NATIONAL GANGA RIVER BASIN AUTHORITY
(NGRBA)

Environmental and Social Management Framework
(ESMF)

Volume | - Environmental and Social Analysis

Prepared by
The Energy and Resources Institute
New Delhi

May 2011



Table of Contents

Executive Summary

LISt Of TADIES ... .ttt neee e \Y
Chapter 1 National Ganga River Basin Project..........cccccvvvvvvvviiiemmneeeeeeeeiininnns 6
1.1 INEFOTUCTION....coiiiiieeeeee et e e e e e e e e e e e e 6
1.2 Ganga Clean up INLIAtIVES............uuiiiiie e eeeen s 6
1.3 The Ganga River Basin Project...........ooovvvviiiiiimmme e 7
1.4 Project COMPONENES.........ccoeeiiiiiiiiiiiieeee e 8
O B R © ] [=Tox 1)V PP P PP PR PRPPPPPRRR 8
1.4.1.2 Sub Component A: NGRBA Operationalizati&@Program Manageme#t

1.4.1.3 Sub component B: Technical Assistance for ULB Service Provider.9
1.4.1.4 Subcomponent C: Technical Assistance for Environmental Regulator
1421 ODBCHVE. ...uuiiiieiiiiieieiee e 10
1.4.2.2 Four INVEStMENT SECLOIS.........oiiiiiiiiiie e eeeee e eee e 11
1.4.2.3  The Framework APProach............ceeeeiiiiiiiiieemiiiiiieeeeeee e 11
1.4.2.3.1 FrameWorK Critera.........uuuiiiiiiieiiiiiiieeeeee e e 11
1.4.2.4  INNOVALIVE PIlOLS.....cceiiiiiiiiiiiis e erree e e e e e e e e 13
1.4.2.5 INVeStMENt EXECULIAN.......ccuviiiiieeiiiii i ne e 13
1.4.2.6  Rehabilitation of existing infrastructure...............cccevvvvvieecrvveeeeennen. 13
1.5 Environmenta& Social Analysis& Management Framework (ESME).13
Chapter 2 Environmental Profile of Ganga Main Stem.............ccccceeeeiiiiiicenens 17
2.1 100 (3 ox 1o o ISR 17
2.2 The Ganga Main StEeM...........uiiiiiiiii e eeee e 17
2.3 TRE RIVET ... ittt s e e e e e e e e anan 20
2.4 Streamand Flow Characteristics of Ganga.............cccoeeeeivieeeeeeeeennnn. 23
2.5 Physiography and Soil CharacteriStiCS............ueeiiiiisieceeiiiiieeeeennn 25
2.6 Meteorology and CHmate.............eueeiiiiiiii e eeeee 31
2.7 Land UsSe & IrMQation...........c.uuuuiuiiiiiiiiiieeeiiiiiii e 34
2.8 Major/ Medium Water Resources projects in the Basin.................. 37
2.9 LT (01010 LY== Y 24
2.10 Water Logging and Salinity Problems..............ccoovvviieieeieeeeiiiiiens 45
2.11 Land Degradation: Ganga main StemM...........ccceeeeeieeeeccciiiiieeeee e a7
2.12 Vegetation and FOrestS........ooooiiiiiiiiiiiiie e 48
2.13 Biological Profile of the GangaX...........ccccoeeviiiiiiiieeciiiciie e, 52
2.14 Sensitive Environmantal Habitats...........ccccoeeiiiiieceeciciiii e 55
2.14.1.1 BIOSPNEre RESEIVES......cuvtiiiiiiii it eeer e e 55
2.14.1.2 National Parks and Wildlife Sanctuaries............cccceeeveeesreeevvnnnnnnnnnn. 57
2.14 YU [ 11 4= Y2 PP 75
Chapter 3 Social ANAIYSIS........uuiiiiiei e e 7
3.1 Sociceconomic profile of Ganga main Stem..............cccccvvvieeenniennns 77
3.17.1  The Status of WOMEN........ccooiiiiiiiiiiiieee e 89
3.1.7.2 Female Work Participation Rate and the Gender Gap in Watk......90
3.1.7.3  Gender DISParity iN SEX.......cuuuiiiiiiiiiiiiiieeeiie e ee et e e 91
3.1.8.1 Female LiteraCy RaAte.........cccccuuuiiiiiiiiieeeniiiiiiiiiie e eeeeee e 92
3.1.9.1 Mean age of Marriage among WOmen..............coevvvrvvmmmmiiieseeeeennnnnns 93
3.1.9.2 Total Fertility Rate and Anemia among Women................cccvvvveeeenn. 94



3.1.9.3  Median age of first birth for women...............cccocoiiiiiiccciiiiiiinn a5
3.1.9.4 Couple Protection Rate.............cooveviiiiiiimmmririeeeeeiiiiss e 95
3.1.9.5 Awareness about HIV/AIDS...........oooi e 96
3.1.9.6  SPOUSAl VIOIENCE.......ovieiiiiiiiii e eeeer e e e e e 96
3197 Womends Parti cimaang.i..o.n...i.n..De.c.i.97
3.1.10.1 Historical TrendS......ccooviiiiiiiiiireee e eeeeee b e Q9
3.1.10.2 Recent Estimates of Income and Poverty.........ccccooeeeeeiiieeeciiinneennn. 100
3.1.10.3 Poverty at the State Level...........coooeeiiiiiieee e, 102
3.1.10.4 Poverty within project States............ccooviiiiiiiiicce e 105
3.1.10.5 Specific Activities and Impacts on Poverty/Livelihoads.................. 108
3.1.12.1 ECONOMIC IMPOMANCE.......eiiiiiiiiiiieieee i eeee e 116
S.L.12.4  TOUFISIML . uttttiiiiiiiieieeeeeee e e e eeeee ittt e e e e e e e e e e e e e e s s s s s smnne e e e e e s s s s sannnsbbbbeeeannns 116
3.2 Cultural Practices of COmMMUNILIES..........coovvviviiiiiiimnnr e 125
3.3 Vulnerable COMMUNITIES.........cooiiiiiiiiireee e 133
3.4 Key Stakeholders..........ooooo e 135
3.5 Key social and cultural iSSUES...........ccceeiviiiiiiieeee e 136
Chapter 4 Sources of Pollution in Gangal..........cccuvviieieiiiiiicccieeeeeee 138
4.1 (CTCT LT o= | TS POTPPPPPPR 138
4.2 Point Sources of POIULION.........ccoooeiiiiiiiii e, 140
4.2.1 Domestic wastewater diSCharges...........ceeeiiiesiecceveeeiicice e 140
4.2.2 Industrial WasteWater............cooeeeiiiiiiiiieeee e 146
4.3 Non-Point Sources of Pollutian..............coooiiiiimenn i 148
431 AGrCURUIal SOUICES......ciiiiiiiiiiiieee e 148
4.3.2 Municipal Solid WaSteS.............covvuiuiiiiiimeeeeeeeiee e eeernnnens 148
4.3.3 Other NOAPOINT SOUICES......ciiiiiiieieeeee e e e e 150
4.4 Government Initiatives in Pollution Abatement...................coooveeee. 150
4.5 Water Quality of RIVEr Ganga.........ccuvvviiiiiiiiiiieeieeieeeeeeeee e 152
Chapter 5 Limiting Factors in Environmental&Social Analysis .................... 158
51 Environmental Profile............ooooiiiiiiiiiie e 158
5.1.1 The Ganga BasSin.............oooiviiiiiiiiieee e 158
5.1.2 0= T T I £ =S 158
5.1.3 1 To =0 o PP 159
514 Water logging, Salinity and Land Degradation problems............... 159
5.1.5 Vegetation and FOrest.........cccooeoeeiiiiiiiieeee e 159
5.1.6 Sensitive Environment Habitats...........cccoooviiiiiiiccececcicieie e 159
5.1.7 SociGEconomic Profile............ooooiiiiieeee e 160
5.1.8 Issues of Water Quality and Pollution Soutces.........ccccoeeeiieieeeneees 160



List of Tables

Table 2.1 Catchment Area of Major River Basins of India...............cc.uvvvnneeee. 18
Table 2.2 Statewise Distribution of the Drainage Area of Ganga River in Inci@
Table 2.3 Mean Annual Flow of Streams in Ganga main stem..................... 23

Table 2.4 Stream Characteristics along Different Sections of the Ganga......24
Table 2.5 Soil Types in Ganga main stem and their Susceptibility to Erosion (Area

iN Square KilOMEetreS)......ccuvuuiuuuiiiiiiii s ceeereirer e e e e e areer s 29
Table 2.6 Temperature Zones of INdia..............oooiiiiimn e 31
Table 2.7 Rainfall and Temperature Details at Selected Stations iG&mga main

5] (<] 1 PR PP UPPPTR RPN 33
Table 2.8 Statewise Land Use Pattern and Cropping Intensity in Ganga main stem

States (2007 2008)........cceeeiiieiiiiiirririneess e ennn 35

Table 2.9 Statewise Intensity of Irrigation in the Ganga main stem (:2008).36
Table 2.10 State / Sourcevise net area irrigated (20@D01) in the Ganga main

] (<] 1 PP RPPPPPTRRIPPPIN 37
Table 2.11 Information on Major/Medum Irrigation projects and Catchment Area in
Ganga main stem States (20Q9).............ouvveiiiiicccreeeer 38

Table 2.12 Sources of Water for Irrigation within Ganga main stem (22001)...39
Table 2.13 Diversion /Storage Bjects for Consumptive Use located in Ganga main

5] (<] 0 U PPPRRPPPPPPPTRRNPRRY” |0
Table 2.14 Storage Projects for Hydroelectricity Generation locatedandga main
] (<] 1 TP PPPRTRPPPTRRRRTRRPRRY” J §

Table 2.15 Statewise Groundwater Usage Pattern in the Ganga main stem.States
Table 2.16 Statewise Ground Water Resources Availability, Utilisation and Stage of
Development in the Ganga main stem St21@38.....................c........ 44
Table 2.17 Statewise Magnitude and Seasonal Variation of Water Logging in
Irrigatation Command Areas of Ganga main stem States (2009)..46
Table 2.18 State wise extent of Salt Affected Areas in Irrigatation Command Areas

of Ganga main stem States (2009)...........cceeeiiiiiiiiceeriieie e 47
Table 2.19 Statewise Extent of Various Kinds of Land Degradation in Ganga main

stem States (2007).......cooveeeiiiiiiirmmreeeee e eren . A8
Table 2.20 Statewise Forest Cover in Ganga main stem States (2007).......... 51
Table 2.21 Biosphere Reserves located within the Ganga main.stem............ 56
Table 2.22 National Paks and Wildlife Sanctuaries located within the Ganga main

] (<] 1 TP PPPPPPTRRIPPPIN 59
Table 2.23 Tiger Reserves located within the Ganga main stem.................... 61
Table 2.24 Endangered Species of Ganga main Stem.............cccceeevvmmeeevnnnnnnns 73
Table 2.25 West Bengal Mangrove Cover Data (2007)........cccoeveeeiiiiiiaaceennnn. 75
Table 3.1(abistribution of Population by Location and Caste.......................... 85
Table 3.1(bPpistribution of Population by Class of Cities...........ccccceeviiiiiieeeennnes 85
Table 3.2 Distribution of Population by SeX.........ccccuviiiiiiiiiiiemeiicceeeeeeein, 86
Table 3.3 Distribution of Population by Age Group.........ccccceveiiiiiiieecnnennnnen. 86
Table 3.4 Educational Level............oooooiiiee e 87
Table 3.5 Female Work Participation Rate and Gender Gap in Work........... 90
Table 3.6 SEeX RALIO... ..o 91
Table 37  Child SeX RatiO.........cccviiiiiieieeiemme e 91
Table 3.8 Female Literacy and Gender Gap in Literacy.........ccccceeeeevvvveeeennnns 92
Table 3.9 Mean Age of Marriage among WOMEeN..........cccoevveiiiiiiiacceeeeeeeeeenn, 93



Table 3.10 Total Fertility Rate and Incidence of Anemia among Men and Wo84en

Table 3.11 Median Age of First Birth of Women.............ccccoeoiiviieeeeie e 95
Table 3.12 Sterilization among Mn and WOMEeN............cccceeiiiiieeescecciceeee e 95
Table 3.13 Awareness about HIV/AIDS among Men and Women................... 96

Table 3.14 Percentage of Women who ever Experienced Spousal Vialence..96
Table 3.15 Percentage of Married Women who Participate in Decision Making at

HOUSENOIA LEVEL.....cceeeiieeei e 97
Table 3.16 Historical Incidence & Concentration of Poverty: Project States and
o = PR PPRRER 100
Table 3.17 Statewise Per Capitacome and Growth Rates at Constant Prices (New
Series 199P000).....cccieeieeeeeeieiiiieeiirree e e e ————— e 100
Table 3.18 Nos. and % of Population below Poverty Line 20% (Based on URP
CONSUMPLIONY .. eeiiieeeeee e mmme e e en bbb 101

