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Abstract: Achieving the improvement of water resource efficiency is the common key foundation
for the country to promote the adjustment of the energy structure, promote the development of
low-carbon technology and environmental protection, cope with global climate change, and achieve
the strategic goal of “carbon peaking and carbon neutralization”. The study explores the role of green
finance and water resource utilization efficiency in high-quality economic development (HQED).
The development index of resource utilization efficiency constructs an indicator system of HQED
from three dimensions of HQED capability, structure, and benefit, constructs a spatial lag model,
introduces a nested matrix, and empirically studies their spatial effect. The mediating effect of
water resource utilization efficiency was verified using the mediating effect model. According to
the empirical analysis, the results are as follows: (1) green finance and water resource utilization
efficiency are important influencing factors for promoting HQED, and green finance can promote
HQED with direct short-term effects but no direct effects in the long term; (2) the short-term direct
effect of water resource utilization efficiency can also improve HQED and has no effect in the long
term; (3) the short-term effect of the interaction term of green finance and water resource utilization
efficiency exists as a negative effect, but the long-term, indirect, and total effect cannot affect HQED;
(4) green finance and water resource utilization efficiency show no spatial effect on HQED; green
finance has an incomplete intermediary role in promoting HQED.

Keywords: green finance; water resource utilization efficiency; HQED; spatial effect; intermediary effect

1. Introduction

Facing the trend that the earth is warming year by year, the shortage of water resources
and water environment deterioration coexist [1]. Facing the increasingly complex water
environment situation, the living environment and economic development quality of
many developing countries in the world are facing more and more severe challenges [2].
Achieving the improvement of water resource efficiency is the common key foundation
for the country to promote adjustments in the energy structure, promote the development
of low-carbon technology and environmental protection, cope with global climate change,
and achieve the strategic goal of “carbon peaking and carbon neutralization”. With the
image of a responsible big country, the Chinese government proposes to: ensure water
supplies and ecological security; properly handle the development and protection of
water resources; adhere to respecting the laws of nature and social development; achieve
harmony between people and water; and insist on good coordination between domestic,
production, and ecological water use through reform, innovation and the policy proposition
of improving water resource management and mechanisms [3]. To this end, the Chinese
government has taken specific measures to improve high-quality economic development
(HQED) [4]. To achieve this goal, the Chinese government through green finance means
to implement emission reduction, industrial sewage processing and treatment, reduce
industrial pollution, vigorously develop green agriculture, reduce agricultural pollution,

Sustainability 2022, 14, 15733. https://doi.org/10.3390/su142315733 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su142315733
https://doi.org/10.3390/su142315733
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-0098-7514
https://doi.org/10.3390/su142315733
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su142315733?type=check_update&version=3


Sustainability 2022, 14, 15733 2 of 17

implement rainwater and domestic sewage diversion, promote sewage treatment, and make
every effort to promote HQED [5]. So, can green finance promote HQED? What impact
does water resource utilization efficiency have on HQED? The final result of HQED is the
emergence of a combination of factors. So, will the combination of them have a different
impact on HQED than its single-factor impact? What is the mechanism? Clarifying these
issues can help governments to improve green financial policies and formulate policies
for the supervision and management of water resource utilization; it has a great practical
significance for promoting HQED in China and is beneficial to developing countries in
order to carry out energy emission reduction, strengthen water resource management, and
promote industries’ transformation.

The Yangtze River Economic Belt is an ecological protection demonstration area
designated by the Chinese government [6,7]. In this region, efforts should be made to
jointly focus on large-scale protection, not large-scale development and implement green
development under the condition of ecological protection, promoting the goal of HQED
in the entire region. For this reason, green finance, water resource utilization efficiency,
and HQED are integrated into the same research system, and the direct and spatial effects
of green finance and water resource utilization efficiency on HQED in the specific these
regions are examined, and we also examine their joint action impact on the HQED. At the
same time, it is tested whether green finance acts as an intermediary effect of the impact
of water utilization efficiency on HQED. Through these tests, we can deeply analyze its
influence laws and mechanisms and provide theoretical reference for regional HQED.

