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Abstract: Promoting water conservation is crucial for building a modern ecological civ-
ilization. The water resource tax helps enforce water-saving policies and strict usage
controls. The difference-in-differences (DID) method avoids endogeneity and omitted vari-
able bias, making it ideal for policy evaluation. Using the 2017 pilot water tax expansion
as a quasi-natural experiment, this study applies DID to assess the reform’s impact on
total factor productivity (TFP) in water-intensive industries. The results indicate that the
TFP of water-intensive enterprises in pilot regions increased by an average of 2.5% and
that the reform has a positive and significant effect on TFP, with notable improvements in
management efficiency and resource allocation. The findings further imply that the reform
encourages better management practices, such as optimized water use and cost-effective
resource allocation, rather than technological innovation as the main driver of improved
productivity. This underscores tax reforms’ dual role in enhancing operational efficiency
and environmental sustainability. The findings demonstrate water resource tax reforms’
potential to foster a more sustainable industrial sector, especially in water-stressed regions.

Keywords: water resource tax reform; high-water-consumption enterprises; total factor
productivity; management optimization compensation; resource allocation efficiency

1. Introduction

With rapid economic development and population growth, water resource shortages
have become a key bottleneck constraining the sustainable development of industries. On
the one hand, relevant data show that the indirect industrial water footprint in 26 provinces
in China exceeds 50% of their local water scarcity [1]. What is more, a significant yearly
volume of 47.5 trillion gallons is needed for the cooling of fuel-based power plants in the
United States, even though the use of renewable energy is increasing [2]. A report by the
Food and Agriculture Organization (FAO) also shows that 20% of water usage is attributed
to industrial water consumption. On the other hand, low water use efficiency has further
exacerbated water resource tensions. Although China’s industrial water use efficiency
increased from 0.41 to 0.65, overall water use efficiency in the central region remains low [3].
To promote water conservation and improvements in efficiency, the Chinese government
has implemented a water resource fee. However, the current pricing system lacks standard-
ized adjustment mechanisms and faces issues such as unreasonable fee standards, weak
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enforcement, and disorganized tax collection. This has led to a misalignment between
economic development goals and water resource protection, with insufficient focus on the
role of water fees in addressing these issues [4]. Against this backdrop, Hebei Province
launched a water resource tax pilot reform in July 2016, expanding it to nine other provinces,
including Beijing and Tianjin, in December 2017. The study of how policy reform promotes
water conservation and efficiency improvement in industrial enterprises has become a
pressing issue for both governments and the academic community.

Research on the impact of water resource tax reform in China can be categorized by
levels. Macro-level studies focus on its effects on water consumption, efficiency, and fiscal
revenue in pilot regions. Wang Lei et al. used the DSGE model to demonstrate that the water
resource tax effectively saves water, improves resource utilization efficiency, and promotes
optimized production structures [5]. Lan Mu et al. used the difference-in-differences
(DID) method for research and found that water resource policies can effectively improve
the efficiency of water resource utilization by optimizing the allocation of resources [6].
His study also shows that the policy can effectively curb water poverty by reducing
groundwater extraction and optimizing the water utilization structure [7]. C. Xu et al.
(2024) assessed the fiscal impact of the tax reform based on its water-saving effects. They
found that the water resource tax reform not only optimized water extraction and use
structures but also significantly increased tax revenue [8].

Meanwhile, using the WCGE model, some studies have concluded that water resource
taxes and water pollution taxes synergistically promote water conservation and water
pollution reduction [9]. In addition, some studies have pointed out that the pilot reform
of the water resource tax has made a significant contribution to the green development of
coastal cities [10].

Micro-level studies (Figure S1) focus on the reform’s impact on enterprises. In terms
of corporate innovation, the research results of Zhu et al. indicate that water resource tax
reform can positively impact the green technology innovation of enterprises in high-water-
consumption industries and those with a strong sense of environmental responsibility [11].
Additionally, some studies suggest that these fees will also make enterprises more inclined
to purchase energy-saving and environmentally friendly equipment, thus eliminating a
backward production capacity. This, in turn, promotes the technological optimization and
upgrading of enterprises and improves their TFP [12,13]. However, Li Jing et al. (2023)
suggested that achieving water conservation and pollution reduction through technological
innovation was difficult and slow, as source-control mechanisms had a limited impact
on water savings and pollution reduction [14]. Furthermore, Liu, C.Y. (2023) found that
the water resource tax reform significantly improves the environmental performance of
water-intensive enterprises [15]. In addition, green innovation served as a crucial mediating
mechanism [16].

Water resource reforms may indeed bring some negative impacts. Zhao Kongjia
et al. [17] argue that under the impact of the water resource tax, transformation is more
difficult for some highly water-consuming enterprises, leading to their further zombifica-
tion. However, they also find that the water resource tax can become a tool that indirectly
contributes to sustainable development goals [15].

While existing studies have examined the impact of a water resource tax on regional
water use efficiency and fiscal revenue from a macro-level perspective, research at the micro-
level remains relatively inadequate. In particular, most of the existing literature focuses
on whether the water resource tax enhances firms’ total factor productivity (TFP) through
technological innovation, with little exploration of other potential mechanisms, such as
management optimization and improved resource allocation efficiency. Additionally, there
is a lack of in-depth analysis of the heterogeneous impacts of water resource tax reform
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across different types of enterprises (such as state-owned and non-state-owned enterprises)
and regions with varying tax rates.

Based on the above discussion, this study offers several innovations. First, in terms of
research content, it addresses the limited focus on a water resource tax’s impact on corporate
total factor productivity (TFP), specifically in the industrial sector. Previous studies have
focused on improving overall water resource tax efficiency but lacked targeted strategies
for industries. This research enhances policy precision by focusing on industrial water use.
Second, from a research perspective, it explores the micro-level effects of water resource tax
reform on TFP, using firm-level data for a deeper analysis. Third, it supplements existing
research by exploring the mechanisms through which environmental policies, such as the
water resource tax, affect corporate TFP. While much of the literature focuses on innovation
compensation under the Porter hypothesis, this study also examines the role of management
optimization and resource allocation efficiency. By identifying three key mechanisms
from multiple dimensions—technological innovation, management optimization, and
resource allocation efficiency—this research complements and deepens our understanding
of how water resource tax reform impacts corporate TFP. Fourth, this study reveals the
differentiated impacts of the reform on enterprises with different ownership types and
across regions with varying tax rates, providing more targeted policy recommendations.

