeronia elephumum
Orosopss spicigera, etc. These species make very good growth when wg and
other biottc interferences are checked. These species are_further helped by
silvicultural operations Afforestation has been quite successful in the ravines of
Gu;nr:u with spectes lxke Acacia nilotica, Euclmpms camaldulemis, E cxlr{adora
‘B bybrid, Pongamia glubra Tectona grandis, etc.

Watershed Treatment . ,
. o i
Soul loss can besl be tackled by covermg lhe wmershed wuh vegemuon mulusu’a!al
trees, shrubs and grasses. ‘The deteriorated area or threatened area is,govered with
quick growing plant species followed by deep root long maturing appropyiate tre€s to
restore the original condition. In the Chambal ravines planting of sheesham, khar
alongwith fodder grass Dicantbum annulatum has reduced the peak discharge of
runoff from 0.27 m3/sec. to 0.12 m3/sec. within 7 yéars. e
In the Ramganga catchment in the Kumaon Hnmnlaya conserv:mon measures have
reduced the sediment dxsch:uge rate from 0.18 million hectare/km2 per year in 1958- -62
to 0.14 million hectare/km.sq. per year 1 1967- 71. Walershed conservation ‘measures
likewise 1n Damodar valley in Bihar and in the Hirakud and the Machkud vnlleYs in

the Mahanad: basin have yielded drastic re§glls .-

Streambank Stabihsatzon ‘ . . .

“The channel beds.and sides can be.protected by trees and bushes on levees of
embankments. These trees can be.willows (Salix tetrasperma), napiers (Pennisium
purpureum), nara (Arundo donax): beshram (Ipomoea carned), Shamalu (Vifex
negundo), etc. - N 5.
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The channel grade is flattened to keep erosion at a minimal level. The energy of
w@zggg_lgy_m&qg,smhng basins (which serve as shock absorber) or making
the beds irregular by putting a series of drop structures with adequate aprons and
spellways: Spurs are built to keep the currents from the valley slopes and ensure stability
of the banks and embankments. These structures deflect the cusrents and reduce their
velocny t . NS

Saumg coasts and nourlshing]Lech}Les_
——— e T T

The coasts can be saved by restoring to many engineeting solutions such as building
offshore breakwaters, seawalls and' backhéads. érbxﬁes of all, have proved more
successful in arresting erosion by building beaches, although there 1s always some
erosion downrift. The groyne at Veltoor over Varkala has'successfully protected.th coast
for almost a century now but those of Cochin harbour and Moplah Bay have not yielded
the desiwed result. .t 0 L .

R I " A:»,,.‘ ’

[emes are  massive -structures generally in pairs and are constructed along the
ch:lnnels of estuanies and. lagoons:and in harbours. They not only retard erosion but
also improve nevigation by halting or minimising accumulation of sediments

. Beaches are nourished by the building of groynes and jetties and by pumping watery
sediments from the offshore belts and filling them on the downdnift sides of the groynes.
These measures have:helped to build the Parakhad beach of Kerala.

i ' e e taaa Lt .y

Controllmg Landslides fot e e

Landslides are a more serious problem in the Himalaya than elsewhere Control
methods depending on the 'kind of materials available in the area, the cause of the
problem, the type and the rate of movement of the slide. These factors vary so greatly
from slide to slide that details of remedial measures are required to be tatlored with
each slide.

fan g s . s o . o
Land Capability C‘lassy";canon
T T

It is now clear that the natural factors }nﬁnn, improper use of fand s lately

responsible for erosion and detenoranon of land, “with a consequem fail 1 land
——T

productivity. Because the factors affectmg Soil use :md erosion may vary so wxdemd
e — 1
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the combinations of factors are so_numeraus, some grouping of land according to its
capability 1s needed. This 1s the key to the problem of soil erosion, )
AL ANT T S N

P

io_r/wgmmuhs, every umt of land should be managed in ncéo}daqce with s
inherent characteristics, capability and limitations of the climate and focal hazards. The
factors which determine the land capability are the _g\;qjomil_chnmcm:jgi_cs of the land,
e g, the texture of the top soil, its effectve depth; permeability of the top soil and
subsoil and associated land features, ¢.g,, the slopes of the land; the extent of erosion;

the deg}zg of wetness and its susceptibility to oyerﬂbwing and flooding.

Soil Salinisation and alkalinisation
Distribution and Nature e

Saul salinisation and alkalinisation 1s a severe problem in the irrigated areas of the
country where drainage conditions are not very good. About 7 million hectares of land
in India are affected by soil salimisauon. They are mostly found 1n the irnigated tracts
of the Punjab, Uttar Pradesh, Haryana, Rajasthan and also in Guijarat, Maharashtra and
coastal regions. . "

Application of irngated water in areas of restricted natural dramnage or where the
water table 1s high causes waterlogging. Waterlogging causes dissolution of salts from
the soil Evaporatton of the stagnant water in the area causes a thin film of salt to be
teft Hehnd on the surface, The satine soils comain free sodivm and chiorine, but when
sodmm 10ns predommate in the soil solution with additonal presence of carbonates,
then the soils are alkahne.

Soil salimty and alkalimty has many adverse effects, such as . '
o

(a) Lowering of yields and crop failure.

(b) Limiing the choice of crops because some crops are sensive to sahnity and
alkatinty. . - . ‘

() Rendenng the qualiy of fodder poor.

(d) Creaung difficulties in building and road construction . .
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Fig.6.4. Extent of waterJogged soils in India
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(e) Causing floods due to reduced infiltration, leading to crop damage in the adjoining
areas.

Control of soil salinisation and alkalinisation

The saline and alkaline soils can be treated by restoring to five phase programme
Y i
1. Providing outlet for water to drain out excess water and lcl\\’vvér the water table. At
the same time, suplementary efforts must be made to seal all points and strips of
leakage from canals, tanks or ponds by lining them. N

Z  Mmnimuse the use of water applicaton.
3 Plantng gh_tgleram‘ggemnon such’as barley, pearlmlllet raya, cotten spmach
date palm, and certain grasses used as fodder. Crop rotaton . ‘involving
dhaincha-cofton 1 the Deccan plateau, dbaincha-rice mn Uttar Pradesh and
dhamcha rice-berseem 1, the Pumab and Haryana have been very helpfu

aa L &3

"4 Liberal app]xcauon of gypsum (which contains 70-80 per cent CaSO4 2H20) m !h&—‘
K upper 15 cms. thlck)wwmahs into soluble compounds The CaCO3
of the alkali soil can be removed by addition of sulphunc acid or acid-foiming
substances like sulphur and pyrte Also orga muuﬂuemuch.as rice_husks and
nce straw may be added to promote- -formation of mxld acid as a result of tl{x)eu
decomposition. Yl Cb, —? R0y, J/Ca\ g
(@Y 2> 7Y weaR Gp;dﬂ«f')“‘/

Salts can also be flushed by flooding the ffe]ds with excess water but'this Vfould
mnvite pmblems like downstream polluuon by hlghly saline water.

w

Soil Laterisa"tion

-
.o

Soil laterisation takes place in those region where the, Elimate 1s of alternate wet
and dry type. Dunng the rany season, the lorrennal rams leach the top soil of 1ts
nutrients and mher matersals in the lower horizon® In summer when the evaporation
15 very high all the nutrients along with fron and aluminium are drawn on the top
susface by capiilary action. This forms a very hard brick like layer. This process is
particularly prevalent in those regions where jhum cultivation is practised. Jhuming '
denudes the top layer of its vegetation cover allowing greater leaching during the rainy
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season. In the summer the top soil is baked by the blazing Sun forming laterite Thus,
these type of soils are being constantly formed in regions of shifting cultivation

Government’s effort e ‘

; - Indian Government has taken many steps for the conservation of soils. Soils and
water conservation measures have been accepted as one of the essential inputs for
increasing. agricultural producuvity in the country. These programmes were first
launched during the first plan. From the very beginning, emphasis has been on the
development of technology for problem identification, formulation and implementation
of problem oriented schemes, enactment of appropriate legislation and constitution of
policy coosdinatjon bodies. While conceptual framework of soil and water conservation
activities in the country has not changed, the content of the programme has undergone
considerable revision during successive five year plans. The main objective of the
scheme in, operation are

J
e -

1. to nunimise the process of erosion and land degradation.

2. to restore degmcjed lands.. - . )

3. .10 ensure rebunldmg of mtemnl ferulny of soxl thxough organic recycle parucularly
.. In resource poor regions.

e a

. NI . .
4. 10 ensure availability of water and soil moisture.
5. to create micro level irngation potenual through water harvesting.

6. to eniarge effective productve explostation zone'to deeper soil profile by adopting
+ a mixed and comparison farming system. “
7- to increase aggregite bjomass production.' PR
8. to generate employment lhrougﬁ continﬁous adjustments in optimum landuse
planning and to ensure collective secumy against recurring droughts and floods.
Till the end of 1995-96, an area of 3.61 mxlhon hecmre out of the total treatable
. area of 20.76 muilion hectare in the catchments ofover Vailey Project has been treated
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which comes to 15.22 per cent of the treatable area. Similarly in the case of Flood Prone
River Scheme till the end of the 1995-96, an area of 0.775 mullion hectare out of the
treatable area of 7.56 million hectare has been treated, which comes to about 10.25 per
cent of the treatable area. A Centrally sponsored scheme for recl:um:mon of alkali (usan)
soils imitiated duning the Seventh Five Year Plan 1s commumg in Hary:ma, the Punjab
and Uttar Pradesh The major components of the scheme include assured irngation
water on farm development works hike land levelling, deep ploughing, community
drainage system, application of soils amendment, organic mafure, etc, It is 50:50
funding between the Centre and the concerned state on 1dentified components, Since
the inception of the scheme, an area of 4.32 lakh'hectare of land has been reclaimed
with Central investment of Rs 59 67 crore upto 1995-96. The scheme for control of
shufting culuvation (CSC) was implemented with cent per cent special Central assistance
in the northeastern states, Andhra Pradesh and Orissa till 1990-1991 wherein 26,532
famihies were selected (out of which '18,842 families n the northeastern states) for
meeting held 1n October 1990 the scheme was transferred to'the state sector with effect
from 1991-92, 1 e, one year before the terminal year. An expenditure of Rs 61.72 crose
has been reported ull 1991-92 against a release of Rs 55.67 crore. The Plannming
Commission has approved for the revival of the scheme only for the nostheastern states
from 1994-95. An outlay of Rs 15 crore has been provided for this purpose. The Scheme
for Watershed Development Project in Shufting Cultivation Areas (WDPSCA) of North
Eastern States is 10 be implemented mn accordance with the guidelines of the ongoing
Centrally sponsored scheme for National Watershed Development Project in the Rainfed
Areas (NWDPRA). Up to 1995-96, an amount of Rs 29.24 crore has been released to the

wates undes the scheme .

s 3% Ty “ \anS-,
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Introduction o

Flood is a state of ligh water level along a river channel or on coast that leads to
mundation of land which s not normally submerged Flood is an attribute of physical
environmeng and thus is an lmportant component “of hydrological cycle of a dramnage

* basin. Flood is a naluml phenomenon in response to heavy rainfall but it becomes a
" hazard when it inflicts loss to the lives and properties of the people. ‘ :

The flood affected area increased from an annual average of 6.48 mha 1a the 1950s

to over 9 mhn in the 19705 and 1980s. This increase is definutely an indication of the

country's growing flood proneness.

The Rashtriya Barh Ayog (RBA) or Nauonal Commission on Floods, set up by the
Government 1 1976, because of the growing public.concern over mcreasing floods,
first provided staustical evidence of the problem. The commission took the maximum
area affected by floods in a stdte, in any year, as 15 flood prone area and in this way
added up the flood prone areas of all the states to get the flood prone area of the
country This method underesumates the problem because there is no guarantee that
floods in any year will affect only those areas which were affected during the maximum
flood year. Yet the comnussion found that the country’s flood prone area which had
"been estimated at about 25 mha during the 1960s went, up sharply to 34 mha by 1978

Since 10 mha had been covered by flood protection measures by then. It 1s well known
that these measures often fail dunng high floods. The ‘commission put the country’s
flood prone area at about 40 mha. This report, thus, revealed a rapid increase in flood
Proneness in ;ust over a decade Mosl of these areas (Fxg 7.1 he mn the Gangn bnsm,
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the Brahmaputra basin compnsing the Barak, the Tista, the Torsa, the Subansiri, the
Sankosh, the Jaldhaka, the Dibang, the Dihang and the Luhit; the northwestern river
basin comprising the Jhelum, the Sutlej, the Beas, the Chenab and the Ravi and the
notorious Ghaggar, the Peninsular niver basins compnsing the Tapi and the Narmada,
the Mahanads, the Baittarni, the Godavari the Knishna, the Pennar and the Kaven and
the coastal regions of Andhra Pradesh, Tamil Nadu , Orissa and Kerala. The most flood
prone basins are those of the Ganga and the Brahmaputra in Uttar Pradesh, Bibar, West
Bengal and Assam, followed by the Bauarni, the Bralimani and the.Subarnarekha basins
in Orissa, These five states are the most flood prone. But the commussion, analysing
flood damages in-the late 1970s, pointed out that during the period 1976-78, floods
were also expenenced in Andhra Pradesh, Rajasthan, Haryana and Gujarat, 1e., “in

areas not usually affected.” The share of damages of the second group went up from

around 20-25 per cent to about 50 per cent of the total. Even in the chronically flood

prone Uttar Pradesh and Bihar, the flood affected area has been increasing. :

Table 7.1: Flood prone areas of India

e [

States ) 1953-78 (mha)’  * 1953-88 (mha})

Andhra Pradesh 139 139 )

Arunachal Pradesh - 0.00

Assam . 1315 LN 3.82 oo
Bihar 4.26 Tilaze

Goa . Cleoo ]

Gujarat 1.39 . 1.39

Haryana - 235, P ' 2.35 o iy
Himachal Pradesh 0.23 - ' oser 0 P ' .
Jammu & Kashmr® © ' 0.08 T “o.51 i ) M
@ataka 0.02 0.26 B '

Kerala .. l0.87 . [o0.87 3
Madhya Pradesh 0.26 +0.26 !
Maharashtra o 023 t 0.23 ’ .
Manipur 008 L 008 ’

Meghalaya ., 1002 [ 0.10 ' . :
@ram . - i 0.00 * . : o
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Nagaland L 0.01

Onissa 1.40 1.40

Punjab 3.70 4.05

Rajasthan 3.26 3.26

Sikham - 0.02

Tamil Nadu 0.45 . 0.45

Trpura 0.33 * 0.';3

Uttar Pradesh 7.34 7.34

West Bengal 3.77 - ' 3.77

Delhi 0.07 . 0.07

Poniicheiry,and Other Uts |01+ ,~ . -"lo.os

flood Prone Area ) 34,65 S "136.66 1

Cause;s.of Flopklé

Floods result from an unfavourable combination of mé‘teérologicai and phystcal
condition of the drainage bpsin' which lead to excessive water run-off and consequent
relauve reduction in carrying capacity of channels leading to bankfull conditions. The
causative, faZ:tors, 1n recent times, have been aided and aEéenlualed by human impact

(A) METEOROLOGICAL CONDITIONS .- .

