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1. Introduction 

From the perspective of preventing global warming, it is indispensable to mitigate the household sector 

CO2 emissions which continue to grow constantly whereas the industry and the transport sector emissions 

are decreasing recently in Japan. As one of the measures of mitigating CO2 emissions in the household 

sector, expectations are rising about the effects of carbon pricing. When we evaluate the impacts of carbon 

pricing on energy conservation, price elasticity of energy demand is a key indicator. Some previous papers 

(Frondel et.al (2019), Chindarkar et.al (2019)) suggest that it is important to consider the differences of 

price elasticities caused by the household heterogeneity. In this study, therefore, we focus on the income 

and city size differences as the household heterogeneities concerning to the price elasticity. 

Figure 1 shows recent trend of the total share of energy and transportation expenditure by income 

category (left, Fig.1-1) and city size category (right, Fig.1-2) based on the Family Income and 

Expenditure Survey data. The share of energy and transportation expenses such as electricity, LPG, city 

gas, kerosene, gasoline and transportation service expenses is increasing in low-income households and 

has recently exceeded 10% of the total expenditure, whereas it is relatively stable at around 8% in high-

income households. 

Figure 2 shows the percentage of household energy and transportation expenditure over the total 

household expenditure for the latest 2017. In Japan, the use of public transportation is high among the major 

developed countries, accordingly, public transportation expenses other than fuel expenses are also analyzed 

in this study. Regarding the definition, the following are referred to as ‘transportation expenses’: railroad, 

bus, taxi, airplane and toll roads. As for the utility costs, the lower the household income, the higher the 

share of expenditure. It can also be seen that electricity bills account for more than half of the utility bill.  

Based on the observations in Figure 1 and 2, it is expected that the impacts of rising energy costs on 

the household energy consumption and how each fuel is substituted by other energy will be differed by the 

income category and city size. 

* This report was written by the authors for the 1st IAEE Online Conference on June 2021. 
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In order to evaluate the effects of price changes on energy consumption, the price elasticity of energy 

demand is often referred. In fact, various estimates have been made on the price elasticity of household 

energy demand. For instance, recent analysis of Tanishita (2019) which used the Family Income and 

Expenditure Survey data estimated the price elasticity of household electricity demand in nine regions 

nationwide regarding the impacts of the Great East Japan Earthquake. In addition, some previous papers 

( Frondel et.al (2019), Chindarkar et.al (2019)) suggest that it is important to consider the differences of 

price elasticities caused by the household heterogeneity. As shown in Fig. 1, it suggests that in order to see 

the impacts of price change on energy consumption in the household with different income categories in 

Japan, it is necessary to analyze the whole household consumption expenditure, which includes not only 

energy but also food, clothing, housing and so on. However in Japan, there is not enough empirical analysis 

from this point of view. 

 

 

 
Figure 1 Total share of energy and transportation expenditure  

by income category(left, Fig.1-1), city size category(right, Fig.1-2) 
 

 
Figure 2 Share of energy and transportation expenditure in the year 2017 

by income category(left, Fig2-1), city size category(right, Fig2-2) 
 

Data source: Family Income and Expenditure Survey 
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In this study, therefore, we focus on the household heterogeneity in Japan, and analyze the impacts of 

price changes on the household expenses for the different types of household in income category and city 

size. Our analysis is based on the time series data from the Family Income and Expenditure Survey. The 

total consumption expenditure of households is divided into the six expenditures of electricity, gas, kerosene, 

gasoline, transportation expenses, and other expenditures (sum of eating and drinking expenses, clothing 

expenses, housing expenses, educational and entertainment expenses, etc.).  