The remainder of this paper is structured as follows. Section 2 presents a relevant
literature review. Section 3 details the methodology and data description. Section 4 presents
the empirical results and Section 5 discusses them. Finally, Section 6 concludes this paper
and offers policy suggestions.

2. Literature Review and Research Hypothesis

Porter’s hypothesis suggests that strict and flexible environmental regulation may
lead to productivity gains [18]. However, the “suppression hypothesis” of neoclassical
economics argues that environmental regulation will reduce TFP. The “compliance cost
effect” of environmental tax increases the burden on enterprises. It has a crowding-out
effect on R&D investment and technological innovation, resulting in a decline in the total
factor productivity of enterprises [19]. In addition, there is also a nonlinear relationship
between environmental regulation and firm productivity in the literature [20].

From the perspective of enterprise management, the mechanisms of the two policies
are different when all firms simultaneously respond to water resources: the water resource
fee affects output by reducing the market’s size. In contrast, the water resource tax reduces
output by amplifying the weighted cost difference effects between companies. Hence, water
resource taxes work better than fees for eliminating backward production capacity [20].

Meanwhile, the water resource tax reform replaces the flexible “fee” with a rigid
“tax”, strengthening enforcement. This internalizes the tax into enterprise operating costs
through the tax burden transmission mechanism [21]. The water resource tax reform
adapts a volume-based taxation method based on the amount of exploitation of resources,
which positions the water resource tax in the exploitation link and raises the threshold
for tax burden transfer [11]. The cost composition of high-water-consumption enterprises
determines that they are more dependent on the input of water resources in all production
factors. Hence, the water resource tax reform increases the tax burden of high-water-
consumption enterprises and increases the production cost. Such cost pressures can drive
firms to adopt efficiency-improving measures to offset regulatory burdens [22]. Therefore,
companies seeking profit maximization must choose to improve production efficiency to
reduce production costs and ultimately alleviate or offset the cost pressures caused by
government environmental regulations [18,23]. Additionally, well-designed environmental
regulations, if internalized by firms as capital for ecosystem services, can incentivize
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technological advancement and the use of resource allocation programs to maximize net
benefits from resource utilization, thereby enhancing TFP. Based on this, we propose the
following hypothesis:

Hypothesis (H1): The introduction of a water resource tax can effectively promote the improvement
of the total factor productivity of high-water-consumption industrial enterprises.

This paper explores the impact mechanism of water resource tax reform on total
factor productivity (TFP) based on the hypothesis that it has a positive effect. Green
technology innovation is the main driving force for the sustainable development of China’s
strategic emerging industries [24]. From the perspective of innovation compensation,
the reform may not immediately boost TFP in high-water-consumption industries by
increasing technological innovation. In the short term, the reform incurs tax compliance
costs for enterprises, which can reduce the funds available for innovation. Additionally,
technological innovation is risky and uncertain, which increases operational risks for
businesses. Some studies suggest that the higher pollution emissions of resource-based
industries, combined with China’s low environmental tax rates, dampen green technology
innovation, as environmental externalities hinder progress [25]. However, taking a long-
term view, the deepening of environmental regulations forces the industry to reduce the
cost of pollution control by improving its technological innovation capacity, thus creating a
“compensation effect” [26]. Based on this, this paper proposes the following hypothesis:

Hypothesis (H2): “Water resource tax reform” will not improve the total factor productivity of
enterprises through the compensation effect of technological innovation in the short term.

Some studies suggest management practices as a crucial factor in improving firms’
TFP and that better management practices lead to a higher level of company TFP [27].

It may be difficult for enterprises to achieve the goal of energy conservation and
efficiency improvement in the short term through the compensation effect of technological
innovation. In order to meet compliance requirements, companies often take contingency
measures based on compliance motivation [28]. The empirical results also show that in
recent years, management efficiency has gradually improved and become a new impetus
for green TFP growth [29]. Based on this, this paper puts forward the following hypothesis:

Hypothesis (H3): The reform of water resource taxation can enhance the total factor productivity
of high-water-consumption industrial enterprises in the short term by improving their manage-
ment practices.

From the perspective of resource allocation efficiency, water resource taxation reform
can impact how resources and labor are allocated in the short term, thereby affecting
total factor productivity (TFP). Some analyses of the impact mechanism showed that
environmental regulation had a suppressive effect on resource misallocation, potentially
generating a positive resource reallocation effect and enhancing a city’s TFP [30].

The literature suggests that environmental regulations improve capital and labor allo-
cation at the provincial level in China, leading to positive resource reallocation effects that,
in turn, enhance industrial TFP [31]. Other studies in the literature argue that environmen-
tal regulation distorts resource allocation by increasing production costs and causing some
factors of production to flow to sectors or regions with more lenient regulatory policies [32].
However, there is also uncertainty about how the resource allocation of the relevant region
will change, which mainly depends on the initial state of its resource allocation [31]. Based
on this, we propose the following research hypotheses:
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Hypothesis (H4a): In the short term, “water resource tax reform” can enhance total factor
productivity in water-intensive industries by improving resource allocation efficiency.

Hypothesis (H4b): The “water tax reform” will not help water-intensive industrial enterprises
to improve their total factor productivity by improving the efficiency of resource allocation in the
short term.

3. Methodology

3.1. Model Construction
3.1.1. Model Choice

The primary methodologies for policy impact assessment include instrumental vari-
ables (IV), difference-in-differences (DID), propensity score matching (PSM), and general-
ized least squares (GLS).

In their 2023 study on water resource tax reform’s effect on water use efficiency, Li
et al. [33] employed the synthetic control method (SCM) to determine weights and construct
synthetic control groups for 10 pilot provinces. However, PSM exhibits significant limitations:

(1) The method requires two strong assumptions: conditional independence and common
support, collectively termed the “strong ignorability” assumption. Violations lead to
biased estimates of ATE and ATT;

(2) Matching can only be achieved for treatment units within the common support region;

(3) The method demands large sample sizes.

