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Abstract

The rapid development of the textile industry (TI) has led to serious water resource consumption.
Driven by the demands of the green economy, improving the comprehensive management level of water
scientifically and measuring the relationships among environmental regulations, technological progress
and water resource consumption rationally in the TI are necessary in order to solve the water resource
consumption problem and promote the transformation and upgrading the T1. We used decoupling theory
to quantitatively analyze the decoupling relationship among environmental regulation, technological
progress and water resource consumption from 2002 to 2015 in China’s TI. We also constructed
the dynamic response vector autoregressive model of China’s industrial water source consumption
to study the internal dynamic correlation from the perspective of time series. Analysis showed that
the decoupling between water resource consumption and environmental regulation in the TI was
strong in 6 years (2003, 2006, 2009, 2011, 2013 and 2015) and weak in 3 years (2002, 2004 and 2010).
The decoupling between water resource consumption and technological progress is also strong in 6 years
(2003, 2006, 2008, 2009, 2011 and 2015) and weak in 3 years (2007, 2010 and 2012). Overall, a long-
term cointegration relationship is found among environmental regulation, technological progress and
water resource consumption. The intensity of environmental regulation and the degree of technological
progress positively affects the improvement in water resource consumption. Moderate enhancement in
environmental regulation and improvement in technological progress can alleviate the issues of water

resource consumption.
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Introduction

The textile industry (TI) is a traditional pillar
industry in China and an important livelihood industry
with evident international competitive advantages. It
plays an important role in helping the market prosper,
increasing employment, accelerating the urbanisation
process and promoting the harmonious development of
society [1]. In the new century, the total output value of
China’s T1 has maintained steady growth. In 2015, the
total output value reached 405.912 billion USD and an
average annual growth of 13.36% compared with that in
2001. China’s export of major textile products, including
chemical fibre, yarn and cloth, ranks first in the world
and shows a trend of continuous growth. Specifically, its
share of the world total increased from 10.42% in 2000
to 38.60% in 2015. However, the rapid development of
the TI has resulted in serious water consumption. In
2015, the total water consumption of China’s TI reached
8488.29 Mt, ranking 7th and accounting for 4.1% of
the total water consumption among the China’s 41 key
industries surveyed. The reuse rate of water in the TI
was 65.21%, which was considerably lower than the
average of 89.61% in the corresponding key industries
[2]. To transform the development of the TI from scale
to quality and efficiency and reducing consumption has
become a great challenge for China’s TI.

With the increasingly severe situation of water
resources, scholars have focused on water conservation
in various industries. The traditional water resource
management system has many uncertainties and risks
and is complicated; thus, it needs to be improved
regarding water resource consumption. Ruiz-Vanoye
et al. [3] guides the understanding of different types
of water optimization problems (including water
resource planning, water quality management, water
supply network, water distribution system, water flow
and chemical transportation, and water distribution
network). Through mathematical models, it is found
that it is important to minimize construction cost,
maintenance cost and water transport cost of the
water supply pipeline. Yue et al. [4] improved the
ability of the traditional industrial water resource
management system to promote industrial water
distribution under uncertain conditions by integrating
operational research, uncertainty analysis and violation
risk analysis methods. For example, the production
of civil steel ships and machine-made paper and
paperboard in Dalian City, China will be significantly
decreased by 2020, and the risk of chemical oxygen
demand emissions will be the most significant.
Tuan et al. [5] established a systematic water quality
balance framework, quantified and distinguished the
inflow, outflow and use of all man-made and natural
water and proposed the importance of technological
innovation in the process of water inflow and outflow.
Li et al. [6] established an interval multi-objective
programming model, which combines multi-objective
programming and interval linear programming into a

