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Smallholder farmers increasingly experience multiple and recurrent hazards, but adaptation
research often examines single hazards or treats adaptation as a binary adopt/non-adopt
decision (UNDRR & ISC, 2025; White et al., 2025). Farmers’ responses are heterogeneous: different
combinations of practices may reflect distinct adaptation pathways rather than simply
different levels of adoption (Bartkowski et al., 2022; Han & Niles, 2023). Protection Motivation
Theory (PMT) proposes that protective behaviour is shaped by threat appraisal and coping
appraisal; however, high perceived risk alone does not necessarily result in protective action
(Rogers, 1975; Grothmann & Patt, 2005; Bubeck et al., 2012). Bali provides a relevant multi-hazard
setting where hydrometeorological and geophysical hazards intersect with smallholder
agriculture and locally embedded resource-management systems. Risk perception may
motivate protective behaviour, but actual responses also depend on capacity, resources and
feasibility (Rogers, 1975; Grothmann & Patt, 2005; Bubeck et al., 2012).

/Objective: Identify farmers’ adaptation pathways under multi-hazard exposure and examine
factors associated with pathway membership.

RQ1. What distinct combinations of adaptation practices are used by farming households?
RQ2. How are household resources, farm characteristics, multi-hazard experience,
institutional access and PMT-related appraisals associated with the pathways?

Independent variables

Disaster shocks

experience
Dependent variables
Perceived severity
Perceived threats
Adaptation

Coping appraisal
Self-efficacy
Response efficacy
Response cost

Institutional support

Sources: Rogers (1975); Floyd et al. (2000); Grothmann & Patt (2005).

Study area: Jembrana, Buleleng and Karangasem, Bali, Indonesia
Data: 367 farming households, surveyed June—August 2025
Sampling: Multi-stage site selection followed by household-level snowball sampling

=K Pl \v :
)Lt - Bali Sea
%} :rgtc‘:an \«\,_,_f——"'/ Village Les ™~
L \\

\
\\ 9 o
¥ Negara b

9 Village Banyu Biru—

\\ Village KertaMandala /
N - f/

=g

RS g srai | \\ i,
o i
E & Lombok Strait
2
S Lembangan
s (R (_‘,‘f-_-
s Indian Ocean e & N\
RA usA
0% 2 30 4w = A & PENIDA )
O = o

R

Figure 1. Map of Bali

STEP 1 — LATENT CLASS ANALYSIS
R/ poLCA; 1-10 class solutions compared. A three-class model was selected using
minimum BIC.

STEP 2 — MULTINOMIAL LOGIT REGRESSION

Reference: Non-adopters. Predictors covered household and farm characteristics, hazard
exposure, institutional access and PMT appraisals.

VIF = 1.09-1.55. Robustness was checked with average marginal effects and binary logit
models.

Non-adopters showed near-zero probability of using the eight identified practices.
On-farm adopters emphasised planting-calendar adjustment, disaster-resilient plants and
seed saving.

Off-farm adopters combined water management, local inputs, work on other farms and

non-farm activities.
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WHAT DIFFERENTIATES THE PATHWAYS?
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Note: arrow shows coeff +/-, *** p < 0.01; ** p < 0.05; * p < 0.10; ns = not significant.
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Higher exposure to multi hazard tends to adopt on-farm activities

Higher education may lead farmers to more adaptation options

Higher coping capacity was associated with a lower likelihood of on-farm
adoption

Farmers exposed to multi-hazard conditions do not follow a uniform
adaptation pathway. Hazard experience, resources, education, and
coping capacity differentiate whether households remain non-adopters
or move towards On-farm or Off-farm adaptation.

“One risk — one intervention” solutions should move towards pathway-
specific agricultural DRR that reflects household resources, livelihood
options, and local hazard conditions (UNDRR, 2015; UNDRR & 1SC, 2025).

Policy recommendations:

1. Integrate agricultural extension and DRR. Indonesia’s Ministry of
Agriculture could strengthen coordination between agricultural
extension officers (PPL), BPBD, and village disaster groups that hazard
information is translated to practical farm-level risk-reduction options

2. Match support to adaptation pathways. On-farm adaptation requires
locally suitable resilient planting materials, seed-saving support,
water-management options, regular extension service support, and
risk-reduction financing

3. Prioritise constrained non-adopters. The dominance of non-adopters
(81.5 %) suggests that policy should identify barriers to feasible action,
increase capacity building and knowledge transfers for farmers

4. Recognise livelihood diversification as risk management. Off-farm
activities may provide an important household buffer against
recurrent agricultural shocks, integrating tourism with risk-reduction |
on-farm practices could provide alternative solutions to reduce impact
of these shocks
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