


Development of Perceived Climate Change Impact on Farmers' Livelihood Security Index: An Index to Assess Farmers’ Perception of Climate Change Impact on Livelihood Security in India


Abstract
Climate change poses a substantial threat to agricultural systems and rural livelihoods. This study develops and validates the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI) to systematically assess farmers’ perceptions of climate change and its impact on their livelihood security. Five core dimensions—food security, economic security, health security, educational security, and ecological security—were identified through literature review and expert consultation. Guilford’s (1954) Normalized Rank Order Method was applied to assign relative weights to each indicator based on the rankings provided by 62 subject matter experts. Food security emerged as the most influential factor, followed by economic and health security. A total of 44 perception-based statements were finalized after rigorous item selection and relevancy testing using expert ratings. The index demonstrated strong content and construct validity, making it a reliable tool for assessing how climate change affects key aspects of farmers' well-being. 
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1. INTRODUCTION
Climate change continues to intensify global risks to agriculture, with direct implications for food systems, rural livelihoods, and socio-economic stability. The Intergovernmental Panel on Climate Change (IPCC) highlights that smallholder farmers, particularly in developing countries, are among the most vulnerable to climate-induced disruptions, including erratic rainfall, prolonged droughts, temperature extremes, and pest outbreaks (IPCC, 2023). These environmental stressors not only reduce agricultural productivity but also destabilize income security, degrade health and education systems, and weaken ecological resilience (FAO, 2022; WMO, 2023).
India, home to over 100 million smallholder farmers, is already witnessing the consequences of climate variability through declining yields, increased input costs, and heightened livelihood uncertainty. In this context, livelihood security emerges as a comprehensive concept encompassing access to food, stable income, health care, education, and a secure ecological environment. While substantial research has examined the biophysical and economic consequences of climate change, the perceptions of farmers—shaped by their lived experiences—remain an underexplored yet crucial aspect in designing context-specific adaptation strategies.
Climate change is commonly perceived as a combination of various phenomena, including change in duration and intensity of seasons, increase in average atmospheric temperature and increase in frequency of natural calamities. These, in turn, negatively impact both production and productivity of crops, leading to increased food insecurity. In South Asia, climate change is perceived primarily based on its depleting effects on water resources. “Its impact is felt largely by agrarian communities, as their dependence on water resources is higher than any other groups. Furthermore, large tracts of arable land in the region are rain-fed and are dependent on natural water resources” (Bipul and Manbar -2011)
“Temperature projections for South Asia for the twenty-first century suggest a significant acceleration of warming over that observed in the twentieth century. Recent modelling experiments indicate that the warming would be significant in Himalayan Highlands including the Tibetan Plateau and arid regions of Asia. An increase in occurrence of extreme weather events including heat wave and intense precipitation events is projected in South Asia, along with an increase in the interannual variability of daily precipitation in the Asian summer monsoon. The projected impacts of climate change in South Asia will vary across sectors, locations and populations. Temperature rise will negatively impact crop yields in tropical parts of South Asia where these crops are already being grown close to their temperature tolerance threshold. While direct impacts are associated with rise in temperatures, indirect impacts due to water availability and changing soil moisture status and pest and disease incidence are likely to be felt. The most significant impacts are likely to be borne by small-holder rainfed farmers who constitute the majority of farmers in this region and possess low financial and technical capacity to adapt to climate variability and change” (Mannava and Robert -2011)
Existing vulnerability assessment tools often emphasize quantitative climatic and economic indicators, but lack focus on subjective dimensions such as perception, adaptive behaviour, and local knowledge. These omissions can lead to policies that are technically sound but socially misaligned. There is thus a pressing need for participatory, perception-based tools that can effectively capture how farmers themselves interpret climate impacts across multiple facets of their livelihood.
To address this gap, the present study develops a structured, expert-informed assessment tool: Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI). The index encapsulates five critical dimensions—food security, economic security, health security, educational security, and ecological security—identified through expert consultation and literature synthesis. Guilford’s Normalized Rank Order Method (Guilford, 1954). was employed to assign weights to each dimension based on expert rankings, ensuring methodological rigor and internal consistency. By capturing the nuanced perceptions of climate risks and their livelihood implications, the PCCLSI provides a scalable and empirically validated framework for identifying vulnerabilities and informing targeted policy interventions in the agricultural sector.