general programming framework in order to deal with
the uncertainty and complexity of a water management
system and solve the uncertainty of water allocation.
This model also allows decision makers to adjust fuzzy
target control decision variables for meeting multiple
overall and interactive goals. Under different weather
conditions that focus on reliability, the resilience
and vulnerability of a water resource system were
evaluated by Asefa et al. [7]. For industrial enterprises,
the goal is to minimize the cost of resource utilization
and reduce the consumption of water resources by
strengthening the construction of industrial water
networks (Ramos et al. [8]). Alnouri et al. [9] believed
that the innovation of a water network integration
technology can allocate reasonable water quality and
quantity for different industrial water use units and
achieve optimal control of freshwater utilisation and
wastewater discharge. Geng et al. [10] constructed a
model of comprehensive water resource management
at the industrial park level, made an economic analysis
of the water network and used it to optimise the water
resources in the industrial park and seek potential water
resource reuse among various industries. They also
incorporated the model into the scale and cost of the
wastewater recycling transportation system. Feasibility
analysis showed that this method can save water and
cost. Wang et al. [11] built a relaxation measure model
based on the hypothesis of non-expected output of weak
adjustability, studied the issue of water use efficiency
and proposed that strengthening environmental policy
orientation and water-saving technology level is the key
to improving industrial water efficiency. Li et al. [12]
studied the decoupling relationship between economic
growth and resource consumption of the TI and its three
subdivisions. They found that the industrial scale factor
is the most important driving force for the increase
in water consumption in the TI in China, whereas
technological progress is the most important inhibitor.
Furthermore, the industrial structure adjustment slightly
influences water consumption. The authors suggested
countermeasures for industrial water conservation.
On the production frontier based on the DEA model,
Hu et al. [13] constructed a target ratio index of water
adjustment, obtained the efficiency of domestic and
production water use under the framework of total
factors and analysed the regional differences in water
resource consumption. They concluded that a U-shaped
curve relationship exists between water resource
consumption and per capita income.

The discussion above indicates that analysing the
influence of resource element in the industrial process
on behalf of water resources, continuously optimising
and improving the distribution of industrial water and
utilising industrial water networks, is necessary for
improving the water consumption of industrial parks
or enterprises. The research has been extended to
the demand for efficient industrial water technology
and its environmental effects. Under the continuous
strengthening of China’s environmental regulation to
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promote water conservation in the TI, the dynamic
relationship between water resource consumption and
environmental regulation in the TI and the effectiveness
of the existing technological progress in reducing
the total water intake in the TI has been studied only
rarely. Thus, this work uses the decoupling model to
demonstrate the dynamic evolutionary relationship
among water resource consumption, environmental
regulation and technological progress in the TI. The
vector autoregressive (VAR) model is also used to test
the internal mechanism that leads to the transformation
of the relationship. Accordingly, countermeasures and
suggestions to promote water conservation in the TI are
proposed.

Material and Methods
Tapio Decoupling Model

Decoupling analysis refers to the construction
method of Tapio decoupling index [14-16] to construct
the decouple the model of water resource consumption
in the TI, and the formula is:

_ %Awater _ %o(water, —water,_,) force,_,

%Aforce

%( force, — force, | )water,_

(1)

...where 0 is the decoupling elasticity; ¢ is the year;
water signifies the index of water resource consumption
in t; and force indicates the driving force, including the
indicators of environmental regulation and technological
progress.

The possibilities of the decoupling state are yielded
and shown in Fig. 1, and they can be separated into
eight types, from the most ideal ‘strong decoupling’
state to the least ideal ‘strong negative decoupling’.

A

A water

Strong negative decoupling
Aforce<0, Awater>0, <0

Compared with the other unfavourable degrees, the
‘weak decoupling’ state is more satisfactory, although it
is not as advantageous as ‘strong decoupling’.

Dynamic Response Model

The VAR model was proposed by Sims in 1980,
and it is widely used in empirical research on dynamic
change rules between variables [17-19]. The formula is
shown as follows:

p
X, =Y AX,_ +¢g+c
= @

...where X refers to the time component vector; p is
the order of autoregressive lag; 4, is the time series
coefficient matrix; c is a constant vector; and ¢, is the
white noise sequence and meets the following conditions:
E() = 0, which indicates the average error is 0;
E(eg) = Q, which indicates the error covariance matrix
is O; and E(e g, ,) = 0, which indicates the error term has
no autocorrelation.

