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Preface

Optimal management of water resources is the necessity of time in the wake of development and
growing need of population of India. The National Water Policy of India (2002) recognizes that
development andnanagement of water resources need to be governed by national perspectives in

order to develop and conserve the scarce water resources in an integrated and environmentally
sound basis. The policy emphasizes the need for effective management of watercesday

intensifying research efforts in use of remote sensing technology and developing an information
system. In this reference a Memorandum of Understanding (MoU) was signed on December 3, 2008
between the Central Water Commission (CWC) and National eefemsing Centre (NRSC), Indian

{ LI OS wSaSINDK hNBEFyAaldAazy o6L{wh0o (2 SESOdzi$
LYLX SYSyiGFrdA2y 2F 2SS0 SylrofSR 21 GSN) NBaz2dz2NDOSa L
as IndiaWRIS WebGIS.

IndiaWRIS WebGIS hasen developed and is in public domain since December 200v(india
wris.nrsc.gov.ia @ LG LINP@GARSA | W{Ay3IfS 2AyR2¢ az2ftdziizyQ
in a standardized national GlSrnework and allow users to search, access, visualize, understand

and analyze comprehensive and contextual water resources data and information for planning,
development and Integrated Water Resources Management (IWRM).

Basin is recognized as the ideatgractical unit of water resources management because it allows
the holistic understanding of upstreadownstream hydrological interactions and solutions for
management for all competing sectors of water demand. The practice of basin planning has
developed due to the changing demands on river systems and the changing conditions of rivers by
human interventions. The multiple uses of water and varying demands on a river basin require an
integrated approach to managing river basin.

Basin wise reprt generation is one the important deliverables of InllilRIS project. Report of
Ganga basimlescribes systematically the present status of water resources: major water resources
projects, hydremeteorological observations, surface and ground water dgwalent scenario,
topographic characteristics, climatic variability, land use / land cover pattern & allied natural
resources along with socieconomic profile of the basin. The report contains valuable latest
information of the basin on all aspects of watesources and allied sectors and will be useful as
baseline information for the irrigation officials, hydrologists, agriculturalists, conservationists,
research organizations and all those involved in the developme@aoiya basin
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Executive Summary

India is endowed with rich water resources with approximately 45,000 km long riverine systems
crisscross the length and breadth of the country. The Ganga river basin is the largest of the basins of
India with an area of 8,61,452 Sqg.km in India, drainimg the 11 states of the country,
Uttarakhand, Uttar Pradesh, Haryana, Himachal Pradesh, Delhi, Bihar, Jharkhand, Rajasthan, Madhya
Pradesh, Chhattisgarh and West Bengal. The Ganga river has many tributaries, both in the Himalayan
region before it entershe plains at Haridwar and further downstream before its confluence with the

Bay of Bengallhe basin has a total drainage length of about 624235.73 SGhkenGanga basin lies
0SG6SSy Strald t2y3aAlddzRSE TocHQ G2 ngmpeximen ldngilR Y 2 NI
and width of approx. 1,543 km and 1024 km. The average water resource potential of the basin has
been assessed as 525020 Million Cubic Meters (MCM).

The basin spreads over 239 parliamentary constituencies (2009) and 2,86,557 villageghial

Ganga basin. Average population density in the Ganga basin is 520 persons per Sg.km as against 312
for the entire country (2001 census). The cities in the basin have large and growing populations and

a rapidly expanding industrial bas@ccordingto IndiaWRIS the basin has 386249 settlement
extents. The basin has a good network of road and rail with a total length 1087488.76 Sqg.km and
24687.34 Sq.km respectively.

The Ganga basin has vast water resources in form of Surface Water and Ground \&@iece®. In

the basin there are 276947 surface water bodies in form of Lakes/Pond, Reservoir, Tanks etc. There
are 784 dams situated in the Ganga basin, out of which 158 dams are included in National Register
of Large Dam (NRLD) and 66 barrages, 92 welird&nlift schemes are also constructed the basin.

The water resource assets especially dams in Ganga basin are used for varied purpose like Irrigation,
Water Supply, Hydr&lectric, and Drinking Water where 92.83% of total assets are used for
irrigation pupose. The Ganga basin also contains one Inland National Waterwayd)(lsid 12

Inter Basin Transfer Links are proposed by National Waterways Development Authority of India.

In the Ganga basin, there are several major systems of canals which cater & aBnpercent of

the net irrigated area. There are 47#@ajor and medium irrigation projects that represent a

command area of about 36.1percent of the basin. The 39 hydetectric projects and 56
powerhouse of Ganga basin are a testament to the regionsJAWNJi I yOS (2 LYRAL Y
hydroelectricity portfolio. In Ganga basin groundwater is a worthy source and easily accessible
especially from the aquifers in the alluvial zone. The groundwater usage for irrigation in the states

falling under Ganga basin aecded for nearly 50 percent of the groundwater irrigated area of the

entire country.

Climate is not uniform over the Ganga basin; it varies from alpine, tempesatetropical and
tropical. Snowfall at higher altitudes accounts for most of the riveratinWith the varied climate,

the Ganga basin has an attraction for tourists also from all around the world which includes glaciers,
hill stations, pilgrimages, mountains, peaks, wild life sanctuaries etc.

For effective utilization and management of watersources this report has been generated for
Ganga basin to provide an overview on the water statistics and its critical parameters. In order to
utilize the water efficiently the common people should know about the availability of the current
water resouces present in the country.

»
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1. Introduction

1.1.Overview of basin

The Ganga basin outspreads in India, Tibet (China), Nepal and Bahgtageshetotal area of
10,86,000Sg.km.The major part of the geographical area of the Ganga basin lies inaimdigis the
biggest river basin in the countdraining an area of 8,61,452 Sq.kvhich is slightly more than ore
fourth (26.3 % of the total geographical area of the countiy India, it covers states of Uttar
Pradesh, Madhya Pradesh, Rajasthan, Bih&est Bengal, Uttarakhand, Jharkhand, Haryana,
Chhattisgarh, Himachal Pradesh and Deliowever the GIS calculated area of the basin is
808337.11Sq. kni. KS o6l aAy fASa o0SieSSy Srad t2y3airiddzRSa
oMCc HMQ Krhuieygh and lwiith of appramately 1,543 km and 1024 kmespectively The
geographical extent of the Ganga basin is showklap 1. The basin is bounded by the Himalayas on
the north, by the Aravalli on the west, by the Vindhyas and Chottanagpur plateahe south and

by the Brahmaputra Ridge on the eathe Great Bsert d Rajasthan and the Aravallilkiform the
ridge between the Indus and Ganga drainage sysfdéme. delta of the greater Ganga basin is one of
the largest in the world and is known by the nhame Sundarbans after the Sundarictreeng an
area of 60,000 Sq.kriThe salient features for the basin are listed in Tdble

The Ganga is the 30ongest rver in the Asia and the &1ongest in the world$ource: Philips World
Atlas). The headwaters region of Ganga is the Himalayas dotted by number of mighty tributaries
The Bhagirathi river that rises from th®angotri glacienear Gomukfat an elevation about 7,010

m above mean sea levah the Uttarkashi district of Uttarakhand is considered as the source of
Ganga riverlt descends down the valley up fdevpayagwhere after joining another hill stream
Alaknanda, it is called Ganddowing downhill ke river is joined by a number of streams, such as
the Mandakini, the Dhuli Ganga and the Pinddre total length of river Ganga (measured along the
Bhagirathi and the Hooghly) up to its outfall into Bay of Bengal is 2,52kittn631 kmnavigable
length.

From a hydrological point of view, trentire length of Gangaiver in India can be divided in three
stretches The Upper Gangaach, thatextendsfrom the origin to Narora Barrage in Bulandshahar
district of Uttar Padesh; the Middle Ganga readtom Narora Barrage to Ballia district in Uttar
Pradesh, and the lower Ganga reach from Ballia to its d€lte.principal tributaries joining the river
from right are the Yamuna and ttf#one The Ramganga, the Ghaghara, the Gandak, the Kosi and the
Mahananda jm the river from left. The Chambal and the Betwa are the two important sub
tributaries join the river from left The Ganga basin map with major drainage &wétion ofhydro
observationsites are shown in Map and their corresponding details of hydrdogewation sites are
given in Tabl@.

Ganga has been a cradle of human civilization since time immemorial. It is one of the most sacred
rivers in the world and is deeply revered by the people of this coufitng.Gangadrains a basin of
extraordinaryvariation in altitude, climate, land use and cropping pattdrne Ganga basin has large
number of water resource assets and surface water bodies whibvered by 11 states and most of

its area is covered by Uttar Pradesh (28.02%) and Madhya Prade8B%®Iof the total basin area.

