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                                                     ABSTRACT 
Aim of the Study: The quick surging up of social physics offers a huge scope for social science research to deal with an array of researches with non-linear nature and mobility. While quantum social science has stepped into higher echelons of entanglement and duality, Heisenberg’s uncertainty has rightly been extrapolated into farmers’ uncertainty with a probability of existential survival.  Farmers in low and middle income economies face a persistent uncertainty arising from climate variability, market instability, technological change and policy shifts. These overlapping pressures make farming an increasingly precarious livelihood. Using a Heisenberg inspired perspective, this study views agricultural uncertainty as a structural and multidimensional condition shaped by unavoidable trade   offs rather than a problem that can be fully resolved.                                                                         
Study Design: An analytical and explanatory research design was adopted, integrating concepts from quantum social science with multivariate statistical analysis to capture the nonlinear and interdependent nature of agricultural uncertainty.
Place and Duration of the Study:  The study draws on primary data from 150 small and marginal farmers in Nadia district, West Bengal and examines perceived uncertainty related to weather, markets, technology, economy and livelihood.
Methodology: Primary data on 21 socio-economic, agronomic and psycho-social variables were collected using structured instruments. Principal Component Analysis (PCA) was employed to reduce these variables into latent dimensions. Canonical Correlation Analysis (CCA) was used to examine linkages among perceived uncertainties related to weather, market, technology, economy and livelihood.
Results:  Principal Component Analysis reduced 21 socio-economic, agronomic and psycho-social variables into five latent dimensions: Economic & Farm Resources, Human Capital, Psycho-Health Status, Cropping Intensity and Household Demography. Together, these factors explained 82.92% of the total variance. Canonical correlation analysis reveals that farmers’ uncertainty is predominantly driven by market and weather factors, while income stability, experience, training and information access play critical roles in mitigating uncertainty.
Conclusion: The findings underline that increasing control or intensification in one aspect of farming often generates new uncertainties elsewhere. Addressing farmers’ vulnerability therefore requires integrated approaches that combine economic support, knowledge access and psycho-social resilience rather than isolated risk reduction measures.
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INTRODUCTION:
          Farmers, particularly in low and middle income economies, face multiple sources of uncertainty and risk. It may be weather and climate variability, pest and disease outbreaks, price and market fluctuations , institutional and policy instability (Assouto et al., 2020; Mwangi et al., 2021). Consequently, farming is often conducted under highly precarious conditions. For socio-economically vulnerable farmers, such uncertainty poses a serious threat to resilience and long term sustainability (Begho et al., 2022). Conceptually, risk refers to situations in which outcomes are uncertain but the probability distribution is known, whereas uncertainty describes circumstances in which both the outcomes and their probabilities are unknown (De Groot & Thurik, 2018).
       With the intensification of uncertainty within the social ecology of farming, farmers’ experiences increasingly align with the logic of Heisenberg’s uncertainty principle (Acharya et al., 2025). Heisenberg’s principle states that the position and momentum of a particle cannot be measured simultaneously with complete precision; increasing accuracy in one necessarily reduces accuracy in the other (Heisenberg, 1927). Importantly, this principle frames uncertainty as an inherent structural feature, rather than a consequence of incomplete knowledge. Applied to agriculture, this perspective suggests that uncertainty is unavoidable: greater precision, control or predictability in one aspect of farming often generates uncertainty in another. For example, intensifying cultivation through higher inputs, irrigation or advanced technologies to stabilize yields can simultaneously increase uncertainty regarding production costs, market prices, stress levels and livelihood security (Knoke et al., 2022).
         In addition, farmers must contend with increasingly unpredictable weather patterns, volatile markets and shifting agricultural policies, all of which exacerbate stress and psychological pressure (Wheeler & Lobley, 2023). Empirical evidence indicates that key dimensions of agrarian impoverishment include cropping intensity, communication, information access, livestock ownership, stress perception. Amongst all, stress emerges as the most critical factor. Persistent livelihood related stress has driven many rural households to abandon agriculture, often triggering migration to urban areas in search of alternative employment (Chakraborty & Acharya, 2019).
         Although diversification and low investment approaches are frequently pursued to reduce financial exposure, empirical evidence shows that such strategies can still produce highly variable outcomes in yields and productivity. For instance, diversification oriented sustainable intensification technologies on smallholder farms have demonstrated inconsistent and uncertain yield responses across different sites and contexts, highlighting the trade offs between financial risk reduction and agronomic stability (Reich et al., 2021). 
      Despite growing recognition that uncertainty in farming is multidimensional, structurally embedded and trade off driven, there remains a notable gap in empirical research that systematically identifies and integrates the interrelated determinants of farmers’ uncertainty. Uncertainty may be related to economic, biophysical, informational   and psychological domains. In particular, few studies have operationalized uncertainty beyond conventional risk metrics or examined how different dimensions of uncertainty covary and reinforce one another.
To address this gap, the present study adopts a Heisenberg inspired conceptual framework to empirically investigate farmers’ uncertainty as a multidimensional and interdependent phenomenon. Using principal component analysis and canonical correlation analysis, the study identifies the underlying determinants of farmers’ uncertainty and examines the structural relationships among its key dimensions. This study adopts a Heisenberg inspired framework to conceptualize farmers’ uncertainty as a multidimensional and trade off based phenomenon, rather than as a problem that can be entirely eliminated. Here, in this paper, determinants of farmers’ uncertainty are being found out by using principal component analysis and canonical correlation analysis.



