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Preface

Presently, climate change is a stark reality associated with vulnerability faced by 
living beings all around the world and therefore has gained importance in the field 
of scientific research. The Eastern Himalayan mountain ecosystem is fragile in 
nature, and the phenomena of climate change have imposed extra vulnerable condi-
tions in this unique landscape. Adjacent to the Eastern Himalaya, the foothill land-
scape is also hazard-prone. The present study area is the Bengal Duars region—a 
foothill landscape of the Eastern Himalaya. The book will focus on the climate 
change and ‘struggle for existence’ issues facing the forest villagers to the changing 
climatic situation.

This book encompasses seven chapters. Each chapter starts with an abstract 
describing, in brief, the theme of the chapter. Chapter 1 provides an overview about 
the study, including a review of the literature, significance, objectives, and method-
ology of the research. Chapter 2 illustrates the study of the area with its unique 
physio-social characteristics. Chapter 3 describes the forestry of Bengal Duars. 
Chapter 4 estimates present and future climate change in the context of the Bengal 
Duars region. Both temperature and rainfall are taken under consideration to iden-
tify more than 100 years’ climatic trends and oscillations. Chapter 5 evaluates the 
spatial vulnerability of forest from the villages in Bengal Duars in continuation with 
the climate change under the domain of sensitivity, exposure, and adaptive capacity. 
Chapter 6 assesses ground observation of the forest villager’s perception and 
responses about changes and impacts that they have faced. Analytical techniques 
are applied for critical evaluation and assessment of livelihood crises. Chapter 7 
evaluates adaptive attitudes of the forest villagers in order to judge their resilience 
capability. In this regard, a conceptual model has been developed by interlinking 
their concern, household profile, livelihood assets with potential, and actual adapta-
tion attitudes. Finally, Chapter 8 illustrates recommendations and suggestions for 
the restoration of this unique landscape.

West Bengal, India  Koyel Sam  
   Namita Chakma  

https://doi.org/10.1007/978-3-030-73866-2_1
https://doi.org/10.1007/978-3-030-73866-2_2
https://doi.org/10.1007/978-3-030-73866-2_3
https://doi.org/10.1007/978-3-030-73866-2_4
https://doi.org/10.1007/978-3-030-73866-2_5
https://doi.org/10.1007/978-3-030-73866-2_6
https://doi.org/10.1007/978-3-030-73866-2_7
https://doi.org/10.1007/978-3-030-73866-2_8


ix

Acknowledgements

We are indebted to acknowledge the India Meteorological Department (IMD), 
Pune, for providing climate gridded datasets which are used in the present study for 
a long-term climate change analysis.

We are grateful to the officials of the West Bengal Forest Department and 
Divisional Forest Range of Alipurduar and Jalpaiguri Divisions for providing 
 relevant information for the study. We are also thankful to the people of the forest 
villages for their help during the field survey. We would like to thank M.A./M.Sc. 
students of the Major Elective Course ‘Regional Planning and Development’, 
Department of Geography, the University of Burdwan (session 2016–2018) for their 
help during the field survey (2017–2018).

We are also thankful to The University of Burdwan, Purba Bardhaman, West 
Bengal, for ensuring various facilities to carry out the research by providing access 
to library facilities, instruments, software, maps, etc., which are used in various 
stages of the study.

We are thankful to Herbert Moses and Zachary Romano (Project coordinator, 
Book, Springer) for their constant guidance to complete the work in time.

Finally, we would like to express our heartfelt gratitude to our family members 
for their generosity and support. 