  

２．Methodology 

2.1 Model 

The indirect utility function of representing household consumer takes the form:  

𝑉𝑉 = (𝑝𝑝,𝑌𝑌)                               (1) 

We model household’s whole consumption expenditure including non-energy expenses. We get the 

following trans-log form:  

 

𝑙𝑙𝑙𝑙𝑙𝑙 = 𝛼𝛼0 + ∑ 𝛼𝛼𝑖𝑖𝑖𝑖 ln (𝑝𝑝𝑖𝑖 𝑌𝑌⁄ ) + (1 2⁄ )∑ ∑ 𝛽𝛽𝑖𝑖𝑖𝑖𝑗𝑗𝑖𝑖 ln (𝑝𝑝𝑖𝑖/𝑌𝑌)ln (𝑝𝑝𝑗𝑗/𝑌𝑌) , 𝑌𝑌 = ∑ 𝑝𝑝𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖      (2) 

    Where 𝑝𝑝𝑖𝑖，𝑝𝑝𝑗𝑗 are the 𝑖𝑖, 𝑗𝑗th prices, 𝑌𝑌 is total consumption value, 𝑥𝑥𝑖𝑖 is the 𝑖𝑖th consumption volume. 

 𝑖𝑖, 𝑗𝑗 = electricity, LPG, city gas, kerosene, gas oil, transportation service and other consumption 

 

The 𝑖𝑖th value share 𝑤𝑤𝑖𝑖  can be written as :  

𝑤𝑤𝑖𝑖 = (𝛼𝛼𝑖𝑖 + ∑ 𝛽𝛽𝑖𝑖𝑖𝑖𝑗𝑗 𝑙𝑙𝑙𝑙𝑞𝑞𝑗𝑗) (∑ 𝛼𝛼𝑖𝑖𝑖𝑖 + ∑ ∑ 𝛽𝛽𝑘𝑘𝑘𝑘𝑘𝑘 𝑙𝑙𝑙𝑙𝑞𝑞𝑗𝑗𝑗𝑗 )⁄                 (3) 

 

Referring to Kuroda (1989), own-price elasticity and cross-price elasticity are calculated as follows, 

respectively. 



IEEJ: June © IEEJ 2021 

4 

        𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝 = −1 + �𝛽𝛽𝑖𝑖𝑖𝑖 𝑤𝑤𝑖𝑖⁄ − ∑ 𝛽𝛽𝑖𝑖𝑖𝑖𝑗𝑗 �/ (∑ 𝛼𝛼𝑗𝑗 + ∑ ∑ 𝛽𝛽𝑗𝑗𝑗𝑗𝑘𝑘𝑗𝑗𝑗𝑗 𝑙𝑙𝑙𝑙(𝑝𝑝𝑘𝑘/𝑌𝑌))                    (4) 

        𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝 = (𝛽𝛽𝑖𝑖𝑖𝑖 𝑤𝑤𝑖𝑖⁄ − ∑ 𝛽𝛽𝑖𝑖𝑖𝑖𝑗𝑗 )/(∑ 𝛼𝛼𝑘𝑘 + ∑ ∑ 𝛽𝛽𝑘𝑘𝑘𝑘𝑙𝑙𝑘𝑘𝑘𝑘 𝑙𝑙𝑙𝑙(𝑝𝑝𝑙𝑙/𝑌𝑌),         (𝑖𝑖 ≠ 𝑗𝑗)                (5) 

Where  ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 = 1,   ∑ 𝛼𝛼𝑖𝑖𝑖𝑖 = −1 , ∑ 𝛽𝛽𝑖𝑖𝑖𝑖𝑗𝑗 = 0,   𝛽𝛽𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑗𝑗𝑗𝑗  

 

Base on the above model, we estimate the price elasticity of energy demand using the aggregated annual 

data of the Family Income and Expenditure Survey from the year 2001 to 2017. 

  

2.2 Data 

Our analysis is based on the Family Income and Expenditure Survey data compiled by the 

Ministry of Internal Affairs and Communication . In this analysis, we use household income and annual 

expenditure data by household income category and city size for households of two or more people. The 

income category is a classification in which households are arranged in order from the one with the lowest 

annual income, and are divided into five categories. Each category has an equal number of households. 

They are called the category 1, category 2, category 3, category 4 and category 5, respectively. 

The city size is a classification in which households are divided into four categories such as 

“large city”, “middle city”, “small city A” and “small city B”. “Large city” includes “Government-

designated cities” and Tokyo metropolitan Area. “Middle city” includes the cities which have more than 

150 thousand population except for “large city”. “Small city A” includes the cities whose population is 

more than 50 thousand and less than 150 thousand. “Small city B” is the cities whose population is less 

than 50 thousand. 