THEORETICAL FRAMEWORK:
Auguste Comte proposed that scientific disciplines evolve in a hierarchical sequence from the simple and abstract to the complex and concrete. It can be arranged as mathematics, astronomy, physics, chemistry, biology and finally sociology. In this hierarchy, sociology occupies the highest position because it deals with human society. The society is shaped by and dependent upon insights from all preceding sciences. Human social life is simultaneously biological, economic, technological and ecological. It makes sociology the most integrative and complex of the sciences. This interdependence underscores sociology’s central role in understanding, regulating and organizing collective human existence.  Comte introduced the foundational idea of ‘social physics’ in his seminal nineteenth century work ‘Positive Philosophy’ which advocated the application of scientific principles to the study of society. But, the systematic operationalization of such frameworks, particularly in the context of Indian agricultural research, has remained relatively limited.
Drawing inspiration from Heisenberg’s uncertainty principle, the present study conceptualizes farming systems as inherently uncertain and interdependent socioecological systems. Much like in physical systems where precise measurement of one variable constrains the predictability of another. Agricultural decision making exhibits similar trade offs. For instance, an excessive focus on maximizing production often amplifies uncertainty in marketing outcomes, price realization and post-harvest management. This reflects the intrinsic nature of uncertainty within farming ecosystems, where climatic variability, market fluctuations, technological change and institutional dynamics interact in complex ways. Consequently, perceived uncertainty among farmers is not merely an outcome of objective risks but is shaped by a range of socioecological factors. Risk perceptions are the  processes through which individuals relate to, collect, select and interpret signals about uncertain impacts of events, activities or technologies (Wachinger et al., 2013).Risk perceptions are influenced by three broad dimensions: individual characteristics such as experience, education  and psychological disposition; attributes of the risk itself, including its magnitude, controllability and familiarity (Lindell & Perry, 2012; Siegrist & Hartmann, 2020); and the level of trust farmers place in institutions responsible for communicating risk related information, such as markets, extension agencies and policy bodies (Sullivan-Wiley & Gianotti, 2017). Together, these dimensions reinforce the argument that agricultural uncertainty must be understood not only as an economic or environmental phenomenon but as a fundamentally social one, warranting a sociological and ‘social physics’ based analytical approach. Uncertainty means lack of predictability. There are five types of uncertainty described in this paper. 
1.Market uncertainty: Here, market uncertainty refers to the inherent trade off in economic systems whereby increasing control or predictability over one market variable (such as production or price) simultaneously increases unpredictability in other interrelated variables, making uncertainty an intrinsic characteristic of market ecosystems. 
Key analogies for market uncertainty: 
· Production vs. Price certainty: When farmers focus heavily on maximizing production (e.g., increasing acreage or yield), market supply often rises sharply. This oversupply increases price volatility and income uncertainty. Thus, greater certainty in production outcomes leads to greater uncertainty in market returns. 
· Price intervention vs. demand signals: Strong price controls or minimum support prices reduce short term price uncertainty. However, they distort demand signals, increasing long term uncertainty in cropping patterns, storage and export competitiveness.
·  Market timing vs. volume predictability: Attempts to time the market for better prices often reduce predictability in sales volume and cash flow. Conversely, assured sales contracts stabilize volume but reduce price flexibility.
2.Weather uncertainty: Weather uncertainty refers to the inherent trade off whereby increasing precision in predicting one climatic variable or scale simultaneously increases unpredictability in other weather dimensions or in their ecological and livelihood impacts, making uncertainty an intrinsic feature of agroclimatic systems.

