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This study aimed to develop an integrated framework for evaluating the acceptance of crop-
switching policy under conditions of uncertainty. The study employed an exploratory sequential
mixed-methods design. In the qualitative phase, data obtained from semi-structured interviews
with 20 farmers and agricultural experts were analyzed using thematic analysis. In the
quantitative phase, data collected from 300 farmers across four counties in Kurdistan Province
were analyzed using partial least squares structural equation modeling (PLS-SEM).
Subsequently, the validated constructs and relationships were modeled within a Bayesian belief
network, and six policy scenarios were evaluated alongside the baseline scenario. The network’s
probabilistic outputs were then transferred to an agent-based model to simulate the crop-
switching adoption rate at the level of individual farmer agents. The qualitative findings
identified seven major themes: economics and markets, risk and decision-making, social
influence and trust, policy and institutional support, technical and extension capacity,
environment and health, and livelihoods and crop-switching behavior. The structural model
results indicated that economic advantage, market security, institutional trust, social influence,
and technical capacity positively affected attitudes, intentions, or crop-switching behavior,
depending on the specified model pathways. In contrast, perceived costs and risks and
environmental and health consequences exerted inhibitory effects. The coefficient of
determination was 0.644 for attitudes and 0.716 for intentions and behavior, while the
standardized root mean square residual was 0.049. The Bayesian belief network results showed
that the probability of a high intention to switch crops increased from 25.87% under the baseline
scenario to 54.23% under the favorable scenario, whereas it decreased to 11.01% under the
unfavorable scenario. Furthermore, the agent-based model showed that the crop-switching
adoption rate increased from 53% under the baseline scenario to 74% under the favorable
scenario and declined to 31.67% under the unfavorable scenario. Overall, the findings indicate
that the success of crop-switching policy depends on designing and implementing a coordinated
policy package encompassing economic profitability, market security, risk reduction,
institutional support, practical training, and trust-building.

Keywords: crop switching, farmer behavior, belief analysis, Bayesian belief network, agent-
based modeling, agricultural policy.
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Extended Abstract
Introduction

Changing cropping patterns has become an increasingly important component of agricultural
policy in response to water scarcity, climate variability, rising input costs, market instability, and growing
pressure on rural livelihoods. Crop switching is not merely a technical decision concerning the
replacement of one crop with another; it is a multidimensional behavioral choice influenced by expected
profitability, market accessibility, production risk, institutional arrangements, technical capacity,
environmental consequences, and household livelihood considerations. Crop diversification can
strengthen the resilience of agricultural systems, but its implementation depends on whether farmers
perceive the proposed alternative as economically advantageous, operationally feasible, and compatible
with local ecological conditions (Lin, 2011). Consequently, the effectiveness of a crop-switching policy
cannot be evaluated solely through agronomic indicators or estimates of potential income.

Farmers’ adoption decisions are shaped by their attitudes, intentions, perceived behavioral control,
and assessments of social expectations. According to the theory of planned behavior, behavioral intention
is a proximal determinant of action, although the translation of intention into actual behavior depends on
the individual’s perceived ability to perform the behavior and the availability of enabling conditions
(Ajzen, 1991). In agricultural settings, knowledge, experience, attitudes, and perceptions affect farmers’
willingness to adopt new technologies and production practices (Meijer et al., 2015). Behavioral factors
such as loss aversion, risk perception, trust, social norms, and reliance on established routines may also
explain why financially promising agricultural practices are not always adopted (Dessart et al., 2019).

Crop-switching decisions are particularly sensitive to uncertainty. Farmers must evaluate initial
investment requirements, input availability, expected yields, price volatility, access to buyers, payment
schedules, and the continuity of government support. Evidence from diversified agricultural systems
indicates that perceived production and market risks can prevent farmers from adopting alternative crops
even when they acknowledge their potential advantages (Di Bene et al., 2022). Decisions concerning entry
into or withdrawal from tobacco cultivation similarly reflect the interaction of profitability, contracts,
market structures, livelihood dependence, and the availability of viable alternatives (Appau et al., 2020;
Sahadewo et al., 2020). Environmental and occupational health implications must also be considered
because economic incentives may conflict with resource sustainability and health protection (Al
Gouhmani et al., 2023; Ali et al., 2023).

