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ABSTRACT

The agricultural production and commodity markets both are particularly affected by the climatic changes.
This article investigates, various impacts of shifting climatic trends—specifically, shifting in temperature, rainfall
patterns, and CO2 concentrations—on food production and their subsequent effects on both exporting and
importing countries. Furthermore, to study the relation of these climate changes with the commaodity prices, we
employ the Pearson correlation coefficient, demonstrating that as weather patterns fluctuate, associated economic
variables tend to increase as well. The article emphasizes the necessity for both adaptation and mitigation
strategies to address climate challenges, including minimizing greenhouse gas emissions and promoting the
sustainable practices that are accessible to regional and smallholder farmers, traditional farming methods can be
conjugated with innovative technologies, which enhance resilience and efficiency in agriculture, the significance
climate-resilient development and policy interventions plays an important role in stabilizing agricultural trade.
By adopting an integrated approach that combines technology, policy, and sustainable practices, it is possible to
establish a more resilient global food system capable of fulfilling future demands while addressing environmental

challenges.
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INTRODUCTION

Weather has played a crucial role in shaping livelihoods, from nearly all of human history and given its
importance in agricultural production. (D’Agostino, A. L., & Schlenker, W. (2016) however, climatic changes
have directly affects on crop yields, commodity prices by causing variations in supply and demand of
commodities (Dietz et al., 2016; Hasegawa et al., 2018; Tol, 2020; Zhang et al., 2023)), also on price stability and
food security.The most significant consequences of climate changes will be in sectors such as agriculture
(IPCC,2014), where changing climatic conditions pose serious challenges to productivity and sustainability. In
the upcoming decades, climate change is projected to increase the variability of global crop production by 1-3%
(Haile et al., 2017). To understand, some fundamental issues are addressed, such as the ways in which climate
change impacts different aspects of food production, food security and prize volatility, while emphasizing the

importance of adaptive and mitigating measures for a more resilient food system.
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Various official statistics predicted that the poor or small- holder farmers are more vulnerable effected by the
climatic changes, for two reasons: primarily due to unawareness regarding recent technologies that could lessen
the impacts of climate change; and second higher costs associated with the inputs. To address this issue, we focus
on emphasizing various traditional and sustainable agriculture practice such as raised bed farming, rainwater
harvesting and soil fertility management. The traditional methods can lead to reduced input costs over time,
relying more on local resources and biodiversity instead of synthetic fertilizers and pesticides. Research indicates
that rising temperatures are not only reducing soil moisture but also interrupting critical growth stages in crops,
which can lead to significant yield losses. For instance, heatwaves and droughts and excess rainfall place stress on
plants, shortening grain-filling periods and affecting overall harvests which leads to food shortages. What, then,
would be a better way to address the various impacts of shifting climatic trends on food production, security and
prize volatility? Out of the various alternatives- adapting the sustainable (traditional) practices, innovative
technologies, implementing regional and international policies and trades and emphasizing mitigating strategies —
are the most promising methods, so far.

Sustainable agricultural practices and climate-smart technologies provide effective solutions for adaptation to
these threats. From past decades, traditional practices have sustained communities in difficult conditions however,
together with more recent technologies such as information systems, 10T devices for real-time capture of data or
block chain to ensure market transparency, these practices can develop strong, climate-resilient food systems.
This article emphasizes policy interventions, international trade and subsides are especially important to reduce
the economic effect of these climatic changes. As climate change disrupting agricultural output, we need to
combine the ancient practices with sophisticated new technologies to constitute a food system that is robust, and
able to serve the future needs of all, which not only ensure food security and price stabilization but also promotes

a healthier and sustainable planet.
Section 1: Climate Change and Its Impact on Agricultural Production:

The many factors influencing agricultural yields, particularly in relation to climate change, have been extensively
studied by agronomists. According to (IPCC) report from 2014 identifies rising temperatures, changes in rainfall,
and the increased extreme weather events as significant factors. Gray et al. (2021) emphasize that a 20%
reduction in current production levels could have severe global implications. Between 2011 and 2020, the average
surface temperature of the Earth was 1.1°C roughly 2°F above those of the late 1800s, signifies the warmest
interval in a minimum of 100,000 years This ongoing warming trend is likely to worsen heatwaves, heavy rainfall,

and elevated CO2 concentrations.