Key analogies for weather uncertainty:
· Irrigation, drainage and protective structures reduce exposure to weather variability. However, they introduce new uncertainties related to: water availability, soil salinity, energy dependence, ecosystem feedback loops.
3.Technological uncertainty: Technological uncertainty refers to the idea that the more precisely a technology is adopted, optimized or controlled to solve one problem, the more uncertainty is introduced in other. It treats uncertainty as a trade  off, not as ignorance or failure.
Key analogies for Technological uncertainty: 
· Yield optimization vs. system resilience: High yield seeds, mechanization or precision inputs reduce uncertainty in output. However, they increase uncertainty in: Input dependency, cost volatility, ecological sustainability, long term soil health. 
· Standardization vs. adaptability: Uniform technologies ensure predictable performance. But they reduce local adaptability, increasing uncertainty under: climate variability, pest mutation, market changes.
·  Lab tested efficiency vs. field level outcomes: Technologies perform reliably under controlled conditions. In real world contexts, social practices, resource constraints and institutional gaps introduce unpredictable outcomes.
4.Economic uncertainty: Economic uncertainty refers to the inherent trade off whereby increasing precision or control over one economic dimension, such as income, investment or efficiency, simultaneously increases unpredictability in interconnected costs, risks or long term livelihood outcomes. It makes uncertainty an intrinsic feature of economic systems.
Key analogies for economic uncertainty:
· Income stabilization vs. cost uncertainty: Policies or strategies that stabilize farm income (price support, subsidies, assured procurement) reduce short term income variability. However, they increase uncertainty related to: input prices, fiscal sustainability, dependency on policy continuity.
· Investment intensification vs. financial risk: Capital investment in machinery, irrigation or technology improves productivity and output predictability. At the same time, it amplifies uncertainty concerning: debt servicing, interest rate fluctuations, asset obsolescence. 
· Market integration vs. exposure to volatility: Greater integration into regional and global markets improves access and price discovery. Yet, it increases vulnerability to: global price shocks, exchange rate volatility, trade policy changes. 
· Efficiency optimization vs. livelihood security: Economic efficiency reduces wastage and maximizes returns per unit input. However, it reduces buffers such as diversification and redundancy, increasing uncertainty in livelihood security during shocks.
5.Livelihood uncertainty: Livelihood uncertainty refers to the inherent trade off whereby increasing predictability or control over one livelihood dimension, such as income, assets or employment, simultaneously increases unpredictability in resilience, adaptability or long term livelihood security, making uncertainty an intrinsic feature of livelihood systems.
Key analogies for livelihood uncertainty:
· Income security vs. resilience: Assured income sources (single crop, fixed wage, contract farming) reduce short term income uncertainty. However, they increase uncertainty related to: shock absorption capacity, adaptability during crises, long term livelihood sustainability. 
· Specialization vs. diversification: Livelihood specialization improves efficiency and skill mastery. Yet it increases vulnerability to: market collapse, climate extremes, technological displacement.
·  Asset accumulation vs. exposure to loss: Investments in land, machinery or livestock enhance productive capacity. Simultaneously, they heighten uncertainty due to: debt burdens, asset devaluation, disaster related losses. 
· Stability vs. mobility: Secure, place based livelihoods provide social and cultural stability. But they limit occupational or spatial mobility, increasing uncertainty when local systems fail.
  	 Although uncertainty is intrinsic to the farming ecosystem, its perception varies according to a range of socioecological factors. This study examines the interrelationships among these factors using Principal Component Analysis (PCA) and Canonical Correlation Analysis (CCA), thereby identifying the underlying structure shaping farmers’ perceived uncertainty.
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                             Figure 1:  Multi-dimensional uncertainty (Conceptualized by authors)
METHODOLOGY:
Nadia district lies in the south eastern part of West Bengal. It covers an area of about 3,927 sq. km. The district shares its eastern boundary with Bangladesh. Murshidabad district lies to the north of Nadia. North 24 Parganas is situated in south of the Nadia. Hooghly district is to the west of Nadia. The river Ganges flows along the northern and western margins of the district and serves as a major lifeline for the region. Owing to its fertile alluvial soils, ample water availability and close association with major river systems, Nadia district is well suited for agriculture and offers considerable scope for sustained agricultural development.
The present study was carried out in Haringhata Block, situated in the extreme southern part of Nadia district, West Bengal. Geographically, the block extends between latitudes 22°54′ N to 23°02′ N and longitudes 88°30′ E to 88°41′ E, covering an area of approximately 170.32 sq. km. A small river locally known as the Jamuna flows through the block, contributing to its irrigation potential. The soils are predominantly clay loam in nature. Climatically, Haringhata experiences very hot summers, high humidity and heavy rainfall during the monsoon season. The district has recorded annual rainfall of around 1,400 mm.
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                                                      Figure 2: Map of research area
A mixed-methods research design was adopted for the study. The District and Block were selected purposively for the researcher’s convenience and easy accessibility to this place.3 villages were selected purposively to conduct the study under Haringhata block i.e. Maniktala village, Bhomrapara, Mitrapur. From Maniktala and Bhomrapara, 60 farmer’s from each village were interviewed.30 farmers from Mitrapur village were interviewed. The Farmers were mostly small and marginal. The farmers were interviewed by using 10 point Likert scale to measure perceived uncertainty related to economy, market, technology, weather and livelihood . Primary data were gathered through a pre-tested and structured interview schedule which was refined and finalized after conducting a pilot survey to ensure its reliability and contextual appropriateness.The scales showed excellent reliability, with a Cronbach’s alpha of 0.938.Data were analysed with IBM SPSS software.
