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Micro-Level Analysis and Interpretations

ABSTRACT

JIndia's economy relies heavily on farming, which is crucial for growth, jobs, and survival.

But weather uncertainties like droughts, floods, and heatwaves make farming challenging.
These uncertainties lower crop yield and quality, causing financial problems for farmers.
Despite farmers' efforts, unpredictable weather still hurts crop management. Understanding
how farmers feel about these uncertainties is vital for adapting to climate change and
reducing risks.The present study was conducted in three villages: Bhomrapara, Mitrapur, and
Maniktala of Haringhata block of Nadia district of West Bengal, India, from 2021 to 2022.
Nadia district was purposively selected as it comes under the new alluvial zone (NAZ), which
hasdecent productivity in terms of agriculture.A hundred farmers with good farming
experiences were identified from the sampling frame, and responses were collected through a
structured interview schedule. The study explores the diverse perspectives of Indian farmers
on climate-related uncertainty, revealing that factors such as age, education, and landholding
size significantly influence these views. Experienced farmers and those with more extensive
landholdings perceive more significant uncertainty, with irrigation practices, crop yield, and
cultivation costs playing crucial roles. The study emphasizes the urgency of proactive risk
reduction and resilience enhancement to avoid severe implications for agriculture and food

security.,
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INTRODUCTION



Indian economy predominantly depends on the agricultural sector as almost two-thirds of the
nation directly or indirectly depends upon it (Srivastava et al., 2016). A significant percentage
of the population receives employment, financial support, and nourishment from it (Saxena,
2018; Gillespie et al., 2019), and also makes a significant contribution to trade, economic and
social growth of the community (Bisht et al., 2020; Hinz et al., 2020). Even though the
irrigated system depends on monsoon rainfall (Lutz et al., 2022) and the majority of
agricultural lands are rainfed (Kumar et al., 2022), the sector is very vulnerable to the hazards
associated with climate change, particularly to drought (Roy et al., 2022). Flooding is also a
considerable issue in many regions of the nation, particularly in the east, where floods occur
frequently (Merz et al., 2021). Furthermore, heat waves in the middle and northern regions,
cyclones along the eastern coast, and frost in the northwest equally wreak chaos. Recently,
the incidence of these climatic extremes has increased due to the rising air temperature,
increasing the possibility of significant losses in crop production (Beillouin et al., 2020). Both
direct and indirect effects of climate change on crops, soils, livestock, and pests can impact
agriculture (Hatfield et al., 2018). Increased atmospheric carbon dioxide affects agricultural
fertility in several ways, including crop length, respiration rates, photosynthesis,
evapotranspiration, and fertilizer use efficiency (Kingra & Misra, 2021). Successful farming
relies on weather, land quality, irrigation, and crop management(Lal, 2009. Even with farmers
doing their best, there are things beyond their control. These unpredictable factors, which can
affect farming and make it hard to foresee income or outcomes, are called uncertainty(Reilly
& Willenbockel, 2010). Weather uncertainty is the most significant uncertainty in agriculture
among all categories. Climatic events like droughts, floods, and extremely high or low
temperatures are examples—ef-unpredictable weather patterns that can majorly impact
livestock production and crop harvests, underscoring the importance of weather in

agriculture(Das, 2005). Weather conditions play a crucial role in determining the quality of



crop output as it gets moved from the field to storage and then to the market(Hoogenboom,
2000). Adverse weather conditions can harm the quality of crops, whether they are left
outside, stored indoors, or transported(Miraglia et al., 2009), which can ultimately damage
the viability and strength of seeds and planting materials when stored(Long et al., 2014).
Farmers generally want to mitigate unfavorable weather conditions, as they can result in
substantial financial losses. However, achieving flawless coordination between crop
production and meteorological circumstances is enormous. Weather patterns exhibit inherent
unpredictability and can demonstrate significant year-to-year variability(Tonkin et al., 2017).
Although farmers make diligent attempts to strategize and minimize risks, they cannot exert
complete control or accurately forecast the weather(Elias et al., 2019). The absence of
predictability in agricultural operations creates uncertainty, which hinders the consistent
adjustment of crop quality and production(Hammer et al., 2001). The present study
investigates the factors influencing farmers' perceptions of weather-related uncertainty and
their contributions and interconnections. This study provides vital insights into how farmers
manage the difficulties caused by uncertainty and adjust their methods in response to
changing environmental circumstances. The study aims to illuminate the complexities of
decision-making in agricultural environments by examining the nuances of farmers'
perceptions and the underlying causes that influence them. Gaining a comprehensive
understanding of these processes is essential for formulating efficient strategies and
interventions to assist farmers in reducing risks and enhancing their ability to withstand

unpredictable weather patterns and broader patterns related to climate change.
METHODOLOGY

The present study envisages the relationship between the critical factors of uncertainty in
farming and the socio-ecological variables. An ex-post facto research design (Ray & Mondal,

2014) was followed to conduct the study. The study was conducted by randomly selecting



three villages, namely Bhomrapara, Mitrapur, and Maniktala, of the Haringhata block of
Nadia district in West Bengal. Nadia district of West Bengal comes under the New Alluvial
Zone (NAZ), characterized by highly fertile, productive land and high cropping intensity
(Chatterjee et al., 2015; Gangopadhyay et al., 2022). Despite that, the farmers are not facing
easy farming due to uncertainty. A score of 100 respondents has been selected through a
random sampling method. Data are collected between August 2021 and May 2022 through a
structured interview schedule using face-to-face interactions. The data were collected in
terms of independent and dependent variables. Twenty-three socio-ecological variables are
identified as independent variables based on the review of literature and pilot study for the
study. For assessing uncertainty in agriculture, the dependent variable, i.e., weather
uncertainty (WU), is considered the prime factor of uncertainty. This variable is quantified

using a ten-point rating scale.