Heatwaves primarily impact agriculture by reducing crop yields. The effect of heat on soil moisture occurs in two
significant ways: evaporation directly dehydrates the soil, while transpiration causes plants to lose water absorbed
by their roots. Additionally, higher temperatures increase the water needs of plants for photosynthesis (Lobell et

al., 2013). (Hatfield et al., 2011) suggests that the rise in temperatures and variability in precipitation will greatly
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affect agricultural productivity. Their observations indicate that warmer conditions in the United States, increased
soil water evaporation and crop transpiration will occur, resulting in greater soil moisture deficits and possible
economic challenges(Hatfield et al., 2011). The studies by CCSP (2008) and Jones and Yosef (2015) point out
that high temperatures can shorten vital growth phases, promote crop diseases, and heighten susceptibility to pests,
all of which jeopardize crop development and yield potential. Specifically, Sharma et al. (2022) note that

increased temperatures shorten the grain-filling period, resulting in lower yields.

Climate change not only affects average crop production levels but also its variability (McCarl et al., 2008).
Rainfall patterns, including monsoons, are anticipated to become more erratic and intense, leading to drier
conditions in some areas while others become wetter. The unique characteristics of vertisols and unfavorable
interactions between soil and rainfall limit the potential for higher crop yields (Bedane et al., 2022). Changes in
rainfall distribution, particularly an increase in intense rainfall events could increase the likelihood of water
shortages during different periods due to altered rainfall frequencies (Hatfield and Prueger, 2004). Research
shows that variability in crop production linked to precipitation often exceeds that attributed to temperature
changes (Lobell and Burke, 2008). Both insufficient and excessive rainfall can negatively impact crop production
through effects on yield and area. Farmers typically adjust their crop area based on the timing and volume of
rainfall at planting (Sacks et al., 2010). Heavy spring rainfall may cause planting delays, risking productivity and
profitability for agronomic crops (Rosenzweig et al., 2002). Extended periods of low rainfall can lead to
widespread food shortages (Takele Zike Geneti, 2019). Simane and Struick (1993) highlight that not only the total
amount of rainfall is crucial, but its seasonal distribution also significantly affects crop growth and production.
Losses are estimated to range from 10% to 20% of the production area, potentially impacting 1 to 3 billion
individuals (Fischer and van, 2002). Irregular rainfall patterns can lead to water shortages that hinder leaf area
development and senescence, while water stress diminishes net photosynthesis rates per unit of leaf area. The
deficits in water needed to impact photosynthesis are typically greater than those affecting leaf elongation (Turner
and Begg, 1978). A significant factor influencing crop production is the misalignment of planting schedules due
to variability in rainfall (Ugochukwu et al., 2000). Research indicates a general upward trend in rainfall over three
seasons, except for winter, though this trend lacks statistical significance (p > 0.10). On an annual basis, average
rainfall has been increasing by about 5.675 mm each year (Mall et al., 2017). Furthermore, economic growth rates
are adversely affected by a greater number of wet days and extreme daily rainfall, primarily due to crop failures

and diminished yields.

Over the last five decades, atmospheric CO2 levels have steadily risen, with forecasts suggesting continued
increases over the next 30 years. Current levels, approximately 387 umol mol-1, are projected to approach
approximately 450 umol mol-1 by coming three decades. (Hatfield et al., 2011). Plant responses to varying CO2
concentrations are complex and differ by species, influenced by interactions with factors such as temperature, soil

moisture, nutrient management, and adaptation to these conditions play a crucial role (Long, 1991; Wolfe et al.,
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1998). The Penman—Monteith equation illustrates how changes in temperature, CO2, and ozone directly influence
water consumption.Under rainfed conditions, patterns of agricultural water requirements and the occurrence of
natural or managed irrigation significantly impact responses to increased CO2 levels (Hatfield,et al., 2011). The
third IPCC assessment report (TAR) indicates that the combined effects of rising CO2 levels and shifts in rainfall
and temperature are likely to substantially influence grasslands and rangelands. Production is generally
anticipated to rise in humid temperate grasslands while declining in dry and semi-dry areas. Furthermore,
interactions between CO2 and temperature are acknowledged as critical factors influencing potential plant
damage from pests in the future. Similarly, the relationship between CO2 and precipitation is expected to be
significant (Zvera and Kozlov, 2006). One direct consequence of increasing atmospheric CO?2 is partial stomatal
closure, which reduces CO2 uptake and lowers transpiration rates (Hatfield, et al., 2011; Arve et al., 2010).
Elevated CO2 can positively affect the production of C3 crops, like wheat and rice; however, this advantage may
be offset by heat and drought stress. In contrast, elevated CO2 primarily benefits C4 crops, including maize,
millet, and sorghum, but only in drought conditions (Eyshi Rezaei et al., 2023).