      Principal component analysis, a multivariate statistical technique, widely utilized in the social sciences, behavioral research and increasingly in agricultural studies to manage and interpret complex datasets. The primary purpose of factor analysis is to reduce a large number of interrelated variables into a smaller set of latent factors based on the correlations among the variables. This reduction helps in uncovering the underlying structure or dimensions that explain patterns within the data, thereby simplifying analysis and interpretation.
          Canonical Correlation Analysis (CCA) is a multivariate statistical technique used to examine the relationship between two sets of variables. It is a powerful statistical technique used to elucidate conjoint interactions between two sets of variables, typically denoted as y and x or left side and right side variables. This method can reveal hidden relationships between these variables. Simple correlation  measures the relationship between two individual variables. CCA identifies linear combinations of variables in each set, called canonical variables, that are maximally correlated with each other. This allows researchers to understand the multivariate associations between complex datasets. CCA reduces dimensionality and identifies those variables that contribute the most to the shared variation.
[bookmark: _Hlk211727199]     The  Independent variables considered in the study were: Age(x1), Educational year (x2), Family size (x3), Sex ratio(x4), Cost of energy consumption(x5), Cost of smart phone maintenance (x6), Cultivated land(x7), Homestead land(x8), Irrigated land(x9), Cropping intensity(x10),Crop diversity index(x11), Yield of crops (x12), Cost of cultivation(x13), On farm income(x14), Off farm income(x15), Total annual income(x16),Training received(x17), Farming experience(x18), Information seeking behaviour (x19), Health status(x20),Stress(x21).The dependent variables were : Market uncertainty(y1) ,Weather uncertainty(y2) , Technological uncertainty(y3), Economic uncertainty(y4) and  Livelihood uncertainty(y5). 
The operational definitions of all independent variables:
Age (x₁): Chronological age of the respondent, measured in completed years at the time of data collection. Educational year (x₂): Total number of years of formal education completed by the respondent, including primary, secondary and higher education. Family size (x₃): Total number of individuals living in the household and sharing a common kitchen. Sex ratio (x₄): Ratio of female members to male members in the household, usually expressed per 1,000 males. Cost of energy consumption (x₅): Total monthly expenditure incurred by the household on energy sources such as electricity, diesel, petrol, LPG and other fuels used for domestic and agricultural purposes. Cost of smartphone maintenance (x₆): Monthly expenditure related to smartphone usage, including mobile recharge, internet data, repair and replacement costs. Cultivated land (x₇): Total area of land actually used for crop cultivation by the respondent during the agricultural year, measured in Katha. 1 katha is equal to 126.46m2. Homestead land (x₈): Area of land surrounding the dwelling used for residence, kitchen gardening, livestock or allied activities, measured in Katha.1 katha is equal to 126.46m2. Irrigated land (x₉): Portion of cultivated land that has access to assured irrigation facilities such as canals, tube wells, ponds or drip systems, measured in katha (1 katha =126.46m2). Cropping intensity (x₁₀): Ratio of gross cropped area to net sown area, expressed as a percentage, indicating the extent of multiple cropping practiced within one year. Crop diversity index (x₁₁): A quantitative measure of the variety and distribution of different crops grown by the farmer, usually calculated using Simpson diversity index. Yield of crops (x₁₂): Average productivity of crops grown by the respondent, measured as output per unit area (e.g., quintals per hectare). Cost of cultivation (x₁₃): Total annual expenditure incurred in crop production, including costs of seeds, fertilizers, pesticides, labour, irrigation, machinery and other inputs. On farm income (x₁₄): Annual income earned in rupees by the respondent from farming related activities such as crop production, livestock, fisheries or horticulture. Off farm income (x₁₅): Annual income in rupees earned from nonagricultural activities, including wage labour, salaried employment, business or migration related earnings. Income per year(x₁₆): Combined annual income of the household, in rupees, from both on farm and off farm sources. Training received (x₁₇): Extent of formal agricultural or allied training attended by the respondent, measured by number of training received. Farming experience (x₁₈): Number of years the respondent has been actively engaged in farming activities. Information seeking behaviour (x₁₉): Degree to which the respondent actively seeks agricultural information from various sources such as extension agencies, fellow farmers, mass media, mobile applications and social networks. Timmers & Glas (2010) made a scale to measure information seeking behaviour. Here, in the study, the same scale was used. Health status (x₂₀): Self reported physical and mental health condition of the respondent, measured using WHO-5 Well-being Index. The WHO-5 is a brief, widely used global assessment tool consisting of five items that evaluates an individual’s subjective sense of well-being (Topp et al.,2015). Stress (x₂₁): Level of psychological stress experienced by the respondent in relation to farming, livelihood and household responsibilities, measured using Perceived Stress Scale (PSS). The PSS items require respondents to evaluate how often they experienced specific feelings and thoughts during the previous month (Cohen et al.,1983).
RESULTS AND DISCUSIONS:
Table 1: Factor Analysis: Reduction of 21 Independent Variables into 5 Factors
	Factors
	Variables and their factor loading
	% of variance
	Cumulative %
	Eigen values (%)
	Factor renamed