WUS 1+WUS 2+WUS 3+WUS 4+WUS 5 .
WU= \Where WUS = weather uncertainty statement
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A score of ten defines the highest perception value, and a score defines the lowest perception
value, respectively, with five statements. The collected data are analyzed through both
descriptive and multivariate analysis. Statistical Package for the Social Science v23.0 (SPSS)
of IBM and online statistical tool OPSTAT (Sheoran et al., 1998) are used for analyzing the

coefficient of correlation, stepwise regression, and path analysis.

RESULT AND DISCUSSION
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Figure 1 presents the selected farmers' perceived uncertainty of different climate
events. The study shows that 60per—eentpercentof farmers had perceived very high
uncertainty about the temperature,55pereentpercentof farmers had perceived low uncertainty
about chances of precipitation, and 47pereentpercent about chances of the storm. At the same
time,51 pereentpercentand 43percentpercentof farmers had perceived very low uncertainty
about the chances of thunderstorms and the amount of precipitation, respectively. The study
suggests that the farmers have a broadunderstanding of the uncertainty of different climate
events, ranging from very low to very high. A similar study also reveals that the participant
has a good appreciation of the uncertainty of weather forecasts. However, they tend to avoid

forecasts based on low probabilities for their decisions (Kox et al., 2015).

Relation between perceived weather uncertainty and selected socio-ecological variables

Weather uncertainty is a condition where an uncertain weather event can be seen thatdirectly
impacts farming. Farmers can perceive uncertain weather conditions by achieving some

socio-ecological attributes. Table 1 envisages the association between the dependent variable,



perceived weather uncertainty, and selected socio-ecological variables using
Pearson’smultiple correlation coefficients. It has been found that variables age( Xx1),
education (x2), dependency ratio (x6), cultivated land (x7), landholding(x9), irrigated land
(x11), crop diversity index (x13), yield of crop (x14), cost of cultivation (x15), information
seeking behavior (x21) have recorded significant correlation with the dependent variable
perceived weather uncertainty. among them, the following variables age (x1), landholding
(x9), and cost of cultivation (x15) have recorded positive correlations, whereas education
(x2), dependency ratio (x6), cultivated land (x7), irrigated land (x11), crop diversity index
(x13), yield of crop(x14), information seeking behavior (x21) have recorded negative
correlation with perceived weather uncertainty.

Table 1: Coefficient of Correlation: Weather uncertainty (y) and 23 independent

variables (x1-x23)

SI. No.  Independent Variables ‘r’ value Remarks
1 Age(x1) 0.253 *
2 Education (x2) -0.266 **
3 Family size (x3) -0.053
4 Sex ratio (x4) -0.061
5 Cost of energy consumption (x5) 0.083
6 Dependency ratio (x6) -0.426 *x
7 Cultivated land (x7) -0.206 *
8 Homestead land (x8) 0.039
9 Landholding(x9) 0.482 el
10 Number of fragments (x10) -0.156
11 Irrigated land (x11) -0.393 **

12 Cropping intensity (x12) -0.059



13 Crop diversity index (x13) -0.389 **

14 Yield of crop (x14) -0.292 **
15 Cost of cultivation (x15) 0.342 *x
16 On-farm income (x16) -0.134
17 OfftfarmOff-farm income (x17) 0.011
18 Income per year (x18) -0.120
19 Training received (x19) -0.166
20 Farming experience (x20) 0.133
21 Information seeking behaviour (x21) -0.406 **
22 Health status (x22) 0.110
23 Stress (x23) -0.070

N.B.**Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level
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The study reveals that older farmers have a heightened perception of weather uncertainty due
to their extensive farming experience. Farmers with larger land areas under cultivation may
encounter more uncertain weather events, leading to increased cultivation costs due to
unfavorable conditions. Conversely, farmers with lower levels of education tend to view
weather uncertainty more negatively. Higher education and better training may mitigate the
impact of weather uncertainty. Those who rely more on other family members' earnings often
face more significant weather uncertainty. Farmers with smaller Landholdings are
particularly vulnerable to extreme weather events. Regions with less irrigation suffer more
from weather uncertainty, as irrigation can mitigate extreme weather effects. Weather
uncertainty significantly affects crop yields. Seeking more weather information helps reduce
uncertainty. Larger farms experience more pronounced effects from weather uncertainty.
Similar studies also reveal that the factors affecting different categories of climate change

