Analysis of Climate Change Impacts on Food Security and
Livelihoods in the Mountainous Region of Nepal:

A Case Study of Lamjung District

SHOBHA POUDEL






Analysis of Climate Change Impacts on Food Security and
Livelihoods in the Mountainous Region of Nepal:
A Case Study of Lamjung District

A Dissertation Submitted in Fulfillment of the Requirements of the
Doctor of Philosophy in Global Environmental Studies

2017
SHOBHA POUDEL
Laboratory of Terrestrial Ecosystems Management

Graduate School of Global Environmental Studies,
Kyoto University, Japan






ACKNOWLEDGEMENTS

This dissertation would not have been completed without the support of my
professors, colleagues, seniors, family members and a number of organizations. | am
sincerely grateful to all for their supports, suggestions, advice, and guidance in this
study.

First of all, | would like to express my sincere gratitude to my supervisor Professor
Shinya Funakawa. This dissertation would not have been possible without his good
supervision, constructive comments and strong administrative supports. | am also
grateful to Professor Rajib Shaw, my earlier supervisor while working in the
Environmental Education Laboratory. | finished almost half part of this dissertation
under his good guidance. His inspiration to work, insightful comments and moral
supports have always motivated me to accomplish this work. For that | am forever
grateful to Funakawa-sensei and Rajib-sensei.

Similarly, | am deeply grateful to Dr. Hitoshi Shinjo and Dr. lzuru Saizen of Graduate
School of Global Environmental Studies, for being the reviewers for my dissertation
and providing the constructive comments. Specially, availability of Shinjo sensei for
his very genuine input helped to improve the dissertation. | really appreciate his
efforts and | am thankful for his continued guidance. | am also thankful to Dr.
Tetsuhiro Watanabe and Dr. Yuki Okamoto for their logical comments on my
research.

A special thank goes to the Ministry of Education, Culture, Sports, Science, and
Technology (MEXT) Japan, and GSS program (Inter-Graduate School Program for
Sustainable Development and Survivable Societies), Kyoto University for their
scholarship and research grant. | am thankful to the coordinator of GSS program and
my GSS vice-supervisor Professor Kaoru Takara for his support upon completion of
the GSS program. | would like to thank to my GSS mentor Dr. Masanori Katsuyama
for his continuous support to finish the GSS activities in time. | would also like to
appreciate the help and support from Dr. Akhilesh Surjan in GSS program.

I humbly acknowledge the support from Ms. Reiko Okuda, Ms. Maki Katsuyama, Ms.
Sachiko Terasawa and Ms. Yumiko Hamada for their respective roles in various

phases of my stay in Kyoto. | would also like to appreciate the help and support from



all the office staffs of the Graduate School of Global Environmental Studies of Kyoto
University. Furthermore, | would like to thank all the laboratory members for their
words of encouragement and support. | would also like to convey my sincere
gratitude to the members of the earlier laboratory (Environmental Education
Laboratory) for supporting me for this research. Special thank goes to the members
of Climate Change Adaptation Working Group for their friendly behavior and
support.

In addition, | am indebted to Mr. Rajendra Bohara (Executive Director, Rural
Community Development Center, Lamjung, Nepal) and his entire team for providing
enormous helps during field visit, questionnaire survey and workshop in Lamjung. |
would also like to extend my gratitude towards Climate Change Adaptation and
Mapping (CCAM) Group, Kathmandu for their cooperation during data collection.
Similarly, I am thankful to the Ministry of Agriculture Development and Department
of Hydrology and Meteorology for providing data for this research. | would also like
to extend my gratitude towards the residents of Kunchha, Khudi and llampokhari
VDCs who helped and gave their responses and opinions in my survey and
interviews, and the field investigators for conducting these surveys.

Last but not the least, a special thank goes to my husband, Dr. Bhogendra Mishra for
his undiminished support during the study. His presence and positive vibes always
encouraged and kept me calm during the research. | also extend a vote of thanks to
my beloved son, Mr. Aayan Mishra, since | started PhD after his arrival and duly
apologize for not giving enough time. My beloved ones also deserve much
appreciation for standing by me - My parents, Mrs. Kamala Poudel and Mr. Om
Prasad Poudel, for a lifetime of encouragement to purse my dreams, Mrs. Surya Devi
Mishra and Mr. Hari Nath Mishra for their continue support. Additionally, | would
like to extend my acknowledgement to all my family members in Nepal for their
tireless support and comfortable environment during the study. In many ways, they
all are emotional participants of this work.

In the end, | would also like to thank all those persons whom | could not mention
here.

Shobha Poudel

ii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES
ABBREVIATIONS
EXECUTIVE SUMMARY

1 Chapter 1 Introduction
1.1 Background of the Study
1.2 Statement of Problem
1.3 Objectives, Questions and Hypothesis
1.4 Research Methodology
1.4.1 Review of Literature
1.4.2 Collection of Secondary Data
1.4.3 Key Informants Interviews
1.4.4 Household Questionnaire Survey
1.4.5 Focus Group Discussions and Workshop with Stakeholders
1.5 Overview of the Study Location
1.6 Relevance of the Study
1.7 Limitations of the Study

1.8 Structure of Thesis

2 Chapter 2 Climate Variability and Food Security Scenario of Nepal
2.1 Overview of Nepal
2.1.1 Demography
2.1.2 Geography and Climate
2.2 Evidences of Climate Change in Nepal
2.3 Impacts of Climate Change

2.4 People’s Perception of Climate Change

1ii

vii

Xi

Xiii

O 00 00 N N N o v b B,

[ S O
0 N o O

21
21
21
23
25
29
31



2.4.1 Relationship between Perception of Climate Change and Socio-economic

Status
2.5 Climate Change Vulnerability and Resilience
2.5.1 Vulnerability
2.5.2 Resilience
2.6 Food Security
2.6.1 Food Security Situation of Nepal
2.6.2 Climate Change Impacts on Food Security
2.7 Natural Disaster Trend and Impacts
2.8 Adaptation to Climate Change
2.8.1 Adaptation Practices in Nepal
2.9 Climate Change Policy and Programs
2.9.1 Climate Change in International Regime
2.9.2 Climate Change Initiative in Nepal
2.9.3 National Adaptation Program of Action (NAPA) 2010
2.9.4 Climate Change Policy 2011
2.9.5 Local Adaptation Program of Action (LAPA) 2011
2.9.6 Foreign Assistance to Address Climate Change in Nepal
2.10 Food Security Policy and Programs
2.10.1 Agriculture Perspective Plan (1995-2015)
2.10.2 National Agriculture Policy 2004 (Rastriya Krishi Niti 2061)
2.10.3 National Agriculture Sector Development Priority Plan (NASDP)
(2011-2015)
2.10.4 Nepal Constitution 2015

3 Chapter 3 Climate Variables and Crop Yield Relationships
3.1 Introduction
3.2 Data and Method
3.2.1 Data
3.2.2 Trend Analysis
3.2.3 Climate-Crop Yield Relationship

3.3 Results and Analysis

iv

32
33
33
37
38
38
39
41
44
45
46
46
47
50
51
53
54
54
56
57

58
59

61
61
65
65
67
68
68



3.3.1 Precipitation Trend
3.3.2 Temperature Trend
3.3.3 Crop Yield Trend
3.3.4 Climate-Crop Yield Relationship
3.3.5 Changes in Yield due to Climate Trends
3.3.6 Key Informants Interviews
3.4 Discussion

3.5 Conclusions

4 Chapter 4 Household Perceptions about the Impacts of Climate Change
Food Security in the Mountainous Region of Nepal
4.1 Introduction
4.2 Climate Change and Food Crisis in Nepal
4.3 Methodology
4.4 Findings and Discussions
4.4.1 People’s Perception of Climate Change
4.4.2 Changes in Food Availability, Accessibility and Utilization
4.4.3 Changes in Households™ Daily Activities
4.4.4 Changes in Households® Economic Activities and Livelihoods
4.5 Adaptation to Climate Change

4.6 Conclusions

69
73
74
76
77
80
81
82

on
85
85
89
90
92
92
96
102
104
106
107

5 Chapter 5 Assessment of Households™ Livelihood Vulnerability to Climate

Change

5.1 Introduction

5.2 Climate Change Vulnerability

5.3 Materials and Methods
5.3.1 Participatory Analysis of Climate Vulnerability and Rural Livelihoods
5.3.2 Concept of Livelihood Vulnerability Index (LVI)
5.3.3 Livelihood Vulnerability Index Calculation

