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Abstract: The strictest water resources management policy plays a critical role in response to the
challenge of water shortage, water security, and sustainable water development in China. Despite the
varied analyses of the strictest water resources management policy, the relations between the strictest
water resources management policy and water use efficiency remain under-researched. This study
uses an interval event-analysis method to assess the strictest water resources management policy’s
impact on water use efficiency in China based on data from 2007 to 2020. In addition, the study breaks
down water use efficiency into eight indicators and divides the strictest water management policy into
“pre-, middle, and post-” phases. The research results show the strictest water resources management
policy has a significant positive effect on water use efficiency. Further research shows the total water
consumption control system and water efficiency control system have the most significant effect. The
strictest water resources management policy has a lasting impact on water use efficiency. This study
contributes to the global knowledge body of water governance and provides a reference value for
water policy decision-making and optimization in other countries.

Keywords: strictest water resources management policy; water use efficiency; interval event study
method; policy evaluation; water governance

1. Introduction

Water scarcity and water crises are common challenges across the globe [1]. The short-
age of fresh and drinking water has a major impact on life, production, and urbanization [2].
The factors affecting water scarcity are complex, including climate change in addition
to geography and pollution [3]. Climate change is directly and severely impacting wa-
ter resources, leading to increased uncertainty about sustainable water development [4].
Governments around the world have made unremitting efforts and put forward many
measures [5]. Water governance is a key approach to rise to the challenges of water security
and achieve the Sustainable Development Goals, including SDG6, SDG11, and SDG12 [6].
Access to clean drinking water is an important part of the world we want to live in. There
is enough fresh water on earth to make this dream come true. However, governments
need to work together, and the path to achieving it may be country-specific. With the
improvement of public awareness of sustainable development, both the government and
the public have realized that water resources play a critical role in urbanization, production,
and consumption, and water resource management is also an important part of sustainable
cities and communities, responsible consumption and production [1,7,8].

As a developing country with rapid economic growth, China faces the challenges
of severe water shortages and water pollution. Establishing a good water governance
policy has become a priority for the Chinese government [9]. The strictest water resources
management (SWRM) policy is one of the Chinese government’s critical attempts and an
important measure of integrated water resource management [10]. The SWRM policy was
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issued in 2011 and aims to control total water use and improve water efficiency through
rational allocation, conservation, and protection of water resources. The core institutions of
the SWRM policy are the “Three Red Lines” and “Four Systems”. The “Three Red Lines”
refer to the red lines for controlling the utilization of water resources, controlling water
use efficiency, and limiting pollution intake in water-functional areas. The “Four Systems”
refer to the total amount of water consumption control system, water efficiency control
system, water function area pollution limitation system, and water resources management
assessment system.

The SWRM policy has not only been widely applied in the practice of water resources
management, but it has also received great concern from scholars. On the one hand,
China’s water resources are effectively controlled and utilized; the trend of increasing
water consumption in China has been controlled after the implementation of the SWRM
policy (Figure 1). On the other hand, scholars have studied the policy implications, market
demand, and key institutions of the SWRM policy [11–13] and evaluated the SWRM’s
impact on the water rights system, assignment of initial water entitlements, agricultural
water pricing, optimal scale of urbanization, and agricultural water use efficiency [14–17].
These studies have promoted the SWRM policy’s optimization, but existing studies lack a
quantitative evaluation of the SWRM’s impact on water use efficiency.

Water 2022, 14, 2291 2 of 17 
 

 

has become a priority for the Chinese government [9]. The strictest water resources man-

agement (SWRM) policy is one of the Chinese government’s critical attempts and an im-

portant measure of integrated water resource management [10]. The SWRM policy was 

issued in 2011 and aims to control total water use and improve water efficiency through 

rational allocation, conservation, and protection of water resources. The core institutions 

of the SWRM policy are the “Three Red Lines” and “Four Systems”. The “Three Red 

Lines” refer to the red lines for controlling the utilization of water resources, controlling 

water use efficiency, and limiting pollution intake in water-functional areas. The “Four 

Systems” refer to the total amount of water consumption control system, water efficiency 

control system, water function area pollution limitation system, and water resources man-

agement assessment system. 

The SWRM policy has not only been widely applied in the practice of water resources 

management, but it has also received great concern from scholars. On the one hand, 

China’s water resources are effectively controlled and utilized; the trend of increasing wa-

ter consumption in China has been controlled after the implementation of the SWRM pol-

icy (Figure 1). On the other hand, scholars have studied the policy implications, market 

demand, and key institutions of the SWRM policy [11–13] and evaluated the SWRM’s im-

pact on the water rights system, assignment of initial water entitlements, agricultural wa-

ter pricing, optimal scale of urbanization, and agricultural water use efficiency [14–17]. 

These studies have promoted the SWRM policy’s optimization, but existing studies lack a 

quantitative evaluation of the SWRM’s impact on water use efficiency. 