Institutional trust and social influence constitute additional determinants of adoption. Farmers
often evaluate policy credibility based on previous experiences with extension services, payment
commitments, insurance mechanisms, input provision, and government purchasing arrangements. Local
networks can accelerate or inhibit adoption because farmers learn from neighboring farms, influential
producers, and trusted agricultural advisers. The diffusion of an innovation is therefore affected by its
perceived relative advantage, compatibility, trialability, and observability within the social system
(Rogers, 2003). Social capital may further facilitate collective learning, information exchange, and access
to resources required for agricultural and rural development (Rivera et al., 2019).

Conventional statistical models can identify relationships among these factors, but they are less
suited to representing conditional uncertainty and emergent collective behavior. Bayesian belief networks
allow qualitative knowledge, quantitative evidence, and expert judgment to be integrated within a
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probabilistic structure (Landuyt et al., 2013). Agent-based modeling, in turn, represents heterogeneous
farmers as interacting decision-makers and simulates how individual intentions, thresholds, and
neighborhood effects generate aggregate adoption patterns (An, 2012). Integrating these methods can
connect empirically validated relationships with scenario analysis and dynamic behavioral simulation
(Sun & Muiller, 2013). Accordingly, this study developed an integrated framework combining qualitative
thematic analysis, partial least squares structural equation modeling (PLS-SEM), a Bayesian belief
network, and agent-based modeling to evaluate farmers’ acceptance of a crop-switching policy in
Kurdistan Province.

Methods and Materials

The study employed an exploratory sequential mixed-methods design. The qualitative phase was
conducted first to identify locally grounded beliefs, constraints, and decision mechanisms associated with
switching part of the land allocated to conventional crops to tobacco cultivation. The quantitative phase
subsequently validated the resulting constructs and relationships. Finally, the confirmed relationships were
incorporated into a Bayesian belief network and an agent-based model to evaluate policy scenarios under
uncertainty.

The qualitative sample comprised 20 participants selected purposively according to maximum-
variation principles. Participants included farmers, agricultural specialists, extension agents, relevant
managers, and market actors from Saqgez and Marivan. They differed in professional roles, farming
experience, farm size, and attitudes toward crop switching. Semi-structured interviews lasted between 41
and 55 minutes and addressed profitability, markets, production and financial risks, institutional trust,
policy support, training, resource requirements, environmental effects, and livelihood outcomes.
Conceptual repetition became evident after the eleventh interview, while few new codes emerged during
the final interviews, indicating theoretical saturation. Interview transcripts were coded line by line, and
related codes were progressively organized into concepts, subthemes, and overarching themes.

The qualitative results were used to develop a 59-item questionnaire measuring 12 constructs on a
five-point Likert scale. Twelve experts assessed its face and content validity. No items were removed,
although 14 were revised to improve clarity. A pilot study with 30 individuals comparable to the target
population indicated a completion time of 18-22 minutes. Five negatively worded items were reverse-
coded before analysis.

The main quantitative sample consisted of 300 farmers selected through stratified cluster sampling
from Sanandaj, Marivan, Saqgez, and Divandarreh. The measurement model was assessed using factor
loadings, Cronbach’s alpha, composite reliability, average variance extracted, the Fornell-Larcker
criterion, and variance inflation factors. Structural relationships were examined using PLS-SEM with
5,000 bootstrap subsamples. Explanatory power, predictive relevance, and model-fit indices were also
calculated.

The Bayesian belief network was constructed from the qualitative constructs, statistically
significant structural paths, and expert judgment. Each node was assigned low, moderate, and high states,
and conditional probability tables were developed from the quantitative distributions, path direction and
magnitude, and expert assessments. The baseline condition and six policy scenarios were evaluated.

In the agent-based model, each agent represented one farmer with defined attitude, intention, and
adoption states. Scenario-specific probability distributions were obtained from the Bayesian network.



Decision rules incorporated behavioral intention, individual adoption thresholds, and neighborhood
influence. The model included 300 agents, a 10-step time horizon, and a fixed random seed.

Findings

The thematic analysis generated 32 concepts, 15 subthemes, and seven principal themes:
economics and markets; risk and decision-making; social influence and trust; policy and institutional
support; technical and extension capacity; environment and health; and livelihoods and crop-switching
behavior. These themes were operationalized through 12 quantitative constructs.