Table 3.19 StateSpecific Poverty Lines in 200d5 ( Per Capita per Month)....102
Table 3.20 State Level Estimates of Average MPCE, Head Count Ratio, and Lorenz
Ratio iN 200405 .........uuuiiieeiiiiiiie e 103
Table 3.21 Selected State Level Nancome Indicators of Poverty (as of 2001)04
Table 3.22 Comparison of Districts within Bihar on Income Poverty Parameters

(200405)....uuttiiiieeeeieee ettt a e 106
Table 3.23 Comparison of Districts in Uttar Pradesh on income poverty parameters
(200405)....cuueeiiiieeieeee ettt 107
Table 3.24 Comparison of Districts in Uttarakhand on Income Poverty Parameters
(200405)....cuuueiiiieeiieee ettt a e 107
Table 3.25 Comparison of Districts in West Bengal on Income Poverty Parameters
(200405)....cuuueiiiieeiieee ettt a e 108
Table 3.26 Life Expectancy at Birth by Sex india 19962002.......................... 112
Table 3.27 Infant Mortality Rates 19992003 (Statevise and Rural / Urbawise)
(per 1000 live DIrths).......cccoooeeeeiiiieeee e 113
Table 3.28 Statewise Data on Primary Health Infrastructure....................... 113
Table 3.29 State / UTwise Cases and Deaths due to Dengue in India-2009
(provisional) ICD- 10 Code A90 A9L.......ccooviiiiiiiiiiieeee e 114
Table 3.30 State / UT wise Cases and Deaths due to Malaria in India200%
(Provisional) ICD- 10 Code B50 B54..........cccoooiviiiiiiieeeeee e 114
Table 3.31 State/UTFwise Cases and Deaths due to Cholera in India 2009
(Provisional) ICD10 Code AQQ............ccooeiumiiiiiiireee e 115

Table 3.32 State/UTFwise Cases and Deaths due to Acute Diarrheal Disease in India
2009 (Provisional) ICD 10 Code A09 (Statarise Inference)......... 115
Table 3.33 State/UTFwise Cases and Deaths due to Enteric Fever (Typhyoid) in India

2009 (Provisional) ICD 10 Code AOL.........cceeiiiieeeeeeeeeiceecceee e 115
Table 3.34 Distribution of Population by Occupation...............cccoovvvvieeeeeeennn. 117
Table 3.35 Estimated number of slums in states...........ccccceeeeiiiiceeeevieeninennn. 118
Table 3.36 Type of Fuel Used (No. of Households)............cccoovviiiiceeiieecnennns 119

Table 3.37 Distribution of Households by Availability of Bathrooms and Toil&t9
Table 3.38 Distribution of Households Connected by Drainage System........ 120

Table 3.40 Distribution of Households by Availability of Electricity and Toilets21
Table 3.41 Distribution of households by availability dfinking water sources121

Table 3.42 Sources of Safe Drinking Water............cooviiiiiiiiiiie e 122
Table 3.43 Distribution of Households by Banking Services and Asset

(@ 11 Lo £ o 1 o PSPPSR 12
Table 3.44 Brief Economic Profile of Ganga main stem..............cccvvvvveieeennns 123



Table 3.45 Cultural Profile of the States............cccooviiiiiiiiccecic e 125
Table 3.46 SC and ST Population in the Major Districts of the Main Stem Ste38s

Table 3.47 Identified Key Stakeholders............coovviiiiiieee e 135
Table 4.1 Distribution of Towns and Cities in Ganga basin......................... 139
Table 4.2 Water Supply in Class | and class Il Cities in the Gavagan........... 141
Table 4.3 Municipal Wastewater Generation and Mode of Disposal in the Ganga
DASIN. ... e 143
Table 4.4 Wastewater Generation and Treatment Capacity for Class | and Class II
Cities discharging Wastewater into the Ganga River................... 144

Table 4.5 Number of Grossly Polluting Industries discharging Effluent having BOD
Load of 100 Kg/day or more in the Ganga River and its tributaries as on
Sept@nber 2009.......cccciiiii e 146
Table 4.6 Hazardous Waste from Industries in District along River Ganga.147
Table 4.7 Waste Generation and Status of Implementation of MSW (Management
& Handling) Rules, 2000 in Cities along River Ganga................. 149
Table 4.8 Landfill Sites in Cities along River Ganga...........ccccceeeeeeeveeeeeeennnn. 149
Table 4.9 Target and STP Capacities installed under Ganga Action.Plan...151
Table 4.10 SewageGeneration, Treatment Capacity Created / Proposed in Six
Selected TOWNS Of GAP......ccoooviiiiiiieeeee e 152
Table 4.11 Classification of Ganga at VarislLocations...............ccccceeeeeesiennns 157

Vi



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 3.1
Figure3.2
Figure 3.3
Figure 3.4
Figure 3.5

Figure 4.1

List of Figures

The Ganga main Stem Map.........uueeiiieiieeeeccemiieee e e e e e e e ee e e 19
Line diagram of the Ganga main stem with tributaries............... 22
Physiography and Groundwater flow of Ganga main stem........ 26
Soil and rainfall (isohyetal) map of Ganga main stem................ 30
Vegetation Types of Ganga main StemMl.........cccoeeeeeeeivieeecciieeeennn. 50
Map showing districts of Uttarakhand state which falls in the Ganga
MEAIN STEIML..eiiiiie e rree bbb enenas bbb e e e e e eeeaaaeeas 79
Map showing districts of Uttar Pradesh state which falls in the Ganga
=T IS (=] o SRR 81
Map showing districts of Bihastate which falls in the Ganga main

] (<] 1 1 PP 82

Map showing districts of West Bengal state which falls in the Ganga

=T IS (=7 o U RE 84
BOD levels in river Ganga during year 1986 and 20009....... Error!

Bookmark not defined.

Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7

DO levels in river Ganga during year 1986 and 2009.............. 154
Water quality of river Ganga (Uttaranchal segment)................ 154
Water quality of wer Ganga (U.P upper segment).................... 155
Water quality of river Ganga (U.P lower segment)................... 155
Water quality of river Ganga (Bihar segment).............cccceeev.... 155
Water quality of river Ganga (West Bengal segment).............. 156

Vil



List of Appendices

Appendix 2.1 Ground Water Quality of state districts unanga main stem..163
Appendix 2.2 Envirormentally Sensitive areas in t&nga main stem............ 168
Appendix 2.3 Complete List of Wildlife Sanctuaries (Banga main stem......... 169
Appendix 4.1 Sewage Generation and treatment capacity of Class | cities

in Ganga main stergDisposal In tributaries)...............ccccevvvnnie 172
Appendix 4.2 List of Water Quality Parameters Analyzed under

National Water Quality Monitoring Programme....................... 180
Appendix 4.3 Water Quality trends of river Yamuna (202609)...................... 181

viii



Executive Summary

The river Ganga has significant economic, environmental and cultural value in India. Despite
its importance, extreme pollution pressures from increasing population and industrialisation
pose a great threat to the biodiversity and environmental sustainability of the Ganga, with
detrimental effects on both the quantity and quality of its flows. As a nfiagbrstep in
achieving the Ganga Clean up Initiatives, the Government of India (Gol) constituted the
National Ganga River Basin Authority (NGRBA), on 20th February 2009, for the
comprehensive management of the river. The World Bank has been formallgteegbg

GOl to provide longerm support to NGRBA through several phases of substantive financing

and knowledge support. The first project of several phases of support aims at

i. Establishing and operationalizing central and state level NGRBA institutions capable of
planning and implementing a multi sectoral river water quality improvement program

ii. Reducing pollution loads into the river through selected investments.

The specift investments under the first project will focus on the main stem of Ganga flowing
through five basin states of Bihar, Jharkhand, Uttar Pradesh, Uttarakhand and West Bengal in
India. Specifically, pollution abatement programs will include a range of npatici
investments such as sewer networks, waste water treatment facilities, industrial pollution
control measures, river front management, solid waste management and other required

supportive improvements.

Given the sensitive environmental nature of tihejget and distributed nature of proposed
project investments of NGRBP over a large area in multiple states, the investments under the
project are anticipated to encounter a variety of environmental and social issues, including
acquisition of private landnd resettlement issues. The NGRBP recognizes these issues and
is preparing itself to address their mitigation through a set of management procedures
elaborated in this Environmental & Social Management Framework (ESMF). The framework
identifies the levebf safeguard dudiligence required for all categories of spimjects of
NGRBP and provides specific guidance on the policies and procedures to be followed for
environmental and social assessment along with roles and responsibilities of the

implementing gencies.



The ESMF is broadly organized into two volumes.
1 Volume I: Environmental and Social Analysis

1 Volume II: Environmental and Social Management Framework

Environmental and Social Analysis

This report has detailed the Ganga basinds e
|l tds i mportance to India was underscored by
accounts for 26 per cent o &tertesodrcesaand moledhand ma s s
40 per cent of its population at a density r
i mportance of the Ganga basindés rich water
fact that the basin supports about 300iom people over an area of approximately 800, 00

sq. km, of which some 100 million are directly dependent on the river and its tributaries. It

was al so seen that I ndi ads holiest river, I

numbers alone.

Despite the obvious importance described in this report, the biodiversity, environmental
sustainability and both quantity and quality flows in the Ganga basin face extreme pollution
pressures. This report identified industrial pollution as one of thenprissources of
pollution, accounting for 25% of contamination in the basin. Additionally, the fact that only
onethird of the sewage generated in the &t towns and cities receives treatment before
entering the Ganga waters represents another miajeatt As was seen earlier, these
problems can be viewed as the results of a failure to properly manage urbanization and
industrialization, as well as the limited capacity of local water and wastewater utilities to
monitor and regulate point source poltuti Other factors, such as npaint source
pollution from agriculture and livestock and poor solid waste management, were identified as
contributing to pollution levels contribute to the problem. Additionally, low flows, most
frequently occuring in therg season but also fueled by substantial water extraction for
irrigation contributes, was seen as contributing to poor water quality in the critical middle

stretch of the river.

The report also presented a detailed profile of the Ganga basin, focussiadjem features
such as catchment area, river hydrology, relevant tributaries, physiography, environmental

features such as aquatic and terrestrial flora / fauna, natural resources, ecological



characteristics, sensitive environmental components. Thritheg®e descriptions, a picture
emerged of an expansive area with tremndous biodiversity and extensive, if unevenly
distributed water resources. The extent of the biodiversity was underscored through detailed
descriptions of fauna, as well as informationtpgiing to the national parks and wildlife
sanctuaries in the Ganga basin. The report also presented information on human interentions
through land use and water resources development, as well as the environmental impact of
those projects in the form dipr example, water logging and salinity problems in irrigated

command areas.

In addition to relevant environmental data, detailed information on the-sogi@mic

aspects of the Ganga basire presented The information presented revealed a large Ganga
basin that is simultanously very dense and largely rural, as well as being relatievly poorer and
less literate than India as a whole. On gender issues, the Ganga basin tended to fair better
than the Indian average, with many key states having higher pesticipation and literacy

rates than the country as a whole. Healthwise, the primary Ganga basin area was largely on
par with India, especially in they key indicator of life expactancy.

The Ganga basin is large and diverse in all aspects imagiinabteially, culturally,
geographically, etc. As such, any intervention must manage to both match the tremendous
scale of the basin, while paying close attel
this report has indicated, the importance of tl@a@a to India cannot be understated, nor can

its continued need for environmental protection and secamomic development. The
information presented in this report will prove useful in guiding the necessary interventions

to help steer the Ganga basiand India as a wholietowards a more sustainable future.

Environmental and Social Management Framework

The Environmental and Social Management Framework (ESMF) document for the NGRB
project outlines all the issues that the proposed project might have on the environment and
the people of the Ganga main stem region. It recognizes that the implementatieniwoéith
pollution mitigation projects under the National Ganga River Basin Project (NGRBP) is
anticipated to encounter a variety of environmental and social issues/problems. Further a set
of management procedures are elaborated in this Environmental arad BManagement

Framework (ESMF) to address these issues.



Initial sections of this report detail out the various types of project portfolios that are
proposed, as sutrojects under the ambit of the NGRBA such as solid waste management,
sewage treatmentlgnts, industrial pollution control initiatives as well as river front
development projects. For each type of project the associated environmental and social

impacts have been outlined.

This report also identifies the national, state and local enviroi@nand social regulatory
framework that will be applicable to these gubjects, to ensure that the spitmjects are in
compliance with these regulatory requirements. The following are the laws and regulations
that are applicable to the environmental andial aspects of the projects to be implemented
under NGRBA:

1 Policy and Regulatory Framework of Government of India (Gol)

1 Environmental Policy and Regulations of the respective State Governments
1 Legislations applicable to construction projects
1

OperationaPolicies and Directives of The World Bank

The key environmental laws and regulations relevant to the projects under the NGRBP are
also mentioned, along with the reason for their applicability. Among other objectives the
ESMF has to ensure that best eammental practices are mainstreamed and integrated
during the design, implementation and operation of thepsojects and it strives to enhance
environmental conditions wherever feasibla.addition to the detailed project portfolio, this

report also ategorizes the suprojects into:

ACategory i  SubProjects requiring Environmental and Social Assessment and
development of RAP
AcCategory 1li SubProjects requiring implementation of generic safeguard management

plans

As a part of the social magament framework, the report discussed the issue of resettlement
policy and land acquisition in great detail; since it is an important component of the social
mandate of a project of this scale. The report clearly mentions that the Project Executing
Agency (PEA) will inform the community well in advance about the project, its feature and
likely adverse impact if any and also the positive impact of the project, followed by the social

screening and preparation of resettlement action plan. Additionally, ploet r@utlines the



procedure to be followed for social impact assessment (SIA) and charts out a clearly defined

entitlement matrix as a part of the R&R benefits for the project affected families.