Firstly, the original variable sequence is subjected
to the augmented Dickey-Fuller unit-roots test (ADF
test) [20-21] and the Phillips-Perron unit-root test (PP
test) [22] to check for stability. If the original sample
sequence is unstable but the sequence is stable after the

i-th difference, then it follows the i-order single integer.
If all test sequences follow single integration of the
same order, then the VAR model can be constructed for
a cointegration test [23].

The Engle-Granger cointegration test (EG test)
method [24-25] was selected to further analyse the
dynamic cointegration of the variable series. The
ordinary least squares (OLS) method is used to carry
out static regression tests on indexes of water resource
consumption, environmental regulation, technological
progress and water resource consumption in the TIL

Expansive negative decoupling
M Aforce>0, Awater>0, 6>1.2

Expansive coupling
Aforce>0, Awater>0, 6=0.8-1.2

Weak decoupling
Aforce>0, Awater>0, 6=0-0.8

Weak negative decoupling
Aforce<0, Awater<0, 6=0-0.8

Recessive coupling
Aforce<0, Awater<0, 6=0.8-1.2

Recessive decoupling
Aforce<0, Awater<0, 6>1.2

Fig. 1. Decoupling coordinate diagram.

A force

Strong decoupling
Aforce>0, Awater<0, <0
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This study also checks the single integral order of the
sequence of residuals, which is measured in accordance
with the stationary test procedure of the sequence. If
the sequence is non-stationary, then no cointegration
relationship exists between variables; otherwise, a
cointegration relationship exists between variables.

On the basis of the cointegration relationship test,
the generalised impulse response function [26-27]
is selected to analyse the dynamic impact response
situation among water resource consumption,
environmental regulation and technological progress in
the TI, and analyse whether a positive or negative effect
exists among them. The impulse response function
analyses its long-term dynamic relationship, that is,
it verifies the characteristics of the current and future
state changes in endogenous variables by applying
the information shock of unit standard deviation
to the disturbance term, and the formula is shown as
follows:

I(n,6,,t—-1)=E(x

t+n

|gkt’t_1)_E(xt+n |t_1)(3)

...where 0, refers to the impact of the k-th variable, n
refers to the number of impact response periods and
t-1 refers to the information available when the impact
occurs. The impulse response function (IRF) value
of the impact in period » must be solved, that is, the
difference caused by impact J, on expected value x, is
considered.

The contribution level of environmental regulation
and technological progress to the rate of the change
in industrial water resource consumption is reflected
by the variance decomposition of prediction.
The process is described as follows: the mean square
error (MSE) of prediction based on endogenous
variables (water resource consumption) is decomposed
into m components in the system associated with
each equation depending on their causes and
the relative importance of measurement information to
endogenous variables. The s-step prediction error of the
model is

Eris TOE sy TP T Q€ gy
MSE is expressed as follows:

Q+(p1QP '1+ +(PS_1QP ’3_1 =pp'+(P1pp'(P '1+,,, +Q,,pp v(p ‘s—l
®)

The formula above shows that the MSE of any
endogenous variable can be decomposed into the impact
contribution value of each variable. By calculating
the ratio between the contribution of each variable
and the total contribution, the relative importance of
environmental regulation and technological progress
on the impact of water resource consumption can be
analysed.

Data Source and Processing

Considering the lag effect of environmental
regulation and technological progress on water resource
consumption and in accordance with relevant research
literature, the lag period of environmental regulation
and technological progress is defined as 1 year [28]. The
water consumption data of the TI in China are from
2001 to 2015, and the data of environmental regulation
and technological progress are from 2000 to 2014. The
total water consumption data of the TI comes from
the China Environmental Yearbook (2002-2006) and
Annual Statistic Report on the Environment in China
(2006-2015).