5.4 Results and Discussions
5.4.1 Climate-related Hazards and Most Impacted Livelihood Resources

5.4.2 Most Vulnerable Livelihood Options

111
111
113
115
118
118
121
123
123
125



5.4.3 Most Vulnerable Households
5.4.3.1 Livelihood Vulnerability Index
5.4.3.2 Vulnerability Index- IPCC

5.5 Implication of the Findings

5.6 Conclusion and Recommendation

6 Chapter 6 Synopsis
6.1 Introduction
6.2 Achieved Results
6.2.1 Climate Variability Trend
6.2.2 Crop Yield Trend
6.2.3 Climate Crop Yield Relationship
6.2.4 Climate Change Perception of Local People
6.2.5 Changes in Food Security of the Mountainous Households
6.2.6 Changes in Daily and Economic Activities
6.2.7 Most Impacted Livelihood Options and Resources
6.2.8 Most Vulnerable Households
6.3 Practical Implication of the Achieved Results
6.3.1 Implication on Local, National and Global Level
6.3.2 Implication on Climate Change Policies and Programs
6.4 Recommendation
6.4.1 Priority Areas of Intervention for Managing Climatic Risk

6.5 Further Research Scope

References

APPENDICES

vi

127
128
129
134
136

139
139
140
140
141
141
142
143
143
144
145
146
146
147
147
148
153

155

XXi



LIST OF FIGURES

Figure 1.1 Global land and ocean temperature anomalies from 1980 to 2016 3
Figure 1.2 Conducting the households™ questionnaire survey 9

Figure 1.3 Group photo taken after workshop and focus group discussions in

Lamjung, Nepal 9
Figure 1.4 Overall research methodology 10
Figure 1.5 Map of the study area 11

Figure 1.6 (a) Southern part of Lamjung (b) Northern part of Lamjung (c) Terraced

agricultural field in Kunchha VDC (d) District headquarters Beshishahar, Lamjung12

Figure 1.7 (a) Major castes and ethnic groups (b) Major languages 13
Figure 2.1 Topography of Nepal 23
Figure 2.2 Land use/cover pattern of Nepal 25

Figure 2.3 Average temperature and precipitation trend of Nepal between 1980
and 2012 27
Figure 2.4 Land cover map of Nepal, developed from MODIS Land product
MOD12Q1 29

Figure 2.5 (a) Moraine dammed lake formation (b) Climbing the vegetation line

and appearances of new species in higher altitudes 30
Figure 2.6 Natural hazards risk map of Nepal 41
Figure 3.1 Major agricultural crop yields from 1990 to 2013 in Nepal 62
Figure 3.2 Overall workflow diagram 69

Figure 3.3 Winter precipitation trends at Gharedhunga, Kunchha and Khudi
stations from 1980 to 2012 70
Figure 3.4 Spring precipitation trends at Gharedhunga, Kunchha and Khudi stations
from 1980 to 2012 71
Figure 3.5 Summer precipitation trends at Gharedhunga, Kunchha and Khudi
stations from 1980 to 2012 71
Figure 3.6 Autumn precipitation trends at Gharedhunga, Kunchha and Khudi
stations from 1980 to 2012 72
Figure 3.7 Annual precipitation trends at Gharedhunga, Kunchha and Khudi
stations from 1980 to 2012 72

vii



Figure 3.8 Seasonal and annual maximum temperature trends at the Khudi
stations from 1980 to 2012 73
Figure 3.9 Seasonal and annual minimum temperature trends at the Khudi station
from 1980 to 2012 74
Figure 3.10 Crop yield trends for rice, maize, millet, wheat and barely from 1980 to
2012 75
Figure 3.11 (a) Anomalies of summer crops yield (b) Anomalies of winter crops
yield from 1980 to 2012 78
Figure 4.1 Number of climate-related natural disasters and affected people in
Nepal from 1980 to 2014 88
Figure 4.2 Map of the study area in Nepal 90
Figure 4.3 Local people’s perception of climate change from Kunchha, Khudi and
Ilampokhari VDCs of Lamjung 93
Figure 4.4 Damaged orange trees in Kunchha VDC of Lamjung 96
Figure 4.5 Percentage of respondents reporting changes in crop production from
Kunchha, Khudi, and llampokhari 97
Figure 4.6 Percentage of household perceptions of changes in food availability in
Kunchha, Khudi, and llampokhari VDCs of Lamjung 99
Figure 4.7 Percentages of household perceptions of changes in food accessibility in
Kunchha, Khudi, and llampokhari VDCs of Lamjung 101
Figure 4.8 Percentage of household perceptions of changes in food consumption
patterns in Kunchha, Khudi, and llampokhari VDCs of Lamjung 102
Figure 4.9 Households that changed profession in Kunchha, Khudi, and llampokhari
VDCs of Lamjung 106
Figure 4.10 Respondents that changed profession due to climate impacts from
Kunchha, Khudi, and llampokhari VDC of Lamjung 107
Figure 5.1 Percentage of respondents regarding climate-related natural hazards in
Kunchha, Khudi, and llampokhari VDCs of Lamjung 125
Figure 5.2 Vulnerability spider diagram for the major components of the livelihood

vulnerability index (LVI) for the Kunchha, Khudi, and llampokhari VDCs 128

viil



Figure 5.3 Vulnerability triangle diagram of the contributing factors of the
livelihood index-IPCC (VI-IPCC) for Kunchha, Khudi, and llampokhari VDCs of
Lamjung 130
Figure 5.4 Livelihood vulnerability according to wellbeing status of the households
in Lamjung 132

Figure 5.5 Livelihood vulnerability according to gender of the household head 133

LIST OF TABLES
Table 1.1 Profile of research sites 16
Table 2.1 Nepal demographic (2016 estimates, unless stated otherwise) 22
Table 2.2 Physiography and bioclimatic zones of Nepal 24
Table 2.3 Projection of climate change in Nepal 28
Table 2.4 Population below the poverty line in South-Asian countries 36

Table 2.5 Loss of agricultural land and crops as a result of climate-related extreme
events in Nepal from (1970- 2007) 40
Table 2.6 Top 10 natural disasters in Nepal from 1980 to 2015 based on number of
causalities 42
Table 2.7 Top 10 natural disasters in Nepal from 1980 to 2015 based on number of
people affected 43
Table 2.8 Top 10 natural disasters in Nepal from 1980 to 2015 based on economic
damages 43

Table 2.9 Climate change impacts and adaptation practices followed by local

people in Nepal 46
Table 2.10 UNFCCC conference of parties events 48
Table 2.11 Current climate change projects in Nepal 55

Table 3.1 Districts with high increasing and decreasing trends in annual
temperature from 1976 to 2005 64
Table 3.2 Regions with high increasing and decreasing minimum temperature
trend in different seasons from 1976 to 2005 65
Table 3.3 Considered climatic data 66

ix



Table 3.4 Considered crops and cropping period 66
Table 3.5 Sen’s slope value of seasonal precipitation of three stations 70

Table 3.6 Sen’s slope value of the seasonal and annual temperature of the Khudi

station 74
Table 3.7 Quantification of the crop yield trend with Sen’s slope value 76
Table 3.8 Multivariate regression analysis of detrended yield of crops 79

Table 4.1 Ranking of reasons behind changes in crop production in Kunchha, Khudi
and llampokhari 98
Table 4.2 Underlying causes of changes in food availability 100
Table 4.3 Household perceptions of the role of climate change in changes in food
availability from Kunchha, Khudi, and llampokhari 100
Table 4.4 Responses regarding changes in daily activities from Kunchha, Khudi, and
Ilampokhari 103
Table 4.5 Household perception of the role of climate change in daily activities 103
Table 4.6 Responses regarding changes in economic activities and lifestyle in
Kunchha, Khudi, and llampokhari 104
Table 4.7 Household perception of the role of climate change in changes in
economic activities and lifestyle in Kunchha, Khudi, and llampokhari 105
Table 5.1 Local criteria of well-being developed and applied in this research 117
Table 5.2 Major components and sub-components, information sources and their
functional relationship 119
Table 5.3 Most impacted livelihood resources ranked by the respondents from
Kunchha, Khudi and llampokhari VDCs 126
Table 5.4 Vulnerability of the respondents according to location, wellbeing status,
and gender of the household head 131
Table 6.1 Priority areas of intervention for adaptation plan and managing climatic

risk 151



ABBREVIATIONS

APP- Agriculture Perspective Plan

COP- Conference of Parties

DADO- District Agriculture Development Office

DDC- District Development Committee

DHM- Department of Hydrology and Meteorology
EM-DAT- Emergency Events Database

FAO- Food and Agriculture Organization

GCM- Global Circulation Model

GEF- Global Environmental Fund

GEM- Global Environment Management

GLOF- Glacial Lake Outburst Flood

HHs- Households

IFPRI- International Food Policy Research Institute
IPCC- Intergovernmental Panel on Climate Change
INGOs- International Non Governmental Organizations
Klls- Key Informant Interviews