A separate section on indigenous people deals with thesrfgpissues and preparation of an
indigenous people management framework, based on National Tribal Policy 2006 of
Government of I ndia and Worl d Bankbés operat|
this document. Mainstreaming gender equity and evepment is already a focus area in the

project. A basic structure of the gender assessment and development framework and poverty

and social impact assessment has also been outlined.

The implementation, monitoring and reporting arrangements for the E@vd#been worked

out within the overall institutional structure for implementation of the NGRBA program, as
described in the report. Within the overall implementation framework of the NGRBA,
environmental and social due diligence will be carried out bydhlevant agencies at each

stage of the project cycle in accordance with the guidance provided in the ESMF.

The development of the ESMF is based on a consultative process that engaged key
stakeholders at the national, state, and local levels and sought féedback. Key
government agencies have been consulted at the various levels to obtain their consent on the
ESMF in general and specially on the land acquisition process and resettlement framework.

The key insights from these public consultations haenlreported in this document.



Chapter 1

National Ganga River Basin Project

1.1 Introduction

The river Ganga has significant economic, environmental and cultural value in India. Rising

in the Himalayas and flowing in to the Bay of Bengal, the rivaverses a course of more

than 2,500 km through the plains of north and eastern India. The Ganga mainvgtech

also extends into parts of Nepal, China and Bangladdleslk count s f or 26 per
landmass, 30 per cent of its water resourcelsnaore than 40 per cent of its population. The
Ganga also serves as one of |l ndi ads holiest

transcends the boundaries of the basin.

Despite its importance, extreme pollution pressures pose a great thiresbitaltversity and
environmental sustainability of the Ganga, with detrimental effects on both the quantity and
quality of its flows. Due to increasing population in the basin and poor management of
urbanization and industrial growth, river water quallas significantly deteriorated,
particularly in dry seasons. Untreated sewage and industrial wastewater represent the primary
sources of pollution, with only orthird of the sewage generated in the rrstem towns and

cities receiving treatment before bgidischarged in the river.

Inadequate wastewater collection and treatment infrastructure/capacity provides the most
immediate explanation for this failure, as evidenced by the fact that 25% of pollution in the
Ganga comes from the industrial sector. Yes tssue is also intrinsically linked to the weak
capacity of local water and wastewater utilities and inadequate environmental monitoring and
regulation of point source pollutionOther factors, such as n@oint source pollution from
agriculture and liestock and poor solid waste management, also contribute to the problem.
Decreased flow, common during the dry season but also fueled by substantial water
extraction for irrigation contributes to poor water quality in the critical middle stretch of the

river.
1.2 Ganga Clean up Initiatives

The Government of India (Gol) has undertaken cl@arninitatives in the past. The most

prominent of such efforts was the Ganga Action Plan, launched in 1985 later complemented



by a similar plan for the Yamuna, the biggesiutary of the Ganga. These programmes have
faced significant public scrutiny and, despite some gains made in slowing the rate of water
quality degradation, they have been widely perceived as failure. The main shortcomings of
these initiatives were: (lihadequate attention to institutional dimensions, including the
absence of a lontgmbasin planning and implementation framework; (2) little effort made in
addressing systemic weakness in the critical sectors of urban wastewater, solid waste
managemengnvironmental monitoring, regulation and water resources management; and (3)
inadequate scale, coordination and prioritization of investments, with little emphasis on
ensuring their sustainability. These programs also did not pay sufficient attentienstuctal
dimensions of river cleaap, failing to recognize the importance of consultation,

participation and awarenegsasing.

The lessons drawn from these prior experiences indicate that improving water quality in the
Ganga cannot be achieved by pluggihe infrastructure gap alone. Rather, any effective

initiative will have to adopt a thrggronged approach:

A Establishing a basilevel, multisectoral framework for addressing pollution in the river
(including national/state policies and river basin ngamaent institutions);

A Making relevant institutions operational and effective (e.g. with the capacity to plan,
implement and manage investments and enforce regulations); and,

A Implementing a phased program of prioritized infrastructure investmentsdmphasis

on sustainable operations and mobilization of community support)
1.3 The Ganga River Basin Project

As a major first step in achieving the above, the Government of India (Gol) constituted the
National Ganga River Basin Authority (NGRBA), on 20trebFuary 2009, for the
comprehensive management of the river. The NGRBA will adopt alvagn approach and

has been given a muktector mandate to address both water quantity and quality aspects. The
NGRBA has resolved that by year 2020, no untreatedhicipal sewage or industrial
effluents will be discharged into River Ganga.

Building on the higHevel dialogue with GOl on Ganga, The World Bank has been formally
requested to provide lortgrm support to NGRBA, through several phases of substantive
financing and knowledge support. While, the overall technical assistance and program
development under the proposed project will focus on the entire Ganga main stem, the initial



emphasis of the specific investments under the first project will focus on teairos Ganga
flowing through five basin states of Bihar, Jharkhand, Uttar Pradesh, Uttarakhand and West
Bengal in India. Specifically, pollution abatement programs in cities on the banks of these
States which would include a range of municipal investms&unth as sewer networks, waste
water treatment facilities, industrial pollution control measures, river front management and
solid waste disposal in the river through improved management in these cities and other
required supportive improvements. This xpected to be enabled through several phases of
substantive financing and knowledge support.

The first project of such several phases of support aims at;

i) Establishing and operationalizing central and state level NGRBA institutions capable
of planning andimplementing a multi sectoral river water quality improvement
program and;

i) Reducing pollution loads into the river through selected investments.

To achieve the above, the proposed World Bank assisted National Ganga River Basin Project

(NGRBP) envisagesvb main components.
1.4 Project Components

The project will have two components relating to institutional development and priority
infrastructure investments. The first component would seek to build the institutional capacity
to effectively implement thewerall NGRBA program, including infrastructure investments

funded by the second component.
1.4.1 Component One: Institutional Development
1.4.1.1 Objective

The objectives of this component are to:
operationalinstitutions at both the central and state levels; and (ii) provide support to
associated institutions for implementing the NGRBA program. The activities financed under

this component are grouped under the followingcoimponents:

(a) Subcomponent ANGRBA Operationalization and Program Management

(b) Subcomponent BTechnical Assistance for ULB Service Providers




(c) Subcomponent CTechnical Assistance for Environmental Regulators

1.4.1.2 Sub Component A: NGRBA Operationalization and Program Management

This subcomponent is aimed at supporting the nascent operational institutions established for
implementing the NGRBA program at the central and state levels on a full time basis. The
operational institutions comprise the NGRBA Program Management Group (PMG) at the

central level, and SGRCA Program Management Groups (SPMGSs) at the state level. The

following are the main NGRBA program activities included under thiscauponent:

(a) Insititutional Support to the PMG and the SPMG$he subcompoment will

support the inial setup costs of office infrastructure and equipment, incremental

professional staffing, as well as provision of critical consultancies, training, and
operation costs, for the PMG and the SPMGs. This support would therefore
enable these institutions tmanage the entire NGRBA program, including the

activities and investments not funded under the World Bank project.

(b) Enhancing Ganga Knowledge Resourcébe subcomponent will support the

establishment of a statd-the-art Ganga Knowledge Center (GKC) twithe
objectives of: (i) serving as the global repository of knowledge resources
pertaining to the Ganga; (ii) addressing critical gaps in knowledge; and (i)
improving information access for the public and decigiakers. The GKC will

be an integral paof the PMG.

(c) Communications and Public Participatiomhe subcomponent will finance a

dedicated communications and public participation program, undertaken in
partnership with communitpased organizations, school and college student
groups, and the me&d The communications and outreach efforts will build upon
the existing vibrant discourse and grassroots campaigns on the Ganga, including

those led by some of the civil society members of the NGRBA.
1.4.1.3 Sub component B: Technical Assistance for ULRISice Provider

This subcomponent will support the ULBs as well as lelealel water and wastewater
service providers, through provision of modeand efficient information and planning
systems training, equipment for managing physical systearsl techital assistance for

improving revenue/cost recovery to ensure sustainability of local investments.



1.4.1.4 Subcomponent C: Technical Assistance for Environmental Regulator

This will support capacity building of the central and state pollution controtibpt
address the key constraints related to their functions regarding the Ganga, focusing on
improving information systems, staff skills, laboratory accreditation, and infrastructure

facilities. Some of the key activities include:

a) Upgradation of the Wat Quality Monitoring System (WQM3jhe subcomponent

will support a system of automatic and high quality collection of water quality data
from more than 100 priority monitoring locations along the mainstem and some
important tributaries of the Ganga, aesking the needs for both technical and

institutional modernization.

b) Comprehensive inventorying of pollution sourddse location, flow and pollution

loading characteristics of all large point source discharge locations on thesterain

of Ganga will be mpped to create a basievel inventory. Studies will be supported

to estimate the extent and relative contributions of thepmant source pollution of
various origins. This work, to be implemented in the first year, will start addressing

the baseline imdrmation needs for the Ganga basin.

c) Strengthening environmental compliance monitoring Surveillance for regulation
compliance will be strengthened for the Central and State Pollution Control Boards,

by improving information systems and support for increi@estaffing.
1.4.2 Component Two: Priority Infrastructure Investments

1.4.2.1 Objective

The objective of this component is to finance demonstrative infrastructure investrtents
reduce pollution loads in priority locations on the river. The investments are intended to
exemplify, among other attributes, the high standards of technical preparation and
implementation, sustainability of operations, and public participation emdsagy the
NGRBA framework. This component will also support innovative pilots, for new and

transformativdechnobgies or implementation arrangements.

! Given the generally large size of individual suiojects that are needed in the priority
locations on the Ganga, the available funding is expected to finance a small niisuier
projects (around @5 major investments in at most 10 towns/cities).
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1.4.2.2 Four Investment Sectors

This component will support demonstrative investments in all the seators that are key to
addressing the pollution in the Ganga. The majority of investments are expected to be in the
wastewater sector, particularly in wastewater treatment plants and sewerage networks.
Investments will also be supported in industrial gidin control and prevention (e.g.
common effluent treatment plants), solid waste management (e.g. collection, transport and
disposal systems), and river front management (e.g. improvement of the built environment
along river stretches, improvement of simghats and electric crematoria, and the
conservation and preservation of ecologically sensitive sites). Many investments are likely to

combine elements of more than one of these sectors.

1.4.2.3 The Framework Approach

In lieu of defining and appraising specific investments, the project preparation has focused on
developing investments framework covering all four key sectors of intervention under the

NGRBA program.This single framework will apply to all investments undee NGRBA

progr am, i ncluding i nvest ment s t o b.eThef i nanc

objectives of the investments framework are to:

a) provide a filter for all the NGRBA investments, for ensuring that the selected
investments are weflreparedand amongst the most effective in reducing the
pollution loads;

b) make transparent the decisioraking process on investments selection; and

c) ensure that the investments are implemented in a sustainable manner.

Given the longerm nature of the NGRBA progm and the fact that universe of potential

investments is | arge, the adoption of the fr
gameo, and wi l | all ow infrastructure invest
basis.