2. Literature Review

The essence of green finance reflects the government’s attitude towards environmental
protection and investment tendency. As a controlling factor for the virtuous cycle of the
natural ecological environment, water resources are widely valued by human society.
Water pollution and lack of total water are restricting all human beings’ development [8,9].
Therefore, water resource utilization has become an important topic in academic research;
its efficiency is an important indicator to measure water resource utilization levels [10] and
can reflect water-saving efficiency. Water resources are scarce; improving water-saving
efficiency reflects economic quality development, but the results are affected by a lot of
complex factors [11], reflecting the effectiveness of water resource inputs and the relative
economic effects of outputs [12,13]. Under the constraints of environmental protection, the
efficiency of water resource utilization may be improved, which should promote HQED.
China attaches great importance to HQED and regards HQED as a development goal. In
order to achieve the HQED goal, green financial means are used to enhance environmental
protection and improve HQED. There are three research points about this topic:

(1) The relationship between green finance and economic development. Green finance
has an obvious adjustment function. With the cooperation of various policies, it can guide
the behavior of enterprises, adjust the development of industries, and then affect the quality
of economic development. An [14] researched that green finance is used in the form of
green funds for haze control, water environment control, etc., to promote HQED. Green
finance can gather social capital, follow the requirements of HQED, and invest in a selective
direction. Gong [15] believed that green finance can introduce social capital into industries
such as environmental protection, low-carbon energy conservation, etc., forming a financing
method that supports sustainable development. Of course, green finance investment also
needs to have a corresponding industrial foundation. The same capital invested in different
industries will have different effects. Liu and He [16] found that green finance is related to
the industrial structure; the more advanced the industrial structure is, the greater the green
finance promotion effect on HQED will be. Investigating the mechanism of its impact,
Xie [17] found that the development of green finance can regulate the environmental
regulation promotion effect on enterprises’ innovation. Wen et al. [18] found that green
finance could optimize the capital allocation, reduce the level of environmental damage in
a steady state, and improve HQED.
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(2) The relationship between water resources utilization efficiency and economic
development. There is no unified understanding in academic circles on whether it can af-
fect HQED. It is generally believed that efficiency is improving, and its improvement
speed shows obvious regional differences. Han et al. [19] believe that the efficiency
is still lower but has been slowly increasing in recent years and presents a pattern of
eastern > western > central. However, the research of Ren et al. [20] also shows lower
efficiency in China; the water resource utilization efficiency between cities is significantly
different, and the spatial distribution is unbalanced, with the distribution pattern showing a
gradually decreasing space from northwest to southeast in the ecological geographical area.
Zhu et al. [21], through the study of the national urban water resource, believe that urban
water resource utilization efficiency is not necessarily related to economic development but
to the availability of water resources and that the availability of water resources is inversely
proportional to the efficiency. The research of Luo et al. [22] believes that economic devel-
opment has a significant impact on efficiency, and the research of Yang et al. [23] shows the
results of comprehensive factors such as progress and regional differences.

(3) Green finance and water resource utilization efficiency impacts on HQED. HQED
will undoubtedly be affected by green finance and water resource utilization efficiency,
but they must have a specific impact mechanism. Bossone and Lee’s [24] research found
that green finance can reduce unit energy consumption through scale effect and promote
high-quality economic development. Kabir [25] and Greenwood [26] found that green
finance can improve economic growth. Lioui and Sharma [27], and Kim and Li [28] believe
that green finance can reduce environmental pollution and promote HQED through the
rational allocation of financial resources. In fact, HQED is the result of a combination of
factors. Lei et al.’s [29] research shows that HQED is affected by a variety of factors, among
which is green finance which improves HQED through a better ecological environment.
Guo [30] researched that green finance can implement scale restrictions on “high-pollution,
high-energy-consuming” enterprises through differentiated credit policies and interest
rates and use market mechanisms to force enterprises to transform and upgrade. Eremia
and Stancu’s [31] research believes that green finance promotes ecological and resource
protection by optimizing resource allocation.

Scholars from all over the world have explored green finance and water resource
utilization efficiency impacts on HQED from different perspectives, which provides a good
reference for this research. However, due to the different research purposes, the research
perspectives and methods are also different. In the existing literature, no research was
found that integrates the three into the same framework, and few are based in specific
areas in China. This study focuses on the spatial effects of the two on HQED. Meanwhile,
it explores water resource utilization efficiency in the process of green finance affecting
HQED. To answer these questions, the entropy method was selected to measure the HQED
and water resource utilization efficiency in the Yangtze River Economic Belt as well as
further test the water utilization efficiency mechanism.