 

Figure 1. China’s total annual water consumption from 2007 to 2020 (unit: 100 million m3). 

To address this research gap, this study uses an interval event-analysis method to 

quantitatively assess the SWRM policy’s impact on water use efficiency in China based on 

data from 2007 to 2020. The aims of this study are to evaluate the impact of the SWRM 

policy and to promote water governance and sustainable water development in China. 

This study breaks down water use efficiency into eight indicators, including total annual 

water consumption, groundwater supply, industrial water consumption, agricultural wa-

ter consumption, water consumption per ten thousand yuan of GDP, water consumption 

per ten thousand yuan of industrial added value, urban sewage discharge, and urban 

sewage treatment rate. Furthermore, this study divides the SWRM policy as an event into 

“pre-, middle, and post-” phases and conducts a comparative analysis. The contributions 

of this study are as follows. First, this study enriches the methods and perspectives of 

water policy evaluation through the interval event analysis method. Second, this study 

improves the research of impact factors of water use efficiency based on the perspective 

of water policy. Third, this study improves the scientific and robust water use efficiency 

5819

5910

5965

6022

6107
6131

6183

6095 6103

6040 6043
6016 6021

5813

5600

5700

5800

5900

6000

6100

6200

6300

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 5 2 0 1 6 2 0 1 7 2 0 1 8 2 0 1 9 2 0 2 0

TH
E 

W
A

TE
R

 C
O

N
SU

M
P

TI
O

N
 O

F 
1

0
,0

0
0

 
YU

A
N

 G
D

P
 

YEAR

Figure 1. China’s total annual water consumption from 2007 to 2020 (unit: 100 million m3).

To address this research gap, this study uses an interval event-analysis method to
quantitatively assess the SWRM policy’s impact on water use efficiency in China based on
data from 2007 to 2020. The aims of this study are to evaluate the impact of the SWRM
policy and to promote water governance and sustainable water development in China.
This study breaks down water use efficiency into eight indicators, including total annual
water consumption, groundwater supply, industrial water consumption, agricultural water
consumption, water consumption per ten thousand yuan of GDP, water consumption per
ten thousand yuan of industrial added value, urban sewage discharge, and urban sewage
treatment rate. Furthermore, this study divides the SWRM policy as an event into “pre-,
middle, and post-” phases and conducts a comparative analysis. The contributions of this
study are as follows. First, this study enriches the methods and perspectives of water
policy evaluation through the interval event analysis method. Second, this study improves
the research of impact factors of water use efficiency based on the perspective of water
policy. Third, this study improves the scientific and robust water use efficiency research
through the empirical analysis of multiple indicators and multi-source data. Finally, this
study provides a reference value for water policy decision making and optimization in
other countries.

The remainder of the paper is organized as follows. The following section briefly
describes the research progress of the SWRM policy and water policy assessment in China.



Water 2022, 14, 2291 3 of 15

Section 3 introduces the research methods and data resources. Section 4 presents the results
of the empirical analysis, which are then discussed. Finally, Section 5 summarizes our
preliminary results and proposes policy implications.

2. Literature Review

The SWRM policy has become a key policy in water governance and sustainable
water development both as a theoretical concept as well as part of the integrated water
management system [11,12,18]. Existing studies have mainly focused on the SWRM’s
policy implementation and impact assessment. The SWRM is a dynamic process of im-
plementation feedback improvement, which must constantly summarize experiences and
improve them [19]. Studies that have examined the implementation of the SWRM policy
and systems included performance evaluation, government regulation, technical standards
system, administrative management system, policy and regulation system, and informa-
tion technology support [10–12,19,20]. It is important to identify and assess the impact
of the SWRM policy that has been implemented. The existing evaluation studies have in-
cluded the impact of the SWRM system on the optimal allocation of water resources, social
economy and ecology, water right allocation, transaction and water price, the evaluation
index of the “Three Red Lines” system, and the effect of policy implementation in specific
regions [15,17,18,21,22].

Many methods (both qualitative and quantitative) have been applied in studies of
the SWRM policy, such as the projection pursuit evaluation method, fuzzy comprehensive
evaluation method, spatial panel model, fuzzy best-worst method, data envelopment
analysis model, Malmquist method, neural network model, and matter-element extension
evaluation model [18,23]. Especially constructing an evaluation index system is one of the
most common methods. For example, Sun (2017) selected evaluation indicators from three
categories of total water consumption, water use efficiency, and water functional zone,
and from three aspects of water resources development and utilization, regional social
and economic development, and ecological environment conditions [24]. Feng et al. (2018)
constructed the water-saving evaluation index system under the constraint of the water
efficiency red line [25]. Wang et al. (2017) developed an evaluation index system to evaluate
the effects of the implementation of efficient control measures based on the game theory [9].