1.4.2.3.1Framework Qiteria

The investments framework prescribes the criteria and quality assurance standards covering
various aspects including eligibility, prioritization, planning, technical preparation, financial
and economic analyses, environmental and social manager®g, term O&M
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sustainability, community participation, and local institutional capacity. Examples of key

criteria are presented below:

a) Explicit Consent of ULBsNo NGRBA investments will be appraised without

explicit and informed consent of the relevantBJLThis consent will indicate a
clear recognition of the nature, scal e
own roles and responsibilities with regards to asset ownership andelong

o&M

b) Technology Selectiormechnology selection for wastewater traanht will be

made on lowest lifecycle cost basis, specified for the local conditions and required

degree of treatment.

c) Environmental and Soci#lssessmenéll the subprojects shall comply with the
environmental and social management framework of NGRBA iategrate the
ESA recommendations in the sploject designs.

d) DesignBuild-Operate (DBO) and other Long Term Contractl investments

with significant O&M costs (such as WWTPs, pumping stations, landfills and
waste processing) will be developed and agmd under long term contracts
(either DesigrBuild-Operate [DBO] or other kind) including 15 years of O&M.
This will bring enhanced accountability, adequate capacity and resources, and
strong performance incentives to the sector.

e) Capitalization of initial O&M CostsThe first 5 years of O&M costs, based on

specific calculations for each investment, will be included in the total cost for each
DPR and will be financed on a shared basis by the central and state governments

f) House ConactionsPlans and cost of providing house connections up to property

line must be included in the DPRs for sewerage investments. The ULBs will
implement outreach and other actions to encourage households to connect up to
these points.

g) Industry Commitment @ O&M Industrial pollution DPRs must include

appropriate affidavits from industries outlining commitment to ensure satisfactory

operation of common facilities.

h) Area Development¥Wherever possible, river front management investments must

take an area develognt approach, both to achieve spatial scale along wider and

longer stretches of the river, and to integrate across sectors.
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1.4.2.4 Innovative Pilots

The project will finance pilot investments in order to promote and demonstrate innovative
technologies ah implementation arrangements. The potential pilot areas identified so far
include netenergy positive wastewater treatment technologies and innovative Pulvlite

Participation (PPP) financing models which have not been used in the Ganga basin states.
1.4.2.5 Investment Execution

The investments program will be planned and managed by the NGRBA PMG and SPMGs.
Execution of the infrastructure investments will be done by the Executing Agencies (EAS),
selected specifically for each investment. The curobtice of EAs includes the existing
statelevel technical agencies which have the mandate of urban infrastructure (especially
wastewater) management in their respective states. Most of these agencies have been working
for a few decades, and have significagxpertise and experience in preparation and
implementation of infrastructure projects in the four key sectors of the NGRBA program. In
the medium to long term, the NGRBA program intetmigoromote competition with these
existing EAs by facilitating thestablishment of new onds each state, including public
private joint venture infrastructure companies. In future, if a new entity (in addition to the
currently defined EAS) is proposed as an EA for a specific investment, it will need to undergo
assessmés by the PMG/SPMGs to ascertain its capacity to manage the technical, project

management, procurement, financial management and safeguards aspects of the investment.
1.4.26 Rehabilitation of existing infrastructure

Investments involving rehabilitatioof existing infrastructure will be included on priority,
due to their intrinsically higher returns in terms of reductions in pollution loads entering the

Ganga.

1.5 Environmental and Social Analysis (ESA) and Management
Framework (ESMF)

Given the sensitivenvironmental nature of the project and distributed nature of proposed
project investments of NGRBP over a large area in multiple States, the investments under the
project may entail environmental and social impacts, including acquisition of privatardnd
resettlement issues. To help understand, environmental and social issues associated with the

project NGRBA, has commissioned The Energy and Resources Institute (TERI), New Delhi
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to conduct the Environmental and Social Assessment (ESA) of the projstiesc The

ESA formed the basis for development of the Environmental and Social Management
Framework (ESMF) that ensures compliance of all project activities with the environmental
regulations of Gol and the safeguard policies of the World Bank.

The ESM- addresses the broader portfolio of projects to be implemented under the NGRBA,
as relevant information for specific projects (i.e. their size, type and location) are either not

yet available or are currently being prepared.

Current ESMF document is erided to helNGRBA manage the social and environmental
impacts through appropriate measures during the planning, design, construction and operation
of various sufprojects of NGRBP. The framework identifies the level of safeguard due
diligence required fo all categories of suprojects of NGRBP and provides specific
guidance on the policies and procedures to be followed for environmental and social

assessment along with roles and responsibilities of the implementing agencies.
1.5.1 Objectives of ESA and SMF
Broad objectives of ESA and ESMF study for the project comprise the following.

A Determine key social and environmental issues associated with River Ganga and possible
activities that could be initiated by NGRBA, both at national as well as state level,

A-Conduct an environment al and soci al I mpact
in the hot spot locations along the river, identify potential environmental and social
impacts associated with such investments and recommend measures to mitigetke impa

A Carry out an analysis of various stakeholders associated with the project, identify their
concerns with regard to environmental and social aspects, and recommend measures to
mainstream these aspects into the project;

A Develop an Environmental and SalcManagement Framework (ESMF) for the project,
to ensure that environmental and social issues are effectively addressed in project design

and implementation.

1.5.2 Approach to the Preparation of ESA and ESMF

The project followed amulti-stakeholder constative approach for preparing the ESA and
ESMF that entailed a comprehensive methodology involving various phases. The first phase
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comprised of primary and secondary data collection and analysis, literature survey, expert
consultations, and gathering g from a range of stakeholders (relevant authorities and
government departments, external reviewers, financial institutions, local residents and
communities, NGOs and interest groups). Subsequent to this, the key environmental and
social issues in Gangaain stem were identified in consultation with the key stakeholders

including the local communities.

In the second phase, the ESMF was prepared, based on issues and challenges that emerged
while preparing the ESA.The ESMF was prepared through a cotaive process that
engaged key stakeholders at the national, state, and local levels and their feedback was
considered while preparing the document. Key government agencies have been consulted at
the various levels to obtain their consent on the ESMFemme@l and specially on the land
acquisition process and resettlement framewdrke issues emerged from ESA are
considered in the ESMF document to ensure that it sets out the framework for the projects, to
comply with the safeguard policies and procedofdbe Government of India and the World

Bank. This includes the project design, the legislative framework, the consultation process,
the social and environmental baseline, consideration of alternatives, prediction and evaluation
of significant social andenvironmental impacts, mitigation or offset measures, and
environmental and social management and monitoring plans. The project also attempted to
review the previous projects such as GI\RSAP-II, YAP and NRCP and the ESMF is
prepared based on the keys$ons learnt from these, with regard to the knowledge gaps in

environment and social impact assessments.

In the third phase oflowing the national level consultations, public consultations have been
carried out in sample sub project areas in each ofivlkeparticipating statesBfhar (1),
Jharkhand (1), Uttar Pradesh (2), Uttarakhand(l) and West Bengal t(l))get
stakehol dersdéd/ communities feedback and sugg
consultation meetings were announced in the local newspap advance so that all
interested parties could participate and provide suggestions. The ESMF was translated into
local language and was disclosed on the websites and also made available to the offices of the
nodal agencies, prior to the consultatioreatings. Representatives of the State Nodal
Agencies facilitated the public consultation meetings. The key concerns and suggestions
raised by the communities/stakeholders during the public consultations have been included in
the final ESMF.
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1.5.3 Composition of ESMF

The ESMF is broadly organized into two volumes. Volume | on Environmental and Social
Analysis, based on the base line environmental and social profile of the project area, analyses
the critical factors that need to be considered in the oveeaign and also the safeguard
management strategies of the project. Further, Volume I, based on the issues / factors
brought out in the ESA, presents the Environmental and Social Management Framework
(ESMF) for NGRBP.

The present Volume I: Environmentahd Social analysis (ESA) of the Ganga main sem
structured into five chapters. While the present chapter provides a brief back ground of
NGRBP, chapter 2 provides the environmental profile of the Ganga main stem including the
hydrological, physiologial and ecological characteristics of the Ganga main stem. The third
chapter provides a broad so@oonomic profile of the five project states and potential
project cities. The fourth chapter, based on the available information, analyses various
sources cotributing to the pollution of the River. The fifth chapter summarises the key

environmental and social issues in the Ganga Basin and the way forward.
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Chapter 2

Environmental Profile of GangaMain Stem

2.1 Introduction

The profile of theGanga mainstemis presented in this sectiobased on the available
information from various agencies, on thasin and the river with regard to the catchment,
hydrology, tributariesphysiographywater uses, environmental features such as aquatic and
terrestrial flora/fauna, natural resources, ecological characteristics, sensitive environmental
components and other features such as landwetey resources project, water logging and

salinity probems, etc.
2.2 The Ganga Main Sem

India is drained by more than 12 major river systems (basins) with a catchment area of more
than 2,500,000 Sgkm. These river systems are grouped into four broad categories: the
Himalayan rivers, the Peninsular rivers, @eastal rivers and the Inland rivers. In addition to

the Ganga, the Himalayan river system includes the Indus and Brahmaputra river basins.

The Ganga River (about 2525 km long) is fed by runoff from a vast land area bounded by the
snow peaks of the Himala in the north and the peninsular highlands and the Vindhya Range

in the south. The basin encompasses an area of more than a million square kilometers
(1,186,000 Sgkm) spread over four countries: India, Nepal, Bangladesh and China. With
861,404 Sgkm witim India itself, theGangais the largest river basin in India and covers
approxi mately 25 per cent of I ndiabds tot al
utilizable water of major river basins within India and the states that they coyaeasnted

in Table 2.1.
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Table 2.1  Catchment Area of Major River Basins of India

S. Name of the River Length Catchment Area Total
No. (km.) (Sq. km.) Utilizable
Water
(BCM)
1 Indus 1114 (2880) 321289 (1165500 72.49
2 a) Ganga 2525| 861404(1186000) 420.99
b) Brahmaputra 916 (2900)] 194413 (580000 59.07
c) Barak & other rivers flowing 41723

into Meghna like Gomti,
Muhari, Fenny etc.

3 Sabarmati 371 21674 4,93
4 Mahi 583 34842 7.3
5 Narmada 1312 98796 45.33
6 Tapi 724 65145 22.77
7 Brahmani 799 39033 22.35
8 Mahanadi 851 141589 66.45
9 Godavari 1465 312812 116.95
10 Krishna 1401 258948 84.41
11 Pennar 597 55213 11.79
12 Cauvery 800 81155 31.3
TOTAL 2528036

Source: Water Data: Complete book, 2005; Status paper on@saga, NRCD, MoEF, 2009
Note: Figures within bracket also include the total river basin in neighbouring countries

The Ganga RiveBasin in India encompasses eleven states, where as the main stem of the
river flows through the five states of Uttarakhandtdd Pradesh, Bihar, Jharkhand and West
Bengal. Theemainng six states in the basin &elhi, Haryana, Himachal Pradesh, Madhya
Pradesh, Chattisgarh and RajasthBime states obttar Pradesh and Uttarakhand together
constitute anaximum basin area of 3¢, followed by Madhya Pradesh, Bihar and Jharkhand.
The distribution of drainage area in all these basin states is presented in Table 2.2 and Figure
2.1.
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Figure 2.1 The Ganga main stemmap
Source: Status paper on river Ganga, NRCD, MoEF, 2009
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Table 2.2  State-wise Distribution of the Drainage Area of GangaBasinin India
S. State Total Geographical Area Percent of Total
No. (SgKm) Geographical Area
1 | Uttar Pradesh & 294364 34.2
Uttarakhand
2 | Madhya Pradesh 198962 23.1
3 | Bihar & Jharkhand 143961 16.7
4 | Rajasthan 112490 13.1
5 | West Bengal 71485 8.3
6 | Haryana 34341 4.0
7 | Himachal Pradesh 4317 0.5
8 | Delhi 1484 0.2
Total Area 861404 100.0

Source: Status papenriver Ganga, NRCD, MoEF, 2009

2.3 The River

The Ganga rises in the Garhwal Himalaya®@® 6 N°7 0 E Y

as

t he

Bhagiratth

of Gaumukh at the snout of the Gangotri glacier, at 3,892 metres above sea level, is

recognized as the traditionalwsoe of the Ganga. The river cuts through the Himalayas until

another head stream, the Alaknanda, joins at Devaprayag as shown in Plate 2.1 (right). It is

below this confluence that the united stream of Bhagirathi and Alaknanda becomes known as

the River @Ginga.

Plate 2.1:The point of origin of the Ganga, known as the Gandtetfi) and Devprayag, the

point of confluence of the Alaknanda (from right) and Bhagirathi (from left) to form the

Ganga(right) .
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After running some 250 kilometres from its sajrthe Ganga pierces through the Himalayas

at Sukhi (near Rishikesh), before turning southwestwards for another 30 km where it finally
descends into the vast In€angetic plain at Haridwar (elevation 283m). At this point, the
river swells into a mightyteeam of 750 metres width.

Apart from its sacred significance, water from the Ganga is widely used for domestic and
industrial purposes in towns and villages located on its course. The other major use of Ganga
water is for irrigation. At Haridwar, whetbe Ganga opens to the Gangetic Plains, a barrage
diverts a large quantity of its waters into the Upper Ganga Canal, to provide water for
irrigation. At Bijnore, another barrage diverts water into the Madhya Ganga Canal but only
during monsoon months. Ataxora, there is further diversion of water into the Lower Ganga
Canal. The Ganga does not receive any major tributary until the Ramganga joins at Kannauj
adding some 17.79 billion cum/annum of water. At Allahabad (1020 km from the source), the
Ganga is jaied on the right by the River Yamuna, which actually contributes more water
(57.24 billion cum / annum) than the main river itself, augmenting the flow volume of the
Ganga significantly.

After Allahabad, the Ganga begins to receive several major tribsitati more frequent
intervals, namely, the Tons, Son, Gomati, Ghaghara, Gandak, Burhi Gandak and Kosi. After
Rajmahal, the Ganga eventually reaches the head of its delta at Farakka, in the state of
Jharkhand, having increased its flow volume at each wemde. In addition to flow volume,

water quality and sediment load also fluctuate depending on the composition of the

contributing stream.