The outstanding contributions of this paper are as follows. First, there is the research
content innovation. This study integrates the three into the same framework for testing.
Generally, when constructing an indicator system for HQED, it focuses on “innovation,
coordination, green, openness, and sharing”. The research focuses on the potential of
HQED, focusing on the three aspects of economic development “capacity, structure and
efficiency” and on testing the spatial effect of green finance and water resource utilization
efficiency on HQED, providing scientific research for the formulation of industrial policies.
Second, the research method innovation throughout the existing research on regional
economic spatial measurement is generally the introduction of an economic matrix or
geographic spatial matrix. This study combines the two and introduces a nested matrix,
which takes into account the different economic development levels and geographical space
of different provinces and cities, and the test results are one step closer to the objective
reality. The third is that the research area is unique. The Yangtze River Economic Belt has
formed a unique industrial chain. In the context of “joint efforts to protect and protect”,
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green finance has its own unique significance. The efficiency of water resource utilization,
reflecting the effect of HQED, has unique meaning.

3. Method
3.1. Model Settings
3.1.1. Spatial Lag Model

(1) Spatial Lag Model Representation
Along the Yangtze River, a unique economic development feature has formed, and

the industrial layout and economic development between the provinces and cities have
formed a close relationship. However, due to resource endowments in different provinces
and cities, the specific measures for implementing various policies are different, and the
impact on HQED after the implementation of policies is not immediately apparent; that is
to say, there is a certain lag effect, so we chose the lag space. The measurement model is
as follows:

yit = τyit−1 + ρWijyit + α0 + α1x1it + α2x2it + α3x1_x2 + α4Controlit
+α5Wij ∗ x1it + α6Wij ∗ x2it + α7Wijx1_x2 + α8Wij ∗ Controlit + µit + vt + εit

(1)

In the above formula, yit−1 is a one-period lagged variable; its coefficient is τ; ρ
represents the dependent variable spatial correlation coefficient; and Wij represents spatial
weight matrix. WijYit represents dependent variable spatial lag term; WijXit is independent
variable spatial lag term; x1_x2 is the interaction term between green finance and water
use efficiency; and Controlit represents the control variable, including lnz1, z2, and lnz3 that
take logarithms to eliminate heteroscedasticity. µi, vt, εit represent the space fixed effect,
time fixed effect, and random error term, respectively.

(2) Determination of Spatial Weight Matrix
By calculating the Euclidean distance of the centroids of two cities using latitude and

longitude, the spatial dependence of the city is characterized. At the same time, the square
of the Euclidean distance can reduce the decay rate of the spatial effect with the increase in
the Euclidean distance, as shown in Equation (2). According to the specific situation that
the variables selected in this paper include, with both distance factors and many economic
factors, it was decided to introduce a nested matrix. A nested matrix can organically
combine distance and economic factors and can describe the space more accurately and
effectively [32], such as in Formula (3).

Wd =

{ 1
d2

ij
, dij ≥ d

0, dij < d
(2)

Wq = Wd·diag(
k1

k
,

k2

k
, . . . ,

kn

k
) (3)

In Formula (2), Wd is the geographic weight matrix; the diagonal matrix is in brackets;

the diagonal matrix ki =
t1
∑
t0

Kit/(t1 − t0 + 1) is the average value of the variable k of the

spatial interface i in the time period t0 to t1; and k =
n
∑
1

t1
∑
t0

kit/n(t1 − t0 + 1) is the average

value of the economic variable K of all the spatial interfaces in the sample [33].

3.1.2. The Mediating Effect Model of Water Resource Utilization Efficiency

In the process of green finance affecting HQED, it may directly affect HQED, or it may
affect HQED through water resource utilization efficiency. In this influencing process, the
function of this efficiency is the intermediary variable, and green finance affects HQED
through the intermediary variable. The relationship between the three is shown in Figure 1,
and Equations (4)–(6).

Y = cX + e1 (4)
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M = aX + e2 (5)

Y = c′X + bM + e3 (6)
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Figure 1. Mediation effect model results.