The other stats in embracesof Ganga basin are Rajasthan, Bihar, Jharkhand, Chhattisgarh, West
Bengal, Uttarakhand, Haryana, Himachal Pradesh and Dellki.state wie distribution of the
drainage area of the basin is shownFigurel.

»
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i Uttar Pradesh: 241392 Sqg.km (28.02 %)
i Madhya Pradesh: 181065.5 Sq.km (21.02 ¢
M Rajasthan: 112496.26 Sqg.km (13.06 %)
u Bihar: 93579.8 Sg.km (10.86 %)

H West Bengal: 71489 Sq.km (8.30 %)

i Uttarakhand: 52988.5 Sq.km (6.15 %)

1 Jharkhand: 50389.14 Sqg.km (5.85 %)
.IHaryana: 34343 Sqg.km (3.99 %)

LI Chhattisgarh: 17907.60 Sq.km (5.85 %)
i Himachal Pradesh: 4317 Sq.km (0.50 %)
® Delhi: 1484.2 Sqg.km (0.17 %)

Figure 1. State wise drainage area of Ganga basin (In Indian Territory)

According to Census 2001, 242 districts fall in Ganga basin among these five states completely fall in
the basin are Uttar Pradesh (70 districts), Bihar (37 disjridielhi (9 districts), Jharkhand (18
districts) and Uttarakhand (13 districts). Other six states have only few districts that are part of
Ganga basin. They are 17 out of 18 districts of West Bengal, 35 out distists of Madhya
Pradesh, 12 out of 19igtricts of Haryana, 19 out of 32 districts of Rajasthan, 4 out of 12 districts of
Himachal Pradesh and 6 out of 16 districts Chhattisghinle. basin spreads over 239 parliamentary
constituencies (2009) comprising 80 of Uttar Pradesh, 40 of Bihar, 40 sifB¥agal, 25 of Madhya
Pradesh, 16 of Rajasthan, 12 of Jharkhand, 8 of Haryana, 5 of Uttarakhand, 4 of Chhattisgarh, 2 of
Himachal Pradesh and 7 of Delhi. The major cities along the Ganga are Haridwar, Moradabad,
Rampur, Allahabad, Kanpur, Patna, VaraaadiRajshahi.

The Ganga and its tributaries have formed a large flat and fertile plain in North India. The awailabilit
of abundant water resources, fertile soil, and suitable climate have given rise to a highly developed
agriculture based civilization drone of the most densely populated regions of the woflde major

part of basin in Indian territory is covered with agricultural land accounting to giesdentof the

total basinarea and 3.47ercent of the basin is covered by water bodies; supporting about 43
percentof its population (448.3 million as per 2001 censyd}o the Ganga delta is inbiged by

many wild animals and significantly the Royal Bengal Tiger found in Indiacostibent. The iEh
population in the rivers is high and the bird life in the basin is also prolific.

The climate in the basin is varying from gulbmid to hot and humid monsoonal region arainfall

mostly occurs in the monsooperiod from June to SeptembefTheseasonaty of flow in rivers in

the basinis so acuteandit causes floods, particularly in the portions of Bihar and West Bengal and
led to the annual flood hazards and river bank erosion. Also the Himalayas in Uttarakhand and part
of Himachal Pradesh fallingtime basin experience snow falls.

| N
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Table 1. Salient features of the basin

Salient Features of the Basin

1 |Basin Extent Toc HQ (2 ydc pQ 9
HMcC ¢cQ (2 omMc HMQ
2 |Area 6qg.km) 10,86,00((Total)
8,61,452(With in India)
3 |Length of Gangsaver (km) 2525
4 |States in the basin Uttar Pradesh (28.02 %)
Madhya Pradesh (21.02 %)
Rajasthan (13.06 %)
Bihar (10.86%)
West Bengal (8.3 %)
Uttarakhand (6.15 %)
Jharkhand (5.85 %)
Haryana (3.99 %)
Chhattisgarh (2.08 %)
Himachal Pradesh (0.5 %)
Delhi(0.17 %)
5 |Districts (Census 2011) 252
6 |Parliamentary Constituencies (2009) 239
7 |Average Annual Rainfall (mm) 1059.74
8 |Average Maximum TemperaturQ) 32.05
9 |Average Minimum Temperaturé C) 18.44°
10| Total Population 32,91,55,760
11|Number ofvillages 2,86,557
12 |Highest Elevation (m) 7512
13 |Average Annual Water Potential (BCM) 525.02
14 |Live Storage Capacity of Completed Projects (MCM) 42060.2
15 |Live Storage Capacity of Projects Under Construction (N 18600.18
16 | Total Live Storag€apacity of ProjectdViCM) 60660.38
17| Utilizable Surface Water (BCM) 250
18| Number of Sub Basins 19
19|Number of Watersheds 980
20 |Number of Water Resources Structures Dams- 784
Barrages 66
Weirs- 92
Anicuts- 1
Lifts- 45
Power House- 56
21 |Highest Dam Tehridam-260.5 m
22 |Longest Dam Nanak Sagar Dabttar Pradesh)} 19.2km
23 |Highest Barrage Banbass®arragg(Uttarakhand - 603.5m
24 |Longest Barrage Giri BarraggéHimachal Pradegh 619.35m
25 [Number of Irrigation projects Major - 144
Medium- 334
ERM- 63
26 [Number of HE projects 39
27 |Number of Ground Water Observation wells 5745
28 |[Number of HydreObservation Sites 318
29 [Number of Flood Forecasting Sites 87
30 |Water tourism sites 336

)
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Ganga Basin - IRS P6 AWIFS False Colour Composite (FCC)

Map 2a.Satellite Imageryof Ganga Basin
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Table2. Ganga basin Hydro Observation Sites