Figure 3 shows the household characteristics of each income category, such as number of 

household members (Fig.3-1), age of the head of the household (Fig.3-2) and annual household 

consumption expenditure (Fig.3-3).  

We find that the number of household members is gradually decreasing, and the age of the head 

of the household is increasing, especially in low-income households. Fig.3-3 shows the changes in 

household consumption expenditure by income category. Household consumption expenditure in the 

category 5 household is particularly large at more than double the category 1 household. On the contrary 

the lower the household income, the higher the propensity to consume in household income. In the 
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category1 household, the average propensity to consume in household income is as high as 90% while it 

drops to 42% in the category 5 household. 

Figure 4 shows the household characteristics of each city size category, such as number of 

household members (Fig.4-1), age of the head of the household (Fig.4-2) and annual household 

consumption expenditure (Fig.4-3). 

Compared to Figure 3, the differences among city categories are relatively small. However, also 

in Figure 4, the number of household members decreases gradually and the age of householder steadily 

increases. Fig.4-3 shows that household consumption expenditure in the large city is bigger than that in the 

small city. 

 
Figure 3 Household size(left, Fig.3-1), age of household head(center, Fig.3-2), annual household 

consumption expenditure(right, Fig.3-3) in each income category 
 

 
Figure 4 Household size(left, Fig.4-1), age of household head(center, Fig.4-2),  

annual household consumption expenditure(right, Fig.4-3) in each city size category 
 

Data source: Family Income and Expenditure Survey 

age person 

age person 
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As for the household consumption expenditure items, our analysis covers energy expenses, 

transportation service expenses and the other expenses. Energy expenses include electricity, LPG, city gas, 

kerosene, gasoline. Transportation expenses include railroad, bus, taxi, aviation and toll road. Other 

consumption expenditures include food and beverages, clothing, housing, education and recreational and 

all other items.  

In the Family Income and Expenditure Survey, although the unit price of purchase is also listed 

for some items but not for all items. Therefore, for the price data, we use data of the national average of 

Consumer Price Index for each item. 

３．Results 

3.1 Estimation of expenditure share function 

We estimate the expenditure share function using the equation (3) for each of the seven 

expenditure of electricity, LPG, city gas, kerosene, gasoline, transportation expenses and other consumption 

by income category and city size. 

As the sum of expenditure shares is ∑ 𝑤𝑤𝑖𝑖 = 1, we estimate simultaneously the six share functions 

excluding one (other consumption) of each income category or city size using the method of Zellner’s 

Seemingly Unrelated Regressions (SUR). 

Estimated results are shown in Table 1. In the table, the numbers come after the name of 

parameter such as 𝛼𝛼 and 𝛽𝛽 denote items of expenditure. Each item of 𝑖𝑖, 𝑗𝑗 = 1, 2, ... ,6 indicates in order 1: 

electricity, 2: LPG, 3: city gas, 4: kerosene, 5: gasoline and 6: transport service, respectively. 

The bottom part of Table 1 shows the coefficients of determination that indicates the explanatory 

power of the estimated share function. Regarding electricity and gasoline, the explanatory power is 

relatively high at around 0.8 to 0.9 for all income categories and city sizes. On the other hand, the 

explanatory power of LPG in most categories is relatively low and that of City Gas in “Small City B” is the 

lowest. One possible reason is that LPG is mainly used in the suburbs and rural areas where do not have 

gas pipeline infrastructure in Japan. In the category 5 household, the explanatory value of kerosene is also 

small. This is because kerosene is mainly used for heating especially in the rural areas where household 

income is relatively low. 
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3.2 Estimation of Price Elasticities 

Table 2 and 3 show the own-price elasticity and cross-price elasticity which are calculated using 

the estimated model parameters. In those tables, the elasticity values are shown by the groups of each 

characteristic of goods, divided into "electricity, LPG, city gas, kerosene", "gasoline, transportation 

expenses", and "other consumption".  