perceptions depend upon a series of factors, including both socio-economic and



psychological considerations,viz. gender, age, education, soil fertility status, climate change

information, and access to credit services (Kingra & Misra, 2021), being located in an area
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with external water supply, owning fields with salinization issues, cultivating drought or salt- [ Formatted: English (United States)
sensitive crops, farm revenue, drought risk experience, and perceived control (Duinen et al., %F”ma"ed’ English (United States)
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Table 2 presents the stepwise regression analysis for screening out the most dominant causal ||

variable impacting weather uncertainty (y). It has been found that the following variables,
Landholding(x9), irrigated land (x11), the yield of the crop (x14), crop diversity index (x13),
dependency ratio (x6), cost of cultivation (x15) have been retained at the last step. These six
variables (dominant) together have contributed 70.90 percent variance embedded in the
dependent variable perceived weather uncertainty. Interestingly, these six variables have
made a net contribution of 91.60percentpercent of the tetal-variance explained. These six

variables have tremendous strategic importance. Weather uncertainty and landholding size are
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closely associated. The more land under irrigated farming, the less impact weather has on
generating uncertainty. Irrigated land provides higher security and less uncertainty due to
controlled management and consistent income. Crop yield serves as a strong predictor and
indicator of weather uncertainty. Yield fluctuations are directly linked to weather variations.
Crop diversity is essential for estimating weather uncertainty intensity and mitigating its
effects. Dependency ratio usage affects both costs and risk perception. When costs increase,
risk implications are amplified, creating a ripple effect. Cultivation costs serve as a standard
indicator for assessing uncertainty levels. Information seeking and sharing are crucial for
addressing uncertainty and are logically connected to the dependency ratio. Several similar
studies also support that the availability of specific and agro-ecologically relevant weather
forecasts isessential to overcome perceptual problems and to support effective
adaptation(Etana et al., 2020) along with the provision of climate change-related information
through various outlets may be helpful to distribute timely and relevant information to
farmers. Institutional measures and arrangements, such as improved agricultural extension
services, can have an increased impact in facilitating information exchange and motivating
farmers to take necessary action in due course time (Habtemariam et al., 2016). It is also
essential to adequately reduce the problem of lack of money, resource constraints, and

shortage of irrigation water to adapt the mitigation strategies related to weather-related

uncertainties (Abid et al., 2015).

Table 3: Decomposition of total effect perceived weather uncertainty (y) into direct, indirect,

and residual effects on selected socio-ecological variables

SI. No, Independent variables, TE, DE, IE, HIE
1 Age(x1), 0.253 0.078  0.175  0.143 (x15),
2, Education (x2), -0.266, -0.023 -0.243  -0.125 (x18),
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TE= Total Effect; DE= Direct Effect; IE=

Indirect Effect; HIE= Highest Indirect Effect; |

Residual effect: 0.228
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Table 3 presents the path analysis wherein the total effect of the dependent variable
has been decomposed into direct, indirect, and residual effectsof selected independent
variables. EvidenthyyearlhyYearly income has exerted the highest direct effect on perceived
weather uncertainty. The higher the weather uncertainty, the poorer has been the income.
Again, On-farm income has come out with an intensive associative property to characterize
the weather uncertainty by a clandestine maundering of the role and Contribution of other
variables. The residual effect of 22.8 per—eentpercent is to conclude that even with a
combination of 23 causal variables, around 23 pereentpercent of variants in consequent
variables and around 23pereentpercent of variants in perceived weather uncertainty could not
be explained. The variable irrigated land has routed the highest indirect effect of 11 other

causal variables to characterize the perceived weather uncertainty.

The candidate manuscript does not have a robust scientific discussion, | suggest the
authors incorporate the suggested paragraphs, in this way, it would improve the scientific
quality of the manuscript:
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Understanding farmers' perceptions of weather uncertainty is crucial for several reasons.

Firstly, it provides insights into how climate change impacts agricultural decision-making at

the grassroots level (Olivares et al. 2012a; Olivares et al. 2016; Camacho et al. 2018). By

delving into the subjective experiences of farmers, researchers can bridge the gap between

macro-level climate projections and on-the-ground realities (Olivares et al. 2012b; Cortez et

al. 2016a; 2016b).

This_micro-level analysis contributes to the broader field of agricultural resilience and

adaptation strategies (Olivares, 2014a; Olivares et al. 2020). By identifying factors such as

age, education, and landholding size that influence perceptions of weather uncertainty, the




study offers valuable data for designing targeted interventions and policies (Olivares, 2014b;

Olivares et al. 2015).

The study also underscores the interdisciplinary nature of climate research (Olivares, 2012),

highlighting the intersection between meteorology (Olivares et al. 2016; Olivares et al.

2017a), agronomy (Montenegro et al. 2021a; Olivares and Lopez, 2019), sociology (Olivares

et al. 2017b), and economics (Olivares and Franco, 2015; Pitti et al. 2021). Integrating these

diverse perspectives is essential for developing holistic approaches to climate adaptation and

mitigation in agricultural contexts (Montenegro et al 2021b).