-

1. Cyclones. -- B

2. Cloud burst.

Ay

(B) PHYSICAL’CONDITION

1. Narrow outlets.

2. L:l}ge catchment areas;

- .
The various conditions responsible for floods are:

3 Lack of well developed drainage char;ne

4. Siltation and raising of channel.

5. Presence of unconsohdated sotl.
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Floods

Fig.7.1. Flood prone areas of India

Pa—

Cdmmonly ftood
affected area

Areas which can be

affected by fioods |

[} 400 km
——




India The Pbysical Aspects - ’ 201

,6. Blocking effect of landslides; -~-=)

. 7. Me:‘mdermg

(C) HUMAN IMPACT

1. Gonstruction of dams and reservonr

2. Bursting of dams ” :

3. Deforestation. PR

Meteorological Ca;l&eE:i

1. Heavy rainfall. P

Heavy incessant and prolonged r:gmf/'all:for‘long period is the basic cause of floods
because enormous amount of water ge(s collected on the surface flowing as run-off
As the volume of water increases, the niver banks are overtopped and consequently the
adjoining areas are mundated ‘Indm ns one of, [he world s wettest countries with an
annual average rainfall of 115 cms. But nearly 80 per cent is recewved from June to
September 1n all the states (except Tamil Nadu) durmg the southwest monsoons. It
usually exceeds 100 cm 1 areas east of 78° E' longnude It extends to 250 cm along the
entire west coast and Western Ghals and over most of Assnm and sub-Himalayan West
Bengal. Because of this seasonal concen!ranon of mmfall nvers remain practically dry
during simmer while in ramy season they swell, ov erﬂowmg lhexr banks

High intensity mmfa]l gwmg average annual amount of250 cms. in the plain area
and 500 cms. in the lnlly sector in Assam peuodically causes floods in the Brahmaputra
Valley. High rainfall in the Himalayas and in the plains cause disastrous floods 1n the
Himalayan rivers draming through the North Indian plains Higher magmitude of ranfall
coupled with a larger catchment area leads to a g§eqter volume of overland flow. It
must be noted, however, 'zhat although the total amount of rainfall in the catchment
has changed little in the past sevenl decades (though lhere maybe varnation in intensity
from year to year) but the sevemy of floods has S[endlly mcreased over the years.
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Floods

Fig.7.2. The impact of storms in the Himalayas

Starms responsible for major floods in central
and western Himalaya
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Fig.7.3. The impact of cloud bursts and the areas affected by i
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2. Cloudbufsts R

v ) PR .

E\cessnve ramn within a shorl ’nenod 15 called cloudburst’ Cloudbursts are very
common m the” H:mnlnynn reglon Onss1 and" central and wes!ern Indla including
Rajasthan and Gu;am! In 1979,«wnhm\:1 single day: lhere was 37 to 5Q . cm, rasnfall 1
Saurashtra. In 1979 cloudburst was responsible for breakmg of the M:lchu Dam 1
following mcessant rains-and consequently, heavy flood lower down. This rainfall was
responsible for the destruction of entire Moryi town. In 1978, a cloudburst in the Great
Himalayan Range shpped a huge amount of morainjc debris that led to dam formation
Later, when the dam burst, it catsed widespread havoc.

3. Tropzcnl Cyclones-v B ST mons

' IR LA S R T S

A ~

: Cyclones:nrc the:most- xmporlam cause of floods in-the coasml areas. Certain pauts
of-our vast coastline especially Andbra’ Pradesh and. Onss;x coast incthe east and the
Guijarat coast mn the west are: pasticularly prone to onslaugln of cyclonic storms which
ongm:ue :md develop over warm:seas.]Accompanying lhese violent storms are huge
tidal waves and intense sainfail. The tidal waves cause wxdespre:ld iundations in the
coastal belts. The heavy downpour which accompanics cyclones inevitably brings flood
mits/wake. In November1982iand sin <1983 :in. Snumshtm,, cyclones resulted 1n
overflowmng of 27 dams some by over 2my + -, -
R I Y B T T LN Lol

+ 1 'Floods due to:cyclonic storms are purely'a natural calamuty. Man has no hand 1 1t
but some precautionary measures can be taken Wthh mininuse the impact of cyclonic

SLOrMS! 4F “ w2 W¥ o vt el upe unt g, apsy oy, Lt

(IS I P A L U O P LT i PO TN S A AU

"« Whatever ‘be the cause 'of hedvy: rainfall, cloudburst and cyclones they, all lead to
flooding conditions and even if some measures by way of building of dams have heen
taken to check flooding there is every likelihood that dams will overflow and finally
burst brmging even more devnsxauon in its wake. .y T P SR ]

Pbyszcal condmons !
v PR

[URRTI

t \h'x" v I R
1.Large cmjc]nnent area , .
b T e PR
A largc catchment ared’ ccllecxs water from a’larger area xhus even if the rainfel
conditions are not fairly heavy, chances of flooding in the éonsequent stream I8 1

~
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simply because the volume of water collected from such a larger‘area becomes ve
large The catchment areas of the Ganga and the Godavari are very large and the vclume
of the water carried by these rivers is also vcry lnrge '
2. Inadequate drainage arrangement("‘{’

Even if the catchment area is quite small and the rainfall in the catchment area (s
not heavy, flood occurs because water, if 1t does not drain quickly, accumulates and
leads to flood. The inadequacy of the drainage arrangement 1s because ‘of different

LR 4 t

reasons in different regions of the country. ~ . e o

(a) 1l developed drainage channels. In the Punjab_and_Rajasthan parucularly,

the drainage channels are not well developed. Héavy spells of rainfall in these and
and semt and reglons cause flash floods as the nivers are unable to accommodate
';t-xormous volume of water in the absence of natural drainage system. Moreover,
in these regions, ﬂg_/sgﬂ__rs_]grg ly_unconsolidated and run-off ‘causes epormous
transfer of these soils. The deposited soil 1n turn chokcs;;\nd blocks the natural
drainage thus Jeading to fioods. - . . G o ot
(b) Reduced carrying capacity of rivers. The capacity of channels conveying
water 1s diminished by the accumulation.of sediments denived from severe erosion
mn the catchment areas. The deposition of the sediment on the beds restricts the
passageof the water and thus the carrying capacity of the channel 1s reduced. This
results in spreading of the flood water on the adjacent plamn. The extensive flooding
i eastern Uttar Pradesh and northern Bihar especially by the Narayani and the Kost
nvers 1s primarily due to the reduced casrying capacity of the nivers choked with
sediments which have.been denved from accelerated erosiontin the Himalayan
region and madequacy of slope in flood plains. + * ' ettt e

s r N Ceadd T e o .
(c) Blocking of natural ﬂnw by landslides. Lnndshdes caused ellher bY
earthquake or other natural and anthropogenic factors lead to impoundment of
water and a consequent raising of the water level leadjng to b’mkfull condmons lf
the ‘natusal dam’ bursts, it causes disastrous floods dowusu—efnm. Thxs normally
happens in the Himalayan region and this.is whn[ hnppened wnh the Bhngﬂ-'"h‘
niver 1n 1978 when a landslide caused a dam formation. The bursnng of this dam,
14 hours ﬁer, caused widespread havoc up to Uua)rk:lshl nvnd‘wxpevd out the hamiets
of Gangnani and Dabrani on the pilgnm route t'ol Gangotri. _ :

1-‘?7”?‘
"“f‘( bQ,cw
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() Mcandcrmg of the rivers. Sinvous and me1ndcnng course of rivers obstruct
the ndrmal ¢ dlsch.lrge of 3 \valer thus (educmg the velocny which delays the passage
of water resulting into stagnation o ‘water As a result, the meanderning loops are
flooded. This type of situation prev:uls in me lower reaches of the Ganga, the

Brahmaputra, ete.

(e) Formntmu ofsmxd bars Sand bar formzmonus a common phenomenon mn
the co1sl‘1l regions pamcuhrly near estuaries. Longihore dnﬂ/ whuch leads to
formation of sand bars, chokes the mouth of eslu:mes *and delms This impedes the
natural drainage, particularly, i umes of heavy r:unf:lll when the nver carrtes a
greater volume of water. In the delta areas of West Bengal and Onssa the problem
\hns been aggravated by the influence of sea tides whxch deposu sxu on the mouth
oE lhc:nvers and also 1n the drmnzxge chnnnels This leads'to a constant deterioration
. m thc di§ harge capacity of the r}ver i "

& N S - / ¥
Antbropogenzc Factors tmd Human Impact
Y
Floods nre nalural 'phenomem,. :md if certain me:eorologlcal and physical
’ condmons are present ﬂoods are, bound to occur. But, recent times have witnessed a
gréater incidence of ﬂoodmg [{his has been largely due to human mmpact on the
physxcal condmons The flood dnscharge of a stream depends on the amount of run-off
or the ground ﬂow of rninwaler ‘Run-off is determined by the amount of infiltration of
water which, m tum, 18 delermmed by the na(ure and extent of vegetaton, texture of
the soil and lcnglh and s(eepness of the slope. The human smpact has altered all of
these components., The most 1mpor[:lm of all js the destruction of forest cover

r’

RPN LN
[ ——
Thus wherever man has resorted 1o mdlscnmmme deforeslaucn. as mSnwnth, Lower
Himalayas, Chhot,anagpur plateau, Weslem’Ghan :md elsewhen’: ﬂoods h:we become
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tural dam and its impact upon bursting

{andshde dams usually get .
tormied on maor Himalayan: < 4.
nvers at they confisence ponts
with steep butares ‘

Dunng a heawy downpau,
even mnos inbutares can
brng enommous amaouats of
subbie {o block the fiow of
fmaor wvets A huge lake
usually gets formed behnd the
dam

** The landside dam tally b
tursts o send a flood puls
R dOWln the rwe; .
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a rule 1n the downstream areas..This is evident in Tista and Torsa m West Bengal,
Chambal,in Madhya Pradesh, Gandak in Uttar Pradesh and Kos: in Bihar, etc. In view
of the,fact that the country has lost 86 per cent of its forest cover (and Himalayan region .g
wﬁwn can be clearly understood why there has been 2 phenomenal

increase 1n the recurrence and severity of floods despite no _percepuble change 1n !he
bt
rainfall p:lucm in lhe last"century. -

ST e (SIS - "r - Vo N . %\b'\/
pabdit.a
2. Siltation - ... . o

s oh Lo, e , -

Higher surface runoff resulting from deforestation addittonally accelerates erosion
and.increases.the sediment Joad of the sirgams. Increased sediment load causes siltation
of river-beds and filling of the vallcysMil’____m:mesmeMiecreases
Lthe cross sectignal area of the valleys and hence, reduces the water accommodating
mu_y_gi_ll_ls,wwalleys, In south eastern‘Nepal:the beds of the rivers in the
‘Bhabhar belt :u'e rising at the rate of 15-30 em/yr. The bed of river Kost 1n Bihar is
now at 2 lugher level than.the flood plam. themver ﬂowmg within, considerably rased
levees. Raising of thc channef 1o a greater. or less degree has also been respoasible for
floods. in the Gangeuc plain and the Brahmaputra plain,

RV SRS} [ I [ T o

3 Faulty agricultural practzces Bt

In India, valley side slopes of the rivers are ploughed down to the channel,
transverse to the contours. This is done fo dry out the morsture which had accumulated
during the wet rabf season. After the crops are harvested, lhe ploughed { fields ase baked
by the blazing sun in the summer and the foose sonls become exuemely dry \chh the
first showers in the coming ramy season, the loose soils get saturated with water and
slump into the river bed follcwmg ‘overland flow.-The niver beds-thus get gradually
silted. Sxmullaneously, the cultivation of valley side slopes reduces the gradijent of river.
banks fmally ﬂgt[enmg the valley. As’the ﬂallenmg gradually proceeds, the water
m’deérenées dnd'the river‘takes vefy litle time in
attaining bankfull conditions. The water then spreads' over the valley sides inundatng
nl]e Icw lymg ﬂood pl:uns_. - - -

RIS L e P T Lt

Pyt

4 Faulty zrrzgatzon practzces ‘ /, o

y In the PUn[ﬂb.,HﬂfYana ﬂﬂd West‘ern Umr Pradesh lhere 15 a network of canals m
o s,
the alluvml form:mon ’l'he consmm seepage of water fmm zhe cnng)s mxses 1he W:HE\'
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' "a rule in the downstream areas. This is evident in Tista and Torsa in West Bengal,
Chambal.in: Madhya Pradesh, Gandak in Uttar Pradesh and Kost in Bihar, etc. In view .
of the fact that the country has lost 86 per cent of its forest cover (and Himalayan region
Ew@&)u can be clearly understood why there has been a phenomenal

—\mcrmsc in the recurrence and severity of floods djpue no perceptible change in the

In the recurrence and sevenity o 110ods desplie no perceptible cha
rainfall pattern n zhe last century.

2. Slltatzon PP B ! .
T S . E FEASE IO Y + ~

o nglxer surface runol'f resulting from deforeslauon nddntxonaﬂwc;glml_egggmnn
and.increases the sedimentload of the streams. Increased sediment load causes siltation
of niver beds and fithng of the valleys. This gradually raises the rniver bed and defLex,sE
Ihe cross sectional area of the valleys and hence, reduces the water accommodating

w;r_uaﬂeys, In:south eastern'Nepal. the beds.of the nvers in the
‘Bhabhar’.belt are rising at the rate of:15-30 cm/yr. The bed of river Kost 1n Bihar is
now at’a hlghcr Ievcl l}nn the flood plnm theniver flowmg within considerably raised
levees R:usmg of the chnnnel oa greater or less degree has also been responsible for
flogds 1n the Gangetic plain and the Brahmaputra plan, '

PR PRI L P T TR

3 Faulty agrwulturat practzces B
N L, . PN o
In India, valley side slopes of the- rivers are ploughed down to the channel,
transverse to the contours, This is done to dry out the moisture which had accumulated
during the wet rabi season. After the crops are harvested the ploughed fields are baked
by the blazing sun in the summer and the loose soxls become exlremely dry. th the
first showers n the coming ramny season, the loose soils get saturated with water and
s‘lump‘mfo the river bed ,follow;ng’ verland flow.  The fiver beds zhus get gradually
silfed, Sxmultaneously, the ‘cultivation of v:llley side s)opes redul
0(, bank's’ fmally flattening the’ valley “As he flattening gradulally* proceeds, the watef
accommodating capacity of the river decreases and'the river takes very lutle time 'in
attamning bankfull condntions. The water then spreads over the valley sides inundatung
the low lymng flood plains. -
L T wtoat

coe s AL e

R N (RIS N P e T
4. Faulty irr,igation Practices, | i
T *‘ s " Tt d ‘Z' N

. In the Pun)ab Hatyana :md wes&em Ukur Pmdesh ‘here 1 a ne(work of mnals in
v

L
lhe :llluvml fcrmanon The conslam seepage of w:uer l’rom lhe cnnals rms)es ‘the waler
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table n the adjosmng areas. With further application of water for irrigation, in lhei? i
. regrons of mnadequate drainage a condition of waterlogging -anses. Under these i
conditions, even if ramnfall 1s not so heavy, the entire ranfall flows as surface runoff >
because the ground does not absotb the water, bringing floods.

5. Increasing urbanisation ’ s B

and magmmde of floods The construction of roads, binlding, pavements, etc., reduces
the nfiltranon capacity and increases the surface runoff. The increased surface runoff
finds #ts way through the drains o the nearby stream locally sncreasing the volume
and magnnude of floods. Additionally; Urbanisation’ has also led'to siltation of river
beds caused by dumptng of gasbage from the nearby centres, extension of seulement
in the low Jying areas, filling up of nallas (urban drains), construction of bridges, roads, _
embankments, etc Consequently the drainage capacity of the river has been feduced:
Wakea MWM %%‘MW o
Although the causes of floods are many and each individual cause may bring about
flood, floods actually result from a combination of these: causes, For example, {wo. )
fg-_:ftgs namely, heavy precipitation and deforestatiop:have been the most important
causes of floods and although there has notbeen a chamrml pasteis),
deforestation has mereased surface runoff and consequently incidence of ‘floods An
attempt (o sntegrate the vanous factors has been made i Fig 7.5. i o X

lncreasmg urbanisation helps to increase the surface runoff and thus the “dimension

Consequences of Floods -+ - - o

T

Floods are gradually becoming more and more dnmagmg as (hey appear wuh an
increased frequency, intensity and magnnude The most xmpormm mzpact of ﬂoods i$ .
the loss of hfe and property. Indirect, losses resulr from the breakdown of the,
communication, disruption of ail and thd tmfﬂc 'md ozher essenml serwcr:s whase
Tesloration may cost crores of rupees.

\ T .