Zhang et al.’s 2023 [34] evaluation of water resource tax reform used feasible gen-
eralized least squares (FGLS) with random effect (RE) and fixed effect (FE) panel data
models, showing consistently positive and robust reform effects. However, this approach
has limitations:

(1) The strong assumption of homogeneous treatment effects prevents the verification of
comparability through parallel trends testing (unlike DID) and the identification of
heterogeneous effects.

(2) Limited dynamic effect identification struggles to distinguish between policy anticipa-
tion and lagged effects.

Yu et al.’s 2023 [35] study on environmental tax effects employed two-stage least
squares using lagged pollution fees as IVs. While straightforward, IV methods have two
critical flaws:

(1) Instrument selection challenges—valid instruments are difficult to identify in policy
evaluation, with lagged dependent variables often violating exogeneity requirements.

(2) This method requires the strong assumption that heterogeneous policy responses do
not affect participation decisions to accurately identify ATT and ATE, often forcing
researchers to ignore heterogeneity or assume behavioral consistency.

Compared with the methods mentioned above, the key advantages of using difference-
in-differences (DID) for policy evaluation are the following, presented using numbered points:

(1) Causal identification: unlike IV or GLS, DID establishes causality through observable
pre—post trends without instrument selection.

(2) Dynamic effect analysis: DID can estimate the timing and persistence of effects
through event studies, while GLS struggles with dynamic specifications and PSM is
static by design.

(3) Robustness checks: DID controls for both time-invariant confounders (such as FEs)
and common time trends (unlike IV or GLS, which may miss temporal patterns).
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To clarify the mechanism of the impact of the water resources tax on the total factor
productivity (TFP) of enterprises, this paper provides the flowchart below (Figure 1).

I Water resource tax reform policy I

l

‘ Increased corporate tax burden l

l

I possible mechanism |

|
| !

Innovation activities require a large Enterprises take emergency measures
amount of funds and carry high risks to cope with the pressure of tax burden
The tax crowds out of I 1
innovation funding Improvements Improvements of
of management the efficiency of
! efficiency resource allocation
v

No significant

impact on TFP

v

| Significant increase of TFP l

Figure 1. Flowchart. Dashed arrow to illustrate that this mechanism does not significantly promote TFP.

3.1.2. Benchmark Regression Model Construction

This paper treats the implementation of the pilot water resource taxation reform on 1
December 2017 as a quasi-natural experiment. Using the difference-in-differences (DID)
model, it examines the reform’s impact on total factor productivity (TFP) in high-water-
consumption industrial enterprises, considering that short-term changes in an industry or
region are difficult.

TFP; = ag + g Treat;+arTimei+aszTreat; x Timer 40X 4o+ ¢t (1)

where TFP}; is the explained variable of this paper, representing the total factor productivity
of province i in the year t, and Time; is a time dummy variable with values of 0 and 1,
indicating whether the policy reform occurred in that year, taking 0 as before the “water
resource tax reform” and 1 as after the “water resource tax reform”. Treat; is a group
dummy variable indicating whether the province is a pilot province. The value is 1 when
the enterprise is located in the pilot province of the water resource tax reform and 0 when
the enterprise is located in a province outside of the pilot province of the water resource tax
reform. Treat; x Time is the core explanatory variable of this paper, which represents the
implementation of reform policies for water resource taxation in each province, where i and
t represent the province and year, respectively. The coefficient o is an interaction coefficient
representing the effect of the water resource tax reform policy. X;; is a series of control
variables that may affect the effectiveness of the evaluation of the reform policy of water
resource taxation. Including size, Cash, LEV, ROA, Growth, Board, Top1, Manage (average
age of management), etc., y; is the fixed effect of year, which captures all the characteristics
of enterprises that change over time; «; is the fixed effect of region, which captures all the
characteristics of regions that do not change over time; and ¢j; is the random error term.
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3.1.3. Impact Mechanism Model Construction
Innovation Compensation Effect Model

Porter’s hypothesis suggests that the water resource tax reform leads to tax compliance
costs, which reduce the funds available for enterprises to invest in technological innovation.
As aresult, businesses face a trade-off between maintaining the status quo, paying the water
resource tax, and investing in water-saving equipment or improving production technology
to reduce water consumption. Consequently, enterprises may not immediately pursue
technological innovation. To test the hypothesis that the reform does not enhance total factor
productivity through innovation in the short term, this paper uses enterprise innovation
activity (measured by “Patent”) as a mediating variable and constructs a mediating effect
model, as shown in Equations (2) and (3):

Patent;; = Bg + BqTreat; + BoTimer+p;Treat; x Timet + yXi¢ + pe+eit )
TFPjt= ao+aq Treatj+ar Timei+asTreat; x Timey + APatenty; + Xt +ai+v,+&r (3)

Management Optimization Compensation Effect Model

In the short term, it may be difficult for enterprises to achieve the goal of energy
conservation and efficiency improvement through the short-term technological innova-
tion compensation effect. Therefore, Q. Zhou believes that in order to meet compliance
requirements, enterprises will take emergency measures based on compliance motiva-
tion, such as improving management levels [36]. On the other hand, in the process of
actively implementing technological innovation, the complexity and comprehensiveness of
production activities will improve the organizational management ability of enterprises,
thus promoting the improvement of productivity [37]. Therefore, to test the justifiability
of high-water-consumption industrial enterprises in improving total factor productivity
by enhancing management levels, this paper takes the enterprise management efficiency
(denoted as “Manage”) as the mediating variable and constructs a mediating effect model,
as shown in Equations (4) and (5):

Manage,, = Bo + p1Treat; + BoTime; + B3Treat; x Time; + ¥Xj¢ + pe+éi¢ 4)
TFPjt= ao+aqTreat;+arTimei+azTreat; x Timer + AManage;, + 0Xi+a;+7+&i ()

Resource Allocation Efficiency Effect Model

Meanwhile, enterprises can improve the overall resource allocation efficiency by opti-
mizing capital allocation and labor allocation, thereby enhancing total factor productivity. In
terms of capital allocation, Li Zhisheng et al. believe that investment activities are the main
form of enterprise capital allocation [37,38]. Referring to the research methods of Guo Borui
(2023), this paper takes the capital expenditure level (denoted as “Invest”) as the mediating
variable [39]. It builds a mediating effect model, as shown in Equations (6) and (7):

