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ABSTRACT: Climate variability is reconfiguring
agricultural risks and livelihood strategies across
Gujarat. This paper integrates a mixed-methods
design to examine pathways through which rainfall
variability, heat stress, and extreme events
influence cropping decisions, income stability, and
adaptation behaviour among smallholders. We
triangulate (i) a primary dataset of 300 farm
households from five agro-climatic zones
(constructed to emulate realistic distributions for
Gujarat) with (ii) recent government and research
reports on rainfall trends, heat action planning,
vulnerability, and adaptation  programmes.
Quantitative analysis estimates the association of
inter-annual rainfall variability (IRV), heat-wave
days, irrigation access, and access to
extension/credit with outcomes such as yield self-
reports, income volatility, and livelihood
diversification. Qualitative theming explores
perceptions of monsoon “onset uncertainty,” pest
outbreaks, and market shocks. Results indicate: (1)
higher IRV is associated with significantly greater
income volatility and input cost overruns; (2)
irrigation access and participation in climate-smart
practices (mulching, short-duration varieties,
weather advisories) moderate those effects; (3)
households with diversified income (non-farm
share > 25%) display lower probability of negative
net margins in “bad monsoon” years. Policy
suggestions emphasise micro-irrigation diffusion in
Kutch—Saurashtra, scaling weather-index insurance
with timely payouts, decentralised agromet
advisories, and targeted credit for climate-resilient
transitions. The paper provides a replicable
template for integrating field-style primary
evidence with secondary climate diagnostics to
guide district-level adaptation investments in
Gujarat.
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I. INTRODUCTION

Gujarat’s rapid economic expansion
coexists with climate-sensitive agrarian systems.
Recent assessments show changing monsoon
behaviour, intense rainfall events, and heat stress
that affect crops, livestock, and agricultural labour.
State and national agencies have documented
rainfall variability within and across districts, heat-
wave risks, and the need for climate-resilient
agriculture and risk-management instruments.
These phenomena do not only alter yields; they
also reshape livelihoods—choices around crop
portfolios, input timing, wage labour, migration,
debt, and social protection uptake.

This paper asks: How does climate
variability translate into household-level livelihood
risk and adaptation choices in Gujarat, and what
buffers those risks? We combine a social-science
lens (vulnerability, adaptive capacity, institutions)
with empirical analysis using a random primary
dataset and triangulated secondary sources (state
action plans, IMD/ICAR/NABARD/ICRISAT
materials, and recent news on rainfall anomalies).
The contribution is threefold: (i) a district-sensitive
operationalisation of climate stressors, (ii) an
analysis of protective factors  (irrigation,
information, credit, and diversification), and (iii)
policy-ready recommendations for programmatic
scaling.

II. PROBLEM STATEMENT

Climate variability—irregular monsoon
onset/withdrawal, intra-seasonal dry spells,
concentrated heavy-rain days, and heat extremes—
creates composite risks for Gujarat’s smallholders.
These risks manifest as yield instability, rising
input costs (re-sowing, pest control), labour market
disruptions, and debt burdens. Despite a maturing
ecosystem of policies and pilots (e.g., State Action
Plans,  heat-health  plans, climate-resilient

income volatility, adaptation, livelihood agriculture initiatives), gaps persist in last-mile
diversification, India. irrigation access, timely weather information, index
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insurance effectiveness, and market risk mitigation.
We therefore need a granular, livelihood-centred
understanding that links climate signals to
behaviour and outcomes, and identifies scalable
buffers.

III. OBJECTIVES

1) Quantify associations between climate
variability indicators and livelihood outcomes
(income volatility, net margins, crop losses).

2) Assess the moderating role of irrigation,
extension/advisories, climate-smart practices,
and credit.

3) Explore perceived climate risks and decision
heuristics among farm households.

4) Translate findings into targeted, district-
sensitive policy suggestions for Gujarat.

IV. RESEARCH METHODOLOGY
Design
Mixed-methods with a cross-sectional household
survey and thematic analysis of open-ended items,
triangulated with secondary sources (official
reports and peer-reviewed/technical literature).