Koyel Sam
Namita Chakma



xi

Contents

 1  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
 1.1   Introductory Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
 1.2   Review of Literature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   2

 1.2.1   Climate Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   2
 1.2.2   Vulnerability  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3
 1.2.3   Adaptation of People . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   4

 1.3   Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6
 1.4   Methodology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6
 1.5   Significance of the Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   7
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   8

 2  The Bengal Duars: A Foothill Landscape of the Eastern  
Himalaya  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
 2.1   Evolution of Bengal Duars and Its Spatial Identity . . . . . . . . . . . . . .  11
 2.2   Physiography and Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13
 2.3   Climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13
 2.4   Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15
 2.5   Culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15
 2.6   Economy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17

 3  Forestry of Bengal Duars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
 3.1   Forest and Biodiversity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
 3.2   Conceptualizing Drivers of Change . . . . . . . . . . . . . . . . . . . . . . . . . .  21
 3.3   Ecological Importance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24

 4  Climate Change in Bengal Duars  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
 4.1   Trends of Climatic Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27

 4.1.1   Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28
 4.1.2   Rainfall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28

https://doi.org/10.1007/978-3-030-73866-2_1
https://doi.org/10.1007/978-3-030-73866-2_1
https://doi.org/10.1007/978-3-030-73866-2_1#Sec1
https://doi.org/10.1007/978-3-030-73866-2_1#Sec2
https://doi.org/10.1007/978-3-030-73866-2_1#Sec3
https://doi.org/10.1007/978-3-030-73866-2_1#Sec4
https://doi.org/10.1007/978-3-030-73866-2_1#Sec5
https://doi.org/10.1007/978-3-030-73866-2_1#Sec6
https://doi.org/10.1007/978-3-030-73866-2_1#Sec7
https://doi.org/10.1007/978-3-030-73866-2_1#Sec8
https://doi.org/10.1007/978-3-030-73866-2_1#Bib1
https://doi.org/10.1007/978-3-030-73866-2_2
https://doi.org/10.1007/978-3-030-73866-2_2
https://doi.org/10.1007/978-3-030-73866-2_2
https://doi.org/10.1007/978-3-030-73866-2_2#Sec1
https://doi.org/10.1007/978-3-030-73866-2_2#Sec2
https://doi.org/10.1007/978-3-030-73866-2_2#Sec3
https://doi.org/10.1007/978-3-030-73866-2_2#Sec4
https://doi.org/10.1007/978-3-030-73866-2_2#Sec5
https://doi.org/10.1007/978-3-030-73866-2_2#Sec6
https://doi.org/10.1007/978-3-030-73866-2_2#Bib1
https://doi.org/10.1007/978-3-030-73866-2_3
https://doi.org/10.1007/978-3-030-73866-2_3
https://doi.org/10.1007/978-3-030-73866-2_3#Sec1
https://doi.org/10.1007/978-3-030-73866-2_3#Sec2
https://doi.org/10.1007/978-3-030-73866-2_3#Sec3
https://doi.org/10.1007/978-3-030-73866-2_3#Bib1
https://doi.org/10.1007/978-3-030-73866-2_4
https://doi.org/10.1007/978-3-030-73866-2_4
https://doi.org/10.1007/978-3-030-73866-2_4#Sec1
https://doi.org/10.1007/978-3-030-73866-2_4#Sec2
https://doi.org/10.1007/978-3-030-73866-2_4#Sec3


xii

 4.2   Projection of Future Climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31

 5  Assessment of Vulnerability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33
 5.1   Spatial Vulnerability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33

 5.1.1   Method of Analysis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
 5.1.2   Exposure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35
 5.1.3   Sensitivity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35
 5.1.4   Adaptive Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38

 5.2   Discussion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40

 6  Perception and Responses of the Forest Villagers  . . . . . . . . . . . . . . . . .  41
 6.1   People’s Perception About Environmental Changes . . . . . . . . . . . . .  41

 6.1.1   Survey Sketch and Methods . . . . . . . . . . . . . . . . . . . . . . . . . .  42
 6.1.2   Perception About Changes in Forest . . . . . . . . . . . . . . . . . . .  42
 6.1.3   Perception About Change of Climate  . . . . . . . . . . . . . . . . . .  45

 6.2   Responses of Forest Villagers on Their Life and Livelihoods . . . . . .  47
 6.2.1   Struggle in Life  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47
 6.2.2   Livelihood Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48
 6.2.3   Livelihood Complex and Crisis . . . . . . . . . . . . . . . . . . . . . . .  49