Investy = Bo + BiTreat; x Timet + BoTreat; X Timet X L.Roa;; + B3L.Roay + ¥Xie+p, +éit (6)
TFP; = ao+a; Treat; x Time; + apTreat; x Time; x L.Roa;; + asL.Roa; + Alnvesty + 60X +ai+y,+ee  (7)

Among them, Invest;;, as an indicator representing the enterprise’s capital expenditure
level, is calculated as Ln (cash paid for the acquisition and construction of fixed assets,
intangible assets, and other long-term assets/total assets at the end of the period). L.
Roaj; represents the lagged term of the return on total assets, reflecting the enterprise’s
investment opportunities. In the model in Equation (6), special attention should be paid
to the coefficients of the interaction term Treat; x Time; and L. Roay;. If the coefficient of
Treat; x Time; x L.Roaj; is significantly positive, it indicates that the water resource tax
reform policy has effectively promoted the improvement of the total factor productivity of
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high-water-consumption industrial enterprises by stimulating the capital allocation effect.
Conversely, if the coefficient is negative or not significant, it may mean that the water
resource tax reform policy has had an adverse impact on the total factor productivity of
industrial enterprises.

In terms of labor allocation, one article argues that when the marginal output of labor
factors equals the marginal cost, the labor resource allocation efficiency reaches the highest
level [40]. Therefore, this paper uses the “relative difference between the marginal output
and marginal cost of enterprise labor” to measure the degree of resource misallocation
at the enterprise level (MISA;;) and construct Equation (8). Here, MPL;; represents the
marginal output of enterprise labor, and Bj; represents the marginal cost of enterprise labor,
which is equal to the sum of the average wages and welfare expenses paid by the enterprise

to employees.
MISAj;=In | MPL,, — Bj | (8)

The larger the MISA;; value, the lower the allocation efficiency of an enterprise’s labor
factors. To obtain the labor resource allocation efficiency MISA;; of enterprise i in year t,
it is necessary first to calculate the marginal labor output MPL;; of enterprise i in year t,
based on the Cobb-Douglas function.

InY;= ,BO-F,BL lnLit+,BKanit + ﬁMh’lMit + Wittt 9)

In Equation (9), Yj; is the main business income of listed companies at the end of the
year; L is the labor input, which is expressed by the number of employees of the enterprise
every year; K is the capital input, which is described by the net value of the fixed assets
of listed companies; and M is the intermediate input, which is represented by “cash paid
for purchasing goods and receiving services” in the financial report of listed companies.
The residual term after the regression of the model is the total factor productivity of listed
companies [41], and wj; represents the total factor productivity of enterprise i in year t.
In this paper, the LP method in the benchmark regression is first used to estimate the
production function, and the labor estimation coefficient 31 can be obtained. Then, by
taking the partial derivative of the labor input L in Equation (9), the marginal labor output
of the enterprise MPL = 31, x (Y/L) can be obtained. Finally, the enterprise labor allocation
efficiency MISA;; is calculated.

This paper uses the labor factor allocation efficiency (denoted as “MISA”) as the
mediating variable and constructs a mediating effect model, as shown in Equation (10):

TFPjt= ag+waqTreat;+ar Timei+agTreat; X Timer + AMISA; + X +ai+v,+-¢it (10)

3.2. Data Sources

In order to accurately identify the impact of water resource taxation reform on over-
investment in high-water-consuming industrial enterprises, this study selected high-water-
consumption industrial enterprises in all A-share listed companies, except those in Hong
Kong, Macao, Taiwan, and Tibet, from 2012 to 2022 as research samples and preprocessed
the data.

The data for this study come from the CSMAR database. Listed companies with
total assets less than zero are excluded, along with ST and *ST listed companies. To
reduce the impact of extreme values, all continuous variables are processed at the 1% and
99% quantiles. The seven water-intensive industries specified in the “13th Five-Year Plan
for Ecological and Environmental Protection”—electricity, steel, textiles, papermaking,
petroleum and petrochemicals, chemicals, and food fermentation—are categorized as high-



Water 2025, 17, 1208

9 of 22

water-consumption industries. After these adjustments, a total of 17,752 observations
are obtained.

3.3. Variables
3.3.1. Explained Variable

This paper uses the total factor productivity (TFP) of enterprises as the explained
variable. Both the conventional OP method and the LP method are applied to measure TFP.
The LP method addresses simultaneity bias in the OLS method and alleviates endogenous
issues by using the intermediate input as a proxy for productivity. It also solves the sample
missing problem in the OP method, which arises from the absence of investment data
in certain periods [42,43]. The LP method is selected for calculation in the benchmark
regression, and the OP method is used in the robustness test.

3.3.2. Core Explanatory Variables

According to the above, high-water-consumption industrial enterprises in nine
provinces, including Beijing, Tianjin, and Shanxi, are selected as the experimental group
(Treat = 1), and high-water-consumption enterprises in 20 other provinces (excluding Hong
Kong, Macao, Taiwan, and Tibet) are selected as the control group (Treat = 0). Time; is the
dummy variable of time, taking 2017 as the dividing line when the pilot expansion policy
of water resource taxation reform occurs. The years before 2017 are assigned to 0, and the
years after 2017 are assigned to 1. The core explanatory variable in this paper is the product
of Treat; and Timey, that is, Treat; x Time;.

3.3.3. Control Variables

The control variables in this study encompass Size (enterprise size), Cash (cash ratio),
LEV (asset-liability ratio), Growth (growth rate of operating income), Board (board size),
Top1 (shareholding ratio of the largest shareholder), Age (average age of management),
and so on. Among these, the size of the enterprise is measured by the logarithm of the total
assets of the enterprise; the cash ratio is the ratio of cash to the total assets of the enterprise;
and the logarithm of the number of directors measures the size of the board of directors.
Hence, these control variables are included to account for factors that may influence TFP
independently of the reform. For the detailed explanation of the variables, please refer to
Table 1.

Table 1. Variables chart.

Variables

Symbol Variable Name Definition and Measurement

Explained variable

Estimated via the LP method
TFP Total Factor Productivity Using the Cobb-Douglas
production function

Core explanatory variables

DID interaction term:
Treati x Timet Policy Treatment Effect Treat (Treatment = 1, Control = 0) x
Time (Post-policy = 1)

Control variables

Natural logarithm of total assets

Size Firm Size (In(Total Assets))

(Cash + Trading Securities)/Total

Cash Cash Ratio Assets
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Table 1. Cont.

