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Climate change presents one of the greatest threats to global agriculture,
influencing not only crop productivity but also food security and rural
livelihoods. Rising temperatures, irregular precipitation, and extreme
weather events are intensifying pressure on farming systems while
exacerbating soil degradation, pest outbreaks, and water scarcity. This
study investigates the relationship between climate variability and
agricultural outcomes using both empirical data and recent literature.
A dataset of climatic and agricultural indicators was analysed to assess
correlations and model predictive capacity for crop yield and food
security. Results showed weak linear relationships and limited predictive
accuracy, underscoring the complexity of climate—agriculture dynamics.
Alongside the data analysis, the paper reviews technological and policy
innovations such as precision agriculture, drone applications, intelligent
monitoring systems, and forestry conservation. The findings highlight
the urgent need for integrated, climate-smart strategies that combine
scientific innovation with inclusive governance to ensure sustainable
food production in an era of rapid environmental change.
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only environmental stress but also rising costs, income
instability, and exposure to pests and diseases. Climate
projections indicate that rising temperatures and erratic
rainfall patterns will continue to reduce crop yields and
strain water resources, especially in regions dependent

Introduction

Agriculture is central to human survival, providing food,
employment, and economic stability across the globe. Yet
this sector is increasingly vulnerable to climate change,

which is reshaping weather patterns and destabilising
agricultural systems. Rising average temperatures,
unpredictable monsoons, prolonged droughts, and frequent
floods are already disrupting crop cycles and diminishing
yields. These challenges are particularly acute in regions
such as India’s Punjab, where reliance on water-intensive
crops like rice and wheat collides with falling groundwater
levels and salinity issues. Farmers in such regions face not

on rain-fed farming systems.?

Understanding the interplay between climate variables
and agricultural outcomes has become urgent. However,
agricultural resilience depends not only on environmental
conditions but also on socioeconomic structures, governance,
and access to technology. This paper investigates these
interactions by combining a dataset analysis of climate and
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agricultural indicators with a review of emerging solutions,
ranging from intelligent monitoring systems and drone
technologies to sustainable land-use strategies and forestry
protection. The study aims to provide a holistic view of
the threats posed by climate change to agriculture while
identifying adaptive pathways that can strengthen food
security and sustainability.

Literature Review

Recent scholarship highlights the intersection of climate
change, agricultural resilience, and technological innovation.
A growing body of research explores how sustainability-
orientated tools and policies can mitigate risks while
improving food security and rural livelihoods.

Gryshova et al. (2024)?> emphasise the transformative
potential of artificial intelligence in climate-smart
agriculture. Their analysis outlines how Al supports precision
farming, crop and livestock management, and ecosystem
monitoring. They argue that these technologies enhance
adaptation, productivity, and sustainability by enabling
data-driven decisions.

Cheldieva et al. (2023)® examine the economic dynamics
of the agro-industrial complex, noting that modernisation
efforts are constrained by low investment levels and
structural inefficiencies. While sectors such as food
processing are advancing, agriculture still faces technological
lags and financial instability, limiting its capacity to adapt
effectively to climate challenges. The insights presented
by Yuan et al. (2024)* in their comprehensive review on
climate change and agriculture have been instrumental in
shaping the analytical framework of this study.

The transition toward a green economy, as outlined by Ali
et al. (2021),° offers a strategic framework for sustainable
development initiatives relevant to climate-resilient
agricultural practices. Zhang et al. (2022)® provide a broader
perspective by linking globalisation and the green economy.
They argue that while globalisation facilitates access to
sustainable technologies, it also exacerbates ecological
degradation. Their findings stress the importance of
institutional reforms and inclusive governance in ensuring
equitable green transitions.

On the technological front, Korchevskaya and Makhmudov
(2021) and Matvienko et al. (2022)”® highlight how
automation, robotics, and big data are reshaping agro-
industries. These innovations improve productivity,
reduce environmental footprints, and support strategic
resource allocation, though high costs and infrastructure
gaps remain barriers. Similarly, Orishev et al. (2021)°
discuss the integration of intelligent technologies across
domains such as irrigation, greenhouse management,
and phytopathology, underscoring their role in advancing
efficiency and safety in agricultural systems.