Contemporary Relevance:

In the context of India, where agriculture remains a cornerstone of the economy and

livelihoods, the findings of this study have immediate relevance (Hernandez et al. 2018a).

With climate change exacerbating weather variability, farmers face mounting challenges in

sustaining their agricultural practices and livelihoods (Hernandez and Olivares, 2020).

The study's focus on specific villages in West Bengal adds localized nuance to broader

discussions on climate adaptation. It sheds light on the unique socio-economic and

environmental dynamics that shape farmers' experiences of weather uncertainty in this

region.

Moreover, the timing of the study coincides with the growing recognition of climate change

as a pressing global issue (Hernandez et al. 2018b). As countries strive to meet their climate

commitments under international agreements like the Paris Agreement, understanding the

grassroots impacts of climate change on vulnerable communities like smallholder farmers is

paramount.

Comparison with Studies in Rural Agricultural Territories of Developing Countries:




While this study focuses on Indian farmers, its insights are likely to resonate with similar

rural agricultural communities in other developing countries facing comparable challenges.

Droughts (Hernandez et al. 2017), floods (Hernandez et al. 2018c), and extreme temperatures

are recurring threats to agricultural productivity across many regions (Guevara et al. 2013;

Hernandez et al. 2020; Hernandez and Olivares, 2020).

By contextualizing the findings within a broader comparative framework, researchers can

identify commonalities and differences in farmers' perceptions and coping strategies across

diverse socio-cultural and agro-ecological contexts. This comparative lens enriches our

understanding of the complex interactions between climate variability (Casana and

Olivares,m 2020), local livelihoods (Olivares and Zingaretti, 2019; Cortez et al. 2018), and

[Formatted: English (United States)

adaptive capacity (Cortez et al. 2019; Olivares and Cortez, 2018).
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Moreover, collaboration and knowledge-sharing between researchers working in different

geographic _contexts can facilitate the exchange of best practices and lessons learned in

climate adaptation and resilience-building efforts (Viloria et al. 2023; Paredes et al. 2023).

CONCLUSION

Uncertainty is an intrinsic characteristic of any system characterized by multiple
contradictory factors that remain unpredictable or incomprehensible. In such situations, the
system's complexity level is inversely proportional to its ability to withstand and recover
from disruptions. Farmers, whose livelihoods depend on the success of their crops, are
acutely aware of the potential destruction that irregular weather patterns can inflict.
Variations in precipitation and temperature may cause severe impacts on crop production,
leading to a subsequent decrease in food supply. The findings indicate that farmers have a
wide range of views of uncertainty, which differ depending on the specific climate

occurrences. age, education, and landholding size are important socio-demographic factors



that majorly impact these beliefs. Elderly farmers and those with more extensive
landholdings tend to experience increased uncertainty. Factors such as irrigation practices,
crop yield, and cultivation costs are solid determinants of weather uncertainty. The study also
reveals the complex interaction between these variables, highlighting income per year as a
significant direct contributor. Although causal factors have been thoroughly examined, a
substantial percentage of the uncertainty variation remains unexplained, indicating the
complex nature of weather-related challenges. This instability weakens farmers' endeavors
and makes it highly challenging to rationalize any modifications to their current farming
techniques. These observations emphasize the necessity of implementing specific
interventions and policy actions to strengthen the ability of agriculture to withstand the
uncertainties caused by climate change. The complex interaction of uncertainties in the
Indian agricultural production system highlights the pressing requirement for proactive
actions to reduce risks and enhance resilience. Neglecting to tackle these difficulties
comprehensively could result in significant implications, impacting not only the agricultural
sector but also the country's overall food security.

REFERENCES

Abid, M., Scheffran, J., Schneider, U. A., & Ashfag, M. (2015). Farmers’ perceptions of and

adaptation strategies to climate change and their determinants: the case of Punjab
province, Pakistan. Earth System Dynamics, 6(1), 225-243.

https://doi.org/10.5194/esd-6-225-2015,

Formatted: Font: (Default) Times New
Roman, 12 pt, English (United States)

[Formatted: English (United States)

Beillouin, D., Schauberger, B., Bastos, A., Ciais, P., & Makowski, D. (2020). Impact of

extreme weather conditions on European crop production in 2018. Philosophical
Transactions of the Royal Society B: Biological Sciences, 375(1810), 20190510.

https://doi.org/10.1098/rsth.2019.0510,

Formatted: Font: (Default) Times New
Roman, 12 pt, English (United States)

[Formatted: English (United States)




Bisht, I. S., Rana, J. C., & Pal Ahlawat, S. (2020). The Future of Smallholder Farming in

India: Some  Sustainability Considerations.  Sustainability, 12(9), 3751.

https://doi.org/10.3390/su12093751

Roman, 12 pt, English (United States)

{Formatted: Font: (Default) Times New

[Formatted: English (United States)

Chatterjee, S., Santra, P., Majumdar, K., Ghosh, D., Das, I., & Sanyal, S. K. (2015).
Geostatistical approach for management of soil nutrients with special emphasis on
different forms of potassium considering their spatial variation in intensive cropping

system of West Bengal, India. Environmental monitoring and assessment, 187, 1-17.

