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CHAPTER-I INTRODUCTION 1.1 General The present study will focus to summarize
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the situational analysis of downstream areas of Teesta sub basin of greater Brahmaputra basin. The situational analysis
contains changes of the hydrological regime, conditions of the

local people and their coping strategies and adaptation practices in the hazard prone area of Lower Teesta River Basin,
which is a part of India. Consequently, the present study includes
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PREFACE

The Teesta River recognized as an entity of sustenance in the landscape is located at the position
of the Himalayan and Sub-Himalayan region and exhibits typically considerable changing
hydrological character. In this regard, morphometric analysis has been prepared for the basin
area of Teesta River and various morphometric data have been calculated by using of
topographical maps published by the survey of India and Remote Sensing and GIS platforms.
Numerous hydrological changes are identified with the study of the physical properties and
human interventions and are explained in Chapter-111 in detail. The modifications along the
Teesta are formed by anthropogenic activities and provide different changes in hydro-
morphological characteristics over the basin area. These changes are represented as various
hazardous conditions predominantly flood over the flood plain of the concerned river and in
parallel for the most part of the basin agriculture signify as a dominant function in this regard are
discussed in Chapter-1V. The flood plain of River Teesta constitutes an important source of
natural resources which yields high economic and livelihood values to local people who inhabit
surroundings of the river of the study area. However, local rural people are facing different kind
of problems due to hydrological and hydro-morphological changes nowadays. Therefore an
attempt has been made in the Chapter-V to bring out some unexplored facts about the restoration,
conservation and management of the flood plain through sustainable adaptation practices in
agriculture that very much resemble the hydrological changes, which are more useful to socio-
economic development as well as serve for risk reduction for human habitation and sustainable

use of land of the surrounding riparian areas.

The present researcher seeks to undertake a detailed study of the hydrological processes of the
Teesta River with their associated changes and problems and to make value added appraisals of
the socio-economic resilience of the channels® surrounding areas with some recommendations

for sustainable adaptation and management.

Vi



List of Figure

Figure No. Title Page No.
Figurel.l:  Selection of study area. 12
Figurel.2:  Location map of the Study area. 13
Figurel.3:  Flow chart of Methodology of the present study. 18
Figure2.1:  Variables in a River Basin affecting the dynamics and morphology 26
of the fluvial system (Enhanced by Morisawa and Vemuri, 1975).
Figure2.2:  Geological setup of the study area. 28
Figure2.3:  Geomorphological setup of the study area. 30
Figure2.4:  Contours of the study area. 32
Figure2.5:  Relief of the study area. 33
Figure2.6:  Geological setup of the study area. 35
Figure2.7:  Elevation of the study area. 36
Figure2.8:  Slope Aspect of the study area. 37
Figure2.9:  Terrain Ruggedness Index of the study area. 38
Figure2.10: Downstream Drainage network of the Teesta River. 41
Figure2.11: (@) Trend analysis of annual average temperature (1880 — 2020) (b)
Climatic chart of Study area based on Domohoni gauge station 45
(1884 — 2017)
Figure2.12: Spa'.[ial and Temporal changes of precipitation over the Teesta 47
Basin.
Figure2.13: Soil distribution of the study area. 49
Figure2.14: Natural vegetation of the Study area. 50
Figure2.15: The curriculum context for present study (Enhanced by Author) 52
Figure2.16: Transport and Communication map of Study area. 54
Figure3.1:  Drainage Frequency and Drainage density of the study area. 62
Figure3.2:  Hypsometric integral of the Teesta Basin. 63
Figure3.3:  The hydrological system of Drainage basin (Enhanced by J. Lewin) 66
Figure3.4:  Rate of glacier retreat of 26 selected glaciers in the Teesta River 69

basin during 1988 to 2005.

Xiii



Figure No. Title Page No.

Figure3.5:  Temporal changing pattern of 5 year Annual mean rainfall over the 70
Teesta lower basin.

Figure3.6:  Rainfall dispersion in different gauge station(1976-2020): (a) 25
Annual sum, (b) Pre monsoon, (c) Monsoon, (d) Post monsoon.

Figure3.7:  Seasonal and temporal changing pattern of rainfall over the Teesta -
lower basin.

Figure3.8:  Changing pattern of NDWI at downstream Teesta Basin (1990- 73
2020).