Complementing these insights, Karavolias et al. (2021)*
review the application of gene editing in crops and livestock.
They argue that genome-editing tools, especially CRISPR/Cas
systems, offer significant promise for enhancing tolerance
to drought, salinity, and heat stress—traits critical under
climate variability. However, technical and regulatory
challenges still limit widespread adoption.

Together, these studies illustrate that while climate change
intensifies risks to agriculture, emerging technologies and
green economic frameworks provide viable pathways for
adaptation. However, effective implementation requires
overcoming barriers of cost, governance, and accessibility,
especially in vulnerable regions.

Effects of Climate Change on Green Economy

Climate change has become a defining force in shaping
the trajectory of global economies, and its influence on
the green economy is both profound and multifaceted.
As environmental degradation accelerates, the urgency
to transition from carbon-intensive growth models to
sustainable, low-emission alternatives has intensified. The
green economy, which emphasises ecological balance,
resource efficiency, and social equity, is increasingly seen
not just as a solution to climate change but as a necessary
evolution of economic systems.

The effects of climate change—rising temperatures, erratic
rainfall, sea-level rise, and extreme weather events—have
exposed the vulnerabilities of conventional economic
structures. These disruptions have catalysed a shift in
policy and investment toward green technologies,
renewable energy, and sustainable infrastructure. In
Ghana, for example, Ali et al. (2021) highlight how climate-
induced pressures have led to the adoption of low-carbon
development strategies, including the Renewable Energy
Act and the National Climate Change Policy. These initiatives
reflect a growing recognition that economic resilience in the
face of climate change requires a fundamental rethinking
of how resources are used and distributed.

Zhang et al. (2022) argue that globalisation plays a dual role
in this transformation. On one hand, it facilitates the spread
of green technologies and environmental awareness;
on the other, it can exacerbate ecological degradation
through increased consumption and industrial activity. Their
research emphasises that technological innovation alone
is insufficient—cultural shifts, institutional reforms, and
public engagement are equally critical to building a resilient
green economy.Socioeconomic disparities also shape how
climate change affects green economic development.
Vulnerable populations, particularly smallholder farmers
and low-income communities, often lack the resources to
adapt. Without inclusive policies and targeted support, the
benefits of green growth may remain unevenly distributed.
Corruption, inadequate funding, and weak governance—
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as noted by Ali et al. (2021)—further complicate the
implementation of green initiatives, undermining their
potential impact.

Socioeconomic disparities also shape how climate
change affects green economic development. Vulnerable
populations, particularly smallholder farmers and low-
income communities, often lack the resources to adapt.
Without inclusive policies and targeted support, the
benefits of green growth may remain unevenly distributed.
Corruption, inadequate funding, and weak governance—
as noted by Ali et al. (2021)—further complicate the
implementation of green initiatives, undermining their
potential impact.

Despite these challenges, climate change has undeniably
accelerated the global conversation around sustainability.
International frameworks such as the Green Climate Fund
and REDD+ have provided financial and technical support to
countries pursuing green development. These mechanisms,
combined with national efforts, are gradually reshaping
economic priorities and encouraging innovation in sectors
ranging from energy to urban planning.

In conclusion, climate change is both a threat and a
transformative force for the green economy. It has
exposed systemic weaknesses while simultaneously driving
innovation and reform. The path forward requires not only
technological advancement but also inclusive governance,
strategic investment, and a shared commitment to
sustainability. As nations confront the realities of a warming
planet, the green economy offers a blueprint for resilience,
equity, and long-term prosperity.

Intelligent Systems for Agro-industries

The integration of intelligent systems marks a major shift
in agriculture, addressing long-standing challenges while
enhancing efficiency, sustainability, and resilience. With
rising food demand and climate variability, traditional
methods are under strain, but technologies such as artificial
intelligence, robotics, big data, and the Internet of Things
now enable data-driven decisions, automation, and real-
time monitoring across the value chain.

