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a b s t r a c t

Although existing studies have paid much attention to the measurement model of water resource uti-
lization efficiency, they have failed to consider the spatial spillover effect of some influencing factors of
water resource utilization efficiency, causing biased results. This study measures the water resource
utilization efficiency of 31 provincial administrative regions in China from 2001 to 2014 and the effi-
ciency of each stage by adopting a slack-based efficiency evaluation model based on the relaxation of two
stages to consider undesirable output. Then, this study employs a spatial Durbin econometric model by
considering spatial effect to analyze the influencing factors of the overall efficiency of water resource
utilization by per capita water resources, industrial water, living water consumption, per capita gross
domestic product, degree of opening to the outside world, industrial structure, technological progress,
and other aspects. By comparison, existing studies do not consider the spatial spillover effect. This study
estimates the direct and indirect effects of the influencing factors of water resource utilization efficiency
to distinguish local and neighbors' impacts of influencing factors of water resource utilization efficiency.
The results are as follows. (1) First-stage overall efficiency is significantly higher than second-stage water
resource utilization efficiency, overall efficiency is close to second-stage efficiency, and second-stage
efficiency determines the overall effectiveness of water resource utilization. (2) The spatial autocorre-
lation intensity of water resource utilization overall efficiency is significantly greater than zero, and water
resource utilization overall efficiency presents concentration distribution in the space for which the
eastern coastal regions are highehigh type and the central and western regions are lowelow type. (3)
The overall efficiency of water resource utilization has spatial spillover effects, and the region's overall
efficiency is influenced by both region and neighborhood region. (4) The direct and indirect effects of
domestic water consumption, degree of opening up, and industrial structure are the primary significant
influencing factors of overall efficiency of water resources in China. The spatial spillover effects of do-
mestic water consumption and industrial structure have a significant impact. To improve water resource
utilization efficiency, the government and citizens should focus on such solutions as pollution reduction,
domestic water savings, and transforming the industrial structure. Moreover, China should consider the
spatial effects of these influencing factors when government policies are designed.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Water resources, a special natural resource that form a signifi-
cant foundation of the ecological environment, are important

resources for social and economic development and are necessary
for the maintenance of human civilization and social progress.
However, water shortages and degraded water quality problems
have becomemore serious in China in recent decades. It is reported
that more than half of China's 667 cities are facing water shortages
(He et al., 2001). Uneven distribution of water resources further
decreases the limited availability of water. At present, there are
significant problems with China's water resources, namely, serious
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pollution, and deterioration of the ecological environment. Water
resources have become a key restricting factor influencing socio-
economic development and urbanization in China (Tomohiro
et al., 2006; Guan and Hubacek, 2007). The severe situation of
the water resource environment has captured the attention of the
Chinese government (Bian et al., 2014). In order to move forward
with sustainable development, the government has implemented
environmental regulations for enterprises to reduce pollutant
emissions, both in the form of command-control policy and
market-related policy (Dong et al., 2015; Zhao et al., 2014). A “water
pollution prevention plan” has been established to strengthen
prevention and control of water pollution and national water se-
curity (State Council of China, 2015). A mode of economic devel-
opment that considers limited water resources and environmental
constraints will become an inevitable choice. Under this situation,
improving water efficiency and reducing pollutant emissions have
been recognized as two better ways to support sustainable devel-
opment (Wang et al., 2015). Under this situation, improving water
efficiency to support sustainable development is a crucial task (Hu
et al., 2006). The qualitative and quantitative evaluation of water
resource utilization efficiency and its influencing factors are of
great significance to optimized water resource configuration, and
have become the basis for solving these multifaceted water
problems.

