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Overview 
It is widely accepted that energy use contributes to climate change, but in turn, climate change can also affect 

energy demand. Plenty of literature proves the existence of this feedback mechanism, but there is still no consensus 

on its exact operation. This needs to be studied in detail in China, which is the largest electricity consumer in the 

world. One particularly interesting question is how the increasing income of China’s residents affects the climate 

sensitivity of electricity demand. By using a panel dataset including 278 cities in China over the period 2005-2015, 

this paper attempts to fill some gaps in this context. To this end, a newly developed model, partially linear 

functional-coefficient panel data model, is employed to analyze the response of residential electricity consumption 

to climate change and the impact of income. 

 

We add to the existing literature in the following aspects. First, we employ a new empirical strategy to explore the 

heterogeneous effects of climate change on residential electricity demand at different income levels. Unlike 

previous studies imposing a specific functional form on the link between marginal effect of climatic variations and 

income (Gupta 2016; Li et al., 2018) or separately estimating temperature-electricity curve for subgroups with 

different income levels (Li et al., 2019), we regard the marginal effect of temperature variations as an unknown 

function of income. This strategy not only helps us to reduce risks of model misspecification but also enables us 

to identify how income shapes the relationship between temperature variations and residential electricity 

consumption in details. Second, we provide new evidence on the link between climatic variation and residential 

electricity consumption at China’s city level. The aforementioned study (Li et al., 2019) only focuses on a typical 

area (Shanghai) rather than all the regions across China. To examine the effect of climatic variations on residential 

electricity consumption under a more detailed and comprehensive perspective, we compile a city-level panel 

dataset including 278 cities in China over an 11-year period. Using city-level panel data can take into account not 

only the dynamic change in temperature but also different geographic locations of China, including various terrains 

and climate zones. 

 

The rest of this paper is as follows: Section 2 reviews the previous literature to understand the background of 

climate impacts on electricity consumption. Section 3 introduces the detailed methodology we applied. In section 

4, we report and discuss the empirical results. Section 5 concludes the paper. 

 

Methods 
Partially linear functional-coefficient panel data model. 

 

Results 
First, the results show that residential electricity consumption responds positively to hot days rather than cold days. 

 

Second, income levels have heterogenous impacts on climate sensitivity. An increase in income initially increases 

the marginal effect of cooling degree days on electricity consumption, while the curve of the marginal increment 

becomes flatter as income grows. 

 

Conclusions 
Our empirical evidence attests our assumptions and draws the following conclusions: (1) Using temperature 

deviation as a measure of climate change might lead to misleading conclusions since there is remarkable 

asymmetry of residents’ response to hot weather and cold weather; (2) Residential electricity consumption is 

positively responsive to hot days rather than cold days. Our results are similar to Davis and Gertler (2015), which 

takes Mexico as research object and find that the response of residential electricity is very sensitive to hot weather 

but not significantly related to cold weather; (3) Different income levels have different impacts on the process of 

climate change stimulates electricity consumption. Specifically, the higher the income, the greater the climate 

sensitivity, but when incomes exceed certain values, the stimulation effect of income basically remains unchanged. 

This can be testified through the slope variations of marginal effect of CDD, the curve initially rises sharply, then 

gradually becomes gentle with only slight fluctuations when income increases, which indicates that climate change 

contributes less to residential electricity consumption for wealthy residents. Although high income groups are able 

to purchase more cooling facilities, electricity consumption has already peaked due to the saturated number of 

cooling devices in their houses, therefore, the demand will not be highly responsive to climate change again. 
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