Below Farakka, the Ganga bifurcates into the Padma and the original channel of the Ganga,
known as the Bhagirathi. Therefore, the Bhagirathi is treated as the main Ganga for all
purposes in West Bengal. The Padnmuuallytarasr r yi ng
southeastwards into Bangladesh, while the Bhagirathi (Ganga) winds southwards down the
deltaic plain of West Bengal and ultimately empties into the Bay of Bengal under the name of
Hugli. Nearly halfway between Farakka and Sagar Island, tlkeabljc character of the

Bhagirathi (Ganga) suddenly changes upon its entry into the tidal zone of the Gangetic delta.

The speed and direction of water in the estuarine streams and creeks are in continual flux due

to the ebb and flow of the tides.
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Throudhout the course of the Ganga, from its source at Gaumukh to its mouth at Sagar Island
in Bay of Bengal, it is a common practice for Indians to take daily dips in the holy waters of
the Ganga, especially at places of pilgrimage like Rishikesh, Haridwanm@Gkteshwar,
Kannauj, Allahabad, Mirzapur and Varanasi (as seen in Plate 2.2).

Plate 2.2 Images of the Ganga at Haridwar during different times of the year.

Line diagram of the Ganga with major tributaries is shown in Figure 2.2 below.

Bhagirathi Alaknanda
Yamuna
Tai = ‘l Tehri Dam
ajewa Ganga
Chambal ——= Ha!'.dwa.r: }
Bijnore
Sind ———»| .
Betwa ——> [Narora]
Ken —» l«—— Ramganga
Allahabad | —
Tons ———==

———— Gomati

«——— Ghaghara
Sone —*
[e———— Gandak

Punpun ———»

I
—— Buri Gandak
- HKosi
T
Bhagirathi Padma
4 Dam/Barrage Hooghly Brahmaputra
¢ BayofBengal esnne

Figure 2.2 Line diagram of the Ganga main stemwith tributaries
Source: Status paper on river Ganga, NRCD, MoEF, 2009
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2.4 Stream and Flow Characteristics of Ganga

Due to their high gradient and a tremendous velocity, Himalayan rivers including the Ganga

have a strong erosive power. The geological fact that the Himalayan rivers run through

poorly consolidated sedimentary rocks affected by folds and faults results in high rates of

erosion and silt deposition. Landslide debris further adds to the silt load.

Rairfall, subsurface flows and snow melt from galciers are the main sources of water in river

Ganga. More than 60 per cent of the water flowing inta@haga main stermomes from the
Himalayan streams joining the Ganga from the north. The Peninsular strearhse to

contribute only 40 percent of the water, despite the fact that the catchment area of the

Peninsular streams extends well over 60 percent of the &airga main stem

The tributaries which contribute the largest amount of water per annumharghaghara
including Gomti river (113.5 billion cum), followed by Ketahananda (81.85 billion cum),

the Gandakburhi Gandak together (58.96 billion cum), Yamuna (57.2 billion cum), -Sone

East of sone (44.14 billion cum), the Chambal (32.55 billion cand) Ramganga (17.79

billion cum). The average annual flow at various gauging stations in river Ganga and

tributaries is given in Table 2.3. A lack of water in streams and tributaries (other than major

tributaries) increases their susceptibility to water pout i on .

Therefor e, t

tributaries are pollution prone, especially as their flows diminish during the dry season. As

the main riverds flow rate fluctuates
accordingly.
Table 2.3 Mean Annual Flow in Ganga
S. | Sub-Basin Mean Annual Percentage
No. Flow (BCM) Contribution
1 Ramganga 17.789 3.39
2 | Yamuna (excluding Chambal) 57.241 19.9
3 | Chambal 32.554 6.2
4 | TonsKararmnasa 10.609 2.02
5 | Gomti-Ghaghra 113.511 21.62
6 | SoneEast ofSone 44.144 8.41
7 GandakBurhi Gandak 58.967 11.23
8 Kodi-Mahananda 81.848 15.59
Total (Tributaries) 416.663 79.36
9 Ganga Main Stem 84.98 16.19
Evaporation *
10 | (attributable to Ground Water) 23.38 4.45
Total Ganga (Upto Indian Border) 525.023 100

Source: Status paper on river Ganga, NRCD, MoEF, 2009
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Based on stream characteristics, the entire 2,525 km course of the Ganga can be divided into
the following major five sections: (i) mountainous, (ii) upper plain, (iii) middle plain, (iv)
deltaic nontidal and (v) deltaic tidal plain. The stream characteristics of the river Ganga,
from its source to its outfall in the Bay of Bengal, are given in Table 2.4.

Table 2.4  Stream Characteristics along Different Sections of the Ganga

S. Stretch Sectin Length | Average | Mean Annual Rate
No. (Km) Slope of of Flow
Land (cum / second)
1 | Sourceto Mountainous 250 1in 67 850
Rishikesh
2 | Rishikesh to Upper plain 770 1in 4,100 850- 1,700
Allahabad
3 | Allahabad to Middle plain 1005| 1in 13,800 4,000-10,200
Farakka
4 | Farakka to Deltaic nontidal 230| 1in 23,000 1,000- 1,300
Nabadwip plain
5 | Nabadwip to Deltaic tidal plain 240| 1in 24,000 Variable due to th¢
outfall tides

Source: Central water Commission

The mountamous secti on st r sourae hoeRsshikesh.dlnms sectioa has anv e r 6
average bed slope of 1 in 67 and a mean flow rate of 850 cubic metres per second at
Rishikesh. The subsequent upper plain section extends from Rishikesh downstream until
Allahabad at a slope of 1 in 4,100 and a miew rate ranging between 850 and 1,720 cum

per second before its confluence with the Yamuna. The third, middle plain section stretches
from Allahabad to Farakka, with a slope of 1 in 13,800 and an increase in the mean flow rate

to 10,200 cum per secorad Azamabad. Following this part lies the upper deltaictiaai

plain section, with a slope of 1 in 23,000 and a much reduced mean flow rate of 1,300 cum

per second near Nabadwip. The final segment is the lower deltaic tidal plain section, with a

slope @ 1 in 24,000 and varying flows due to influence of the tides.

The large volume and high flow of the Ganga in the middle plain section (1,005 km) between
Allahabad and Farakka render this stretch relatively less vulnerable togrglicompared to

the sections on the upstream of Allahabad and downstream of Farakka. However, upstream of
Allahabad the mean annual flow is less than 1,700 cum per second and, as a result, the upper
plain course of the Ganga is liable to be pollutedaimes extent if adequate precautionary

measures are not taken; this fact is especially true during the lean months. This same
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increased susceptibility to pollution also occurs downstream of Farakka, where the mean
annual stream flow again falls off drastigab a level of 1,300 cum per second at Nahi.

Further down, especially in the estuarine section near the outfall, #wedgown movement

of the water periodically causes temporary suspension of the water current, as the tide shifts
from ebb to flowand vise versa. As a result of this stagnation, keinof pollutants in the

tidal section can expected to be slow and difficult.
2.5 Physiography and Soil Characteristics

Physiographically, India is divided into seven major divisions: (1) Northern Momst(2)

Great Plains (3) Central Highlands (4) Peninsular Plateaus, (5) East Coast, (6) West Coast
and (7) Islands.

The area inGanga main stens locatedentirely in the first three divisions. The peninsular
plateau of the Gangetic trough (with an etewa of less than 300 metres) is filled with older
(Pleistocene) and recent alluvia, forming nearly 4,000,000 SgKm in the states of Haryana,
Rajasthan, Uttar Pradesh and West Bengal, comprising 50% of basin aréaarigee main
stemcan be further dividednto the following eight physiographic swlivisions, briefly
described below and shown in Figure 2.3.

a) Trans-Yamuna Plain

This sector constitutes the western end of the Ganga main stem, covering the states of
Haryana and Rajasthan. The region is charasd by thick, unconsolidated material subtly
sloping down from the western watershed towards the Yamuna. On account of the flat
topography, water logging and saline efflorescence has been recorded in many areas,
especially since the introduction of largcale and intensive irrigation practices through the
Western Yamuna Canal.

b) Ganga'Yamuna Doab

East of Transramuna plain lies the Gangéamuna interfluvialdoabtract, which stands out

as a large slab of older alluvi@bangar)terrace sloping towardthe south and southeast,
falling off from a level of 283 metres at Haridwar to some 95 metres at Allahabad. The twin
rivers, Ganga and Yamuna, wind along the-lging (khadar)flood-plain belts built up by

the younger alluvial sediments deposited duriegqalical inundations. Theangarterraces,

on the contrary, are thick deposits of older silts, rising high abovehtmarplaini up to 20

metres at times measured from the present river beds. Thegarsurface of the Ganga
YamunaDoab has a rather ariegated topography interspersed by breaks of slope due to

terrace formations and sand béB&ur), which stand out like transverse sand dunes.
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¢) Rohilkhand

To the east of the Gangéamunadoablies the large plain of Rohilkhand, which extends
from the Ganga to near Lucknow, where the land steps down to the lower alluvial plain of
Avadh. Rohilkhand comprisea flight of several river terraces separated from each other by
steplike breaks of slope. The highest terrace is located at the Himalayan foothills and is built

up of boulderypbhabardeposits.

d) Avadh Plain

Further east of Rohilkhand and lying at a lower elevation is the Avadh plain. The Avadh
plain comprises the extensikbhadarbelts of several mighty streams, the chief of which is the

Ghaghara.

e) North Bihar Plain

Further east, the great riparian plafrfNmrth Bihar appears. The North Bihar plain is riddled

with numerous old river beds which have been deserted by the Kosi in the course of its
movement from the eastern end of Bihar to its present position as the main channel in the
west. In addition to # depressions left by these old river beds, there also lies large marshes

and waterlogged areas, known asdherus,along the Ganga

f) North Bengal Plain

At the farthest end of th€&anga main stenis the North Bengaplain, which contains
Pleistocene deposits of the Barind region, terraces of coarse grained materiédsaand
depressions in the piedmont plain below the Darjeeling hills.

g) Bengal Basin

South of the Ganga (Padma), lies the Bengal basin, which caeapriuch of the Gangetic
delta plainés recent alluvium and its wester
alluvial formation (often lateritic), as the land slopes up towards the rocky Chota Nagpur

plateau.
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2.5.1 Soil Characteristics

The Gangamain stemis characterized by a wide variety of soils. The soils of the high
Himalayas in the north are subject to continued erosion and the Gangetic trough provides a
huge receptacle into which thousands of metres of thick sediment layers are depdsitad t

a wide valley plain. The plateau on the south hawsamtle of residual soils of varying
thickness arising due to the weathering of the ancient rocks of the peninsular shield. Ten
classes of soils have developed in @enga main sterander differentithological, climatic

and pedogenetic conditions.

Some of the soils within th&anga main sterare highly susceptibl® erosion. Such soils

need adequate conservation measures and appropriate land management interventions, with
an eye towards presergrthe soil resource and keeping the turbidity levels of the surface
water within tolerable limits. The susceptibility of each of the soil groups to erosion and the
areas covered in the different states within @@@ga main sterare indicated in Table 2.5.

The soil classification map @anga main stens given in Figure 2.4,

Among the soil types withiGanga main stejrthe alluvial soil covers more than 52 per cent

of 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
metres thick. Tie entire alluvial formation is endowed with rich soil nutrients. The alluvial
deposits of the Ganga and its tributaries, coming down the Himalaya and the peninsular
foreland, have yielded annual harvests of crops for the past thousands of years &vith littl
significant deterioration. Besides paddy, this tract produces a wide variety of crops including
wheat, jowar, bajra, small millets, pulses of different kinds, maize, cotton, jute and many

other food and comercial crops.

If managed properly, the allwldi soils are highly fertile soils, capable of producing the
highest possible yields of crops to feed the millions. However, these soils are sensitive to
change and prone to rapid degradation and pollution. In certain parts of the basin, the soils are
alrealy 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 anagocic
chemicals of various types. The land degradation status vianga main stens given in

subsequent sections.
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Table 2.5  Soil Types inGanga main stemand their Susceptibility to Erosion (Area in Square Kilometres)

S. State Mountain | Submontane | Alluvial Red Red and Mixed Deep Medium | Shallow | Laterite | Total
No. Soils Soils Soils Soils Yellow Red and Black Black Black and Area
Soils Black Soils Soils Soils Lateritic
Soils Soils

1 | Haryana - - 33516 684 - - - - - - | 34200

2 | Uttar Pradesh 12428 32586| 509491 16457 740 4438| 10502 3621| 3962 188 | 294413
and Uttarakhand

3 | Biharand ] "|  o1881| 32338 19333 - . - . 858 | 144410
Jharkhand

4 | West Bengal - - 57323 704 7271 - - - - 6712 72010

5 | Rajasthan - - 40768| 12166 16827 9810 9332 9394 9085 - 1107382

6 | Madhya Pradesh - - 17272 39075 5990 11168| 14251 79881 33470 598 | 201705

- | Himachal 1296 4280 293 ) ) ) i ) i .| 5799
Pradesh

8 | Delhi - - 1225 260 - - - - - - 1485
GangaBasin 13724 36866 451699, 101684 50161 25416| 34085 92896| 46517 8356| 861404
Zfer;e”t of Total 1.59 4.28 52.44| 11.80 5.83 295 3.96 10.78|  5.40 0.97| 100
E;J;s?i(e)ﬁt'bmty 0 Very high Very high | Very high High | Moderate | Moderate Low Low Low Low

Source:Central Pollution Control Board, National River Conservation Directorate (MoEF) (2009)
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2.6 Meteorology and Climate

The type of vegetation depends on edaphic, climatic and biotic factors, among which the
effect of the climatic factor is most significant. The main climatic factors which control
vegetative activity are temperature, sunlight and precipitation. In Indig, teanperature
zones are distinguishable: tropical, dulpical, temperate and alpine. Among these, the
tropical and subtropical temperature zones are most predominant in theGartga main

stem The climatic details for these temperature zones asndielow in Table 2.6

Table 2.6  Temperature Zones of India

Zone Mean Annual Temp (°C) | Mean Temp Jan. {C) | Remarks
Tropical Over 24 Over 18 No frost
SubTropical 17to0 24 10 to 18 Frost is rare

Source: Envonmental Atlas of India, CPCB

2.6.1 Temperature

The Gangabasinforms an extensive bowl of warm air, especially during thetuohag. The

mean maximum daily temperature even in the coldest month (January) does not fall below
21°C, except in the higher hills, whereas the air temperature stgrty rising all over
Ganga main sterfrom 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 Bengal.
Daily mean maximum and mean minimum air temperat@esecorded at selected stations

in theGanga main stepare given inrable 2.7.