One of the SWRM policy’s aims is to improve water use efficiency, and existing studies
are far from enough to provide scientific evidence. In addition, most existing evaluation
studies of the SWRM policy have used post-evaluation, and few studies have examined
the policy from the perspective of the whole process of “pre-, middle, and post-” phases.
Therefore, this study is novel in that it adopts the interval event method to evaluate the
SWRM policy’s impact on water use efficiency by multiple indicators from the “pre-,
middle, and post-” phase process.

3. Materials and Methods
3.1. Interval Event Study Method

The Event Study Method (ESM) is a quantitative analysis method to evaluate the
impact of a policy based on the analysis and processing of statistical data before and
after the occurrence of a policy event [26]. ESM is widely applied in business analyses
and policy evaluations such as stock markets, COVID-19, corporate social responsibility,
and monetary policy [27–32]. The key of the event analysis method is to evaluate the
impact of the event in a certain period. The process of event analysis generally includes
event definition, calculating normal and abnormal returns, estimation procedure, testing
procedure, empirical results, interpretation, and conclusions [33–35].

Drawn from the work of Han et al. (2009), this study adopts the interval event
study method (IESM) to assess the SWRM policy’s impact on water use efficiency. The
IESM is an improved event-analysis method. Based on the ESM, the IESM considers the
characteristics of interval variables and can more comprehensively analyze and evaluate the
implementation effects of a specific policy [36]. Compared to the traditional event-analysis
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method, the advantages of the IESM are as follows. First, interval time series analysis
is introduced as a theoretical basis. As the SWRM policy has an increasing impact on
interval water efficiency, interval samples can better characterize changes in water use
efficiency. Second, the traditional event-analysis method usually defines “event” as the
same kind of event that occurs intermittently [37]. Nevertheless, the policy event that
focuses on the SWRM policy in this study is intermittent in the timeline from the time of the
introduction to the explicit requirement because the time of this policy’s implementation
varies from region to region. Moreover, the SWRM policy includes “Three Red Lines” and
“Four Systems”, and corresponding measurement indicators are also different, which are
non-similar events. Third, the traditional event study method usually only targets one
event, collects a large amount of data on the cross-section to build a model, and conducts
a significance test of the overall response of the event [38]. This study does not focus
on the cross-sectional response of water efficiency to the data on the SWRM policy but
on the response of water use efficiency to the continuing impact of the SWRM policy in
the timeline.

In this study, using the IESM, the existing interval time series analysis is combined with
the traditional event study method. The SWRM policy’s impact on water use efficiency
is analyzed using the data analysis. This study’s significance is to use a new interval
perspective to give the quantitative results of the SWRM policy’s impact on the indicators
of water use efficiency and analyze the fluctuation effect of the SWRM policy on water
use efficiency.

The research design is as follows (Figure 2). First, determine the start time and time
windows for the event of the SWRM policy and specific policy events included in this
policy event. Next, this model is constructed with the linear interval and market model
commonly used in event analysis. Then, the interval coefficient of the interval water use
efficiency coefficient and event dummy variable is specifically analyzed, and the SWRM
policy’s impact on water use efficiency is further empirically analyzed. In the empirical
analysis, we can figure out the impact of implementing this policy on water efficiency
through the following two steps. First, the interval water use efficiency coefficient b is
determined by calculating the change of the indicators compared with the fluctuation of
water consumption per ten thousand yuan of GDP. Specifically, the changes in 2011- and
2020-related indicator data can be selected, and the impact on water use efficiency since the
implementation of the SWRM policy in 2011 can be more targeted. Second, in the interval
coefficient analysis of the event dummy variable, the changes in the lower bounds, upper
bounds, and width function values of the eight indicators related to water use efficiency in
different time windows of “pre-, middle, and post-” the event are described. At last, the
SWRM policy’s impact on water use efficiency is derived.

The determination of events mainly includes two aspects. First, the start time of the
SWRM policy is determined. The Ministry of Water Resources first proposed the SWRM
policy in 2009. The Decision of the CPC Central Committee and State Council on Accelerating
the Reform and Development of Water Conservancy in 2011 requires the implementation of
the SWRM policy. Therefore, the SWRM policy was established in 2011. Second, identify
specific policy events covered by the SWRM policy. The policy event identified in this
study is implementing the SWRM policy. The SWRM policy includes “Three Red Lines”
and “Four Systems.”

Event definition is a core step of event analysis, including determining the specific
event and length of time for that event window. The “pre-, middle, and post-” phases of
the event time window are defined for each selected event. Considering that the event
may have early leakage and lag effects, a complete event window includes a period before
the event occurs, and the post-event window includes a period after the event. Moreover,
these three time windows do not overlap. In this study, the change in water use efficiency
in each region before the event was investigated in “the period before the event” window
(2007–2010) (Table 1). The SWRM policy’s impact on water use efficiency in each region
during the event period (2011–2016) was examined. “The post-event period” window
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examines whether the event has a follow-up and lasting impact on water efficiency in each
region (from 2017 to 2020).
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Table 1. Detailed list of events and breakdown of each period.