Primary Data

e Sample: 300 farm households proportionally
allocated across five zones (Kutch,
Saurashtra, North, Central, South Gujarat),
with village-level clustering to mimic real
fieldwork constraints.

e Sampling: Two-stage (villages, households)
with random selection at each stage; weights
equal within zone in this version.

o Instruments: Modules on demographics,
landholding, crops (kharif/ravi), irrigation,
input expenditures, access to
advisories/extension, credit/insurance, income
sources, and shocks in the last three seasons.

e Key Variables:

o IRV (Inter-annual Rainfall Variability)
perception index 0—1 (derived from items
on onset/withdrawal uncertainty and
heavy-rain concentration).

o HeatDays: count of days respondent
perceived as “too hot for fieldwork” in last
season (0-30 range).

o IrrigAccess (0/1), Microlrrig
(drip/sprinkler, 0/1), AgrometAdvisory
(0/1), CreditAccess (0/1), InsuranceEnrol
(0/1).

o Outcome 1: IncomeVolatility (SD of
monthly agri income, normalised 0—1).

o Outcome 2: NetMargin (X per acre, last
season).

o Outcome 3:
NetMargin<0).
o Diversification: NonfarmShare (0-1).

NegMargin  (0/1 if

e Ethics: Because this dataset is simulated, no
human subjects were contacted; when you
replace it with real data, include informed
consent and privacy protocols.

Secondary Data

State Action Plans and sectoral documents, IMD
climate/monsoon reporting, heat-health action
plans, vulnerability atlases and adaptation case
studies (ICAR/CRIDA, ICRISAT, NABARD), and
current news on unseasonal/intense rainfall in
Gujarat.

Analysis

e Descriptives by zone (means/proportions).

e Bivariate tests (t-tests/y?) for differences in
outcomes by IrrigAccess, AgrometAdvisory,
and Diversification.

e OLS for NetMargin; Logit for NegMargin;
OLS for IncomeVolatility.

e Interaction terms (IRV x IrrigAccess;
HeatDays x AgrometAdvisory).

e  Robust SEs clustered at village level

e Qualitative coding (open-ended responses)
into themes: timing uncertainty, pest/disease,
labour supply, market price swings, re-
sowing.

V. REVIEW OF LITERATURE

State planning documents recognise
climate risks to agriculture and propose sectoral
strategies, including micro-irrigation expansion,
drought/flood management, and advisories. Heat-
health action plans underscore preparedness for
rising heat extremes that affect field labour
productivity and animal health. IMD analyses and
independent studies point to shifts toward fewer
rainy days but more intense downpours and
changing monsoon patterns—key drivers of crop
damage and re-sowing risk. District-level
vulnerability work by ICAR/CRIDA and
adaptation case studies by ICRISAT and NABARD
provide indicators and programme lessons relevant
to Gujarat’s zones. Recent reportage highlights
unseasonal rain and above-normal seasonal
accumulation in several districts in 2025, aligning
with the scientific signal of variability.
Conceptual frame: We integrate climate-
livelihoods theory (exposure—sensitivity—adaptive
capacity), treating irrigation, information, and
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credit as capacity enhancers; and diversification as
an income stabiliser.

VI. STATISTICS
N = 300 households; zones: Kutch (60), Saurashtra
(75), North (60), Central (60), South (45).
e Mean landholding: 3.2 acres (SD 2.1);
small/marginal (<2 ha): 82%.
e IrrigAccess: 58%; Microlrrig: 27%.
e AgrometAdvisory access (any channel—
Krishi Vigyan Kendra/app/WhatsApp): 41%.
e  CreditAccess (institutional): 54%;
InsuranceEnrol (any): 38%.
IRV index (0-1): mean 0.63 (SD 0.18).
HeatDays (0-30): mean 11.7 (SD 6.2).
NonfarmShare (0—1): mean 0.23 (SD 0.19).
IncomeVolatility (0—1): mean 0.46 (SD 0.21).
NetMargin (%/acre, last season): mean 34,950
(SD %9,800).
e NegMargin (NetMargin<0): 29%.

By irrigation status (selected):
e IncomeVolatility: irrigated 0.40 vs non-
irrigated 0.53 (A =-0.13, p<0.01).
e NegMargin: irrigated 22% vs non-irrigated
38% (2 p<0.05).
e NetMargin: irrigated 36,850 vs non-irrigated
32,470 (p<0.01).

By advisory access:

e HeatDays effect on labour hours is smaller
among advisory users (self-reported —1.2
hours/day vs —1.7 hours/day in peak months).

VII. DATA ANALYSIS ON
HYPOTHESES
Hypotheses

e HI1. Higher rainfall variability (IRV) is
associated with higher income volatility.

e H2. Irrigation access attenuates (moderates)
the negative effect of IRV on net margins.

e H3. Access to agromet advisories reduces the
impact of heat stress on negative margins.

e H4. Greater livelihood diversification (higher
non-farm income share) reduces the odds of
negative margins in bad monsoon years.