Camacho, R., Olivares, B., Avendafio, N. (2018). Agri-food landscapes: an analysis of the

livelihoods of indigenous Venezuelans. Revista de Investigacion. 42(93):130-153.

https://n9.cl/9utqc

Casana, S., Olivares, B. (2020). Evolution and trend of surface temperature and windspeed

(1994 - 2014) at the Pargue Nacional Dofiana, Spain. Rev. Fac. Agron. (LUZ).

37(1):1-25. https://n9.cl/c815e

Cortez, A., Rodriguez, M.F., Rey, J.C., Ovalles, F., Gonzélez, W., Parra, R., Olivares, B.,

Marquina, J. (2016). Space-time variability of precipitation in Gudrico state,

Venezuela. Rev. Fac. Agron. (LUZ) 33 (3): 292-310. https://n9.cl/pmdck

Cortez, A., Olivares, B., Mufetones, A., Casana, S. (2016b). Strategic Elements of

Organizational Knowledge Management for Innovation. Case: Agrometeorology

Network. Revista Digital de Investigacién en Docencia Universitaria. 10 (1): 68-81.

http://dx.doi.org/10.19083/ridu.10.446

Cortez, A., Olivares, B., Parra, M., Lobo, D., Rey, JC., Rodriguez, MF. (2019).

Systematization of the calculation of the Standardized Precipitation Index as a

[Formatted: English (United States)

[ Formatted: English (United States)

|

Formatted: No underline, English (United
States)

[ Formatted: English (United States)

{

Formatted: No underline, English (United
States)



https://n9.cl/9utqc
http://dx.doi.org/10.19083/ridu.10.446

methodology to generate _meteorological drought information. Rev. Fac. Agron.

(LUZ). 36(2):209-223. https://n9.cl/4spijp

Cortez, A., Olivares, B., Parra, R., Lobo, D., Rodriguez, M.F. y Rey, J.C. (2018). Description

of meteorological drought events in localities of the central mountain range,

Venezuela.Ciencia,  Ingenierias y  Aplicaciones. | (1):22-44. DOI:

http://dx.doi.org/10.22206/cyap.2018.vlil.pp23-45.

Formatted: Hyperlink, Font: (Default) +Body,
11 pt, No underline, Font color: Auto, English
(United States), Pattern: Clear

| Field Code Changed

[Formatted: English (United States)

Dang, H. L., Li, E., Nuberg, I., & Bruwer, J. (2019). Factors influencing the adaptation of

farmers in response to climate change: a review. Climate and Development, 11(9),

765-774. https://doi.org/10.1080/17565529.2018.1562866,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Das, H. P. (2005). Agrometeorological Impact Assessment of Natural Disasters and Extreme

Events and Agricultural Strategies Adopted in Areas with High Weather Risks.

Springer eBooks. https://doi.org/10.1007/3-540-28307-2_6,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Duinen, R. V., Filatova, T., Geurts, P., & Veen, A. V. D. (2014). Empirical Analysis of

Farmers’ Drought Risk Perception: Objective Factors, Personal Circumstances, and

Social Influence. Risk Analysis, 35(4), 741-755. https://doi.org/10.1111/risa.12299,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Elias, E. H., Flynn, R., Idowu, O. J., Reyes, J., Sanogo, S., Schutte, B. J., Smith, R., Steele,

C., & Sutherland, C. (2019). Crop Vulnerability to Weather and Climate Risk:
Analysis of Interacting Systems and Adaptation Efficacy for Sustainable Crop

Production. Sustainability, 11(23), 6619. https://doi.org/10.3390/su11236619,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Etana, D., Snelder, D. J. R. M., van Wesenbeeck, C. F. A., & de Cock Buning, T. (2020).

Trends of Climate Change and Variability in Three Agro-Ecological Settings in

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)



https://n9.cl/4spjp

Central Ethiopia: Contrasts of Meteorological Data and Farmers’ Perceptions.

Climate, 8(11), 121. https://doi.org/10.3390/cli8110121

[Formatted: English (United States)

Gangopadhyay, S. K., Bandyopadhyay, S., & Maitra, A. K. (2022). Characteristics of soils of

lower Indo-Gangetic plains of West Bengal under rice cultivation. Journal of the

Indian Society of Soil Science, 70(1), 21-31.

Formatted: No underline, English (United
States)

[Formatted: English (United States)

Gillespie, S., Harris, J., & Kadiyala, S. (2019). The agriculture-nutrition disconnect in India:

What do we know?. Gates Open Res, 3(1115), 1115,

Formatted: No underline, English (United
States)

[Formatted: English (United States)

Guevara, E., Olivares, B., Oliveros, Y. y Lopez, L. (2013). Application of the thermal

comfort index as an estimator of heat stress in livestock production in the Mesa de

Guanipa, Anzoatequi _state.Revista Zootecnia Tropical. 31 (3): 209-223.

https://n9.cl/ovcu9

Formatted: No underline, English (United
States)

[Formatted: English (United States)

Habtemariam, L. T., Gandorfer, M., Kassa, G. A., & Heissenhuber, A. (2016). Factors

Influencing Smallholder Farmers’ Climate Change Perceptions: A Study from

Farmers in  Ethiopia.  Environmental = Management, 58(2), 343-358.

https://doi.org/10.1007/s00267-016-0708-0,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Hammer, G., Hansen, J., Phillips, J., Mjelde, J., Hill, H., Love, A., & Potgieter, A. (2001).