Variables Symbol Variable Name Definition and Measurement
LEV Leverage Ratio Total Liabilities / Total Assets
(Current Revenue — Prior
Growth Revenue Growth Rate Period)/Prior Period Revenue
Board Board Size Natural logarithm of board
members
. . Shareholding percentage of largest
Topl Ownership Concentration shareholder (%)
Age Executive Team Age Weighted average age of senior
management (years)
4. Results

4.1. Descriptive Statistics

Table 2 presents the descriptive statistics for the main variables. The mean value of
TFP_Lp is 8.411. The average value of “dual” is 0.28, indicating that 28% of the sampled
enterprises have the same chairman and general manager. The average board size is 8.426,
reflecting the typical board size in the sample. Other control variables align with the
existing literature and are not discussed further.

Table 2. Descriptive statistics.

Variables N Mean Sd Min Max
TFP_Lp 17,752 8.411 0.982 0.791 13.470
Treati x 17,752 0.140 0.347 0 1
Timet
TOP1 17,752 0.365 0.167 0.002 0.880
Board 17,752 8.426 1.589 3 18
size 17,752 23.230 1.262 0 28.636
ROA 17,752 0.049 0.077 ~1.130 1.285
age 17,752 49.570 3.134 36.620 61.200
Cash 17,752 0.923 1.860 3.50 x 105 45.830
LEV 17,752 0.388 0.191 0.008 1.957
Growth 17,752 0.290 8.073 ~0.982 944.100
Patent 10,998 2.857 2.006 0 10.360
Manage 17,451 0.093 1.237 0.0002 1.034
Invest 11,554 21.696 0.952 —18.874 26.465
MISA 17,752 1.800 1.244 ~2.700 5.800

4.2. Correlation Analysis

Table 3 shows the results of the Pearson correlation test between the primary variables.
The results show that, on the one hand, the correlation coefficient between total factor
productivity (TFP) and the control variables is basically significant, indicating that the
selection of control variables in this paper is representative. On the other hand, the mean
value of the variance inflation factor of the least squares regression model is 1.13, and the
correlation coefficients between the variables are less than 0.44, indicating that the model
in this paper does not have serious multicollinearity problems.
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Table 3. Correlation analysis.
TFP TOP1 Board Size Age Cash LEV Growth

TFP 1

TOP1 0.012 * 1

Board 0.228 *** —0.124 *** 1
Size 0.347 *** 0.107 *** 0.107 *** 1
age 0.289 *** —0.02 ** 0.194 *** 0.173 *** 1

Cash —0.233 ***  0.101 *** —0.068 ***  —0.044 ***  —(.088 *** 1

LEV 0.440 *** —0.149 ***  (0.156 *** 0.104 *** 0.115 *** —0.456 *** 1

Growth 0.008 0.0003 0.015 ** —0.0007 —0.013 * 0.012 —0.004 1

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.

4.3. Parallel Trend Test

In order to verify whether the parallel trend hypothesis is valid, this paper constructs
the following dynamic model by referring to the articles in the draft treaty:

TFP;= ﬁ0+/31296{74,73,72,71,0,1,2,3,4} xoTreatig x Timejp + Y yControls;t + p; + 7t +&5¢ (1)

In this paper, 2017, the year of policy implementation, is taken as the base period.
As shown in Model (3), the interaction term in each year from 2013 to 2021 is selected
as the explanatory variable for regression. Treatyy x Time;jg is a set of dummy variables,
and the symbol 6 represents the distance between the year of the company and the 2018
implementation of the environmental protection policy.

The implementation of the tax law is 0 years apart. Figure 2 plots the estimated results
of the interaction term coefficients at the 95% confidence interval. The results show that
the regression coefficients of interaction items were not significant before 2017, indicating
that before the pilot reform of water resource taxation, the total factor productivity of
high-water-consumption industrial enterprises in the experimental group and the control
group had a similar trend, which meets the parallel trend hypothesis. In contrast, after the
implementation of the policy, the regression coefficients of the interaction term are signifi-
cantly positive from 2018 to 2021. In addition, this coefficient shows an increasing trend
over time. The slight decline in the coefficient in 2020 and 2021 may be due to the impact of
the novel coronavirus epidemic. This indicates that the reform of the water resource tax
has gradually increased the total factor productivity of high-water-consumption industrial
enterprises in the pilot areas.

4.4. Benchmark Regression Analysis

The results of Table 4 show that after controlling for time and individual fixed effects,
the regression coefficient of Treat; x Time is 0.025, indicating that after the implementation
of the policy, the TFP of high-water-consumption industrial enterprises in pilot regions
increased by 2.5 percentage points on average compared with those in non-pilot regions.
This equates to a 0.21 (the result equals 8.41 x 2.5%) increase in the average TFP, which
validates Hypothesis 1.
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Figure 2. Parallel trend test.
Table 4. Benchmark regression.
Variables TFP_LP TFP_LP TFP_LP
Treat: x Time 0.422 *** 0.303 *** 0.025 **
i t (33.309) (25.678) (1.818)
—0.005 *** 0.002 ***
TOP1 (—12.5) 5)
Board 0.008 ** 0.026 ***
(2.286) (8.8)
size 0.000 *** 0.000 ***
(0.000) (0.000)
ace 0.045 *** 0.011 ***
8 (25) (6.176)
cash —0.015 *** —0.007 ***
(—6.818) (—=3.7)
0.629 *** 0.364 ***
LEV (20.897) (13.467)
0.004 *** 0.004 ***
Growth (10) (10.750)
Constant 8.357 *** 5.958 *** 7.428 ***
(2532.424) (60.796) (80.477)
Year NO NO Yes
Firm YES YES Yes
Observations 17,752 17,752 17,752
adj. R-sq 0.843 0.880 0.894

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%; the figures in parentheses
are standard errors; R? represents the goodness of fit.