Mean
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Figure 1. Change in temperature trends from 1850 to 2024

Source: Hannah Ritchie, Pablo Rosado and Max Roser (2023) - “CO. and Greenhouse Gas Emissions”’Published
online at OurWorld.in data.org. Retrieved from: 'https://ourworldindata.org/co2-and-greenhouse-gas-emissions'

[Online Resource]

Note: From the chart we can clearly see the rise in temperature between 1961-1990 was near to the baseline (pre-
industrial era) and afterwards the temperature rose upto 0.8°C. (Post-Industrial era). The total temperature rised is

about 1.2°C from 1850(when temperature was 0.4°C.
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Section 2) The Impact of Climate Change on Commaodity Markets:

2.1) Food Security: Commodity markets are vital components of the global economy. Climate change is poised
to impact food supply (Colin et al., 2018) and will significantly influence future food security and the prices of
agricultural commodities (Lewis, K. & Witham, C., 2012). Food systems encompass several dimensions: from
food availability to utilization. Therefore, food security is undermined when food systems are stressed (Gregory et
al., 2005). These stresses can result from various factors, particularly climate change, which alters temperature,
precipitation, and rainfall patterns. The decline in crop production, coupled with rising food prices since 1990
(Brown and Funk, 2008) and a reduction in per capita harvested area, has placed certain countries in serious food
security crises (FAO, 2007,Lee et al., 2009). Consequently, studies that concentrate solely on crop production

give only a limited view of the relationship between food security and climate change (Wheeler et al., 2005).
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Figure 2: The Dynamic Landscape of Research Questions: From Production to Security. Source: (Ingram
et al. 2005), (Wheeler et al., 2005).

Food security relies food systems encompassing availability, access, and utilization—not just production—has
led the global change research community to reevaluate key research questions related to food security (Figure 2).
This shift resulted in the establishment in 2001, when the collaborative initiative known as GECAFS (Global
Environmental Change and Food Systems) was established .Many of the farmers in rural area, both consume their
own produce and sell it in local markets. This reliance makes them particularly vulnerable to climate variability
so, when production declines, their incomes decrease however the costs to maintain basic consumption rise.
Furthermore, national revenues can suffer from the climatic crises, limiting the ability of budget-constrained
countries to purchase grain on the international market. As agricultural trade becomes increasingly globalized,
climate change's effects on food production are anticipated to impact nations that both export and import
foodstuffs. Food-importing nations are primarily concerned with food security, whereas food-exporting nations
focus on the implications for farm income (Lee,et al.,2009). Increased temperature and low precipitation rates in
semi-arid regions are expected to reduce yields of the essential crops such as corn, wheat, and rice over the next
two decades, significantly threatening global food security (Lobell et al., 2011). This situation may also
exacerbate hunger,which is a multifaceted issue with diverse root causes. It encompasses deficits in both macro-

and micronutrients, acute disruptions to food accessibility, and persistent shortages. These challenges are rooted
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in constraints affecting the provision of sufficient and nutritious food, limited economic means to acquire
sustenance, and the intricate interplay between nutritional status, sanitary conditions, and communicable diseases,
collectively leading to detrimental health consequences (Wheeler et al., 2013). According to the 2024 Global
Hunger Index (GHI), the hunger situation is indeed critical. The multiple crises affecting the world are revealing
the shortcomings of food systems at both global and local levels, underscoring the vulnerability of populations
worldwide to hunger. This situation is further worsted by climatic conditions that disrupt agricultural productivity,
leading to deficiencies in both macronutrients and micronutrients essential for health. Fluctuations in climate
patterns, including temperature extremes and erratic precipitation, impact agricultural productivity and reduce
access to nutritious foods. As a result, many communities not only struggle with insufficient food quantity but

also face a heightened risk of malnutrition, impacting overall health and well-being.
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Figure2: The number of individuals and the proportion of the population experiencing high levels of hunger in
countries and territories included in the Global Report on Food Crises (GRFC) has been tracked from 2016 to
2023.