The impact of flood was not, perhaps felt to the same extont 1n the past as it 15
bewng felt now because earlier osly fewer people lived on the land and (‘t}eryc; was na
such prokferauion of industrial actwvity and “ather *orks. No i “an “mcrease in
mﬂ‘l‘ﬁ areas close 1o the river have also become Labitated. The prmC!ple where
X river bas the right of way stay out of its way s 0ot followed by the P‘w!”‘3 who
have hule option i seuing themselves or locating Tadustial Projecis. 15 Floods Have
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: Fig.7.5. A model of flood
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Table 7.3 Trend in Flood Damages (Decadewise)
De- Area  |Populat Ijamage érops Damagd houses |Cattle Human [Pubhc [Total
sade ion to sto Nos lives Unilities | Damage
Years o ' . ‘ . " B s

(m.ha); (million)Area  |Value' |Nos value *[(lakh} ‘|{Nos.) |{Rs.crs)|(Rs crs)
{m.ha.) |(Rs.ces) | (takhs) (Rsc(s)

SR g 1. | oy

5160 |6.61 |14t |195 ‘|das7 |eo2  [ads P {034 |439 (632 |e0.34

6170 |5.62. |17.41 |260, |106.28 [6.00 ..|18.10 Jos0  [944. |19.98 [138.38

71-80 '19.83 45.53 «{5.02* [440.00 {16.52 |104.00 {1.91 2559 |195.92 [740.00

81.90" [9.44 5053 4.73 11280qw.96‘ 375.00[1.21  [1965 {1.099.0/2.636.0
o tar B PP "o AN « 6 0

-
Aver” (814 [33.00 '[370  |4s0.00 [1200 |13400 (101 [1523 [356.00 [950.00
age . EER L . .. o] e .- e ’

Control ‘dhd Man‘cig'ém‘ent?of Floods -
. [ s I '

The management of ﬂoods xmplxes not lemng the excess runoff water ﬂow suddenly
and intensely 1n the dramage network. The various ways in which this can be done by-
Reduction 1n Runoff, reduction of water volume and flood peaks, and by reduction of
flood level =, .~ » o W), w A .

. ) « f

I

R f L “ > LI : ‘

o' .iThese can be further augmented by (i) Protection agamnst mund:mon (1i) Flood
plzun 1 zoning (i) Flood forcc:lslmg. S, Sathn L te ot -
T EVE U AT S ,
1 Reductzon ofrunoﬂ‘ R R .

The most effecuve way of flood management 1s the reduction of runoff by inducing
uto the ground in the catchment area, This can be done by

ST .
L mh trees that generate larger amounts' of litter, The dense
o o N manyways- Polan e LT L (A I

o e U U T .

N Nt i 2 . " - b =
('1) The canopy mtercepls the fallmg mmdrops whlle the roots, tlgaﬂmer and humus
F P
o2
hold water; [ Fas . <
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(b) Togcmcr these cncoumgc mhllr:mun angd rediee funoty;
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.wcomnmd.xung CIpacity of the fiverg,
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f flogg Water ;5 elameq behing the dam, 5 large, pPart ;5 alloweg ‘o flow down the

(U&;bﬂnnel Under €ontrojjeq “onditons, India fia4 taken g5 approach fo, the conyroy of

(4 foads, the mos, notapy effore of which 5 the Project on The Damoda, n'v?r vall'l’tzs!
o. g M on Panchcl, Kona, and Tilajya and Atyar, dan1§:,ﬁgtve‘t§q 2

135S not ¢, ed the ﬂoodmg probjep, becayse most of lhmdﬂms_gm
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”]\,\..;.] At Wnd AlGam  gryite  uogd e
“The construction of numerous smnllcr d;\ms on lrxbut’lry streams would check flood \—
R atlobbiidludtio by el vdans
flows from the sub basin and consndenb\y minimise or even abolish flood hazards in
the basin of the main river. Pon&i, tanks and surface storage structures also check (3}
floods and at'the same time_also harvest water for dry seasons. A larger number of
p—— e e e e N N
ponds and smaller basins prevent the necd for it larger one 1in one place. Other er type
of dLlcnuon basins mcludc natural depressions such as m1rshcs in the plins and o old
e T

o]
1

qu1mcs sand mines, N

(3) Reducing flood /levéls:.

The flood levels can be reduced in various ways- )(LQ/;A Ld'e

" (a) Stream cbnmwlisnuon. A nelwork of c'mals toa large extenl reduces lhe
flood hazards but it is not a commonlx adopted or ccegted measuré. The ‘canals
fuoodutintivoissisiabhu o)
serve as temporary storage and holds watér as the flood waves moves downstream.

In this way, the severity of the flood is reduced. o

(b) Channel improuement. Chnnn(ﬂ 1mprovemenl by deepening, widening,
sxralghu,nmg, lmm}, and clennng out of vegetation and debris increases the flood
conveyance capacity of the nvers. Channel improvement is necessanly
supplemented by bank stabilisation. through construction of ripraps, dykes or spurs
’ 1ndw the embankmems One of the most efficient way
of channel improvement 1s straightening’ of the ‘meanders (Fig7 6).

_g 7.6. Flood Management through channel :mprovement
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- the sand dunes. In this way, discharge of water in the Ghaggar'niver during flood
" siages i Kept witliin safe himits: N

oo, e . S cears

C 4) Protectzon against Immdat;on o '

\

FNTEN ). '
One way to comro, ﬂood and to

prolect the area ag11nst mundanon 1s by
construcuon of emb:ml\mems to keep the
water from ﬂowmg into inhabited or
cropped areas. The buiding of
embankments is the most widely adopted ,
flood manngemenl pracuce i Indm .
Belween 1954, and L1979, 12, 265 kms '
aggregate length of emb:mkmems were IR
cons(ruc&ed 246 kms on xhe banks of the Gy
Kosn 249 Kms. along the Bngmau, 208, ON inbeted s of i
Mahananda,and 317 kms nlong Burhx _—
Gandak in Northern Blhar alone Besndes. ’
embankments have aIso been consu-ucted -
on the Brahmaputra and also on the Ganga,
and zhe ‘Yamuna to save the citis of Delhy,
Allahabad Lucknow, Pama etc (Flg7 7.

vy

Voo e Vo,

Embankmem.s ns» a ﬂood comrol |
meagpgp,,:‘howexer . ..have severe
limstations, specrally when, construgcted to,
control, rivers bringing large loads of sxlls
(Fig. 7.8),

.oy

+ (1) In fact, they are not so_ much a
.. method of flood control as ﬂood
transfer. In other. words, walls (::mF
. be, raised to provxde protection to

7.7. Flood Protection embankments in India

an area winch because of popul.’mon densny or olher faclors need more
protection but then some other areas will most probably have to face the
e N
.« diverted flood. | . .
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I3

(1) By constricung the river’s natural flood plamns, embankments lead to a dangerous

aw

Gv) Someumes the villages are ‘caught wuhm the emb:mkmem‘:md hzve to benr the

build up of huigh Mood levels within the embankment area. At thelsame time
they tend to engender a false sense of security i the people inhabiting the
surrounding flood plains. Thus, mn case Qf: a br?gl‘cl{,‘ }hq f:lood yaler’s.‘lize‘m‘lly
cascade upon the surrounding countryside adding considerably to the
magnitude and reach of their devastating potential (Fig.7.10). The damage
caused by a breached embankment is always gremer. Breaches may also be
caused deliberately either by the people inhabiting the unprotected aréas or by
those 1n the trapped areas for whom the embankmen!s have any way brough!

PR P

nothing other than mxsery
Lt K [ -
3 i

(ui) By confining the, ﬂood watsrs to the river charinel 4nd a small part of thé flood

plains, emb:mkments, in c:lse of a nver whose bed is nsmg, force the sediment
load, which would earher have been deposncd over a much wider hrea of the
flood plains, to be deposited within lhe embanked area, Thls results 1n higher
flood levels, and may ‘also lead to a breach in (he emb:mkmem “Thus 0 give
the level of protection’ imually envisaged,’ progxesswe rassing 'of the
embankment becomes inevitable. A vicious race then’ commences between !he

nise of the niver bed and the raising of the’ embankment

full fury of concemmted flood within a smaller area’’ e !
~ ¢ AR A PREREIN 4 '
- L S

) Embankments may obstruct the normal dramage of water lowards the nver
i

leadxng toa ioca\ flood situation The construction of the embnnkmems gts off
the natural dramage fromthe flood pro[ec!ed areas into the’ mver except through
predetermined drnmnge sluices provided in''the’ emb:mkmen! The capacity of
the arttficial dramage sluice’s 1s never equal 10 ll)e prevmus waterways ‘available
for natural dramage into the niver. The problem of drainage congesnon.
therefore, gets’ aggr:wated 1 the flood prolected area (Fig. 7. 11) The Rashtriya
Barh Ayog (RBA) report states, “Embankmcms are not'a feasnble ‘measure of
flood protection in cases where the counlry runoff dmmmg into lhc river 1s SO
' large as 1o jnundaté appreciauvely the area’ protecmd by the embankmeénts from
tiver spills, during periods when the niver is runming at high flood stages.
- . P \ -

Dr1mage congestion becomes still more acute in cases where tnbutaries join
the main siver along which embankments have been provided. Tnbutasies with
large catchment areas may carry considerable discharges, which are difficult to
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W o7t Fig.7.9—7.11. Ecological and social impact of embank
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accommodate in sluices. In such conditions, cngineers usually respond with
sympathetic or back embankments along the tributary so that the flood water
of the main nver cannot inundate the countryside by fowing up the tnbutary
and spilling along its bank. But at the junction of the back embankment and
the main embankment - particularly the upstream junction - drainage congestion
becomes an :lculc‘problcm. Huge quantities of water can collect at such
junctions. ‘
(v \Vnhm the embankments, the condution of w1lulogg,mg leads to many diseases
“such s malaria and kalazaar.
—

Thus, although embankmerits do_help to_control flood they m:z‘a( the same

i Q 2 i een
u(me,JeldA to_flood for_various reasons outlined above. Thus it _has b

reconumended that the location of and spacing between embankments should
“be as far as passible, be in conformity with design sequitements so_that the

—
. i i . same

danger of erosion and breaches is minimised as much as possible. At the sam

ume, embankments must be placed.too close to the river banks in order o

protect as many villages villages as possible. This also necessi funther anti erosion
works which are expen: expensive but at the same time q__nny,gunmmmpmmmnl
e ——

safety.

—

Jhe structural measures like em@!ﬂems dams and deai ln_gc_gll:_lgnels rarely

rovide total protection against floods. Despite. this, flood control measures have ar_dy
ZE3RLa NS, HoOC contro’ o
one be onstruction of dams and embankments. Between 1954 and 1978,

10,821 kms. long embankment had been buslt. By March 1987, tlus figure had gone up
to 14,511 kms. (see Table 7.4). Numerous rivers have had long stretches embanked on
both banks. And despite all the warnings of the various commuttees, the rate of building
over 400 kms. of embankments annually had been kept up since 1954 '

By the mid-1970s, a north Bihar niver like lhe Burhi Gandak h:ld 317 kms. long
embankmems on 1ts left bank and 312 kms. on its right bank; the Kosi had a total fength
of embnnkmenls of 246 kms. and the Bagmati had some 333 Ktis: By 1987, 4,448 kms.
long embankrents had been built in the Brahmaputra and the Barak valleys of Assam.
Some 459 towns and 4,701 villages had been protécted across the country and 28, 036
kms. of drainage channels were constructed. Overall; a total area of 13.37 mha had
been protected as compared to 9.99 mha 1n 1978 and about 3 mha when the British
left. Meanwhle, the total expenditure on flood contro} mcreased from Rs 13.2 crofe in
the First plan (1951-56 to Rs 786.8 crore in the Sixth Plan (1980-85 and an outlay of Rs
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947.4 crore in the Seventh Plan (1985- -90). Flood control outlays have generally
fluctuated between 0.64 and 1.08 per cent of the total five year plan outlay.

. In addition, the Govemmem has spent vast sums on, constructing dams. By 1986,
ZSWS m and above) had been built, and 154 more were
under construction. Only about 30 odd dams had been completed in the Indo-Gangetic
and the Brahmaputra valleys the most flood prone regions. Another 15-odd major dams
were under conslrucuon in these areas.. Accordmg to an extensive report on ‘Non
Structural Aspects of Flood Managemcm in India’ prepared by Indian Nauonal
Committee on Irnigation and Drainage (INCID) in 1993, it was both technically and
economically 1mbossnble to provide protection to all flood prone areas through
structural measures due to resource constraints,_The INCID document has stressed the

need to keep people away from floods, and not try to keep flood waters awaxﬁo_n}

Eeople. Flood Plain Zoning (FPZ) being tried out in recent years was one sure‘way of
_ ' g

© " Table 7.4 Length of embank t

- H -

States C Length of ' ) Area protected
. R embankments . " .~
- From 1954 to 1978 Up to March 1987 upto March 1987
. |{kms.) (kms.) ., o o |{mha)
Andhra Pradesh 405 507 1.00
Assam Cofatas 07T laaas L 156
Bihar .. < j2355 - < .-|2756 . - . |1.87
Goa, Daman and Diu” |7 Ho g - A
Gujarat- 208 408 ' 0.43 -
Haryana : : (396 - . 578 o 1.70
Himachal Pradesh ' [2' ' b fggt . 0.01
Jammu & Kashmir - o N ' 0.06
Karnataka - - S Neg
Kerala R V7 =7 {gp - - 0.03 ° -
Madhya Pradesh |- o ’ 13 ’ v Neg
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Maharashira ' 26 26 Neg

Manipur 127 279 0.08

Meghalaya 45 106 0.09

Orissa 370 * [1o07 0.46 '
Pumab 821 1047 2,66

Rajasthan 82 41 0.04

Siklaim ’ - - :

Tamit Nadu - 35 0.08

Tnpura 139 114 . 0.03

Uttar Pradesh 1174 1711 142

West Bengal 515 974 1.75 ]
Deitn 60 83 0.08 ) ]
Pondicherry - R (T ' 0.01

F———

All Indra 10821 Seq. 14511 13.36 ]

Note 1 Area gronecied by all ruessures, Dharg rind e Chanels and peotecton of lowns adidies.
Neta, 2 A adiibona 6,000 kms. of exackirents 2 been buid belort 1554 FEA)

PR i N
5. Flood plain zoning <
FPZ requures information on flood plains, particulasly the identification of floodways
in relation 10 land use. In flood plain zoﬁing, detailed maps of Nood prone areas ar¢
prepared after studying flood cycles. Some areas are more prone to flooding and 0
some areas the frequency of flood 1s quite hlgh These zones are identified and
demarcated and necessary control'1s exercised regarding l:md use (Fig 7.12)." N

oo

Recourse is taken to leglsl:mve measures o restrict engmcenng, mdustnal :md
€conomic activities in [hese zones. TheSc mclude not permmmg conslrucuon of
building or industrial unts (if they are not at a desired level), acquisition of vulnerable
land by the Government for developing it into a greenbelt, wildlife sanctuaty, €tc-
Alternauvely, the development nght of flood prone areas are bought by the Government
although the ongmal owner may retam 1t as a farm but may n{n Use it for resxdenlml
©f commercial purposes If any individual tries to develop this ]:md it wnll be wx(hout
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S oo, HRZ.12. A sch ic diagram of flood plain zoning
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any help from the Government and no civic services such as telephones, water and
electricity supplies, insurance, etc. will be provided.

Recognising the importance of FPZ as an cffective means of flood control, the
Central Flood Control Board mooted the idea in 1957 to demarcate flood zones to
prevent indiscrimimate settlement in flood plains. In 1975 a model FPZ bill was
circulated by the Centre to the States for an easly enactment on these lines. The
provisions of the bill were :

() flood zoning authority; N
(b) delineation of flood plain;

(<) notification of lvimus '?f flood plains;
(@) restrictions on use of flood plains; - L T . '

(e) compensation; and A

(F) power to remove constructions after prohibition.
However, the response- from the State Governments, except Manipur, is not
_. - e s
encouraging. The State Governments are being continually requested to give senous
consideration of zoning of the flood plains and their development in a regulated manner
through admunistrative measures pending enactment of suitable legislauon.