The strength measurement methods of environmental
regulation mainly include single quantitative index
measurements and a comprehensive quantitative
index [29-31]. Comprehensive quantitative indicators
can integrate multiple dimensions of quantitative
indicators in the environmental field and can quantify
the overall strength of environmental regulation more
comprehensively than the single one.

In accordance with Fu et al. [32-34], environmental
regulation can be calculated by the following equation:

E, :lZYS;-Sij, n=12, .. ,m
n i (©)

...where n is the classification index, YS, represents the
output indicators and YSS/ is the standardised value.
o, refers to the weight of each single index, and the
equatlon §]YS / YS expresses the ratio of the unit output
s, of output j of 1ndustry i output j to the average unit
output s, of output ;.

On the basis of the severity of various pollutants
in China and the availability of data, this study selects
four individual indicators to measure environmental
regulation intensity: the wastewater discharge
compliance rate; the sulphur dioxide removal rate; the
comprehensive utilisation rate of industrial solid waste;
and the dust removal rate, n = 4.

The wastewater discharge compliance rate is the
ratio between wastewater discharge compliance and
industrial wastewater discharge, and the period of
2011-2014 of the rate is predicted by Fourier curve
due to the data shortage. The sulphur dioxide removal
rate is equal to the removal of industrial sulphur
dioxide divided by the production of sulphur dioxide
in the TI (the total removal and emissions). The
comprehensive utilisation rate of solid waste is the ratio
of the total amount of solid waste production and the
comprehensive utilisation of previous storage to the
comprehensive utilisation rate of solid waste. The dust
removal rate is divided by the dust removal amount by
the yield. These data are from the China Environmental
Yearbook (2001-2006) and Annual Statistic Report on
Environment in China (2006-2014).
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Measurement indicators of technological progress
usually adopt quantitative indicators such as research
and development (R&D) input [35], total factor
productivity [36-37] and patent quantity [38-40].
Given that the statistical data of R&D input is limited
in several years and the number of patents cannot
objectively reflect the technological level of the industry,
the total factor productivity is selected to measure the
technological progress and measured by the Solow
residual method of Luintel et al. [41]. According to the

Cobb-Douglas production function: y, = ak 'y, , the
total factor productivity function is defined as:
_ i
l.‘]rpit - kalﬂ
it Lit (7)

...where a and f are the parameters of the production
function. Referring to the research of Lu et al. [42-43],
ais 0.35 and S is 0.4. y_refers to the total output of each
year, that is, the annual gross value, while &, refers to
the fixed capital stock in each year and is estimated by

the perpetual inventory method [44]:

K =1+(1-8)K,_,

Table 1. Decoupling elasticity measurement results.

. where J, represents the depreciation rate with a
value of 4% according to Wu [45] and /, represents the
labour input level, that is, the average of the number of
employees at the end of the year and the previous year.
Considering the data shortage, the average number of
people employed in 2012 is calculated by monthly data
instead.

The data required for calculating the comprehensive
index of technological progress are the fixed capital
stock, the labour input level and the total output of each
year. The data are from the China Statistical Yearbook
(2001-2015), the China Industry Economy Statistical
Yearbook (2000-2015), the China Environmental
Yearbook (2001-2006) and the Annual Statistic Report
on Environment in China (2006-2014).

Results and Discussion
Decoupling Measurement and Analysis

On the basis of Formula (1), Table 1 lists the
decoupling  relationships  among  environmental
regulation, technological progress and water resource
consumption in the TI from 2002 to 2015. Among the
14 calculation results, the decoupling between water