In recent years, water efficiency has gained increasing attention
from academic researchers, and scholars have used different types
of data envelopment analysis model to evaluate water resource
utilization efficiency. Based on the data envelopment analysis
model, Hu et al. (2006) first proposed a total factor evaluation
method of water utilization efficiency. Some scholars have
measured water use efficiency from the perspective of considering
the desired output. By the standard data envelopment analysis
models, Byrnes et al. (2010) analyzed the efficiencies of urbanwater
utilities in the regions of New South Wales and Victoria. Based on
the data envelopment analysis model with input-oriented, Ma et al.
(2016) introduced sewage as a pollutant to estimate the regional
total-factor water resource use efficiency of China's 30 provinces.
By considering an undesired output data envelopment analysis
method, Sun et al. (2014) measured the 1997e2010 water resource
global environmental technology efficiency of China's 31 provinces,
and compared the water resource technical efficiency with other
methods. Zhao et al. (2014) considered grey water footprint as
undesirable output in the evaluation of water resource utilization,
with the aid of a slack-based measure (SBM) model, the water
footprint, labor and capital as inputs, GDP as desirable output, to
measure the water resource utilization efficiency of China's 31
provinces from 1997 to 2011. The above research measured the
water resource efficiency problem from different perspectives, but
considered the input and output system as a “black box.” Unfor-
tunately, the studies did not take into account the internal pro-
duction processes and mutual influence of pollutant treatment
processes and their influence on overall efficiency. These studies
are unable to identify effectively the effective stage of the water
resource utilization system.

From the viewpoint of water use and the wastewater
discharge process, the regional water resource utilization system
can be divided into two stages: water use and wastewater
decontamination system. The first is called a “water use sub-
system,” in which water accompanied by other inputs (e.g., labor
and capital) is consumed to produce desirable outputs along with
discharge of wastewater. The second is called a “wastewater
decontamination sub-system,” in which wastewater is

decontaminated (Bian et al., 2014). At present, some scholars
have studied the two-stage system from the following aspects.
Wu et al. (2015b) set up a two-stage production structure of
network data envelopment analysis efficiency evaluation
methods, and proposed the efficiency of each subsystem's
decomposition, and analyzed the circular industrial economy of
China's 30 provinces in 2010 production. However, when dealing
with the first stage of the desired output, Wu et al. (2015b)
simultaneously considered the desired and undesired output. An
et al. (2015) proposed a two-stage slack-based measure based on
the relaxation model, measured the operating efficiency of
China's commercial banks, and considered the undesired output
in the second stage. Wu et al. (2015a) divided economic activities
into production and processing, and measures the energy effi-
ciency of China's provinces by using a two-stage data envelop-
ment analysis method. Wang et al. (2016) considered the
connection between the two sub-systems, distinguished be-
tween pollutants in the weak and strong processing character-
istics of the two subsystems, proposed a two-stage evaluation
method based on radial data envelopment analysis, and analyzed
30 provincial regions in China's industrial water system effi-
ciency. However, these two-stage data envelopment analysis
methods failed to measure the inefficiencies of the two-stage
system of input eoutput and intermediate variables. This study
divides the water resource utilization system into a water use
system in the first stage and a wastewater decontamination
system in the second stage, and measures the 2001e2014 pro-
vincial water resource utilization efficiency in China by a two-
stage slack-based measure model considering undesired output.

The spatial spillover effect of water resource utilization effi-
ciency considers that increasing such efficiency in a region will
improve that of other areas (Zhao et al., 2014). The spatial spill-
over effect could improve China's overall water resource utili-
zation efficiency, narrow the uneven spatial distribution of
overall water resource utilization efficiency from related regional
influencing factors, and achieve regional water resource utiliza-
tion and sustainable economic development. Using the spatial
econometric model, Bao et al. (2016) analyzed the influencing
factors of water use efficiency of Henan province in China from
the endowment, degree of water resource development and
utilization of water resources, economic development level, ur-
banization level, industrial structure, water structure, agricul-
tural modernization level, informationization level, and other
aspects. Ma et al. (2016) estimated China's water utilization ef-
ficiency by the directional distance function to take into account
the environmental degradation affecting the economy and
analyze the spatial correlation and factors influencing the utili-
zation efficiency using spatial panel data econometric models.
Galdeano-G�omez et al. (2008) investigated the effect of envi-
ronmental investment and related spillover effects on produc-
tivity in the agricultural sector by using panel data of
horticultural firms.

Based on the measurement of water resource utilization effi-
ciency in China's 31 provinces from 2001 to 2014, the purpose of
this study is to analyze spatial spillover effects of regional water
resource utilization efficiency by a spatial econometric model
considering spatial effect from these factors measured by per capita
water resource, water consumption per 10,000 yuan of value-
added by industry, domestic water consumption, per capita GDP,
degree of opening, industrial structure, technological progress,
water consumption by 10,000 yuan of GDP. These factors are then
disaggregated into direct and indirect effects.
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