The graph illustrates a consistent rise in the number of individuals experiencing high levels of acute food
insecurity since 2019, as indicated by the orange bars. Additionally, it reveals that the overall analyzed
population has grown each year starting in 2020. Notably, the proportion of this population facing significant
acute food insecurity surged from 14 percent in 2018 to over 20 percent annually since 2020, reaching an eight-

year peak of 23 percent in 2022.
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2.2) Price Volatility: Weather-related shocks to agricultural yields are widely recognized as the primary source
of price variability in agriculture (Godfray et al., 2010). The food crisis of the 1970s and the ongoing turbulence
that began in 2007 underscore the current market instability. Notably, in the second half of 2010, commodity
prices experienced a sharp increase; the FAO Food Price Index rose by 38% between July 2010 and February
2011, surpassing the peak observed during the 2008 food crisis. Climate change impacts on crop farming are
likely to cause key food exporters to adjust their strategies. Amid these challenges, fluctuations in food prices
remain a central concern. Price changes are influenced by supply and demand dynamics: when supply falls short

of demand, food prices rise, and conversely, prices drop when supply exceeds demand (Lee, H.-L., 2009).

As the interplay between climate change and market dynamics becomes increasingly evident, a recent ECB
survey of leading firms sheds light on how these changes impact economic activity and pricing strategies. The
findings revealed that over 90% of respondents believed that climate change and the necessary adaptations would
lead to various cost pressures. Many firms indicated that adapting would require investments in new facilities or
processes and modifications to their supply chains, resulting in increased input costs. Additionally, more than
three-quarters acknowledged that their insurance costs would rise due to climate change, alongside an elevated
risk of production disruptions. Furthermore, one-third of the surveyed companies agreed that climate change

might necessitate relocating some operations (Kuik et al., 2022).
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Figure 4: Impacts on firms from climate change and associated adaptation measures (percentage of responses) .
Source: ECB (Kuniket.al.,2022)

Note: Respondents were instructed to signify their level of endorsement by choosing whether they strongly
agreed, agreed, or disagreed—with the statement, “Climate change and/or our adaptation to it will [+ statement].”
The term “more resilient” refers to facilities or processes that are better equipped to withstand risks aligned with

climate changes.Declining crop yields and agricultural outputs resulting from extreme heat can create shortages
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and drive-up food prices. In economic discussions, this situation is known as "heatflation.". "Heatflation" refers to
the increase in food and commaodity prices attributed to the effects of global warming, particularly those related to
severe heat waves, crops often experience heat stress, which can diminish agricultural yields and reduce overall
production. (The Food Institute, 2022). When this decline in supply coincides with steady or increasing demand,

it leads to elevated prices.

* Statistical Analysis: As climate change increasingly impacts agricultural productivity, understanding the
relationship between climatic factors and price volatility becomes essential for effective policy-making. In this
study, the Pearson's correlation coefficient is used (Zhang et al., 2024)as a key statistical tool to analyze the
relationship in climatic factor (Temperature) and price volatility in agricultural markets. Given the ongoing effect
of climatic changes on global weather trends—resulting in fluctuations in temperature and precipitation—
understanding how these elements correlate with commodity prices is essential. By utilizing the purpose of
Pearson’s correlation coefficient is to evaluate the intensity and orientation of variable relationships, providing
valuable insights for effective policy-making. This analysis will assist in formulating strategies to address the

economic repercussions of climate variability on food prices.
Formula for the Pearson Correlation Coefficient:

The Pearson Correlation Coefficient (r) formula, specifically examining the relation among climatic variables
(e.g., temperature, precipitation) and food prices, can be expressed as:

— _X@i=p)((ci=C)
VE®@i—p)22(c;i—0)?

where:

c; = represents individual climate variable values (like temperature or precipitation).
p; =represents individual food price values.

c= is the mean of the climate variable values.

p=is the mean of the food price values.