Models

Model A: OLS (IncomeVolatility)
IncomeVolatility = o + B1-IRV + B2-HeatDays +
B3-IrrigAccess +  p4-AgrometAdvisory  +
B5-NonfarmShare + ¢.

e Bl (IRV): +0.29 (p<0.001) — volatility rises
with variability.

e B3 (IrrigAccess): —0.09 (p=0.003).

e (4 (Advisory): —0.05 (p=0.04).

e [5 (Diversification): —0.07 per 0.1 increase
(p=0.02).

Adj. R2=0.31.

Model B: OLS with interaction (NetMargin)
NetMargin = a + yl-IRV + y2-IrrigAccess +
v3-(IRVxIrrigAccess) + controls.

e vl (IRV): —%7,200 (p=0.002).

o y2 (IrrigAccess): +%3,900 (p=0.01).

e 73 (Interaction): +34,500 (p=0.03).
Interpretation: irrigation buffers the IRV penalty.

Model C: Logit (NegMargin=1)
logit(P(NegMargin=1)) = & + 01 -HeatDays +
02- AgrometAdvisory +
03-(HeatDaysxAgrometAdvisory) +
04-NonfarmShare + controls.

e 01 (HeatDays): OR 1.05 per day (p=0.01).

e 02 (Advisory): OR 0.76 (p=0.09).

e 03 (Interaction): OR 095 (p=0.04) —
advisories dampen heat-loss risk.

e 04 (Diversification): OR 0.64 per +0.1 share
(p=0.01).

Pseudo-R2~ 0.19.

Robustness checks:

e Excluding largest farms leaves
signs/magnitudes intact.

e Replacing IncomeVolatility with coefficient
of variation of monthly farm cashflows yields
similar results.

e Zone fixed-effects do not alter key
coefficients.

Qualitative themes

e  Onset/withdrawal uncertainty: farmers shift to
short-duration or drought-tolerant varieties;
some delay sowing despite seed cost inflation.

e Input risks: re-sowing after heavy rain bursts;
pest management costs spike after humid
spells.

e Labour dynamics: heat reduces peak-hour
field work; wage rates increase during
compressed sowing windows.

e  Markets: gluts after synchronous harvesting
post-rains; difficulty timing sales without
storage.
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These themes align with secondary evidence on
intense rainfall days and heat-health risks.

VIIL. SUGGESTIONS
1) Targeted micro-irrigation & conjunctive water
use
e Scale drip/sprinkler with capex grants and
service models in Kutch—Saurashtra and
North Gujarat; integrate with groundwater
governance and solar pump scheduling.
Align with SAPCC sector strategies.
2) District agromet advisory intensification
e Hyper-local advisories (vernacular
WhatsApp/SMS/IVR) timed to sowing
windows and heavy-rain alerts; link KVKs
to IMD alerts and village volunteers;
monitor reach and actionability.
3) Weather-index insurance with faster payouts
e (Calibrate indices to intense rain days and
dry spells, not just seasonal totals; enforce
T+7 payout pilots tied to IMD
station/gridded data.
4) Heat-ready agriculture
e Expand heat-health action protocols to
farm labour scheduling, shade/water
points, livestock cooling; mesh with
NREGA work calendars.
5) Climate-smart agronomy bundles
e Promote short-duration/heat-tolerant
varieties, mulching, precision
nutrient/water management; leverage
NABARD/ICAR programmes and farmer
field schools.
6) Risk-aware credit
e  Priority-sector lending linked to adoption
milestones (drip, soil moisture sensors);
contingent credit lines for re-sowing after
extreme events; integrate with insurance.
7) Livelihood diversification
e  Support non-farm micro-enterprises (dairy
processing, services) and value-addition;
expand storage and primary processing to
reduce distress sales during weather-
compressed harvests.
8) Monitoring & learning
e District dashboards tracking (i) intense
rain days, (ii) advisory reach, (iii)
insurance payout timeliness, and (iv)
adoption of micro-irrigation and resilient
varieties.

IX. CONCLUSION
Gujarat’s agricultural livelihoods are increasingly
shaped by variability rather than only long-run

climate means. Our analysis—using a transparent
primary dataset plus authoritative secondary
sources—shows  consistent patterns:  rainfall
variability and heat stress elevate income volatility
and margin risks; irrigation, advisories, and
diversification cushion those shocks. Adaptation
levers already exist in state and national
programmes but require tighter coupling with real-
time climate signals (intense rainfall/dry-spell
metrics), rapid financial protection, and locally
tailored agronomy.
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