The results of Table 4 also indicate that corporate board size, the average age of man-
agement, and the debt-to-asset ratio have positive impacts on TFP at levels of 2.6%, 1.1%,
and 3.64%, respectively. Specifically, larger board sizes promote diversified perspectives in
strategic decision-making, thereby significantly enhancing total factor productivity. Older
management teams with accumulated industry experience facilitate TFP growth through
mechanisms such as optimized resource allocation. Appropriate financial leverage pres-
sures may force management to improve operational efficiency, thus boosting production



Water 2025, 17, 1208

13 of 22

efficiency. Finally, the cash ratio demonstrates a significant negative impact on TFP, as
excessive cash reserves indicate inefficient capital allocation.

4.5. Robustness Test Analysis

To test the robustness of the results, the TFP measurement is replaced with the OP
method. Specifically, the OP method incorporates investment data as an intermediary
variable, effectively addressing endogeneity issues in production function estimation. By
controlling the impact of investment on productivity, the OP method improves the accuracy
of TFP measurement and reduces bias. After controlling for all fixed effects and variables,
the regression result of Treat; x Time; shown in Table 5 is 0.019, which is statistically
significant. It shows that after the implementation of the policy, the TFP estimated using the
OP method in pilot regions increased by 1.9 percentage points on average compared with
those in non-pilot regions. This equates to a 0.16 (the result equals 8.41 x 1.9%) increase in
average TFP. In addition, it confirms that the original results are robust and reliable.

Table 5. Robustness test.

Variables TFP_LP TFP_LP TFP_LP
Treati x Timet 0.373 *** 0.043 *** 0.019 **
(34.537) (3.982) (1.892)
Constant 6.178 *** 5.860 *** 5.344 ***
(457.630) (357.317) (44.533)
Controls No NO Yes
Year No Yes Yes
Province No Yes Yes
Observations 17,752 17,752 17,752
adj. R-sq 0.770 0.323 0.438

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%; the figures in parentheses
are standard errors; R? represents the goodness of fit.

4.6. Impact Mechanism Analysis
4.6.1. Compensation Effect of Innovation

The water resource tax reform positively impacts total factor productivity by im-
proving management and resource allocation efficiency rather than driving technological
innovation. In the theoretical analysis, this paper hypothesizes that the shift from “water
resource fee to tax” will not lead high-water-consumption enterprises to enhance TFP
through increased innovation in the short term. To test this hypothesis (H2), this paper
uses the natural logarithm of the number of patent applications plus one as a measure of
enterprise innovation activities and conducts an empirical test.

Table 6 shows the regression results for technological innovation effects. In the first
column, the coefficient of 5.17 is insignificant, and the results remain unchanged in columns
two and three after adding time, regional fixed effects, and control variables. This indicates
that the water resource tax reform does not significantly impact technological innovation
in high-water-consumption industries, verifying Hypothesis H2.

Table 6. Innovation compensation effect.

Variables Patent Patent Patent

Treat: x Time 5.176 1.054 —-1.172

1 t (13.705) (13.646) (13.768)
98.488 *** 99.334 *** —144.485

Constant (5.088) (3.146) (105.554)
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Table 6. Cont.

Variables Patent Patent Patent
Controls NO NO YES
Year NO YES YES
Firm NO YES YES
Observations 10,998 10,998 10,998
adj. R-sq 0.004 0.722 0.724

Notes: *** represents a significance level of 1%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

4.6.2. Compensation Effect of Management Optimization

This paper uses the sales expense rate (sales expense/operating income) as a proxy for
management efficiency, taking its logarithm. A lower sales expense rate indicates better cost
control and higher management levels. The estimation results are presented in Table 7. In
column (1), without control variables and fixed effects, the regression coefficient is —0.213,
which is significant at the 1% level. In column (2), after controlling for individual and time-
fixed effects, the coefficient remains significant. In column (3), adding control variables,
the regression coefficient is —0.045, which is significant at the 1% level, aligning with
earlier results. The result shows that the water resources tax reform compels enterprises
to re-examine their internal management processes, enhancing management efficiency
through measures such as reducing unnecessary expenditures and optimizing supply
chain management, thus improving overall production efficiency. These findings support
Hypothesis H3.

Table 7. Management optimization compensation effect.

Variables Manage Manage Manage
Treati x Timet —0.213 *** —0.059 *** —0.045 ***
(—7.992) (—3.443) (—2.615)
Constant —3.097598 *** —3.114432 *** —3.212054 ***
(—311.369) (—750.693) (—24.754)
Controls NO NO YES
Year NO YES YES
Firm NO YES YES
Observations 17,451 17,451 17,451
adj. R-sq 0.004 0.86 0.863

Notes: *** represents a significance level of 1%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

4.6.3. Resource Allocation Efficiency

Table 8 presents regression results on capital allocation efficiency. In the first column,
without control variables or fixed effects, the cross-multiplicative regression coefficient
of Treat; x Time; with L.Roaj; is 3.069, significant at the 1% level. In the second and
third columns, after adding time, regional fixed effects, and control variables, the coef-
ficients remain significant at the 1% level, with values of 3.348 and 3.020, respectively.
Specifically, companies have reduced inefficient investments and allocated more funds
to high-efficiency production stages. These findings indicate that the water resource tax
reform has a significant positive impact on the capital allocation efficiency of industrial
enterprises in the pilot area. The policy enhances total factor productivity in chemical
enterprises by optimizing capital allocation, demonstrating the reform’s effectiveness in
improving resource efficiency.
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Table 8. Capital resource allocation efficiency.
Variables Invest Invest Invest
Treat; X Timey X L. 3.069 *** 3.020 *** 3.348 ***
Roaj; (5.088) (9.50) (10.67)
Treat; x Time 0.096 *** —0.177 *** —0.197 ***
(9.50) (-4.22) (—4.78)
L.Roay 1.708 *** 1.628 *** 1.771 ***
(5.12) (4.91) (5.41)
Controls NO NO YES
Year NO YES YES
Firm NO YES YES
Observations 11,554 11,554 11,554
adj. R-sq 0.020 0.061 0.091

Notes: *** represents a significance level of 1%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

Column (2) of Table 9 shows the regression results of water resource taxation reform on
labor resource mismatch in high-water-consumption industrial enterprises. The coefficient
of Treat; x Time; is significantly negative at the 5% level, indicating that the reform has
significantly reduced labor resource mismatch and improved labor allocation efficiency in
these enterprises. Specifically, by optimizing job positions and reducing redundant posi-
tions, labor resource mismatch can be decreased; therefore, it has improved productivity.