Figure3.9:  TWI at downstream Teesta Basin. 76

Figure3.10: Seasonal changes of ground water level (mbGL) at different time
period (2001 to 2019), (Source: State Water Investigation 77
Directorate, Govt. Of WB)

Figure3.11: Seasonality of ground water table within the lower basin of River -
Teesta.

Figure3.12: Distribution of Hydropower project along the Teesta River Basin. 80

Figure3.13: Suspended load of downstream Teesta at different periods in a year. 85

Figure3.14: Meteorological Hazard calendar in downstream of Teesta river 9
basin in India.

Figure3.15: Natural hazards or extreme events attributed to Hydrological o5
behavior at Lower Teesta Basin.

Figure3.16: Annual maximum discharge at Domohoni gauge station. 96

Figure3.17:  Annual minimum discharge at Domohoni gauge station. 98

Figure3.18: Variability of Monthly maximum discharge at Domohoni gauge 98
station.

Figure3.19: Variability of Monthly minimum discharge at Domohoni gauge 99
station.

Figure3.20:  Annual maximum gauge level at Domohoni gauge station. 99

Figure3.21: Annual minimum gauge level at Domohoni gauge station. 100

Figure3.22: Monthly gauge level at Domohoni gauge station. 100

Figure3.23: Principal areas of human intervention in the hydrological system of 100

Drainage basin (Enhanced by J. Lewin)

Xiv



Figure No. Title Page No.
Figure3.24: Principal areas of human intervention in the hydrological system of 102
Drainage basin (Enhanced by J. Lewin)
Figure4.1l:  Identified causes of floods in the lower Teesta river basin. 109
Figure4.2:  Causes of flood as per the local people‘s perception. 109
Figure4.3:  Impact of flood on the socio economic condition of the villagers; (a)
effect on homestead, (b) extent of damage to building, (c) duration 114
of water logging, (d) effect on agricultural land, (e) effected
drinking water source, (f) predominant health hazard.
Figure4.4:  Vulnerable bank along the Teesta River. 119
Figure4.5:  Gauge level of River Teesta (before stretch of Gajoldoba barrage) 121-123
during flood season of 2010-2020.
Figure4.6:  Gauge level of River Teesta (after stretch of Gajoldoba barrage) 124-127
during flood season of 2010-2020.
Figure4.7:  No. of flood events in the last ten years (2010 — 2020). 128
Figure4.8:  Flood discharge rating curve at Domohoni gauge station. 128
Figure4.9:  Flood frequency curve of Teesta River. 131
Figure4.10: Probability of Flood discharge of Teesta River. 132
Figure4.11: Plots of partial duration curve of Teesta flood. 132
Figure4.12: Changing pattern of Crop combination from 2000-2001 to 2015-
138
2016.
Figure4.13: Changing pattern of Crop concentration(Paddy,Wheat, Pulse and 143
Oil seeds) from 2000-2001 to 2015-2016.
Figure4.14: Changing pattern of Crop concentration(Paddy,Wheat, Pulse and Oil 144
seeds) from 2000-2001 to 2015-2016.
Figure4.15: Changing pattern of Crop diversification from 2000-2001 to 2015-
147
2016.
Figure4.16: Water resilient agricultural rehabilitation in the Lower Teesta River 150
basin.
Figure5.1:  Comparison of various livelihoods among the villagers in different 162
study sites.
Figure5.2: ~ Major livelihoods of the local people and their income sources. 164

XV



Figure No. Title Page No.
Figure5.3:  Changing scenario of Land use and Land Cover in the study basin. 168
Figure5.4:  Changing pattern of LULC in the study area. 170
Figure5.5:  LULC detection from each category to other category (1990-2005 171
& 2005-2020)
Figure5.6:  Strategic framework of Adaptive Capacity. 173
Figure5.7:  Sensitivity attributed to different aspects. 175
Figure5.8:  Conditions leading to Critical stress moment in different study sites. 176
Figure5.9:  Critical stress moments attributed to different aspects. 178
Figure5.10:  Understanding households (HHs) adaptive capacity and resilience in
marginal rural communities through social network analysis 179
(enhanced by Cassidy & Barnes, 2012)
Figure5.11:  Application of model for choosing the most efficient approaches. 183
Figure5.12: Conceptual framework of adapting Knowledge smart technologies 190
(Enhanced by Cannon, 1994)
Figure5.13:  Women building resilient villages in the context of Hydro- 103
meteorological changes.
Figure5.14: Rating to adapted strategies on water saving. 196
Figure5.15: Rating to adapted strategies on energy saving. 197
Figure5.16: Rating to adapted strategies on agricultural productivity gains. 197
Figure6.1: A conceptual framework for assessing the vulnerability of 917

agriculture to hydrological changes.