2. MATERIALS AND METHODS 
The methodology adopted in this study was designed to ensure a systematic and comprehensive development of the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI). A mixed-methods approach was employed, combining qualitative insights from literature and expert consultations with quantitative techniques for index construction and validation. Initially, a set of five core indicators—food security, economic security, health security, educational security, and ecological security—were identified based on an extensive review of existing theoretical frameworks and empirical studies related to climate change and rural livelihoods.
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Selection of indicators: The identification of pertinent indicators was facilitated through a comprehensive review of existing literature and expert consultations with specialists in relevant fields. This rigorous selection process yielded five salient indicators, namely: Food security, Economical security, Health security, Educational security and Ecological security. These indicators were meticulously chosen to provide a robust framework for assessing the effect of perceived climate change on farmers' livelihood security, thereby ensuring a comprehensive understanding of the intricate relationships between climate change and rural livelihoods.
Food security: Farmers' primary objective is to ensure a stable food supply, producing adequate, safe, and nutritious food for consumers. Nevertheless, climate change poses a substantial risk to this goal, heightening the susceptibility of farmers and their livelihoods. Shifts in temperature and precipitation patterns, coupled with increased extreme weather events, are severely impacting agricultural output, resulting in crop losses, diminished yields, and reduced food accessibility.
Economical security: The economic stability of farmers is increasingly susceptible to climate-related disruptions, which erode their capacity to generate consistent income and maintain asset values. Climate-driven variability in agricultural productivity and market prices intensifies income uncertainty, while rising production costs and asset damage further compromise farmers' economic viability. Consequently, farmers' economic security is being undermined, threatening their ability to maintain sustainable livelihoods.
Health security: Climate-related stressors are disproportionately affecting the health and well-being of farmers, intensifying existing health vulnerabilities and generating new ones. The interplay between shifting temperature and precipitation patterns, along with increased frequency of extreme weather events, is precipitating a myriad of health problems, including heat stress, water-borne infections, and mental health concerns.
Educational security: Climate-related disruptions are profoundly impacting the educational trajectory of farmers' children, restricting access to quality learning opportunities. Climate-driven migration, displacement, and economic volatility are triggering frequent relocations among farming families, resulting in disjointed and unpredictable educational journeys for their children. Moreover, the economic burden of climate-related pressures is curtailing farmers' ability to invest in their children's educational futures.
Ecological security: Climate change is eroding ecological security, undermining the integrity and adaptability of ecosystems worldwide. Shifts in temperature and precipitation patterns, coupled with increased frequency and severity of extreme weather events, are destabilizing ecosystems, resulting in diminished biodiversity, reduced agricultural productivity, and degraded soil health. Furthermore, climate change is disrupting the intricate relationships between ecosystems, facilitating the proliferation of invasive species, and altering the dynamics of pollinator and pest populations.
Assigning Scale Values: Guilford's Normalized Rank Order Method: To operationalize the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI), a crucial step involved assigning specific weights (scale values) to each dimension, reflecting their perceived significance. The Normalized Rank Order Method, pioneered by Guilford (1954), was employed to determine these scale values. This methodological approach allows for a systematic evaluation of the dimensions, enabling the assignment of weights that accurately capture their relative importance. Utilizing Guilford's Normalized Rank Order Method ensured a rigorous and structured process for quantifying the dimensions' significance. This approach facilitated the derivation of scale values that reflect the collective judgments of the expert judges, thereby enhancing the validity and reliability of the Perception Index.
Selection of Expert Judges and Their Assessments: To develop the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI), a panel of 30 experts was carefully selected from various fields, including extension education, social sciences and agricultural universities, as well as Krishi Vigyan Kendra experts. A Google Form containing an indicator perception index was distributed to 100 expert judges via email and personal delivery, requesting they rank the indicators from 1 to 5 based on relevance and importance. Within a month, 62 judges returned the completed forms, and their responses were used for item analysis. The collective rankings from the 62 judges are presented in Table 1.
Calculation of Centile Values: To quantify the relative importance of each dimension, proportions were calculated based on the ranks assigned by the judges. The calculation utilized the following formula:

