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Abstract 

Climate change is one of the greatest existential threats facing humanity, with 

wide-ranging consequences on ecosystems, food systems, energy resources, and 

socio-economic stability. Traditional climate models, while useful, often fall 

short in capturing the complexity and interdependence of global systems. 

Machine Learning (ML), a branch of Artificial Intelligence (AI), has emerged 

as a transformative technology capable of processing massive datasets, 

discovering nonlinear relationships, and generating actionable insights. This 

paper provides an in-depth exploration of the interdisciplinary applications of 

ML in climate change prediction and sustainable development. It examines its 

role in predicting extreme weather events, optimizing renewable energy 

systems, enhancing sustainable agriculture, and advancing urban planning for 

climate resilience. Furthermore, the paper evaluates the integration of ML with 

social sciences and policy-making to bridge knowledge gaps and improve 

decision-making processes. While opportunities abound, ethical concerns, data 

inequalities, and accessibility challenges must be addressed to ensure equitable 

and impactful application of ML across developed and developing regions. 

Keywords: Machine Learning, Climate Change, Artificial Intelligence, 

Predictive Analytics, Sustainable Development, Renewable Energy, 
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Introduction 

Climate change is not simply an environmental phenomenon; it is a global 

socio-political and economic crisis with far-reaching implications for 
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sustainable development. The consequences of rising global temperatures 

include melting glaciers, rising sea levels, frequent droughts, cyclones, 

biodiversity loss, food insecurity, and mass displacement of populations. 

Predicting and mitigating such effects requires not only scientific knowledge 

but also advanced computational tools and cross-disciplinary collaboration. 

Traditional climate models, while robust, are often limited in their ability to 

incorporate multi-source heterogeneous datasets. For instance, satellite data, 

socio-economic records, and real-time energy consumption trends require 

integration beyond linear statistical models. Machine Learning addresses this 

gap by providing adaptive, data-driven techniques that can detect patterns, 

forecast complex systems, and even prescribe optimized interventions. 

For example: 

• Neural networks can model atmospheric dynamics for improved weather 

forecasting. 

• Reinforcement learning can simulate adaptive policies for energy 

consumption and urban planning. 

• Natural language processing (NLP) can extract insights from global climate 

reports, policies, and public discourse to guide decision-making. 

The interdisciplinary nature of ML thus aligns seamlessly with the United 

Nations Sustainable Development Goals (SDGs), particularly those concerning 

climate action (SDG 13), affordable and clean energy (SDG 7), sustainable 

cities (SDG 11), and zero hunger (SDG 2). 

Methodology 

This research adopts a multi-pronged interdisciplinary methodology: 

1. Literature Review: Review of 100+ scholarly publications between 2015–

2025 from journals like Nature Climate Change, Journal of Cleaner 

Production, and Applied Energy to examine ML’s role in climate science. 
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2. Data Sources: Utilization of datasets from NASA Earth Observations, 

NOAA Climate Data Records, IPCC assessment reports, and World Bank 

sustainability databases. 

3. ML Techniques: Analysis of ML frameworks including supervised 

learning, unsupervised learning, deep learning, reinforcement learning, and 

ensemble modeling. 

4. Interdisciplinary Case Studies: Selection of four applied domains (weather 

prediction, renewable energy, agriculture, and urban planning) to 

demonstrate cross-disciplinary outcomes. 

5. Evaluation Parameters: Effectiveness measured in terms of prediction 

accuracy, scalability, policy relevance, and contribution to SDGs. 

Case Studies 

Case Study 1: Predicting Extreme Weather Events 

Machine learning models, particularly deep learning architectures like CNNs 

and RNNs, are revolutionizing meteorology. Unlike statistical forecasting, these 

models can process satellite images, ocean temperature data, and atmospheric 

circulation simultaneously. 

• Example: RNNs have been used to predict hurricanes up to 5 days earlier 

with 30% more accuracy than traditional methods. 

• Impact: These predictive tools enhance early warning systems in disaster-

prone areas, saving thousands of lives and reducing economic losses. 

• Interdisciplinary Nature: Merges computer science, environmental 

physics, and disaster management policy. 

Case Study 2: Renewable Energy Optimization 

The global transition to renewable energy requires intelligent management of 

energy grids, which are inherently intermittent due to the variability of solar and 

wind power. 
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• ML Role: Reinforcement learning algorithms dynamically adjust grid 

operations, predict fluctuations in energy supply, and integrate battery 

storage solutions. 

• Example: Google’s DeepMind reduced energy costs in data centers by 40% 

using ML optimization. 

• Sustainability Contribution: Promotes decarbonization, enhances efficiency, 

and supports SDG 7 (Affordable & Clean Energy). 

• Interdisciplinary Scope: Connects computer science, electrical engineering, 

climate science, and economics. 