In the Gangetic plains, westwards of Gatlee daily mean maximum temperature in May
rises to 40°C and above. During May, the mean daily maximum air temperature shoots up as
high as 42.3°C in Kota in the Central Indian upland region. The maximum air temperature in
other areas are; Allahabad (81C), Agra (41.6°C), Hissar (41.1°), Gaya (40.7°C), Lucknow
(40.5°C and Bareilly (40.5°C). Under this high temperature regime, much of the pollutants
become suspended in the air and remain aloft for a considerable period of time in the
atmosphere. Some diie pollutants are brought down by rain drops where they eventually

find their way into surface runoff systems.

Throughout theGanga main stemthe cold weather period extends from December to

February. January is the coldest month, with the temperatigr falling below 10°C; this is
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especially true in the valley plain west of Gaya, where the daily mean minimum air
temperature in January reaches 10.03°C. In January, the daily mean minimum temperature
plummets as low as 5.8°C in Hissar, followed by Bebun (5.96°C), Delhi (7.7°C), Agra
(7.7°C), Gonda (8.3°C), Bareilly (8.25°C), Lucknow (6.9°C), Allahabad (8.9°C) and Patna
(9.2°C). In the lower Gangetic plain the minimum temperature is usually higher: 10.03°C in
Gaya and 12.3°C in Kolkata. Low temperasiare often associated with the intrusion of cold

air from across the Gagetic plain in the months of December and January. In the cold of the
winter months, the heavy cold layers of the atmosphere act as blankets upon the land surface,

not allowing thesuspended pollutants in the air to escape into the higher atmosphere.

2.6.2 Rainfall

The weather in th&anga main stens characterized by a distinct wet season during the
period of south west monsoon (June to September). The air temperature $itagteiftl the

onset of the monsoon from June onwards, making the weather more humid and equable. The
diurnal range between the daily mean minimum and the daily mean maximum temperature
reduces progressively as the monsoon advances. Eventually, the lowesl dange of
temperature occurs at the peak of the monsoon, which is usually in August, though
sometimes in July. As soon as the monsoon is over, the diurnal range of temperature starts

increasing rapidly to a maximum attained during the month of Nogemb

Due to its proximity to the coast, Kolkata stands as an exception, with its highest diurnal
range (13.37°C) occurring during the coldest month (January). On account of high population
density and a heavy concentration of industrial units in the KoMateopolitan District, the

effect of this temperature is very pronounced, with frequent episodes of smog in the winter

evenings followed by mist in the colder morning hours.

The southwest monsoon makes landfall at the mouth of the Ganga around tivedicsif

June and advances upstream. By the end of July the monsoon reaches the western end of the
Ganga main stenin the majority of the basin, the rainy season spreads over three months
(July, August and September) and usually 70 to 80 per cent oftgh@mbmual rainfall occurs

during this period. In 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.
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The geographical distributioof the mean annual rainfall in the basin is shown by isohyetal
lines onFigure 2.4 The isohyetal lines indicate that the lowest precipitation in the Gangetic
plain occurs in Haryana (less than 500 mm per annum), with the rainfall increasing
downstream util reaching lower Bengal, where nearly 1,600 mm of rainfall occurs. Heavier
rainfall continues in the upper Himalayan region, such as in Dehra Dun, where the rainfall is
as high as 2,209 millimeters per annum. The rainfall rates as recorded at setgiird st
Ganga main stens given in Table 2.7.

Table 2.7 Rainfall and Temperature Details at Selected Stations ibangaBasin

S. Station and Year Mean Water July to Mean Temperature in
No. Annual | Surplus | September °C
Rainfall in Wet Rainfall Maximum | Minimum
(mm) Months: | Expressed as
Jul-Sep | Percentage
(mm) of Annual
Rainfall

1 Dehra Dun (19041 2209.0 1697.4 76.8 27.8 154

2000)
2 Delhi (Safdarjang) 716.2 535.2 74.7 31.3 19.0

(1901-2000)
3 Hissar (19012000) 490.8 336.3 68.5 32.6 17.7
4 Agra (19012000) 724.8 576.2 79.5 32.5 18.9
5 Allahabad (1901 962.7 762.0 79.1 32.5 19.6

2000)
6 Gaya (19012000) 1130.4 847.3 75.0 32.1 20.1
7 Calcutta (Alipore) 1651.2 950.2 57.5 31.4 22.0

(1901-2000)
8 Bareilly (1903:2000) 1040.0 784.1 75.4 31.2 18.7
9 Patna (19511980) 1003.4 807.1 80.4 31.9 20.8
10 | Kota (19511980) 843.4 687.4 81.5 32.9 20.5

Source: Monthly mean data of important citikglia Meteorological Department

Within the Ganga main stepevery square kilometre of land surface area receives an average
of one million cubic metres of water annually through rainfall. However, less than half of this
total is actually available, after accounting for water lost through etrapepiration (30
percent) and seepage into the ground (20 percent). Rainfall distribution indicates that the
greater part of the basin would be hydrologically dry if the total annual rainfall were
distributed evenly over the twelve months of the year. Since the vast m&gardncentrated

in a three month span in most of the basin, the water available from rainfall usually exceeds
what is lost through evaporation during this period, allowing some surplus water to flow

down the Ganga river and its tributaries.
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2.7 Land Use& lIrrigation

2.7.1 Land Use

The statesn Ganga main sterare extensively cultivated, constituting approximately about

40 per cent of the totalultivatedarea of India. About 14 per cent of land is not available for
cultivation ands put to various nofagricultural uses. Although the net sown area constitutes

50 per cent of th€&anga main sterstates area, the total cropped aaed cultivable land
constitutes 73 percersind 65 percent of the basin states area, respectively. The cropping
intensity is hidpest in Delhi with 189.7 per cent followed by West Bengal, Haryana,
Himachal Pradesh, Uttarakhand and Jharkhand. The landuse pattern and cropping intensity of

landuse within th&anga main stems given in Table 2.8.

Land not available for cultivation arfdllow land in theGanga main sterstates covers a
considerable area of 183,640d 109,450 Sgkm respectively (Table 2.8). This category of
land consists of tracts which cannot be put to agricultural or silvicultural uses at an economic
level due to theiunproductive 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, comnamicat
and similar infrastructural facilities for human habitation. A large proportion of the non
arable land is also used in urbanization and in construction of homesteads in rural areas all

over the thickly populated basin of the Ganga.

The statesn Gangabasinhave only 16.6% of their land areas covered by forest, as compared
to India as a whole which has 21.2% of land under forest cover. In some states, especially
Haryana, Delhi, Bihar, Uttar Pradesh, Rajasthan and West Bengal, the forest ceviemis a

as 0.1 to 13.2 per cent of the geographical area. Most of forest tracts @Gatigaare
severely degraded on account of over exploitation. As a result, the forest ecosystem in the
basin isunder severe stress. Even in the states of Uttarakhand [§é4.¢ent), Madhya
Pradesh (28.2 per cent) and Himachal Pradesh (19.8 per cent) 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 extensive clear felling of tregasied out in recent decades.
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Table 2.8

Statewise Land Use Pattern and Cropping Intensity inGangaStates (2007% 2008)

(Area in Square Kilometres)

S. State Geographi | Reporting | Forest | Land not Total Net Total Agri.land/ Cropping
No -cal Area | Area for Available | Fallow Area Croped Cultivable Intensity
Land for land Sown Area Land/ (%)
Utilisation Cultivation culturable
Statistics land/Arable
Land
1 Bihar 94160 93600 6220 20830 6860 56650 79100 66380 139.6
2 Haryana 44210 43720 40 5610 1120 35940 64580 37460 179.7
3 Himachal 55670 45450( 11010 11300 750 5430 9710 8130 179
Pradesh
4 Jharkhand 79720 79700| 22390 13190| 23410 15360 23910 43020 155.7
5 Madhya Pradesh 308250 307560 87030 33920, 14330| 146870 204160 173100 139
6 Rajasthan 342240 342700] 27270 42640 38910/ 170960 222080 255760 129.9
7 Uttarakhand 53480 56670 34650 4720 1080 7650 12610 15090 164.8
8 Uttar Pradesh 240930 241700 16580 32680 19480| 164170 249270 191790 151.8
9 West Bengal 88750 86840 11740 17830 3310 52960 97520 57210 184.1
10 | Delhi 1480 1470 10 920 200 230 440 540 189.7
Gangastates 1308890 1299410 216940 183640| 109450 656220 963380 848480 146.8
India 3287260 3056740 696260 432180| 251480 1408610 1958350 1824420 139

Source:Directorate of Economics and Statistics, Department of Agriculture and Cooperation, 2008; indiastat.com
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2.7.2 lrrigation

The Gangetic plain is one of the most extensively irrigated basins in the world. As of 2008,
the net irrigatecarea in thebasinstates wasbout361,100 square kilometres, constituting
more than 57 per cent of the net irrigated area of India as a whole. The net and gross irrigated
areas are highest in Uttar Pradesh & Uttarakhand, which also share major dreeaaujettze

basin. Throughout much of the basin, the fields are repeatedly irrigated for raising crops more
than once within a year. When considering all these multiple irrigated areas together, the
gross irrigated area in all the basin states is estintatee of the order of 484,240 Sq.km.

The intensity of irrigation ifGangabasinis presentedn Table 2.9.

Table .9 State-wise Intensity of Irrigation in the GangaBasin (19932008)

S.No. State Net area Gross Area Net Area | Netirrigated
Irrigated Irrigated from Sown to Net Sown
from all all the Sources| (SgKm) (Percent)
Sources (SgKm)

(SgKm)
1 | Haryana 30250 53110 35940 84%
Uttar Pradesh &
2 | Uttarakhand 134260 196960 171820 78%
Bihar &
3 | Jharkhand 36460 48820 70920 51%
4 | West Bengal 31360 36610 52960 59%
5 | Rajasthan 62450 80880 170960 36%
6 | Madhya Pradesh 65060 65670 146870 44%
Himachal
7 | Pradesh 1040 1870 5430 19%
8 | Delhi 220 320 230 95%
Gangastates 361100 484240 655130 55%
India as a whole 630990 764430 1408610 44%

Source “Ministry of Agriculture, 2008

As per the data compiled by department of Agriculture and Cooperation (2001), nearly
309,530 Sq Km. of land area is irrigated from all available water sources. The most
extensively used water sources are the groundwater thelisrrigated nearly 205,090 Sq

Km of land area during the year 200Q (Table 2.10). A large proportion of the water used
eventually trickles into the subsoil layers through the cultivated fields, recharging

groundwater supplies. The entire quantity oditev used comes from the net balance of

" "Land Use Statistics at a Glanctatewise" 2008, Directorate of Economics and Statistics, Department of
Agriculture and Cooperation, Ministry of Agriculture, Government of India
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rainwater received each year, after deducting losses through evaporation and transpiration.
On average, each square kilometer of@amga main stemeceives a million cubic meters of

water as rainfall. Thirty per og of this is lost as evaporation, while the remainder eventually

exits the land surface as run off and/or seeps down into the subsoil as groundwater recharge,

a portion of which often oozes out at | ower
movement either overland or below the surface, various chemical compgetsdissolved

in it. Some of these extraneous chemical constituents are derived from the residues of
pesticides and chenal fertilizers, which are added to the soil every year &tteb yield of

crops.