Decoupling index of water Decoupling index of water
Change rate of | Change rate of | Change rate of resources consumption and resources consumption and
Year | environmental | technological | water resources environmental regulation technological progress
regulation progress consumption | [ndex ) Index )
Decoupling state Decoupling state
value value
2002 25.057 0.118 0.142 0.006 Weak decoupling 12008 | FXpansivenegative
decoupling
2003 0.311 0.056 -0.101 -0.325 Strong decoupling -1.8044 Strong decoupling
2004 0.711 0.054 0.188 0.264 Weak decoupling 3.5085 | [Xpansive negative
decoupling
2005 -0.139 0.153 0.150 -1.080 Strong negative 0.9787 | Expansive coupling
decoupling
2006 0.305 0.175 -0.028 -0.091 Strong decoupling -0.1596 Strong decoupling
2007 0.114 0.214 0.103 0.901 Expansive coupling 0.4804 Weak decoupling
2008 -0.031 0.157 -0.017 0.561 | Weak negative decoupling | -0.1094 Strong decoupling
2009 0.131 0.367 -0.003 -0.026 Strong decoupling -0.0093 Strong decoupling
2010 0.190 0.059 0.024 0.128 Weak decoupling 0.4141 Weak decoupling
2011 0.205 0.128 -0.166 -0.810 Strong decoupling -1.2949 Strong decoupling
2012 -0.492 0.281 0.021 -0.043 Strong negative 0.0753 | Weak decoupling
decoupling
. Weak negative
2013 0.111 -0.032 -0.026 -0.232 Strong decoupling 0.7903 .
decoupling
2014 0.106 0.055 0.101 0.951 Expansive coupling 1.8449 | Expansivenegative
decoupling
2015 0.052 0.045 -0.018 -0.354 Strong decoupling -0.4056 Strong decoupling
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resource consumption and environmental regulation
intensity in the TI was strong in 6 years (2003, 2006,
2009, 2011, 2013 and 2015) and weak in 3 years (2002,
2004 and 2010). In 2008, the intensity of environmental
regulation and the intensity of water consumption in the
TI declined, which indicated weak negative decoupling.
In 2007 and 2014, the increase rate of environmental
regulation intensity was higher than the change rate of
water resource consumption in the TI, which indicated
expansive coupling. The worst two years were 2005 and
2012, with a strong negative decoupling, a decline in the
intensity of environmental regulation and an increase
in gross water resource consumption in the TIL. 2005
is the last year of China’s tenth five-year plan (2001-
2005). The output and export of China’s textile industry
have increased greatly after China’s accession to the
WTO in 2001. However, due to the lack of awareness of
sustainable development and water-saving technologies,
a large amount of water is used in the industrial
production of export textiles and clothing. In 2012,
it can be concluded that the main reasons for this are
the transfer of backward production capacity in central
and western regions, regional distribution, adjustment
and optimization of the failure and size of the changing
demand changes water resources during the process of
the “East-to-West Mulberry Transfer” program.

The decoupling between water resource consumption
and technological progress in the TI experienced a
similar situation, that is, strong decoupling in 6 years
(2003, 2006, 2008, 2009, 2011 and 2015) and weak
decoupling in 3 years (2007, 2010 and 2012). 2013
showed weak negative decoupling. Although the change
rate of technological progress decreased, the gross water
resource consumption in the TI also decreased. The
worst ones were expansive negative decoupling (2002,
2004 and 2014) and expansive coupling (2005), which
were reflected in the increase in technological progress
rate in the TI, but the gross water resource consumption
was still increasing.

The analysis above indicates that the decoupling
among water resource consumption, environmental
regulation and technological progress in the TI from

Table 2. Results of ADF test and PP test.

2001 to 2015 is significant, and the following basic
assumptions can be put forward:

Hypothesis H,: The increase in the intensity of
environmental regulation can trigger a reverse change
in the gross water resource consumption in the TI, that
is, environmental regulation can inhibit the increase in
the gross water resource consumption in the TI.

Hypothesis H,: Technological progress has a
positive effect on reducing the gross water resource
consumption in the TI, that is, technological progress
can effectively inhibit and control the increase of the
gross water resource consumption in the TI.

VAR model is used to further study the internal
influence mechanism for testing the correctness of the
above-mentioned hypothesis.