LAPA- Local Adaptation Program of Action

LDCs- Least Development Countries

LVI- Livelihood Vulnerability Index

MCCICC- Multi-stakeholder Climate Change Initiative Coordination Committee
MDGs- Millennium Development Goals

MOAD- Ministry of Agricultural Development

MOE- Ministry of Environment

MOSTE- Ministry of Science, Technology and Environment
NAP- National Agriculture Policy

NAPA- National Adaptation Program of Action

NARC- Nepal Agricultural Research Council

NAST- National Academy of Science and Technology
NCCC- National Climate Change Committee

NCCKMC- Nepal Climate Change Knowledge Management Center

Xi



NCSA- National Capacity Self- Assessment

NDHS- National Demographic and Household Survey
NGOs- Non Governmental Organizations

NMS- Nepal Meteorological Service

NOAA- National Oceanic and Atmospheric Administration
NST- National Study Team

ODA- Official Development Assistance

PPP- Public, Private Partnership

RCM- Regional Circulation Model

SDGs- Sustainable Development Goals

SWOT- Strength, Weakness, Opportunity and Threat
TAR- Third Assessment Report

TWG- Thematic Working Group

UN- United Nations

UNDP- United Nations Development Program

UNFCCC- United Nations Framework Convention on Climate Change
VDC- Village Development Committee

WB- World Bank

WMO- World Meteorological Organization

xii



EXECUTIVE SUMMARY

Background

The Intergovernmental Panel on Climate Change (IPCC 2014) projects that the
average annual temperature will increase as much as 6°C in high altitudes under a
high-emission scenario and will rise as much as 3°C under a low-emission scenario by
the end of 21th century. It is anticipated that the increasing rate of the average
temperature in the Himalaya will be greater than the global average. The increasing
temperature may affect the timing and quantity of precipitation, which consequently
change the water availability. Furthermore, it can alter weather trends such as wind
patterns, intensity and frequency of extreme weather conditions such as droughts,
rainfall, storms, etc. that are the triggering factors for several catastrophes such as
floods, avalanches, landslides etc. Thus, climate change affects all sectors of the
economy. Among them agriculture could be the one of the most affected sector that
eventually affects the livelihoods and food security at the global and local level.
Climate change impacts all the dimensions of food security - food availability, food
accessibility, food utilization and stability. These effects are already being felt in
global food markets, and are likely to be particularly significant in some rural areas
where, agricultural practices are mainly depended on whether condition. Moreover,
impacts are experiencing in both rural and urban locations where supply chains
disrupted, market prices increased, purchasing power fell, assets and livelihood
opportunities lost, and affected people are unable to cope with the changes. The
population living in the remote mountainous areas and depending on the
subsistence livelihood on agriculture with minimum resources have the least
capacity to adapt and therefore are likely to be the most vulnerable (IPCC 2001, IPCC
2014). Impacts from recent climate-related extremes, such as heat waves, droughts,
floods reveal significant vulnerability and exposure of many human systems to
current climate variability IPCC (2014).

Research Objectives and Questions

Food security and rural livelihoods are highly sensitive to climatic risk. However, the
ways in which livelihoods and specific vulnerabilities are linked to climate have not

been well studied. The purpose of this research is to quantitatively and qualitatively
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assess climate impacts on food security and livelihoods. Therefore, this research
builds on the notion that assessing the climate change impact on food security and
livelihoods, and identifying the priority areas of intervention to manage climatic risk
can enhance the food security and strengthen the resilience of the households.

The study has three main objectives:

X/

% Understand the climatic variables trends, their impacts on crop yield and
relationship.

++» Analysis of climate change impacts on food security and livelihood vulnerability
to climate change.

% Identification of priority areas of intervention for adaptation plan to combat

against changing climate.
Research Questions

4+ How is crop yield in a mountainous region affected by climate variability?

4+ What are the climate change impacts and consequences on food security and
livelihoods?

4+ What are the priority areas of intervention for adaptation plan to strengthen the

resilience of the mountainous household with changing climate?

Research Locations

Lamjung district is located in the western mountainous region of Nepal. Climate of
Lamjung ranges from tropical/subtropical in the south to temperate in the north.
Due to the heterogeneous topography and elevation variations, it is ranked one of
the highly vulnerable districts in climate change and climate induced natural
disasters in Nepal (NAPA 2010).

Structure of the Research

Table 1 gives the structure of the research with four major components: background,
methodology, results and findings, and discussion and conclusions.

Chapter 1 introduces a brief description of the overall research framework and its
key points.

Chapter 2 provides a detail overview of climate variability and food security situation

Xiv



of Nepal. Particularly, it presents the evidences and impacts of climate change in
Nepal, climate change vulnerability, climate change adaptation practices, and

climate change and food security programs and policies in Nepal.
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Figure 1 Map of the study area, Lamjung district Nepal

Chapter 3 deals with the relationship between climate variables and crop yield in
Lamjung district Nepal based on the historical data. This chapter particularly
describes the trend of climate variables and crop yield, and their relationship
through correlation and multivariate regression analysis.

Chapter 4 explores the household perception of climate change and its impacts on
food security in three VDCs of Lamjung. In particular, it focuses on changes in food
production, availability, accessibility and utilization, and changes in daily/economic
activities of the households to ensure food security amidst of changing climate
during the last twenty years. It also presents the findings of a household survey.
Chapter 5 presents the livelihood vulnerability of the mountainous households with
changing climate. This chapter specially describes the livelihood vulnerability of the
households based on locations, well-being status and gender of the household's

head through vulnerability composite index and VI-IPCC approaches.
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Table 1 Structure of the Research

Background

Methodology

Results and

findings

Discussion and

conclusions

% Changesin
climate variables

< Crop yield

Case study of 3 VDCs
of Lamjung

7

% Kunchha
< Khudi

7

% llampokhari

Climate change and
changes in food
security

Livelihood
vulnerability to
climate change

Managing climate
risks

Identification of
priority areas of
intervention for
adaptation plan

Quantitative analysis

Qualitative analysis

Key informant
interviews

Household
questionnaire survey

Focus group
discussions

Stakeholders
workshop

Identification of
climate-crop
yield
relationships

Mixed trend in climate
variables and crop yield,
Few significant relationship
between climate and crop
yield.

Identification of
the underlying
causes of
changes in food
security

Climatic factors and socio-
economic status both play
imperative role in changes in
food security situation of the
households.

Identification of
vulnerable
households

Very poor, poor and female-
headed households are more
vulnerable to climate
change.

Identification of
priority areas for
adaptation
planning for the
resilience of the
households

Economic intervention

Technical intervention Socio-
behavioral intervention

Development of
infrastructure play vital role
to manage climatic risk and
enhance the food security.

Chapter 1
Introduction

Chapter 2 Climate
change and food
security scenario of
Nepal

Chapter 3 The relationship between
climate variables and crop yield

Chapter 4 Analysis of climate change
impacts at household level food security

Chapter 5 Assessment of households®
livelihood vulnerability to climate change

Chapter 6 Synopsis

Chapter 6 stresses on the key findings and the achieved results, their practical

implications and provides recommendation on priority areas of intervention for
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adaptation plan in Lamjung district Nepal. It draws key suggestions for future
research on the vulnerable households.

Key Findings

This research tried to explore the climate change impacts on food security and
livelihoods of the mountainous households. Particularly, research focused on
understanding of the trend of climate variability and its impacts on crop yield. Then,
it analyzed households™ food security and livelihood vulnerability to climate change
in Lamjung district Nepal. The key findings derived from this research are

summarized below.

1. Climate Variability Trends

The seasonal and annual trends analysis of precipitation showed increasing trend
during summer, decreasing trend in winter and mixed trend in spring and autumn.
While both minimum and maximum temperature showed increasing trend from
1980 to 2012. Although both the minimum and maximum temperatures increased,
the increasing rate of the minimum temperature was more than three times faster
than that of the maximum temperature. And all seasons maximum and minimum

temperatures increased significantly except spring season.

2. Crop Yield Trends

The major crops rice, maize wheat, millet and barley were selected and analyzed
from the period of 1980 to 2012. The vyield trend of summer crops (maize) and
winter crops (wheat and barley) showed that the yield of these crops has changed
significantly over time. Production trends for the main crops in Lamjung relatively
stable increase in area cultivated, production and vyields except in the context of

barley and millet.