Table 2.10 State / Sourcewise net area irrigated (200€2001) in theGangaBasin

Sl. No. Name of the Canals Tank Wells Other | Total Area
State / UT (SgKm) | (SgKm) | (SgKm) | Sources (Al
(SgKm) | Sources)
(SgKm)

1 Bihar 11360 1550/ 20930 2410 36250
2 Haryana 14760 10 14670 140 29580
3 Himachal Pradesh 30 (@) 140 1070 1240
4 Madhya Pradesh 8080 850 26510 5910 41350
5 Rajasthan 13540 380 34730 420 49070
6 Uttar Pradesh 30910 820| 93840 2590 128160
7 West Bengal 2610 1730 13970 5230 23540
8 Delhi 20 - 300 20 340
Gangastates 81310 5340| 205090 17790 309530
India as a whole 159890 25240| 332770, 28920 546820

Source:Water Data Complete Book, Ceral Water Commission, Gol, 2005
Note: (a): Below 5000 Sg.Km  Total may not tdli to rounding off.

The net irrigated area in tgangabasinc onst i t ut es nearly 56.6 per
SgKm of net Il rrigated area. About 41.4 per
Pradesh alone. In fact, the three Gangetic Statdttar Pradesh, Bihar and West Bengal

have between them 60.7 per cent of the basin
2.8 Major/ Medium Water Resources projects in the Basin

2.8.1 Irrigation Projects

In the Ganga main stepthere are several major systems ofadsa. The upper Gangetic main
canal, taking off from Haridwar, is 230 km long and carries a discharge of about 300 cubic
metres per second. Further down, the lower Gangetic canal has a discharge of more than 150
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cubic metres per second. The totaimber ofmedium or major irrigation projecis the

Basin 644 as of the latest published survey in 2008nefitsa cmmmand area of about

36.12% of the basin, or about 472,226 Sgkm. Nearly half of this command area falls in Uttar

Pradesh which, at 97.13% covesags almost entirely blanketed by irrigation projects.

Haryana achieves the second highest percentage of command area coverage with 87.5%, but
683

i ts 38,

Sgkm

i s

bested

by

Bi

har 6s

59,

mostnumber ofprojects(144), hasthird highest total command are&about 48,628 Sgkm

and mere 15.78% coveragkhis isdue to the fact that most of its projects are of a medium

si ze. On the | ow end, a mere 0.64% of
by irrigation. Information on the number of major/medium irrigation projects and their
respective command areas as a percentage of total area3artha main sterstates is given
in Table 2.11.
Table 2.11 Information on Major/Medum Irrigation projects and Catch ment Area in
GangaBasin (2009)
States Total Total % of Number of Irrigation
Geographical| Command | Geographical Commands
Area (Sgkm) Area Area Major | Medium | Total
(Sgkm)
Bihar 94163| 59392.55 63.07 22 110 132
Haryana 44212| 38683.56 87.5 9 0 9
Himachal
Pradesh 55673 358.3 0.64 1 6 7
Jharkhand 79714 3994.77 5.01 2 72 74
Madhya
Pradesh 308245| 48628.88 15.78 30 114 144
Rajasthan 342239 50518.9 14.76 23 68 91
Uttarakhand 53483 2517.1 4.71 0 12 12
Uttar Pradesh 240928| 234007.63 97.13 62 78 140
Delhi Not available NA NA NA NA NA
West Bengal 88752 34124.93 38.45 5 30 35
Gangastates 1307409 472226.62 36.12 154 490 644

Source Central Water Comission, Regional Remote SensindgcgsrZentre, Gol

These irrigation projects derive their water from a variety of sources. Canals cater to some 28
per cent of the net irrigated area. Wells, however, provide the nearly twice that amount,
especially in Uttar Pradesh and Uttarakhand (73%), West Bengal (b8dhya Pradesh
(64%), Delhi (88%) and Rajasthan (71%), with net irrigated area served by wells given in
parentheses. The sources of water for irrigation in percentage of net irrigated area within

Ganga main stens given in Table 2.12.
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Table 2.12 Sourcesof Water for Irrigation within  GangaBasin (2000:2001)

S.No. | State Canals Tanks Wells Other
sources

1 Haryana 50% 0% 50% 0%
2 Uttar Pradesh & Uttarakhand 24% 1% 73% 2%
3 Bihar & Jharkhand 39% 5% 49% 7%
4 West Bengal 11% 7% 59% 22%
5 Rajasthan 28% 1% 71% 1%
6 Madhya Pradesh 20% 2% 64% 14%
7 Himachal Pradesh 2% - 11% 86%
8 Delhi 6% - 88% 6%
Gangastates 28% 2% 65% 6%

India as a whole 29% 5% 61% 5%

Note: All figures indicate % of net irrigated area
Source:Central Water Commission

2.8.2 Projects for consumptive use

All of the major projects function as conduits for irrigatiwater;they also provide a means

of flood control by diverting or storing excess water during the monsoon séasth there

are 12 major diversion/storage prd® in the Ganga main stenfor consumptive uses,
representing a total of between 2556.6 to 25818 mater diverted and 6797 MCM stored
annually. The name, location, capacity and additional information on these projects are
presentedn Table 2.13.

As evident from the tablenany of these storage projects aegy andonly 3 new projects
were developed since early 1990s. The most recent project bengharda Sahayak Canal
T represents by far the largest project in terms of water diverted and dagzded.
Renovation of olderprojects,as well as the construction of newer ones will likely be

necessary for the Ganga main stem to medtiftire agricultural demands.
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Table 2.13 Diversion /Storage Projects for Consumptive Use located i@anga

Year of Name and | Diversion/ Discharge(nt/s)/ Purpose
Completion/ Location Storage Storage in (MCM)

Commissioning

1854 Upper Ganga | Diversion | 297 m/s Irrigation
Canal, (0.924 million
Haridwar Ha)

1874 Agra Canal, | Diversion | 30.8 ni/sduring Non | Irrigation
Okhla monsoon and
Barrage, Delhi 56 nt/s during

monsoon

1880 Lower Ganga | Diversion | 157 ni/s Irrigation (0.5
Canal, Narora million ha)

1960 Gandhisagar | Storage 6797 MCM Live Irrigation
Dam/ Storage over
M.P. 0.757 million

ha. 115 MW

199091 East Ganga | Diversion | 237 ni/s Irrigation

Canal during Kharif
Bhimgoda 0.233 million
Haridwar ha

In between Eastern Diversion | 85 nt/s Irrigation

17191748 AD | Yamuna

during Mughal | Canal

Dynasty

1355 AD Western Diversion | 190 ni/s Irrigation

During Yamuna

Ferozshah Canal

Tuglaq rule

2000 Sharda Diversion | 650 ni/s Irrigation

Sahayak (1.674 million
Canal, ha)
Lakhimpur

Kheri

1985 Gandak Canal Diversion | 147 ni/s Irrigation
0.96 million
ha)

1963 Kosi Canal Diversion | 425 ni/s Irrigation
(0.44 million
ha)

1960 KotaBarrage | Diversion | 230 ni/s Irrigation
(0.5 million
ha)

1994 Madhya Diversion | 234 ni/s Irrigations

Ganga 0.306 million
Canal, Bijnor ha)

SourceStatus Papeon Ganga River, NRCD, MOEF 2009
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2.8.3 Hydroelectric Storage Projects in theGanga main stem

With extensive monotonous regions and a multitude of tributariesGHregais rich in
hydroelectric potential. The 8 existing projects and 3 additiprigécts inconstruction are a
testament to the regions i mp gortfobonThesfacttrmt | ndi &
almost half of the existing projects have been completed in the past decade and 3 more
projects are currently under construction suggests that India will continue to look to the basin

to meet the growing energy demands of its hgpdeveloping economy. The list of

hydroelectric storage projects in tBangabasin is provideih Table 2.14.

Table 2.14 Storage Projects for Hydroelectricity Generation located inGanga

Year of Name and Storage Storage Purpose
Completion/ Location (MCM)
Commissioning
1962 Rihand Dam/ Storage | 8900 MCM Hydro Electricity
Sonbhadra, UP Live Storage 300 MW + Water
Supply to Thermal
Plants
197071 Obra Dam Storage | 211 MCM Hydro Electricity
Sonbhadra, UP Gross Storage | 99 MW
1973 Chambal Valley | Storage | 10500 MCM 370 MW
Project Live Storage Hydro Electricity
(Excluding
Kota Barrage)
1974 Ramganga Storage | 2190 MCM Hydroelectric (198
Multipurpose Gross MW) and Irrigation
Project at Storage (.575 million Ha
Kalagarh Flood Control
in Bijnor
1991 Tons | at Diversion| Barrage Hydro Electricity
Bansagar
200102 Tons Il & lllat | Storage | 5410 MCM Hydro Electricity 90MW
Bansagar Live Storage
2006 Tehri Dam Storage | 2615 MCM 2400 MW of
on Bhagirathi Live Hydropower and
Irrigation to
0.27 million ha
Land. Drinking
water supply to
Delhi @ 10 n¥/s
2006 Dhauliganga Storage | - Hydro Electricity
Pithoragarh 280 MW
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Year of Name and Storage Storage Purpose
Completion/ Location (MCM)
Commissioning
Under Tapovan Run of Dhauliganga Hydro Electricity 520
construction Vishnugarh the MW
Project, River
Joshimath
(Chamoli)
Under Lakhwar Phase || Storage | 333 MCM Live | Installed Capacity
construction and Phase Il on Storage 420 MW
River Yamuna
Under Jamrani Storage | 144 MCM Live | Irrigation (0.15 Million
construction Multipurpose Storage Ha) +
Dam 30 MW Hydro +
near Kathgodam drinking

SourceStatus Papeon GangaRiver, NRCD, MOEF 2009

2.9 Groundwater

2.9.1 Groundwater Potential and Use

The Ganga main sterhas a vast reservoir of groundwater, replenished every year at a very
high rate. The conjunctive use of groundwater for irrigation, even within the canal comma
areas, not only ensures steady supply to the cultivated fields on time but also helps reduce
water logging and salinization due to consequent downward movement of subsurface
moisture.

The groundwater usage for irrigation in the states falling uG@epa basinexceeded 104.7
billion cum per year as of 2008 and accounted for nearly 50 per cent of the groundwater
irrigated area of the entire country. The net annual groundwater availability for irrigation,
domestic and industrial usage in the states ofSdwega main sterhas been assessed at 187.4
billion cum per year. Some 60 per cent of this potential has already been utilized. The
groundwater usage pattern in the basin states is given in Table Th&5extent of
groundwater utilization for irrigationsi highest in Uttar Pradesh (45.36 BCM per year),
followed by Madhya Pradesh (16.08 BCM per year), West Bengal (10.84 BCM per year) and
Rajasthan (11.6 BCM per year).
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Table 2.15 Statewise Groundwater Usage Pattern in th&sangaBasin

S. State Annual Groundwater Draft Net annual Projected
No. (BCM per year) Groundwater Demand for
availability Domestic and
Irrigati | Domestic | Total | (BCM/year) | Industrial uses
on and upto 2025 (BCM
Industrial per Year)
uses
1 | Haryana 9.1 0.35 9.45 8.63 0.60
2 | Uttar Pradesh 45.36 3.42 48.78 70.18 5.30
3 | Uttarakhand 1.34 0.05 1.39 2.1 0.08
4 | Bihar 9.39 1.37 10.77 27.42 2.14
5 | Jharkhand 0.7 0.38 1.06 5.25 0.56
6 | West Bengal 10.84 0.81 11.65 27.46 1.24
7 | Rajasthan 11.6 1.39 12.99 10.38 2.72
8 | Madhya Pradesh | 16.08 1.04 17.12 35.33 1.74
9 | Himachal Pradesh  0.09 0.03 0.12 0.39 0.04
10 | Delhi 0.2 0.28 0.48 0.28 0.57
Gangastates 104.7 9.12 113.81| 187.42 14.99
India as awhole | 212.37 18.05 230.41 398.7 29.14

Source:Central Groundwater Board, 2008 diCentralwater commission 2008

Apart from irrigation, groundwater resources are also being heavily tapped for industrial and
domestic uses majoring both urban and rural areas. Throughout the alluvial area of the
Ganga main stejrthe major urban water supply schesrare dependant upon groundwater
resources. Similarly, a large number of industries also withdraw significant amounts of
groundwater, especially from the easily accessible aquifers in the alluvial zone. The demand
for domestic and industrial uses are etpd to increase to 14.99 BCM per year in@aga

main stenstates by the year 2025, as shown in Table 2.15.