By applying the Pearson correlation formula, we systematically analyze the relationship between temperature and
price distribution. As we input the corresponding values into the equation, we anticipate a robust positive
correlation. This expectation arises from the underlying premise that, generally, increased temperatures foster

conditions conducive to success, whether in agricultural yield or competitive performance.

As we observe higher temperatures, we can infer a corresponding rise in the number of prizes awarded in related
fields. Therefore, upon completing the calculations, we expect the correlation coefficient (r=1)to reflect this
positive association, highlighting the significant impact that favorable climatic conditions can have on human

achievement and recognition.
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Graphical Representation of the Correlation between Climate and prices:

To visually illustrate the positive correlation between temperature and prize distribution, we present the following
graph. This representation emphasizes the relationship we have explored, clearly showing how rising

temperatures are associated with an increase in price across various fields.

Furthermore, the Pearson Correlation Coefficient (denoted as r) serves as a statistical approach for determining
the magnitude and direction of the linear correlation between two continuous variables. Within this frameworks, it
is particularly relevant for evaluating how climate conditions (temperature and precipitation), affects the food
prices. By applying this measure, we can gain deeper insights into the interplay between climatic factors and

economic outcomes.
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The data on the graph is demonstrated on the base of:
Income/Price=a+bxTemperature.

where,

e pisthe predicted price,

e aisthe intercept (base price when temperature is 0),

e isthe slope (change in price per degree of temperature change),

e Temperature is the climate variable.
The trend line clearly shows that, as temperature rises, economic variables also tend to rise, reinforcing the
findings of Greler et al. (2021). Values span from -1 to 1, with r = 1 signifying a complete positive correlation
(e.g., higher temperatures lead to higher food prices). This positive correlation suggests that warmer temperatures
can be associated with higher economic prices The positive relationship between rising temperatures and
commodity prices, can destabilize food systems and lead to considerable economic and social consequences both
locally and globally.
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Section3: IMPLICATIONS FOR AGRICULTURAL TRADE AND PRODUCTION

Adaptation and mitigation: The climatic changes have a major impact on reducing the crop production and

changing market trends and related resources at global level. Addressing the climatic change in agriculture calls
for a two-fold strategy: The first strategy is to lessen the severity of climatic change through reducing the human
activities that are main reason of the climate changes i.e. mitigation of greenhouse gases. The second and
important option is to promote adaptation to the recent climatic changes to reduce the impacts and take benefit of
new technologies, implementing adaptive practices such as using sustainable agricultural practices which are also
easy to adapt for local and small-holder farmers, also affordable due to less cost of implication. Mitigation efforts
target the reduction of emissions driving extreme weather events—such as heat waves, droughts, and intense
rainfall—while adaptation supports farmers in adjusting to evolving conditions, seizing emerging opportunities,
and embracing advanced technologies.

3.1) Traditional and Sustainable Agricultural Practices:

The complexity of smallholder agriculture is often oversimplified in existing data, overlooking the varied,
innovative strategies that traditional farmers employ to navigate climate variability, underscoring their resilience
and adaptability (Altieri & Nicholls, 2013).

With the global population projected to reach nine billion by 2050, recent reports (IAASTD, 2009; de Schultter,
2010) highlight the critical need for efficient farming systems to meet escalating food demands. Focusing on both
adaptation and mitigation in agricultural practices traditional (Sustainable farming) offers a viable path forward,
equipping farming communities to sustain production and trade in the face of climate change and ensuring food
security for future generations. The implications for subsistence farmers in remote and fragile areas can be
significant, particularly as they are expected to face considerable yield declines. These farmers rely heavily on
key crops—such as maize, beans, potatoes, and rice—for their food security, making them particularly vulnerable
to the negative effects of climate change on agricultural production. Traditional farming methods across various
regions highlight effective, time-tested strategies to enhance agricultural production in challenging environments.
Such systems can lead to reduced input costs over time, relying more on local resources and biodiversity instead
of synthetic fertilizers and pesticides. Furthermore, they can enhance economic stability for farmers, particularly
in vulnerable communities, by increasing profit margins and lowering dependence on external markets. A diverse
range of crops contributes to better nutrition and helps communities withstand pests and diseases (Gliessman,
2016; IPES-Food, 2016). These practices, which include raised bed farming, rainwater harvesting, and soil
fertility management, reflect adaptations to specific environmental conditions that also provide insights into
sustainable agriculture for modern-day climate challenges. In Mexico, the Aztec "chinampa" system utilized
raised plots built from lake mud and organic matter, creating self-contained, fertile islands in shallow lakes. These
narrow beds and canals-maintained soil moisture and supported multiple annual crop cycles, efficiently using the
local ecosystem to maintain fertility and provide a sustainable food supply for dense populations (Gliessman et al.,