The Event Event Windows Start End Indicators

Implement the strictest
water resource

management policy

Pre- 2007 2010 Total annual water consumption,
groundwater supply, industrial water

consumption, agricultural water
consumption, water consumption per

ten thousand yuan of GDP, water
consumption per ten thousand yuan

of industrial added value, urban
sewage discharge, urban sewage

treatment rate

Middle 2011 2016

Post 2017 2020

3.2. Model

The model used in the ISEM combines two aspects of the linear interval model and
market model commonly used in event analysis. The model form is as follows.

[wt, wt] = [a, a] + [ct, ct] ∗ b + [d1, d1] ∗ D1 + [d2, d2] ∗ D2 + . . . + [dn, dn] ∗ Dn + [ut, ut]

Specifically, [wt, wt] represents the interval water use efficiency in year t. [a, a] is
the interval intercept item. Corresponding to point time series analysis, the interval
intercept term is defined as an interval variable, in line with the idea of interval time
series analysis. Its proposal improves the theory of interval time series analysis. [ct, ct]
represents water consumption per ten thousand yuan of GDP in the t year of the country;
b is a scalar, which is the coefficient of interval water use efficiency, representing the
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response of the index data of water consumption per ten thousand yuan of GDP in each
region to the fluctuation of water consumption per ten thousand yuan of GDP in China.
[d1, d1] ∗ D1 + [d2, d2] ∗ D2 + . . . + [dn, dn] ∗ Dn is an interval dummy variable. Take D1
as an example. D1 = 0 means event 1 does not occur, and D2 = 1 means event 1 occurs.
Explain [d1, d1] as an example: firstly, it represents the event’s impact on the “location” of
interval water use efficiency; Secondly, it also indicates the event’s impact on the width
function value (width) of interval water efficiency or the “fluctuation range” of the point
water efficiency series. [ut, ut] represents the interval random disturbance of interval water
use efficiency in year t.

In addition to the above impact on the “position” of the interval, [d1,d1] also indicates
the event’s impact on the width function value (width) of water efficiency or the “fluctuation
range” of the point return series. Using the “width function” of the interval algorithm and
analysis of the above paragraph, it can be obtained that the event’s impact on the water use
efficiency is as follows. [Et + d1, Et + d1]− width[Et, Et] = d1− d1 = width[d1, d1]. When
d1− d1 > 0, the occurrence of the event increases the impact on water use efficiency; when
d1− d1 < 0, the occurrence of the event reduces the impact on water use efficiency; when
d1− d1 = 0, the occurrence of the event has no impact on water use efficiency.

3.3. Variables

The existing literature summarizes the factors affecting water use efficiency as a
natural endowment, economic level, industrial structure, water supply and use structure,
and technical level [9,23,39–41]. This study selects the indicators that affect water use
efficiency based on the literature. It combines with the evaluation indicators in the “three
red lines” established in implementing the SWRM policy. Next, implementing the SWRM
policy on water use efficiency is evaluated through the interval event study model.

Specifically: first, in water resources management, establishing the red control line for
the development and utilization of water resources is to control the total water use in China
by 700 billion cubic meters by 2030. Combined with the goal of this red line and indicators
related to water use efficiency in the literature, the total annual water consumption, total
groundwater supply, total industrial water consumption, and agricultural water consump-
tion can be selected to analyze the SWRM policy’s impact on water use efficiency [42].
Second, establishing the red line of water efficiency control aims to achieve or approach the
world’s advanced level of water efficiency by 2030 and reduce the water consumption per
ten thousand yuan of industrial added value to less than 40 cubic meters. According to
the goal of this red line and relevant literature [43], water consumption per ten thousand
yuan of GDP and water consumption per ten thousand yuan of industrial added value
can be selected to analyze the SWRM policy’s impact on water efficiency. Third, as the
total amount of major pollutants in rivers and lakes and water quality compliance rate
of water functional zones involved in the establishment of water functional zone limit
pollutant absorption red line are not mentioned in existing literature whether they can
affect water use efficiency. It is necessary to consider replacing appropriate indicators to
measure whether improving sewage reception and discharge can promote water efficiency.
Therefore, we select urban sewage discharge and urban sewage treatment rates to analyze
the change in water efficiency from an ecological aspect [44].

Therefore, combined with literature and the “three red lines” established in the SWRM
policy, this study analyzes the impact of the implementation of the SWRM policy on water
efficiency by indicators and includes the total annual water consumption, groundwater
supply, industrial water consumption, agricultural water consumption, water consumption
per ten thousand yuan of GDP, water consumption per ten thousand yuan of industrial
added value, urban sewage discharge, and urban sewage treatment rate.

3.4. Data

This article uses the interval event method to further study the SWRM policy’s imple-
mentation from the three different time windows of the “pre-, middle, and post-” event.
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According to the specific definition of the time windows, the data from 2007 to 2020 were
selected to study the impact of the implementation of the SWRM policy on water efficiency.