	1
	· Family size(x3) (0.731)
· Cost of energy consumption (Per month) (x5) (0.568)
· Cost of smart phone maintenance (Per month) (x6) (0.814)
· Cultivated land (Katha) (x7) (0.922)
· Homestead land (Katha) (x8) (0.882)
· Irrigated land (Katha) (x9) (0.877)
· Crop diversity index(x11) (0.674)
· Yield of crops(x12) (0.902)
· Cost of cultivation(x13) (Annual) (0.914)
· On farm income (Annual)(x14) (0.849)
· Off farm income (Annual)(x15) (0.714)
· Income per year(x16) (0.850)
· Training received(x17) (0.773)

	42.088

	42.088

	8.84
	Economic & Farm Resources

	2
	· Age(x1) (0.948)
·  Educational year(x2)        (-0.916) 
· Farming experience(x18) (0.960)
	14.811

	56.900

	3.11
	Human Capital

	3
	· Information seeking behaviour(x19) (0.711)
· Health status(x20) (0.833)
·  Stress(x21) (-0.824)
	13.114

	70.014

	2.75
	Psycho-Health Status

	4
	· Cropping intensity(x10) (0.854)


	7.677

	77.691

	1.61
	Cropping Intensity

	5
	· Sex ratio(x4) (0.850)
	5.227

	82.918

	1.10
	Household Demography



Factor 1: Economic & Farm Resources:
This factor represents the overall economic condition and agricultural resource base of farm households to be central for shaping farmers’ perceived uncertainty. High loadings on landholding size, crop production, cultivation cost, income sources, household expenditure and training indicate the capacity of farmers to invest in agriculture and sustain livelihood activities. A higher score on this factor reflects better access to productive resources and stronger economic stability reduce uncertainty related to production risk, income fluctuations and livelihood security (Ongachi & Belinder, 2025). Access to economic capital allows farmers to invest in productivity enhancing inputs, stabilize outputs, stabilize incomes, better manage shocks and vulnerability in rural contexts. As stronger financial and resource bases improve investment capacity, income stability and adaptive resilience (Berchoux et al.,2020). Families with higher household income also exhibit greater levels of entrepreneurship and a stronger capacity for risk taking (Bairagya et al.,2025). Conversely, limited resources and high cultivation costs heighten farmers’ exposure to market volatility and climatic shocks, thereby increasing uncertainty in farm decision making.