3. Climate-Crop Yield Relationship

The relationship between climatic variability and major crop vyields (kg/ha) was
derived from correlation analysis. The results revealed that there was a strong and

positive relationship between the climatic variability and the yield of millet and
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wheat, whereas there were no or negligible relationships between climatic variability
and the vyields of rice, maize and barley. A multivariate regression model was
performed to confirm the impact of climate change on crop yield. Though the
regression results show very few significant relationships between yield and climate
variables, these coefficients can be used to assess the real effects of climate
variables in the changes of the food crop yields considered in this study. In addition,
the sign of the coefficients indicates the direction of change in the vyield versus
climate variable change. Precipitation in winter was an important factor that can
increase yield potential for wheat and barley. Similarly, summer precipitation had a
positive impact on rice, while maize and millet showed negative effects. Therefore,
increasing maximum temperature has positive impacts on all summer crops, and

decreases in temperature have negative impacts.

4. Local People Perception of Climate Change

The mountainous households were familiar about climate change, and they have
experienced and noticed the changes in recent decades. Majority of the households
experienced increased temperature, less rainfall in winter and increased frequency

of natural disasters in the study areas.

5. Changes in Food Security of the Mountainous Households

Food security situation of the mountainous households was analyzed through
changes on food production, availability, accessibility and utilization during the last
twenty years. Food availability changed because of changes in crop production,
income, food price etc. Food accessibility of the mountainous households increased
during the last 20 years because of distance to the nearest market decreased and
access to road increased. However, in some area of Lamjung, food accessibility
decreased because of climate impact i.e. seasonal road disturbance by landslides and
floods. As far as the food consumption pattern and utilization is concerned, it was
improved during the last two decades. The reasons behind improved food
consumption pattern were awareness about the utilization of food along with

increased income and access to sources of nutritional food.
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6. Most Impacted Livelihood Options and Resources

The changing climatic variables have affected livelihood of the households who
solely depends on the subsistence agriculture. Erratic rainfall, floods, GLOFs,
droughts and emergence of insects/diseases were considered as the major hazards
in Lamjung. And the most impacted livelihood resources in order were winter crops,
orange farming, rice cultivation, livestock rearing, migration and labor. Similarly,
landslides were considered as the major hazards particularly, by poor families living
in the slope hills and riversides. Additionally, drying water resources increased
livelihood vulnerability due to scarcity of drinking water, insufficient water for

irrigation.

7. Most Vulnerable Households

Climate change vulnerability of the households was analyzed to examine the
vulnerable communities according to their well-being status, location of the
households (Kunchha, Khudi and llampokhari) and gender of the household head.
The overall LVI was higher for Khudi VDC (0.351) as compared to Kunchha VDC
(0.310) and ILampokhari VDC (0.309) and indicating that households of Khudi are
more vulnerable as compared to two other VDCs. The vulnerability factors varied
according to well-being status of the households. The adaptive capacity of the
households is significantly difference (P < 0.05) according to well-being status. LVI
analysis depicted that climate change vulnerability varied according to the gender of
household head. The analysis revealed that female-headed household had slightly
higher exposure, sensitivity and lower adaptive capacity in comparison to male-
headed households. The adaptive capacity of the households is significantly
difference (P < 0.05) according to gender of household head.

Practical Implication of the Achieved Results

The findings of this research can help to the development planners and national
policy makers. Any organization working in the field of climate change and food
security also benefit from the findings of this study. It has implication on local,
national and global level and implication on climate change policies and programs.

Specially, the findings of this research are aimed to the local government, and
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targets developing favorable climate change policy, programs and physical
environment to foster climate resilient food system and livelihoods in rural
mountainous region.

Based on the findings of the results, the development of improved varieties of crops
particularly fertilizer-responsive high vyielding, heat and drought tolerance is
necessary in the Lamjung district. Winter crops such as barely is highly vulnerable
with decreased precipitation in winter therefore, new variety, resilient to the
drought is suggested to enhance the food security. And water management
techniques such as rainwater harvesting can help to overcome the problem in
drought and less rainfall seasons in Khudi VDC. It is imperative to develop early
warning tools that help to monitor, detect, forecast risks and issue alerts on
forthcoming hazards since almost all the households did not receive early
information of the natural hazards in the study areas. Similarly, alternative
employment generation for the poor and women is highly recommended to ensure
their food security and livelihoods in Kunchha and llampokhari VDCs. Formation of
farmers cooperative is suggested for Kunchha VDC. Finally development of
infrastructural facilities is highly recommended for all study areas and groups
because Lamjung lacks the development of transportation facilities, proper market,
cold storage facilities, seed bank etc. Therefore, significant development is required
from the local/district government by creating markets and other infrastructural
facilities to ensure the food security and enhance the resilience of the mountainous

households.
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1 Chapter 1 Introduction

This chapter provides a brief description of the overall research framework, including
the problem statement, objectives, hypothesis, research questions, and methodology.
The context of changes in climate variables and food security is discussed, along with
an in-depth review of the historical trends of climate variables and climate risk, crop
production, and livelihood vulnerability in the mountainous region of Nepal. The

chapter concludes with a brief summary of the subsequent chapters.
1.1 Background of the Study

Climate refers to the characteristic conditions of the earth’s surface atmosphere at a
specific location over a long period, while weather refers to the instantaneous
conditions at the same location. The variables that are commonly used by
meteorologists to measure daily weather phenomena include air temperature,
precipitation (e.g., rain, snow, and hail), atmospheric pressure, humidity, wind,
sunshine, and cloud cover (FAO, 2008). When weather phenomena are measured
systematically at a specific location over several years, a record of observations is
accumulated, from which averages, ranges, maximums, and minimums can be
computed for each variable, along with the frequency and duration of extreme
events (Magawata, 2014).

Climate change is defined differently by different organizations and institutions. The
Intergovernmental Panel on Climate Change (IPCC) defines climate change as “a
statistically significant variation in either the mean state of the climate or in its
variability, persisting for an extended period (typically decades or longer). Climate
change may be due to natural internal processes or external forces, or to persistent
anthropogenic changes in the composition of the atmosphere or in land use” (IPCC,
2001). According to article 1.2 of the United Nations Framework Convention on
Climate Change (UNFCCC), climate change is defined as a “change of climate which is
attributed directly or indirectly to human activity that alters the composition of the
global atmosphere and which is in addition to natural climate variability observed
over comparable time periods” (UNFCCC, 1992). Climate change has both adverse

and positive effects. Article 1.1 of the UNFCCC states that adverse effects of climate



change are changes in the physical or biological environment resulting from climate
change that have significant harmful effects on the composition, resilience, or
productivity of natural and managed ecosystems, the operation of socio-economic
systems, or human health and welfare” (UNFCCC, 1992).

According to the 5th assessment report of the IPCC (IPCC, 2014), the average annual
temperature will rise by more than 2°C in most of South Asia by the mid-21st century
compared to the 20th century. By the late 21st century, the temperature increases
will exceed 3°C and will reach as high as 6°C at high altitudes under a high-emission
scenario. Under a low-emission scenario, the average temperature could rise by less
than 2°C in the 21st century, but at higher altitudes, the temperatures will rise by as
much as 3°C.

It is anticipated that the increasing rate of average temperature in the Himalayas will
be greater than the global average. Figure 1.1 shows the global land and ocean
temperature anomalies from 1980 to 2016. There has been variation in global
temperature, which has had an increasing trend at a rate of 0.18°C per decade. The
increasing temperatures may affect the timing and quantity of precipitation, which
would consequently change water availability (Mishra et al., 2014a). Furthermore,
they will alter weather trends such as wind patterns and the intensity and frequency
of extreme weather conditions, such as droughts, floods, storms, and avalanches.
Climate change also affects all factors of the economy. Among them, agriculture is
badly affected by climate change (Eriksson et al., 2009), which consequently affects
the livelihoods and food security at global and local levels.

Food security is achieved when “all people, at all times, have physical and economic
access to sufficient, safe, and nutritious food to meet their dietary needs and food
preferences for an active and healthy life” (FAO 1996). Climate change impacts all
the dimensions of food security, namely food availability, food accessibility, food
utilization, and stability. These effects are already being felt in global food markets
and are likely to be particularly significant in some rural areas where agricultural
yield is declining. Impacts are being experienced in both rural and urban locations
where supply chains are disrupted, market prices have increased, purchasing power
has fallen, assets and livelihood opportunities are lost, and affected people are

unable to cope with the changes (Shrestha, 2014).
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Figure 1.1 Global land and ocean temperature anomalies from 1980 to 2016

Source (NOAA, 2016)

The possible impacts of climate change on food security have tended to be viewed
with most concern in locations where rain-fed agriculture is still the primary source
of food and income (FAO, 2008). Climate change will have adverse impacts on food
security especially for people whose livelihood directly depends on natural
resources. Climate change impacts society and social wellbeing, and it is necessary to
understand it changes from a local perspective. Although climate change occurs
globally, its impact is realized at the local level, and it varies with respect to the
region and sector. The direct impact of climate change is subject to a local scale
(Kassam et al., 2010). Thus, understanding the changing climate is imperative to
strengthen the resilience of local people, especially the local impacts on food
security and livelihoods (Kassam et al., 2010).