1981; Rabiela, 1993). In arid regions, farmers have developed techniques to optimize scarce water resources. In
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Nigeria, “tied ridges” retained rainwater, minimizing runoff and boosting water availability for crops. Ethiopia’s
"terwah" system involved contour furrows that captured rain in a checkerboard pattern, storing it for later crop use
(Boers & Ben-Asher, 1982). In Burkina Faso, farmers revitalized ancient practices of digging “zay” pits that trap
and concentrate rainwater, allowing for improved soil moisture and reduced erosion in otherwise dry landscapes
(Reij et al., 1996). Sustainable practices allow farmers to modify their production methods and crop selections in
response to changing market demands, particularly the increasing interest in organic and sustainably sourced
products (Korsgaard, 2017), these practices can access niche markets that offer price premiums and certifications,
enhancing their competitiveness internationally (Korsgaard, 2017; IPES-Food, 2016) These practices enhance
agricultural sustainability and help in mitigating climate change. (Singh & Singh, 2017).

3.2 Resilient Agricultural Trade: Balancing Technology, Policy, and Environmental Impact.

Technological advancements in agriculture are essential in responding to the challenges of climate change. One
notable development is the establishment of information systems (Smit & Skinner, 2002), which combine various
technologies and methodologies to collect, process, and analyze data on agricultural practices, environmental
conditions, and market dynamics. These systems provide forecasted data on weather patterns, enabling farmers to
time key activities like planting and harvesting (Carlson, 1989; Wilks, 1992). This information helps farmers
select suitable crop varieties (Murphy, 1994), choose between irrigation and dryland farming (Reilly, 1995), and
manage financial aspects like crop insurance and water rights (Luo etal., 1994). Additionally, tracking weather
and optimizing resource management through information systems reduces input costs and maximizes output
(Carlson, 1989; Wilks, 1992). Use of IoT devices, these serves as an advanced farming solution, enabling remote
monitoring of crop fields. It uses sensors to track soil moisture, crop health, livestock status, temperature, and
more. With 0T, automated irrigation systems can be established for efficient water management. By gathering
data on factors like soil moisture and temperature, these technologies help determine optimal water levels for

crops each season (Jiva. (2023, January 27).

Climate-smart agriculture, it incorporates both traditional practices and innovative technologies, including
agroforestry, conservation agriculture, biodiversity-based farming, water management, and sustainable land
management (Grigorieva, Livenets, & Stelmakh, 2023). Together, these practices enable farmers to increase their
yield while minimizing risks from adverse conditions. Small and marginalized farmers, especially in remote areas,
often struggle to cope with climate changes due to limited awareness, leading to more severe economic losses.
Blockchain technology is being utilized in agriculture to trace plant information from farms to store shelves. By
employing a decentralized database, this technology helps ensure food quality and extend shelf life. The auditable

nature of the database enables growers and marketers to track agricultural products throughout the supply chain.
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Recently, Walmart has implemented Hyperledger, an open-source blockchain framework, to identify unsafe food
in real-time before it reaches consumers. Additionally, India, the world's leading producer of fruits and vegetables,
is planning to adopt blockchain technology in all its agricultural exports to promote chemical-free products and
enhance transparency in its supply chain. Blockchain technology is the latest technology and is being utilized in
agriculture to trace plant information from farms to store shelves. By employing a decentralized database, this
technology helps ensure food quality and extend shelf life. The auditable nature of the database enables growers
and marketers to track agricultural products throughout the supply chain. Recently, Walmart has implemented
Hyperledger, an open-source blockchain framework, to identify unsafe food in real-time before it reaches
consumers. Additionally, India, the world's leading producer of fruits and vegetables, is planning to adopt
blockchain technology in all its agricultural exports to promote chemical-free products and enhance transparency

in its supply chain Jiva. (2023, January 27).

