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Energy demand in China has grown at an
alarming rate over the past fifteen years.
In 1995, the Chinese economy consumed
33.25 quadrillion Btus of energy, and by
2011, that number had more than tripled to
109.62 quadrillion Btus (EIA, 2013). China
surpassed the U.S. in terms of greenhouse
gas emissions in 2006 and in terms of total
energy consumed in 2009. Though forecasts
vary about how quickly China’s energy de-
mand will grow in the future, even at half
of the recent rate, China’s energy use would
double in 18 years.

Existing forecasting models appear to
have underestimated China’s recent growth
in energy demand. For example, in its 2000
International Energy Outlook, the Energy
Information Administration of the US De-
partment of Energy predicted that China
would consume 55 quadrillion Btus of en-
ergy in 2005, just 5 years later. China’s
actual consumption was nearly 25 percent
higher, at 67.92 quadrillion Btus. Similarly,
some academics have noted that one fac-
tor contributing to the spike in oil prices in
2008 was higher than expected demand for
oil from China (Hamilton, 2013).

It is important to understand factors that
drive energy demand in China in order to
improve forecasts and to evaluate policies
that might alter the path of energy con-
sumption. Given the level of central plan-
ning in the country, a first-order question is
how well neoclassical models of household-
or firm-level energy consumption apply to
China.

In this paper, we focus on residential en-
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ergy consumption and investigate how in-
come growth, particularly among house-
holds close to the bottom of the income dis-
tribution, affects adoption of energy-using
consumer durables. Consumers in urban
China have recently acquired energy-using
assets at an alarming rate. For example,
there were 8 air conditioning units for ev-
ery 100 households in 1995, and by 2009,
there were 106 units for every 100 house-
holds (Auffhammer, 2014). Similarly, ve-
hicle ownership in urban China has risen
at almost 40 percent per year between 2000
and 2010, helping fuel China’s rapid growth
in oil consumption (China Statistical Year-
book, 2001 and 2011).

A previous literature has documented an
S-shaped relationship between household
income or expenditure level and ownership
of appliances, cars and other energy-using
assets (e.g. McNeil and Letschert, 2010).
The S-shape is consistent with decision-
making in which households at very low
levels of income do not allocate additional
income to acquire energy-using assets, but
past a certain threshold, households be-
come much more likely to use income gains
to acquire refrigerators, cars or electric wa-
ter heaters (Gertler, Shelef, Wolfram and
Fuchs, 2013).

This paper explores behavior consis-
tent the S-shape in China. We combine
province-level data on rural appliance pen-
etration levels between 1999 and 2010 with
province-level data on income distributions
over the same time period. We use across
and within province variation to investi-
gate the relationship between poverty rates,
controlling for the average income, and
residential energy consumption. In spite
of tremendous overall reductions, China’s
poverty alleviation has been uneven, so we
have reasonable variation in income distri-
butions across provinces and over time.
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FIGURE 1. SKEWNESS OF INCOME DISTRIBUTIONS

Notes: The figure above displays a Chi-Square (solid) and Normal (dashed)distribution with equivalent means and
variances. The vertical lines indicate the 10" and 90*" percentiles for each distribution

We find that, controlling for province-
level mean household income, in provinces
with a higher fraction of the population
above 3,000 Yuan per year, the number
of appliances per household is higher. In
other words, consider two hypothetical in-
come distributions such as the chi-squared
and normal distributions drawn in Figure
1. Both have the same mean and variance,
but the chi-squared distribution represents
fewer people living in extreme poverty, for
example below a hypothetical income level
of 7.5. Our findings suggest that a province
with the chi-squared distribution will have
a greater share of households that own ba-
sic energy-using appliances, such as refrig-
erators. Our suggestive results are large in
magnitude, indicating that increasing the
share of the population living above 3,000
Yuan per year by one standard deviation
has as large an impact, in most specifica-
tions, as increasing province-level GDP by
one standard deviation.

Our findings have implications for under-
standing future growth in appliance own-
ership in China. While appliance adoption
has been rapid in urban China, many more
urban and rural households are poised to
enter the middle class and begin acquiring
energy-using assets. Also, other developing

countries are similarly bringing households
out of poverty and into the middle class,
and hence are likely to experience rapid
growth similar to China’s.