In the Figure 1. and Equations (4)–(6), Y is the explained variable, X is the explanatory
variable, and M is the mediating variable, c’ is the total influence coefficient X impact on Y,
a is the coefficient of X impact on M, b is the coefficient of M impact on Y, c is the coefficient
of X impact on Y.

Figure 1 shows the relationship of green finance, water resources utilization efficiency,
and HQED expressed as the above equation. Among them, the total influence coefficient of
green finance (X) on HQED (Y) is c′, and the coefficient of green finance affecting HQED
through intermediary variable of M is ab. At this time, the calculated intermediary effect is
ab/c = ab/(ab + c′).

Based on the step-by-step method proposed by Baron and Kenny [34], this paper tests
the model referring to study of Wen et al. [35]. First step is to calculate regional green
finance (X) total effect on HQED (Y); if regression coefficient c is significant, proceed to
the next step; otherwise, the mediation test stops. In the second step, test the regression
coefficients a and b in Equations (5) and (6) in turn; if both are significant, it means mediation
effect test is passed; if one is not significant, one needs to use Sobel test. The third step is
to test the regression coefficient c′, and if the coefficient is significant, the mediation effect
is calculated. The fourth step is to carry out the Sobel test. If the test is passed, it means
that the intermediary test is passed; otherwise, the intermediary test fails. Moreover, if c′ is
significant, then there is a partial mediation effect; if it is insignificant, there is a complete
mediation effect.

According to the above analysis, the specific model is set as follows:

y = α0 + α1x1 + α2col + εit (7)

x2 = β0 + β1x1 + β2col + εit (8)

y = γ0 + γ1x1 + γ2x2 + γ3col + εit (9)

Clearly, Equation (6) can correspond to Equation (9) of the mediation effect test,
whereas Equations (4) and (5) correspond to Equations (7) and (8) of the mediation effect
test model, respectively. It can be seen that Formulas (1) and (7)–(9) constitute the complete
test effect model of this paper.

3.2. Variable Selection

(1) Explained variables. HQED (y) refers to the existing research [36]. The study
creates evaluation index system for HQED, including capacity, structure, and benefit and
uses the entropy method to obtain the weight of each index to obtain a comprehensive
index of HQED. The meaning and weight of each indicator is shown in Table 1.
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Table 1. Evaluation index system for HQED.

Dimension
Layer Indicator Layer Unit Attributes Weights

Ability (0.4269)

GDP growth rate % + 0.0499

Total social labor productivity Million/
person + 0.1022

Fixed asset investment
per capita Yuan + 0.0579

Total retail sales of consumer
goods per capita Yuan + 0.0991

Technology spending as a
share of GDP % + 0.1178

Structure
(0.2671)

The share of secondary
industry in GDP % − 0.0619

The tertiary industry’s share
of GDP % + 0.0670

Population urbanization rate % + 0.0705

Fiscal revenue as a share
of GDP % + 0.0677

Benefit (0.3060)

GDP per capita Yuan + 0.1138

Per capita income ratio of
urban and rural areas / − 0.0446

Urban registered
unemployment rate % − 0.0796

Resident Engel’s coefficient % − 0.0680
Note: "+": positive indicator, “−”: negative indicator; in parentheses are weights.

Objective weighting is carried out on each index of HQED through entropy method,
and a comprehensive index is obtained. Its calculation method is as follows:

CYij = ∑n
j=1 wjSij (10)

Among them, Sij is the proportion of the standardized index j in the province and city
i in the comprehensive evaluation index system of HQED, and wj is the weight correspond-
ing to the index. The value range of CYij is in the interval [0, 1]. Larger indicates the higher
the realization of HQED.