Factor 2: Human Capital:
This factor captures the personal and experiential attributes of respondents, including age, educational attainment and farming experience. Human capital plays a crucial role in reducing cognitive and informational uncertainty. It enhances farmers’ capacity to acquire and process information, interpret risks, evaluate technological options and make informed decisions in dynamic and uncertain agricultural environments (Huffman,2001). Better educated and experienced farmers are more capable of anticipating adverse outcomes and adapting management strategies, thereby lowering perceived uncertainty. Education and experience improve risk perception, information use and adaptive decision making capacity (Amare & Simane, 2017). In contrast, inadequate education and limited experience can intensify uncertainty related to technology adoption, productivity outcomes and future farm viability (Roy et al.,2026).
Factor 3: Psycho-Health Status:
This factor describes the psychological and physical wellbeing of farmers have a direct influence on uncertainty perception and risk tolerance. Positive loadings on information seeking behaviour and health status, coupled with a negative loading on stress, indicate that farmers with better mental and physical health functioning demonstrate higher help seeking intentions and mental health literacy, both of which are associated with proactive information acquisition and adaptive coping in uncertain contexts (O’Connor et al.,2024). Lower stress levels are associated with improved decision making under uncertainty, while poor health and high stress amplify uncertainty by reducing adaptive capacity, increasing fear of failure and constraining long term planning (Starcke & Brand, 2016).

Factor 4: Cropping Intensity:
This factor reflects the degree of land utilization and cropping practices adopted by farmers. Efficient use of available land resources and greater agricultural intensification can simultaneously reduce uncertainty.  Intensified land use can enhance output and stabilize income under normal conditions. Such systems are increasingly dependent on external inputs and labour which makes them highly vulnerable to input shocks and climatic variability. Evidence shows that high yielding areas experience the greatest yield declines under input disruptions, indicating heightened production uncertainty despite higher baseline productivity (Ahvo et al.,2023). Thus, cropping intensity represents a trade off between productivity gains and heightened exposure to agronomic and economic uncertainties.
Factor 5: Household Demography:
This factor represents household composition, particularly sex ratio which influences labour availability, role distribution and intra household decision making. Household demography affects uncertainty through labour reliability and social resilience. Balanced household composition reduces uncertainty by ensuring sufficient labour availability and diversified livelihood roles. Demographic imbalances increase labour shortages, caregiving burdens and workload inequities, thereby constraining farm operations and weakening risk management capacity (Ahmad et al.,2023).
Table 2: Canonical Correlation Analysis: Interaction between Dependent and Independent Variables
	Sl. No.
	Dependent variables
	Coefficients