While home appliances are a small part
of overall energy demand, they are rep-
resentative of the step-change in energy
use that households experience as they en-
ter middle-class life and, for instance, use
well-lighted, paved roads, pumped water,
and other government services, plus pur-
chase processed food and other manufac-
tured consumer goods. Existing energy
forecasts generally model economic growth
as an important driver, but do not include
measures of income distributions. While
more work is clearly necessary, our find-
ings suggest that this could be an important
omission.

I. Related Literature

As noted above, China’s energy use has
ballooned recently. Industry is by far the
largest sector, accounting for 55 percent of
overall demand in 2010. Transportation is
the fastest growing sector and in 2010 ac-
counted for 15 percent of demand, up from
8 percent in 1995. Non-transportation res-
idential consumption accounts for 12 per-
cent of total demand and commercial, agri-
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cultural and other sectors account for the
remaining 18 percent /]

Chinese consumers are driving a large
share of the industrial consumption. Specif-
ically, several papers derive estimates of
the embodied energy and CO, in exports
from China versus home consumption. Mo-
tivated in part by proposed policies that
would tax imports into the U.S. or the Eu-
ropean Union based on embodied energy,
Yan and Yang (2010) use input-output ta-
bles combined with information on both the
energy and COs intensity of different sec-
tors and information on export shares of
different goods to estimate the CO, emis-
sions embodied in China’s exports. Their
estimates suggest that in 2007 nearly one
quarter of China’s emissions are associ-
ated with goods that are eventually ex-
ported. While high, the figure also suggests
that over three-quarter of China’s emis-
sions, which by 2007 were higher than US
emissions, are driven by home consumption.

There is an extensive literature analyzing
China’s energy consumption. Zhao, Li and
Ma (2012) provide a thorough and recent
review. Many of the studies focus on the in-
dustrial sector, and those that examine the
residential sector are primarily case stud-
ies. At least one other paper emphasizes the
role of income in explaining the growth in
rural commercial energy consumption (Yao,
Chen and Li, 2012), although the paper
only considers average per capita income.

As noted above, several papers have de-
scribed the S-shape using micro data from
outside China. Gertler, Shelef, Wolfram
and Fuchs (2013) develop a simple, two-
period model that demonstrates how the
presence of credit constraints accentuates
the nonlinear relationship implied by the
S-shape. They also use exogenous shifts in
household income from the Mexican con-
ditional cash transfer program, Oportu-
nidades, to confirm that the patterns con-
sistent with the S-shape appear in micro
data.

While the S-shape suggests that energy

ISee http://www.iea.org/statistics/
statisticssearch/report/?country=CHINA&product=
balances| accessed 12/31/13.
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demand growth may be different depend-
ing on which households in the income dis-
tributions are the beneficiaries of growth,
most existing forecast models appear to ig-
nore income distributions (Wolfram, Shelef
and Gertler, 2012). Informal discussion
with leading energy modellers suggest that
while there are some early plans to incor-
porate within country income distributions
into some large scale models, current mod-
els rely on average incomes at best broken
out by urban versus rural consumers.

Our paper is also related to the sizeable
macroeconomic literature that relates eco-
nomic growth to income inequality. Re-
searchers have noted that income distribu-
tions are usually skewed, but that the de-
gree of skewness has varied across countries
and over time. The early literature on the
Kuznets curve tries to dissect some of that
variation, finding that up to a certain point,
growth leads to increased income inequal-
ity, but past a certain threshold, contin-
ued growth leads to lower levels of income
inequality. If changes in income inequal-
ity reflect the share of households coming
out of poverty and into the middle class (in
other words, as long as, for instance, the
compression in the income distribution oc-
curs at the bottom and not all at the top),
our results suggest that the relationship be-
tween energy use and growth in per capita
GDP will vary as a function of where the
country lies relative to the inflection point
on the Kuznets curve.

