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Abstract

Mountain terrains are among the most ecologically sensitive and climate-vulnerable regions, where fragile ecosystems, steep topography, and limited infrastructure intensify the impacts of climate change. Increasing temperature variability, erratic precipitation, glacial retreat, and extreme weather events are significantly affecting ecological stability and energy access in these regions. In this context, climate-responsive renewable energy strategies offer a sustainable pathway to reduce ecological vulnerability while ensuring energy security. This study explores adaptive renewable energy planning approaches tailored for mountain environments, focusing on the integration of localized climate data with energy system design. The research examines the suitability of decentralized renewable energy systems such as micro-hydropower, solar photovoltaic systems, wind microgrids, and hybrid energy configurations under varying climatic conditions. It further evaluates how climate-resilient energy infrastructure can minimize environmental degradation, reduce dependence on fossil fuels, and enhance community resilience. The analysis highlights that adaptive energy systems designed with consideration of seasonal variability, terrain constraints, and resource availability can significantly improve energy reliability while preserving ecological balance. The findings emphasize the importance of combining climate modeling, geospatial assessment, and community-based planning to optimize renewable energy deployment in mountain regions. Additionally, policy frameworks supporting decentralized energy governance and climate adaptation are identified as critical enablers for sustainable implementation. The study concludes that climate-responsive renewable energy strategies not only mitigate ecological vulnerability but also promote sustainable development, energy equity, and long-term resilience in mountainous terrains facing accelerating climate risks.
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