Advances in application of climate prediction in agriculture. Agricultural Systems,

70(2-3), 515-553. https://doi.org/10.1016/s0308-521x(01)00058-0,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Hatfield, J. L., Antle, J., Garrett, K. A, lzaurralde, R. C., Mader, T., Marshall, E., Nearing,

M., Philip Robertson, G., & Ziska, L. (2018). Indicators of climate change in

agricultural systems. Climatic Change, 163(4), 1719-1732.

https://doi.org/10.1007/s10584-018-2222-2

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)



https://doi.org/10.1007/s10584-018-2222-2

Hernandez, R. Olivares, B. (2019). Ecoterritorial sectorization for the sustainable agricultural

production of potato (Solanum tuberosum L.) in Carabobo, Venezuela. Agricultural

Science and Technology. 20(2): 339-354.

https://doi.org/10.21930/rcta.vol20 num?2_art:1462

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Herndndez, R., Olivares, B., (2020). Application of multivariate techniques in the agricultural

land’s aptitude in Carabobo, Venezuela. Tropical and Subtropical Agroecosystems,

23(2):1-12. https://n9.cl/zeedh

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Hernandez, R., Olivares, B., Arias, A, Molina, JC., Pereira, Y. (2020). Eco-territorial

adaptability of tomato crops for sustainable agricultural production in Carabobo,

Venezuela. Idesia. 38(2):95-102.

http://dx.doi.org/10.4067/S071834292020000200095

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Herndndez, R; Olivares, B. Arias, A; Molina, JC., Pereira, Y. (2018a). Agroclimatic zoning

of corn crop for sustainable agricultural production in Carabobo, Venezuela. Revista

Universitaria de Geografia.,. 27 (2): 139-159. https://n9.cl/12m83

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Hernandez, R; Pereira, Y; Molina, JC; Coelho, R; Olivares, B y Rodriguez, K. 2017.

Calendario de siembra para las zonas agricolas del estado Carabobo en la Republica

Bolivariana de Venezuela. Sevilla, Spain, Editorial Universidad Internacional de

Andalucia. 247 p. https://n9.cl/sjbvk

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Hernandez, R; Olivares, B., Arias, A; Molina, JC., Pereira, Y. (2018b). Identification of

potential agroclimatic zones for the production of onion (Allium cepa L.) in

Carabobo, Venezuela. Journal of the Selva Andina Biosphere., 6 (2): 70-82.

http://www.scielo.org.bo/pdf/jsab/v6n2/v6n2_a03.pdf

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)



http://www.scielo.org.bo/pdf/jsab/v6n2/v6n2_a03.pdf

Hernandez, R; Olivares, B., Coelho, R., Molina, JC., Pereira, Y. (2018c). Analisis espacial

del indice hidrico: un avance en la adopcion de decisiones sostenibles en los

territorios agricolas de Carabobo, Venezuela. Revista Geografica de América Central.

60 (1): 277-299. DOI: https://doi.org/10.15359/rgac.60-1.10

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Hinz, R., Sulser, T. B., Huefner, R., Mason- D’Croz, D., Dunston, S., Nautiyal, S., Ringler,

C., Schuengel, J., Tikhile, P., Wimmer, F., & Schaldach, R. (2020). Agricultural
Development and Land Use Change in India: A Scenario Analysis of Trade- Offs
Between UN Sustainable Development Goals (SDGS). FEarth’s Future, 8(2).

https://doi.org/10.1029/2019ef001287,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

JHoogenboom, G. (2000). Contribution of agrometeorology to the simulation of crop

production and its applications. Agricultural and Forest Meteorology, 103(1-2), 137—

157. https://doi.org/10.1016/s0168-1923(00)00108-8,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Kaur, G. (2022). Economic Growth, Climate Crisis and Natural Disasters. IMPRI Impact

and Policy Research Institute.,

Formatted: No underline, English (United
States)

[Formatted: English (United States)

Kingra, P. K., & Misra, A. K. (2021). Agricultural Input Use Efficiency and Climate Change:

Ways to Improve the Environment and Food Security. Input Use Efficiency for Food

and Environmental Security, 33-67. https://doi.org/10.1007/978-981-16-5199-1_2,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Kox, T., Gerhold, L., & Ulbrich, U. (2015). Perception and use of uncertainty in severe

weather warnings by emergency services in Germany. Atmospheric Research, 158—

159, 292-301. https://doi.org/10.1016/j.atmosres.2014.02.024

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Kumar, A, Singh, D., & Mahapatra, S. (2022). Energy and carbon budgeting of the pearl

millet-wheat cropping system for environmentally sustainable agricultural land use

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)




planning in the rainfed semi-arid agro-ecosystem of Aravalli foothills. Energy, 246,

123389. https://doi.org/10.1016/j.energy.2022.123389,

[Formatted: English (United States)