6. Flood Foiecasting_

Regar_ding flood control, advance information about flood also plays a key role.
Losses due to fload, especially of human life and livestock, can be considerably reduced
by flood forecasting and early warning to the affected areas. Normally a flood peak
takes a few hours to few days to pass from a point upstream to a point downstream |
along a niver. So, 1f the water level is constantly monitored, it 1s possible to 1ssue forecast
of floods downsueam well in advance for the local authorities to take precautionary

steps 1o minimise the loss of life and property. Flood forecasung 15 the most effecuve
way of flood management.



India The Pbysical Aspects

’

The Central Water Commission (CWC) is. entrusted with the task of forecasting
floods. It has a network of .157 forecast stations in 11 floodprone statesand 2 Union
territories. Bihar has the largest number.of flood forecasting stations. The network uses
INSAT extensively for monitoring and .transmiting data. In 1992, the accuracy of
farecasts was 96%.

i By A "

7.°'Water Diversion * oot

The Govérnment has'also toyed with the idea of diverting excess water from flooded
rivers 10 perennially’ drought hit areas. The national-perspective for water resource
development has envisaged linKing of the Himalayan‘nivers to those in the Peninsular
India: A National Water Developmém Agency was set up in 1982 for this purpose. The
plan has proposed 36 river water transfer links. Prelminary studies’on 12 of these have

been comp\elcd More programmes will be taken up i the 9th plan ~
o /e;,;_(fw‘\ﬁm o W!~W
Flood Management Programme in ﬁzdm

. f . v K >

The practice of building ﬂood protection emb:mkmems along rivers was an ancient
onein the Godavari, the Krishna and the Cauvery deltas and m the Indo-Gangeuc

plains. - However, nationwide.: flood . protection programmes began only after
mdependence. [ N T

. H ~. L T T [

When the British left, there were some 5,280 kms. ‘of embankmems along dlfferenl
rivers, of which 3,500 kms, were in the Sundarbans in West Bengal and 1,209 kms.
along the Mahanadi' i Orissa, providing.protection to a total of about 3 mha. Not
enough attention had been paid to flood control measures by the colonial rulers.
Committees were appornted from tume to time 1, Assz{m (1929, 1934 and 1947), Bihar
(1926) and West Bengal (1922), but their recommendauons were rarely implemented.
Invesugations camed out by these commmees also suffered from a shortage of
informauon regarding the behavxour of nvers4 T

The First Plan which began mn 1951, decnded to move away from embankments and
put mose fauth i large dains to store flood waters. The plan document stated that “the
construction of large dams to store these flood waters 1s the most effective way of
prevenung flood damage.” Dams were conceived on the.flood prone fivers of the
Damodar, the Mahanadi and the Kosi. But even before the plan was half aver, the idea
of dam on the Kosi at Barahshetra in Nepal had to be shelved. The Nepalese
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Government remamed lukewarm towards the project. The proposed sitg was also
located too close to the epicentre of an earlier major casthquake. As a result, stress
once again shifted to embankments, especially in north Bihar, while dams were
constructed on the Damodar and the Mahanadi. . '

In 1954, came a spate of severe floods - one of the worst in the country. All northern
nvers flooded simultaneously and led 1o enormous devastation across Uttar Pradesh,
Bihar, West Bengal and Assam The severe floods attracted public attention to the
inadequacy of flood control measures. After the unprecedented floods of 1954, flood
management works were taken up in a planned manner by the State Governments. The
main thrust of managing floods in different river basins was to modify the floods 1owards
specific structural measures such as reservoirs, embankments, channel improvement,
town protection and nver traming works. From 1951 to 1992, the main Nlood
management works constructed are: (1) embankments 15,800 kins.; (1) dramage
improvement 32,000 kms ; and (in) protection to 850 towns (Table 7.5). These measures
have provided a reasonable degree of protection to an area of 11 million ha. The cost
of these works is ‘about Rs 31,500 millions. Though the- expt,ndnurc on-flood
management works during the earlier pl:ms was not much but the same was ncreased
substantially during the Sixth and the Seventh Plan (1980-85 and 1985-90). ,

In spite of substanually increased outlays the Jlood damages contnued to show
increasing trend dunng the eighties (Table 7.6). The main reason for this,as could be
idenufied was heavy encroachment of and unregulated development in flood plaws in
floodprone States and 2 Union.Territores . v

Table 7.5: Flood Manag t Works Executed up to March 1991 . .

Embankment (km.) 15764
Drainage Channels (kms) 31888
Twon Prctect;d {Nos.) 857
Village Raised (Nos.) 4705

. Area Benefited {M Ha)) 14.08 '
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Table

d Area benefited

Penod Total expenditure (Rs.-|Area protected (M [
million} Ha.)
Plan ) Cumulative
U] @ . 3) (4)
I Plan {1954-56) 132.1 1.00 1.00
It Plan (1956-61) 480.6 2.24 3.24
11 Plan (1961-66) 820.9 2.19 5.43
Annual Plan (1966-69) [419.6 0407 5.83 !
1V Plan (1969.74) 1620.4 Poeo 2210 8.04 , .
\/P(anAd1974-78) 2986.0 SR R % U 998 '
Annual Plans (78-80) |3299.6 1.23 11.21
Vi Plan (1980-85) 7868.5 1.80 13.01
VIt Plan (1985-90) 9494.5 0.79 ~[13.80
Annual Plan (90-91) |1978.8 0.28 1408
During (1954.91) 29101.0 _Juwes

Table 7.7: Statewise detail of the funds allocated under state plan during
1993-94 and 1994-95, in Rs. Crore.

State 1993-94 ' 1995-96
Andhra Pradesh 62.7 55.2
Bihar 27.0 ' 44.7
West Bengal 15.0 360
n —1
Assam 15.0 19.8
Punjab 11.24 15.7
Kerala 13.0 15.0
Karnataka 10.0 124
Delhi 10.0 <1120
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8.8 ‘ 10.1

Haryana 8.9 9.1

Uttar Pradesh 9.0 8.0

Onssa 5.0

Rajasthan 5.8
B i S D LI bR e
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.. DROUGHT

" Introduction

’

v e T O Y [

Drought,refers to a situation when raipfall fails in general and the ground water
water loses _its; potentality. affecing the biotic ' Iife adversely. Drought is a relative
phenomenon in the sense that the,amount; of moisture available is not that important

to life as 1ts effecuveness.

" Drought 1s bas.xcally.a distress situation caused.by lack of ranfall. The failure of
rains may be reviewed from two aspects. Firstly, the rainfall may be insufficient, but
secondly, it may be sufficient for the region as a whole but with a wide gap, separating
tWo or more spells of rain. Thus the quantum as well as the ume of the rainfall both
are important. In other words, drought is a relative phenomenon. Therefore the amount
of rainfall 1s not that important as is its effectiveness

Drought: Type and distribution :

A distress situation caused by lack of water, falls in three categonies of drought,
dependmg on,meteorological, hynjrologxcnl and I:(xgricullurn‘l aspects. In general terms,
We talk about meteorological drought. A meteorological drought is a situation when
the actual rainfall is significantly less than the climatologically expected rainfall over a
wide area. But all observed drought is not meteorological drought. There are, however
other forms of drought known byAll'ueég‘ifferem names - hydrological drought, surface
Water drought, ground water water drought and .;Agncultuml or soil water drought.
Hydrological drought is associated with the drying up of surface water such as nvers
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streams, lakes and reservours, in which case it is known as surface water drought and
fall 1n ground water levels, 1 which case it is known as ground water drought.
Hydrological drought occurs when meteorological drought is sufficiently prolonged.
Agricultural drought or soil water drought occurs when soils loose their effective
moisture conserving capacity through a complex of diverse processes and consequently
leads to land andisation: Agriculiural drought m1y not exist even when meteorological
drought exists and vice-versa.

Meteorological drought - - - P
LT, i L. Voo PN
The special situation 1n which the rains do not arrive in time or in adequate quantity
1s called meteorological drought.

. .
As has been pomted above it is the effectiveness of the fain%n'll r\a“th‘e} than its
quantity that 1s more important The average rainfall i India 1s 105 cm. and it 15
considered to be the largest anywhere i the world for the country of comparable size,
but it fluctuates widely. It is either'delayed orlit ends earlier ‘or in between there ar¢
long breaks or the rainfall 1s concentrated 'in just one part and is complelely absent n
another. © o .

Various Governmental agenues have ‘devised ways to delineate. drought prone
areas e} . v P L

. " . R . I8 '

On the basis of coefficient of variation C
o 1 N N ‘ '
The coefficient of variation 1s measured thus*

St i st LR ~e
Cc= andard—deviation x 100, - AR P
mean

The coefficient of v‘m.umn varies from 15 10 30 per cenl sn India. So there are areds
of hugher varubility and areas of lower v.irubxln!y Lo\vr:r !he variability hlbh‘-" is the

relubility and vice versa, e AU .

The ln;,hly un.xbk_ rainfall areas Jn, Rulxsthnn Gulaml and K:xchchh where
vanahility is fmm 50 1o 80 percent. Other .ne.ns where lhe wrublluy Is (rom 30 to 50

. 3

v Tt ,;»1«,
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percent include the mterior, of the Peninsula to lee of Sahayadris or Western Ghat (Fig
4.19).

The Indian Meteorological Departinent (IMD) approach

The Indian Meteorological Department uses two measures - the first descrbes
rainfall conditions while the second represents drought severity Rawmnfall conditions are
defined as follows:

Excess +20 per cent or more of the average of 70-160 years
) o R
Normal +19 per cent to -19 per cent of the averige of 70-100 years
e Ty

Y

Deﬂcnem r..:20 per qenl to -59 per Cen[ of the 1vemge of 70-100 years

\\ SRR R :
Sc:mty . -60 per cent cr less o[ the -wenge of 7()-100 years .
o f~1/~ N

R S, -
The' precnplmnon 15 expressed ona weekly and momhly basis. Drought is descnbed
as moderate ‘or sew ere if the seasonal rdinfall (southwesl monsoon) dcfxcnency 15 26-50
Per cent or more than 50 per cent of the normal respecnvely The cntena used by the
Indian Meteorological Dep.lrtmem is the most accepted measure of drough! prncipaily
because of its sumplicity Other 5 measures of drought lmve been proposcd Subramanyam
(1964), for example, defined drought intensities usmg st:mdard devx:mon of the andity
- index, while Krishnan and Thanvi (1971) used the :mdny mde‘c cflhe I\h'lnf’monsoon
season) cropping season to describe the drought mtensity. A droughl prone area 1s
defined as one in which the probability of a drought year is greater., than 20 per cent
A chronic drought prone area is one in which the prob:blhty ofn droughl year is greater
than 40 per-cent A df;::gT\l year.occurs when less ihan 75 per cent of the “normal”
rainfall is received. Thus the’ droughx area and the chromc dmught affected areas are-

(a) Drought ajfected areas I, .

1. Gujarat, R'qaslhan :md ad]ommg parts of the Punmb H:uy‘lm, west Uttar Pradesh
and west Madhya Pradesh, >
Madhya Maharashtra, interior Karnataka, Rayal. , south Tel and parts of

Tamul Nadu,



Droug

230

Fig.8.1, Drought prone areas of India
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3. Small portion of north-west Bihar and adjoining east Uttar Pradesh, south-west Bihar
mncluding Palamau and Garhwa district.

L, B ' ™

4 Small portion of north-east Blhar and adjoining portion of West Bengal.

(b) Chronically drought affected areas
Mioo

This includes western part of Rajasthan andtKachchh

[Eadi]

NN

*Thus the three drought areas (fig 8.2) are: 2B {

T )

(1) The track comprising the desert and semi-and region of India in 3 rectangularTofm **
- running from Ahmedabad'to Kanpur and-from Kanpur to Jalandhar compristig an

area of about 0.6 mlllion sq. km.

[¢3) The track compnsmg the regions lymg in lhe lee of Sahayadns comprising an area

- of about 0.37 million sq. km. -

ST T T
(3) Pockets of drought which comprises Thirunelveli and Coimbatore districts of Tamil

Nadu, Saurashtra and Kachchh region, Purulia district of West Bengal and Kalahandj

< region of Orissa compriging 0.1 million s5q.-km. Thus the total area affected by
' inadequate raiifall is over 1 million sq. km. '

The rainfall criterion 'described above 1s useful for a continuous monitoring of the
monsoon season. The sum of the season’s ranfall becomes the basis for describing a
region under moderate or severe drought. When more than 50 per cent of the area in
the country is under moderate or severe drought, the country is descrbed as severely
affected by drought; and when the affected area is 26-50 per cent of the country, it is
described as an incidence of modesate drought. . ~

. EO o b -

It is seen that most of the areas susceptible to drought fall between arid and
semj-arid zones of the country and chronically affected drought areas are tdentified
with extreme arid conditions. However, droughts may occur outside this zone in areas
iike Vindhyan Maharashtra, Chhattisgarh in Madhya Pradesh aitd some areas in the east
in subhumid regions. '

There are six major causes of drought as far as rainfall is concerned
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(1) Late onset and early withdrawal of monsoons . ’

" [ 23

(2) Lean ramfall due to absence of depressions (low pressure system) passing over
Inda . ! . R o b

(3) Prolonged breaks in monsoon rainfall . >, .
(4) Re-establishment of southern branch of jet stream "

(5) Upwelling of cool water over the Arabjan Sea and extension of cool Somali currents
over the Arabian Sea
' vou e ' "

(6) The movement of monsoon trough closer lo the Hmml:l);an zone (sve Chapter-2,
Clhimnate). s . ‘

It 1s not known clearly as 10 _what causes late onset and early withdrawal. The

—
physical mechanism which leads to this meteorological situation 1s pot fully understood.
t leads

With more information on cloud structure in the near future, the conditions tha
ta the late or an early onset of monsoon can be known., + . .« .. PR
. i o N

~  The absence of depressions and low:pressure systems passing over India ts actually
assoctated with the global weather systems. The southern oscillation is one,such
meteorological system that affects the generation of these depressions. The low pressure
system which domunates the area around Tahiti-in central-Pacific and assqcrated, ugh
pressure over Indonesian and southeast region naturally,prevents the formation of
cyclones (see Chapter-2, Origin and Mechanssm of Indian Monsoons) and depressions
over Indonesia and the Bay of Bengal. . , _.~, P

RPN ! | A i

The prolonged breaks i monsoon, ramfall is agamn part,of;the,global
dynamucs Past rainfall data suggests that prolonged breaks in monsoon ranfalls
a tendency 1o uccur towards' the second.half of the season:that 15 in August and

September. This type of phenomena occurred 1n 1974,yn 1979 and'm 1981 These breaks

are linked with quasi-stationary anticyclonic (see Ghapter=2, Qrigin and Mechan/si
-of Indian_monsoon) cuculation that_establishes itdelf. over north-west Indm»T'h‘S

anticyclonic circulation 1nhibits the upward motion of air suppressing sainfall generating

condition. Again how meteérological features nfluence this type of circulation 18 not
| fully understood. . . L . -

;

22
_weather
have
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The re-establishment of the southern branch of Jet stream s also a part of the global

weather dynamics which cannot be fully explained. The effect of re-establishment of
jet stream is the suppression of convecton. Suppressed convection mhibits cloud

formation :md consequently mmfall - [
(I I

The upwellmg phenomenon over the Arabmn Sea caused due to pushing of cool
Somali current decreases the sea water' lemperatme by as much as 2 to 4 degrees. The
low surface water 1emperature decreases evapomuon and consequemly the moisture
content of the wmd \Vnh :1 Iowered moxsture comen[ the amount of ramfall all along
the weslern coasml belt :md m lhe lee' 05' Sahayadns is also lowered ”

Lot ) & .