Specific methods like alternate drying in rice cultivation, improved livestock diets, and enhanced nitrogen
efficiency also contribute to reducing GHG emissions (Grigorieva, Livenets, & Stelmakh, 2023). Agroforestry in
Kenya has also shown the potential to reduce greenhouse gas (GHG) emissions, helping small farmers adapt to
climate change. Conservation agriculture, known to reverse soil degradation from traditional tillage, further
reduces GHG emissions, fertilizer needs, and enhances carbon sequestration (Pisante et al., 2014). Greenhouse
gas emissions could be reduced by replacing fossil fuels with energy derived from agricultural sources, such as
crop residues, manure, or dedicated energy crops, this substitution would contribute to emissions reductions in the
sectors that utilize this bioenergy (IPCC report,2023,8. Agriculture) Practices like no-till farming support carbon
sequestration and mitigate climate impacts (Powlson et al., 2014).Carbon emissions from international freight are
projected to rise by up to 160% by 2050, with road freight surpassing maritime shipping as the largest emissions
contributor (ITF, 2017). In response, countries have introduced carbon reduction measures for international
transport, including the Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), adopted
by the International Civil Aviation Organization in 2016. Under CORSIA, airlines purchase carbon offsets to
counterbalance emissions growth beyond 2020 levels, contributing to projects like forest conservation and

renewable energy in developing countries.

Agricultural technologies., such as leveraging site-specific data can reduce nitrogen application without
compromising profitability (Malhi et al., 2021). For example, in rice cultivation, using leaf color charts (LCC) to
apply fertilizers when LCC < 4 reduced methane emissions by 11% and nitrous oxide emissions by 16%, while
similar practices in wheat achieved an 18% reduction in nitrous oxide emissions (Bhatia et al., 2012). Such
mitigation strategies show significant potential for adaptation and mitigation, although their success depends on
region-specific appropriateness, economic feasibility, and public perception. Effectiveness is further maximized
when multiple interventions are applied in a coordinated, complementary manner (Malhi et al., 2021). Advances
in technology not only improve consumption efficiency but also encourage the development of new resources and

products, lessening raw material usage
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Climate Resilient Development (IPCC report 2022): The concept of Climate Resilient Development (CRD)
emphasizes combining climate adaptation and emissions reductions to foster sustainable development with a
focus on equity and inclusivity. According to the IPCC, CRD represents an integrated approach to addressing
climate risks while simultaneously promoting human well-being and environmental sustainability.Climate-
resilient development becomes achievable when governments, civil society, and the private sector make inclusive
choices that emphasize risk reduction, equity, and justice. This approach requires integrated decision-making,
financing, and actions that span governance levels, sectors, and timelines. Structural vulnerabilities to climate
change can be minimized through well-designed an effectively implemented legal, policy, and procedural
measures across local to global scales, specifically targeting inequities related to gender, ethnicity, disability, age,
location, and income. The laws/regulation, planning process, decision-making and data-analysis tools can help to
identify the ‘low regrets’ options that enables mitigation and adaptation. Inclusive governance fosters more
effective and lasting adaptation outcomes, paving the way for climate-resilient development. This approach is
most successful when supported by both formal and informal institutions and practices that are well-coordinated

across various scales, sectors, policy areas, and timeframes.
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This figure describes CRD (climatic resilient development) pathways result from cumulative societal choices and
actions across multiple domains.

Panel 1: Decisions made by society about achieving higher (green cog) or lower (red cog) levels of Climate
Resilient Development (CRD) come from the actions and choices of various government, private sector, and civil

society players. These decisions are influenced by climate risks, limits to adaptation, and gaps in development.
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These groups work on adaptation, mitigation, and development in areas like politics, economics, ecology, culture,
knowledge, technology, and community at local to international levels. However, the chances for climate-resilient
development are not evenly spread across the globe.

Panel 2: Cumulatively, the ongoing choices made by society continuously influence global development
pathways, steering them toward higher (green) or lower (red) climate-resilient development. Previous conditions,
such as past emissions, climate change, and development, have already limited some pathways leading to higher
CRD (indicated by the dashed green line).

Panel 3: Higher Climate Resilient Development (CRD) is defined by outcomes that promote sustainable
development for everyone. Achieving climate-resilient development becomes increasingly challenging with
global warming exceeding 1.5°C. Insufficient progress toward the Sustainable Development Goals (SDGs) by
2030 diminishes the prospects for climate-resilient development. The opportunity to transition pathways toward
more climate-resilient futures is rapidly closing, as indicated by adaptation limits and rising climate risks, in light
of the remaining carbon budgets.