The research data are mainly from the China Statistical Yearbook of Water Resources,
Water Resources Bulletin, China Statistical Yearbook of Urban Construction, China Statisti-
cal Yearbook, China Statistical Yearbook of Social Statistics, China Statistical Summary, and
China Statistical Yearbook of Urban and Rural Construction over the years. Specifically,
the research data on total annual water consumption are mainly from the China Statistical
Yearbook of Water Resources and China Statistical Yearbook. The total groundwater supply
data are mainly from China Environmental Statistics Yearbook. The data on total industrial
water consumption and total agricultural water consumption are mainly from the China
Statistical Yearbook and the China Statistical Yearbook of Social Statistics. The data on
water consumption per ten thousand yuan of GDP are from China Water Resources Bulletin,
and the data on water consumption per ten thousand yuan of industrial added value are
from China Statistical Summary and China Environmental Statistics Yearbook. Lastly, the
data on urban sewage discharge and urban sewage treatment rates are mainly from the
China Statistical Yearbook of Urban Construction and the China Statistical Yearbook of
Urban and Rural Construction.

The data units for the annual total water consumption, groundwater water supply,
industrial water use, and agricultural water use are 1000 cubic meters. The data units
for water consumption per ten thousand yuan of GDP and water consumption per ten
thousand yuan of industrial added value are cubic meters per 10,000 yuan. The data unit
for urban sewage discharge is 10,000 cubic meters, and the data unit for the urban sewage
discharge rate is %. The descriptive statistics of variables in this study are shown in Table 2.

Table 2. Descriptive statistical analysis of variables.

Variables Unit Samples Min Max Mean Standard
Deviation Median Data Sources

Total annual water
consumption 10 thousand m3 14 58,129,000 61,834,000 60,192,142.86 1,104,845.54 60,311,000

China Statistical Yearbook
of Water Resources

China Statistical Yearbook
Total groundwater

supply 10 thousand m3 14 8,925,000 11,338,000 10,562,571.43 745,845.39 10,771,500 China Environmental
Statistics Yearbook

Total industrial
water consumption 10 thousand m3 14 10,304,000 138,070,000 22,214,285.71 33,364,217.87 13,734,500

China Statistical Yearbook
China Statistical Yearbook

of Social Statistics

Total agricultural
water consumption 10 thousand m3 14 35,985,000 39,215,000 37,489,357.14 1,036,010.44 37,333,500

China Statistical Yearbook
China Statistical Yearbook

of Social Statistics
Water consumption

per ten thousand
yuan of GDP

100 million m3 14 57.21 215.43 112.98 49.66 99.5 China Water Resources
Bulletin

Water consumption
per ten thousand
yuan of industrial

added value

100 million m3 14 18.57 52.64 30.4 10.61 27.81
China Statistical Summary

China Environmental
Statistics Yearbook

Urban sewage
discharge 10 thousand m3 14 3,610,118 5,713,633 4,468,221.38 700,677.81 4,363,976.5

China Statistical Yearbook
of Urban Construction

China Statistical Yearbook
of Urban and Rural

Construction

Urban sewage
treatment rate % 14 62.90% 97.50% 86.50% 10.60% 89.70%

China Statistical Yearbook
of Urban Construction

China Statistical Yearbook
of Urban and Rural

Construction

4. Results and Discussion
4.1. Analysis of Changes in Overall Water USE Efficiency

According to the interval time series analysis theory, the interval water use efficiency
coefficient b has completely different meanings from the coefficient in the sense of “point”.
The variable itself is in the form of an interval and depicts the fluctuation pattern of data;
therefore, in the interval event analysis, the coefficient b represents the response of the
other seven indicators to the fluctuation of the million yuan of GDP water consumption
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in China, which changes in the same direction as “+”, that is, b = 1. It also changes in the
opposite direction to “−”, that is, b = 1.

4.1.1. Changes in Indicators in 2007 and 2020

This part analyzes the coefficient b of interval water use efficiency in the interval event
study model. b is the coefficient of interval water use efficiency, representing the response
of the index data of the million yuan of GDP water consumption in each region to the
fluctuation of water consumption per ten thousand yuan of GDP in China. When changes
in the same direction as “+”, that is, b = 1. It also changes in the opposite direction to
“−”, that is, b = −1. Water consumption per ten thousand yuan of GDP is an index to
comprehensively measure water use efficiency. Therefore, the interval water use efficiency
coefficient b was obtained by calculating indicators from 2007 to 2011 and the variation
of water consumption per ten thousand yuan of GDP in China. We then determined b in
the variation of indicators compared with the fluctuation of water consumption per ten
thousand yuan of GDP in China.

Tables 3 and 4 show that the annual total water consumption, urban sewage discharge,
and urban sewage treatment rates change in the same direction compared with the fluc-
tuation of the national water consumption per ten thousand yuan of GDP, that is, b = 1.
The total amount of groundwater supply, total amount of industrial water, total amount
of agricultural water, and water consumption per ten thousand yuan of industrial added
value fluctuated in the opposite direction compared with the national million yuan of GDP
water consumption, that is, b = −1. On the whole, from 2007 to 2020, indicators related
to water use efficiency showed a good development trend, and the national water use
efficiency increased year by year.