Rainfall :\long the. axis Jof, xhe monsoon uough is heavy because the trough 15 the
passage ways of smaller depressnons Thus when the monsoon lrough lies close to the
Himalayas xhere 15 abncrmnlly heavy precnpxtanon in‘the foothills This causes floods
while the rest of pl:un goes dry mvitmg drough[. . :

E\ IS ,‘.,

THE PALAMAU DROUGHT

Amazmg but nevextheless true, is lhs fcct thuun the last 135 years, Palamau has
witnessed necxrly 35 yeurs of drought in w}uch countless people starved and cattle
died. The regmn ‘was hxt by droughts m 1859 60 1873-74, 1896-97, 1899-1800,
1918-18, in almost the enhre deccde of (he 19805 \he most severe being in 1989
and 1992) 4 7 K ‘

i o 3 ¥

Seveml‘fcctors are altributed to the recurrent drough!s in central and south
western pans oi Bxhari_,_x;o_sz‘dpulamau falls under the retreating ratige of the south
west monsoon and the rumfcll is wholly dependem on the lozal winds Wwhich are
seldom ravouruble) S.Rc_,ndly. the reglon has ‘several rain-fed rivers emanating
from th? Chhotqnagpur platecm in South Blhqr. Most of them end’up in the'plains
of centml Bxhur and a couple of them munage to reqch the Gcmga. This is in total
contmst to the snow- fed nvers of norlh Bihar most of them ongmunng from the

floods, the lully and cxnd soulh western districts are plaguec_l__b}_d,rg_ugh!- Thudly
the regmn falls in a rain shadow area. ’

Lastly, the geological and lithological set up does not pe{mlt setting and charging
of chuxfers Conse uently, the ground water 1 table is low.
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Fig. 8.2. Incidence and i

ity of drought in India
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31 MADHYA MAHARASHTRA
22 MARATHWADA

0 ViDHARBIHA
TACOASTAL ANDHRA PRADESH
25 TELENGANA

35 RATALSEEMA

7 wsLNaDY Leorokresay
ncoastal waamaras
Anomn m\:;aon FARNAIAKA
3 SOUTH INTERIOA KARNATAKA

NKERALA
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"if lack of water were the sole criteria for the definition of drought, then the areas
teceiving heavy rainfall such as North- Eastern India and the Western Ghat regions had
no business to be drought affected. But drought like conditions do exist 1n these places
during March-April. It must be recognised that climatic and rainfall vanability 1s ntrinsic
part of tropical meteorology. India’s weather conditions like many part of tropical world
is characterised by short' term fluctuations which 1s not adequately explained, When
the monsoons appear over India, depressions and cyclonic disturbances can cause
apprediable spatial-variations 1n rainfall. At the same time these disturbances do not
* give a common pattern. For example, dunng ‘1917 and 1918 monspon season the
number of disturbances were equal while 1917 and 1918 are the wettest and drest
‘season of India, respecuvely, durmg the period 1901 to 1960.

t P S .

. . oo

Droughts resulting from failure of rainfall is a product of meteorological varability
Such variabilities had been an intnnsic part of Inda’s weather condition and can hardly
be avoided. Droughts‘are bound to reoccur because ‘lhey are, afterall, a part of tropscal
meteorology: Except for small pockets of north-east there.is no area in India that has
not been affected by drought at one time or the other (see Table 8.1). For every seven
good seasons there are at least two or three bad seasons in India

) UL L
Table 8.1: Probability of Occurrence of Drought in Drought-Prone
. N «»  Meteorological Subdivisions

Source $K Sinha, K Kailashnathan and A K Vasistha

- Vi - L eay - P
Meteorological Subdivisions Frequency of Deficient Rainfall (75%of

2 . normal or less)
e

Assam, Northeast Region

G e
Very rare, once in 15 years

West Bengal, West Madhya Pradesh, Konkan, |Once in five years . _ o
Coastal Andhra Pradesh Maharashtra, Kerala,

Bihar, Onssa_ ~ ; ] STt T '
-] South nterior Karnataka, Eastern Uttar . | Ongce 1n four, yeal:s "
Pradesh, Vidarbha, Gujarat, Easxem Ra|as- 5 ' °

than, Western Uttar Pradesh L ]

. '{Tamil Nadu, Kashmir o " Once in three i/eafé

Rayal Tel. Western Rajasth. Twice in five years

BRI : e

“A meteorologxml drought sees a transition to, hydrologncn] drough! and then onto
agricultural drought 1n a slow process Often it takes two successive meleorolcglcal
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drouglit before the hydrological drought sets in. And then it slowly leads to agricultural
drought But the various forms of hydrological drought and agricuhural drought may
not always be the reflections of meteorological droughts. .-

India's water scaraily are mose refaied 1o problems of managing water fesources
following precipitation. Thns is bore out by the, fact that even if there is no
meteorological drought, drought like conditions occur. In facy, in acute drought affected
regions hike Rayalseema rainfalf data swdies since 1945 have indicated that no
meteorological drought has occurred there.

Lo

In fact, water scarcity and drought exist whenever the links in water cycle are broken
or established While the varions forms of drought can be gencrated independeantly, &t
would, however, be wrong to say that rainwater, surface water, soil water and ground
water are ecologically disconnected. These systems are.inseparable and are linked 10
each other through the wave cycle that describes the dynasnics of continuously moving
water resource Except the geological water trapped in deep aquifers, all other water
forms are ecologically hnked to each other. , '

Hydrological drought

i - '

Hydrological drought comprises surface witer drought and ground water drought.

Surface water drought

Apart from meteorological drought there ase many other processes through which
water scarcuty gets generated. Deforestation and hydrological destabilisation 50 the
_mountain carchment of rivers can make rivers and streams dry up in the post monsoon
period. In such a situation surface water drought occurs even though'the rainfall i
normal. This has happened in Cherrapunyi where it has become normal.. With the
destructon of hydrolagical capacity of the muxed natural forests i the catchment, the
entire 450 nches (1200 cm) of samfall nstantly runs off and as"sbod’af monseat ©
over the springs and she streams start drying up and water scareity sets in one of (e
wettest spot of the earth, during March- Apni. This creation of surface waier drougtt
through degradation of the - catchment is the resuli of failure (n maintaining the
ecological processes which alfow the rafall to inmtmxeww
10 be discharged as perennial sources. The destruction of the niiltration, path of the
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water cycle under tropical condiions, where rainfall 15 seasonal immediately creates
flood after, the rains and water scarcity in the rest of the year.

Surface water drought also results from conversion of catchment forest mnto
.monoculture pimamf Ea;ﬁme;c;al species like pine or eucalyptus These trees do
not provide adequat‘e‘d‘efe?lce to the soil againge,the direct hit of the raindrops during
.intense storms and thus enhanges the prospects of flagh floods and consequently, the
surfage water drought occurs., This has happened in the Terai region of Uttar Pradesh

- Yot o v
et

In the arid and semi-arid areas of the country planting of eucalyptus trees have led

1o destruction of water Fe56UrCes thiough heavy demand of evapo-transpiration
. -.. There are other important factors which, have contributed to 1n the enhancement
of flood/drought combined, such as ecologically hazardous mining, indiscrimimate road
construction, overgrazing, and growth of non-terraced agriculture In the Doon valley
limestone quarrying has drastically changed the surface water flow n the valley turning
many perennial rivers into carriers of monsoon f_lqus which go dry after the monsoon.
S A VT . . L 7o ‘: N

All these factors have been contributing to hydrological instability. The cumulative
impact of which is seen 1n worsening floods and droughts even under normal ramfall
.conditions. Flood- prone areas have been increased in the background of contnuous
drought situanon. .+, - -

s TR -
G ¢ g .

Ground-Water drought e

e

2 o ‘ vy
. Pl € [

The lowering of the ground water table as*a result of excessive pumping without
a compensatory replentshment creates an almost irreversible ground water drought
even in normal rainfall conditions. Except 1n the nllu\(i:ll areas of the Indo- Gangetic
piam, the rest of the country especially n the Peninsula has very limited ground-water
potential due to existence of hard crystalline rocks.
. _Most of the ground water that 1s utilised m India comes from the shallow aquifer
zone with depth less than 400 to 500 feet. To encourage irrigation, in the and and
semi-arid areas, pumps have been liberally installed ignoring the close hydrological
link, that exists between local surface water sources, the dug wells and the shallow
aquifer bore-wells. Accordingly, whmmw for the cash_crop
Ewg farmer, energised pumpsets are creating new drought for the marginal and
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of climatological and so1l conditions. The indigenou

ry-crops prove very high yielding

when water- use 15 optimised, However, under extreme condition of soil water drought,

R 2 g E

no plant would be able to survive and this condition is described as desertification.
pan

[ y

. .y

S Table 8.2: Water ds of diff;rent crops and productivity
<iCrop o o |Water (in mm) Productvity (kg/ha)
Rice f- e Tilgsg 1.72
e, 465
lowar.s . o s . 11250 1,: \\ T 4,47
| sugarcane 1250 - ol v
Wheat | a0 ) - ' |
{Maize . 200 - - ]

A yit ven revolution agri

liurg has ?réated a Iafgelx

-~ . . . of increasing food- production in lIimited areas
et

- where irigation is‘available. This agriculture.is so precarjously dependent on irngaion
' "water that any delay in supply of water, becausa of ;\cxua[ water scaraty or due to

" green-revolution agncukure has mcreased its vulnerablhty to drought n many ways.

e A
Intensive green-revolution agriculture has conmbuled to drou_ght in anolher way, that
teasive green-revoly
is, by large scale use of pesticides.

- f v
. . m o1 Peo 2 ) et

* An Introduction®. of HYV’s and:consequent, replav‘:ement-v of traditional drought
fesistant vnrleties has been another factor ccmribuu’ng to agricultural drou _gb!. HYV's
content of HYV's is also quiet Ie less \MWt to the : sml increases its_ waler R
holdmg capacity a :md hence so_is rich in organic content don' dry quickly. The HYV's
_" with their low orgamc m:mer content are thus liable to cause soil water droughx. It has —

been observed that with the addition of manure nnd_;rgzlmc_femhzer, the water
retenuvity in the soul mcreases by 2 to 5 times and the evagmmases by 1510
20 percent. T;;:?lecreased orgamic matter production destroys the only effective means
j of drought control in_drought prone areas where organic matter addition to the soil Is
\ a significant measure for‘ymer-conservauon. Large doses of organic mattes have
e e e e - -
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traditionally been added to the the soil in the Deccan which helped retention of moisture
but with the mtroduction of HYV's it has been taken awny. i
[ .t o .

Snmnlarly, the change in cropping pattern has also lc‘d\\tosgﬂjf{}i%_’rCIIC'UEhl The
indigenous cm‘ﬁ'g‘_‘W quilibrium with the agrochmatic condition of the
regton, but with the introducuon of an ahcn cropping._patlers with more water
demandmg crops, so1l water drought sets in. Thls has been the c'w_ﬂ\;ev_"lﬂl_“.’.“
affected areas comprising Punjab, Haryana and western Uttar | Pradesh.

[oaun i St

Disproportionate allocation_of water to cash crops in the dry land_areas has 2l also
created sold water drought Thus, while the smple-crops in drought affected areas of
M:lhar;s»la:r Karnataka, Andhra Pradesh, are denied water, sugnrcanc fields or
grape-vines are {requently irrigated. In this way, a soil water drought 15 created not by
absolute scarcity of water but preferential diversion of limited sources of water..

Interrelations of drought pbenomena :

Allhough all zhese three forms of drought can occur mdependently, ﬂxe occ\l"e“‘:e
of | . , hydrological and agricultursl
“drc . R R Lo . hydrological drought and ma:
mr, lead to agncultuml drought Although an agricultural drought may exist eveR
when meteorological drought may not occur and vice-versa.. . N

TR

14
§ The transition | f’°wm&wuelwdmlogww;@imﬂ

)

~

to agnculluml drought is a slow process. It muwmgwu&@u:
droughts for hydrolt%"“Il dfought to_occur-and._then.. xu}n.wbalezduﬂ}_&’f_‘il._f

droughl "

1 -

Drought has both spaual and temporal dimension It may be a local Ph'"lom
confined to a region of a country or it may envelope a much larger part of & couniry-
Drought may occur over one or two season or even more. By'1987, Rajasthan has
suffered from four successive droughts and Gujarat from three successive droughts.

enon

SO e

While no regular drought cvcle can be established, condmons of, drough‘ d° occuf

........... T Lo L T SRS

occusrence of drought is complicated in both time and space. Pockels suchasK
—

alahandt
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n Orissa, Palamau in Bihar may experience perpetual drought along with some portion
of Rajasthan, Gujarat and interior Peninsulz) While some regions experience drough
SAjastan, Gujarat an 9T

none part of the year, i.e., during non mqhsbonal ume, others may experience drough
whenever a change takes place and wherever it has taken place because of change ir

agricultural practices and pattern in the region.
Moo su i e ooty t i

“Agricultural drought is not the end, it 1s the begimning of a slow and sure process
by which it permeates’through the economy and r‘nakes its impact on the ordinary hives
0 A oot * .

' of lhe,mass‘of'people"‘ (DI’l‘b{}sbi, 199-.3).'; - .

'

Impact of drought- ' -

Drought h;xs;,thifald impact on the geography of a country. The impact can be

studied under various heads.

. Physical Tmpact '

. H . .= . effect on the recharge of soil moisture,
~ —_— -

R ' P . .o she water table is lowered and the surface
T T o i
runoff is.reduced to lowering the reservoir lc\:gls. In absence of recharge, the water
table is lowered causing the wells to dry up. The drying up of wells has an adverse
clfect on irrigation. A meteorological drought also causes the runoff to decrease causing
the rivers to dry up during the dry season. This also has an effect on the lowenng of
the reservoir water level. ’

Ampact on' Agricujture =
Indian agriculture is still largely monsaon controlled, dependent on environmental

factors such as rainfall; grouRd Waler watercondition and soil mossture condition. Thus

wis la_rgely prone to meteorological, Wd?alogicnl and agricultural Hroughl. The clfect

is manifested in the s!loxdﬁ;;?-agrxculluml’f):‘oduc(ioﬁiFd“mughx years. The wjar

drought of 1918, 1965, 1966, 1972, 1979 and 1982 caused losses in foodgrain production
« NTible83). an important aspect of production is that despite drought, an upward trend .
v MPONant asper rociction | N

::‘,Win griain production has been maintmined and the impon of food has been eliminated. |

The food production has, haweier] been quite fluctuating. In 1978-79 a peak ’w.u
reached with 131.4 million tonnes of food grans was reached followed by 109 mitlioa
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[¢3] Set back to agricultural production (crop producuon mlk producnon)

3) Fall 1n employment in the ngncultuml sector due to slowmg down of :xgncultunl
T .- A

activity.
S 7

(4 Fall in purchasing power of those engaged in agriculture
AN PUIEETINE POWEL OF ST00F SNBAs A
R
(O .:S“éar_éuy of drinking water; fall in water-table.

6)  Scarcity of foodgrains,

@ Rise in the price of foodgrain and other commodities.

@) Scarcity of fodder. _
SN e Sl Sr )
"9 Distiess sale of caille. ¢ -
JRSSGaSaEe tY
(10)"' Loss of calile life.

(11) * .Low intake of food.

(12)  Malnutrition specially among children.
.

(13) 1l health and.spread of diseases like diarrhoea, dysentery or cholera-faminc
and opthalmia caused by starvation.

14) Ristress sale and mortgage of land, jewellery and personal property.

sy ngmuon_of pcoplc in search of employment, dcpopulnuon of arca

— Ay S%
Q6) Dc:uh due to n :Alnu!rmon/smrv:uon/dxscascs

) on of
17 Fall in_effecuve demand from_agriculture sector leading fo duslocats
o g n the -
. productive processes and slo“[n di of the cconomic activiues i U
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scccnda:y 7 and Terliary seclors. i 4 L RWTEER f-u

S o Lethoese ATy
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Fig.a.3, Conseguenccs oldroughr in Indiy , ’
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(19) Socxal stress and tension, disruption of social institutions and relatxonshxps and
scclnl cnimes, e. g, looting of grain shops

(20) Gro‘wth of fqmlism, reliance oﬁ heave'nly powers

D:oughts do affect lhe social and economic Iife of people, but the severity of the

impact depends on:

(1) The fnanrger in %{\hich it 1s tackled
s e .- t X
) Tl’le‘g@ty,rs_qqulh sgd resilience of the econ'omy of the society.

