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a b s t r a c t

China's urbanization is rapidly proceeding while bringing marked impact on the energy consumption.
This paper contributes to current literature by using an improved spatial econometric model Stochastic
Impacts by Regression on Population, Affluence and Technology (STIRPAT) to investigate the effect of
urbanization on energy consumption for China's regions. The impact of urbanization is further dis-
aggregated into direct and indirect impacts from the perspective of spatial econometrics. Results show
that, if the urbanization level increases by 1.0%, energy consumption levels will correspondingly decrease
by 0.089%. The spatial spillover effect on adjacent areas is positive: a 1.0% increase in one specific area's
urbanization level leads to a 0.136% increase in an adjacent area's energy consumption. It is suggested
that, it is essential to devote major efforts to energy conservation, in the process of improving the new-
type urbanization. In particular, disaggregating China's targets for controlling energy consumption into
smaller targets for different regions will contribute to controlling the growth of energy consumption.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

As a corollary of social and economic development, urbaniza-
tion in China is proceeding rapidly. With its impact on the in-
dustrial structure, urbanization will inevitably lead to significant
increases in energy consumption and the need for energy supplies
and, consequently, a build-out of the energy supply system in
China.

Generally speaking, urbanization is characterized by rapid
population transfer from rural to urban areas. On one hand, ur-
banization contributes significantly to the development of the
economy and improves the income and living standard of house-
holds, boosting the total consumption of energy. On the other hand,
urbanization promotes advancements in industry, technology, and
products, and, in this way, enhances energy efficiency. Hence, it is

critical that China evaluate the impact of the new type of urbani-
zation1 on energy consumption and the ways in which urbaniza-
tion, construction and energy conservation can be promoted
without causing environmental damage.

A great deal of research has been conducted using different
methods on the impact of urbanization on energy consumption both
at home and abroad (Sadorsky, 2013; Salim Ruhul and Shafiei, 2014;
Wang, 2014; Wang et al., 2014; Wang and Yang, 2014; Li et al., 2015;
Ren et al., 2015; Shahbaz et al., 2015; Al-Mulali and Ozturk, 2015;
Wang et al., 2015; Song et al., 2015). Parikh and Shukla,1995 utilized
data from developing countries to conduct empirical research and
concluded thaturbanizationclearly impactedenergyconsumption in
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1 New-type urbanization is a policy approach gradually developed by the gov-
ernment in the process of China's urbanization. Unlike the old one, it is a kind of
urbanization that plans urban and rural areas as a whole. It calls for development
that is efficient, harmonious and ecologically livable. Its construction objectives,
strategic focus and comprehensive institutional arrangements were first put for-
ward in China's National New-type Urbanization Planning, which was published on
January 20, 2014.
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developing countries. York (2007）carefully analyzed data from 14
EU countries from 1960 to 2000 and found that energy consumption
in urban areas far exceeded that in rural areas. Poumanyvong and
Kaneko (2010) built a STIRPAT model with data from 99 countries
extending from 1975 to 2005 to explore the impact of urbanization
on energy utilization. The result showed that the impact of urbani-
zation on energy utilization varied in expected ways depending on
each country's income level. Urbanization in countries with low in-
come levels reduced energy utilizationwhile urbanization increased
energy utilization in countries with high income levels. Wei et al.
(2003) researched the relationship of urbanization and energy con-
sumption in China and found that a 1% increase in China's urbani-
zation process led to a parallel 1% increase in total energy
consumption in the country. Liu (2009) explored the factors
impacting energy demand in China and concluded that there was a
long term and stable relationship between urbanization and energy
demand. Zhang and Zhou (2013) utilized a co-integration test and
error correction model to analyze the long- and short-term fluctua-
tion in China's energy consumption and the primary factors
impacting consumption. They found a co-integration relationship
between total energy consumption and urbanization, while urbani-
zation influenced energy consumption positively in the long term.

Though these studies provide abundant opportunities to un-
derstand the impact of urbanization on energy consumption, they
did not take into account the spatial interactions between urbani-
zation and energy consumption for China's regions. In addition, the
studies also did not distinguish between the direct and indirect
impacts of urbanization on energy consumption. To fill those gaps,
we use the spatial econometric models to measure the extent of
urbanization on energy consumption considering spatial relation-
ship and incorporating other control variables. In addition, we
decompose the impact into direct and indirect impacts. In this way,
the impact of urbanization on energy consumption is clarified from
a spatial econometric perspective. A series of related policy sug-
gestions can be provided based on the results.