Lal, R. (2009). Soils and Food Sufficiency: A Review. Springer eBooks.

https://doi.org/10.1007/978-90-481-2666-8_4

Long, R. L., Gorecki, M. J., Renton, M., Scott, J. K., Colville, L., Goggin, D. E,

Commander, L. E., Westcott, D. A, Cherry, H., & Finch- Savage, W. E. (2014). The
ecophysiology of seed persistence: a mechanistic view of the journey to germination

or demise. Biological Reviews, 90(1), 31-59. https://doi.org/10.1111/brv.12095,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

- [ Formatted: English (United States)

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Lutz, A., Immerzeel, W. W., Siderius, C., Wijngaard, R. R., Nepal, S., Shrestha, A. B,

Wester, P., & Biemans, H. (2022). South Asian agriculture increasingly dependent on
meltwater and groundwater. Nature Climate Change. https://doi.org/10.1038/s41558-

022-01355-z,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Merz, B., Bloschl, G., Vorogushyn, S., Dottori, F., Aerts, J. C. J. H., Bates, P., Bertola, M.,

Kemter, M., Kreibich, H., Lall, U., & Macdonald, E. (2021). Causes, impacts and
patterns of disastrous river floods. Nature Reviews Earth & Environment, 2(9), 592—

609. https://doi.org/10.1038/s43017-021-00195-3

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Miraglia, M., Marvin, H., Kleter, G., Battilani, P., Brera, C., Coni, E., Cubadda, F., Croci, L.,

De Santis, B., Dekkers, S., Filippi, L., Hutjes, R., Noordam, M., Pisante, M., Piva, G.,
Prandini, A., Toti, L., van den Born, G., & Vespermann, A. (2009). Climate change
and food safety: An emerging issue with special focus on Europe. Food and Chemical

Toxicology, 47(5), 1009-1021. https://doi.org/10.1016/j.fct.2009.02.005,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)



https://doi.org/10.1016/j.fct.2009.02.005

Montenegro, E; Pitti, J; Olivares, B. (2021a). Adaptation to climate change in indigenous

food systems of the Teribe in Panama: a training based on CRISTAL 2.0. Luna Azul.

51 -2, pp. 182 - 197. https://n9.cl/gwvwz.

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Montenegro, E; Pitti, J; Olivares, B. (2021b). Identificacién de los principales cultivos de

subsistencia del Teribe: un estudio de caso basado en técnicas multivariadas. Idesia.

39 - 3, pp. 83 - 94. http://dx.doi.org/10.4067/S0718-34292021000300083

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B. (2012). Valorization of ancestral and local knowledge through the perception of

the climate in _indigenous agricultural communities of the South of Anzoatequi,

Venezuela. UDO Agricola. 12 (2):407-417. https://n9.cl/0ljhy,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

QOlivares, B. (2014a). Relationship of nature, climate and spirituality of the Kari'fia

agricultural indigenous communities of Anzoatequi state, Venezuela. Revista Tiempo

y Espacio. 61 (2): 129-150. https://n9.cl/dugh2,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B. (2014b). Systematization of ancestral and traditional knowledge of the Karifia

ethnic group in Anzoatequi state, Venezuela. Revista de Investigacion. 82 (38): 89-

102. https://n9.cl/fewif

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

| Field Code Changed

Olivares, B. O. O., & Cortez, A. (2017). La extension agricola en territorios indigenas Kari’

fla _de Venezuela: Hacia el desarrollo local sostenible con identidad. Editorial

Académica Espafiola.

Formatted: Hyperlink, Font: (Default) Times
New Roman, 12 pt, No underline, Font color:
Auto, English (United States)

[ Formatted: English (United States)

Olivares, B., Cortez, A., Parra, R., Lobo, D., Rodriguez, M.F, Rey, J.C (2017). Evaluation of

agricultural vulnerability to drought weather in different locations of Venezuela. Rev.

Fac. Agron. (LUZ) 34 (1): 103-129. https://n9.cl/d827w ,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)



http://dx.doi.org/10.4067/S0718-34292021000300083
https://n9.cl/fewif

Olivares, B., Guevara, E., Demey, J. (2012a). Use of climatic bioindicators in agricultural

production systems of Anzoatequi state, Venezuela. Multiciencias. 12 (2): 136-145.

https://n9.cl/ak22r

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

QOlivares, B., Guevara, E., Demey, J. (2012b). Use and demand of agrometeorological

information _in _agricultural production systems in Anzoatequi, Venezuela.