The mean annual replenishable groundwater in India as a whole has been assessed at 433
billion cumec per year, of which about 202.5 billion canper year (46.8%) lies in the states

of the Ganga main stenirhe annual replenishable groundwater levels, annual groundwater
draft and balance of groundwater available for further exploitation for each state within the

Ganga main stens given in Table 2.6.
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Table 2.16 Statewise Ground Water Resources Availability, Utilisation and Stage of
Development inGangaBasin

S. State Annual Annual Balance Stageof
No. Replenish |  Groundwater available Groundwater
able Draft (BCM per (BCM per Development
Groundwa Year) year) (%)
ter (BCM
per Year)
1 | Haryana 9.31 9.45 -0.14 109
2 | Uttar Pradesh 76.35 48.78 27.57 70
3 | Uttarakhand 2.27 1.39 0.88 66
4 | Bihar 29.19 10.77 18.42 39
5 | Jharkhand 5.58 1.06 4.52 20
6 | West Bengal 30.36 11.65 18.71 42
7 | Rajasthan 11.56 12.99 -1.43 125
8 | Madhya Pradesl|  37.19 17.12 20.07 48
9 | Himachal
Pradesh 0.43 0.12 0.31 30
10 | Delhi 0.3 0.48 -0.18 170
GangaBasin 202.54 113.81 88.73
India as a 433.03 230.59
whole

Source Central Water Commission, Govt. of Indiz008

Among the various states within tH@anga main stemUttar Pradesh has the largest
replenishable groundwater potential, with 76.35 billion cumec per year of usable
groundwater; of this total, about 48.78 billlion cumec per year is currently in use pyimaril

for irrigation, although a large share is consumed in the major cities for domestic and
industrial purposes. Madhya Pradesh has the second highest replenishable potential in the
basin at around 37.19 billion cum per annum here. The stage of groundesa®pment is
highest in Delhi with 170 per cent followed by Rajasthan with 125 per cent and then Haryana
with 109 per cent, followed by Uttar Pradesh, Uttarakhand, West Bengal and Bihar.

The vast Gangetic alluvial trough is characterized by not only ainie most prolific
aquifers in quantitative terms, but also by the relatively high quality of the available water,
though the quality deteriorates as one proceeds down the river to the outfall. Along the
Himalayan foothills (bhabar and tarai belts), thater is of high quality, as these belts are
under continuous recharge from the Himalayan streams. In certain localized areas of the
Ganga plain, the fluoride & arcenic content in the groundwater is high enough to cause

fluorosis and skin diseases whegularly corsumed for long periods of time. In the central
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alluvial trough, the groundwater has low mineral contents. The mineral content increases near
the southern fringe of the alluvial formation, especially in certain parts of Agra, Aligarh,
Mathura, Mainpuri and Ballia districts of Uttar Pradesh,. Near the delta area in West Bengal,

the water in certain aquifers turns saline due to incursion of sea water.

2.9.2 Groundwater Quality

Ground water quality of the states falling un@anga main stens given in Appendix 2.1.

The groundwater quality is monitored by the Central Ground Water Board once a year
(April/May) through a network of observation wells located all over the country. The hot
spots for groundwater in districts coming under basin stageslantified on the basis of six
main parameters: salinity (EC>3000 micro simen/cm), chloride, fluoride (>1.5 mg/l), iron
(>1.0 mg/l), arsenic (>0.05 mg/l) and nitrate (>45 mg/l). The states of Bihar, Uttar Pradesh
and West Bengal is affected by arsenich¢we the concentration is greater than the
permissible limit of 0.05 mg/l as per IS: 10500), fluoride, iron & nitrate. Salinity and chloride
have been identified in Haryana, Delhi, Himachal Pradesh, West Bengal, Uttar Pradesh,

Rajasthan and Madhya Pradesh.
2.10 Water Logging and Salinity Problems

The total irrigation command area of major and medium projects irGamgabasins is
estimated to babout 472,226 Sgkm, or 36.1% of th&07,409 Sgkm of arg@oth figures
exclude Delhi). Of that irrigated areh75%, or 8,268.6Sgkm is waterlogged. The situation is
clearly most dire in Bihar, where over 10.5% of its irrigated area is waterlogged. Yet
percentage figures do not tell the whole story, as Uttar Pradesh, despite having a relatively
low percentage ofits irrigated areas waterlogged, has lost nearly 1,266.8 sgkm to
waterloggingi far more than the other states of #Banga main stenfexcluding Bihar)
combined. Quite surprisingly, Jharkhand seems to have avoided any waterlogging issues
despite its proxnity to Bihar, although the extent of irrigation in this region is relatively low.

The breakdown in terms of perennial versus seasonal waterlogging also provides relevant
insight into the problems of th&angabasinstates. Perennial waterlogging reféo the
average amount of waterlogging yeaund, excluding the monsoon season, whereas
seasonal refers to the additional waterlogging brought about by the monsoon. In the basin,

seasonal waterlogging far outweighs perennial waterlogging by a cound % $gkm to
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792.6 sgkm, respectively. This fact is true for all states in the basin except for Madhya

Pradesh which receives no additional waterlogging as a result of the monsoon. Once more,

Bihar leads the way in seasonal waterlogging, accounting foe s®asonal waterlogging

than all the other states combined. The vast increases seen here and throughout the basin

suggest that waterlogging prevention efforts must focus on controlling the monsoon

rainwaters and/or adequately protecting cropland from tetenundation. The extent and

variation of waterlogging in major/medium irrigation command areas on avateeasis is

given below in table 2.17.

Table 2.17 Statewise Magnitude and Seasonal Variation of Water Logging in
Irrigatation Command Areas of GangaBasin

States Total Total Breakdown of Total Waterlogged
Geographic | Command Area| Waterlogging in Area
Area (Major/Medium Command Areas
Projects) Perennial | Seasona] Total % of
I Area Comma
nd

Bihar 94163.0 59392.6 616.7| 5662.2| 6278.9 10.6

Haryana 44212.0 38683.6 32.9 131.7 164.6 0.4

Himachal 55673.0 358.3 0.1 2.6 2.6 0.7
Pradesh

Jharkhand 79714.0 3994.8 0.0 0.0 0.0 0.0

Madhya 308245.0 48628.9 5.4 0.0 5.4 0.0
Pradesh

Rajasthan 342239.0 50518.9 7.2 76.9 84.1 0.2

Uttarakhand 53483.0 2517.1 0.8 1.5 2.2 0.1

Uttar PradesH 240928.0 234007.6 113.0/ 1153.9|] 1266.8 0.5

Delhi Not NA NA NA NA NA

available
West Bengal 88752.0 34124.9 16.8 447.2 464.0 1.4
Gangastates| 1307409.0 472226.6 792.6| 7476.0/ 8268.6 1.8

Source Central Water ComissiorRegional Remote Sensing Service Centre, Gol, 2009

Salinity also represents a significant problem for @&ngabasin states, with 1% of its

major/medium irrigated command areas affected by excess salt levels. Once again, Bihar and

Uttar Pradesh suffer ¢hmost salt degradation, with 2.64% and 1.21% of irrigation command

areas

affected,

respectivel y;

however,

UPO6 s

a count of 2,831.4 Sgkm to 1,568.8 sgkm, respectively. Once more, Jharkand manages to

avoid any adverse affects. Himachal Pradesh has also avoided any salinity problems,

explained both by its altitude and the fact that it has the smallest irrigation command area in
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the basin states (excluding Delhi). The magnitude of salt affected areasGartp@ main

stemst atesd® major/ medium irrigation command ar

Continued irrigation over the years has contributed to building up of the salt and alkali levels
in the cultivated soils. In the entire irrigation command area, especially in areas where the
drainage is poor, the salinity level and alkali status in the sse to an appreciable degree

not necessarily captured in stéé®el numbers. In certain concentrated areas, the soils have
been rendered infertile (usar) and alatfiected (reh), such as pockets of Haryana and
Western Uttar Pradesh. From these atlkare is constant subsurface seepage and the flow of
wastewater here is charged with salts and alkalis, which eventually find their way to the river
waters in the Ganga main stem.

Table 2.18 State wise extent of Salt Affected Areas in Irrigatation Command\reas of

GangaBasin
States Total Total Command Total Salt Affected Area
Geographic Area (Major/ Medium Projects)
Area (Major/Medium Area % of Command
Projects)

Bihar 94163 59392.55 1568.87 2.64
Haryana 44212 38683.56 193.93 0.50
Himachal Pradesl 55673 358.30 0.00 0.00
Jharkhand 79714 3994.77 0.00 0.00
Madhya Pradesh 308245 48628.88 44.10 0.09
Rajasthan 342239 50518.90 20.53 0.04
Uttarakhand 53483 2517.10 0.13 0.01
Uttar Pradesh 240928 234007.63 2831.46 1.21
Delhi NA Not available NA NA
West Bengal 88752 34124.93 64.70 0.19
Gangastates 1307409 472226.62 4723.72 1.00

Source Central Water Commission, Regional Remote Sensing Service Centre, Gol. 2009
2.11 Land Degradation: Ganga main stem
The term land degradatiorefers to the decline in the productivity and quality of land

resulting from natural calamities as well as human actions. Land degradation and associated

loss of soil productivity is the subject of environmental concern.
Within Ganga mairbasinstates, the total land area which faces conditions of degradation is

about 1,468,200 Sgkm, or 44.68% of the total geographical area. The primary causes of land

degradation with corresponding afflicted areas are, in order, water erosion (almost 936,800
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Sgkm), sdiacidity (about 160,330 Sgkm) and water logging (almost 142,990 Sgkm), though

these problems vary greatly by state. For example, despite being near the bottom in % of

degraded area, Rajasthan leads all states iG#mga main sterm salinity/alkalinity with
about 14,180 Sgkm afflicted, with Uttar Pradesh/Uttarakhand taking a close second at 13700

Sgkm affected. The leading states in terms of % degraded area are Himachal Pradesh (75%),

Madhya Pradesh/Chhattisgarh (59.1%), Delhi (52%) and Uttar PradeshKhand (52%).

Himachal leads because of its extensive water erosion and waterlogging problems, while

water erosion alone represents by far the largest source of degradation for Madhya

Pradesh/ Chhattisgarh

and

Ut t ars aré mitaeceby ts/ Ut t ar

significantly smaller land area versus the other states, however water erosion is the most

significant contributor there as well. The extent of land degradation problems Geiniga

main stemis given in Table 2.19.

Table 2.19 State-wise Extent of Various Kinds of Land Degradation inGanga main
stemstates (2007)

States Water Wind Water Salinity/ Saoll Complex | Degraded | Geogra | Degraded
Erosion | Erosion | Logging | Alkalinity | Acidity | Problem Area graphi- | Area (%)
(Sgkm) | (Sgkm) | (Sgkm) (Sgkm) | (Sgkm) | (Sgkm) (Sgkm) | cal area
(Sgkm)
Bihar + 30240 0 20010 2290| 10290 0 62830| 173870 36.1
Jharkhand
Haryana 3150 5360 1460 2560 0 2140 14670 44210 33.2
Himachal 27180 0 13030 0 1570 0 41780 55670 75
Pradesh
Madhya 178830 0 3590 460| 67960 11260 262100| 443450 59.1
Pradesh +
Chhattisgarh
Rajasthan 31370 66500 530 14180 0 1100 113680| 342240 33.2
Uttar Pradesh | 113920 2120 23500 13700 0 0 153240 294410 52
+ Uttarakhand
West Bengal 11970 0 7100 1700 5560 1190 27520 88750 31
Delhi 550 0 60 100 0 110 820 1480 55.4
GangaBasin 936800 94830| 142990 59460| 160330 73810| 1468200| 3286020 44.68%
states

SourceNational Bureau of Soil Survey, Land Use Planning Indian Council

2.12 Vegetation and Forests

The vegetation type of th@anga main stens largely comprised of tropical moist and dry

deciduous types, but also includes a few additional varaties. The vegetation gpagaf

main stemare described below and illustrated in Figure 2.5.
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i.Tropical Moist Deciduous Vegetation This vegetation fye thrives in areas having
moderate rainfall of 1562000mm, a mean annual temperature C2® 27C and an
average relative humidity of 60 to 80 per cent. It is also known as the monsoon forest as
the trees shed their leaves during dry season. It iedfon the Western Ghats, eastern
coastal plain, eastern plateau, Himalayan foothills and in some parts ofGartiga
plains. Common trees are sal, teak, sandal wood, arjun, jarul, ebony mulberry, kusum

siris, palas, mahua, simul and dhup.

I. Tropical Dry Deciduous Vegetation The dry deciduous vegetation type grows in
areas where rainfall is less than 150mm and the dry period is relatively long. Trees
grow shorter than in tropical moist deciduous category and the undergrowth is shrubby
and grasg. During the hot, dry phase (March to May months), the trees shed their
leaves. This type is found in eastern Rajasthan, Kathiawar, rainshadow area of the
Deccan plateau, central India and Punjab. Common plants are teak, sal, bijasal, laurel,

palas, khaiand kendu.

iii. Sub-Tropical Coniferous Vegetation This type is a pure association of chir pine
without underwood and a few shrubs. It is found throughout the whole length of the
northwest Himalaya between elevation of 1-A@D0Om.
iv.Himalayan Dry Temperature Vegetation- This type is found in the inner dry ranges
of the Western Himalaya where precipitation is below 1000mm, and is predominantly a
coniferous forest with xerophytic shrubs. Epiphytes and climbers are rare. Important
species are chilgoza, deodar, aalaple, ash, celtis, parrotia, olive, etc.
v.Himalayan Moist Temperate Vegetation In the western Himalaya, between 1500m
and 3000m elevation, forests of deodar, spruce, maple, walnut, poplar, cedar, chestnut,
birch, oak etc. occur. These are 30 to 50m highdergrowth is mostly evergreen.

Mosses and ferns grow freely on trees.

The extent of forest cover among the various states within Ganga main stem is given in Table
2.20.
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Figure 2.5 Vegetation Types ofGanga main stem

50












































































































































































































































































































































































