Applications include crop monitoring, disease detection,
irrigation control, livestock tracking, and yield forecasting.
For instance, Al can analyse satellite and sensor data
to detect crop stress or pests early, while autonomous
tractors, drones, and robotic systems improve precision
in planting, spraying, and harvesting. 1oT devices in fields
and greenhouses continuously track soil, temperature,
and nutrient levels, optimising irrigation and fertiliser use.

Matvienko et al. (2022) highlight how GIS-based platforms
support agrotechnical planning by mapping terrain
variability, monitoring crop health, and forecasting yields.
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Similarly, Orishev et al. (2021) emphasise intelligent systems
in greenhouse management and livestock feeding, where
automated adjustments improve efficiency and reduce
waste. These innovations not only raise productivity but
also lower agriculture’s ecological footprint.

In regions like Punjab, where agriculture is central to
livelihoods, intelligent systems can modernise practices and
strengthen resilience to climate stressors. Their integration
is vital for ensuring food security and building a sustainable
agro-industrial future.

Intelligent Monitoring Systems to Protect farms
from climate change

Climate change is disrupting agriculture through
unpredictable weather, rising temperatures, and frequent
extreme events. To address these challenges, intelligent
monitoring systems have become vital for sustainable
farming. The integration of artificial intelligence and
machine learning in agriculture has shown significant
potential to improve yield forecasting and optimise resource
use, offering a vital tool for climate adaptation (Imomov
& Qosimov, 2025).1* By combining artificial intelligence,
remote sensing, and data analytics, they provide real-time
insights and adaptive strategies for farmers.

A leading example is the Earth System Model-Coupled
Global Agricultural Monitoring System (ESM-GAMS), which
integrates satellite imagery, ground sensors, and Al-driven
crop models. It simulates crop growth under different
climate scenarios, using neural networks such as LSTM to
assess impacts of temperature and rainfall. With tools like
the Standardised Precipitation Index (SPl), it also delivers
early drought warnings, helping farmers prepare for adverse
conditions (Yu et al., 2025).1?

At the local scale, Al-powered precision agriculture
platforms analyse data from drones, satellites, and soil
sensors to detect crop stress, pests, or nutrient deficiencies.
By optimising irrigation and fertilisation, they reduce
resource waste and strengthen resilience to erratic weather
(Gryshova et al., 2024).

Meteorological early warning systems further support
climate-smart farming by combining historical and real-
time data to forecast extreme events. Integrated into
frameworks like ESM-GAMS, they provide accurate,
high-resolution alerts that guide planting schedules, crop
protection, and water management. (Yu et al., 2025).

Monitoring also extends to livestock and aquaculture.
Wearable sensors and cameras track animal health,
predict disease outbreaks, and optimise feed efficiency.
These systems enhance productivity, reduce emissions,
and support selective breeding for climate-resilient traits
(Gryshova et al., 2024).
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Collectively, intelligent monitoring systems mark a
transformative shift in agriculture. By enabling farmers
to anticipate and adapt to climate risks, they safeguard
livelihoods and contribute to global food security.

Drone Technology for Agro-industries

Drone technology is revolutionising agro-industries by
enhancing automation, precision, and data-driven farming.
Equipped with sensors, cameras, and GPS, drones enable
real-time monitoring and analysis across large fields. Their
role in precision agriculture is especially significant—high-
resolution imaging and multispectral data help detect
crop health issues, pests, and irrigation needs, allowing
targeted input use and cost reduction. Korchevskaya and
Makhmudov (2021) underscore drones’ contribution to
automating agro-industrial processes.

Global adoption is rising, with China, the U.S., and the EU
leading. Cheldieva et al. (2023) note China’s surge in drone
use, boosting its agro-economy. Platforms like Cropio merge
drone data with analytics for optimised field management.

Challenges remain—regulatory gaps, technical constraints,
and high costs limit widespread use, especially for
smallholders. Yet, advances in Al, sensors, and autonomy
promise broader accessibility. With institutional support,
drones are set to become vital tools for sustainable, smart
agriculture.