S. No. Site Name S. No. Site Name S. No. Site Name
1 Tuini (P)(GD) 73 Fatehgarh (GDSQ) 145 Munger (FF)
7l Tuini(T) (GDQ) 74 Moradabad (GDQ & FF) 146 Lalbegia ghat (GD & FF)
3 Naugaon (GD) 745 Bareilly (GDSQ & FF) 147 Sikanderpur (GDSQ & FF)
4 Bausan (GD) 76 Dabri (GDSQ) 148 Samastipur (FF)
5 Haripur (GD) 77 Kannauj (FF) 149 Benibad (GD & FF)
6 Yashwant Nagar (GDQ) 78 Ankinghat (GDSQ & FF) 150 Saulighat (GD)
7 Paonta (GDQ) 79 Kanpur (GDSQ & FF) 151 Kamtaul (FF)
8 Kalanaur (GDQ) 80 Bhitaura (GDSQ) 152 Ekmighat (GDSQ & FF)
9 Karnal (GD) 81 Lucknow (GDSQ & FF) 153 Hayaghat (GDSQ & FF)
10 Mawi (GDSQ, & FF) 82 Dalmau (FF) 154 Rosera (FF)
11 Baghpat (GD) 83 Shahjadpur (GDSQ) 155 Khagaria (FF)
12 Delhi Rly Bridge (GDSQ. & FF) 84 Phaphamau (FF) 156 Bhagalpur (FF)
13 Galeta (GDQ) 85 Chhatnag (GDSQ & FF) 157 Colgong/ Kahalgaon (FF)
14 Mohana (GDSQ) 86 Garrauli (GDSQ) 158 Azmabad (GDSQ)
15 Mathura (FF) 87 Mejja Road (GDQ) 159 Jainagar (GDSQ)
16 Agra (GDSQ & FF) 88 Mirzapur (GDSQ & FF) 160 Jhanjharpur (GDSQ & FF)
17 Arnota (GD) 89 Varanasi (GD5SQ & FF) 161 Basua (FF)
18 Etawah (GDSQ & FF) 90 Neemsar (GDQ) 162 Baltara (GDSQ & FF)
19 Chittorgarh (GD) 91 Sultanpur (GDQ) 163 Kursela (FF)
20 Bigod (GD) 92 Jaunpur (G & FF) 164 Sahibganj (FF)
21 Tonk (GDSQ) 93 Raibareli (GDQ & FF) 165 Siliguri (GD5Q)
22 Baranwada (GDSQ) 94 Palla (GDQ) 166 Matigara (GDSQ)
23 Dhareri (GD) 95 Maighat (GDSQ) 167 Sonapur (GDSQ)
24 Tal (GDSQ) 96 Ghazipur (FF) 168 Dhengra ghat (GD & FF)
25 Ujjain (GD) 97 Buxar (GDSQ. & FF) 169 Jhawa (FF)
26 Mahidpur (GDSQ) 98 Ballia (FF) 170 Barhait (GD)
27 Gandhi Sagar (FF) 99 Masani (GD) 171 Farakka (GDSQ & IF)
28 Mandawara (GD) 100 Dadri (GD) 172 Maharo (GDQ)
29 Sarangpur (GD) 101 Dhansa (GD & FF) 173 Massanjore Dam (GD & IF)
30 Salavad (GD) 102 Ghat (GDQ) 174 Tantloi (GD)
31 Aklera (GDSQ) 103 Tawaghat (GD) 175 Tilpara Barrage (GD & IF)
32 Sangod (GDQ) 104 Jauljibi (GD) 176 Narayanpur (FF)
33 Barod (GDSQ) 105 Zero Point (GDSQ) 177 Bazarsaw(GD)
34 A.B. Road X-ing (GDSQ) 106 Nahargarh (GD) 178 Jamtara (GDSQ)
35 Khatoli (GDSQ) 107 Tumri (GD) 179 Gheropara (FF)
36 Pali (GD) 108 Paliakalan (GDSQ) 180 Nutanhat (GDSQ)
37 Manderial (GD) 109 Elginbridge (GDSQ & FF) 181 Katwa (Purbast hali) (GDSQ)
38 Dholpur (GDSQ) 110 Ayodhya (GDSQ & FF) 182 Berhampore (GDSQ)
39 Udi (GDsQ) 111 Basti (GDQ) 183 Islampur (GD)
40 Bhind (GD) 112 Bhinga (GD) 184 Palashi para (GD)
41 Pachauli (GDQ) 113 Balrampur (GDSQ & FF) 185 Chapra (GDSQ)
42 Seondha (GDSQ) 114 Kakarahi(GD) 186 Kalna (Ebb) (GDSQ)
43 Auraiya (GDSQ & FF) 115 Bansi (G & FF) 187 Hanskhali (GDQ)
44 Kalpi (GD & FF) 116 Regauli (GDSQ) 188 H/R Farraka (GDSQ)
45 Lalpur (GD) 117 Birdghat (GDSQ & FF) 189 Barkisuriya (GD)
46 Hamirpur (GDQ & FF) 118 Turtipar (GD5Q & FF) 190 Maithon Dam (GD & IF)
47 Basoda (GD) 119 Darauli (FF) 191 Ramgarh (GDQ)
48 Mohana (GD & FF) 120 Gangpur Siswan (FF) 192 Tenughat Dam (GD & IF)
49 Shahijina (GDSQ & FF) 121 Chhapra (FF) 193 Konar Dam (GD)
50 Chillaghat (FF) 122 Maner (FF) 194 Panchet Dam (GD & IF)
51 Garhakota (GD) 123 Kuldah Bridge (GDSQ) 195 Durgapur Barrage (GD & IF)
52 Gaisabad (GD) 124 Rewaghat (FF) 196 Jamalpur (GDS)
53 Banda (GDSQ & FF) 125 Chopan (GDSQ) 197 Harinkhola (GDS & FF)
54 Kora (GDQ) 126 Duddhi (GDSQ) 198 Simulia (GD)
55 Rajapur (GD) 127 Japla (GDSQ) 199 Tusuma (GD)
56 Pratappur (GDSQ) 128 Pupunki (GD) 200 Rangagora (GD)
57 Naini (FF) 129 Inderpuri (FF) 201 Kharidwar (GD)
58 Uttarkashi (GDSQ) 130 Koelwar (GDSQ & FF) 202 Phulberia (GD)
59 Deoprayag (GD) 131 Gandhi ghat (GDSQ) 203 Kangsabati Dam (GD & IF)
60 Badrinath (GD) 132 Tribeni (GDSQ) 204 Mohanpur (GD & FF)
61 Joshimath (GD) 133 Khadda (FF) 205 Dheng Bridge (GDSQ)
62 Karanprayag (GD) 134 Chatia (FF) 206 Labha (GDQ)
63 Rudraprayag (GDSQ) 135 Dumariaghat(GDS) 207 English Bazar (GDQ)
64 Rudraprayag (GD) 136 Lalganj (GDSQ) 208 Kufri SHO
65 Srinagar (FF) 137 Hazipur (FF) 209 Jubbal SHO-II
66 Deoprayag (GDSQ) 138 Hathidah (GDSQ & FF) 210 Jubbal SHO-I
67 Marora (D/S) (GD) 139 Sripalpur (GDQ & FF) 211 Hanuman Chetty SHO
68 Rishikesh (GDSQ & FF) 140 Nandadih (GD) 212 Harsil SHO
69 Haridwar (FF) 141 Gaya (GDQ) 213 Auli SHO
70 Garhamukteshwar (GDSQ) 142 Patna (Dighaghat) (FF) 214 Tajewala Weir (Hathnikund) (FF)
71 Narora Barrage (U/S)(FF) 143 Gokul Barrage (GQ) 215 Madla (GD)
72 Kachlabridge (GDSQ) 144 Lakhisarai (GDQ) 216 Kalna (Flow) (GDSQ)
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1.2. Topography

The Ganga basin comprises of three latgpographicdivisions ofthe Indian subcontinent, namely

the HimalayanYoungFold Mountains, the Gangetiéain, andthe Central Indian highlandS'he
Himalayan Fold Mountainsomprises the Himalayan ranges including their foot kilth numerous

snow peaks rising above 7000@ach of these peaks is surrounded by snow fields and glaciers. All
the tributaries arecharacterizedy well regulated flars and assuredupply of water throughout the
yearby these glaciersThe Gangetic plaing which the main stem of Ganga lietuated between

the Himalayas and the Deccan plateau, constitute the most of thebasim ideally suited for
intensive cultiation. It consists of alluvial formation and is a vast flat depositionalase at an
elevation below 300mThe Central highlands lying to the south of the Great Plains consists of
mountains, hills and plateaus intersected by vallegd aver plains.They are largely covered by
forests. Aravali uplands, Bundelkhand upland, Malwa plateau, Vindhyan ranges and Narmada valley
lies in this region.

The Gangeticplains are mostly divided into three parts, Upper Ganga plains, Middle Ganga plains
and Lower Gagma plains The Upper Ganga plain is the part of the Great Plains lying approximately
between the Yamuna in the west covering the parts of Uttarakhand and Uttar Pradesh. The region is
delimited in the north by 300m contour which separates it from the Gafum Himalaya west of
Sarda while the International boundary of Nepal marks the limit towards the east. In the south the
Yamuna demarcates its border with the Bundelkhand. The axis of the topographic trough
paradoxically lies nearer the peninsular blockatong the Ganga which traverses the area in a
south-southeasterly direction. Thus there is, though not perceptible, a tract adjacent to the foot hills
where the slope is higher and has resulted in the preponderance of numerous small streams,
assigning a@newhat medum to fine texture to this part. fie southern counterparts, particularly
north of the Ganga are characterized by the sluggifiblying streams like the Ramganga and the
Ghaghara studded with exows, sandy stretches (the Bhurs) eifthe topogaphic diversities
produced by the changing river courses are predominantly observed in the Ramganga and the
Ghaghara valleys, particularly in their flood plains.

The streams such as the Kali, the Hindan, and the Pandu etc. have to go a long way péhnailel to
master streams to empty themselves. Distinct, though areally insignificant, in topographic
expressions is the Yamunapar or the Yamlaweer Chambal tract. The deep valley separated by
sharp spurs and buttresses are the main features of Upper Galaga. Fopographically most
significant and complex part of the region is the submontane belt, running at the foot of the Siwaliks
from west to east across the area on the northern border consisting of the two parallel stities
piedmont zone, the Bhabdthe Doab region) and the adjoining relatively gently sloping Tarai belt.

The Middle Ganga Plain is the largest among the three plains of the Ganga. It covers the Bihar plains
and the Eastern Uttar Pradesh lying on the entire side of the Ganga and dgh&h within the
Himalayan and the peninsular ramparts on the north and the south respectively. Structurally the
region is the segment of the great In@@anga trough; however it has some marginal portions of the
other two major formations that are Siwadikn the northern part of the Champaran district and the
fringes and the projections of the peninsular block in the south. In general, it is below 100m above
the sea level, except that is gradually rises from Domariaganj in Basti up to 130m in the Netth We
and up to 150m in the south in cooperating the projections of the southern uplands; in the east the
Kosi plain ranges between 30m in the south to 75m in the extreme north. A more pronounced relief
is occasioned when the plain meets the hilly aie#he north bearing the stamp of their loosebet
gravelly natureparticularly in the extreme north, where the surface appears to be broken by large
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rivers like the Ghaghara, the Rapti, the Gandak, the Bagmati, the Kosi etc., which comb the region
with their affluents in an intricate pattern.