The effects of climate change are very hard to predict, but those who are already
experiencing the effect are the most vulnerable (Jordan 2009). Many communities in
developing countries are experiencing difficulty with taking appropriate actions for
climate change mitigation and adaptation (Kassam et al., 2010). The potential
impacts of climate change on the food security must therefore be viewed within the
larger framework of changing climate and observable changes in multiple socio-

economic and environmental variables. This research seeks to elucidate the impacts



of climate change on food security while considering changes in the dimensions of
food security (food availability, accessibility, and utilization). The particular focus is
on changes in climate variables and then impacts on crop yield, household-level food
security, and livelihood vulnerability to climate change at the local level in a
mountainous environment.

Nepal is one of the least developed countries, and 49% of the households are
already experiencing food insecurity (NDHS, 2011). Agriculture is the main
occupation of around 60% of the population and contributes 32.8% of the country’s
gross domestic product (GDP) (World Bank, 2016a). Furthermore, agriculture is
mainly subsistence-oriented in nature, and farmers mainly rely on rain-fed
agricultural systems, with irrigation covering only 27.42% of the total agricultural
land in Nepal as of 2010 (World Bank, 2016a). Due to the huge dependency on the
agricultural sector and the majority of agricultural fields being rain-fed, climate
change will have more effects in Nepal. The heterogeneous topography, limited
economic opportunity, and lack of access to basic services can make living in the
rural mountainous parts of Nepal miserable.

Approximately 1.9 million people are estimated to be highly vulnerable to climate
change, and an additional 10 million are at increasing risk in Nepal (NAPA, 2010). In
addition, Nepal is ranked as the fourth most vulnerable country (Maplecroft, 2010).
The National Adaptation Program of Action (NAPA, 2010) prepared a vulnerability
map of Nepal and identified agriculture, forestry, and water resources as the sectors
most vulnerable to climate change. Landslides, droughts, and glacial lake outburst
foods (GLOFs) are major hazards induced by climate change. The risk of flash floods,
landslides, and GLOFs is high in mountainous areas. Therefore, climate change will
likely have a significant impact on the livelihoods of households, and the
vulnerability is even greater in the hilly and mountainous parts of Nepal.

Climate change vulnerability is a function of character, magnitude, climate change
exposure, sensitivity, and adaptive capacity (IPCC, 2001). The state of exposure is
mainly based on geographical location rather than individual and social
characteristics (Adger, 1999; Gentle et al., 2014). The adaptive capacity of individuals
and society varies according to social dimensions and inequity related to factors such

as gender and socio-economic status (Ribot, 2009). The poor and marginalized are



severely affected by the impacts of climate change due to limited livelihood options,
such as dependency on climate-sensitive livelihoods, inequitable access to
productive assets, education, limited skills, and inadequate access to services (Adger
et al., 2003; Gentle and Maraseni, 2012; Paavola and Adger, 2005). Therefore, it is
essential to understand climate change’s impacts on crop production, livelihoods,
and household food security. Thus, this study focuses on the relationship between
climate variables and crop vyield, households’ perception of climate change,

household food security, and livelihood vulnerability in Nepal.

1.2 Statement of Problem

Climate change is a major threat to rural livelihoods in Nepal, especially in the
mountainous region, and it eventually affects the state of food security. A majority
of the population depends on agriculture, which is mainly rain-fed and dependent on
climate. People in a rural environment are more sensitive to the impact of any
climate variations. Changes in agricultural production affect the food security and
economic activities of rural communities, especially those with low adaptive
capacity. As a mountainous country, Nepal is prone to natural hazards like landslides
and floods. Due to its heterogeneous topography, climate change will further
exacerbate the frequency and intensity of these natural hazards. Therefore, climate
change will make rural households vulnerable, especially in countries like Nepal
where people have less economical resources to cope with it.

Although all the people in Nepal are affected by climate change, the poor
households living in rural mountainous areas are the most vulnerable. Their
agricultural system and livelihood strategies are not reliable due to the uncertainty
of rainfall and water availability, along with other affects. Because of their low
income, technological skills, and awareness, these households have limited options
for adaptation. Therefore, rural households are the least capable of coping with the
adverse effects of climate change (Shrestha, 2014). For any adaptation intervention
in local areas, it is important to have knowledge of how the communities react to
changing environmental conditions, their food security situation, and their livelihood
vulnerability. However, there are limited studies on the impact of climate change on

food security and livelihoods at the local level.



Formulating new adaptation plans may be necessary for rural communities to
properly adapt to the changing scenario. Thus, climate change poses new challenges
for farmers, policy makers, and the government to strengthen the resilience of local
households. Before implementing any adaptation measures, it is necessary to
understand climate variability and its consequences. In the second stage, it is
necessary to explore the impacts on food security and livelihoods. Vulnerability
analysis may be necessary for rural communities to implement appropriate adaption
programs for the target population. The development of effective adaptation plans is
necessary to strengthen the resilience of the vulnerable community to the impacts

of climate change.
13 Objectives, Questions and Hypothesis

The aim of this research is to explore the consequences of the impacts of climate
change on food security. The particular focus is on understanding the trends of
climate variability and its impacts on crop yield. Furthermore, household food
security and livelihood vulnerability are explored in the higher mountainous regions
of Nepal. Finally, recommendations on priority areas of intervention are provided for
adaptation plans to enhance food security and reduce vulnerability. In this context,
the relationship between climate variables and crop yields are examined, as well as
its consequences on household-level food security in the Lamjung district. Finally,
livelihood vulnerability to climate change is assessed, and recommendations are
provided to improve the resilience of rural mountainous households. The major

objectives include:

4+ Understanding trends of climatic variability, as well as their relationships with
and impacts on crop yield

4+ Understanding the perception of climate change among local people and its
impacts on food security in rural households

4+ Assessing the vulnerability of household livelihood to climate change

+ |dentifying priority areas of intervention for adaptation plans to enhance food

security and improve livelihoods



Therefore, the following research questions are addressed:

+* How is climate changing in the mountainous region of Nepal?

X/

%+ How is crop yield in mountainous area affected by climate variability?

X/

+* What are the underlying causes of changes in household food security?

+* Is there any change in daily/economic activities to ensure household food
security?

+* Which livelihood options do households consider as the most vulnerable?

X/

< Who are the most vulnerable to the impacts of climate change?

< What are the priority areas for adaptation plans to strengthen the household

resilience and enhance food security with changing climate?

The research focuses on determining the consequences of climate change on food
security in the mountainous region of Nepal. The targeted groups are local
community farmers, development planners, and national policy makers. The
research was conducted within a conceptual framework and is illustrated by a case
study based on surveyed data from the mountainous district of Lamjung, which is

one of the highly vulnerable districts to climate change in Nepal.

1.4 Research Methodology

Both qualitative and quantitative methods were used to achieve the research
objectives and to answer the research questions. The overall methodology is

presented in Figure 1.4.

1.4.1 Review of Literature

The literature on climate change and food security was extensively reviewed. The
focus included changes in climate variables, crop production, food security, and
livelihood vulnerability. Publications from several organizations were reviewed to

develop the conceptual framework of this research.

1.4.2 Collection of Secondary Data

Secondary data were collected from different organizations in different stages of the



research. The climatic data (temperature and precipitation data) were collected from
the Department of Hydrology and Meteorology (DHM). Crop production data were
collected from the Ministry of Agricultural Development (MOAD) of Nepal and the
District Agriculture Development Office (DADO) of Lamjung. Other data related to
natural hazards were collected from the district profile of Lamjung, village
development committee (VDC) profile, and other sources. Secondary data were also

collected from published books, scientific journals, reports, and various websites.

1.4.3 Key Informants Interviews

A field survey was conducted in Lamjung through key informant interviews (Klls)
(Appendix 10). Each interview was designed to collect qualitative information on
climate change and experiences of extreme weather events, such as erratic rainfall,
floods, droughts, and landslides. The interviews were conducted with selected
representatives from the Nepal Agricultural Research Council (NARC), DADOs,
MOAD, DHM, non-governmental organizations (NGOs), local leaders, women’s
groups, and farmers’ groups. The interviews provided ideas in each stage of the

research.