Multiciencias. 12 (4): 372-381. https://n9.cl/yuyd

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B., Hernandez, R. (2020). Application of multivariate technigues in the agricultural

land’s aptitude in Carabobo, Venezuela. Tropical and Subtropical Agroecosystems,

23(2):1-12. https://n9.cl/zeedh

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

QOlivares, B., Lobo, D., Cortez, A., Rodriguez, M.F. v Rey, J.C. (2017). Socio-economic

characteristics and methods of agricultural production of indigenous community

Kashaama, Anzoatequi, Venezuela. Rev. Fac. Agron. (LUZ) 34 (2): 187-215.

https://n9.cl/p2gc5,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B., Lopez, M. (2019). Normalized Difference Vegetation Index (NDVI) applied to

the agricultural indigenous territory of Kashaama, Venezuela. UNED Research

Journal. 11(2): 112-121. https://doi.org/10.22458/urj.v11i2.2299

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B., Pitti, J., Montenegro, E. (2020). Socioeconomic _characterization of Bocas del

Toro in Panama: an application of multivariate techniques. Revista Brasileira de

Gestao e Desenvolvimento Regional, 16(3):59-71. https://n9.cl/1dj6,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Olivares, B., Rodriguez, M.F, Cortez, A., Rey, J.C., Lobo, D. (2015). Physical Natural

Characterization of Indigenous Community Kashaama for Sustainable Land

Management. Acta Nova. 7 (2):143-164. https://n9.cl/6gezo,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)




QOlivares, B., Zingaretti, M.L., Demey Zambrano, J.A., Demey, J.R. (2016). Typification of

agricultural production systems and the perception of climatic variability in

Anzoateqgui, Venezuela. Revista FAVE - Ciencias Agrarias 15 (2): 39-50.

https://doi.org/10.14409/fa.v15i2.6587

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Olivares, B. O., & Franco, E. (2015). Diagnéstico agrosocial de la comunidad indigena de

Kashaama: Un estudio empirico en el estado de Anzoatequi, Venezuela. Revista

Guillermo de Ockham, 13(1), 87-95.

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

QOlivares, B., Zingaretti, M.L. (2019). Application of multivariate methods for the

characterization of periods of meteorological drought in Venezuela. Revista Luna

Azul. 48, 172:192. http://dx.doi.org/10.17151/luaz.2019.48.10,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Paredes-Trejo, F.; Olivares, B.O.; Movil-Fuentes, Y.; Arevalo-Groening, J.; Gil, A. (2023).

Assessing the Spatiotemporal Patterns and Impacts of Droughts in the Orinoco River

Basin Using Earth Observations Data and Surface Observations. Hydrology, 10, 195.

https://doi.org/10.3390/hydrology10100195

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Pitti, J; Olivares, B; Montenegro, E. (2021). The role of agriculture in the Changuinola

District: a case of applied economics in Panama. Tropical and Subtropical

Agroecosystems. 25 - 1, pp. 1 - 11. https://n9.cl/quyl2

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[ Formatted: English (United States)

Ray, G. L. & Mondal, S. (2014). Research Methods in Social Sciences & Extension

Education. Kalyani Publishers, New Delhi, India. ISBN- 978-8127267469.,

Formatted: No underline, English (United
States)

[Formatted: English (United States)



https://doi.org/10.14409/fa.v15i2.6587
http://dx.doi.org/10.17151/luaz.2019.48.10

Reilly, M., & Willenbockel, D. (2010). Managing uncertainty: a review of food system

scenario analysis and modelling. Philosophical Transactions of the Royal Society B:

Biological Sciences, 365(1554), 3049-3063. https://doi.org/10.1098/rstb.2010.0141,

Roy, P., Pal, S. C., Chakrabortty, R., Chowdhuri, I., Saha, A., & Shit, M. (2022). Climate

change and groundwater overdraft impacts on agricultural drought in India:
Vulnerability assessment, food security measures and policy recommendation.
Science of the Total Environment, 849, 157850.

https://doi.org/10.1016/j.scitotenv.2022.157850,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Saxena, N. C. (2018). Hunger, Under-Nutrition and Food Security in India. Poverty, Chronic

Poverty and Poverty Dynamics, 55-92. https://doi.org/10.1007/978-981-13-0677-8_4

Sheoran, O. P, Tonk, D. S., Kaushik, L. S., Hasija, R. C., & Pannu, R. S. (1998). Statistical

software package for agricultural research workers. Recent advances in information
theory, statistics & computer applications by DS Hooda & RC Hasija Department of

Mathematics Statistics, CCS HAU, Hisar, 139-143.

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

- [ Formatted: English (United States)

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Srivastava, P., Singh, R., Tripathi, S., & Raghubanshi, A. S. (2016). An urgent need for

sustainable thinking in agriculture — An Indian scenario. Ecological Indicators, 67,

611-622. https://doi.org/10.1016/j.ecolind.2016.03.015,

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)

Tonkin, J. D., Bogan, M. T., Bonada, N., Rios- Touma, B.,, & Lytle, D. A. (2017).

Seasonality and predictability shape temporal species diversity. Ecology, 98(5), 1201

1216. https://doi.org/10.1002/ecy.1761

Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

[Formatted: English (United States)



https://doi.org/10.1002/ecy.1761

Viloria, J.A.; Olivares, B.O.; Garcia, P.; Paredes-Trejo, F.; Rosales, A. Mapping Projected Formatted: Font: (Default) Times New
Roman, 12 pt, No underline, English (United
States)

Variations of Temperature and Precipitation Due to Climate Change in Venezuela.

Hydrology 2023, 10, 96. https://doi.org/10.3390/hydrology10040096 ( Formatted: English (United States)