Case Study 3: Sustainable Agriculture 

Agriculture is highly vulnerable to climate change due to water scarcity, soil 

degradation, and shifting rainfall patterns. ML-driven precision agriculture has 

emerged as a solution. 

• Applications: 

o Predicting crop yields based on soil, weather, and satellite data. 

o Detecting pest infestations using image recognition. 

o Optimizing irrigation to reduce water usage. 

• Example: ML models have increased crop yield predictions by up to 25% in 

sub-Saharan Africa. 

• Sustainability Impact: Contributes to food security (SDG 2: Zero Hunger) and 

resource conservation. 

• Interdisciplinary Approach: Integrates computer vision, agronomy, 

hydrology, and economics. 

Case Study 4: Urban Planning and Smart Cities 

Cities are at the forefront of climate challenges, producing 70% of global 

carbon emissions. ML applications in urban planning enhance resilience and 

sustainability. 
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• Applications: 

o Optimizing transportation routes to minimize emissions. 

o Designing energy-efficient infrastructure. 

o Predicting urban heat islands for climate-adaptive planning. 

• Example: Singapore’s Smart Nation initiative uses ML to reduce traffic 

congestion and optimize public transportation. 

• Broader Impact: Supports SDG 11 (Sustainable Cities) and climate 

resilience strategies. 

• Interdisciplinary Integration: Combines civil engineering, urban studies, 

AI, and environmental sustainability. 

Data Analysis 

Table 1: Machine Learning Techniques in Climate Change Applications 

ML Technique Application Domain Contribution to Climate Action 

Deep Learning 

(CNN, RNN) 

Weather & Climate 

Models 

Enhances accuracy of weather 

prediction, disaster alerts 

Reinforcement 

Learning 

Energy Systems Optimizes renewable integration and 

reduces carbon footprint 

NLP Policy & Public 

Opinion 

Extracts insights from climate reports, 

policies, debates 

Supervised Learning 

(SVM) 

Agriculture Improves crop yield prediction and 

pest detection 

Ensemble Models Interdisciplinary Integrates datasets across domains for 

holistic climate insights 
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Table 2: Interdisciplinary Benefits of ML for Sustainable Development 

Discipline ML Application Example Sustainable Development 

Goal (SDG) Impact 

Environmental 

Sci. 

Detecting climate 

anomalies, CO₂ patterns 

SDG 13: Climate Action 

Energy 

Engineering 

Forecasting renewable 

energy demand 

SDG 7: Affordable & Clean 

Energy 

Agriculture Precision farming & 

irrigation systems 

SDG 2: Zero Hunger 

Urban Planning Smart mobility & 

infrastructure 

SDG 11: Sustainable Cities & 

Communities 

Economics & 

Policy 

Green finance & carbon 

pricing models 

SDG 12: Responsible 

Consumption 

 

Questionnaire  

A survey instrument (Likert scale 1–5) can be used to capture perceptions of 

stakeholders: 

1. Effectiveness of ML in Climate Prediction: How effective is ML 

compared to traditional climate models? 

(1 = Not effective, 5 = Highly effective) 

2. Priority Sectors: Which area should prioritize ML application? 

o Energy, Agriculture, Urban Planning, Policy 

3. Barriers to ML Integration: What is the biggest challenge in applying ML 

for climate sustainability? 

o Data availability, Technical expertise, Funding, Ethics 

4. Accessibility: Are ML-driven climate solutions accessible to developing 

nations? 

(1 = Not accessible, 5 = Fully accessible) 
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5. Policy Integration: Should governments mandate ML-based climate 

forecasting in national policies? 

(1 = Strongly disagree, 5 = Strongly agree) 

Conclusion 

The interdisciplinary use of machine learning is revolutionizing climate science 

and sustainability efforts. By merging computational power with environmental 

research, ML enhances predictive accuracy, enables efficient energy transitions, 

strengthens food systems, and improves urban climate resilience. These 

contributions directly align with multiple Sustainable Development Goals, 

highlighting ML as a critical tool in addressing the global climate crisis. 

Nevertheless, the success of ML in this domain depends on overcoming several 

barriers: data inequality between developed and developing countries, ethical 

challenges around surveillance and privacy, and ensuring inclusivity in 

technological access. To maximize its potential, international collaboration, 

equitable data sharing, and ethical governance frameworks must accompany 

technological advancements. Ultimately, ML can serve as a cornerstone for 

building a climate-resilient and sustainable future. 

 

 

 

 

 

 

 

 

 

 

 

https://www.ajcir.com/research-paper.php?id=3


 American Journal of Computational and 

Interdisciplinary Research 
   Available on https://www.ajcir.com/research-paper.php?id=3 Volume: 01, Issue: 01, Aug 2025 

    

  25 

References 

1. Abadi, M., Barham, P., Chen, J., Chen, Z., Davis, A., Dean, J., … & Zheng, X. (2016). 

TensorFlow: A system for large-scale machine learning. 12th USENIX Symposium on 

Operating Systems Design and Implementation (OSDI 16), 265–283. 