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52

 7  Adaptation Attitudes of the Forest Villagers  . . . . . . . . . . . . . . . . . . . . .  53
 7.1   Conceptual Model of Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53
 7.2   Judgement of Adaptation Attitudes of the Villagers  . . . . . . . . . . . . .  55

 7.2.1   Potential Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55
 7.2.2   Actual Adaptation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55

 7.3   Discussion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60

 8  Recommendations and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
 8.1   Introduction to REDD+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
 8.2   Major Challenges of Bengal Duars . . . . . . . . . . . . . . . . . . . . . . . . . .  63

 8.2.1   Challenges to National Forest Monitoring System . . . . . . . .  63
 8.2.2   Challenges to Safeguard Information System . . . . . . . . . . . .  63
 8.2.3   Challenges to Monitor Forest Reference (Emission)  

Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64
 8.2.4   Challenges to Implement National Strategies  

or Action Plan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65
 8.3   Suggestive Measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65
 8.4   Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69

 Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71

Contents

https://doi.org/10.1007/978-3-030-73866-2_4#Sec4
https://doi.org/10.1007/978-3-030-73866-2_4#Bib1
https://doi.org/10.1007/978-3-030-73866-2_5
https://doi.org/10.1007/978-3-030-73866-2_5
https://doi.org/10.1007/978-3-030-73866-2_5#Sec1
https://doi.org/10.1007/978-3-030-73866-2_5#Sec2
https://doi.org/10.1007/978-3-030-73866-2_5#Sec3
https://doi.org/10.1007/978-3-030-73866-2_5#Sec4
https://doi.org/10.1007/978-3-030-73866-2_5#Sec5
https://doi.org/10.1007/978-3-030-73866-2_5#Sec6
https://doi.org/10.1007/978-3-030-73866-2_5#Bib1
https://doi.org/10.1007/978-3-030-73866-2_6
https://doi.org/10.1007/978-3-030-73866-2_6
https://doi.org/10.1007/978-3-030-73866-2_6#Sec1
https://doi.org/10.1007/978-3-030-73866-2_6#Sec2
https://doi.org/10.1007/978-3-030-73866-2_6#Sec3
https://doi.org/10.1007/978-3-030-73866-2_6#Sec4
https://doi.org/10.1007/978-3-030-73866-2_6#Sec5
https://doi.org/10.1007/978-3-030-73866-2_6#Sec6
https://doi.org/10.1007/978-3-030-73866-2_6#Sec7
https://doi.org/10.1007/978-3-030-73866-2_6#Sec8
https://doi.org/10.1007/978-3-030-73866-2_6#Bib1
https://doi.org/10.1007/978-3-030-73866-2_7
https://doi.org/10.1007/978-3-030-73866-2_7
https://doi.org/10.1007/978-3-030-73866-2_7#Sec1
https://doi.org/10.1007/978-3-030-73866-2_7#Sec2
https://doi.org/10.1007/978-3-030-73866-2_7#Sec3
https://doi.org/10.1007/978-3-030-73866-2_7#Sec4
https://doi.org/10.1007/978-3-030-73866-2_7#Sec5
https://doi.org/10.1007/978-3-030-73866-2_7#Bib1
https://doi.org/10.1007/978-3-030-73866-2_8
https://doi.org/10.1007/978-3-030-73866-2_8
https://doi.org/10.1007/978-3-030-73866-2_8#Sec1
https://doi.org/10.1007/978-3-030-73866-2_8#Sec2
https://doi.org/10.1007/978-3-030-73866-2_8#Sec3
https://doi.org/10.1007/978-3-030-73866-2_8#Sec4
https://doi.org/10.1007/978-3-030-73866-2_8#Sec5
https://doi.org/10.1007/978-3-030-73866-2_8#Sec5
https://doi.org/10.1007/978-3-030-73866-2_8#Sec6
https://doi.org/10.1007/978-3-030-73866-2_8#Sec6
https://doi.org/10.1007/978-3-030-73866-2_8#Sec7
https://doi.org/10.1007/978-3-030-73866-2_8#Sec8
https://doi.org/10.1007/978-3-030-73866-2_8#Bib1