The Lower Ganga Plain includes the Kishanganj district of Bihar, whole of West Bengal excluding the
Purulia district and the mountainous parts of Darjeeling district and most of the parts of Bangladesh.
The region embracethe area from the foot of the Darjeeling Himalayas in the north to the Bay of
Bengal in the south and from the edge of the Chottanagpur Highlands in the west to the border of
Bangladesh and Assam in the east. Topographic expressions in the regionspaakyof any well
defined stage of their evolution. The monotonous surface is dissected frequently by the channels of
the tributaries or distributaries of the main stream, the Ganga. Therdiptiee Malda west Dinajpur

tract where the inliers of the lat@ic alluvium are sufficient to break the general monotony of the
plain, (i) the tract borderng the Chottanagpur Highlandéj)(the Midnapore Coast where the sand
dunes on the terraces appear to be more significant element of landfofmsthe Duarsof
Jalpaigurl and Darjeelindo the east of the shoreline lies bulge of the Ganga (Sundarbans) where
the depositional activity of the stream is prominent and new surface is being continuosly added.

As per Digital Elevation ModddEM obtained fromShutle Radar Topographic Missi@@RTM 90m),

the elevationof Ganga basiranges from8000m to 0 m (near Coas§nd its variatios are shown in

Map 4. The terrain of the hsin is very rugged in the nordmastern part and flat towards
downstream sideTheHimdayan region of the basicontainsnine of the fourteen highest peaks in

the world over 8,000m in height, including Mount Everest wh&khe higlest point of the basin.

The other peaks over 8,000m in the basin are Kangchenjunga, Lhotse, Makalu, Cbdayagiri,
Manaslu, Annapurna and Shishapangma. The Himalayan portion of the basin includes the south
eastern portion of the state of Himachal Pradesh, the entire state of Uttarakhand and the extreme
north-western portion of the state of West Bengdlajor areaof the basinfalls within 300-500 m
elevation zoneThe elevation variation the basin is depicted in Ta&ble

Table 3. Elevation zones

Sl. no.| Elevation (m)| Area §g.km) | % of Total Ared
1 <5 10441.16 1.21
2 5-10 8320.58 0.97
3 1050 58940.57 6.84
4 50-100 122902.46 14.27
5 100-200 200790.42 23.31
6 200-300 123124.65 14.29
7 300400 105002.90 12.19
8 400500 114920.62 13.34
9 500-750 59722.04 6.93
10 750-1000 8741.36 1.01
11 1000-1500 11636.73 1.35
12 15002000 10699.95 1.24
13 20003000 9540.63 1.11
14 30004000 4886.73 0.57
15 40005000 6320.05 0.73
16 50006000 5096.32 0.59
17 > 6000 364.8297 0.042351
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1.3 Climate

In India, fourdistinguishabletemperature zones: tropical, sdiopical, temperate and alpine.
Among thesethe tropical zonesand subtropical temperature zoneare most predominant in the
entire Ganga basinThe tropical zone in the basin hasn@an annual temperature over 24°C and
mean temperature of January over 18°@dasubtropical temperature zone hasmean annual
temperature over 17°C 24°C and mean temperature of January over 1018°C.The hydrolgic
cycle in the Garg basin is governed by thewhwest nonsoon. About 84percent of the total
rainfall occurs in the monsoon from June to September. Cqunsiatly, stream flow in the Ganga
highly seasonahnd the seasonality of flow is so acutbat it even cause flood condition in the
plains

The proximity of the Bay of Bengal on the south and the alignment of the Himalayas in the north
determine largely the climatic character of the basiie Upperplains ofGanga is a subumid
region and has an average weather conditions emerging out of the combined effect of the various
elements lead to the four seasons like the hot summer, the wet winter, theyiméer transition and

the winter. The higher elevation zonexf the Himalayan ranges especially the Uttarakhand and
Himachal Pradesh parts experience lower temperatures than the other parts of the basin. These
parts also experiences snowfallhe Middle Ganga plains lay between the Himatayathe north

and the painsular foreland in the south make the region transitionalcimate character. The
winter cyclones with occasional cold waves and the hot summer winds from the west sweep the
entire middle region. The lower Ganga plaimsually experiences a hot and huchimonsoonal
climate.

1.31. Temperature

The Ganga basin forms an extensive bowl of warm air, especially during thangayrhe mean
maximum daily temperature even in the coldest month (January) does not fall below 21°C, except in
the higher hillswhereas the air temperature starts rapidly rising all over Ganga basin from March
onwards, beginning a hot season that prevails from April to June. Usually, May is the hottest month
in most part of the basin, except in lower Bendalthe Gangetic plaingshe daily mean maximum
temperature in May shoots up as high as 4bf@estwards of Gaya and 42.3°C in Kota in the Central
Indian upland regionThe minimum temperature is usually hightran 8Cmainly because dthe

lower plains of the basinLow tempeaturesin the basinare often associated with the intrusion of

cold air from across the Gangetic plain in the months of December and January.

The air temperature starts falling with the onset of the monsoon from June onwards, making the
weather more humidand equable. The diurnal range between the daily mean minimum and the
daily mean maximum temperature reduces progressively as the monsoon advances. Eventually, the
lowest diurnal range of temperature occurs at the peak of the monsoon, which is usualgirst,
though sometimes in Juljpue to its proximity to the coast, Kolkata stands as an exception, with its
highest diurnal range occurring during the coldest month (January). On account of high population
density and a heavy concentration of industnalits in the Metropolitan Distri the effect of
temperature is very pronounced, with frequent episodes of smog in the winter evenings followed by
mist in the colder morning hourd\s perIMD grid data analyzed under this projedhe average
annual meantemperature of Ganga basin of 35 years (126®4) is 24.82°C. The average annual
maximum temperature of Ganga basin of 35 years (128®4) is 31.22°C and annual maximum
temperature was noted on 1987 is 32.05°C. The average annual minimum temperatGiengé

basin of 35 years (1962004) is 18.44°C and annual minimum temperature was noted on 1971 is
17.68°CThe average minimum, maximum and mean temperature from January to December of 35
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years is shown in the Figug The detailed monthly\zeragetemperature for the periodof 1969 to
2004is given in Annexuré-B.
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Figure 2. Monthly average temperature (1968)04)

1.3.2. Rainfall

The weather in the Ganga basin is characterized by a distinct wet season during the period of south
west monsoon (June to Septembefhe southwest monsoon makes landfall at the mouth of the
Ganga around the first week of June and advances upstream. Bgnitheof July the monsoon
reaches the western end of the Ganga basin. In the majority of the basin, the rainy season spreads
over three months (July, August and September) and usually 70 to 80 percent of the total annual
rainfall occurs during this perioth the eastern part of the basin, such as in West Bengal and Bihar,
the wet season is longer, usually starting in June and continuing until the end of September or early
October.

Theaverageannual rainfalfor Ganga basin varies from 40Q@000 mm as isepicted in the Map 5.
The value of rainfall foB4 years (197.2005) the Ganga basttan be broadlys classified intd 1
zonesbased on the ainfall received in that areaAbout 27.31percentof total area ofGangabasin
receives a rainfall of I®-1200nm, 23.14percentarea receives 862000mm, 15.5percentarea of
the basin receives 66800mm and 14.29ercentof basin area receives 1248100mm. The detailed
sub-basin wise annual rainfall from 1971 to 2004 is given in Annebidxe

in;-w)a www.indiawris.nrsc.gov.in
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Ministry of RuralDevelopment (MoRD), in 2002, has identified the districts and blocks that are
affected by drought and declared them as drought prone under Drought Prone Area Programme
(DPAP). As per DPAP scheme, the Ganga basin has 76 districts of 9 states are afftrcteghby
(Bihar 6 districts, Chhattisgarh3 districts, Himachal Pradesh districts, Jharkhandl4 districts,
Madhya Pradesh16 districts, Rajasthar8 districts, Uttarakhand7 districts, Uttar Pradeshl6
districts, West Bengals districts).

1.3.3.Trend and Variability of Rainfall

The annual average rainfail the basin varies betweef00- 2000 mm. Eighty percent of the rainfall
occurs during the monsoon months i.e. between June and October. Because of large temporal
variations in precipitation wer the year, there is wide fluctuation in the flow characteristics of the
river. The highest rainfall of 1441.26 mm is observed in 1971 and lowest rainfall of 786133
observedin 1979. The trendine of monthly average rainfall (1972004) in Figure3 shows that

there is a marginal decrease in average annual rainfall. The average annual rainfall for the basin is
estimated as 1059.7dm.