1.4.4 Household Questionnaire Survey

Household level questionnaires were used to determine the local perceptions of
climate change, natural hazards, household food security, and livelihood
vulnerability (see Appendix 6 and 8). A total of 150 households were interviewed
from three VDCs of Kunchha, Khudi, and Ilampokhari (Figure 1.2).

The VDCs were selected based on the hydrological and meteorological stations. The
household survey was successfully completed with the help of local assistants just
after the Gorkha earthquake in Nepal. The survey findings are presented in chapters

4 and 5.



Figure 1.2 Conducting the households™ questionnaire survey

1.4.5 Focus Group Discussions and Workshop with Stakeholders

After obtaining the results for the first objective (the relationship between climate
variables and crop yield in Lamjung), a workshop was conducted to disseminate the

results to the local government offices in Lamjung (Figure 1.3).

Figure 1.3 Group photo taken after workshop and focus group discussions in

Lamjung, Nepal



The workshop involved different stakeholders and helped to obtain an idea of how
the food security and resilience of vulnerable households can be enhanced in the
study area. Nine focus group discussions were conducted to obtain the perception of

natural hazards, food security, and wellbeing of different groups in different

locations.
Climatic
Variability Climate
Analysis Variables and
Crop Yielc.l Analysis of
Relationship Households" Level
Crop Yield e — Food Security A
Trend Analysis Workshop/ riority Areas
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Survey for Adaptation
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. to Climate Change
Interviews/
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Figure 1.4 Overall research methodology
1.5 Overview of the Study Location

The Lamjung district is located in the western mountainous region of Nepal. It is
situated between 27°55’N and 28°25’N latitude and between 85°00’E and 85°50’E
longitude. Its elevation varies from 596 m to 7893 m above sea level (masl). It has an
area of 1692 km? and a population of 167,724 (CBS, 2012). Lamjung is a good
representative of a mountain landscape because it presents an interesting scenario
of a complex coupled human-ecological system. It covers three ecological zones: the
Himalayas cover 18%, high mountains cover 39%, and middle hills and mountains
cover 43% of the total area (Shrestha, 2015). The eastern, southern, and western
borders are respectively shared with the Gorkha, Tanahun, and Kaski districts, while
the north is the Himalayan border with the Manang district. Broadly, five types of
land-cover patterns are found in Lamjung. A land-cover map developed from Landsat

images taken in 2014 is presented in Figure 1.5.
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Figure 1.5 Map of the study area

Geology and Climate:

The climate of Lamjung ranges from tropical or subtropical in the south to temperate
in the north. The physiography of the southern side is fertile plains, while the
northern side is very rugged with permanent snow-covered peaks. It comprises five
climatic zones: tropical climate (up to 1,000 m), sub-tropical climate (1,000-2,000 m),
temperate cold climate (2,000-3,000 m), sub-alpine climate (3,000-4,000 m), and
alpine and tundra climate (above 4,000 m) (DCEP, 2014). The total number of
households is 42,079, and the average household size is 3.99. According to the latest
census, the population density of the study area is 99/km? (CBS, 2013).

The government of Nepal has ranked Lamjung district as one of the highly vulnerable
districts to climate change and climate-induced natural disasters (NAPA, 2010). It has
61 Village development committees, and we chose three of them based on
hydrological and meteorological stations. The district partly covers two of the major
Himalayan ranges: Manaslu and Annapurna-Lamjung Himal, where the major peaks
are Nyaagdichuli (7,513 m), Himalchuli (7,893 m), Buddha Himal (6,672 m), and
Lamjung Himal (6,986 m). Dudhpokhari (Milk Lake), which comprises two sacred
glacier lakes, is located at the base of these peaks. These peaks are also the source of
rivers, such as the Ngadi, Khudi, Dordi, Maadi, and Chepe Khola. Marsyaandi is the
biggest river of Lamjung. It originates in the adjoining northern district of Manang
and enters Lamjung through the deep gorge between the Nyaagdichuli and the

Lamjung Himal peaks, dividing the district almost into two halves.

11



Figure 1.6 (a) Southern part of Lamjung (b) Northern part of Lamjung (c) Terraced
agricultural field in Kunchha VDC (d) District headquarters Beshishahar, Lamjung

Due to the heterogeneous topography and elevation variations, the temperature
and precipitation vary seasonally and spatially. The summer (June—August) is hot,
and the maximum temperature in the lower part of the district can reach 40°C or
higher. The minimum temperature during winter (December—February) is below
freezing in most of the area. The distribution of precipitation also depends on the
spatial location and time of the year. Monsoons contribute approximately 80% of
the annual precipitation during the summer season, and westerly winds deliver
winter precipitation. Precipitation is in the form of rain at lower elevations and snow
at higher elevations, although there is no clear separation line due to the seasonal
variations in temperature.

During autumn (September—November) and spring (March—May), the region receives
occasional precipitation. These precipitation events are often in the form of
hailstorms or snowstorms. The key natural calamities in the study area are
occasional frosts and hailstorms during the spring and autumn, as well as floods and
landslides caused mostly by the heavy monsoon season. Over the last two decades,
long-term dry spells and unpredictable rainfall have been observed several times in this

area (Koirala and Bhatta, 2010).
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Demography

One of the most important components of Lamjung is its impressive socio-cultural
diversity found in different elevation zones. The district has eight major ethnic and
caste groups and five distinct language groups. The census data of 2011 report that
Gurungs are the dominant ethnic group in the district (32%), followed by Chhetris
(16%) and Brahmins (15%). About 15% are Dalits (i.e., occupational caste groups,
such as Kami, Sarki, and Damai). The other major ethnic and caste groups are
Tamangs (7%) and Newars (3%). Magars and Duras are a native ethnic group of the
district and constitute about 2% of the total population (CBS, 2012), as shown in
Figure 1.7(a).

Although it is hard to make generalizations due to increasing diffusion, Gurung
settlements are dominant in the northern side of the district. The southern part, in
contrast, is heterogeneous in terms of ethnic composition. Regarding languages,
56% of the population speaks Nepali, which was originally called Khas Bhasa and is
by far the most widely spoken language in the district. This is followed by the Gurung
language (32%). Other major language groups are Tamang (6%), Dura (2%), Newar

(2%), and others (2%), as shown in Figure 1.7(b).

(b)

Figure 1.7 (a) Major castes and ethnic groups (b) Major languages
Source: (CBS, 2012)

Nepali is the native tongue of Brahmins, Chhetris, and Dalits, but almost all people
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can speak Nepali. This is not surprising because Khas Bhasa has received the nation
state’s exclusive patronage and promotion as the national language over the last 200
years.

Agriculture and Livelihoods

According to the district profile of Lamjung (2008), agricultural land covers
approximately 61,819 ha in Lamjung, which is about 25% of the total area. Around
89% of this agricultural land (55,080 ha) is located in the middle mountain region.
Irrigation facilities are available in only 42% (26,272ha) of the total agricultural land.
Cultivation is possible on moderate to steep slope terrains, and there are four
different types of agricultural terraces: sloping terraces (74.5 km?), level terraces
(257.9 km?), foot slopes (87.4 km?), and valley floors (7.7 km?) (Shrestha, 2015).
Among them, land in lowland valleys and foot slopes are the “main lands,” and their
market value is higher than that of slope terraces since they have the highest
productivity.

The agricultural system is highly intensified, and specialization on staple and cash
crops is preferred in these lands. Thus, rice is the most dominant and preferred crop,
followed by maize, wheat, millet, oilseed (e.g., mustard, sesame), potato, and pulses.
They share several similar characteristics to the wetland rice cultivation that is
prevalent in the plains. The plains of Lamjung district are limited to areas along the
banks of rivers and foothills. According to the slope gradients of the district, 35.2% of
the total land is less steep with slope less than 20°. This area has minimum soil
erosion and is suitable for cultivation. The remaining two-thirds of the total land has
steep slopes of more than 20° and is highly prone to soil erosion. Areas at higher
elevations above 2000 masl with relatively steep slopes are leveled to form sloping
terraces, which are not as valuable as the valley floors and foot slopes. These two
agricultural land categories cover about 78% of the cultivated lands and stretch
throughout the northern part. Even though there are only one or two harvests per
year on average for such lands, they support very diverse agriculture and provide
livelihoods for a majority of the inhabitants. Other major crops include barley,
legumes, and citrus fruits.

The livelihood system of Lamjung district has changed over the past few decades.