	1
	Market uncertainty (y1)
	-0.841

	2
	Weather uncertainty (y2)
	0.563

	3
	Technological uncertainty (y3)
	-0.098

	4
	Economic uncertainty (y4)
	-0.184

	5
	Livelihood uncertainty (y5)
	-0.441

	Sl. No.
	Independent variables
	Coefficients

	1
	Age(x1)
	-0.954

	2
	Educational year(x2)
	-0.172

	3
	Family size(x3)
	-0.205

	4
	Sex ratio(x4)
	-0.036

	5
	Cost of energy consumption (Per month) (x5)


	0.362

	6
	Cost of smart phone maintenance (Per month) (x6)
	-0.067

	7
	Cultivated land (Katha) (x7)
	0.015

	8
	Homestead land (Katha) (x8)
	0.015

	9
	Irrigated land (Katha) (x9)
	0.106

	10
	Cropping intensity(x10)
	-0.079

	11
	Crop diversity index(x11)
	-0.162

	12
	Yield of crop(x12)
	-0.396

	13
	Cost of cultivation(x13)
	0.558

	14
	On farm income (Annual)(x14)
	2.109

	15
	Off farm income (Annual)(x15)
	2.167

	16
	Income per year (x16)
	-3.452

	17
	Training received(x17)
	0.396

	18
	Farming experience(x18)
	0.644

	19
	Information seeking behaviour(x19)
	-0.180

	20
	Health status(x20)
	0.034

	21
	Stress(x21)
	-0.050



Table 2 shows the results of the canonical correlation analysis depicting the interaction between dependent variables representing different dimensions of uncertainty and independent variables. Among the dependent variables, market uncertainty emerges as the most influential component with a high absolute coefficient (–0.841), indicating its dominant role in shaping overall uncertainty. Weather uncertainty also shows a substantial positive loading (0.563), highlighting the continuing importance of climatic variability in farmers’ risk perception. Livelihood uncertainty contributes moderately (–0.441), reflecting the close linkage between income security and market and environmental conditions, while economic and technology uncertainties exhibit relatively weaker effects within the canonical structure.
On the independent side, age shows a strong negative association (–0.954), suggesting that older farmers experience lower levels of perceived uncertainty, likely due to accumulated experience and adaptive capacity. Education, family size and information seeking behaviour also display negative coefficients, indicating their role in reducing uncertainty through improved decision making and access to knowledge. Income related variables exert the strongest influence, with on farm and off farm incomes showing high positive coefficients (2.109 and 2.167), while total annual income has a large negative coefficient (–3.452), implying that overall income security substantially reduces farmers’ uncertainty. Cost of cultivation exhibits a positive relationship (0.558), indicating that rising production expenses intensify economic and market-related risks. Farm resource variables such as landholding, irrigation, and cropping intensity show relatively small coefficients, suggesting a limited but stabilizing influence. Training received and farming experience contribute positively to uncertainty reduction. Stress shows a negative association which indicates its role in amplifying vulnerability. Overall, the canonical correlation analysis reveals that farmers’ uncertainty is predominantly driven by market and weather factors, while income stability, experience, training and information access play critical roles in mitigating uncertainty.
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Figure 3: Canonical Correlation Analysis: Interaction between Left Side Dependent Variables and Right Side Independent Variables
CONCLUSION:
This study shows that uncertainty in farming is not a temporary problem that can be fully eliminated, but a fundamental and multidimensional feature of agrarian systems. Using a Heisenberg inspired framework, the findings highlight that efforts to bring stability to one aspect of farming often create new uncertainties elsewhere. It confirms that uncertainty is structurally embedded rather than simply a result of incomplete information. The analysis reveals that farmers’ perceived uncertainty is shaped by five closely interconnected dimensions: economic and farm resources, human capital, psycho-health status, cropping intensity and household demography. Among these, economic and farm resources play the most decisive role, emphasizing the importance of income stability, access to land and rising production costs. At the same time, the influence of human capital and psycho-health status shows that uncertainty extends beyond economic and environmental factors and is deeply linked to farmers’ experience, education, health, stress levels and information seeking behaviour. Results from the Canonical correlation analysis further indicate that market and weather uncertainties dominate the overall structure of farmers’ uncertainty. In contrast, income security, training, farming experience and access to information significantly reduce perceived uncertainty, while increasing cultivation costs and stress intensify vulnerability. Together, these findings confirm that farmers’ uncertainty arises from complex and interacting socioeconomic, ecological and psychological processes. Overall, this study advances the understanding of agricultural uncertainty by framing it as socially embedded and driven by unavoidable trade offs rather than as a problem that can be solved through productivity focused interventions alone. The findings underscore the need for more holistic policy approaches that strengthen income security, build human capital and address farmers’ psychological wellbeing. Recognizing uncertainty as an inherent condition of farming is crucial for promoting resilient and sustainable agricultural livelihoods.
LIMITATIONS:
While the study provides valuable insights into the multidimensional nature of farmers’ uncertainty, it is based on cross sectional data from a single district of West Bengal, which may limit broader generalization. The reliance on farmers’ perceptions offers rich contextual understanding, though such self-reported measures may involve subjective bias. Moreover, the multivariate analytical techniques used capture strong associations among variables but do not establish causality. The Heisenberg inspired framework adopted in this study is exploratory and opens promising avenues for future research using longitudinal data and wider regional coverage.
POLICY IMPLICATIONS:
The study highlights the need for integrated policy approaches that address farmers’ uncertainty as a multidimensional condition. Strengthening income stability, improving market transparency and enhancing climate resilient infrastructure can reduce dominant market and weather uncertainties. Policies promoting farmer training, information access and extension services are essential for building human capital, while incorporating mental health and social support measures can enhance farmers’ resilience. Recognizing uncertainty as an inherent feature of farming is crucial for designing sustainable and inclusive agricultural policies.
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