(2) Explanatory variables: green finance (x1) and water resource utilization efficiency
(x2). Regarding the measurement index of green finance (x1), in the study measure x1
using green investment and carbon emission intensity, green investment is represented by
environmental protection investment/GDP, and carbon emission intensity is represented
by carbon emission amounts/loan balances [37,38]. Among them, the environmental
protection investment ratio is a positive indicator, and the carbon emission intensity is a
negative indicator. The weights are 0.2878 and 0.7122. In order to avoid double counting,
the amount of CO2 is emitted by crude oil, raw coal, and natural gas. Among them, the
standard coal reference coefficient and carbon emission coefficient are shown in Table 2.
Regarding the measurement indicators of water resource utilization efficiency, the study
obtains index system of x2 with 12 basic indicators, including efficiency of comprehensive,
agricultural, industrial, and ecological water use. Calculate each index weight and obtain
the comprehensive index of HQED. The evaluation index system is in Table 3.
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Table 2. Standard coal reference coefficients and carbon emission coefficients.

Energy Type Crude Oil Coal Natural Gas

Standard coal reference coefficient 1.4286 0.7143 1.3300
Carbon emission factor 0.5857 0.7559 0.4483

Table 3. Index system.

System Layer Indicator Layer Unit Attributes Weights

Comprehensive
water efficiency

(0.2650)

Water consumption per CNY
10,000 of GDP

Cubic
meter/ten
thousand

yuan

− 0.0777

Agricultural water use
percentage % − 0.0983

Urban per capita domestic
water consumption

Cubic me-
ters/person − 0.0387

Comprehensive water
consumption per capita

Cubic me-
ters/person − 0.0503

Agricultural
water efficiency

(0.2536)

Water consumption per CNY
10,000 of agricultural added

value

Cubic
meter/CNY

10,000
− 0.0559

Average water consumption
per mu for actual irrigation Cubic meter − 0.0718

Agricultural GDP change
water use coefficient / + 0.1259

Industrial water
efficiency
(0.2461)

Water consumption per CNY
10,000 of industrial added

value

Cubic
meter/CNY

10,000
− 0.0807

Industrial GDP change water
use coefficient / + 0.1654

Ecological water
efficiency
(0.2353)

100 million GDP wastewater
discharge

10,000
tons/CNY
100 million

− 0.0728

Urban sewage treatment rate % + 0.0668

Precipitation mm + 0.0957
Note: −means the influence direction is negative; + means the influence direction is positive; % means the unit
is ratio.

(3) Control variables: The entropy method is used to calculate each index weight
for the total postal business, the total telecommunication business, the number of mobile
phone users, and the number of Internet broadband access. It obtains the comprehensive
index (z1) for the scale evaluation of the information industry. Select the total import and
export ratio of GDP to measure the openness (z2), and select people employed number at
the end of the year to represent human capital (z3) [39].

3.3. Sample Selection and Data Description

The relevant data were obtained through the National Statistical Yearbook, and the data
were quantitatively analyzed. The basic statistical description of each variable is shown in
Table 4.
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Table 4. Variable descriptive statistics.

Variable Name Symbol Observed
Value Average Standard

Deviation Minimum Maximum

Dependent
variable

High-quality
economic

development
y 165 0.4010 0.1641 0.1924 0.8563

Independent
variable

Green finance x1 165 0.4381 0.1919 0.1626 0.9654
Water resource

utilization
efficiency

x2 165 0.4317 0.1522 0.1557 0.8107

Control
variable

Information
industry scale z1 165 0.3058 0.2780 0.0023 0.9856

Degree of
openness z2 165 31.9788 38.9519 2.7041 172.1482

Human capital lnz3 165 7.9988 0.4789 6.7608 8.7922

3.4. Data Stationarity Test

Based on the time series nature of panel data, variables are often unstable. Before
further testing, a stability test needs to exclude the occurrence of “pseudo-regression” and
improve the accuracy of the model. Choose five test methods—LLC, IPS, Breitung, Fisher-
ADF, Fisher-PP—to conduct unit root tests on variables (results, as shown in Table 5). The
results show that the original series did not all pass the stationarity test, but the first-order
difference series D_y, D_x1, and D_x2 can all be stationary at different significance levels. It
shows that D_y, D_x, D_x2, and the control variables obey the first-order single integration;
that is, the original sequence is not stationary, but the variables are stationary after the
first-order difference.

Table 5. Core variable stationarity test results.