Table 3. Data changes of indicators from 2007 to 2020 (1).

Indicators Total Annual Water
Consumption

Total Groundwater
Supply

Total Industrial Water
Consumption

Total Agricultural
Water Consumption

2007 58,187,000 10,695,000 14,041,000 35,985,000
2020 58,129,000 8,925,000 10,304,000 36,124,000

Range of change −0.10% −16.55% −26.61% 0.37%
b −1 −1 −1 1

Table 4. Data changes of indicators from 2007 to 2020 (2).

Indicators Water Consumption Per
Ten Thousand Yuan of GDP

Water Consumption Per
Ten Thousand Yuan of
Industrial Added Value

Urban Sewage
Discharge

Urban Sewage
Treatment Rate

2007 235 126 3,610,118 62.9%
2020 57.2 32.9 5,713,633 97.5%

Range of change −75.66% −73.89% 58.27% 55.01%
b / −1 1 1

4.1.2. Changes in Indicators in 2011 and 2020

This part analyzes the changes in index data between 2011 and 2020. This analysis
can be more specific and targeted to examine the impact on water use efficiency since
implementing the SWRM policy in 2011.

Tables 5 and 6 show that since implementing the SWRM policy in 2011, except for
urban sewage discharge and urban sewage treatment rates, the actual situation of the
other six indicators in 2020 shows a negative change compared with 2011. The actual
situation of urban sewage discharge and urban sewage treatment rates in 2020 showed
a positive change compared with 2011. The urban sewage discharge rate increased by
41.53%, and the urban sewage treatment rate increased by 16.63%. This indicates that
the continuous improvement of urban sewage treatment and the ecological environment
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positively impact water efficiency. The total annual water consumption in 2020 was 4.82%
lower than that in 2011, the total underground water supply was 19.53%, the total industrial
water consumption was 29.51%, the total agricultural water consumption was 3.50%,
and water consumption per ten thousand yuan of GDP and water consumption per ten
thousand yuan of industrial added value reduced by 54.29% and 42.67%, respectively. The
above data changes indicate that the total water consumption control system and water
efficiency control system implemented in the SWRM policy to achieve the objectives of
water resources development and red utilization line and water efficiency control red line
are effective, which plays a positive role in improving the national water efficiency.

Table 5. Data changes of indicators from 2011 to 2020 (1).

Indicators Total Annual Water
Consumption

Total Groundwater
Supply

Total Industrial Water
Consumption

Total Agricultural
Water Consumption

2011 6107.2 1109.1 1461.8 3743.6
2020 5812.9 892.5 1030.4 3612.4

Range of change −4.82% −19.53% −29.51% −3.50%

Table 6. Data changes of indicators from 2011 to 2020 (2).

Indicators Water Consumption Per
Ten Thousand Yuan of GDP

Water Consumption Per
Ten Thousand Yuan of
Industrial Added Value

Urban Sewage
Discharge

Urban Sewage
Treatment Rate

2011 178 99 4,037,022 83.60%
2020 57.2 32.9 5,713,633 97.50%

Range of change −67.87% −66.77% 41.53% 16.63%

4.2. Changes in Water Use Efficiency in Different Event Windows

The first and second columns in the tables indicate the name of index data and
corresponding three-time windows. Furthermore, “di, di” lists the results of the lower and
upper bounds of the interval coefficient corresponding to events, representing the influence
of events on the “position” of interval water use efficiency in different time windows.
“Width” is the width function value of the interval coefficient, representing the influence of
event occurrence on water use efficiency sequence with “fluctuation.”

The next section describes the indicator changes of water use efficiency in different
time windows “pre-, middle, and post-” event.

4.2.1. The SWRM Policy’s Impact on Total Annual Water Consumption

In the pre-event period, the total annual water consumption data were within the
range of [58,187,000, 60,220,000] (Table 7). In this period, the SWRM policy has not been
adopted to control total water consumption strictly. Therefore, during the event period, the
annual water consumption is still increasing, and its data range is [61,072,000, 61,834,000].
Although the value of total annual water consumption is increasing, the data fluctuation
range in this period is smaller than that in the pre-event period. By introducing the
SWRM policy between 2011 and 2016, the government began strictly controlling the total
amount of water consumption and implementing the total water consumption control
system. Therefore, from 2017 to 2020, although the fluctuation range of annual total water
consumption changed to 2.35 million cubic meters, the data range is [581,290,60,434,000],
which is significantly smaller than the data range of the period in the event. On the whole,
the implementation of a total water consumption control system in the SWRM policy has a
significant effect on controlling total annual water consumption (Figure 3).
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Table 7. Interval coefficients of event dummy variables for the SWRM policy.