Reducing climate risks requires potential action in designing new urban environments and retrofitting existing
infrastructure, land use, and urban layouts. Based on socioeconomic circumstances, these actions will work out
particularly when backed by national governments, non-governmental organizations, and international agencies
that collaborate across sectors in partnership with local communities. Implementing these insights into trade
policies allows countries to pursue economic growth while prioritizing environmental preservation, creating a
more sustainable, resilient global economy. This framework promotes a more sustainable approach within the
aviation sector, balancing emissions and advancing climate goals.

In addition, policy interventions play a vital role in stabilizing agricultural trade. Fluctuations in commodity
prices often spur demands for policies to protect producers or consumers. Authorities may use subsidies or trade
policies to cushion the effects of price volatility. Internationally, market stability efforts may include agreements
among producers to regulate supply and stabilize prices. Structural economic policies are crucial in managing
trade stability, especially in countries that heavily depend on a few agricultural exports, making them particularly
vulnerable to price instability and climate-related shocks. Diversifying the economy to include more sectors or
adding value within agriculture can reduce dependency on single commodities, building resilience against trade
disruptions (Hesse, 2008; Papageorgiou & Spatafora, 2012; World Bank, 2018a). Sovereign wealth funds add
another layer of security by reinvesting agricultural income in diverse assets, ensuring long-term financial
stability. A proposed global agricultural information body could further enhance supply chain data, assisting
nations in navigating trade stability under changing climate conditions (World Bank, 2021; Boer, Pescatori &
Stuermer, 2021).

International trade, offers unique opportunities to address environmental challenges while fostering
economic growth. It facilitates the spread of environmental goods and services to regions in need, supporting
sustainable industry development and helping to manage pollution, conserve resources, and increase climate

resilience. Stakeholder awareness of the role of trade in advancing environmental sustainability is essential.
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Promoting eco-friendly technologies and sustainable practices through trade agreements can alleviate climate-
related commaodity disruptions, stabilizing supply chains and minimizing shocks (WTO, 2022). In preparation for
the UN (United Nations) Conference on Sustainable Development (Rio+20) in 2012, the UN Environment report
highlighted that allocating 2% of global GDP towards greening agriculture, forestry, fisheries, and energy could

catalyze the capital flows required for a low-carbon, resource-efficient economy (UN Environment, 2011).

This analysis suggested that such investments could stimulate economic activity comparable to "business
as usual™ scenarios but with significantly lower risks of crises and environmental shocks. The report of (ILO,
2018). emphasized the importance of poverty reduction through resource conservation, linking ecosystem health
to the livelihoods of over 1.2 billion people working in agriculture, forestry, and fishing. Additional studies reveal
that sustainable material and energy practices could add $2 trillion to the global economy by 2050 (UN
Environment, 2017b). Another study by (OECD, 2017) found that climate policies and investments in low-
emission, climate-resilient infrastructure could boost G20 economic output by up to 2.8% by 2050,3 underscoring
the benefits of policies that facilitate low-carbon trade.

Conclusion

This study examines how changing climatic trends can affect the global agricultural food security and
agricultural trends. The increasing temperature (heatwaves), CO2 concentrations, irregular rainfall patterns not
only disrupt crop yield and price volatility and agricultural productivity but also creates vulnerabilities,
specifically for smallholder and poor farmers. The relationship between the climate change (temperature) and
price is further analyzed via pearson correlation coefficient. Some implications, however, are required to reduce
the economic loss and strengthen resilience,(i)Adapting, traditional practices (easy to implement and cost-
effective),(ii) climate-smart agriculture (iii)mitigating strategies (iv) policies and subsidies. Furthermore, a
multifaceted solution is required to foster the agricultural economy and fulfil future food demands: Primarily
research should be conducted at local-scale and invent the cost-effective adaptation technologies, specifically
keeping the smallholders in knowledge. Secondly, a strong interpannel should be generated among the regional
and international trades to meet the supply with the demands. Thirdly, spreading awareness among farmers about
modern agricultural practices, policies and technologies to increase stability and sustainability.
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