XVi



List of Table

Table No. Title Page No.

Tablel.1: Distribution of catchment area of Teesta River basin. 10

Tablel.2: Location of the study River basin. 11

Tablel.3: Brief of the study area 12

Tablel.4: Datasets used for GIS mapping 15

Table2.1: Details of Drainage network of River Teesta (Enhanced from Annual
flood report-2019, Irrigation & waterways directorate, Govt. of West 40
Bengal)

Table2.2: Brief of primary and secondary tributaries of downstream River "
Teesta

Table2.3:  Seasonal variation in the study area (Enhanced from Flohn 1969 and 1
perception study by FGDs)

Table2.4: Rainfall pattern in the study area (Data enhanced from Agricultural 1
contingency plan for Jalpaiguri district, WB)

Table2.5: Population distribution in Teesta River basin area. 52

Table2.6: Socio-Economic Status of the Study area compare to West Bengal -
and India.

Table3.1: Methods of Calculating Morphometry of Teesta basin 60

Table3.2: Result of basin properties of River Teesta 63

Table3.3: Linear properties of The Teesta River basin 64

Table3.4: Hydrological character of the Teesta basin at a glance. 68

Table3.5: Teesta River basin area distribution and hydropower potential. 86

Table3.6: Existing hydropower projects along Teesta River basin (as of 86
28.07.2019)

Table3.7:  Ongoing hydropower projects along Teesta River basin (as of 87
28.07.2019)

Table3.8:  Upcoming/ Proposed hydropower projects along Teesta River basin 88-89
(as of 28.07.2019)

Table3.9: The target of the Teesta Barrage project 91

Table3.10: Suspended sediment load (mg/It.) at different study sites. 92

XVii



Table No. Title Page No.
Table4.1: Historical perspective of major flood occurrences in the lower Teesta ~ 112-113
river basin
Table4.2: Vulnerable banks along the Teesta River. 117-118
Table4.3:  Summary of flood character in Teesta lower basin. 134
Table4.4: Distribution of Agro-Climatic and & Ecological zone. 135
Table4.5: Changing pattern of Crop combination in the study area. 137
Table4.6: Changing pattern of Crop concentration in the study area. 145
Table4.7:  Changing pattern of Crop diversification in the study area. 146
Table5.1: Distinctive livelihood among the study sites 163
Table5.2:  Details about satellite data. 165
Table5.3: Land use and Land cover distribution in the study area 169
Table5.4: Land use and Land cover changing rate from 1990 to 2020 179
Table5.5:  Assessing the significance of SPIP in agriculture. 180
Table5.6:  Zero tillage study in Sub-Himalayan South Asia. 181
Table5.7: Crc_>p productivity changes for Zero tillage in Sub-Himalayan South 181
Asia.
Table5.8:  Water savings for Zero tillage in Sub-Himalayan South Asia. 182
Table5.9:  Crop calendar of major crops and critical moments in the downstream
of Teesta River basin, India. 185
Table5.10: Cost-Benefit Analysis of Poverty Alleviation crops 186
Table5.11: Indicators of Gender Inequality 191
Table5.12: Preference of livelihood adaptation options by the local farmers. 194
Table5.13: The fundamental scales of relative importance for Pair wise 195
comparison with AHP (adopted from Saaty, T. L., 1990)
Table5.14: Saaty‘s ratio index for different values to order of matrix (N). 196
Table5.15: Brief of Adaptation practices to hydrological changes in the
downstream of Teesta River basin of India. 198
Table5.16: Categories of good practices recommended for the demonstration 199
after validation.
Table5.17: Binary Logistic Regressions using for Adaptation practices associated 205

with biophysical drivers in the study area.

XViii



Table No. Title Page No.

Table5.18: Binary Logistic Regressions using for Adaptation practices associated

: . : 206

with hydrological changes in the study area.