Where:
Ri = rank value of dimension i, assigned in reverse order
n = total number of indicators ranked by the judges

The resulting p-values represent centile values, indicating the area of each indicator within a normal distribution. These p-values were computed for all ranks, yielding a range of values from 10 to 90. 
Calculation of C-Values: The determination of C-values for each rank involved a systematic approach. Initially, the rank order of the indicators was established, and the corresponding reverse rank order was calculated. Subsequently, Guilford's (1954) table was utilized to derive the C-values for each rank. This involved locating the intersection of the row corresponding to the number of indicators employed in the experiment (four in this instance) and the column corresponding to the specific rank number. By doing so, the C-values associated with each rank were identified. This methodological approach enabled the transformation of rank data into quantifiable scale values.
Calculation of Σ(fjiC) Values: The calculation of Σ(fjiC) values for each dimension involved a multi-step process. Firstly, the frequencies associated with each rank for every dimension were multiplied by the corresponding C-values, which were derived from Guilford's table. Subsequently, the products obtained from these multiplications were summed up for each dimension, resulting in the Σ(fjiC) value. This value represents the weighted sum of the frequencies for each dimension, taking into account the relative importance of each rank. Notably, the mean total frequency for the entire dataset was calculated to be 6.4 (1984/310), while the mean C-value was also determined to be 6.4 (32/5).
Determining Scale Values for Each Dimension: The calculation of scale values for each dimension involved dividing the Σ(fjiC) values by the total number of judges, which was 62 in this study. This computation resulted in obtaining the Mc values, which are equivalent to Rj and can be treated as the scale values of the dimensions. Notably, the total sum of C-values was 32, which corresponds to the total sum of the scale values. The mean of the Mc (or Rj/Rc) values was calculated to be 6.4, providing insight into the central tendency of the scale values. Furthermore, the standard deviation and standard error of the Mc values were calculated to be 0.7577 and 0.09623, respectively, indicating the variability and precision of the scale values (Table 1). 
Table 1. Weightage to the indicators of Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI)
	ri
	Ri
	Five dimensions of PCCLSI
	∑
	p
	C

	
	
	Food Security
	Economical Security
	Health Security
	Educational Security
	Ecological Security
	
	
	

