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ABSTRACT

Climate change poses serious threats to rural livelihoods, particularly for small and
marginal farmers living in fragile ecosystems such as the hilly regions of Uttarakhand,
India. These communities face multiple stressors, including erratic rainfall, frequent
landslides, flooding, and soil erosion, all of which exacerbate livelihood insecurity.
Recognizing this, the present study investigates how farm households perceive and respond
to climate-related risks, and how their adaptive capacity can be strengthened through

sustainable agricultural practices.

The study applies a mixed-methods approach that combines quantitative and qualitative
research. Household survey data were collected from 367 households in Bageshwar district,
Uttarakhand, covering socio-demographic profiles, livelihood strategies, health, food
security, water resources, exposure to natural hazards, and adaptation barriers. Two
established frameworks were employed to assess climate vulnerability: the Livelihood
Vulnerability Index (LVI) and the Climate Vulnerability Index (CVI), both adapted to local
conditions using 42 context-specific indicators. Additionally, the Garrett Ranking
Technique (GRT) was used to rank key problems and barriers faced by farmers in
implementing adaptation strategies. Focus group discussions, key informant interviews,

and stakeholder consultations further enriched the analysis with qualitative insights.

The findings demonstrate variations in vulnerability across villages. According to the LVI,
Wali village (0.093) is the most vulnerable, followed by Pali (0.073), while Ason (-0.01) is
the least vulnerable. The CVI results, however, show relatively similar values, with Ason
village (1.056) being the most vulnerable, followed by Pali (1.014) and Wali (1.007), the
least vulnerable. These differences highlight the importance of using multiple indices for
assessing vulnerability, as each captures distinct dimensions of household exposure,

sensitivity, and adaptive capacity.

Determinants of adaptation were further examined using logistic regression analysis,
revealing that education significantly influences the adoption of improved crop varieties,
farm experience enhances adaptation, migration patterns shape diversification choices, and
market distance negatively affects the uptake of sustainable practices. Land constraints

emerged as a major barrier to crop rotation and diversification. Collectively, these results



underscore the central role of socio-economic characteristics, institutional access, and

infrastructural limitations in shaping climate resilience.

Building on these insights, the study proposes a framework for sustainable agricultural
practices tailored to the hilly regions of Uttarakhand. The framework integrates crop
diversification, organic farming, agroforestry, permaculture, integrated pest management,
and conservation tillage. It also emphasizes institutional support, market access, low-cost
technologies, and gender-sensitive interventions. By linking farmer-driven practices with
enabling policies, the design provides a roadmap for strengthening resilience while

addressing both ecological sustainability and livelihood security.

The research also identifies key challenges and limitations. Limited geographical coverage
restricts the generalizability of results, and cross-sectional data may not fully capture
seasonal or long-term adaptation dynamics. Structural factors such as government
subsidies, national climate policies, and global market fluctuations were not directly
modeled, though they are influential. Despite these limitations, the study provides a robust
empirical foundation for understanding vulnerability and adaptation in mountain

agriculture.

In terms of policy implications, the study highlights the need for capacity-building
programs, targeted subsidies, improved rural infrastructure, and accessible extension
services. Investments in climate-resilient seeds, insurance schemes, and community-based
adaptation initiatives are essential. Furthermore, migration-sensitive policies should enable
remittance investment in farming, while gender-responsive approaches are needed to

ensure equitable access to resources and decision-making.

In conclusion, this dissertation contributes to both academic and policy discussions on
climate change and rural livelihoods. By applying and comparing the LVI and CVI
frameworks, it advances methodological approaches to vulnerability assessment. By
analyzing determinants of adaptation, it deepens understanding of the socio-economic and
institutional drivers of resilience. Finally, by proposing a sustainable agricultural
framework, it offers practical pathways for empowering small and marginal farmers to cope

with climate risks in Uttarakhand and similar hilly regions.
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STeTaTy GRecieT ATHIOT HTS T & felT a1sfi GeT YeT T8, WL HRd o ITRIES
& TgTSY 811 S AATgfes TR FRAfae Argler 3 ot arer B¢ 31X diid frarat & fow |
HCTT s g o delrdl 1 HHAT A 8, [ooTd AfAIfAT ao, IR-GR gl arel
ET T, TG 3R T NG M &, S TSI T 3T 1 AR eI 8 1 38 et
H TG g, TE 3ETTA H ST B I3ATel Il & Tob feh et IRER STefary Faelt sh@At
oY H8 THSI ¢ 3 SoTehT ol HTHAT &l o, AR TS PN detrfcrdl o ATeTH § 3eTeht

3TeToeleT &THAT 3l S HSGe fohal ST HehelT |

IeagsT # TATAT-geuia giSeehioT &l JAeT R a1aT § St ATETeH 3R 0TcHS
I HETeT T HiFATI T 31T § | TS & SeIRay foTel 367 Hafg § Te] HI&TOT
3Hihs THhTAd fhd, [T ATHTTS-STAATEIhIT GHEATY, W 0T, TAELT,