Variable LLC IPS Breitung Fisher-ADF Fisher-PP

y −5.9883 *** −1.9638 ** −2.2650 ** 6.8057 *** 1.5336 *
x1 −3.1143 *** −1.9646 ** −1.8484 ** 7.9444 *** 3.1735 ***
x2 −0.4528 −2.1796 ** −0.1352 6.4103 *** 2.5551 ***

D_y −2.1434 ** −7.7139 *** −4.4990 *** 12.8491 *** 18.9803 ***
D_x1 4.7511 −8.1861 *** −1.3476 * 15.0144 *** 18.4008 ***
D_x2 −0.8096 −9.6382 *** −2.9303 *** 15.8306 *** 30.1779 ***

Note: *, **, *** represent significance levels of 10%, 5% and 1%, respectively.

3.5. Spatial Autocorrelation Test

This study measures the global Moran index under the nested matrix and 0–1 matrix
for the HQED (y) from 2005 to 2019, respectively. The results are shown in Table 6.

Table 6. Moran’s I index of HQED.

Year y x1 x2 Year y x1 x2

2005 0.273 *** 0.215 ** 0.128 * 2013 0.315 *** 0.438 *** 0.154 *
(2.696) (1.931) (1.287) (2.502) (3.530) (1.434)

2006 0.328 *** 0.420 *** 0.181 * 2014 0.303 *** 0.521 *** 0.180 *
(2.707) (3.153) (1.558) (2.533) (3.455) (1.588)

2007 0.344 *** 0.494 *** 0.153 * 2015 0.274 *** 0.353 *** 0.149 *
(2.835) (3.284) (1.424) (2.325) (2.693) (1.402)

2008 0.204 ** 0.410 *** 0.160 * 2016 0.345 *** 0.278 *** 0.055
(2.100) (2.871) (1.502) (2.362) (2.110) (0.891)
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Table 6. Cont.

Year y x1 x2 Year y x1 x2

2009 0.328 *** 0.501 *** 0.124 2017 0.302 *** 0.088 ** 0.094
(2.777) (3.439) (1.256) (2.649) (0.064) (1.092)

2010 0.323 *** 0.516 *** 0.104 2018 0.312 *** 0.069 * 0.229 **
(2.697) (3.490) (1.158) (2.747) (0.947) (1.898)

2011 0.228 ** 0.347 *** 0.102 2019 0.318 *** 0.214 * 0.196 **
(1.974) (2.835) (1.163) (2.994) (1.804) ** (1.670)

2012 0.281 *** 0.290 *** 0.136 *
(2.350) (2.834) (1.342)

Note: The z-statistics in parentheses, * means p < 0.1, ** means p < 0.05, *** means p < 0.01, the same as in the
table below.

Table 6 shows that y and x1 Moran’s I index are all significantly positive; x2 Moran’s I
index is significantly positive in other years except for 2006 and 2007. This shows that a
spatial correlation exists between them. So, we need to build spatial econometric model to
explore green finance and water resource utilization efficiency impact on HQED.

3.6. Determination of Spatial Doberman Model

First, the measurement software Stata15.0 was used to test the panel data to select the
analysis model. According to the selection method of spatial econometric model proposed
by Elhorst [40], the most suitable model was selected from SAR model, SEM model, and
SDM model through LM test. The specific selection method was: when both the LM test
with no spatial lag and the LM test with no spatial error are significant at the same time,
select the SDM model. When only the LM test with no spatial lag is significant, select the
SAR model, and when only the LM test with no spatial error is significant, select the SEM
model. The test results show that both the LM test with no spatial lag and the LM test
with no spatial error are significant at the 1% test level, and the SDM model was selected.
Subsequently, the statistical value of the Hausman test result is 13.25, which is significant
at the 10% test level. Therefore, the study selected the fixed-effect model. As the LR test
significantly rejects the SDM simplification at the 1% test level, the final decision was made
to use a spatial Doberman model with fixed effects (see Table 7).

Table 7. Correlation test results of static panel data model.

Test Type Null Hypothesis Statistics Result

LM test

LM test no spatial lag 18.902 ***

SDM model
Robust LM test no spatial lag 13.645 ***

LM test no spatial error 14.156 ***
Robust LM test no spatial error 8.899 ***

Hausman test Random effects 13.25 * Fixed effects
LR test SDM can be simplified to SAR 18.16 *** Refuse to simplify

SDM can be simplified to SEM 17.4 *** Refuse to simplify
Note: *, *** represent significance levels of 10% and 1%, respectively.