	1
	5
	32
	18
	9
	2
	1
	62
	90
	8

	2
	4
	22
	19
	16
	2
	3
	62
	70
	7

	3
	3
	6
	12
	25
	8
	11
	62
	50
	6

	4
	2
	2
	11
	6
	24
	19
	62
	30
	6

	5
	1
	0
	2
	6
	26
	28
	62
	10
	5

	∑f
	 
	62
	62
	62
	62
	62
	310
	250
	32

	∑fC
	 
	458
	425
	400
	352
	349
	1984
	Mc=6.4, σ=0.7577, 
SE for Mc=0.09623

	Mc or Rj or Rc
	7.39
	6.85
	6.45
	5.68
	5.63
	32.00
	


ri = Correct rank order, Ri = Reverse rank order,  = Sum, p= Proportion, C = C values of respective ranks, Mc = Mean value, Rj = Response value, Rc = Scale value, σ = Standard Deviation, Standard Error= σ / √N =0.7577 / √62 =0.07576
Indicator Selection Process: The selection of effective indicators is pivotal to the success of any measuring instrument, as it directly influences the accuracy and reliability of the results. To comprehensively assess the impact of perceived climate change on farmers' livelihood security, a rigorous and multi-faceted approach was employed to identify relevant indicators. This involved conducting a preliminary survey of the study area to gain contextual insights, reviewing existing literature to leverage existing knowledge, and consulting a diverse panel of experts, including scientists, department officials, and personnel from KVKs working in the area. By adopting this meticulous approach, due care was taken to ensure that all pertinent items were included, thereby establishing content validity and significantly enhancing the instrument's effectiveness in measuring the desired outcomes.
Statement Collection and Editing: The development of the measurement instrument involved a multi-step process that commenced with an exhaustive review of relevant literature. To ensure content validity, statements were collected from diverse sources, including peer-reviewed journals, conference proceedings, and government reports. The relevance of the statements was further validated through consultations with farmers, extension experts, and other stakeholders. The collected statements were then evaluated and refined based on Edwards' (1957) criteria for attitude scale construction. Edwards' criteria provides a systematic approach to assessing the suitability of statements for measuring attitudes or perceptions. The 14 informal criteria outlined by Edwards (1957) include considerations such as statement clarity, relevance, and specificity. By applying these criteria, 59 statements were deemed suitable for further evaluation by expert judges.
Expert Evaluation of Statements: A Google form containing 59 statements was emailed to 100 extension specialists working in various institutions across India, including the Indian Council of Agricultural Research (ICAR), State Agricultural Universities (SAUs), Krishi Vigyan Kendras (KVKs), and other national institutes. These experts were requested to critically evaluate the relevancy of each statement on a three-point continuum, categorized as Most Relevant (score: 3), Relevant (score: 2), and Irrelevant (score: 1). Additionally, the experts were encouraged to make necessary modifications, provide suggestions, or add/delete items as deemed appropriate. The responses received from 62 experts were considered for item analysis.
Relevancy test: Item analysis was conducted to evaluate the relevance of indicators measuring effect of perceived climate change on farmers' livelihood security. The Relevancy Score of each statement was calculated by summing the scores assigned by all judges based on a three-point rating scale. The Relevancy Weightage of each dimension and Relevancy Score of each item were then computed using specific formulas. 

	
Where:
ni​ = Number of respondents who rated the item as Most Relevant (3)
nii​ = Number of respondents who rated it as Relevant (2)
niii​ = Number of respondents who rated it as Not Relevant (1)
n = Total number of respondents

3. RESULT AND DISCUSSION:

Based on the analysis of Mean Relevancy Scores and Relevancy Weightage across all five indicators, the selection of statements for each indicator was carried out individually (Table.2). For Food Security and Ecological Security, both of which had the highest mean relevancy score of 2.37 and a relevancy weightage of 0.79, statements with a score equal to or above 2.37 were retained, ensuring that only highly relevant items were selected. Similarly, for Economic Security with a mean score of 2.30 and weightage of 0.77, statements scoring 2.30 or above were selected. In the case of Health Security and Educational Security, which had comparatively lower mean scores of 2.24 and 2.19 respectively, only the statements meeting or exceeding these respective means were included.

Table 2. Indicator-wise Relevancy Weightage and Mean Relevancy Score for PCCLSI 
	S.No.
	Indicators
	Relevancy weightage (RW)
	Mean Relevancy Score (MRS)

	1
	Food Security
	0.79
	2.37

	2
	Economic Security
	0.77
	2.30

	3
	Health Security
	0.75
	2.24

	4
	Educational Security
	0.73
	2.19

	5
	Ecological Security
	0.79
	2.37



This approach ensured that the most relevant and representative statements within each indicator were retained, maintaining the integrity and specificity of each domain in the final index construction (Table. 3). A structured and multidimensional PCCLSI, comprising 44 carefully crafted statements, was developed to facilitate data collection on the effect of perceived climate change on farmers' livelihood security, encompassing five crucial dimensions: food security, economic security, health security, educational security, and ecological security.
Table 3. Indicator-Wise Relevant Statements Selected for PCCLSI: Based on Relevancy Weightage and Mean Relevancy Score
	S.No.
	Statements

	(A)   Food Security

	1
	Climate change leads to unpredictable weather making it harder for farmers to plan their crops.

	2
	Climate change spreads certain diseases leading to failure of seasonal crops.

	3
	Climate-related shocks in agricultural production causes fluctuations in food prices affecting consumers' access to affordable food.