Dynamic Response Analysis
Cointegration Regression Test

In this study, the water resource reuse rate (i) in
the TI is introduced as the proxy variable of water
resource consumption in constructing the VAR model
between water resource consumption in the TI and
environmental regulation, technological progress
and water resource reuse rate in the TI. The optimal
lag order is determined by Stata 12.0. On the basis
of the Akaike information criterion (AIC), Schwarz
information criterion (SIC), fitting level of estimation
equation and coefficient significance, the optimal lag
order is determined to be 2. Considering the time series
characteristics of each variable from 2001 to 2015,
a stationary test was carried out.

To further determine the stationarity of the first-
order difference sequence of all variables in the sample
period, ADF and PP tests are conducted on all variables
and first-order differences, and the results are shown
in Table 2. The ADF test results show that the original
sequence of each variable presents a non-stationary
state at the significance levels of 1% and 5%. After
the first-order difference treatment, all variables reject
the original hypothesis at the significance level of 5%.

Sequence Significance Significance ADF Conclusion PP Conclusion
level of 1% level of 5% test value test value

v -4.004425 -3.098896 -2.310329 Not stable -2.317246 Not stable
dy* -4.057910 -3.119910 -4.440576 Stable -4.393287 Stable
e -4.004425 -3.098896 -2.707704 Not stable -3.399822 Stable
de* -4.057910 -3.119910 -4.263613 Stable -4.537028 Stable

t -4.004425 -3.098896 0.369753 Not stable 0.475790 Not stable
dr* -4.057910 -3.119910 -3.819510 Stable -3.819510 Stable

i -4.004425 -3.098896 -2.136746 Not stable -2.215157 Not stable
di* -4.057910 -3.119910 -3.771070 Stable -4.291993 Stable

* d represents the first-order difference.
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The PP test results are similar. Except for environmental
regulation, the original sequence of all variables
presents a non-stationary state at the significance levels
of 1% and 5%. After first-order difference treatment, all
variables reject the null hypothesis at the significance
level of 5%.

All the results above show that the first-order
difference sequence of the variables in the sample
period is stationary, thereby satisfying the cointegration
test condition.

The highly operable EG test method is used to
further analyze the dynamic cointegration relationship
of the above-mentioned variables, and the OLS method
is used to conduct regression tests on y, e, ¢ and i with
the results as follows:

y=-0.1632+0.9087e+0.05907 + 0.3257i + u,,
@®

Testing the whole order u, of the regression
residual sequence shows that the ADF test value of
u, is -3.251188, thereby rejecting the null hypothesis
that it has a unit root at the significance level of
5% (3.098896) and drawing the conclusion that the
residual error sequence is stable. The reciprocal root of
the VAR model is smaller than 1 and thus, the structure
of the model is relatively stable. Environmental
regulation, technological progress and water resource
consumption in the TI have a long-term cointegration
relationship. To test the short-term effect and
cointegration mechanism among variables, the error
correction model is built with model (8) as the error
correction term. The results are consistent with the
cointegration test results.

Impulse Response Function Analysis

Given the stability of the VAR system, variables
can be analysed by impulse measure function. On
the basis of the cointegration relation analysis above,
this study selects the generalised impulse response
function to analyse the dynamic impact response
among water consumption, environmental regulation
and technological progress for understanding the
influence of impact on variables in different periods.
The response period is set as 10. The specific results are
shown in Table 3, and the impulse response diagram is
shown in Fig. 2.

(1) Dynamic response relationship between water
consumption and environmental regulation in the IT. As
shown in Fig. 2a) and Table 3, the response curve of y to
a unit impact of e in the entire impact response period
is roughly M-shaped. Specifically, the response in the
first phase is 0. The value in the second phase reaches
the maximum of 0.015377 with a relatively flat pace.
Then, the impulse response value gradually declines to
0.007504. After short-term adjustment, the responses
in the first to sixth phases show an overall upward

Table 3. Results of generalized impulse response analysis.

