Climate-Resilient Agriculture: Machine Learning
Models for Predicting Crop Stress and Adaptive

Farming Strategies

Neyara Radwan,"? Prasad Naidu Maderamitla,® Shilpa Gite,** Vinod Kumar Shukla,’ Bui Thanh Khoa,® K.
Rajesh,” Malathy Batamulay® and Nithesh Naik®

'Industrial Management Department, College of Business, Liwa University, Abu Dhabi, United Arab Emirates
’Mechanical Department, Faculty of Engineering, Suez Canal University, Ismailia, 41522, Egypt

3Salesforce, San Francisco, California, 94105, United States

“Dr. D. Y. Patil School of Science & Technology, Tathwade, Dr. D. Y. Patil Vidyapeeth, Pimpri, Pune, Maharashtra,
411033, India

3School of Engineering, Architecture & Interior Design, Amity University Dubai, Dubai, 345019, United Arab Emirates
SFaculty of Commerce and Tourism, Industrial University of Ho Chi Minh City, Ho Chi Minh, 71423, Vietnam
’Symbiosis Institute of Technology, Pune Campus, Symbiosis International (Deemed University), Pune, Maharashtra,
412115, India

8Faculty of Data Science and IT, INTI International University, Nilai, Negeri Sembilan, 71800, Malaysia

*Manipal Institute of Technology, Manipal Academy of Higher Education, Manipal, Karnataka, 576104, India
*Email: shilpa.gite@dpu.edu.in (S. Gite)

Received: 18 March 2026; Revised: 04 September 2026; Accepted: 17 October 2026
Type: Review article.

Abstract

Climate change is exacerbating thermal extremes, hydrological variability, and compound climatic
events, posing systemic threats to global agricultural productivity and food security. Although
machine learning (ML), remote sensing, and Internet of Things (loT) technologies have contributed
to the growth of crop stress detection and yield prediction, the current body of work remains
scattered across sensing infrastructures, predictive modelling, and adaptive decision-support
systems. The paper is a systematic integrative review of interdisciplinary literature (2010-2024) on
climate science, crop modelling, digital agriculture, and artificial intelligence to synthesise the
research and highlight structural constraints. The discussion shows that although ensemble learning,
deep neural networks, and multimodal data fusion have enhanced predictive accuracy, deterrent
gaps remain in cross-climatic transferability, uncertainty quantification, interpretability, governance
integration, and closed-loop feedback architecture. The paper offers a solution to these
shortcomings in the form of a layered feedback-driven system known as the Climate-resilient
Agricultural Intelligence Architecture (CRAIA), which combines an environmental data acquisition
system, harmonising features, hybrid predictive intelligence, an adaptive decision coordination

system, and resilience recalibration into a governance-conscious scalability framework. The results
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show that climate resilience is not achieved with predictive accuracy alone, but rather requires
integrating predictive accuracy with intelligent systems that can continuously learn and respond to
climatic uncertainty. This research provides a conceptual basis for next-generation climate-resilient
agro-ecosystems aligned with global sustainability and adaptation goals by developing a systems-

level architectural paradigm.
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