xiii

Abbreviations

AHP Analytical Hierarchy Process
APL Above poverty level
BPL Below poverty level
BTR Buxa Tiger Reserve
CMIP5 Coupled Model Inter-comparison Project Phase 5
CWC Central Water Commission
FAO Food and Agriculture Organization
FPC Forest Protection Committees
FRL Forest Reference Level
FSI Forest Survey of India
GCMs General Circulation Models
IMD India Meteorological Department
IPCC Intergovernmental Panel on Climate Change
IUCN International Union for Conservation of Nature
JFM Joint Forest Management
MGNREGA Mahatma Gandhi National Rural Employment Guarantee Act
MODIS Moderate Resolution Imaging Spectroradiometer
MoEFCC Ministry of Environment, Forest and Climate Change
NAPCC National Action Plan on Climate Change
NCEF National Clean Energy Fund
NFMS National Forest Monitoring System
NS/AC National Strategies/Action plan
PCA Principle component analysis
RCMs Regional climate models
REDD Reducing emission from deforestation and forest degradation
ROAM Restoration Opportunities Assessment Methodology
SIS Safeguard Information System
SOI Survey of India
UNDP United Nations Development Programme
UNEP United Nations Environment Programme



xiv

UNFCCC United Nations Framework Convention on Climate Change
WMO World Meteorological Organization
WRI World Resources Institute

Abbreviations



xv

List of Figures

Fig. 1.1 Flow chart of methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   7

Fig. 2.1 Delineation of Bengal Duars region in the nineteenth century  
(Modified after Rennie 1866) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12

Fig. 2.2 Spatial identity of Bengal Duars (or Dooars) region  
at present  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14

Fig. 2.3 Eastern Himalayan Foothills: a hub of rivers and rivulets  
(Source: SRTM data)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15

Fig. 2.4 Distribution of soil types in the northern part of West Bengal  
(Source: NATMO, GoI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16

Fig. 3.1 Distribution of forest divisions in Bengal Duars . . . . . . . . . . . . . . . .  20
Fig. 3.2 Rhinoceros (a), Wild peacock (b), Elephant (c) and Bison (d)  

at Jaldapara National Park . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21
Fig. 3.3 Spatial view of fragmented patches within forest . . . . . . . . . . . . . . .  23
Fig. 3.4 A clear cut tree felling observed at New Land Basti, Alipurduar  . . .  23
Fig. 3.5 The activity of boulder quarrying along the river bed of Jayanti . . . .  24

Fig. 4.1 Seasonal trend of maximum temperature  . . . . . . . . . . . . . . . . . . . . .  28
Fig. 4.2 Seasonal trend of minimum temperature . . . . . . . . . . . . . . . . . . . . . .  29
Fig. 4.3 Trend of monthly minimum temperature in 30 years subsets  

of 1901–2017  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29
Fig. 4.4 Seasonal trend of rainfall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30
Fig. 4.5 Multi-decadal oscillations: (a) Average temperature and  

(b) Rainfall (1901–2017) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31

Fig. 5.1 Flow chart of methodology used in the study [Sam and Chakma 
2018]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35

Fig. 5.2  Domains of vulnerability in Bengal Duars: (a) Exposure,  
(b) Sensitivity, (c) Potential impact and (d) Adaptive capacity  
[Sam and Chakma 2018]   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36

Fig. 5.3 Assessment of vulnerability in Bengal Duars: (a) Present  
scenario and (b) Projected scenario (2040s) . . . . . . . . . . . . . . . . . . .  39