Within the Ganga basin, every square kilometer of land surface area receives an avetdg€Idf

of water annuallythrough rainfall. However, less than half of this is actually available, after
accounting for water lost through evagoanspiration (30%) and seepage into the ground (20).%
Since the vast majority is concentrated in a three month span in most of thia, bhe water
available from rainfall usually exceeds what is lost through evaporation during this period, allowing
some surplus water to flow down the Ganga and its tributaries.
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Figure 3. Trend of monthly average rainfall (192004)
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1.4. Major River

The iver network ordrainage channels flosfrom higher reaches to lower levels often following the
topography and slope of the terraiand flows towards the sea.The basinin general iswell-
integrated drainage system of the Ganga. In the Upper Gangasahll the streams follow a N\WE

course concomitant with the lie of the land. The region has a pinnate drainage, an extreme case of
the dendritic pattern on macro level. Braiding of the Yamuna, the Ganga, the Ramganga and the
Ghaghara, the sandy shoatsdten liable to inundation during monsoons, and the frequent
meandering are also common features. The Ganga and its major tributaries, the Yamuna, the
Ramganga and the Ghaghara are the only Himalayan rivers which carry sufficient water all over the
year rauind. Wide flood plains and high banks are the common features in the course of the Ganga
and the Yamuna along with slit and clay depositse Kali, the Sukhata, the Gtiratc., mark the

next zone of rivers with source in the Bhabar and the Tarai. Maoteo§treams are perennial with

more defined course. Yet another group of the streams, the Kali East, the Sot, the Sai, the Kalyan
etc., are entirely the plain rivers originating from the depressions or Tals in the bhangar tracts. From
the south the Chambat the only major tributary joining the main streamime Ganga Thelength

and origin of major rivers anibutariesare given in Table.4

In Middle Ganga plains, theralnage lines hold particular significairt goverring the human
occupancy of land, particularly the agricultural land and settlements. The drainage pattern is
dendritic in general, and the general characteristic feature is that the rivers meet at acute angles and
several tributaries form parallel or stgaralel lines to the main stream. The major rivers that meet
the main stream in the middle plain are the Gandak, the KosiStireeand other small tributaries of
Gangalike the Tons, the Karmansa, the Chatar, the Jargo, the Karnauti, the Kirejilmé west 6

the Soneand those on the east of thBoneare the Pumpun, the Mohini andhe Chandan. The floods

are recurring feature in this region particularly in the North Ganga plains. Almost all rivers in this
middle plain develop a capacity to spill over in thensoon period and notoriously dynamic in their
character, particularly the great masters, the Rapti, the Ghaghara, the Gandak, the K&&pnthe
and the main Ganga itself.

The Lower Ganga plain drainage system is constituted by the tributaries antbudesties of the

main Ganga where Padma and Bhagirathi being the most important distributaries of Ganga. A host
of streams such as the Mahananda, the Mayurakshi, the Damodar, and the Dwarkeswar are notable
among themdecends from Himalaya and rush into theiain stream The HooglyBhagirathiact as

the main stream in the lower Ganga plain which joins the Bay of Bengal near the Sagar Island. The
shifting courses of the rivers with the voluminous discharge and shorter course in this plain had
made a significat impact on the human occupancy inighregion. The details of each major river
flowing in the Ganga basin are given below:

Ganga The Gangariver is one of the prime rivers of Indand t flows east through the Gangetic
plains of Northern India into theountry of Bangladesi.he Ganga originates as Bhagirathi from the
Gangotri glaciers in the Himalayas at an elevation of about 7/@10h Uttarkashi district of
Uttarakhand. After its conflence with the Alaknanda at Derngyag, the river assumes the naroé
WDIFy3FLQ YR Ff2g6a ¥F2NJ I(Utal Radidsiil,450 Ky, Bilak 442 ki, West2 dzi
Bengal 520 km)p to its outfall into the Bay of Bengal through the former main course of Bhagirathi
Hooghly.Although many small streams comprise the heatkers of the Gang the six longest are

the Alaknanda, Dhauliganga, Nandakini, Pindar, Mandakini, and Bhagirathi rivers. The five
confluencesof these rivers areonsideredmportant and sacred in Hindu mythologgnown as the

| %
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Panch Prayag, are all alotige Alaknanda. They are, in downstream order, Vishnuprayag, where the
Dhauliganga joins the Alaknanda; Nandprayag, where the Nandakini joins; Karnaprayag, where the
Pindar joins, Rudraprayag, where the Mandakini joins; and finally, Devprayag, where timiha
joinsthe Alaknanda to form the Gangaver.After running some 25@m from its source, the Ganga
pierces through the Himalayas at Sukhi (near Rishikesh), before turning southwestwards for another
30 km where it finally descends into the vdstio-Gangetic plain at Haridwaelevation 283m). At

this point, the river swhs into a mighty stream of 750 mvidth. The Ganga does not receive any
major tributary until the Ramgangains at Kannauj addirgbout 17.79 billion cum/annum of water.

From Haidwar down to Allahabad, a distance of about 720 knflows in south/southeasterly
direction. At Allahabad (1020 km from the source), the Ganga is joined on the right by the Yamuna
river, which actually contributes more water (57.24 billion cum / anntman the main river itself,
augmenting the flow volume of the Ganga significaritiywer down, the river bears eastwards and
flow past Varanasi to enter Bihar just below Ballia.

Entering West Bengal, the river swings round the Rajmahal hill range oppbesitdnari Ghat and

flows almost due south. The delta of the Ganga can be said to start from Famakke state of

West Bengalhaving increased its flow volume at each confluence. In addition to flow volume, water
guality and sediment load also fluctwatlepending on the composition of the contributing stream.
The river divides into two arms about 40km. below Farakka. The left arm known as the Padma flows
eastwards into Bangladesh while the right arm, known as Bhagirathi continues to flow in a southerly
direction. After Nabadwip it is known as the Hooghly. The river ultimately flows into the Bay of
Bengal downstream of Calcutta. Important tributaries to join the river in West Bengal are the Ajay,
the Dwarka, the Damodar, the Rupnarayan and the Ha@leriver line diagram of the Ganga river

and its major tributaries and distributariés shown in Figure 4.

The principal tributaries joining theain river are the Yamuna, the Ramganga, the Ghaghara, the
Gandak, the Burhi Gandak, the Kosi, the Mahanandatlea&oneand the Chambal andhe Betwa
beingimportant subtributaries. In Uttar Pradesh the Ganga receives a number of tributaries on both
the banks. Of thdeft bank tributaries, the Ranagga and the Gomti are the most important. The
Yamunariver joinsthe Gangaiver on its right bank at Allahabad. The Tons and the Karamnasa are
the other right bank tributaries in Uttar Pradesh. After leaving thié Ghaghara joins the Ganga
river near Chapra. During its course in Bihar the river flowing eastwardvesceinumber of major
tributaries on both banks. The Great Gandak, the Burhi Gandak, the Bagmati and the Kosi are the
major rivers that join it on the left bank and ttf8one the Pun Pun, the Kiul, the Chandan, the Gerua
and others on the right bank.

Yamuwa: The Yamuna river is the biggest tributary of the Ganga river. It is also considered as sacred
river in India.The Yamuna riveoriginatesin the Tehri Garhwal district of Uttarakhand frotime
Yamunotri glacier near Banderpoch peaks (38p 0 Q 5 H T)@Bthe elevation of about 6,320m
above the sea level in the Mussoorie range of lower Himalay@asing from the source, the Yamuna
river flows through a series of valleys for about 200 in lower Himalayas and then emerges into
Indo-Gangetic plains. Inhe upper reaches, the gradient of the river is steep and the entire
geomorphology of the valley has been carved by the erosive action of the river water. In the
headwater reach of 20&m, the Yamuna draws water from several major streams. The combined
stream flows through the Shivalik range of hills of Himachal Pradesh and Uttarakhand states and
entersinto the plains at Dak Pathar in Uttarakhand. From Dak Pathar, the Yamuna flows through the
famous Sikh religious shrine of Poanta Sahib. Flowing thrcw@Roanta Sahib, it emerges from the
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foothills of Kalesan, north of Hathnikund/Tajewala where the river water get diverted into Western
Yamuna Canal and Eastern Yamuna Canal for irrigation.

The Yamuna river enters Delhi near Palla village after travefsingabout 224 km. Further
downstream, Yamuna flows through the Agra city which is famous for Taj Mahal. Shortly afterwards,
it passes through another historical city, Mathura. The total length of Yamuna from its origin to
Allahabad (confluence with Ganga)1,376 km and the drainage area j863223Sg.km The Yamuna

is a mighty river in itself and has a number of tributaries. In its first 170 km stretch, the tributaries
the RisigangaHanumangangaTons and Giri join the main river. Later big rivers, such as the
Chambal, the Sind, the Betwa and the Ken join it. The catchment of the Yamuna river system covers
the parts of Uttar Pradesh, Uttarakhand, Himachal Pradesh, Haryana, Rajasthan, Madhys Prade
and Delhi.