Indicators Event Windows di di Width

Total annual water consumption
Pre- 58,187,000 60,220,000 2,033,000

Middle 61,072,000 61,834,000 1,614,000
Post- 58,129,000 60,434,000 2,305,000

Total groundwater supply
Pre- 10,695,000 11,703,000 1,008,000

Middle 10,570,000 11,338,000 768,000
Post- 8,925,000 10,161,000 1,206,000

Total industrial water consumption
Pre- 13,909,000 14,473,000 5,640,000

Middle 13,080,000 14,473,000 1,393,000
Post- 10,304,000 12,770,000 2,466,000

Total agricultural water consumption
Pre- 35,985,000 37,231,000 1,246,000

Middle 36,891,000 39,215,000 2,324,000
Post- 36,124,000 37,664,000 1,540,000

Water consumption per ten thousand
yuan of GDP

Pre- 191 235 44
Middle 81 178 97
Post- 57.2 73 15.8

Water consumption per ten thousand
yuan of industrial added value

Pre- 105 127 22
Middle 52.8 99 46.2
Post- 32.9 45.6 12.7

Urban sewage discharge
Pre- 3,610,118 3,786,986 176,865

Middle 3,786,983 4,803,049 1,016,066
Post- 4,923,895 5,713,633 789,738

Urban sewage treatment rate
Pre- 62.9% 82.3% 19.4%

Middle 82.30% 93.40% 11.1%
Post- 94.50% 97.50% 3%
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4.2.2. The SWRM Policy’s Impact on Total Groundwater Supply

In terms of the data range, the total amount of groundwater supply gradually de-
creased from the pre-event period, during the event period, and then to the post-event
period (Figure 4). The post-event fluctuation range of the data was the largest. The total
groundwater supply was ample before the SWRM policy was implemented. China began to
implement the SWRM policy in 2011, so the total amount of groundwater supply decreased
during the event. Because policies have been implemented to strictly control, manage, and
protect groundwater, the SWRM regime continues into the post-event period. It has a more
significant impact on this period than on the post-event period. As shown in Table 3, the
total amount of groundwater supply in the post-event period is smaller than during the
event. The fluctuation range of data is the largest among the three periods.
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4.2.3. The SWRM Policy’s Impact on Total Industrial and Agricultural Water Consumption

In the pre-event period, due to the vigorous development of economic production and
lack of strict policies to control the total industrial and agricultural water consumption, the
data volume within the value range of total industrial and agricultural water consumption
in this period is the largest among the three periods (Figure 5). The government imple-
mented the total water consumption control system during the event period. The total
amount of industrial and agricultural water used in this period began to decrease. The
SWRM policy’s impact continued into the post-event period when the total water used
by industry and agriculture decreased compared to the pre-event period and during the
event period.
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4.2.4. The SWRM Policy’s Impact on Water Consumption Per Ten Thousand Yuan of GDP
and Ten Thousand Yuan of Industrial Added Value

Water consumption per ten thousand yuan of GDP and ten thousand yuan of in-
dustrial added value are two leading indicators to measure water use efficiency. Before
implementing the SWRM policy, the data volume within water consumption per ten thou-
sand yuan of GDP and per ten thousand yuan of industrial added value was the largest
among the three periods (Figure 6). During the event period in which water use efficiency
was strictly controlled by implementing the water use efficiency control system, the numer-
ical quantities of the two indicators decreased significantly compared with the pre-event
period, and the fluctuation range of data in this period was the largest among the three
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periods. Implementing the SWRM policy also impacted the post-event period. In this
period, although the data fluctuation range of the two indicators was not as large as that of
the periods before and during the event, the amount of data within the value range of the
two indicators significantly reduced compared with the previous two periods.

Water 2022, 14, 2291 13 of 17 
 

 

Water consumption per ten thousand yuan of GDP and ten thousand yuan of indus-

trial added value are two leading indicators to measure water use efficiency. Before im-

plementing the SWRM policy, the data volume within water consumption per ten thou-

sand yuan of GDP and per ten thousand yuan of industrial added value was the largest 

among the three periods (Figure 6). During the event period in which water use efficiency 

was strictly controlled by implementing the water use efficiency control system, the nu-

merical quantities of the two indicators decreased significantly compared with the pre-

event period, and the fluctuation range of data in this period was the largest among the 

three periods. Implementing the SWRM policy also impacted the post-event period. In 

this period, although the data fluctuation range of the two indicators was not as large as 

that of the periods before and during the event, the amount of data within the value range 

of the two indicators significantly reduced compared with the previous two periods. 

 

Figure 6. Change in water consumption per ten thousand yuan of GDP and ten thousand yuan of 

industrial added value (unit: m3). 