Response of
Period
ytoe etoy ytot ttoy
1 0.000000 | -0.012052 | 0.000000 | -1.084623
2 0.015377 | 0.102082 | 0.077460 | -2.357596
3 0.007504 | 0.158362 | -0.021035 | 1.849444
4 0.034545 | 0.064914 | 0.025303 | 3.862212
5 0.025605 | 0.021997 | -0.028907 | 5.318634
6 0.017389 | -0.010512 | 0.002484 | 5.015779
7 0.008302 | 0.018203 | -0.012951 | 4.681259
8 0.004958 | 0.025738 | -0.006896 | 4.843122
9 0.007512 | 0.026005 | -0.012166 | 5.025067
10 0.006608 | 0.012073 | -0.015239 | 5.238963
Accumulation | 0.1278 | 0.40681 | 0.008053 | 32.39226

trend and reach a maximum value of 0.025605 in the
entire response period in the fifth phase. After the sixth
phase, the value shows a slow decline and reaches the
minimum of 0.006608 in the tenth phase. Calculating
the cumulative response value of y during the analysis
periods shows that the overall impact of e on y in the
current period is positive (0.1278), which indicates
that water consumption in the TI fluctuates with the
improvement in environmental regulation but increases
in the long run. In the unit impact effect of e on water
consumption in the TI, the first three periods show a
rising trend and reach the maximum value in the third
phase (0.158362). Subsequently, a significant downward
trend with a negative value of -0.010512 is observed
in the sixth phase. The value is increased to positive
(0.018203) in the seventh phase. The upward trend
holds until the ninth phase and then declines slowly.
The accumulative response of this part is 0.40681,
which indicates that the overall level of environmental
regulation increases when water consumption in the TI
is controlled.

(2) Dynamic response relationship between water
consumption and technological progress in the TI. As
shown in Fig. 2b) and Table 3, the first six periods in the
entire impact response period show the characteristic
of ‘fluctuation alternation’ and reach the maximum
response value of 0.077460 in the second phrase. The
value falls below 0 in the seventh phase and then
declines relatively steadily. During the analysis periods,
the cumulative response value of y is 0.008053, which
indicates that technological progress can promote the
effective improvement in water consumption in the
TI. In terms of the impact of technological progress
on water consumption in the TI, the first two periods
show a downward trend and are always negative. In the
second phase, the value falls to a minimum of 2.357596.
Then, the value shows an upward trend and reaches
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Fig. 2. Impulse response diagram.

a steady state after the sixth phase. The cumulative
response value is 32.39226, which shows that controlling
water consumption in the TI can effectively promote
the improvement in technical progress as its powerful
backing.

Forecast Error Variance Decomposition
The VAR system is built for predictions. This

part decomposes the prediction error variance of
environmental regulation, technological progress and

Table 4. Results of prediction error variance decomposition.

Period Variance decomposition of
ttoy etoy ytoe ytot
1 5.290331 | 0.520506 0 0
2 21.24664 | 26.95664 0.16429 4.168938
3 26.92948 | 53.0393 0.178563 | 3.929557
4 39.78996 | 55.09609 | 0.885758 | 4.221509
5 5443038 | 55.33545 | 1.257098 | 4.647711
6 59.22649 | 55.13275 | 1.423451 | 4.615221
7 6291736 | 5524178 | 1.457114 | 4.692057
8 65.6874 55.55869 1.46965 4.714124
9 68.19068 | 5594743 | 1.499398 | 4.790469
10 70.39098 | 56.00757 | 1.519141 | 4.906943
Mean | 47.40997 | 46.88362 | 0.985446 | 4.068653
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water resource consumption in the TI. The results are
shown in Table 4. As shown in the table, the relative
average contribution of environmental regulation
and technological progress to water resource
consumption in the TI is relatively high, with values
of 46.88% and 4741%, respectively, which are
less affected by themselves. This result shows that
adjusting the intensity of environmental regulation and
improving the level of technological progress can
affect water resource consumption in the TI to a
great extent. This finding also confirms that the
comprehensive management level of water use in
the TI needs to be improved in order to promote
water conservation and emission reduction in the
industry, promote green production and clean
production and reduce water resource consumption in
the TI, driven by the demand for new industrialisation.
However, in the variance decomposition for
environmental regulation and technology improvement,
the average contribution of water consumption to
environmental regulation and technological progress in
the TI is relatively low, with values of 0.99% and 4.07%,
respectively. Therefore, the causes of improvement in
environmental regulation and technological progress
are complex. Water consumption in the TI is the main
contributor to such improvement. The results are in
accord with the reality of China’s TI green development
planning.
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Conclusions