Traditionally, agro-pastoralism was the main livelihood source of local people for
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centuries. For off-farm income sources, they used to serve in the armies of the
Indian and British Gurkha regiments or worked as seasonal traders. Agro-pastoralism
has almost disappeared, with some exceptions in remote northern Gurung villages.
That system has been replaced by the increasing mixed-mountain agricultural
system in the middle hill region and rice-dominated agricultural intensification in the
foot-slopes and valley floors. Many have migrated to the Terai plain region after the
eradication of malaria during the 1960s. While agriculture remains the main source
of livelihood in recent years (83% of total employment), many are working as
laborers in the Gulf countries, India, Malaysia, and beyond (Shrestha 2007).

Research Sites

Kunchha, Khudi, and Illampokhari are the three VDCs selected as representative
cases of climate change and food security in mountainous households, as shown in
Table 1.1. The main settlement of Kunchha is located at lower altitudes and has easy
access to roads and markets. It has a cereal-dominated agricultural intensification
system. The main ethnic and caste groups are Gurungs, Chhetris, Brahmins, and
Dalits. Nowadays, vegetable and cash crop transactions are increasing as a result of
expanding agricultural extension services provided by governmental and non-
governmental organizations. In recent years, there has also been a growing trend
among the youth to seek jobs abroad.

Khudi is the village nearest to the district headquarters among the three selected. Its
landscape is characterized by a mixed-mountain agricultural system with some agro-
pastoralism. The majority of the population is predominantly Gurung, followed by
Brahims and Chettris. Cultivated lands are located mostly at the bottom of a hill.
Forest area also stretches along all the slopes of this area.

llampokhari is remote and far from the district headquarters in comparison with
Kunchha and Khudi. The main ethnic and caste groups are Gurungs, Magar,
Tamangs, and Chhetris. The agricultural production is consumed within the village
rather than sold in the market because of the poor road network connected to the
market. Traditionally, most of the male population enlists in the British or Indian
armies for work. However, in recent years, there is also a growing trend among the

youth to seek jobs in other countries.
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Table 1.1 Profile of research sites

Factor Details Kunchha Khudi llampokhari
Coordinates 28.14°N 84.34°E | 28.40°N 84.31°E | 28.18°N 84.59°E
Area 7.22 km? 64.23 km’ 33.11 km®
Access to district 14.4 km road 5.4 km road 21.6 km road
headquarter network network network

(Beshishahar)

Total population 1855 3401 2650
Population density 256.92 km? 55.88 km? 80.03 km?
Total number of 514 826 608
households

Family size 3.61 4.12 4.36
(Lamjung = 3.99)

Landholding size 0.79 0.49 0.77
(ha)

Household food 9.06 5.91 8.94
sufficiency

(months)

Source: (CBS, 2012)

1.6 Relevance of the Study

It is now widely accepted that Nepal is one of the vulnerable countries to climate
change and climate-related natural hazards. Therefore, it is imperative to
understand the impact of climate change at the household level and its
consequences on food security and livelihoods. The impact of climate change is
realized differently in different regions, sectors, and groups. Furthermore, the
climate change exposure, vulnerability, resilience, and adaptation strategies of
different people differ according to the region and their socio-economic conditions
(Gentle et al., 2014). Thus, there is a need to study the changes in climate variables
at a local scale and the perceptions of the local people. Similarly, the impacts on crop

production, household livelihoods, and food security at the local level need to be
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assessed. This will help to identify the priority areas of intervention for adaptation
plans at the local level.

One focus of the IPCC is climate change mitigation and adaptation, which has
attracted researchers to examine the vulnerability of the specific places (Ibarraran et
al., 2008). Therefore, the identification and characterization of climate change
impacts from a vulnerability perspective in different regions, sectors, and
communities are a concern for addressing climate change. Without considering all of
these, the local issues and their reactions to climate change impacts may not be
addressed properly. However, there is not enough research on local areas, especially
in developing countries. The IPCC has also stressed that the priorities should be
directed toward advancing the understanding of potential consequences of climate
change for human society and the natural world, as well as to support analyses of
possible responses (IPCC, 2001). This emphasizes the need for research at the local
level. Therefore, the research focuses on climate variables and crop yield
relationships, climate impacts on food security, and livelihood vulnerability to

climate change in the mountainous region.

1.7 Limitations of the Study

The study draws its conclusions on climate change and climate-induced natural
hazards, and its impacts on crop yield, food security and livelihood from limited
cases of three VDCs of Lamjung.

Lack of Data: There was insufficient data for the climate variables. Precipitation data
were available from all three stations of Lamjung (Kunchha, Khudi, and
Gharedhunga), but temperature data were available from only one station (Khudi). It
is necessary to establish a meteorological station to capture data to reflect variations
of the highly heterogeneous topography in Lamjung. Unfortunately, such stations
have not yet been established in Nepal.

Regarding crop yield data, the aggregated production of the district was examined to
find the relationship with climate variables. Therefore, it is difficult to obtain
information on crop production of these particular villages. Datasets with better
spatial resolution on primary production data from the village should be used.

Data Reporting: Due to a lack of access and poor information and communication
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systems, the data availability was limited and in some cases did not reveal exact
information about natural hazards. However, the reports of natural hazards have in
improved in recent years due to the development of information and
communication systems. Information about natural hazards for last few years is
accurate and easy to verify. However, natural hazards reported by households may
not actually represent the occurrence of all natural hazards since the information is
collected from selected memories.

Inclusion Criteria

X/

% Climate variable data were collected from the available three hydrological and
meteorological stations in Lamjung district (Kunchha, Khudi, and Gharedhunga).

+* Major crop production data were collected from MOAD, which collects crop
production data from districts.

+* The respondents of Key informant interviews included the head of villages,
members of farmers’ and women’s groups, community leaders or
representatives, NGO workers, scientist of NARC, District Agriculture
Development Officials (DADQ), and MOAD officials.

% Local households from three VDCs were considered as respondents based on the

hydrological and meteorological stations.

Reference period: The field-based survey data were collected from the study area

during the period of October 2014 to January 2016.

1.8 Structure of Thesis

The remainder of this thesis is structured as follows. Chapter 2 provides a brief
review of relevant literature on climate change, its evidence, impacts, livelihood
vulnerability in Nepal, adaptation plans and policies, and their implementations. In
addition, the food security situation of Nepal and policy related to agriculture and
food security are also reviewed. Chapter 3 deals with analyses of climate variables
and crop production in Lamjung district. The trends of climate variables and crop
yield are investigated based on the historical temperature and precipitation data

provided by the DHM and crop vyield data provided by MOAD. The relationship
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between climate variables and crops is explored through multivariate regression
analysis.

Chapter 4 presents the local perceptions of climate change and changes in the
overall food security situation of households from the Kunchha, Khudi, and
llampokhari VDCs. Changes in households’ food security are analyzed from the
perspective of food production, food availability, food accessibility, and consumption
patterns. Changes in daily and economic activities and the role of climate change are
also presented.

Chapter 5 deals with households’ livelihood vulnerability to climate change.
Households are categorized based on wellbeing status, gender of the household
head, and locations. Climate-related hazards, the most impacted livelihood
resources, and livelihood options are further elaborated. Finally, the most vulnerable
households are identified.

Chapter 6 provides a synopsis of the dissertation. The key findings of the research
are emphasized. Implementations and key recommendations for priority areas of
intervention for adaption plans are presented to strengthen the resilience of

mountainous households in the face of changing climate.
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2 Chapter 2 Climate Variability and Food Security Scenario of Nepal

This chapter provides a detail overview of climate variability and food security
scenario of Nepal. In detail, this chapter deals with evidences and impacts of climate
change in Nepal, climate change vulnerability, local people perception about climate
change, natural disasters trends and impacts, climate change adaptation practices in
Nepal, climate change programs and policy, and food security program and policy in

Nepal.
2.1 Overview of Nepal

Nepal, officially, Federal Democratic Republic of Nepal (in local languages: Sanghiya
Loktantrik Ganatantra Nepal), where, agriculture is the mainstay of around 60% of
the population that contributes 32% of the country’s gross domestic product GDP
(World Bank, 2016a). Income inequality is widespread throughout the country, the
difference between urban and rural populations is huge and per capita GDP is $2,500
(PPP) (CIA, 2016). Most of the populations living in rural areas rely on climate
sensitive resources, such as agriculture for their livelihoods. Thus, changing climate
threatens the livelihoods and food security of many rural households. Agriculture
system in rural Nepal is dominated by rain-fed, and therefore, even small changes in
precipitation pattern may have big negative impacts on their income as well as the
local food system. From a policy perspective, building rural households’ adaptive
capacity and strengthen the resilience from climate change is of importance to the

development of the country.
2.1.1 Demography

Nepal has a population of 29,033,914 (July 2016 est.) with 49% male and 51% female.
The population growth rate is 1.24% per year and population density 180 people per
square kilometer (CIA, 2016) (Table 2.1). It is the 42th largest country in the world in
terms of population, the population increased twofold from 1971 to 2001 (From
11,555,983 to 23,151,423). Currently more than 82% of people lives in rural area, 49

% population live in mountain and hill (CBS, 2014a) and 25% population are under the
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poverty line. Similarly, the literacy rate of male and female are 75.1% and 57.4%

giving on average of 65.9%.