The The impact is greatest on the most vulnerable sections of the society who have a
Wde very llleMLwcr These include the
landless and marginal farmers, the artisans hke the weavers whose very existence
Eﬂwy_d_—ema_ﬁThese people do not have anything like stock :md even if
they have, once these stocks are exhausted lhey are compelled to sell or morlgage their
belongings to the richer peoplewad harvest plunges the small and marginal

farmers in a vicious circle of overty making them' landless and penmless

i '
w L

On the contrary the richer sections ons emerge more stronger. They take advantages of
scareity and high prices of food to make a fortune | out of ther_surplus stock_In the
extreme condition they exploxt the weakened economic position of these marginal

farmers and their mnability to repay the loan forfeiting their mortgage. Thus after a

drought the rich becomes richer and the poor, poorer. B
——87 1€ rich becomes

Although the drought is short term phenomena, its impact is felt over a much longer
,Ejﬂcg Its adverngrn—pm felt w1dely n the form of depletion Qﬁugdf[gj'ﬂﬂd water
resources lom&rmble, death of hum:m animal ahke, etc., :md these are greatly
388ravated by the cumulanve xmpactMe droughts. This happens only 1f the

drough[ is severeA A mlld drought fcllowed bya good season may not leave its marks.

v

lLeconomy On the con!rary, a mild drought followed by good seasons and effective
handling of the consequences may not come in the way of sccu!ar - upward movement

Severe drought fol]owed by moderately good season leads to a secular decline of _

of the economy. .
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In the long term, some consequences of droughl may bé engﬁgvnrcome But most
of them leave a permanent imprint on the economy. When a drought is foltowed by a
good ram, 1t leads to an increased fodder production, replemshmen! of depleted food

“stacks and may also increase opportuntues of gainful employment Some changes,
phabiouiiips. 23

however, are reversible and mo;e lasti mg These changes mclude rednstnbunon of

run- dcwn mfmstructure wras the regxon into a depressed orWea which

neuher manpower nor caputal nor gnterprises can Cure. Thesé processes are i EIEBE
society.

and get entrenched in the shape of structural changes in the ruml economy a

Dmught may also lead to famines but this 1s not always true, |

P ——
< =T

Management of.Drougbi L :

Drought can be managed in two ways - -
, 3

(1) Preventing the causative aspects of drought.

(2) Providing relief to victims of drought and also rehabxlilzling them.
h

‘are
The reoccurrence of drought can be prevemed by elnmmanng the causes whxch an

responsible for it I L ' e

Management of Meteorological Drought

Me(eorologlcal drought will be a part and parcel of India'’s chmaua condmons as
long as Indua is in the tropical realm. The complexuy of melcorologncnl phenomenn on
such as re-establishment of Jet stream, movemem of monsoonnl trough ‘close to the
Himalayas, el NINO effects and global pressure changes (Walkcrs Clrcuhllon). the
upwelling phenomena in Arabian sea, etc, c:mno\! be managed as they are part of 3
complex atmospheric circulation.

To an extent, the meteorological drought can be managed by P’edm‘“g the
vaability of changing weathes. The predictions to lessen the impact of climatic
vapations. Thus weather forecasting can be thought of as one of the most important
tools for this purpose. A prediction that the ramfall will be Jess than the normal will
help the farmer to judiciously choose crops that are less water demandimng. If of the



India The Pbysical Aspects :247

other hand, a witer demanding crop is grown i ‘the absence ofcurrent information
about rainfalls an artificia} drought'condition may occur, '
- R LT

‘Management of bydrological drought

In so far as hydrological drought 1s concerned which is readily manmade,
management can be done through various techniques and methods.

Hydrological drought management amms at preventing the drying up of surface
streams and checking the fall in ground water table. This can be done by

(2) Biological Methods

’ >

(b) Engineering Methods - . ) o
(c) Involving local people.
Biological Metbods ) o '

e e,

Bidlogical methods involve taking help of vegetation, i. e. bunging about overall
change either in the type of tree grown or overall planning in integrated manner

' t o PN

M Checking indiscriminate deforestation growing' apacé in the hilly region. A
deforested region decreases percolation (thus lowers the ground water water table)

and increases run-off and flood incidence.
. L . <L .

@ Treatment of watershed by planting suitable trees under'social forestry ?nd farm
forestry. 1t should be an wtegral part of iwn[ersh‘ed managemeﬁl‘h_ls’w;ll_re_dy_c_g <7£
the "PTOSPE‘CI fof ﬂooding"in the loﬁverfi)ortion and consequelmlz surface.wa[g}' 1o

' drought and at he same time, recharge the aq‘uxfers"through} its input into the intake
basins, * .- St e . :

® Converung monoculiure plantations of pine or eucalyptus by ecologically suitable
lrees vizhl'ch provide adequate defence to the soil against the direct hit ofmlndroll:s
dunnglmtense"storm. This will reduce the prospects of flash flood nn‘d Ufefehy
Prevent surface water drought This method will be particularly effective m] fc:
lower Himalayan region. In addition, monoculture eucalyptus plantation whi
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dramns a large amount of water through its enormous evapo-transpiration capabiliuies
should be replaced by trees which provide not only economic security but alse
ecologic secunity to the people. This will also help in raising the water table and
uding over artificial ground water water drought.

.

Engineering Methods P
Engineering methods involve anificial recharge of ground water by different
methods . ) . :

Aquifer recharge
) .
In the mouniainous terrain, the most effective and appropriate way of recharging
ground water is to cover the watershed with thick vegetation - mulustoried forests
with trees, shrubs and grasses and thick carpet of litter, This will allow grea'!er
mfiliration of rammwater. But in Hatter terramns ground water can be recharged
artificially 1 addition 1o putung the ground under forest cover. Thus can be done
by allowing the flood water 1o spread on the fields and filf the .ezlcava_uj.(‘i wenches,
tanks, ditches and {urrows on the sides of the roads and ‘raxlw;y ‘lines. The stored
water will eventually find its way to underground reserve. Spreading of flood waters.
on crop fields such as of paddy would greatly augment the groynd water reserve:
The stored water, behind the dam, sesves very much the same purpose. In semi-and
region constructing embankm;n(s at suitable interval across _s.easonal streams also
recharges ground wateg water '

PRI -

. R .- P s K ese
Another way of artificial recharge is ijecting water through wells in areas wh

excessive water has been withdrawn such as the southesn and central parts of
Mehsana district of Gujarat. This method, to a Jarge extent, will help tg revers€ the
“irreversible” drop in water table. These lype:.of effosts hav‘e:beenA made i the
Ghaggar basyn at Kurukshetra and near Ahmedabad whete wates from the Szpafmﬂh
river was injected thmugtmﬁ the Peninsular regions the xradiuo'nal
tank system cause one such mechanism to recharge ground water, by increasing
percolation from surface storage of rain water. But since gclonial periods there has
been decay of tanks. Thus side by’ side with mijg}tmigmiqn projects, mx.nof
wrigation works hike construction of small tanks must be paid immedilale :lfleﬂ“‘”"
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Diversion'and storage of excess ater
fo ELE B A N - N
" Divering water-from a water surplus region 1o water scarce and ‘drought prone
dréas will considerably abaté the disfress situation. Thus interbastn transfer of water
should be restared too. A model of this sort has been put forward by Mr. K. L Rao
Rajasthan Canal Project has also basically done the same thing - 1t has brought the
water of the Himalayan river 1o the chronically thirsty lands of Jaisaimer-Bikaner
¢ 'dwision in the desert; The Yamuna canal likewise transfers waters from the Ganga
" basin to ifrigaté a vast tract of dry Ghaggar basin in Haryana and adjoining Rajasthan.
"* The Natiofial Water Polscy (1987) has interbasin transfer of water as the mdin plank.
e

T . -

Igzvqi{uiiig, local people .,
" The wvalvement of lodal pc,'opie and the mobulisation of the energy for water
conservation does not have to wiit for plans and projects formulated by 'Govt.
depactment, The people if given leadership of an orgamsation could themselves
undestake such projects despste unwillingness'of administation to'initate them, There
are many examples of this type of mass action in India such as the one by Mukti
Sangbarabb‘abmx 10 Sangli district of Maharnshtm where the peoplethrough ‘Shramdan
{ddnation of labour) constructed 2 smalf dam across a dry river Another action of this
sO1t took place in Kolar district of Karnataka, Ralegansiddhi village in Mahasashira,
Gogunda plateau in the heart of the Aravalli, etc.
IYLMALY ettt D
Even .the success of w:ucrshed dcvelo;;ment plans would depend on the
nvolVement of local ‘communties and mobihisation of social energy. It is only by mass
" Wareness thatover pumping and indiscriminate uulisation of ground water water can
bechecked:n.r B R S
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Managemenﬁongn ~ultm'z,zl‘‘Drougbt NI
LENCH ) FEST R ST oo A8 for T [ M. *

d

The ¢hoice of crops ‘' India lia$ evolved according to the vanations of climate an

‘ nse to this diverse
- S‘?‘l COndmonS' ThEse conditions'afe diverse: and' as a respo

1
lent o Y e has ‘evolved indigenously in
o duitédiani of 501l crg onibinandn, land and water us

- i, v ¢s and the
P 10did] 14 in this| perspdcuve of the bu1ll-ln resnllénce ofg@_lggll(’_li-“__l’f.‘_c.‘_‘f__i

4 ‘ hus the
H " tie Whe‘ll\illonocu]lurc regmn of the PUD]Jb Haryana and Uttar Pradesh. Tl

i
{‘v\,m% M . /b\_bt..udta. ;e 7
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first task ts to resort Lo the ongnal cropping pattern suitable to that agroclimatic region.
The gative-crops are not only less water demanding but the indigenous mix nlso—}\clps
ta check the nutnent deficiency i the soit. Altesnatively, stress should be put on drought
resistant vasteties and ‘E‘_EP_i}i‘S‘E,SS“S}EL‘,“,b pead_mlet, S\m__—ﬂo_“iﬂri drought prone
reas. N ,

Tree _crops have a distinct advantage over agncuhuul crops in. motstuxc deficient
‘dxougm areas. “Whatever be the cr_oﬁ);lg p:mun “the idea is to grow crops that are
suited to that chmatc conditions pasticularly in terms of their water requirement and
not those crops wiich are mose water demanding and create an artificsal drought
conditson. In areas such as semarid zones of Mahasashtra, Karnataka and Andhea
Pradesh where scarce water resources are diveried 1o sugarc:\nc f\eids and geapeving
creating absolute scarcity of water for their staple crops, every effort shoutd be made
to stop preferential diversion and disproportionate allocation of hmxlpd irrigation water
10 cash crop. '

\ - .

Post Drought Management ' S

The impact of drought can be mitigated by providing r:elicf and rehabilitation. The
Government has launched the Drought Prone Area Programme with a view (o mutigate
the effects of drought.

re L LY . A

Drougbt Prone Area Programme ( DPAP)
. N " oen e
"The precursor of the Drought Prone Area Programme (DPAP) was the Rural Works
Programe (RWP) imtiated at the beginning of the country’s Fourth Five Year plan, This
was based on the decision that much of the amount, the Centra} Gavernment spent on
relief 1n famine affected areas could be so deployed in the areas of chronically affected
by the drought as to generate, consxdemble emplqymimsmx 1he) nual sectar laxgel)’
related to a pre-planned programme of rum! works, Soon after the 1mplememanon of
the RWP, it was reahised that mere rural,works would not be meanmgfm in bringing
about drought mitigation and needed to be given aren development nppxo:lch As 2
part of the mud term appraisal of the Fourth Plag, the.RWP, was redesxgned as DPAP
and funding, on this basis - commenced from, 1972-73. Afler a. number of reviews
P‘Esenﬂy the DPAP: caver, 415 blocks in 95 dlsums of the coumry The Minh”
. Co cc d by the Pl ing C isston had rec ded mat DPAP

should aim at-integrated development,of agizcul(ure with, focus Qn restoration, of
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ecological balance, Apart from wngation, forestry, soil and moisture conservation, 1t
recommended changes . i agronomic practices, restructuring of cropping. pattern,
livestock development, rural communication and drinking water supply as umportant
elements of the strategy of integrated rural development Later 1n 1980, the entiure
programme ‘was reviewed .by.a Task Force under the Chairmanship of- M §
Swaminathan, the then Member (Agriculture), Planming Comnussion, The Task Force
redefined the scope and objective of DPAP and DDP. While reiterating the ongoing

approach and strategy, it emphasised on:
N

[ ‘ot . “i
@), Promoting ., a~ more producuve. dryland agriculture on. the basis of the
soil-water-climate resources of the area; ..

(b) Development and.productive use of the water resources of the area, .
o ;

T ¢

! . . . :
(2} Soil and moisture conservation, including promotion of proper landuse practices;

ot i e i B B

(d) Afforestation, including farm forestry; and

* (e)'i.iveslock;developmenl, including development pasture, and fodder resources

. e -

Desert Development Programme (DDP)

The DDp Ii:l;lnChEd in 1977-78, covering presently 131 blocks in 21 districts, was
3150 10 have 2 similar approach with accent on control of desertification ,
RCEFTIRT SN SR PRI t ISP €

Since thér, these' programmes have béeit subjécted to further revi€w. The general
feehing has’beeii that ifi 'their attempt: at drought proofing, the programmes have not
been Spectaédléxl'y "suécessful. The contnbuting \faf:’tors being non ‘1§teg{allon of
different acuvities fo At'he"core objectives and low fﬁ\ie,s;fmen[ 1in a widely dlspersefi a,l'ea
In 1987, tl;e ‘Clé;{[ral vslarll'énaning Commuttee sought {6 sharpen the focus by limiting'the
Programme activities 1o the core sectors of soil conservation, water resource
conservation, afforestation and pasture development. It was decided at least 75 per cent
of the annual allocation should be in respect of these actvities. Further, it was n:iso
concluded that the unit of planming and development should be the micro watersheds.
DPAPp 55 funded by the Central and State Governments on matching basis.

In all, the following suggestions can be given for drought mitigation
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X

Drought prone areas should incorporate short termv and long term development
projects such as fodder bank, pasture development/sangeland managcmenl as
disaster mutigation practice. Lo, RN K

B . . e o

An area specific watershed model develapment plan should be prepared for arid,

Semi-and and subhumid regions of the country. =+’ -« Lowi oHte 7

s . 1 1.¢ o Tt . R SR +
in rainfed agricultural zones (having fess ramfall. and | frequent droughts),
considerable stress should be placed on development of kbadi and wilage
industries/cottage and handicrafts industries projects to provide ganful employment

to the local people and check people’s migration towards cities. A

4. The development programmes such as National. Watershed. Development
Programme for ramnfed areas, DPAP, Desert Development Programme, National
Rural Employment Programme, Drinking Water Programme :mi Poverty Allevianon
Programmes should be ntegrated 1o form a comprehensive Drought Miigaton
Programme. . P L S A

5 Public particspation and use of traditional: practicest for.Disaster Mitigauon should
be given proper attention

DR e ey R AV O
S Bt 9 T APk N T DO, T SR B S
ﬂmp@n@m W@w@ls . T T PR s ETIN
A A N i LI SN e it teldoe
Meteorological Droughl Hydmlog\cal Dmugh\ * Surface water Drought
Ground Water Drought ) Soil Water Drought Agxicuuuml Draughl .
Drought Year " \ Southern Oscitlation | » . ,Quns:-Slntuonary .
Secular Variations . | | . Moisture Spess Pseudo Drought
Staying Power, Walker Clrculahun . . Snclal Forestey .,
oear L L, ooe, | . AquxferRecharg! :
R S D -
PR o RN > TN, A
. ! - . . O FATEE
! - o " H <o . UBLe




LAND CAPABILITY

NG =cias - DY N TN P

Introductzon' Lo e - BT : .

For any agricultural land development programme covering:different areas, the first
needisto prepare the basic planning documents. The land capability classification map
is one such basic’document: for 'this purposé. It is particularly suntable for agricultural
Planning as it'gives diréct information regarding the soil potentialities of different areas
This documents can best be prepared with the help of land capabxlny survey.

! v
22 i wite 313 (4 30 BN S I g

Landﬁapalgz"lity ‘cqufzjf'igqt_i”o,n .

‘Land capability classification is a-systematic arrangement, of different kinds of {and
according to those properties that determine the ability of the land to produce crop on

2 virtually permanent basis .