Table5.19: Binary Logistic Regressions using for Adaptation practices associated 907-208
with socio-economic drivers in the study area.

Table5.20: Binary Logistic Regressions using for Adaptation practices associated 209
with economic governance in the study area.

Table-I: River Discharge and Gauge level based on Domohoni Gauge station 240
(1985 to 2006)

Table-11:  Calculation of recurrence interval (T) of Teesta River during the 240
period of 1993 to 2008

XiX



List of Plates

Plate No. Title Page No.
Platel.1: PRA at Patkata GP 19
Platel.2: KIl at Nijtaraf Village 19
Platel.3: KII at Rangdhamali Village 19
Platel.4: Water collection at Basusuba Village 19
Platel.5: KII at Chatrarpar Village 19
Platel.6: Office visit at CWC, Jalpaiguri 19
Plate4.1: Maroorled features in Study area where the Teesta is in spat 115
following flood.
Plate I: Introducing micro irrigation at Rangdhamali village 241
Plate I1: Introducing micro irrigation at Baniyapara village 241
Plate 111: Introducing mulching at Rangdhamali village 241
Plate IV: Introducing pond fishing at Rangdhamali village 241
Plate V: Introducing SPIP at Chatrarpar village 241
Plate VI: Introducing SPIP at Basusuba village 241
Plate VII: Cultivating luffa at Rangdhamali village 242
Plate VIII: Cultivating bitter guard at Uttar Daribus village 242
Plate IX: Cultivating jute at Chatrarpar village 242
Plate X: Cultivating pumpkin at Nijtaraf village 242
Plate XI: Cultivating ground nut at Basusuba village 242
Plate XI1: Cultivating ground nut at Rangdhamali village 242
Plate XII1: Water melon cultivation using mulching at Basusuba village 243
Plate X1V: Interculture at Uttar Daribus village 243
Plate XV: Potato cultivation in Uttar Daribus village 243
Plate XVI: Tobacco cultivation in Uttar Daribus village 243
Plate XVII: Foodar collection from flood water swamp 243
Plate XVI1II:  Ploughing the field at Bibiganj 243
Plate XIX: Using pesticides to prevent crop pests at Nijtaraf village 244

XX



Plate No. Title Page No.
Plate XX: Using pesticides to prevent crop pests at Rangdhamali village 244
Plate XXI: Cultivating Pumpkin at Rangdhamali village 244
Plate XXII: Cultivating bitter guard at Uttar Daribus village 244
Plate XXIIl:  Cultivating Cabbage at Bibiganj village 244
Plate XXIV:  Cultivating maize at Nijtaraf village 244
Plate XXV: Cultivating brinjal at Uttar Daribus village 245
Plate XXVI:  Cultivating Cucumber at Rangdhamali village 245
Plate XXVII: Cultivating radish at Basusuba village 245
Plate XXVIII: Cultivating lady‘s finger at Chatrarpar village 245
Plate XXIX:  Cultivating bottle guard at Uttar Daribus village 245
Plate XXX: Cultivating beans at Domohoni village 245
Plate XXXI:  Fishing at Domohoni village 246
Plate XXXII: Fishing at Rangdhamali village 246
Plate XXXII1: Female workers engaged in sowing activity at chatrarpar village 246
Plate XXXI1V: Female workers engaged in harvesting at Bibiganj village 246
Plate XXXV: Female workers engaged in weeding activity at Nijtaraf village 246
Plate XXXVI1: Women are engaged in fishing activity at Rangdhamali village 246

XXi



Acronyms and Abbreviations

PRA Participatory Rural Appraisal

FGD Focus Group Discussion

Kll Key Informant Interviews

HI-AWARE Himalayan Adaptation, Water and Resilience Research
GL Gauge Level

DL Danger Level

EDL Extreme Danger Level

PDL Primary Danger Level

mbGL Meter Below Ground Level

masl Mean Above Sea Level

GIS Geographical Information System

DEM Digital Elevation Model

AHP Analytical Hierarchy Process

AWM Agricultural Water management

LULC Land Use and Land Cover

SPIP Solar Power Irrigation Pump

ZT Zero Tillage

Cl Consistency Index

MCA Multi-Criteria Analysis

NGO Non-governmental Organization

ICIMOD International Center for Integrated Mountain Development
IPCC Intergovernmental Panel on Climate Change

XXii