Climate Change & Forestry protection

Climate change poses a profound threat to forest
ecosystems, which are among the most critical natural
resources for maintaining global ecological balance. Forests
act as carbon sinks, absorbing vast amounts of atmospheric
carbon dioxide and helping to regulate climate patterns.
However, rising temperatures, shifting precipitation
regimes, and increased frequency of extreme weather
events are destabilising these ecosystems. The health,
composition, and distribution of forests are being altered,
leading to reduced carbon sequestration capacity and
increased vulnerability to pests, diseases, and wildfires.

Forestry protection has emerged as a vital strategy in
both mitigating and adapting to climate change. By
preserving existing forests and restoring degraded ones,
we can maintain their role in carbon storage and climate
regulation. Research by Anderson et al. (2011)* highlights
how forests influence climate not only through carbon
absorption but also via biophysical processes such as albedo
and evapotranspiration. These effects vary by region,
with tropical forests generally contributing to cooling and
boreal forests sometimes exacerbating warming due to
snow masking.

Simulation studies, such as those by Colombo et al.
(2012),** demonstrate that forest protection strategies

can significantly increase carbon stocks over time. Their
findings show that protected forests store more carbon than
those subjected to harvesting, although they may lack age-
class diversity, which is essential for ecological resilience.
This underscores the need for balanced approaches that
combine conservation with sustainable management
practices.

Global initiatives like REDD+ aim to incentivise forest
conservation, especially in developing countries, by
recognising the multifaceted value of forests. Urban
forestry also plays a role in climate mitigation by reducing
energy consumption and improving air quality. However,
forestry protection is not without challenges. Trade-offs
exist between maximising carbon storage and maintaining
biodiversity, water availability, and socio-economic benefits.
Monoculture plantations, for instance, may sequester
carbon efficiently but can degrade soil and reduce habitat
diversity.

Methodology

Dataset Description = The dataset comprised 1,000 records
with 10 attributes capturing climatic, agricultural, and
socio-economic factors. Five numerical variables were
included: temperature, precipitation, CO, levels, crop
yield, and soil health. Five categorical attributes—Extreme
Weather Events, Crop Disease Incidence, Water Availability,
Food Security, and Economic Impact—captured qualitative
measures of environmental stress and agricultural
outcomes. No missing values were observed, ensuring a
complete dataset for analysis..

Data Preprocessing: To prepare the dataset for analysis,
categorical variables were numerically encoded using
label encoding. All numerical features were standardised
via z-score normalisation to reduce scale disparities
and stabilise model convergence. Outlier detection was
performed using the interquartile range, though extreme
cases were retained to preserve natural variability inherent
to climate-agriculture systems. For modelling tasks, the
dataset was divided into training (80%) and testing (20%)
partitions.

Exploratory Analysis = Descriptive statistics indicated
substantial variability in climatic and agricultural indicators.
Temperature ranged from 0-50°C (M = 25.1, SD = 14.9),
Precipitation varied between 0-100 mm (M = 47.9, SD =
29.8), and CO, Levels spanned 300-500 ppm (M = 402,
SD =57.1). Crop Yield displayed a wide spread (100-1000
units, M = 545.5, SD = 260.8), while Soil Health averaged
5.5 on a 1-10 scale. Correlation analysis revealed weak
linear relationships between climatic factors and crop
yield (|r| < 0.05), suggesting that crop productivity may
be influenced by complex, non-linear interactions rather
than direct one-to-one associations.