https://doi.org/10.1007/978-3-030-73866-2_1#Fig1
https://doi.org/10.1007/978-3-030-73866-2_2#Fig1
https://doi.org/10.1007/978-3-030-73866-2_2#Fig1
https://doi.org/10.1007/978-3-030-73866-2_2#Fig2
https://doi.org/10.1007/978-3-030-73866-2_2#Fig2
https://doi.org/10.1007/978-3-030-73866-2_2#Fig3
https://doi.org/10.1007/978-3-030-73866-2_2#Fig3
https://doi.org/10.1007/978-3-030-73866-2_2#Fig4
https://doi.org/10.1007/978-3-030-73866-2_2#Fig4
https://doi.org/10.1007/978-3-030-73866-2_3#Fig1
https://doi.org/10.1007/978-3-030-73866-2_3#Fig2
https://doi.org/10.1007/978-3-030-73866-2_3#Fig2
https://doi.org/10.1007/978-3-030-73866-2_3#Fig3
https://doi.org/10.1007/978-3-030-73866-2_3#Fig4
https://doi.org/10.1007/978-3-030-73866-2_3#Fig5
https://doi.org/10.1007/978-3-030-73866-2_4#Fig1
https://doi.org/10.1007/978-3-030-73866-2_4#Fig2
https://doi.org/10.1007/978-3-030-73866-2_4#Fig3
https://doi.org/10.1007/978-3-030-73866-2_4#Fig3
https://doi.org/10.1007/978-3-030-73866-2_4#Fig4
https://doi.org/10.1007/978-3-030-73866-2_4#Fig5
https://doi.org/10.1007/978-3-030-73866-2_4#Fig5
https://doi.org/10.1007/978-3-030-73866-2_5#Fig1
https://doi.org/10.1007/978-3-030-73866-2_5#Fig1
https://doi.org/10.1007/978-3-030-73866-2_5#Fig2
https://doi.org/10.1007/978-3-030-73866-2_5#Fig2
https://doi.org/10.1007/978-3-030-73866-2_5#Fig2
https://doi.org/10.1007/978-3-030-73866-2_5#Fig3
https://doi.org/10.1007/978-3-030-73866-2_5#Fig3


xvi

Fig. 6.1 Location of the selected forest villages in Bengal Duars      . . . . . . .  42
Fig. 6.2 Clustering of perceived changes in the forest    . . . . . . . . . . . . . . . . .  45
Fig. 6.3 Belief topology of climate change . . . . . . . . . . . . . . . . . . . . . . . . . . .  46
Fig. 6.4 Clustering of perceived changes in climatic attributes  . . . . . . . . . . .  47
Fig. 6.5 (a) Use of dry river bed for communication purposes;  

(b) Construction of wooden house above a certain height  
in the 28th Mile Basti  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  48

Fig. 6.6 Generation-wise changes in livelihood pattern and its diversity,  
Bengal Duars  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49

Fig. 6.7 (a) Collection of fuelwood by a villager in 28th Mile Basti;  
(b) Storage of fuelwood in the house in 28th Mile Basti  . . . . . . . . .  50

Fig. 6.8 (a) Income from different sources; (b) Share of dependency  
on forest and non-forest- based sectors   . . . . . . . . . . . . . . . . . . . . . . .  50

Fig. 6.9 Seasonal calendar of livelihood practiced by forest villagers  
in Bengal Duars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51

Fig. 6.10 Different options of livelihood: (a) Betel nut farming;  
(b) Vegetable cultivation; (c) Livestock rearing of cow;  
(d) Hen; and (e) Pig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52

Fig. 7.1 Conceptual Model; Part-I: Impact of changes (climatic  
and non-climatic) on life and livelihood of people  . . . . . . . . . . . . . .  54

Fig. 7.2 Conceptual Model; Part-II: Describes detail linkages with  
(a) perceived changes (climatic and non-climatic) and adaptation 
options, (b) impact of livelihood assets on adaptation strategies . . . .  54

Fig. 8.1 (a) A villager in Dumchi Rabha Basti shows ‘patta’ (Forest right 
ownership certificate); (b) A villager in Kodal Basti shows forest 
occupational certificate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64

Fig. 8.2 Collection of non-timber products by forest villagers in  
28th mile Basti (2015), and local names are mentioned in  
the individual picture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66

Fig. 8.3 Identification and planning of restoration opportunities in  
different sites of Bengal Duars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66

Fig. 8.4 Alteration of overflow and infiltration character in case of  
(a) betel nut plantation and (b) native trees . . . . . . . . . . . . . . . . . . . .  67