Tributaries ofthe Yamuna

The tributaries of Yamuna account f@0.9 percentof the catchment area; the balance of 29.1
percentareais directly draired bythe Yamuna. Further the catchment area of Yamuna amounts to
40.2 percent of the areaof the Ganga basin and 10pércent of the land in our country. The
important tributaries of Yamuna river are the Tons, the Chambal, the Hindon, the Sarda, the Betwa
and the Ken. The main Yamuna and Tons are fed by glaciers, viz., the Bandbmglaocierand its
branches originate from the Great Himalayas. Other small tributaries includéRisigangathe
Hanumangangahe Unta, the Karan, the Rind and the Glitie Risiganga a tributary of the Yamuna
rises 3km further northwest and joins the Yamunotrstream on its right bank near Banas while
other two streams the Unta and the Hanumanganga rising from the Jakhal glacier and the Chhaian
Barmak glacier respectively to the south of Banderpoonch meet the main stream on its lefttbank.
brief description ofmportant tributaries of the Yamuna is given in the following sections:

i. Tons The Tons is the largest Himalayan tributary of the Yamuna, rises from theesastérn slope
of Banderpoonch at an elevation of 3960and flowing in a valley noritvest of Yanuna, meets it
below Kalsi on the souttvest fringe of the Mussoorie range. At the confluence of the two rivers,
the Tons carry almost twice the volume of waters as the Yamuna and are considered as the
principal source of the river. Another imagant tributary, the Giri risefurther north-west of the
Tons draining areas in Himachal Pradesh.

ii. Kali: The Kali river originates from the Doon valley in the wesfam of Uttarakhand. The river is
named Kali possibly because of the color of the river wtitat is blackin color. From its origin up
to the confluence with Hindon river, a tributary of Yamuna travels a distance of about 150 km
through Saharanpur, Muzaffarnagar, Meerut and Ghaziabad districts. Despite a significant drainage
area of about 75@qg.kmmostly laying in plains the river does not carry any significant flow.

iii. Hindon:Hindon is an important tributary of Yamuna river, which is sandwiched between two major
rivers: Ganga on the left and Yamuna on the right. Hindon originates from upper Stimagk
Himalayas). It is purehainfedriver with a catchment area of about 7,088|.km andhis river has a
total run of about 400 km.

iv. BangangaThe Banganga originates in the Aravalli hills near Arnasar and Bairath in Jaipur district. It
flows towardssouth up to the village of Ghahen east through partly hilland partly plain terrain.

The length of the river is 240 kiihe main tributaries othe Banganga are the Gumti Nala, the Suri,
the Sanwan anthe Palasan rivers.

v. Chambal The most important ributary of the Yamuna is the Chambaer also known as
Charmanvati in ancientimes is the largest river flowing through Rajasthan staterides in the
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Vindhya range near Mhow in the Indore district of Madhya Pradesn elevation of 854n and
flows generally northerly direction up to the Madhya Pradd®hjasthan bordern this reach, the
Chamla, the Siwana and the Retam join the river from the left and the Shipra and the Chhoti Kali
Sindh from the right. It receives a major tributary from the rigktr the village of Laban, the Kali
Sindh and another tributary the Kural from the left. The Banas the major left bank tributary of
Chambal, joins the Chambal near the village of Rameshwar and other major right bank tributary,
the Parbati joins the rivemear the village of Pali districthe river is mainly a rainfed river.

vi. Betwa: The Betwaiver tributary of the Yamunaises in the Bhopal district of Madhya Pradesh at
an elevation of about 47& above the mean sea level. After flowing in a generallymesastern
direction through Madhya Pradesh, it enters the Jhansi district of Uttar Pradésh.traversing a
distance of 590 km, the rivepins the Yamuna near Hamirpur in Uttar Pradesh. One of the
important tributaries of the Betwaiver is the Dhasamiver. The river has 14 principal tributaries
out of which 11 are completely in Madhya Pradesh. The Halali and Dhasan rivers are the important
tributaries of the Betwa river, the Halali being the largest tributary with a length of 180 km.

vii. Ken The Ken, oa of the tibutary of Yamuna flows throughe Madhya Pradesh and Uttar Pradesh
states. The Kerriver has its origin on the nortlwest slopes of the Kaimur hills in the Satna district
of Madhya Pradesh. It generally flows in a neetisterly direction andoins the Yamuna near
Chilla.The river has a total length of 357 km and forms a state boundary between Chhattarpur
district of Madhya Pradesh and Banda district of Uttar Pradesh. The tributaries of Ken are the
Sonar, the Bearma, the Kopra, the Bewas, thmil, the Mirhasan, the Kutni, the Kail, the Gurne,
the Patan, the Siameri, the Chandrawal, the Banne etc. The longest tributary is Sonar which is 227
km in length and wholly lies in Madhya Pradesh.

viii. Sindh The Sindhiver is one of the longest rivers dtfie Central India to join the Yamunmiger on its
right bank. It rises in a tank 543m above the sea level near a village in Vidisha district of Madhya
Pradesh. It generally flows in nordastern direction joins Yamuna in Uttar Pradesh, slightly
downstrean of the confluence of the Chambal with the Yamuna. The river receives number of
tributaries; the more important of them are the Parbati and the Kunwari on its left bank and the
Pahuj on its right.

RamgangaThe Ramganga river is the first major tributtryoin the Gangat its left bank. It rises in

the lower Himalayas at an altitude of about 31d0Dabove the mean sea level near the village of
Lohba in the Garhwal district of Uttarakhand. The total length of the river from the source to its
outfall into the Ganga is 596 km and the entire length lies in the Uttarakhand and Uttar Pradesh. A
number of tributaries join the river mostly from the lefthe river enters the plains at Kalagarh near
the border of the Garhwal district, where the famous Ramganga Has been constructed. Beyond
Kalagarh, the river flows in a southeasterly direction and finally joins the Ganga on its left bank near
Kannauj in the Fategarh districthe most important tributaries are the Khoh, the Gangan, the Aril,
the Kosi and the Deha(Gorra)rivers

Gomti; The Gomti riveroriginates near Manikot in the Pillibhit district of UttaPradesh at an
elevation of 200m and drains the area betves the Ramganga and the Sardathe upper reach

and the area between the Ganga and tBlagharain the lower reachThe total length of the river

is about 94km. From the origin to its confluence with Ganga, the river flows entirely in the State of
Uttar PradeshLucknow the capital city of Uttar Pradesh is situated on the banks of Gowhtita

joins the Ganga in Audihar in Jaunpur district of Uttar Pradesh. The main tributaries of the Gomti are
the Gachai, the Sai, the Jomkai, the Barna, the Chuha and the Saryu. Major cities situated on its
banks are Lucknow, Sitapur, Hardoi, Barabanla,Btaeli, Pratapgarh, Sultanpur and Jaunpur.
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Ghaghara The Ghagharaver known variously as the Sarpr the Dehwa contains the combined
waters of the Chauka or Sarda and the Kauriala which unite near Bahramghat in the Baranki district
in the Uttar Pradeds. The Ghaghara is a mighty river with a considerable Himalayan catchhent.
Ghaghara (Karnali or Kauriala) rises in the glaciers of MapchachuNgpa) north-west of Taklakot

and collecting the waters of the Tila, the Seti and the Beri rivers camea deep 600n gorge at
Shishapani. In the plains it is joined by the Sarda (Kali or Kaliganga) and floweasiuthrd so as

to meet the Ganga at Chapr&haghara enters into India at Kotia Ghat near Royal Bardia National
Park, Nepal Ganj, where ithkeown as Girwa for about 25 km. A barrage called Girijapuri barrage is
constructed and below the barrage the river Girwa attains the name of the Ghaghara. Out of the
total catchment of the Ghaghara only 4®rcentlies in India. The Sarda river is the inmtpat
tributary of the Ghaghara, which forms the boundary between India and Nepal for some distance.
The total length of the Ghaghara before its confluence with Ganga river at Doriganj downstream of
Chapra town in Bihar i$,080 km The Ghaghara river cas more water than Ganga before its
confluence. The Sarjuhe Rapti and the Little Ganda&re other important tributaries of the
Ghaghara.

Karamnasa:The Karamnasatributary of the Ganga, originates at an elevation of 350 m near
Sarodag on the northerface of the Kaimur range in the Mirzapur district of Uttar Pradesh. It flows
in a northwesterly direction through the plains of Mirzapur and joins Garga river near Chanusa.
The tributaries are the Durgawati and the Chandraprabha, the Karnauti, theaRddhe Khajuri.

Sone The Soneriver (Swarna Nadijs the principal right bank tributary of the Ganga, rises at
Sonbhadra in the Maikala range of hills in Madhya Pradesh at an elevation of B08markantak
plateau not far off from the source of theaNmadariver. It is a large river with a length 780 km and

a drainage area of 71,908q.km.It first flows in northwesterly diretion and then takes a north
easterly course to meet the Ganga near Arrah (west of the Patna). In the plains of Bihar itéas wi
bed (4.8 km) and assumes huge size during rdihs. important tributaries of theSsoneare the
Mahanadi, the Banas, the Gopat, the Rihand, the Kanhar and the North Koel.

