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The impact of local climate on electric power consumption of Japan 
 

Yuki HIRUTA, Lu GAO, Shuichi ASHINA 
 

 
In Japan, the hourly and seasonal fluctuations of electricity consumption have expanded, and this trend 

is expected to continue towards the future. Such unstable power demand would reduce the efficiency of the 
power supply system. Although local climate fluctuation is considered one of the main cause of the elec-
tricity fluctuation, there are other factors that affect the hourly electricity demand. Therefore, it is a chal-
lenge to reveal the actual relationship between regional climate and electricity demand. In this research, to 
reveal the actual relationship between regional climate and electricity demand, we developed a regression 
model that can estimate the electricity demand in various regional conditions in Japan. We applied three 
types of variables that can be the factors of the electricity demand. The first is the factors attributed to 
spatial variation, such as the population and geographic condition of each region (spatial factors), and the 
second is the factors attributed to the temporal variation, such as hourly air temperature and human activity 
cycle (temporal factors), and the third is the interaction effect of spatial factors and temporal factors. The 
multivariate adaptive regression splines (MARS) was applied to construct the model because MARS can 
produce easy-to-interpret model while considering nonlinearities in high-dimensional data. The Random 
Forest algorithm was also applied to select the key variables among numerous possible indicators. Through 
the simulation by the constructed model, we compared the effect of hourly the local climate fluctuation and 
the human activity fluctuation. As a result, the degree of the electricity consumption variation caused by 
the local climate fluctuation was larger than that caused by human activity level. Through the simulation, 
we also discovered some defects in the constructed model such as partial overestimate. The constructed 
model needs to be improved for the farther application. 
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