. o
These propemes are

(1) The inherent soil’characteristics such as the texture of lhe top soxl xls effectxve
wt..depthiand permeabxhty of the top soil and subsod;, , . .. .

“u ’,ll"¢u'» [

) The extemal land features such as the slope of the l:md the exlent of erosion the
degree of wetriess and suscepubility to overflowing and floodng. ., .,

P T T IR . L
(3) The environmental factor such as extreme’aridity that limit the'use of land
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The capability classification provides three major categories of soil groupings
1. Capability unit
2. Capability sub classes , and

3. Capability class.
e

1. Capabzlzty umt

t ’ v
[ - . b ;’ !

Capability 1s 2 groupmg of soils that have about the same response 10 yields, systems
of management of common cultivated crops ‘and, pasture plants. This is the smallest
category of land capability classification system and consider long term esumn(ed ylelds
which should not vary more than about 25% in one land capability unit' 3 42" R
2. Capabzlzty sub class Cn «oa e

T Lo h i apor

The capability sub class is a.grouping of Cﬂp:lblllly umts, having simular kinds of

Limitations and hazards. The four general kinds of hazards and, imutations ar¢

PRV [P VO R o

[y Erosion and runoff (mcludmg risk of erosion and post erosion damage)-

Lot T e e et g e T
() Excess of water (wetness, high'whter table, problem of dratnage? overflow)

(i) Root Zone'limitauons, shallow depth, low water. holﬁing capacity salinity of
alkalinuty., * , RN , .o

" N

(v)  Climatic limitations.

Capability class , ‘ ‘

- o ' PN it N
.. . PR

The capability classes take mto account vanous critesia, among which potential
producuvuy is the most lmpormm The capablllly classes fall 1n eight categones

B D ERDN

. Category 111V suitable for'cuhwauon [N ! N

Category V-VII  suitable for pasture and forestry
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. Category VIII suitable for wildlife and forestry

, CLAsS INCREASED INTENSITY CF | AND USE i y
38 5|
K
3 Q ur .
ES
Sg Sl
o >
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m3E :
38|
A § vir
m
5 Vi
‘ ' FI . !
* N [ N < M
. e Fig.9.1 The Land Capability Classification
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Land ¢ capnbm(y cldssification’is 2 scientific nppmlsnl of the PhYS’Cal characteristics
ofthe land, its inherent soil qualities and'the f'arm management pracuces Thus, a surve)l'
of land capability maps based on regional unit de'lmea!e prciblemztnc and p.olemxa
arable lands responsive to the use of biochemical techniques‘and to vasying delgl’eeds
of farm management practces. This has enormous practical utility as a rauonal lan!
utilisation and cropping pattern can be developed which is consistent with the chang::S
farm technology and crop adaptibility to the plant environment. Thus specific cropp bf
Palterns: with their input requirementiunder rainfed andsirrigated conditions callland
efﬁcxenlly planned. Similasly the priorty areas for soil and water conse;vau?r;d
reclamation and cropping sequence which can also be followed can be identils
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The classificauon is intended pn‘m':m]y"ns'a means of* determining the steps to
control soil erosion hence capability classes mamly reflect the extent and complexity
of conservation problems. It has attached an exaggerated importance to slope, while
other qualittes of soils indicative of soil fertility have been ncglecled In its latest version
this classificatton has gone beyond the consideration of soil conservauon. As such in
a way, becomes more a classification of limstations.

Indian case b

H f
In India, as 1n many other countries lhc primary aim of soil survey was to achieve
land capabihty classification on the above lines. This system dcsxgned m the United
States was primanly to suit North American conditions and conccmed maml)’ with
erosion hazard - :\1‘~ i .‘ .-

v ' P

This produces unsaufactory results as these are not fit for soil survey interpretation
in many developing countries This prompted many works and organisations o evolve
land capability or sustability classification that suited to the conditions and planning
purposes 1n developing countries. One such example of such an attempt is the system -
that has been developed in India by All India Soil and Landuse Survey Organisation
1n 1960. It was subsequently revised and inadequacies removed in the soil sUrvey
Manual published n 1970.

DI RN ," .
The All India Soil and Landuse Survey Organisation (1970) has xdemn’xed Clgh'
dlfferem lnnd use capabxlny classes with a broad classxﬁmuon mto L:md suxmble for
BN T

culuvauon and land not sunmble for

B 0. ISE

' ot ey Lt - .oy

T N ]

Land suztablefoncultzvatmn u,

im0 v iadte

IR R R U VL

. e b T Y| T R DYRY. S AP NLI R
Clnss I: it Very good cultivable land;with,no special difficulty tn farming..-
o P Lo et bt i terh . - w'-gn"))’”rl
ClasslI: » Good:. cu]uvable land which: needs protegtion” from, erosion ©
' © 1 Roods, " drainage improvement,sand- conservation of ‘mgauon
* / * water i A B N T TP L WE E BEG 1 frat
Class 1II: Moderately good cultivable land where special attention has @

. . R i ve
be paid to erosion control, conservauon of irrigation walter, intensy
drainage and protecuon from floods. *
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Class IV: ~  Fanly good land susted for oceasional or limted cultivation néeds

: intensive dragq:}ge,‘apd very intensive treatment to overcome soil
[aare PR LG EN

limutations.

ne oyl e noobo

Land not suitable for cultivation, “ .

Ca )
Class v; Very well suited for grazing but not for arable farming, needs
wake ool cprotection from gullymng. |

fu e S BN L) A ¢

Class“\h:z a1 Well suited for grazing or,forestry but not for arable farming.

SR e, A aerbar V8 Mo .

CJ3§S;VI}= R }{;\irxlxjvgll syuted for grazing or forestry, but not for arable farming.
Tomd

Class Vil

S =BURIE RS A N I T R '
1 Suited only, for wild life, recreational facilities and protection of water,

supplies | . . 0 - PN . . .

Evidently, the suitability classification given above 15 valuable for the assessment
of land productivity. It is classification in terms of the limitations of soils for
agricultural land use.

v e - [P PR TR e PR <
The classificanon given above 1s obviously quite valuable for the assessment of land
Productivity. It isia cldssification of terms of the hmitation of soil for agncultural land
Use. It 15 also an in"terpreuve grouping according to capability. Its utility for
development plans can be enhanced provided the physical factors are taken nlo
account 1n the course of surveying land capability. The physical factors which should

be taken into account are related to: the site of the land and the soil of the land.

The site of the land -The soil of the land

Sdrface data ' ' Physical Properties
Degree of slope Depth

. Slope aspect:shady or sunny Textusre ~

Erasional hazard : Structure
Dminage . A Stoniness
Height above datum-plan Drainage

Climatic data ) Chemical Properties, ctc.
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Rainfall ' Alkalimty . oL
Temperature ' Salinity and acidity’ L n

Frost free period Water Ioggmg and ﬂoodxmg ‘
Duration of snowfall T N I 2 S T SV,

Duration of sunshine and sunlight

. N " . I

In any detailed seil survey for land capability classfication it can be safely assumed
that the phystcal charactenstic of soil are of greater value than chemical characteristic
in assessing soil productivity and potentialities. This is because the chemicai status of .
soil 1s artificial as it varies with the farm management and fertilising practices. If the

nutrient status of ‘the soil 1s poor 1t can be improved upon provided the physical

properties of soil such as texture, depth, slope and drainage are ‘sausfactory. Therefore,
the physical propertes of soil must be assessed and‘for'such inventory of 'the soils

detailed reconnaisence soil surveys are to be carried out. 'L ”
o e - i =
Important Weords ' .2 . o N A Rt v
Capability sub class Capability class Capability unit
intensity of tand Use - ¢ * i Land Limitations . Soil Hazards> kN
All India Soi} and Land Use Survey Organisation - ©. 13 .1t Arable Farming ol
. s . e ey PO . i P
' Ce ' P PV
t l £t . e e . v
R [N R N .
M - . L S o
B30T e e ‘ T -
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NATURALREGIONS

Introduction ]

Aregionis a homogenous area in refation to a selected critera, The division of the
earth 1nto well7marked‘regions has been long regarded as ‘inherently geographic’ or
father the fixed congept of all geographic work. A region 1s unique in so far as there
€annot be any tegion of that type anywhere. Thus the regions have broad umformity
in the physical,chamqtgristics such as physiography, geology, drainage, climate, natural
::Cgtz:li‘m»pnr}imall!it:e‘ and soils, A region }ia\,nng broad uniformity regarding above

S5 a nf“}{}‘ql,y&gion._{}t(gbe macrolevel ll}e‘: homogenous Charlactm" 15 very much
Present, l?ut at microlevel these regxt;ns‘ have strking differences n the elements of the
Natura} environment but even then there is broad un}ty in therr appearance which sets
;ZZZ:Paﬂlfrqm‘lhg: gﬁhei regional units :1dja_cep§ to them. For example, the entire north

¢an plain constitute a single, region based on relief features, geomorphological
Characters and so1l Bu‘t zlit lh;e Iéwe‘r lével there are st'nkmg differences with regard to
al these ?!emenl_t.g. If(;r examip’le, the Brahmaputra valley and the Punjab plains are both
?{IluYia] but theyvmpgkggl.l}chffer i‘,‘,ﬁ?ﬁ‘,lsl;ﬁxﬂ;‘d‘la}'gez ‘lhellocal‘ diversities and details
“are ‘#pored in order to dentify a.broad unity C.",'mpf’“i’.i,[ at the higher level.

Nat

o1

N UL R

ural region demarcati

- do e -
on of India

wWaoag IR [

cme'];:lj fii,Vis';",)f‘,‘;anlln‘c}'i:i 1mo r}:zmr?l ’:?gignf"‘,ib?f %9' xﬂea'.x‘]s‘a“ : soiable
. on Ihy:}(s_‘t)o be" chosen to divide lndin'gnto ga}um.l regions. Tr}‘es~e cmerlm can

‘e—u‘lfer SEOIogl,éEill‘fllgfor};.z ’F;l;T}ISioérﬂ);ily', climate or soil. The le‘sser'thg ‘rm{nber of
Variableg “cﬁodsé‘x‘f,:!he ;lmpier s’ fo défine a rei;xc;n, ‘but with a lesser degree”of

n easy task. A suitable
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accuracy. The larger the number of criteia that are amalgamated, the more
representative is the region However, the geology, geomorphology, climate and soi
are not always distributed in such a way as to perfectly correspond with one another.
They often overlap. The regional boundaries are, therefore, only approximate, not clear
cut and not sharply defined. They describe’ only a transitional zone between the two
clearly marked regional units. o

Several attempts have been made to delineate the natural regions of India. The first
auempt 1o classify namml regions m‘ India was made by L. Dudley Stamp, who 1
1920 prescnbed a scheme of three ma;or nalural reglons and122 subregxons of Indl3
Smmp s scheme was based on the homogeneuy of physiography, slruclure and Aimate.
The three primary natutal regions were

(1) the mountain wall, RVECIR L PPN
(2) the northern plains, and

' .
M the Indag plateau .. L0 S
The subdivisions of these m:uor regmns were based ‘on climatic v:m:mons and
physiegraphic v:m:uons Stamps work 15 qune valuablé even in presem time. " The
macrolevel region 'of lhe country, in fact suggest themselves from any' pont of view
that they are most conivénient major units well estabhshed and easily comprehensxble
and percepuble from the View len[ of physntal or’ cven cultural”’ factors “or 2n
amalgamauon 'oflwo sef$ of !'aclor 4 P A
- IS coedrovh vy e i

of
Anolher attempt ‘was zh'u of J. ‘N. L. Becker" who i 1928 presented’a scheme
naluml reglons whxch shmved avery close’ agreemem to smmp s scheme v

ao e

1 was 1Givards’ lhe end of 1930°s that some other workcrs felt theneed for moré
rigosous rchonahsauon of Indm Pithawala pubhs od i' work on reglonal division 10
the Journal of Madras Geographic Association i '1939. Pittiawala' adopted factor of
physiographic uniformity as a master prnciple running throughout the hierarchy of
regional divisions. But one master prnaple; howsoever, Iogxc1lly Comrollcd .and
vigorously mamtained simply cannot work as a device for the regnonnhsauon of:x lars“v
country hike India. Moreover, Pnhawaln s, bnundaues in lhe pl:uns, for exnmplcd-
between the Indus and the G1ng‘a pl;uns scem tobe vcry confusmg Pullawala negleci€
the obvious l’1cr dnl lhe plmns becausc 1hcy are feglu{c]css and mono!onous do not
necd any regional division not even on lhe basns or physxogrnphy Spnlc has observcd
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that Pithawala’s text and accompanymg map are not always consrslem and beset with
discrepancies.

Kazl S Ahmad put forth a mncrolevef dxvrsron cf India separating the coastal plam
from Indmn plaleau However, the scheme [acks a suitable hierarchical-order His
clubbing of the Himalayas with sub mountamn Chho area of the Pun]ab on equal footing

does not bear any Iogrc to the scale of lelSlOn:ll scheme.
- g FEEI Y B Y sl oo EE PN 2l RN ¢ 47 PR EEFAENN ’

0 H. K pat’e s drvlélon of Indif s more detatled and refmed than other works
Pfoduced so far. He' 1s m general agrcemem with schemes of Stamp dnd Bécker but
hlghly crmcal iof Ahmad :md Puhaw:rla Structure is the most important factor in his
Schemes but (he dxvxsxon cannot be cxclusxvely b’lSEd on any one touchstone He has
rdxvxdedltha sbubconnnent mto three macrolevel regions based prrmarrly on s!ruclures
He has broughl forlh 35 regrons of the ﬁrst order, 9 urider the' threé Micro reglons
excludmg lslands 74 o 'the second order and about 225 subdivisions. His view
xegardmg regmn rsauén 15 very ﬂexrble :md dynamrc and his hrerarchy is mindful of
the scale and' s Ipossrble varmtron ‘since 2 ndge which might rank as a sub region in

l’Emnsula womd be hardly more than a feature m the Hrmalayas . .

[T TR B . ce

» 4

HoweVer R Counlry like Indn no smgle master principle
ca“ be ﬂdople“ e e vhati e ._: muluf:u:tornl and even divergent and at the
same level hrerarchrc‘l This~ rs becaise all the drsmbutron faclor cou]d not be of same
1mponanCv: A[ the Came ume the drstmcuveness of thc regron "(the underlying
h°m036nelty) wdl be determmed only’ by certam of lhe factors or particular group of
ssociated factors while son;e other sets or facrors will be detérmined for neighbouring
fegion Thys Complexrty arises not only because of the vast srzc and the resulmncl
Variations (n topography, chimate, soil, etc., but bedause of different set-of man-natur

lmer:lclron in drfferem reglons
Lat o T

' .

FERPRTS & B L% M EAN

Thus the adoption of physical factors has its own limitation.

Singh who-has also

. L.
A Ccmpv:)sma scheme of regionalisation was done by R. des for

so prov
NCorporated, apart from natural factors, man-natuse interaction. H'-’da\ly :"opns of India.
3 hlemmhy of different regions within the three fold physiographic-divi

o t Lo
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Natural regionalisation of India ~ . . . ..

A modifted naturaf regionalisation scheme of India recognises three orders of
regions. Regions of the fiest order (1) the Himalayan mountain complex (2) the North
Indian Plain (3) the Peninsular plateau (4) the Islands et

PR N R P

Rronounced difference in climate and vegetation that a'c/coums‘ for the diversities

differ much but m terms of climate and depositional activity of nvér, they differ
from north to south, which is manifested in differences in soil and vegetation cover.
i o o 4 M e

(3) The Peninsular Plateay - The Peninsular Plzitéau is'the ofdést ;e'g'}hen't of India.
The plateaw has general umiformine iw « T
Nevertheless, there are locat va e TR - y

Mﬂh% surface, cliaté and degiee of erosion ﬂﬂd

also sails and natural ve)egemtiun(. Be'cm‘:sf”gt' ‘h?. Y:f,ﬂ Iatﬁtjl‘;d'x';ml g:ftt?m ?n

consequently a greater climau‘c/xar;ation Galongwith resultant Soil and vegetation

. N ) T e gl Y
varations), sy hag greater diversay than the nor:hern plamn. .
h s h ar .