Based on the analysis in Table 7, on the basis of the selected fixed-effect model, it
was further judged whether to choose a spatial fixed-effect model, a time-point fixed-
effect model, or a space-and-time-point double-fixed-effect model. The LR test results
show that the possibility of simplifying the SDM model to the SAR model or the SEM
model is rejected at the 1% level. At the same time, among the corresponding three
effect models, the time-point fixed-effect model shows the largest sigma2 value, so it was
excluded first. The double-fixed-effect model shows the smallest sigma2 = 0.0011, and the
log-likelihood = 330.1944 is the largest. At the same time, the goodness of fit R2 = 0.0798 is
slightly smaller than the R2 value of the spatial fixed-effect model, but more importantly,
the LR test is at the 1% level, which negates the possibility that the spatial fixed-effect model
and the time-point fixed-effect model are better than the space-and-time-point double-
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fixed-effect model. To sum up, we finally chose to build spatial Doberman model with
fixed space-and-time points to explore the spatial effects of the three (see Table 8).

Table 8. Preferred spatial econometric models.

Spatial Fixed-Effect
Model

Time-Point
Fixed-Effect Model

Space–Time
Double-Fixed-Effects

Model

Sigma2 0.0013 *** 0.0024 *** 0.0011 ***
Log-likelihood 315.1828 264.7416 330.1944

R2 0.4617 0.8872 0.0798
LR test 30.02 *** 130.91 ***

Note: *** represent significance levels of 1%, respectively.

3.7. Model Comparison after Introducing Interaction Terms

Using Stata15.0 software, Equations (6) and (7) were estimated using the SDM model of
space-and-time fixed effects. In Table 9, Model 1 is the SDM model, and Model 2 is the inter-
action between the introduction of green finance and water resource utilization efficiency.

Table 9. Dynamic space Doberman model estimation results.

Variable Model 1 Model 2 Variable Model 1 Model 2

W*y(−1) 0.6452 *** 0.5992 *** W*x2 0.0198 −0.0381
(10.94) (10.05) (−0.16) (−0.20)

x1 0.0546 ** 0.1989 *** W*x1_x2 / −0.0174
(1.90) (2.89) / (−0.26)

x2 0.1346 *** 0.3152 *** W*z1 −0.1167 −0.0919
(2.63) (3.41) (−1.21) (−0.91)

lnx1_x2 / −0.0667 ** W*z2 −0.0007 −0.0006 *
/ (−2.30) (−1.63) (−1.65)

z1 0.0490 0.0538 W*lnz3 −0.2459 ** −0.2615 **
(0.96) (1.08) (−2.09) (−2.23)

z2 −0.0004 −0.0004 ρ 0.1955 0.1647
(−1.28) (−1.49) σ2 0.0007 *** 0.0008 ***

lnz3 −0.1364 *** −0.1498 *** R2 0.6567 0.6998
(−2.68) (−2.99) log-likelihood 301.5421 341.3829

W*x1 −0.0616 * −0.0049
(−0.86) (−0.03)

Note: *, **, *** represent significance levels of 10%, 5% and 1%, respectively.

Table 9 shows that the log-likelihood of Model 2 is larger than Model 1, R2 is larger
than Model 1, and σ2 is larger than Model 1, which indicates that Model 2 is more ideal
and accurate than Model 1. Therefore, the following mainly analyzes the output results of
Model 2.

4. Results and Discussion
4.1. Analysis of Spatial Effects

To further determine each variable dynamic impact on HQED, the partial differential
matrix was selected to further decompose the total effect of each variable on HQED into
direct effects and indirect effects. The specific analysis is as follows in Table 10.
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Table 10. Spatial effect decomposition results.