	4
	Increased pests due to changing climate conditions damage crops and reduce yields.

	5
	Changes in growing seasons for some crops require farmers to adjust their farming methods which affect their ability to grow enough food to meet demand.

	6
	Changes in temperature events affect crop yields and agricultural productivity.

	7
	Higher temperature stresses livestock reducing their productivity and availability of animal products.

	8
	Change in precipitation patterns leads to crop failures.

	9
	Change in precipitation patterns alters water availability for irrigation affecting crop water requirements.

	10
	Heavy rainfall damages crops leading to reduced food supplies.

	11
	Droughts caused by climate change limits water availability for irrigation harming crop production.

	(B)    Economic Security

	1
	Climate change decreases agricultural productivity resulting lower income for farmers as they are unable to harvest sufficient crops to sell in the market.

	2
	Higher temperature decreases livestock productivity reducing farmers' revenue from meat and dairy.

	3
	Climate impacts on global food supplies increases demand for food commodities resulting in price spikes affecting farmers' incomes and profitability.

	4
	Climate change leads to increased pest pressures requiring additional expenditures on pest control.

	5
	Climate change causes shifts in crop suitability leading to investment in new crop varieties.

	6
	Extreme weather events such as storms damage crops, infrastructure, equipment and property leading to significant financial losses for farmers.

	7
	Droughts reduce water availability increasing irrigation costs.

	8
	The need to adapt to new climate conditions requires significant investment in new technologies and practices.

	(C)    Health Security

	1
	Rising temperature increases the risk of heat-related illnesses among farmers working outdoors such as heat exhaustion, heatstroke and dehydration.

	2
	Climate change increases vector-borne diseases among farmers such as  malaria and dengue fever.

	3
	Floods due to climate change increase waterborne diseases such as diarrhoea, cholera and typhoid fever.

	4
	In flood-affected areas limited access to clean water and sanitation services undermines farmers' health security.

	5
	Climate change leads to respiratory issues due to higher levels of dust and air pollution.

	6
	Crop failures and income losses due to climate change contribute to mental health issues among farmers such as PTSD and depression.

	7
	Climate change leads to prevalence of pests that may carry diseases affecting both farmers and livestock.

	8
	Farmers experience increased exposure to harmful pesticides as they adapt to new pest threats.

	9
	Extreme weather conditions disrupt access to medical care and emergency services in rural areas.

	(D)   Educational Security

	1
	Extreme weather events such as floods damage educational infrastructures in rural areas.

	2
	School closures during emergencies due to extreme weather events disrupt students' regular attendance and academic progress.

	3
	Climate change-related health hazards affect students' health and well-being leading to absenteeism in school.

	4
	Climate change-induced income instability impose economic burdens on farm families to afford educational expenses such as school fees, uniforms, textbooks and transportation.

	5
	Climate change induced economic constraints force farm families to prioritize immediate livelihood needs over long-term investments in education.