II. Descriptive Statistics
A. Data

The Chinese National Bureau of Statis-
tics conducts an annual rural and urban
household survey. The rural survey sam-
ples 70,000 households nationwide. One
section of the survey collects information
on households’ asset holdings. We there-
fore observe asset holdings by rural house-
holds for 30 province level entities from
1999 to 2010 (National Bureau of Statis-
tics, multiple years). We do not have ac-
cess to the actual survey data, which would
allow for a much richer econometric study.
The statistical yearbooks report the share
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FIGURE 2. ADOPTION OF APPLIANCES BY TYPE VERSUS HOUSEHOLD INCOME
Notes: The solid, dashed, dotted and dash-dotted lines display smoothed penetration of appliances per household

against household income. They were estimated using a Lowess smoothing spline with bandwith 0.8 on the complete
rural and urban appliance data for the 17 provinces in the sample.

of households that own a number of dif-
ferent durable consumer goods, many of
which use energy, such as automobiles, mo-
torcycles, and dishwashers. We focus our
analysis on refrigerators, air conditioners,
washing machines and televisions. All four
appliances are reported consistently across
years and provinces, although without in-
formation on the model types. Also, own-
ership rates of more expensive assets, like
automobiles and motorcycles, remain low in
some provinces, particularly among the ru-
ral population, which makes analyzing dif-
ferent adoption rates more sensitive to out-
liers or small differences. Further, the sur-
vey question simply asks about the number
of appliances of each type for a given house-
hold. This results in penetration rates that
can be greater than one if a household has
multiple devices of a given type.

Our analysis also requires province-level
data on the shape of income distributions,
as well as data on average per capita in-
come. Information on average per capita in-
come and consumption expenditure is avail-
able every year for both rural and urban
households. However, the statistical year-
books report data on income distributions
differently for urban and rural residents.
For rural residents, the yearbooks report

the share of the population within various
income ranges. We were able to construct
the share of the rural population with in-
comes below 3,000 RMB per year for 17
provinces across all years. 3,000 Yuan per
year corresponds to approximately $1.35
per day. The World Bank uses a poverty
threshold of $1.25 per day and reports that
12 percent of Chinese lived below this level
in 2009. Bl As we discuss further be-
low, there is considerable variation across
provinces. For urban areas, the yearbooks
report the average income within different
percentile ranges, and frequently, the lowest
range was too high to detect cross-province
variation in the share of the population liv-
ing in poverty.

B. Patterns in Appliance OQwnership

Figure 2 plots the appliance owner-
ship rates by average province-level house-
hold income, aggregating the data across
all years and all provinces. The his-
tograms display the empirical distribution
of province/year household incomes for ru-
ral (grey) and urban (white with black out-

2Seenhttp://povertydata.worldbank.org/poverty/
country/CHN accessed 12/31/13.
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FIGURE 3. AVERAGE CONSUMPTION EXPENDITURE AND SHARE POOR BY PROVINCE

Notes:

lines) households. The figure suggests that
households at low incomes are most likely
to own a television and least likely to own
an air conditioner. The data also depict
the top of the S-curve for refrigerators,
washing machines and televisions, as appli-
ances per household asymptote to one for
refrigerators and washing machines and ap-
proximately 1.5 for televisions. Air condi-
tioner ownership does not appear to asymp-
tote. Both refrigerators and air condition-
ers depict the inflection point at the bottom
of the S-curve, where ownership first rises
slowly with income until an inflection point,
where it begins to increase more quickly.
The histograms suggest that the average ru-
ral consumption expenditure, not the aver-
age urban consumption expenditure, corre-
sponds to levels where rapid adoption takes
place. For that reason, we will focus the
rest of the analysis on the rural population.

C. Income Distributions

Our analysis relies on cross-province and
over-time variation in the shape of the in-
come distribution. In other words, if every
province had normally distributed incomes
with the same variance, average per capita
income would be a sufficient statistic for the
province and we could not separately iden-
tify the impact of the share of people living

above 3,000 Yuan from the impact of differ-
ences in average incomes. Figure 3 suggests
that provinces do have different income dis-
tributions. For 2009, it plots the share of
the population living below 3,000 Yuan on
the average per capita consumption expen-
diture, depicting considerable variation in
poverty rates at a given level of per capita
consumption.

Over time the share of households below
our defined poverty threshold has declined
by b percentage points per year, which is
consistent with the well-documented transi-
tion out of poverty by Chinese rural house-
holds. The average per capita consumption
expenditures have grown by 290 RMB per
year, which is a 10% increase per year rela-
tive to the sample mean.

