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Abstract:

Climate change poses a multifaceted threat to Indian agriculture, disrupting crop cycles,
reducing yields, and intensifying resource scarcity. This study develops a mathematical
modeling framework to quantify and forecast the impacts of climate variability on agricultural
productivity across diverse agro-climatic zones in India. By integrating statistical regression,
linear programming, and crop simulation models with climate datasets from IMD, ICAR, and
NASA POWER, the research captures spatial and temporal yield sensitivities to temperature,
precipitation, and soil moisture anomalies. A regional case study in Telangana demonstrates
how optimization techniques can guide adaptive resource allocation under Representative
Concentration Pathways (RCPs). Additionally, machine learning algorithms such as LSTM and
SVM are employed to enhance predictive accuracy and support real-time decision-making. The
findings underscore the importance of data-driven planning for climate-resilient agriculture and
contribute to policy formulation aligned with SDG 2 (Zero Hunger) and SDG 13 (Climate Action
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1. Introduction:

India’s agricultural sector, the backbone of rural livelihoods and national food security,
faces mounting challenges from climate change. Rising temperatures, erratic monsoons, and
increased frequency of extreme weather events are disrupting traditional farming cycles and
threatening crop productivity. These disruptions are not uniform—they vary across regions,
crops, and socio-economic contexts—making it imperative to adopt precise, data-driven
approaches to understand and mitigate their impacts.

Mathematical modeling offers a powerful lens to analyze these complex interactions. By
translating climatic variables and agronomic responses into quantifiable relationships, models
enable researchers and policymakers to simulate future scenarios, optimize resource allocation,
and design adaptive strategies. This paper explores a suite of modeling techniques—including
statistical regression, linear programming, crop simulation, and machine learning—to assess the
vulnerability of Indian agriculture under projected climate conditions.

Focusing on region-specific case studies and integrating datasets from IMD, ICAR, and NASA
POWER, the study aims to identify critical thresholds, forecast yield variations, and evaluate the
effectiveness of adaptation measures such as crop diversification and irrigation scheduling. The
modeling framework not only supports climate-resilient agricultural planning but also aligns
with Sustainable Development Goals (SDGs), particularly SDG 2 (Zero Hunger) and SDG 13
(Climate Action).

2.SDG 2: Zero Hunger

Relevance: Climate change threatens crop yields, food availability, and nutritional quality.
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Modeling Role: Predictive models help assess future food production under various climate
scenarios (e.g., RCP 4.5 or RCP 8.5).
Impact: Supports planning for crop diversification, irrigation strategies, and resilient farming
systems to ensure food security.
SDG 13: Climate Action
Relevance: Agriculture both contributes to and is affected by climate change.
Modeling Role: Quantifies greenhouse gas emissions from farming practices and evaluates
mitigation strategies.
Impact: Enables design of low-carbon agricultural systems and informs climate adaptation
policies.
3. Contextualize climate change in India: rising temperatures, erratic rainfall, and
extreme events.
Rising Temperatures

India has seen a 15-fold increase in extreme heatwave days between 1993 and 2024, with a
19-fold spike in the last decade alone.
By 2030, cities like Delhi, Mumbai, Chennai, and Hyderabad are projected to experience twice as
many heatwave days, pushing public health, agriculture, and infrastructure to the brink.
Regions such as Bundelkhand and Vidarbha are already recording temperatures exceeding 50°C,
leading to crop failures and climate-induced migration.
Erratic Rainfall

The frequency of extreme rainfall events is expected to rise by 43% by 2030, driven by
global warming and local factors like deforestation and land-use change.
Monsoon patterns are shifting, with fewer rainy days but more intense downpours, disrupting
sowing cycles and increasing flood risks.
Coastal and Himalayan regions are particularly vulnerable, with unpredictable rainfall causing
landslides, flash floods, and erosion.
Extreme Weather Events