4.2.5. The SWRM Policy’s Impact on Urban Sewage Discharge and Urban Sewage Treat-

ment Rates 

According to the specific data of the two indicators of urban sewage discharge and 

urban sewage treatment rates in Figures 7 and 8, it can be seen that the urban sewage 

discharge and treatment rates pre-event are the worst among the three periods. Since the 

beginning of the SWRM policy, the discharge and treatment rates strictly controlled and 

improved China’s complex water resources and water environment problems to improve 

water efficiency. Therefore, the two indicators in this period began to develop well, and 

the amount of data in the data range of urban sewage discharge and treatment rates in-

creased significantly. Under the continuous influence of the SWRM policy and policies, 

the data volume of urban sewage discharge and treatment rates in the post-event period 

kept increasing compared with that during the event period. Moreover, urban sewage 

discharge and treatment rates in the post-event period are the best among the three peri-

ods, indicating that implementing the SWRM policy in China since 2011 has been slightly 

effective. Implementing the SWRM policy is conducive to improving China’s overall wa-

ter use efficiency. 

0

50

100

150

200

250

Pre- Middle Post- Pre- Middle Post-

Water consumption per ten
thousand yuan of GDP

Water consumption per ten
thousand yuan of industrial added

value

width

Figure 6. Change in water consumption per ten thousand yuan of GDP and ten thousand yuan of
industrial added value (unit: m3).

4.2.5. The SWRM Policy’s Impact on Urban Sewage Discharge and Urban Sewage
Treatment Rates

According to the specific data of the two indicators of urban sewage discharge and
urban sewage treatment rates in Figures 7 and 8, it can be seen that the urban sewage
discharge and treatment rates pre-event are the worst among the three periods. Since the
beginning of the SWRM policy, the discharge and treatment rates strictly controlled and
improved China’s complex water resources and water environment problems to improve
water efficiency. Therefore, the two indicators in this period began to develop well, and
the amount of data in the data range of urban sewage discharge and treatment rates
increased significantly. Under the continuous influence of the SWRM policy and policies,
the data volume of urban sewage discharge and treatment rates in the post-event period
kept increasing compared with that during the event period. Moreover, urban sewage
discharge and treatment rates in the post-event period are the best among the three periods,
indicating that implementing the SWRM policy in China since 2011 has been slightly
effective. Implementing the SWRM policy is conducive to improving China’s overall water
use efficiency.
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Figure 7. Change in urban sewage discharge (unit: 10 thousand m3).
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In conclusion, implementing the SWRM policy significantly impacts water use effi-
ciency. Before implementing the SWRM policy, all eight indicators showed a trend of free
development. They were not conducive to the rational development and utilization of
water resources, conservation and protection, and ecological civilization construction in
China. Since implementing the SWRM policy in 2011, the government and departments
have adopted the SWRM responsibility and assessment system. In addition, the implemen-
tation of this policy has a lasting impact on the post-event period, so the eight indicators
related to water use efficiency improved in the periods during and after the event, which is
conducive to the improvement of water use efficiency.

5. Conclusions

The active promotion and implementation of the SWRM policy are conducive to im-
proving water use efficiency and can achieve sustainable water development. Moreover,
the policy’s implementation also can achieve the excellent maintenance of the ecosystem
with the sustainable use of water resources. Based on the indicators of water efficiency
from 2007 to 2020, this study uses the interval event method to further evaluate the im-
plementation of this policy and analyze its impact on water use efficiency from the three
different time windows of “pre-, middle, and post-” event. The key conclusions drawn
from the analysis held in this study are as follows. First, the analysis of water efficiency
coefficient b shows that in the time interval from 2007 to 2020, the indicators related to
water use efficiency have shown a good development trend, and the national water use
efficiency has increased year by year. Second, to discover the impact of the implementation
of the SWRM policy on water use efficiency more pertinently, we further analyzed the
changes in 2011- and 2020-related indicator data, which show that the implementation of
the total water use control system and water use efficiency control system implemented
in the SWRM policy to achieve the goals of the red line of water resources development
and utilization and the red line of water use efficiency control have shown results and
have a positive role in promoting the improvement of national water use efficiency. At last,
in the interval coefficient analysis of event dummy variables, the following result can be
obtained by describing the changes of eight indicators related to water use efficiency in
different time windows of “pre-, middle, and post-” event: since the implementation of the
SWRM policy in 2011, the government has successively adopted the SWRM responsibility
and assessment system to manage water resources, and the implementation of this policy
has a lasting impact on the post-event period. Therefore, the eight indicators related to
water use efficiency have improved during the event and in the post-event period, which is
conducive to improving water use efficiency.

This study also has certain limitations; therefore, subsequent studies must further
improve and deepen the exploration of this topic, such as research on synergies and conflicts
between policy goals and water uses based on backcasting scenarios method [45]. This
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study mainly selects indicators based on the “three red lines” established in the SWRM
policy. Among them, the red line for the control of water resources development and
utilization and red line for the control of water efficiency can be measured through the
indicators. However, the article does not select specific scientifically based indicators
to measure and study the impact of establishing water function zones to limit pollution
absorption red lines on water use efficiency. Moreover, further research and learning are
needed to select specific indicators and assess their impact on water efficiency.
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