Table 2.1 Nepal demographic (2016 estimates, unless stated otherwise)

Population

29,033,914

Age structure

0-14 years 30.93% (male 4,646,048/female 4,333,105)
15-24 years (youth) 21.86% (male 3,176,158/female 3,169,721)
25-54 years 35.99% (male 4,707,264 /female 5,740,985)
55-64 years 6.22% (male 877,288/female 927,202)

65 years and over 5.02% (male 723,523/female 732,620) (2016 est.)
Median age

Total 23.6 years

Male 22.4 years

Female 24.8 years

Population growth

rate 1.24% (est. 2016)

Birth rate 19.9 births/1,000 population (2016 est.)
Death rate 5.7 deaths/1,000 population (2016 est.)

Net migration rate

-1.9 migrant(s)/1,000 population (2016 est.)

Urbanization

Urban population

18.6% of total population (2015)

Rate of urbanization

3.18% annual rate of change (2010-15 est.)

Sex ratio

Total population

0.95 male(s)/female

Life expectancy at

birth

Total population 70.7 years

Male 70.1 years

Female 71.3 years (2016 est.)

Total fertility rate

2.18 children born/woman (2016 est.)

Ethnic groups

Chhettri 16.6%, Brahman-Hill 12.2%, Magar 7.1%, Tharu
6.6%, Tamang 5.8%, Newar 5%, Kami 4.8%, Muslim 4.4%,
Yadav 4%, Rai 2.3%, Gurung 2%, Damai/Dholii 1.8%, Thakuri
1.6%, Limbu 1.5%, Sarki 1.4%, Teli 1.4%,
Chamar/Harijan/Ram 1.3%, Koiri/Kushwaha 1.2%, other 19%

Religions

Hindu 81.3%, Buddhist 9%, Muslim 4.4%, Kirant 3.1%,
Christian 1.4%, other 0.5%, unspecified 0.2% (2011 est.)

Source: (CIA, 2016)

In reference to Human Development Report 2014 of the United Nations

Development Program (UNDP), Nepal's Human Development Index (HDI) is 0.490.
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The total life expectancy is 70.7 year with 70.1 years for male and 71.3 years for
female. Nepal is diversified in cultures and ethnic groups, 125 castes/ethnic groups
and 123 languages were reported to be used in the 2011 census (CIA, 2016). Though,

an official national language is Nepali.
2.1.2 Geography and Climate

Nepal is located between China, in the north, and India, in the south, east, and west
in Asian continent. It is the mountainous and landlocked country covering 147,181
km? (CBS 2014). It extends from 26°22'N to 30°27'N and 80°40'E to 88°12'E. Nepal is
divided into three main geographical regions: high mountain, hill, and Terai. High
Mountain covers 35% of total area, and Hill or Middle Mountain and Terai cover 42%
and 23%, respectively. Mt. Everest (8848 m) is the highest peak in the country, which
is the highest peak in the world as well, while the lowest point is in the Terai, named
Kechana Kalan (70 m) in Jhapa district (FAO, 2010).

Nepal can be broadly divided into five ecological zones with respect to the altitude
(Figure 2.1): the tropical zone below 1,000 m, the subtropical zone between 1000 m
and 2000 m, the temperate zone between 2,000 m and 3,000 m, the alpine zone
between 3,000 m and 5,000 m, and the arctic zone above 5,000 m (CBS, 2013) (Table
2.2).

Legend

High Mountain
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Figure 2.1 Topography of Nepal
Source: (GoN, n.d.)

Similarly, Nepal experiences four distinct climatic seasons: spring/pre-monsoon
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(March-May), summer/monsoon (June-September), autumn/post-monsoon
(October—November), and winter (December—February). The average rainfall is about
1800mm/yr (MoE, 2010).

Table 2.2 Physiography and bioclimatic zones of Nepal

Physiographic zone Area (%) Elevation (m) Bioclimatic zone
High Himal 23 Above 5,000 Artic and Tundra
4,000-5,000 Alpine
High Mountains 19
3,000-4,000 Sub-alpine
2,000-3,000 Montane (Temperate)
Middle Mountains 29
1,000-2,000 Subtropical
Siwalik 15 500-1,000 Tropical
Terai 14 Below 500 Tropical

The mountain ecosystem of Nepal provides several important goods and services
such as habitat diversity and protection, water resources, food and fiber production,
etc.(Poudel and Shaw, 2017). The mountain environment is fragile to change, such as
land use dynamics, which can have a large impact with the small changes in climatic
and environmental factors in this region (Houet et al., 2010). The main agents of the
environmental change in the mountainous area of Nepal are changes in land use
pattern, climate change, rapid urbanization, and population dynamics. These agents
have made the mountain people more vulnerable to economic and environmental
aspects and threaten the livelihoods and food security of rural households (Poudel
and Shaw, 2015). Changes in land cover from forest to other uses such as
construction of buildings, roads, and agricultural activities have been widespread all
over Nepal. Due to climatic and geographic conditions, most of the land is threatened
by degradation and desertification. Eventually, that leads to decrease in agricultural
production and environmental degradation.

Present Status of Land Use Pattern in Nepal

Land is one of the most important sources of livelihoods for human being and one of

the most important natural resources where many development activities are
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dependent. Infrastructure development, rapid population growth with the growing
demand of water resources, food, and agricultural land are creating pressure on the
land resources (Poudel and Shaw, 2017). Although Nepal has a large area of abundant
land, due to the lack of proper management (FAO, 2010), there is a scarcity of
cultivable land. Current land use pattern is depicted in Figure 2.2. Majority (39.5%) of
the land area is covered by forest followed by agricultural land (27%), and snow cover
(17.2%). According to the Central Bureau of Statistics of Nepal, in 2008 there was 0.6
ha land availability per household, while it was 0.8 ha in 2001 (MoHA, 2011). Due to
the increasing population and occurrence of natural disasters, land availability of per-

capita is declining. Hence, land use pattern has changed during the last few decades.

& Agricultural land

o 1.7% & Forest
17.2% 27%

ZW
12% Grass land and pasture

& Water

& Snow cover

Others

Figure 2.2 Land use/cover pattern of Nepal

Source: (FAO, 2010; MOLRM, 2012)

2.2 Evidences of Climate Change in Nepal

Though, Nepal does not contribute much in climate change, it is highly vulnerable to
climate change impacts. The population of Nepal is less than 0.4% of the world
population and is responsible for only about 0.025% of annual greenhouse gas

emissions (NAPA, 2010). In Nepal the first systematic and regular monitoring of
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hydrological and meteorological system was established in 1965 in the name of Nepal
Meteorological Service (NMS) with the help of UNDP and World Meteorological
Organization (WMO) (Bajracharya and Mool, 2009). According to the analysis of
temperature trend done by Shrestha (Shrestha et al., 1999) for 1971-1994, trend was
different according to the geographical area and seasons in Nepal. The warming was
slow in the low-elevation Terai with annual average of 0.04°C/yr than in north high
mountains with annual average of 0.08°C/yr (Shrestha et al., 1999). In case of
seasonal difference the highest one was in Autumn (October-November) at 0.08°C/yr
while lowest warming rate was for Spring (March-May) at 0.03°C/yr (Shrestha et al.,
1999). Similarly, the trend analysis done by the Practical Action found that for the
period of 1976-2005 the maximum temperature was increasing at 0.05°C/yr while
minimum temperature was increasing at 0.03°C/yr (Practicle Action, 2009). Also the
maximum temperature was found to be in decreasing trend in Terai region during
winter season that was mainly due to cold waves resulting foggy conditions. The
rainfall trend increased at average annual rainfall of 4mm/yr over the period of 1976-
2005. However, in some areas of Nepal decreasing rainfall trend was observed over
the period of 1976-2005 (Practicle Action, 2009). Similarly, the Spring, Summer,
Autumn and Winter seasons average rainfall increased by 9mm/yr, 30mm/yr,
7mm/yr and 2.8mm/yr respectively except few area where it decreased (Practicle
Action, 2009).

Climate Change trend analysis showed that national temperatures since 1962 has
significant variations between years, but a progressive increase in maximum
temperatures is evident in line with global and regional records. Shrestha (Shrestha
et al., 2012) reported that increasing trend of temperature is higher