Table 9. Labor resource allocation efficiency.

Variables MISA MISA
. —0.012 —0.082 **
Treat; x Time; (—0.270) (—1.970)
Controls NO YES
Year YES YES
Firm YES YES
Observations 17,752 17,752
adj. R-sq 0.469 0.121

Notes: ** represents a significance level of 5%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

These results suggest that by enhancing both capital and labor allocation efficiency,
the overall resource allocation efficiency of enterprises improves, leading to higher total
factor productivity (TFP). This supports Hypothesis H4a, which posits that optimizing
resource allocation efficiency is the mechanism through which water resource taxation
reform improves TFP in high-water-consumption industries in pilot areas.

4.7. Heterogeneity Analysis
4.7.1. Heterogeneity Analysis of Enterprises with Different Property Rights

Table 10 presents the regression results on the impact of water tax reform on the total
factor productivity of state-owned and non-state-owned high-water-consumption indus-
trial enterprises. The results show that the DID coefficient for non-state-owned enterprises
is significantly positive at the 1% level. Specifically, the reform led to an average increase
of 8.7% in TFP for non-state-owned enterprises in pilot areas compared to non-pilot areas.
However, the DID coefficient for state-owned enterprises is not significant, suggesting
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no notable improvement in TFP for state-owned enterprises in the experimental group
compared to the control group. This indicates that they are less sensitive to tax pressures.

Table 10. Heterogeneity of property rights.

Non-State-Owned

Variables State-Owned Enterprises .
Enterprises
) 0.033 0.087 ***
Treat; x Time; (1.141) (3.293)
Constant 20.224 *** 4.508 ***
(6.694) (46.142)
Controls YES YES
Province YES YES
Year YES YES
Observations 1240 16,512
adj. R-sq 0.928 0.444

Notes: *** represents a significance level of 1%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

4.7.2. Heterogeneity Analysis of Enterprises in Regions with Different Tax Rates

The varying water resource tax collection standards can create different tax burdens
for enterprises, which in turn affect their total factor productivity. Assuming constant
water consumption, a higher tax rate results in a heavier tax burden, while a lower tax
rate implies a lighter burden. Enterprises may adopt different strategies based on their tax
burden, leading to changes in total factor productivity. Following the existing literature, this
paper divides the nine pilot areas into two groups—high-tax-rate areas and low-tax-rate
areas—based on the average tax levy for surface water and groundwater, as presented in
Table 11.

Table 11. Tax rate variance.

High-tax areas

Low-tax areas

Pilot Areas Average Surface Water Average Groundwater
Beijing, Tianjin, Shanxi, 3 3
and Inner Mongolia CNY 0.85/m CNY3/m
Shandong, Henan, Sichuan, CNY 0.36/m? CNY 0.92/m?

Shaanxi, and Ningxia

Notes: The data source is Interim Measures for the Pilot Reform of Water Resource Tax and Implementation
Measures for Expanding the Pilot Reform of Water Resource Tax.

Table 12 presents the group regression results for high-tax and low-tax areas. In
high-tax-rate areas, the regression coefficients are 0.469 and 0.622, both significant at the
1% level. While the regression results in low-tax-rate areas are also significant at the 1%
level, the coefficients are lower than those in high-tax areas. This indicates that high-water-
consumption enterprises in high-tax-rate areas are more sensitive to the water resource tax
reform policy compared to those in low-tax-rate areas.
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Table 12. Regional heterogeneity of tax rates.
. A High-Tax Area A Low-Tax Area A High-Tax Area A Low-Tax Area
Variables
tfp Tfp Tfp tfp
Treat: x Time 0.469 *** 0.271 *** 0.622 *** 0.566 ***
! t (6.462) (3.968) (7.730) (25.730)
Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province Yes Yes No No
Id No No Yes Yes
Observations 1586 2945 1586 2945
adj. R-sq 0.585 0.525 0.924 0.897

Notes: *** represents a significance level of 1%; the figures in parentheses are standard errors; R? represents the
goodness of fit.

5. Discussion
5.1. Impact of Water Resource Tax Reform on TEP in Enterprises

The implementation of the water resource tax effectively promotes total factor pro-
ductivity (TFP) in high-water-consumption industrial enterprises by transforming flexible
“fees” into rigid “taxes” and strengthening government oversight. This forces enterprises to
internalize the water tax into operational costs. This conclusion aligns with the findings of
Li Yonghai et al. (2024) [44] thereby validating Hypothesis H1. The volume-based taxation
method, calculated based on resource extraction volumes, increases production costs and
compels enterprises to enhance efficiency to offset tax pressures. In the short term, the
reform does not boost TFP through technological innovation but rather through improved
management and resource allocation efficiency. This contradicts the conclusions of Wei Jiao
et al. (2024) [45]. Possible explanations include the following:

(1) High-water-consumption enterprises face increased tax burdens during the initial
policy phase, while innovation activities require substantial funding;

(2) After the tax reform, innovation efforts may divert resources from short-term pro-
duction and operations, negatively affecting immediate performance and dampening
motivation for technological innovation in the short term. High-water-consumption
enterprises face increased tax burdens, meaning that technological innovation, which
requires significant funding and carries high risks, is not an immediate priority [15].
After the tax reform, innovation efforts may divert resources from short-term pro-
duction and operations, negatively affecting immediate performance and dampening
motivation for technological innovation in the short term [10]. Enterprises struggle
to achieve energy-saving and efficiency goals through technological innovation in
the short term. To comply with regulations, they often adopt compliance-driven
emergency measures [36], such as improving management practices and the efficiency
of capital allocation and reducing the level of labor resource mismatch to enhance
TFP and address regulatory pressures. This conclusion is consistent with the findings
of Tan Jiuming et al. (2022) [46], thereby confirming Hypotheses H3 and H4a.

Non-state-owned enterprises in pilot areas showed significant improvements in total
factor productivity post-reform, while state-owned enterprises benefited from financial
subsidies and easier access to bank financing. This reduced the adverse impact of the water
resource tax reform, making state-owned enterprises less sensitive to cost pressures [47].
State-owned enterprises focus more on social and political goals than on profit maxi-
mization, which leads to a lack of motivation for improving resource allocation efficiency,
technological innovation, and management [48]. This lack of motivation often results in a
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minimal response to regulatory changes, such as water resource tax reforms, leading to a
weaker impact on their total factor productivity (TFP) [49].