III. Econometric Model and Results

To investigate the relationship between
income distributions and appliance owner-
ship, we estimate several versions of a basic
logistic diffusion curve. For each of the four
appliances, we specify:

«a
In (Diﬁit — 1) = Incyf1 + Ineqi B2 + €i

where Dif f;; is the number of appliances
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TABLE 1-—REGRESSION RESULTS

AC TV Fridge Washer AC TV Fridge Washer

Inc -0.551%*%*  _0.157***  _0.5T75*** -0.358 -0.284%*%  _0.232%**  _0.310%**  -0.248%**

(0.182) (0.053) (0.134) (0.279) (0.117) (0.038) (0.030) (0.066)
Ineq 0.047*** 0.009** 0.022%* 0.008 0.045%*%*  0.017%** 0.027*%* 0.017***

(0.015) (0.004) (0.009) (0.017) (0.011) (0.003) (0.003) (0.005)
Year FEs Yes Yes Yes Yes No No No No
Province FEs No No No No Yes Yes Yes Yes
Observations 139 174 174 174 139 174 174 174
R-squared 0.680 0.839 0.851 0.342 0.720 0.782 0.874 0.806

Notes: Standard errors are clustered at the province level. :

per household in province ¢ in year t. « is
a constant, set equal to 1 for refrigerators
and washing machines and 2.5 for televi-
sions and air conditioners. Inc; is the av-
erage per capita consumption expenditure
in province ¢ in year t. Ineg; is the share
of the population in province i in year t
with incomes below 3,000 RMB per year.
€; 1s an error term, which contains either
province (e; = ¢; + mi) or year specific
fixed effects (e;; = ¥y + tiy). Year fixed ef-
fects, which control for shocks unobservable
to the econometrician, proxy for changes in
prices of the capital goods, electricity prices
and inflation at the country level. Province
fixed effects control for unobservables that
are time invariant by province but common
to all provinces. The panel specification as-
sumes a common slope on the income and
inequality variable.

The first four columns of Table (1) re-
port results that include year fixed effects
for the four types of devices considered in
this paper and the second four columns re-
port results that include province fixed ef-
fects. The results are qualitatively robust
to the type of fixed effect included in the
regressions. The coefficients on income are
positive and significant in all but one re-
gression. Due to the nature of the logistic
specification, the negative coefficients imply
positive income elasticities. The coefficients
in the inequality/poverty measure are also
significant and carry the expected sign in all
regressions except for one where the coeffi-
cient is positive but not statistically signifi-
cant. Across the board these regressions in-

dicate that higher average consumption ex-
penditures and lower shares of poor house-
holds are consistent with a higher share of
adopted appliances. In terms of magni-
tude one has to be careful when interpreting
these coefficients separately. For the specifi-
cation using T'Vs as the dependent variable,
a one within province standard deviation
increase in either variable corresponds to a
15% increase in adopted share. For refriger-
ators, a one standard deviation increase in
household consumption expenditure corre-
sponds to a 60% increase in adoption while
a one standard deviation decrease in poor
households corresponds to a 35% increase
in adoption. It is of course important to
note that changes in the income distribu-
tion would affect both variables and the na-
ture of the shift in the distribution deter-
mines the overall effect.

An ideal specification would exploit the
panel nature of the data while controlling
for year-specific shocks and allowing for
province-level heterogeneity (e;; = ¢; + 1+
vit). With aggregate data over a relatively
short timespan, however, we are left with
insufficient variation to estimate even the
effect of average consumption expenditures
precisely. We estimated specifications simi-
lar to those in the four right column in Ta-
ble (1) and included a variable measuring
the average inflation rate indexed to 1999.
All four coefficients remain positive and two
of the three remain statistically significant.
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IV. Conclusion

Existing projections suggest that the vast
majority of the growth in future energy de-
mand will come from the developing world
and that China will play a major part in
this growth. This paper presents sugges-
tive evidence that the shape of the in-
come distribution, which is typically omit-
ted from forecasting models, plays a ma-
jor role in driving household acquisition of
energy-using durable goods in rural Chi-
nese provinces. The findings are consistent
with previous work documenting a nonlin-
ear relationship between household income
and appliance acquisitions and with previ-
ous work documenting that the relation-
ship between country-level growth in en-
ergy consumption and GDP varies depend-
ing on whether a country’s income distribu-
tion is pro-poor (Gertler, Shelef, Wolfram
and Fuchs, 2013). While more work is nec-
essary to link these findings to macro-level
trends in energy consumption, the magni-
tude of our effects suggest that this is an
important area for future research.
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