Moo P NN

. . ' coo T o sl L o
Regions in the Himalaya - N P .
g o .
LI NA RS .
Extending 1 an east-west disection the Himalayas consist of a number of regional
units, stating from the westare . R

l.,KashmirAA,( L . - R
. A ~ P

t ECIT IR 3
21 Karakoram, Laddakh, Bqlislan .

3 Himachal Himalayas and Kumaon

4. Rastern Himalayas
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5. Purvanchal Hills |

In the Western Himalayas, Kashmir valley is surrounded on all sides by high
ountain ranges. It has its unique character. The temperate chimate and the temperate
d alpine vegetation, flat alluvial plain and abundant water supply are some of the
sunguishing features of this valley. But the ranges surrounding 1t have a vanety of
imatic condition and vegetation which are the result of differences 1n alutude,
xposure to the sun and the rain bearng winds.

)
. - e R

- The complex structure of the Karakoram range and a series of old plateau surface,
uch as Balistan,’ Aksa1 Chin, Deosat, etc. , replaces the Great Himalayan range on the
orth. Here the climate is extremely cold with scanty vegetation.

Himachal Himalayas begn from the east of the Sutlej gorge. Further eastwards they
merge into the Kumaon and the Uttarakhand regions of Utar Pradesh. Their general
eight is not much and have a different ramfall pattern and vegetation as compared Lo

he Kashmur Himalayas.« - :

Gradually, as one proceeds from the western part 1o the eastemn part, the Eastern
Himalayas are marked as a completely separate unit. To the east of the 88°E longitude,
the strong influence of the monsoon currents from the Ba galus felt. The regiol
feceives a higher amount of rainfalt which results in the luxuriant growlh of the tropical
et evergreen forests.. Simitar rainfall and vegetational growth continues further east
nto the Assam Himalayas without anyrnoticeable change.

! - ST aan " ‘

The Assam Himalayas extends southward into the Indo-

e .
2 low reliéfand are far less imposing. Here the region receives

The forest cover is very dense and the tropical evergrecn forests become

deciduous type.

Burmese Hills. They have
Tow rainfatl of 200 cm
s monsoon

P A I T [

Regiois in the Plains .

PR . “ .

ateau in

and the penmsular pt
alluvial

¢ The plai . ; ialayas in the north’
plain lies between the Himalay: the form of pagrow

:‘e south. This runs parallel to the axis of the Himalayasnt
, <t This region may be divided into :

6) Punjab Plain
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(7) Indo-Gangetic Dwvide ey o=
(8) Ganga plain , L N TR L L 1
N t1te s Vs ot 3 - [RPRE
(9) Ganga Delta e Jh, NPT S XA
(10) Assam Valley .+ PRt L O T T AL TR N

. RESI AT I e z 1 UH T

The Punjab Plain lies in the extreme west and is a part of the Indus plain. It has a

dry chimate, showing a clean transition from the tropical monsoon:to the, temperate
type of climate. The doabs of the Punjab plain have a distinct physical fentures_rgs_u_l,lmgp,

from the Auctuaung river courses. The region has a.dry thorny forest as vegetation. «

‘* Between the Indus'and the Ganga plains, the Indo-Gangetic divide presents a
unique charactenistics ‘It hestin Haryana between the Yamuna and.the Sutlej and are
formed by the -~alluvial deposuts. On uts outer ;side lies: the. Aravalli, Hills. The
Indo-Gangetic divide shows a chimatic transstion from the sub-humid Ganga,valley to
the semu-and Punjab plan.

3 eyt .

[ TN P TR

The G'lgg__plmn_wasiouned by4he-alhmde.eposu5‘bmughl down by the Ganga

and its numerous tributanes. General whole plain has a low, uniform relef. The
C 1S numerous tributanes

climate, however,1s not uniférm 1 the region. The.rainfall decreases from east to.west
and this has resulted 1n a similar change in vegetation and soil conditions.from east 10
west Thus, the region may be. subdivided 1nto two parts -.the western: part 1s. known
as the Upper Ganga Plain and the eastern part 1s known as the Lower Ganga Plan. The
Ganga niver and 1ts tributaries form an enormous delta:and the alluvial deposits asound
it from the alluvial ;;Iaxn::The region has a distinct cltmare-with lngix,(éﬁlp'eramre, “,f‘_d
high humidity.” * .t oowne Yagn o or b L. s 1557 adews deo 3l T

g ;o g
Towards the extreme east, the plain extends as a sub-umt_mark by_the
Brahmaputra of Assam valley. The valley of Assam is enclosed by, the foolh{US of the
“Himalayas, the Purvanchal Hills and the outlying blocks of xhe smllong Plateau. Here
the region experniences a,bit different type of monsoon: climate, with hugh sainfall and
humudity but a shorter summer than the west. There js a yery,dense grawth of yegetation
in the region. .

(1 P
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bgions in the plateay

; RN Rt B
Tz zemy tegion comsis sof e e

Ubitss Deseny
Bdmal g
B Ceg] Vindhyan upizaay
19 Buaggeq, and Satpur - 463 35 Zanges
13) Cblxoumgpur plateay
) Neghatygy Phateay

? Yachety nd Xathiayay Peninsula

R Gljaray plang

) Konlgy Coant

Moy angd Kanzra Coast
B! Kealy Coasta\ Plain - ’ . -
o Westery Ghats  ° 4 /
3) Deceag Lava Plateau -
) Karnaggyy Plateau

Ai1H "
) Wimg:mga and Mahunadi | ""

) Telay, gana

) Southern Hills cepmples

wch
1th
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28) Bastern Ghats . t,

29) Orissa Delia

30} Andhra Coastal plain and Deltas FRRCI

31} Tamil Nadu

Lying to the south of the Indo-Gangeuc plam, the plateau region represents 2 senes
of plateau surfaces. The northern flank of the plateau is separated by troughs of svers
and Precambnan rocks. The plateau begins from the western side of the Acavalli, where

hies the Vindhyan upland It 15 an and and sandy regton known as Thar Desert. The
climate 15 extremely hot and dry and the resultant soit and vegemtiu\n are very scanty.

The Aravalli hills separate the desert from the Vindhyan upland and the
Bundet! d ion lying to the east. This 1s a hilly region and the hills are
T;uile pronounced n Udaipur whose western slopes are well forested because they
recetve quite an amount of rain The region sitvated to the north of Ajmer, however,
are devoud of any vegetation ISR -

Towards east, lies the Central Vindhyan upland consisting of the Malwa plateay and
the Bundelkhand. The region is manly composed of gneiss and marked with highly ©
cissecied hull ranges of Vindhyan, Bhanver and the Kaimur Hills. Except for the namow
nver basins, the whole region generally has shallow soil. The vegetation is not very

iyeL Rasins, |
dense and varies from tropical dry deciduous to the tropical thoray types.

The plateau region conssts of scarped plateau, which are “W and are
“#————__g&t&__»—/g ’ e here
calfed"the Satpura, Mahadeo, Maikat ranges. The Tapu river has formed 2 troug

in which modérate thickness of alluvium 1s deposited-by its 1nbutasy, the Pumna.

, The alluvium basin, known as Khandesh, ties between the Ajaata H:l!; and the
Satpura Range.

On the castern side of the Satpura Range lies the Chhotanagpur plateau. It has
varying ajude. The high rainfall and humidsty in the region has resulted i Gxanant
growth of 1ropical moist deciduous forest.
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On the outline of the Peninsular Plateau in the east lies the Shillong Plateau which
W more dissected and humid than the Chhotanagpur plateau and 1s covered with
ol A ~——
Tropical Wet Evergreen forests

SRRt AR TN s LTS o N t

The ‘Peh'i}isﬁla;«.on 1ts western side, copsi of lava_formations particularly 1n

Kathiawar and Kachchh. The Kathiawar is filled up with. mud and.salt wastes of
Kachehh, It rises .only up to 200 metres, though some hill ranges like the Gir Ranges
nses a ltle higher. The whole region s formed by vanous rocks and this_hag resulted
i ¥anauons in soil.;The dry climate of the region can support only a scanty vegetation.

Thus dry deciduous type of vegetation is found here.

- On the eastern side of the Kathiawar and VKachchh, lies the Gujarat plains which

have 3 regona) character of their own. The region is an alluvial basin-formed by lh.e
deposits brought about by the nvers like the Sabarmatt i, NMarmada and Tapti. This

fegion shows a chimatc transition between the humid west coast and and and lhg
Semi-arid Ragasthan, Do

I Y
T S .

. . B asts. The Konkan

The western coast consists of Konkan, Goa, Kanara and Kerala coasts, d b ps
e ast ! i sca

oast is influenced by marme erosion. It is a narrow piece of land donynated by scarp

of the Western Ghats. The Goa and Kanara Coast hes between the Konkan coast and

the WMSLI:S climate 1s very hot and humid. The rainy season gradually becomes

longer towards south, -The, Kerala coast,forming the southerm end °f. India ':

di-“inguished with' a varxely~‘0f rainfall pattern and this has resulted 1 a ‘:”;l);‘;

;:gemmn m the region. However, the rainfall shows a decreasing rend towards Kany
Umaj, :

ide of the Deccan
The Western, Ghats is quite a-prominent feature on the western si

e q v od
. i - . They have a very fugge
Ialeau"mey have an average height between 900 -.1100 m 4 o2 ven o

l()"“’gmlm)' because of the volcanic rocks. But at a point ncar G for certain gaps
Physically 1o smoothly rounded hills of granites and gnessses. Except :; the wesiem
 Palghat and Shengotta the Western Ghats form a continuous ban;;rcnduous forests,
side of India. The natural vegetation varies from Evergreen forests to D¢

< ~ -a deposits 1n the last
The Deccan plateau were formed by horizontal beds of !,:: :hc i e
i i ey arc
%L.’kaaﬂic acuvity in the Peninsular India. 1:h y e s on
s bordered b;’ boldly rising hill mnges such as Ajanta Hi sAenl e e
" lee side of the Western Ghats the south west monsoon cw(n o s sesion
Tanch fagde o L s 2 d repion. Th

pha
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has been derived from the weathenng of the lava rocks and have black colouration,

, . P . s -

hence they are known as Black Souls. s oL
D B . N
South of the Deccan Plateau Jies the Karnataka Plateau formed of gneisses and
granites. The region s of untform height ranging between:450-800 m. The climate,
vegetation, and soil in the region have some local varsiation. Due to these variations
the region may be clearly divided into two sub-diwvisions « Malnad and Maidan. {

B B
) T

The Deccan Lava plateau continues in a series of u _plains and basins in

the east and the norh_east. The . . .. Lo

Chhatii ¢ the two prominent be P

m rainfalt distnbution and forest cover. Wainganga receives'a ramfall Jower zhan 135
cm while the Mahanadi basin receives a higher rainfall. The Wainganga valley is covered
by sal forest while that of Mahanadi basin has rich teak forests. AL

The Telangana region lies to the south-east of the Deccan Plateau. It has undergone

weathering and on since long time and is now left as highly denuded and dissected

regron. having isolated rock features (Monadnocks) at some places, The 'scanty
vegetauon grows only on the northern part while the southern part is covered by an

. I TN

expanse of tropical grasses of the Savanna type. A A

1

The extreme southern part-consists of the Nigins,” Anaimalars and the Palani,
Cardamom hills which are a continuation' of the Western Gbats after a wide Palghat

gap These hills have a_ho topography. The whole region is cavered with

rich forest of teak and sandalwood.

On the castern part of the Peninsular plateau lies the Eastern Ghats, a contrast 10
the Western Ghats. The hilly Eastern Ghats consist of three main groups ~ the northerst
hills which lie between Jamshedpur-and the Godavari, the Cudappah ranges lying
between the Godavari and the Palkonda range and Tamsl Nadu Bills between Palar and
Kaveri. All these regions have local variations in rainfall and nawral vegetation. The
nosthern lulls have more dense forest than the southern hills. The Tamil Nadu Hulls
have very small amount of forest growth on the eastern slopes.

In the extreme cast, lies the East coast of India, which m:y nggm be divided into
Onssa Coast, Andhira Coast and Coremandal Coast of Tamil Nn‘d_u These Eastern Coastal
plains are mamly the result of deltaic formation by rivers like the Mahanadi, Brahmani,

Godavari, Kaver, cte. The natural vegetation vanes from one part to the other. In Osissa
.
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APPENDIX-I

- - [
- Age: s v *  Major Geological and
Era Period ... (My)} Epoch Paleontological Events
00 " Holocena
Q 1 ~
2 y Pleistocene Huhalayan
[ c2 Mountain
Pliocene buildiny
e s iding Age
8 26' Miccene of
Tertary Oligocene Alping Mammals
Kl E Mountain
53 - Eocene +  bullding
L2 Paleocene
o 85
E o Cretaceous .|, . Fuststagesof ..
g E 136 | Rocky Mountains Age
gl a Jurassc of
2190 ). - N
i T * | Breakup of Pangasa- Dinosaurs
rasse 225 | opening of Attanlic .
Permian + | . . Final assembly of
Pangaea
g 280
@ {Pennsyivanan 3 Extensive coal formation
@ .. S y
E 320 :0: §
. s
.S.°> g Mississippian ‘ g E e
3 345* £3° :
— % Devonian §~5
& 3% ] [T L prstlandplants™ '
-l [t "2 2 . Firstlandplants ¢
Stlnian” § § P
430 3 i Pnmitive fish
Ordoyician e g5 o t
2a
Cambnan © First abundant
570 ' « - _ shelled invertebrales
8 Proterozoe Abundant iron formations
5 2300 o
-g 5300 Major gt::d depﬁ"j.yog)
18 Archean Earhiest known Ife
2 . Odest rock {~3800) . .
ez 4500 *
a 4700 | For of the Earth
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Duns
Humadrs
Babirigir:
Krishnagiri
Karewas
Malnad
Maidan
Pats
Sabvadris
Bbabar
Teraz
Bbangar
Kankur
Dhbaoras
Dbands

Pattis
—T

VM UUUPNRY - ..

APPENDIX - IT

.. Local names

v . . '

flat floored structural valleys - e ey

also the name of Greater-Himalaya. -
same as above
o

L -
ancient ‘name of Karakoram '

h\xlly area bordering the th’yndn

are of rolling plains with low gmmuc hllls

another name of Wesle}n'thu
pebble studded zone’aiong ‘lhlé foot of lhe SlWﬂllk ot

belt of emergmg streams lost 1n Bhabar j

deposits of glacal clay :md‘olhcr ma(crnls

- - '
)

v
. '

- e -

! : R

{ f .

1 . e

L - }

i

N

older alluvium which forms,hxgher ground*m‘thﬁ’ interfluve area

calcareous concreuons on lhe Bh:mg:u NSRS,

remnants of'fom)er (xfer.cot;zrsc‘otix recently depgs

M

o ber

o e

d alluvium

g
L S

alkalme lakes along dry courses of river in Smdh plams

longitudinal depression between the sand hills
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Kbadar - younger alluvium of the floodplains
Chhos gully formation n the adjoining hill regions
Dhaya - . + bluffs of the khadar )
Dhr;an shifting sand dunes in the Thar
Sar salt-soked playa lakes on the Bagar
Rob: Fertile tracts along Aravallis
Thaly tract north of Luni having immobile sand dunes
Bbus - Simple sand dunes on the bagar
Dbands - depressions occupied by alkaline lakes within seifs
Bbur belt of undulating sandy uplands i Bijnor and Muradabad
Caurs : long line of marshes from Khagana to Chhapra
Tal lake depressions in South Bnhéxr plains
Duars ' rver basin formed by the Tista and Jaldhaka
Rarb lowland to the west of Bhagrathi
Bbils dead arms or deferred junctions of the rivers
Kayajs lagoons and backwaters in Kerala
Adbiwarg river group in Bthar
Char niver island 1n Bengal

Chapri niver bank made of silt
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i seasonal stream in Punjab with wide bed
Diar subtrcam of the mun mver Gn Bihar)
fabat

sieps leading up to the nver from where 1 ferty can be opegated

Ut sy Heaodplun ares of 4 nver i WUt Pradesh .
.
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