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Introduction
Global warming has led to frequent extreme weather events, posing significant challenges to the balance of power supply and demand. The power system's sensitivity to meteorological conditions necessitates the integration of physical climate risk factors in planning practices to enhance climate change adaptability.

Objectives
This study aims to construct a climate-adaptive power system planning model that accounts for physical climate risks, particularly extreme high temperatures. The objectives include developing a typical extreme heat scenario, analyzing the power system load under this scenario, and simulating an integrated planning scheme to improve the system's resilience to climate change.

Methodology
The research employs data integration and downscaling methods to construct an extreme heat scenario based on climate model scenarios. It utilizes the ERA5-Land dataset for historical hourly temperatures and the NEX-GDDP-CMIP6 dataset for future climate projections. A statistical approach downscale future projections from daily to hourly, ensuring the preservation of extreme values. The study then models the power load under extreme heat, considering base load and weather-sensitive load, and uses an 8760-hour production simulation to optimize the planning of China's seven regional interconnected power grids.

Findings
The study finds that climate change and extreme heat significantly increase the physical climate risk for the power system. The average annual temperature under the extreme heat scenario is 4.2°C-5.1°C higher than the baseline scenario and 6.0°C-7.4°C higher than historical observations. The cooling load in summer is positively correlated with temperature, leading to an increase in daily maximum load and affecting power and electricity balance in planning. The optimization results show that the increased load can be accommodated by optimizing the installed capacity of wind power, PV, and energy storage, with a total cost increase of about 1.8% under the extreme heat scenario compared to the baseline scenario.

Significance of the work for policy and practice 
This research provides a methodological framework for quantifying the impact of high temperatures on power system planning. The findings are significant for policymakers and practitioners in the energy sector, offering insights into the potential risks and costs associated with extreme heat events. The study's integrated planning approach can guide the development of more resilient power systems that can adapt to future climate warming. By considering physical climate risks in power system planning, the energy and electricity sector can better prepare for and mitigate the impacts of extreme weather events, ensuring a more reliable and sustainable energy supply.