	6
	Climate change hazards lead to migration which interrupts children's education and access to stable schooling.

	(E)     Ecological Security

	1
	Climate change contributes to shifts in ecosystems leading to biodiversity loss.

	2
	Climate change influences the prevalence and distribution of diseases that affect livestock.

	3
	Climate change affects the availability of pollinators which are essential for many crops.

	4
	Climate change disrupts migratory patterns of wildlife affecting ecosystems.

	5
	Climate change reduces the effectiveness of natural pest control provided by wildlife and beneficial insects.

	6
	Changes in temperature affect microbial activity in the soil crucial for crop growth.

	7
	Changes in precipitation patterns alter water availability for agriculture.

	8
	Extreme weather events like floods can exacerbate soil erosion and disturb soil structure.

	9
	Increase in CO2 level leads to growth of invasive species that disrupts local ecosystem.

	10
	Increase in wildfires due to hotter and drier conditions destroy farmland and natural habitats.



The rankings assigned by experts to five key indicators were evaluated using the normalized rank order method proposed by Guilford (1954). Experts from various domains, including social sciences, extension education, agricultural universities, and Krishi Vigyan Kendras, assessed the relative importance of each dimension in contributing to farmers' livelihood security.
As presented in Table 4, the experts identified food security as the most critical indicator (Rank I) in assessing livelihood security, followed by economic security (Rank II) and health security (Rank III). Educational security and ecological security were considered relatively less significant, receiving Rank IV and Rank V, respectively.
Table 4. Distribution of Judge Rankings for Five PCCLSI Indicators Based on Guilford’s Normalized Rank Order Method (1954)
	Perception index
	Calculated Mc or Rj
	Rank Information

	Food Security
	7.39
	I

	Economic Security
	6.85
	II

	Health Security
	6.45
	III

	Educational Security
	5.68
	IV

	Ecological Security
	5.63
	V



Standardization of the Index: To ensure the accuracy of the developed index, a rigorous validation process was undertaken. This involved a comprehensive review of existing literature to identify key indicators and dimensions of farmers' livelihood security, supplemented by expert opinions from a diverse panel of judges. A stringent threshold of 80% agreement among judges was applied to establish content validity, with only indicators meeting this criterion being retained. The resulting index demonstrated satisfactory content validity, while the analysis of scale values, relevancy weightages, and mean relevancy scores provided further evidence of construct validity. This comprehensive validation process confirms the index's suitability for assessing farmers' livelihood security.
Reliability Analysis using Cronbach’s Alpha: To ensure the internal consistency and reliability of the developed index, Cronbach’s alpha was calculated for the complete set of 44 perception-based statements constituting the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI). The analysis yielded a Cronbach’s alpha value of 0.87, indicating high internal consistency among the items. According to Nunnally (1978), a Cronbach’s alpha value above 0.70 is acceptable, thus confirming that the selected items reliably measure the perceived impact of climate change on livelihood security.


Table 5. Sub-scale reliability scores (Cronbach’s alpha) of PCCLSI dimensions
	PCCLSI Dimension
	Cronbach’s Alpha (α)

	Food Security
	0.83

	Economic Security
	0.81

	Health Security
	0.79

	Educational Security
	0.76

	Ecological Security
	0.78


These values confirm that the PCCLSI index is a robust and reliable tool for capturing farmers’ perceptions and can be effectively applied for policy-oriented research and climate adaptation planning.
4. CONCLUSION
This study presents a methodologically rigorous approach to assessing the perceived impact of climate change on farmers’ livelihood security through the development of the Perceived Climate Change Impact on Farmers' Livelihood Security Index (PCCLSI). The index construction incorporated five multidimensional indicators—food security, economic security, health security, educational security, and ecological security—selected through a triangulated process involving literature review, expert consultation, and field insights. Utilizing Guilford’s (1954) Normalized Rank Order Method, expert judgments were quantitatively transformed into weighted scale values, enabling a robust prioritization of indicators. The item selection process, grounded in Edwards’ (1957) criteria for attitude scale construction and further validated through relevancy scoring, resulted in a context-specific, psychometrically sound instrument comprising 44 items. Similarly, Tran et al (2023) in their study titled - Livelihood vulnerability to climate change: Indexes and insights from two ethnic minority communities in Central Vietnam have identified 3 important factors, 10 major indicators and 33 sub indicators contributing to vulnerability. The PCCLSI demonstrated strong content and construct validity, with food and economic security emerging as dominant dimensions of perceived climate vulnerability. This index provides a scalable and replicable framework for evaluating farmers’ climate risk perception, offering valuable implications for adaptive policy formulation, targeted extension strategies, and longitudinal climate impact assessments in agrarian economies.
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Figure 1. Flowchart Illustrating the Methodological Steps in PCCLSI Development