Punpun:The Punpun riveis an important river bank tributary of the Ganga river in lower reaches.
The Punpun river originates from the Chottanagpur hills of Palamau district at an elevation of 300 m
in Bihar. The river mostly flows in a northeast direction and finally joinsGiduega river at Fatawh,
about 25km downstream of Patna.hE riveris 200 km lon@ndis mostly rainfed and carries little
discharge during neomonsoon period. Itmeets anumber of tributaries namely the Bane, the
Madar and the Morhawhile flowing throudp the Chottanagpur plateau. The Punpun often causes
heavy flood damages on the eastern side of Patna city.

Gandak The Gandakver (Sadanira, Saligrami in Nepal, or Narayani in the plaims)vn as the Kali

or Krishna Gandak in the upper reaches risethataltitude of 7620m in Tibet near Nepal border.

After receiving number of tributaries, like the Mayangundi, the Bari and the Trisuli, the Gandak
debouches into the plains of the Champaran district of Bihar at Tribeni. At this point two more
tributariesnamely the Panchnad and the Sonhad join the rivéwe Gandak comprises two streams

the Kali Gandak rising close to Photu Pass near Muktinath and the Trisulganga originating north of
Gosainthan (8013 m). It cuts through the Mahabharat Range and covedistpace of 425 km joins

the Ganga near Patna. Itstéb catchment area is 48,508q.km,of which 9,5405qg.kmliesin India

The total length of the river from its source to outfall into the Ganga is 630 km of which 255 km falls
in India.
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Kosi The Kos{Kausika)s the largest of the tribiaries of the Gang# formed by the confluence of

three streams namely the Sun Kosi, the Arun Kosi and the Tamur Kosi, all taking their origin in the
Himalayan region of Nepal and Tibet. The Arun KBBungchu in T#t) rises to the north of
Gosaintharis the biggest of the three streams and has two of the highest peaks in the world namely
Mount Everest and Mount Kanchenjunga in its catchméinhas a total length of 730 km thi a
drainage area of 86,908q.km i India 21,500Sqg.km) The Kosi is notorious for its frequent and
disastrous floods and shifting of courses. It is also called as 'the sorrow of Bihar' and meets the
Ganga 32 km west of Manihafihe main tributaries of Kosi river are Bagmati and the Kamades

Mahananda:The Mahananda river originates in the hills of the Himalayas in the Darjeeling district of
West Bengal at an elevation of 2100 m. The firsk@0of its course lies in the hills of Darjeeling and
thereafter it flows in a southwesterly direction forming the boundary between India and
Bangladesh. The Balsan, the Mechi, the Ratwa and the Kankai are the main tributaries of the
Mahananda river.

Mayurakshi The river has its origin on the slopes of Trikut hills about 43 km upstream from Dumka
in Bihar. At its origin it is known as Matihara. The prominent among its tributaries are the Bhurburi,
the Dhobai, the Pusaro, the Tepra, the Bhamri, the Daunktla® Sidheswariivers.

Damodar The Damodariver also known as the Deonadi in its initial reaches is one of the most
important rivers to join the Ganga on its right bank, east of 8wme The Damodar rises in the
south-east cornerin the hills of theChottanagpur Plateaof the Palamau district of Bihar at an
elevation of1366m It joins the Hugliiver 48 km south of Kolkata with the length of 541 kimd
drainage area of 22,008q.km.The river has been tamed through DVC mpilitpose project which

is providing significant contribution in the economic development of the area.

Ajay. The Ajayriver originates in the low hills neareDghar in the Santhal Parganastdct of
Jharkhand and flows in a sou#lasterly diredon passing through the MonghyBirbhum and
Burdwandistricts of West Bengal. Ultimately thever falls into the Bhagirathiver at Katwa about

216 km above Calcutta. The Ajayer system lies between the Mayurakshi on the nortida
Damodar and the Banka/Khaiver system on the southilhe Ajayriver traverses a total length of

299 km, 24 km being in Monghyr, 102 km in District Santhal Parganas, 22 km along the boundary of
Santhal Parganas and Burdwan, 115 km along the boundary between Singhbhum and Burdwan and
the rest of the total legth falls in the Burdwan district of West Bengal. It meets the Bhagirathi near
Katwa. The rivehas a catchment area of 6,050 Bg. The arious tributaries of the Ajayiver are

Darua, Pathro, Jainti, Hinglo, Tumuni, Kane, Kanur and Kurdts
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Table4. Length of major rivers

l\?cla. River L((T(rrlg)t h Origin

1 Ganga 2525 | Gangotri glaciers in Himalayas

2 Yamuna 1376 | Tehri Garhwal district of Uttarakhand from the Yamunotri glacier

3 Ghaghara(Sarju] 1080 | Combined water of Sarda and Kauriala

4 Chambal 960 Vindhya range near Mhow in the Indore district of Madhya Pradesk

5 Gomti 940 near Manikot east of Pillibhit district of Uttar Pradesh

6 Betwa 789 Bhopal district of Madhya Pradesh

7 Sone 780 Sonbhadra in the Maikala ranges of hills in Madhya Pradesh

8 Damodar 575 Hills of the Chottanagpur Plateau, Bihar

9 Ramganga 542 Lower Himalayas near the village of Lohba in the Garhwal distri
Uttarakhand

10 | Parwati 430 Man Talai Glacier below the Pin Parbati pass

11 | Rapti 420 Lower ranges of Himalayas in Nepal

12 | Sindh 415 near a village in the Vidisha district of Madhya Pradesh

13 | Ken 357 North-west slopes of Kaimur hills in Satna district of Madhya Prade

14 Kali 350 Doon Valley, Dehradun

15 | Burhi Gandak | 320 Someshwar hills in Champaran district

16 | Sarada 308 Formed by the confluence of two streams Kuthiayankti and Kalapg
near IndeTibet border

17 | Ajay 299 near Deoghar in the Santhal Parganas District of Jharkhand

18 | Sai 298 Hardoi district

19 | Mahananda 268 Mahaldiran hills of Himalayas

20 | Hooghly 260 Splits fromGanga at Farakka Barrage

21 | Hindon 256 Southern slopes of Siwaliks in the Saharanpur district of Uttar Prag

22 | Gandak 255 Tibet northeast of Dhaulagiri in Nepal

23 | Rupnarayan 254 Tilabni hills in Bihar

24 | Kali Sindh 230 Bagli (District Dewas) in Madhaadesh

25 | Chhoti Sarju 226 Tal near souttwest of Faizabad

26 | Rihand 224 Surguja district of Chhattisgarh

27 | Kanhar 214 Surguja district of Chhattisgarh

28 | North Koel 212 Ranchi district of Bihar

29 | Sahibi/Sabi Nad 210 Aravalli Hills, near Jitgarh, Rajasthan

30 | Gopat 209 Surguja district of Chhattisgarh

31 | Punpun 200 Hills of the Chottanagpur Plateau of Bihar

32 | Mahanadi 193 (Tributary ofSong Mandla district of Madhya Pradesh

33 | Karamnasa 192 near Sarodag on the northern face of Kaimur range

34 | Tons 186 Tamaskund, in Kaimur range in Satna district of Madhya Pradesh

35 | Bhagirathi 177 Gangotri glaciers in Himalayas

36 | Barakar 168 Padma in Hazaribagh district of Jharkhand

37 | Banas 167 (Tributary ofSongEastern face of Vindhya mountain

38 | Kosi 163 MahabharataRange/Lesser Himalayas north of the Ifdiepal border

39 | Alkananda 159 Garhwal Himalayas

40 | Pahuyj 142 Hills of Jhansi or in Tikamgarh district of Madhya Pradesh

41 | Baghmari 120 Formed by the confluence of Kanloi, the Taroi and Bansloi having
origin at SanthaParganas district in Bihar

42 | Chandan 118 near Deoghar in the Santhal Parganas district in Bihar

43 | Shipra/Kshipra | 113 Kakri bardi hills Vindhya Range

44 | Kiul 111 Hills of the Chottanagpur Plateau of Bihar

45 | Mayurakshi 83 Trikut hill, Deoghar in Jharkhand

46 | Bagmati 41 above the southern edge of the Shivpuri Hills, Nepal

47 | Mandakini 32 Garhwal Himalayas
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1.5. Land Use/Land Cover

Land use is description of how people utilize the land and seemnomic activityAt any one point

or place, there may be multiple and alternate land uses, the specification of which may have a
political dimension. Land cover is the physical material at the surdddbe earth. Land covers
include grass, asphalt, trees, bare ground, water, etc. This basin holds a variety of land cover and
land use classes.