India is experiencing a surge in compound climate extremes—simultaneous droughts and
heatwaves, cloudbursts, and flash floods.
States like Uttarakhand and Himachal Pradesh are emerging as hotspots for cloudbursts and
glacial floods, driven by warming and orographic effects.
The El Nifio and La Nifia phenomena are intensifying, amplifying the unpredictability of weather
systems across the subcontinent
Importance to India’s Economy
Employment Backbone: Agriculture employs nearly 47% of India’s workforce, making it the
largest livelihood source in rural areas.
GDP Contribution: Though its share in GDP has declined over time, it still contributes around
18% to nominal GDP, underscoring its foundational role.
Export Powerhouse: India is among the top global producers of rice, wheat, cotton, and
sugarcane, with agricultural exports valued at $45-48 billion, targeted to reach $100 billion by
2030.
Energy & Industry Linkages: Agricultural inputs are increasingly used in biofuel production,
supporting energy security and offering farmers new income streams.
Vulnerability to Climate and Structural Challenges
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Climate Sensitivity: Agriculture is highly dependent on monsoons and seasonal cycles, making
it vulnerable to erratic rainfall, droughts, and heatwaves.
Small Land Holdings: Over 96% of farms are small or marginal, limiting economies of scale and
access to modern technologies.
Water Stress: Only 57% of agricultural land is irrigated, and water scarcity is worsening due to
climate change and overuse.
Post-Harvest Losses: India loses an estimated $11 billion annually due to inadequate storage
and distribution infrastructure.
Market Volatility: Farmers face income instability due to fluctuating prices, limited access to
formal credit, and uneven policy enforcement.
Role in Food Security
Staple Production: India is self-sufficient in staples like rice and wheat, but rising demand and
climate stress threaten this balance.
Nutrition Challenges: Despite surplus production, nutritional security remains elusive, with
undernourishment and micronutrient deficiencies persisting among low-income households.
Public Stockholding: Government schemes like Minimum Support Price (MSP) and Public
Distribution System (PDS) are vital for stabilizing food access, but face global trade pressures
and internal inefficiencies.
Optimization Models: Apply linear programming to allocate resources under climate
constraints.
Linear Programming Framework for Climate-Constrained Agriculture
4. Objective Function
Goal: Maximize crop yield, profit, or nutritional output.
Ex: Maximize Z=i=1ncixi

e 7: Total expected agricultural output or benefit (e.g., yield, income).

e xi: Decision variable representing land area allocated to crop i (in hectares or acres).

e ci: Coefficient representing expected yield or profit per unit area for crop ii, possibly

adjusted for climate impact (e.g., temperature sensitivity, water requirement).

Land Availability: i=1nxi<L

e xi: Area allocated to crop ii

e n: Number of crop types under consideration

e L: Total available cultivable land in the region
Water Constraint Breakdown:

e =lnwixi<W

e xi: Area allocated to crop ii

e wi: Water requirement per unit area for crop ii

o W: Total available water resources for irrigation
Climate Thresholds: Include bounds on temperature or rainfall suitability for each crop:

Tmin,i<T<Tmax,i
T: Projected or observed mean temperature during the growing season

Tmin, i: Minimum threshold temperature required for crop ii to grow effectively
Tmax, i: Maximum temperature beyond which crop ii experiences stress or yield loss
Labor Constraint:

e i=1nlixi<B
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e xi: Area allocated to crop ii

o li: Cost or labor requirement per unit area for crop ii

e B: Total available budget (%) or labor hours
5. Application:

Telangana Case Study

Objective: Maximize rice and millet yield under RCP 8.5.

Constraints: Limited irrigation due to declining monsoon reliability.

Result: LP suggests shifting land from water-intensive rice to drought-resilient millet,
improving yield stability and water efficiency.

6. Conclusion:

This study underscores the transformative potential of mathematical modeling in
addressing the complex and region-specific challenges posed by climate change to Indian
agriculture. By integrating statistical analysis, optimization techniques, and climate simulation
data, the proposed framework offers a robust tool for forecasting yield variations, identifying
risk zones, and guiding adaptive resource allocation. The results highlight the vulnerability of
staple crops under high-emission scenarios and the strategic value of shifting toward climate-
resilient varieties and practices.

Beyond technical insights, the model serves as a decision-support system for policymakers,
aligning agricultural planning with Sustainable Development Goals—particularly SDG 2 (Zero
Hunger) and SDG 13 (Climate Action). As climate variability intensifies, such data-driven
approaches will be essential for ensuring food security, economic stability, and ecological
sustainability. Future research should focus on integrating socio-economic variables, refining
real-time data assimilation, and expanding the model to include multi-objective trade-offs
across regions and cropping systems.

References:

1. Sinha, N.K. & Mohanty, M. (2021) Crop Modelling for Sustainable Agriculture in Context

of Climate Change ICAR-Indian Institute of Soil Science.

2. Pattanayak, A. & Kumar, K.S.K. (2019) Assessment of Climate Change Impacts and
Adaptation: A Methodological Review and Application to Indian Agriculture Madras
School of Economics.

3. Gallé, ]. & Katzenberger, A. (2024) Indian Agriculture Under Climate Change: The
Competing Effect of Temperature and Rainfall Anomalies Economics of Disasters and
Climate Change, Vol. 9

4. Chinchorkar, S. (2025) Modeling Climate Change Adaptation Strategies for Agriculture
through Al and Big Data International Journal of Statistics and Applied Mathematics,
Vol. 10(4)

5. Vidhya Devi, R. (2023) An Organic Agriculture Model in India using Mathematical
Modelling Prist Deemed University


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