Most indicator loadings exceeded 0.70, while several ranged from 0.60 to 0.70 and were retained
because of their substantive importance and the satisfactory reliability and validity of their respective
constructs. Cronbach’s alpha coefficients ranged from 0.744 to 0.871, composite reliability coefficients
from 0.839 to 0.906, and average variance extracted values from 0.552 to 0.659. The Fornell-Larcker
results supported discriminant validity, and all variance inflation factors were below 5, indicating no
serious multicollinearity.

Attitude had a positive effect on crop-switching intention and behavior ( = 0.115, t =2.272, p =
.023). Perceived cost and risk negatively affected attitude (B =—0.191, t = 4.307, p < .001) and intention
and behavior (p =—0.183, t =4.620, p <.001). Perceived economic advantage positively affected attitude
(B=0.204,t=4.364, p <.001) and intention and behavior ( =0.120, t =3.219, p =.001). Environmental
and health consequences negatively affected attitude (B = —0.117, t = 3.256, p = .001) and intention and
behavior (B =-0.089, t = 2.579, p = .010).

Institutional trust positively predicted attitude (B = 0.130, t = 2.591, p = .010) and intention and
behavior (B =0.168, t =3.951, p <.001). Market and payment security also positively affected attitude (3
=0.150, t = 3.388, p = .001) and intention and behavior (B = 0.114, t = 2.800, p = .005). Social influence
and technical capacity had significant positive effects on both endogenous constructs. Policy support
directly strengthened intention and behavior (B = 0.163, t = 3.395, p =.001), but its effect on attitude was
nonsignificant. Livelihood sustainability predicted attitude but did not directly predict intention and
behavior. Risk-management strategy likewise had no significant direct effect on intention and behavior.

The only significant indirect relationship was the effect of perceived cost and risk on intention and
behavior through attitude (f = —0.022, p = .044). The model explained 64.4% of the variance in attitude
and 71.6% of the variance in intention and behavior. Predictive relevance values were 0.337 and 0.375,
respectively. The standardized root mean square residual was 0.049, indicating acceptable model fit.

Under the baseline Bayesian scenario, the probabilities of high attitude and high intention were
25.62% and 25.87%, respectively. Under the favorable economic, market, and institutional scenario, these
probabilities increased to 57.58% and 54.23%. Under the unfavorable high-risk scenario, the probability
of high intention declined to 11.01%, while the probability of low intention increased to 58.50%.
Improving economic conditions and market security alone increased the probability of high intention to
36.80%.

The agent-based model estimated a baseline adoption rate of 53%. Adoption increased to 74%
under the favorable scenario, 59.67% under the economic and market-security scenario, and 57% under
the institutional, support, and training scenario. Favorable social and livelihood conditions did not change
adoption relative to baseline. Intensified environmental and health concerns reduced adoption to 51%,
while the unfavorable high-risk scenario produced the lowest rate, at 31.67%.
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Discussion and Conclusion

The findings demonstrate that crop-switching acceptance results from the combined influence of
economic, market, institutional, technical, social, livelihood, environmental, and psychological
conditions. Profitability was important, but it was insufficient without reliable purchasing arrangements,
stable prices, timely payments, manageable entry costs, and confidence in policy implementation. The
marked difference between the favorable and unfavorable scenarios shows that farmers respond to the
overall coherence of a policy package rather than to isolated incentives.

Perceived cost and risk emerged as particularly influential barriers because they affected behavior
both directly and indirectly through attitude. Institutional trust was also more consequential than nominal
support alone. Although support could encourage an immediate decision, a durable positive attitude
depended on credible commitments, transparent contracts, institutional accountability, and consistent
implementation.

The difference between the Bayesian probability of high intention and the simulated adoption rate
indicates that collective adoption cannot be inferred from strong individual intentions alone. Farmers with
moderate intentions may adopt when their thresholds are crossed through neighborhood influence and
observed success. Conversely, unfavorable experiences can diffuse through local networks and suppress
adoption.

The study concludes that an effective crop-switching policy requires an integrated package
comprising realistic profitability, guaranteed market access, timely payment, transitional finance,
insurance, input provision, trial cultivation, practical extension support, and trust-building. Environmental
capacity and occupational health must be evaluated before large-scale implementation. By linking
empirically validated relationships, probabilistic scenario analysis, and behavioral simulation, the
proposed framework provides policymakers with a systematic tool for comparing policy alternatives and
identifying weaknesses before implementation.
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