Although the model estimation period is from the year 2000 to 2017, each value in Table 2-3 

represents the average of the years 2010 through 2017 in order to focus more on the latest information. 

Since this period includes the Great East Japan Earthquake, it is necessary to be a little cautious to the fact 

that we may overestimate the price elasticity values for electricity demand. 

3.2.1 Own-Price Elasticity 

In tables 2 and 3, bold numbers show the own-price elasticities which are derived from the 

equation (4). Most of the estimated own-price elasticities are negative which is expected theoretically, 

 

Table 1. The estimated parameters of share function in household expenditure 

 

Note: **, * denote statistical significance at 5% and 10%, respectively.  
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except for the elasticity of transport expenditure in the category1 and category3 households. 

As for the impacts of income differences on the price elasticities, our results show that the own-

price elasticities of electricity, city gas, kerosene and gasoline are larger in the category 5 households than 

in the category 1 households. This means that the higher the household income is the more elastic the 

demand is. The higher own-price elasticities in the high-income households means that energy conservation 

is easier in those households because they can afford to invest in energy efficient appliances. On the other 

hand, lower own-price elasticities in the low-income households means that the rise of energy prices 

increases household energy expenditure burdens more severely. 

As for the impacts of city size differences on the price elasticities, we find that the own-price 

elasticities of small cities are larger than those of large cities. Because in a small city, average house size is 

larger and transportation tends to depend more on automobiles. This implies that the households in a small 

city have more energy appliances and automobiles. Therefore, they have more chances to buy new 

 

Table 2. The price elasticities of energy demand in the different income category household 
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appliances and cars, which are more energy efficient.  

3.2.2 Cross-Price Elasticity 

In tables 2 and 3, the non-bold numbers show cross-price elasticities derived from the equation 

(5). In those tables, the number in each cell indicates the change in demand for the column-wise items 

relative to the price change for the row-wise items.  

As for the impacts of the income difference, our results show that the impacts of price increase 

of kerosene on the electricity demand in high-income households is larger than in low-income households. 

It means that when the price of kerosene increases, switching the heating energy from kerosene to electricity 

is easier in high-income households than low-income households.  

If we compare table 2 and table 3, cross-price elasticities between gasoline and transportation 

services are very different from each other. Those values of table 3 are mostly larger than those of table 2. 

This means that the city size is a very important factor when we discuss the consumer’s choice of 

transportation. In table 3, we can also find that in large cities, the price increase of gasoline induces demand 

increase of transportation services. This is because the public transportation system is well developed in the 

large city, and it is easier to switch from driving a car to taking a public transportation. 

Table 3. The Price Elasticities of Energy Demand in the Different Types of the Household 
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4. Conclusion 

We find the price elasticities vary according to the household income level and the size of the 

city where households are located. Our results suggest that energy pricing policy should be carefully 

designed considering the heterogenous response of different types of household. This suggests that rise of 

energy price is quite regressive in the household sector. 

The higher own-price elasticities in the high-income households mean that energy conservation 

is easier in high-income households because they are affordable to invest energy efficient appliances. On 

the other hand, lower own-price elasticities in the low-income households mean that the rise of energy price 

increases household’s energy expenditure burden more severely. 

The price elasticities of households in a small city are bigger than those of households in a large 

city. Because in a small city where is generally located in a suburban area, average house size is larger and 

transportation tends to depend more on automobile rather than public transportation. This implies that the 

households in a small city use more energy appliances and automobiles. This also suggests rising price 

stimulates such household to replace less energy efficient appliances to energy efficient ones. This result is 

consistent with the study for India presented by Chindarkar (2019). As for the study for developed country, 

Bernstein and Griffin (2006) found the regional differences of price elasticity of residential electricity 

demand. In their study, elasticity of the southeastern region where the air-conditioning load is increasing 

rapidly is bigger than those of other regions.  

Our analysis results that in order to evaluate the impacts of energy price change on energy 

consumption in the household, it is important to take into account differences of household characteristics 

especially income level and location. Furthermore, the impacts of differences in the regional climate on the 

price elasticity is one of our future research topics.  
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