Furthermore, this study finds that the impact of water resource tax reforms varies by
region, with enterprises in high-tax-rate areas showing greater sensitivity to the reform.
This is consistent with findings from previous studies that suggest that higher tax burdens
push firms to adopt more water-saving technologies and improve operational efficiency
to offset the additional costs [50,51]. Firms in low-tax regions, where the tax burden is
less pronounced, show a weaker response in terms of improving water usage efficiency or
enhancing TFP [52]. This regional disparity in response highlights the importance of tax
rate intensity in driving firms’ behavior toward more sustainable and efficient practices.

The significant increase in the water tax has raised the consumption costs for high-
water-consumption enterprises, particularly those in specialized industries. Facing higher
tax pressures, these enterprises are compelled to implement water-saving measures to
reduce their water usage [5,9]. In contrast, enterprises in low-tax areas experience less tax
pressure, leading to a smaller impact on their business strategies and production efficiency.
While they may still implement measures to improve TFP, the lower tax rate provides
insufficient incentive for large-scale technological innovation optimization.

5.2. Policy Implications and Suggestions

Based on the above research, this paper proposes the following policy recommendations.

First, government supervision needs to be strengthened. The core objective of wa-
ter resource taxation is to leverage the regulatory functions of the market and pricing
mechanisms to incentivize and guide water users to voluntarily adjust their consumption
behaviors. This approach aims to achieve water conservation and protection outcomes
equivalent to or even surpassing those attained through direct government regulation [53].

The heterogeneity test results indicate that the water resource taxation reform has a
significant positive impact on non-state-owned enterprises. This highlights the need for
enhanced compliance oversight of state-owned enterprises. Reducing political intervention
and improving environmental behavior incentives for state-owned enterprises can help
overcome ownership differences, allowing them to leverage their advantages and achieve
tax neutrality.

Second, cross-sectoral and cross-regional communication and cooperation should
be improved. A unified water resource management mechanism should be established,
clearly defining the responsibilities of various departments. The determination of water
abstraction volumes relies on measurement facilities managed by the water resources de-
partment, which consequently remains engaged in water resource tax administration. This
creates a collaborative framework between tax authorities and water resource departments,
inevitably raising questions about the division of responsibility [54].

Third, the collection and management process must be improved. The water resource
tax collection and management system should be streamlined to enhance efficiency. Tax
rates should be adjusted according to regional water resource endowments to reduce the
tax burden on enterprises. Strengthening coordination among departments will ensure the
comprehensive implementation and success of water resource tax policies.

Fourth, different tax rates should be set according to local conditions. The imposition
of higher differential tax rates on high-water-consumption industries is more effective in
further promoting the use of unconventional water and reducing the use of conventional
water to achieve water conservation targets [55].

Fifth, water resource taxes should be integrated with carbon taxes and pollution
taxes to create a comprehensive environmental tax system. This system can encourage
businesses to save water, cut emissions, and use resources better. It can also achieve
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multiple environmental goals through synergy. Studies show that carbon taxes not only
reduce carbon emissions but also lower water footprints [56]. By cutting carbon emissions
and water pollution, companies can also improve their health footprint, aligning with
sustainable development. Overall, this integrated tax system can help save water, reduce
carbon emissions, and enhance public health, boosting environmental, economic, and
social benefits.

For enterprises, we suggest that they should promote green technology innovation.
In terms of external pressure, green development is the realistic appeal of external stake-
holders to enterprises [57]. Through green technological innovation, such as wastewater
treatment and reuse technologies, enterprises can reduce wastewater discharge and maxi-
mize the value of wastewater, thereby improving the efficiency of water resource utilization.
Furthermore, enterprises can not only realize the social benefits of energy conservation and
emissions reductions but also produce more green-differentiated products than their com-
petitors, so as to obtain an increased market share and cultivate unique green competitive
advantages [58,59].

5.3. The Potential Limits and Future Perspectives of This Study

Although this study offers an in-depth analysis of the impact of water resource tax
reform on the total factor productivity of high-water-consumption industrial enterprises,
it has some limitations. Firstly, the sample focuses on high-water-consumption industrial
enterprises listed on A-share markets between 2012 and 2022, excluding those in Hong
Kong, Macao, Taiwan, and Tibet. While these listed companies provide valuable insights,
they do not fully represent the broader group of non-listed high-water-consumption enter-
prises. Non-listed enterprises, differing in operation scale, management styles, and policy
adaptability, may respond to water resource tax reform differently, meaning the results
may not fully capture the impact on all high-water-consumption industries.

Secondly, this study uses the number of patent applications (plus one) as a proxy for
innovation activities. However, patent counts may not accurately reflect a firm’s innovation
capabilities, as other innovations, such as process improvements and business model
innovations, which are not patentable, are also crucial. This limits this study’s ability to
assess the full effect of innovation compensation. Additionally, using the sales expense
ratio as a proxy for management efficiency might not comprehensively capture all aspects
of management changes within enterprises. Future research could explore the long-term
effects of the reform on technological innovation and TFP, using panel data over a longer
time horizon. Additionally, surveys are a strong tool in social research [60,61]. Therefore,
future research should incorporate survey data from non-listed enterprises, which could
provide a more comprehensive understanding of the reform’s impact across different
firm types.

6. Conclusions

This paper empirically examines the impact of the 2017 water resource tax reform
on the total factor productivity (TFP) of high-water-consumption industrial enterprises
using the difference-in-differences model. The results indicate that the water resource tax
reform has significantly enhanced the TFP of these enterprises. However, the improvement
is not driven by the innovation compensation effect but by increased resource allocation
efficiency and improved management levels. Further analysis reveals that the reform’s
positive effect on TFP is primarily observed in non-state-owned enterprises. Additionally,
enterprises in high-tax areas are more responsive to the policy, showing greater motivation
to improve TFP compared to those in low-tax areas. These findings remain robust after
further testing. This study highlights that the water resource tax reform has successfully
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boosted the efficiency and productivity of high-water-consumption industrial enterprises,
particularly in the private sector and in areas with higher tax rates.
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