ISSN: 2455-3093
DOI: https://doi.org/10.24321/2455.3093.202602




Singh P et. al.
J. Adv. Res. Alt. Energ. Env. Eco. 2026; 13(1&2)

Table 1.Results of Multiple Linear Regression for
Crop Yield Prediction

Predictor Variable Coefficient (B) Direction
Temperature -8.61 Negative
Precipitation +3.42 Positive

CO; Levels +16.89 Positive
Soil Health -2.91 Negative

EXtre”E":e\r:\é‘:ather +8.22 Positive
C:ﬁgidD:necaese +2.01 Positive

Water Availability -1.48 Negative
Food Security +2.93 Positive

Economic Impact -2.04 Negative

Modeling Approach
Two predictive tasks were carried out:

Model Summary: R* = —0.023 RMSE = 270.83 F-statistic:
not significant

The regression analysis revealed no statistically significant
predictors of crop yield. Although CO, levels and
precipitation displayed positive coefficients, their effects
were not strong enough to explain yield variation. The
model’s adjusted R? value (—0.023) was effectively zero,
indicating no meaningful linear relationship between
climatic and agricultural variables and supporting the
view that crop productivity is governed by complex, non-
linear interactions. This supports the study’s conclusion
that simple linear models are insufficient to capture the
complex interactions influencing agricultural productivity
under climate change.

Classification Analysis (Food Security
Prediction)

Two models—logistic regression and random forest—were
trained to classify food security levels (Low, Medium, High).
Logistic regression achieved accuracy = 33.5%, precision =
32.6%, recall =33.5%, and F1 = 32.5%. The random forest
classifier yielded comparable results (accuracy = 32.5%,
precision =32.7%, recall =32.5%, F1 = 32.3%). Both models
performed marginally better than random guessing in a
three-class problem, suggesting that the current features
provide limited predictive information for food security
classification.

Summary of Findings

The analysis revealed that simple linear models were
inadequate for capturing the complexity of climate—
agriculture dynamics in this dataset. The weak correlations
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and low predictive performance across tasks highlight the
need for more sophisticated approaches, such as non-
linear models (e.g., gradient boosting or neural networks),

Distribution of Crop Yield Across Food Security Levels
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inclusion of temporal data, or integration of additional
external variables (e.g., policy interventions, market
conditions).

Results

Climate change is significantly impacting agriculture. Rising
temperatures, erratic rainfall, and extreme weather events
have reduced crop yields, especially for water-intensive
crops like rice and wheat in Punjab, where groundwater
depletion and soil salinity worsen the situation. Smallholder
farmers are disproportionately affected due to limited
financial and technological resources, facing increased
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risks of crop failure, debt, and income instability. Climate
stress is also accelerating the shift toward green economies,
as seen in Ghana, though governance and funding gaps
remain obstacles. Technological advancements such as
Al, robotics, and loT have improved crop monitoring and
resource efficiency, yet high costs and low digital literacy
limit access for small-scale farmers. Integrated climate
monitoring systems using satellite imagery and Al offer
accurate forecasts and support early warning strategies.
Drone technology enhances precision farming but faces
regulatory and technical barriers in developing regions.
Forest conservation emerges as a key climate mitigation
strategy, maintaining high carbon stocks, though it requires
balancing ecological preservation with human needs.
Overall, while climate-smart technologies and sustainable
policies offer promising solutions, equitable access and
targeted support are essential to protect vulnerable farming
communities.

Conclusion

Climate change has emerged as a defining challenge for
agricultural sustainability in the 21st century. The evidence
presented in this study demonstrates that while climatic
factors such as temperature, precipitation, and CO, levels
influence crop outcomes, their effects are complex and
cannot be adequately captured by simple linear models.
The weak correlations and limited predictive power of
regression and classification approaches suggest the need
for advanced, non-linear models and more comprehensive
datasets that include socioeconomic, temporal, and policy-
related factors.

At the same time, literature highlights a range of adaptive
strategies with the potential to transform agriculture.
Intelligent technologies such as Al, drones, and monitoring
systems are reshaping farming practices, while green
economy policies and forestry protection initiatives provide
broader frameworks for sustainability. Yet barriers of cost,
governance, and accessibility remain significant, particularly
for smallholder farmers who are most at risk.

To build resilience, a multifaceted approach is required—
one that integrates technological innovation with policy
support, financial incentives, and community engagement.
By aligning environmental stewardship with economic and
social priorities, agriculture can transition toward systems
that are both climate-smart and sustainable. The future
of global food security depends on how effectively these
strategies are implemented in the face of accelerating
climate change.
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