After the decoupling model and the VAR model
were established, an empirical analysis was conducted
on the relationship among water resource consumption,
environmental regulation and technological progress in
China’s TI. From the results, the following conclusions
and policy implications were obtained:

() After a certain period of adjustment, a
relatively significant decoupling is observed among
environmental regulation, technological progress and
water resource consumption in the TI. Among the
14 decoupling calculations from 2001 to 2014, the
decoupling between environmental regulation and
water resource consumption in the TI presented the
periodic decoupling fluctuation state of “decoupling
state gradually strengthens, decoupling state slows
down, decoupling state is stable”, and has shown a
relatively stable strong decoupling in recent years. The
decoupling between technological progress and water
resource consumption in the TI presented the periodic
decoupling fluctuation state of “decoupling state is
bad, decoupling state is ideal, decoupling state in
fluctuation”. Technological progress effectively inhibits
the increase in total water resource consumption in the
TI. Therefore, the overall internal correlation between
regulatory and technological innovation policies and
the overall demonstration should be strengthened.
Improvement in water use efficiency, total control
of water resource consumption in the TI and the
transformation and upgrading of the TI and green
development should be promoted.

(2) Environmental regulation and technological
progress in the TI significantly promote water resource
consumption. In the short term, environmental
regulation and technological progress have a lagged
effect on water resource consumption in the TI. The
increases in environmental regulation and technological
progress exert evident driving effects on water resource
consumption in the TI. In the long run, these driving
effects will weaken gradually. The results of impulse
response and variance decomposition of prediction error
indicate that adjusting the intensity of environmental
regulation and improving the level of technological
progress have a fluctuating impact on water resource
consumption in the TI in the short term. However, the
impact stabilises in the long term, and environmental
regulation and technological progress can increase
water resource consumption in the TI. All these results
show that China’s current policies on environmental
protection and promotion of R&D and innovation are
very effective. The policies on environmental protection
should be firmly implemented, R&D and innovation
should be evaluated and the level of human capital and
the efficiency of transformation of new technological
achievements should be continuously improved in the
context of ecological and environmental protection
in order to achieve sustainable and high-quality
development of the TI.

(3) The increase in water resource consumption
in the TI can effectively promote the strengthening
of regulations and the development of technological
progress. Environmental regulation is a process in which
the technology advances continuously. The increase in
overall water resource consumption in the TI affects
the decision-making of environmental management
departments and improves the level of environmental
regulation. The increase in water resource consumption
in the TI is also a part of technological progress, which
has a certain driving action. In the market economy,
the marginal increase in water resource consumption
in the TI will firstly affect the efficiency of other
sectors in the entire industry chain in the TI and
then drive the technological progress of the entire
economy. The impulse response and forecast error
variance decomposition results show the ascension
of the TI’s water consumption of environmental
regulation on technical progress. The strength in the
ascension has a certain but limited effect because
many factors affect environmental regulations and
technological progress. Water resource consumption
is only one of them and is insignificant. Thus,
water resource utilisation efficiency is not the main
purpose and method to promote the strengthening of
environmental regulation and technological progress.
The supervision means of the entire lifecycle of
water consumption in the TI should be strengthened,
and research and development of and investment in
advanced technology and technology and equipment
for water conservation and pollution control in the TI
should be promoted.
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