The major part of basin is covered with agriculture accountin§367 percent The states falling

under Gangébasin are extensively cultivated, constituting approximately aboupdent of the

total area of the India. Other major Land cover is Deciduous Forest accoulifg) @ndstatistics

of leveH landuse/land cover statistics of the Ganga basin is shoslow in the Table 5The land

being the chief resources has been subject to misuses which have resulted into several land and
associated problems. The overgrazing and deforestation in most areas have led to soil erosion and
ravine formation on the one hahand have accentuated flooding on the other. For example the
Yamunanagar district in Haryana has been subjected to severe ffavination, particularly by the
Yamuna and the Chambarlhe distribution of land usénd cover inGangabasin during 20096 is

given inMap 6.

Also &nd not available for cultivation and fallow lasthsscovers a considerable area of the basin.
This category of land consists of tracts which cannot be put to agricultural or silvicultural uses at an
economic level due to theirnproductive nature, as well all lands put to various other economic
uses, such as mineral exploitation or construction of human settlements, industrial structures, roads,
railways, airports and other civil works needed for providing transport, communicainal similar
infrastructural facilities for human habitatioA proportion ofthe Gangaasin comprises dahe non

arable landhat isused in urbanization and in construction of homesteads in rural améch is one

of the thickly populated.

The statedalling underGanga basin have only 166ércentof total land areas covered by forest, as
compared to India as a whole which has 2fietcentof land under forest cover. In some states,
especially Haryana, Delhi, Bihar, Uttar Pradesh, Rajasthan and @/egtl Bthe forest cover is as low

as 0.1 to 13.ercentof the geographical area. Most of forest tracts within the Ganga basin are
severely degraded on account of over exploitation. As a result, the forest ecosystem in the Ganga
basin is under severe s8s. Even in the states of Uttarakhand (6% Madhya Pradesh (28%)

and Himachal Pradesh (1998 where the forest cover is higher, the proportion of land actually
under dense tree cover within the government forest tracts is very low due to extedsiaefelling

of trees carried out in recent decades.

Table 5. Land use/Land cover statistics (200

Category Area 5g.km) | % of Total Ared
Agricultural 564866 65.57
Forest 137816.5 16
Wasteland 76603.61 8.89
Built Up Land 36908.24 4.28
Waterbodies 29876.5] 3.47
Snow / Glaciers 8056.9 0.94
Grassland 7324.271 0.85
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Ganga Basin Land Use Land Cover
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1.6. Soils

Soil is composed of minerals, mixed with some organic matter, which differ from its parent materials
in terms of its texture, structure, consistency, colohemical, biological and other characteristics.
Information on the soil profile is also required for simulating the hydrological character of the basin.
The Ganga basin consists of a wide variety of soils. While soils of the high Himalayas in theenorth a
subject to continuous erosion, the Gangetic plain provides a huge receptacle into which thousands
of meters of thick layers of sediments have been deposited to form a wide valley plain. The Deccan
plateau in the south has a mantle of residual soilsarfying thickness arising out of weathering of
ancient rocks of the peninsular shield. In certain parts of @angabasin, the soils are already
showing signs of salinity (as in Haryana), alkalinity (as in western U.P.), calcareousness (as in north
Bihar)and acidity (as in West Bengal) due to overuse, long occupation and continued application of
inputs like excessive irrigation water and toxic aghemicals of various types

Among the soil types within Ganga basin, the alluvial soil covers more thper&2ntof the basin.

The alluvial deposits of the basin not only cover the great Gangetic trough, but also extend over a
sizable portion of the peninsular foreland in the form of a layer less than 3 meters thick. The entire
alluvial formation is endowed Wi rich soil nutrients. The alluvial deposits of the Ganga and its
tributaries, coming down the Himalaya and theninsularforeland, have yielded annual harvests of
crops for the past thousands of years with little significant deterioratlomas notedthat the soil
texture of most parts of the Ganga basin is fine texture but some parts of Uttarakhand and Bihar has
a rocky texture and a course texture is noted in the parts of Haryana and Rajasthan and the
distribution of types of soil texture and theixtnt in the basin is shown in the Map

In the Upper Ganga plains, the soils are by and large homogeneous. The alluvial soils with the
variants, the Usamand Bhur, depending on the drainage conditions, mechanical and chemical
constituents and climatic characteristics observed. The two common types, the khaddar and the
bhangar with different local names, with minute variations in properties, are quite widasl. The
khaddar soils, relatively rich in plant nutrients, occupy the narrow frequent siltation tracts in the
flood plains of the rivers. Neutral to alkaline in reactions, these are deficient in organic materials
especially phosphorous, and are sandydamy in texture. In the proximity of the Ganga these are
loamy to sandy loam in texture i.e. Fine to medium texture while near the Yamuna the silt contents
decreases giving sandy to sandy loam texture possibly due to excessive drainage. Another variant,
the bhur, the sandy river deposit, is highly localized in Ramganga tract and in the narrow belt along
the Ganga. The soil is more sandy in texture and workable economically only with irrigation.

Apart from the undifferentiated soils of the Siwalik fringene in Champaran district of Bihar, the
Middle Ganga plain has broad alluvial soil. Being a common origin and almost identical ecological
environment, they show in general minor variation in color, texture and moisture content etc.
Because of the better dinage, except in the river beds, newer alluvial soil contains a low
percentage of humus and nitrogen and little lime and consists of fine silts but may be sandy in the
places as along the Ghaghara, the Gandak, an&tme Being more sandy or silty, & highly friable

and is rich for the rabi, zaid crops and such as annuals as sugarcane. The Bhat or calcareous soil of
the eastern Saryupar and centnakstern North Bihar plains in the lower Gandak valley is a chemical
variant of the alluvial soil. It shite in color, riverine and low lying but well drained, good for tilth

and highly fertile and having high productivity.
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The soil of the Lower Ganga plain has wide variety and can be groped as Laterites, red earths soils,
alluvial soils and the Coastal IsoiThe laterite soils re found in the undulating wathined tract

along the Chottanagpur highlands and possess low whatétding capacity and usually Sal forests
thrive. The transported laterites deposited on the eastern flanks of the lateritic staatelknown as

red soil or lateritic alluvium and are found in eastern margins of Maldah and Dinajpur districts of
West Bengal. Mostly they have been brought under cultivation after deforestation which has
accelerated the process of erosion. In the riverimact of the Damodar and the Kasai have
alternating sand beds and immature and irregular stratification and hendeviloped profiles. The

soils in these regions are neutral and relatively poor in plant nutrients and organic matter. The
coastal soils & they outcomes of the interactions of rivers and tides and have developed in the
districts of South and North 24 Parganas and Midnapore of West Bengal. The soil is saline and
alkaline and contains deposits rich in Calcium, Magnesium, anddeatfmposedrganic matter.

The soil erosion characteristic of Ganga basin is having a general pattern of slight erosion; however
some of the soils are highly susceptible to erosion. Mountain soils, submontane soils and alluvial
soils, covering 5@ercentof the basinarea, have very high erodibility; red sailsen in the parts of
Jharkhand, ChhattisgarMadhya Pradesh and West Bengalering 12percentof the basin area
havesevereerodibility, red & yellow soils and mixed red and black safilsladhya Pradesh, Bih,
Chhattisgarh and Rajasthaonvering an area of Bercenthave moderate erodibility, and deep black

soils and medium black soils covering an area gberdenthave low erodibility Shallow black soils

and lateritic soilsnostly seen in Chottanagpur higndscovering an area @ percenthave very low
erodibility. Broadly, it can be said that soils in Haryana, Uttarakhand, Uttar Pradesh, Bihar, Jharkhand
and West Bengal, through whighthe main stem of Ganga and all its tributaries flow, have very hig
erodibility. The severity of soil erosion and their geographical extent inGhagabasin is shown in

the Map8.

The basin is mostly having homogeneous terrain in plains leading to a level plain or a very gentle
slope in general. But some parts of Utdlthand, Madhya Pradesh are having a steep slope because

of the lesser Himalayas and Siwalik ranges. The lower parts of the basin like Jharkhand, Chhattisgarh
and parts of Rajasthan and West Bengal is having a gentle slope. The soil steepness andtsope of t
basin is shown in the M&

The productivity in the basin varies in a large extdite soil productivity is very high in parts of

Uttar Pradesh and the parts of Madhya Pradesh, Haryana and Rajasthan have seen less productivity
compared to the othersThe parts of Uttarakhand are mostly npnoductive because of its hilly
terrain and steep slope and gigantic drainage systBesides paddy, this tract produces a wide
variety of crops including wheat, jowar, bajra, small millets, pulses of different,kimaize, cotton,

jute and many other food and commercial cropBhe pattern of soil productivity and their
geographical extent in the basin is shown in the M8p

'S
= www.indiawris.nrsc.gov.in

26



Ganga Basin Report

Ganga Basin Soil Texture
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Map 6. Soil Texture
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Ganga Basin Soil Erosion
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Map 7. Soil Erosion
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Map 8. Soil Slope

29