2. The SPIRPAT model

In order to explore the impact of urbanization on energy con-
sumption from the perspective of spatial econometrics, a SPIRPAT
model (Stochastic Impacts by Regression on Population, Affluence
and Technology) is built on the basis of the IPAT function. The IPAT
function was first designed by Ehrlich et al. (1971), and it is now
widely accepted as a basic framework of modeling research in
environmental issues (Harrison, 1981; Raskin, 1995; York et al.,
2002; Shi, 2003; Cole and Neumayer et al., 2004; Rosa et al.,
2004; Hao and Liu, 2015). The general form of an IPAT function is
as follows：

I ¼ PAT (1)

where I represents the environmental impact, P represents popu-
lation size, A represents per capita wealth and T represents
technology.

Subsequent work has been done by Dietz and Rosa (1994), who
improved the IPAT function by rewriting it in a randomized form. In
this way, the STIRPAT model is constructed to find the stochastic
approximation by analyzing the regression of population size, per
capita wealth and technology. The general form of a STIRPAT model
is:

I ¼ aPbAcTd (2)

where a is the parameter; b, c and d are, respectively, the exponents
of population size, per capita wealth and technology; e is the re-
sidual of the model; and P, A and T represent population size, per
capita wealth and technology.

Here we use the logarithmic form of the function:

lnI ¼ lnaþ bðlnPÞ þ cðlnAÞ þ dðlnTÞ þ lne (3)

Thus, according to the definition of the elasticity coefficient, the
regression coefficients of function (3) will be the elasticity of the
independent variables, which means that the dependent variable
will change according to the coefficient before itself when the in-
dependent variables changes by 1%, keeping other variables
constant.

Beyond estimating the coefficients of variables, the STIRPAT
model can also be used to disaggregate and distinguish the effect of
various factors in the model (Dietz and Rosa, 1994). With various
improvements made for different research purposes, a substantial
amount of research has been conducted using the STIRPAT model
(Dietz and Rosa, 1997; York et al., 2003). In order to further explore
the effect of different factors on energy consumption, the STIRPAT
model is improved in our paper.We introduce the level of economic
development, level of urbanization, industrial structure, structure
of energy consumption and energy prices into the model. Some
studies also use STIRPAT Model to focus on China's energy and
environmental issues (Xu and Lin, 2014). The improved model is as
follow:

lnEC ¼ lnaþ b1ðlnGDPÞ þ b2ðlnURÞ þ b3ðlnPSIÞ þ b4ðlnPTIÞ
þ b5ðlnSECÞ þ b6ðlnEPÞ þ lne

¼ aþ b1ðlnGDPÞ þ b2ðlnURÞ þ b3ðlnPSIÞ þ b4ðlnPTIÞ
þ b5ðlnSECÞ þ b6ðlnEPÞ þ ε

(4)
where:

ECddEnergy Consumption, represented by the total energy
consumption (unit: 10,000 tons standard coal).
GDPdd Gross Domestic Product, representing the level of
economic development (unit: RMB 100,000 yuan). In order to
ensure data consistency, all GDP indexes of different years are
deflated to the constant price GDP index of 2006.
URddUrbanization Rate, represented by the urbanization rate
of permanent resident population (unit: %).
PSIddProportion of secondary industry, represented by the
GDP ratio of secondary industry (unit: %).
PTIddProportion of tertiary industry, represented by the ratio
of GDP devoted to tertiary industry (unit: %). Generally speaking,
tertiary industry requires less energy than secondary industry.
SECddStructure of Energy Consumption, represented by the
share of coal consumption in total energy consumption (unit: %).
EPddEnergy Prices, represented by the PPI (producer price
index, by regions). Theoretically, an increase in energy prices
will lead to a reduction in energy consumption; price is thus an
important factor in energy consumption.

Using the foundation of the improved STIRPAT model and
assuming that energy consumption exhibits both spatial correla-
tion and spatial heterogeneity, a spatial panel-data econometric
model can be built. The spatial panel-data econometric model
combines the spatial econometric method and the panel-data
method; by introducing both temporal and spatial characteristics
into the research system, this approach improves the accuracy of
estimations from the model. Generally speaking, there are three
kinds of spatial panel-data econometric models: the SLPDM,
(Spatial Lag Panel Data Model); the Spatial Error Panel Data Model
(SEPDM), and the Spatial Durbin Panel Data Model (SDPDM).
Considering the existence of spatial correlation and heterogeneity,
all three of these alternative models are presented here.
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