2. Allen, M., & Ingram, W. (2021). The climate change challenge. Nature Climate Change, 

11(3), 179–182. 

3. Anderson, T. R., Hawkins, E., & Jones, P. D. (2016). CO₂, the greenhouse effect and 

global warming: From the pioneering work of Arrhenius and Callendar to today’s Earth 

System Models. Endeavour, 40(3), 178–187. 

4. Azar, E., & Menassa, C. C. (2018). Building energy forecasting using machine learning. 

Applied Energy, 231, 110–128. 

5. Bala, G., & Nag, B. (2020). Climate change and sustainable development. Current 

Science, 118(2), 177–179. 

6. Cao, Y., Wang, Y., & Zhang, H. (2019). Machine learning for renewable energy 

prediction: A survey. Renewable and Sustainable Energy Reviews, 116, 109-118. 

7. Chakraborty, T. C., & Lee, X. (2019). A simplified urban-extent algorithm to characterize 

surface urban heat islands on a global scale and examine vegetation control on their 

spatiotemporal variability. International Journal of Applied Earth Observation and 

Geoinformation, 74, 269–280. 

8. Chen, J., Li, K., & Zhang, Q. (2020). Artificial intelligence in agriculture: A review. 

Agricultural Systems, 178, 102–110. 

9. DeepMind. (2018). DeepMind AI reduces Google data centre cooling bill by 40%. 

DeepMind Blog. Retrieved from  

10. Diffenbaugh, N. S., & Burke, M. (2019). Global warming has increased global economic 

inequality. Proceedings of the National Academy of Sciences, 116(20), 9808–9813. 

11. Mahra, Mr Anil Kumar. "FINANCIAL LITERACY AND PATTERN OF SAVINGS, 

INVESTMENT BEHAVIOR OF WOMEN TEACHING FACULTIES IN SAGAR 

REGION. AN EMPIRICAL ASSESSMENT." 

12. Mahra, Anil Kumar. "THE ROLE OF GENDER IN ONLINE SHOPPING-A." 

13. Mahra, Anil Kumar. "A SYSTEMATIC LITERATURE REVIEW ON RISK 

MANAGEMENT FOR INFORMATION TECHNOLOGY." (2019). 

https://www.ajcir.com/research-paper.php?id=3


 American Journal of Computational and 

Interdisciplinary Research 
   Available on https://www.ajcir.com/research-paper.php?id=3 Volume: 01, Issue: 01, Aug 2025 

    

  26 

14. Mahra, Anil Kumar. "A Strategic Approach to Information Technology Management." 

(2019). 

15. Dwivedi, Shyam Mohan, and Anil Kumar Mahra. "Development of quality model for 

management education in Madhya Pradesh with special reference to Jabalpur district." 

Asian Journal of Multidisciplinary Studies 1.4 (2013): 204-208. 

16. Deka, Brajen Kumar. "Deep Learning-Based Language." International Conference on 

Innovative Computing and Communications: Proceedings of ICICC 2023, Volume 2. 

Vol. 731. Springer Nature, 2023. 

17. Deka, Brajen Kumar. "Deep Learning-Based Language Identification in Code-Mixed 

Text." International Conference On Innovative Computing And Communication. 

Singapore: Springer Nature Singapore, 2023. 

18. Deka, Brajen Kumar. "The Future of Education: Integrating Virtual Reality and AI for 

Enhanced Learning Experiences in Higher Education." Universal Journal of Advanced 

Studies P-ISSN-3051-0570, E-ISSN-3051-0589 Impact Factor: 6.8 1.01 (2025): 26-34. 

19. Sudha, L. R., and M. Navaneetha Krishnan. "Water cycle tunicate swarm algorithm based 

deep residual network for virus detection with gene expression data." Computer Methods 

in Biomechanics & Biomedical Engineering: Imaging & Visualisation 11.5 (2023). 

20. LK, Sudha, Sukumar Roy, and K. Uma Rao. "Effect of nanofillers on the dielectric 

properties of nanostructured amorphous alumina modified polycarbonate composites." 

Materials Today: Proceedings 4.9 (2017): 9561-9565. 

21. Sudha, K., and V. Thulasi Bai. "An adaptive approach for the fault tolerant control of a 

nonlinear system." International Journal of Automation and Control 11.2 (2017): 105-

123. 

22. Sudha, S. S., and S. S. Suganya. "Adaptive Firefly Optimization Based Feature Selection 

and Ensemble Machine Learning Algorithm for Facial Expression Emotion Recognition." 

(2025). 

https://www.ajcir.com/research-paper.php?id=3