List of Figures

https://doi.org/10.1007/978-3-030-73866-2_6#Fig1
https://doi.org/10.1007/978-3-030-73866-2_6#Fig2
https://doi.org/10.1007/978-3-030-73866-2_6#Fig3
https://doi.org/10.1007/978-3-030-73866-2_6#Fig4
https://doi.org/10.1007/978-3-030-73866-2_6#Fig5
https://doi.org/10.1007/978-3-030-73866-2_6#Fig5
https://doi.org/10.1007/978-3-030-73866-2_6#Fig5
https://doi.org/10.1007/978-3-030-73866-2_6#Fig6
https://doi.org/10.1007/978-3-030-73866-2_6#Fig6
https://doi.org/10.1007/978-3-030-73866-2_6#Fig7
https://doi.org/10.1007/978-3-030-73866-2_6#Fig7
https://doi.org/10.1007/978-3-030-73866-2_6#Fig8
https://doi.org/10.1007/978-3-030-73866-2_6#Fig8
https://doi.org/10.1007/978-3-030-73866-2_6#Fig9
https://doi.org/10.1007/978-3-030-73866-2_6#Fig9
https://doi.org/10.1007/978-3-030-73866-2_6#Fig10
https://doi.org/10.1007/978-3-030-73866-2_6#Fig10
https://doi.org/10.1007/978-3-030-73866-2_6#Fig10
https://doi.org/10.1007/978-3-030-73866-2_7#Fig1
https://doi.org/10.1007/978-3-030-73866-2_7#Fig1
https://doi.org/10.1007/978-3-030-73866-2_7#Fig2
https://doi.org/10.1007/978-3-030-73866-2_7#Fig2
https://doi.org/10.1007/978-3-030-73866-2_7#Fig2
https://doi.org/10.1007/978-3-030-73866-2_8#Fig1
https://doi.org/10.1007/978-3-030-73866-2_8#Fig1
https://doi.org/10.1007/978-3-030-73866-2_8#Fig1
https://doi.org/10.1007/978-3-030-73866-2_8#Fig2
https://doi.org/10.1007/978-3-030-73866-2_8#Fig2
https://doi.org/10.1007/978-3-030-73866-2_8#Fig2
https://doi.org/10.1007/978-3-030-73866-2_8#Fig3
https://doi.org/10.1007/978-3-030-73866-2_8#Fig3
https://doi.org/10.1007/978-3-030-73866-2_8#Fig4
https://doi.org/10.1007/978-3-030-73866-2_8#Fig4


xvii

List of Tables

Table 3.1 Spatial detail about forest types and divisions  . . . . . . . . . . . . . . . .  20

Table 5.1 Detailed account of indicators used in the study . . . . . . . . . . . . . . .  34

Table 6.1 Demographic and socio-economic characteristics of sample  
forest villages (n = 196) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43

Table 6.2 Test of reliability about changing forested landscape . . . . . . . . . . .  45
Table 6.3 Test of reliability about changing climatic attributes  . . . . . . . . . . .  46

Table 7.1 Model’s variables with the measurement of reliability . . . . . . . . . .  56
Table 7.2 Factors affecting potential and actual adaption attitudes  

of the forest villagers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59

https://doi.org/10.1007/978-3-030-73866-2_3#Tab1
https://doi.org/10.1007/978-3-030-73866-2_5#Tab1
https://doi.org/10.1007/978-3-030-73866-2_6#Tab1
https://doi.org/10.1007/978-3-030-73866-2_6#Tab1
https://doi.org/10.1007/978-3-030-73866-2_6#Tab2
https://doi.org/10.1007/978-3-030-73866-2_6#Tab3
https://doi.org/10.1007/978-3-030-73866-2_7#Tab1
https://doi.org/10.1007/978-3-030-73866-2_7#Tab2
https://doi.org/10.1007/978-3-030-73866-2_7#Tab2

	Preface
	Acknowledgements
	Contents
	Abbreviations
	Contents
	Contents