Qe Y&, STol HATHA, TTehfieh 3Taer3it & Gfcl shfE# 31X 3referoret arend emfier o
STTaTy ATl T HTeholol it o [T &T TUT Gl T ST fohar ara: fafRrsedr
N AT (TAAIHTS) 3R STerary daATfenar e (HIA3MS), alat o 42 Fesl-
fafRIse Tehcehl &1 IUANT teh TUTAT TRITAUTAT & 3eTehel T I IUFeFd T=A1T|
g8 AR, 3eTehelet IUEATAAT T AE] el A fhdTl & FHA 3T dTell 7@
FHEAT3T AR Sremsit & ¥ el o forw 3R Iahet depstien (SM3MREY) &1 3uier foman
1T | HEG Plehd T3, T T FETA3HT o AT&TTcehR 3N FETeReh ATt =
IOUTTcH TSIl & A1y faRelyoT & 3R et fohar|

forsene faffest arial 3 FaesTeierdr 7 feerar g § [vediang & 311ER, arel aIg
(0.093) He 37eIeh IERTET &, 3Heh &Tc; TTel (0.073) B, STelfeh 3N (-0.01) TEH e

Vii



ITGRTET & | gTeliteh, HI.dT.31TS. & IRUMA 3r9eiTeha FHAT A ST §, Tora 3r41eT anig
(1.056) TS 318 IRRETT &, 38 Te el (1.014) R el (1.007) HIH FA
GBI 81 & e ASHT T 3MTehelel Fel & [T g FHhiehl o ST o Hged
3SR Y 8, T Tedeh Fashich BRe] SITEH, HaeeTNerdl 3R eTeholet &THdT &
3ToTaT-37eT4T 3T T SRAATE |

AITSTEEeh R TAReTTUT 3T 3UGTIT ehleh HeTehelal o foTeiTehl T AR S ahr a78, forad
T T Toh RIET Soicl Bl ThEAT bl 3TeTTe & HgeaqoT ${fAehT [Tl §, T 31eTera
3feJehelet 1 IGTcl &, TaTHeT deet fafaefiemtor fRsmedt @1 3R ¢ €, AR SeR dr g
YT JATHT & ATt T FASRIHS THTT STelcll & | $fH T AATT HaeT Teh0T 3R
fafaefienor & v go@ aTem & & A 39T | FHfEE §9 8, A IRUTH STefaryg ereielde
T MHR A H HTATISH-3T fARATATHT, FEART Tgd 3R HTETATCHS A3
Y AT o7f AT Y Y@ T XA B |

ST 3G Sl & YR U, Ig 3ETTeT STRIES o YgTST &1 oh Tl 3fefehfoid TArdl iy
qetrfadl & felT Ueh TRET FEATTAT T & | T§ FRET Hlo [dfaefiientor, Sifde @,
Y aTfeichl, THTheR, Tehiehel i TatieT IR TIETT TS I Tehlehel el & TS

IETIA GEATITT AL, ST qgu, A AT dTell dehaitehl 3R offfier-Tagaeher
gedadt W s SR &ar ¥ rae-ganfaa yeufaat & e sfaet & e, I8
IEEIEGH Qﬁ@aﬁﬁmﬁhmggwaﬁﬁmﬁwﬁg@ﬂuﬁ&%ﬁ

HTS el &l Teh USHY YTl T o |

M @ AT IR AT Y 0 Ggarret ol & | MR sftenforen et aRoTm#T 6T
GIATNEOT &THAT h AT HLaT &, 3R HII-BaTd 3T AGAT AT Erefantiosh
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3fefehetet RIS AT T RE W Tel Ths Tl & | TR AT, IS STerarg ATerar
3R ARTH TR H IAR-TST W TITATCH HIhT ol TN dI I ATS T T8 1 RT3,
glellfeh I FHTARITEN 8| 3o TATI & STas(g, T§ AT G HT¥ 7 Hegar 3R

3fefepelel hl HHASTS & [TT Teh HoTed 3fefeTaroied TR el AT g |

Aifaera AfRarat & aest &, 3rcaas eraar [ATvr HRIFGAT, Jfera afeqs), Sgag arsoT

SiAATEr e 3R GoraT TaTAR QaT3il &l ITaRIhell T ThTA STelcll § | STeTaryg-3felehel
SIS, AT DA AR FHI-3MUIRT Helhelad Tgeil H Far ITavy+ g1 58
37T, FaTHe-HagaTe el A i &l Y 7 et V0T [3d2r T HeTd a1 13T, STafen
FETYEAT 3R FAOTT et Y Gk A T Tg T AR A & AT feiar-Haeeher

gTREhIUTT T TR S |

fArsehder:, Ig ATer gaiey STefaryg qRactel 3R ATE0T 3TohashT 9 3ehre ffieh 3R i fderd
TATHT 7 ANTETT ST § | T3S R WS T bl A1) e R IeTehT Joledl ke
&, Tg ATl Heditha & [T qeuaard giSeehIoT &l 3T aaTar ¢ | 3fefdere & forefieent
T TALCITOT i, I eTdleldeT & HIHIToTeh-3TTYe 3R TEATIT ATerehi T TS

TGN AT & | 37T H, Teh TR Y ST ohl TEATT o, TG 3RS A S e
TETS! 8131 H STorary STEHAT @ Agee & fov a1 3R @A et s aererd deli &

ToIT caTagTRe® TEd 9T FATg |
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