Variable
Direct Effect Indirect Effect Total Effect

Short
Term Long Term Short

Term Long Term Short
Term Long Term

x1 0.1975 *** 0.4994 −0.0394 −0.1581 0.1581 0.3413
(2.98) (1.04) (−0.28) (−0.28) (0.97) (0.92)

x2 0.3201 *** 0.8210 −0.0744 −0.2980 0.2457 0.5230
(3.52) (1.63) (−0.48) (−0.51) (1.45) (1.37)

z1 0.0571 0.1505 −0.0900 −0.2236 −0.0329 −0.0731
(1.15) (0.45) (−0.95) (−0.59) (−0.33) (−0.33)

z2 −0.0004 −0.0010 −0.0005 −0.0010 −0.0009 ** −0.0020 **
(−1.43) (−0.98) (−1.51) (−0.87) (−2.11) (−1.92)

lnz3 −0.1373 ** −0.3347 −0.2055 * −0.3999 −0.3428 ** 0.7347 **
(−2.87) (−1.04) (−1.94) (−1.00) (−2.54) (−2.21)

ln(x1_x2) −0.0661 ** −0.1636 −0.0068 0.0053 −0.0729 −0.1583
(−2.36) (−0.94) (−0.12) (0.02) (−1.12) (−1.05)

Note: *, **, *** represent significance levels of 10%, 5% and 1%, respectively.

(1) Direct Effect Analysis
The short-term impact coefficient of green finance (x1) on HQED (y) is 0.1975 and

passes the significance test. The long-term impact of green finance on HQED is positive,
and the coefficient value is 0.4994, but it is not significant. This result is basically similar
to the results of the existing studies; the difference is that the existing studies did not
distinguish between short- and long-term effects. This study further subdivided the results
based on the existing studies. The reason for this result was analyzed because green finance
focuses on supporting the progress of green industries and high-tech industries through
loan-oriented policies and promotes high-quality economic development, and financial
loans have an immediate incentive effect, so the short-term effect is significant. The green
financial policy has not been proposed and implemented for a long time, and financial
incentives’ effect will gradually weaken, so the long-term effect is not significant.

In the short term, x2 can significantly improve high-quality economic development (y)
with the value of 0.3201 but is not significant in the long term with a coefficient of 0.8210.
The result is the same as in Liu and He’s work [16]; they believe there is no relationship
between water resource utilization efficiency and HQED. This is because the indicators
selected by different researches are different, and the results are also different. The HQED
selected in this study is economic development capacity, structure, and benefit, and water
resource utilization efficiency improvement not only depends on technology but also needs
to be matched and coordinated with HQED. Therefore, it needs to be adjusted repeatedly.
Although each improvement may be maintained for a period of time, changes in either
party may cause new incompatibility and require new adjustments. The process of this
change should be a spiral upward process, therefore, showing a positive impact. However,
due to the repetitive and gradual nature of the process, in the long run, the impact of water
resource utilization efficiency on HQED is not significant.

The short-term coefficient of the interaction term of green finance and water resource
utilization efficiency (x1_x2) impact on HQED (y) is −0.0661. Judging from the existing
research, the combination of them was not found; therefore, comparisons cannot be made.
As far as the results of this study are concerned, in addition to production and operation
enterprises, there are also ecological industries with a public welfare nature in the industries
supported by green finance, and these ecological industries do not directly generate eco-
nomic benefits but focus on improving the public’s quality of life. The ecological industry
is also an industry that uses a lot of water. Therefore, the more funds that green finance
invests in the ecological industry, the greater the water consumption of the ecological
industry will be, which will inevitably affect the level of HQED. Therefore, the interaction
term has a negative effect in short term. In the long term, the coefficient of the interaction
term of the two on HQED is 0.1636 but does not pass the significance test. Although the
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interaction item between the two may have a certain negative impact on the benefits of
HQED due to more investment in the ecological environment, There may be some negative
impact on the benefits of economic development, but on the whole, because it improves the
quality of life and creates a new balance of development, this impact becomes very limited,
so the negative impact is not significant.

(2) Indirect Effect Analysis
The indirect effects of green finance (x1) and water resource utilization efficiency

(x2) on HQED (y) are negative and insignificant in both the short and long term. The
indirect effect of the interaction term (x1_x2) of green finance and water resource utilization
efficiency HQED (y) is negative in the short term and positive in the long term, but neither
passed the significance test. This is different from the study by Sun et al. [41]; their study
showed that there exists a positive spatial spillover effect on water resource utilization
efficiency. This conclusion is different from the conclusion of this study because they
drew the spatial spillover effect of efficiency itself and did not take into account the
impact of the efficiency on HQED. Our study integrates them into the same framework.
These results are in line with general economic principles because green finance (x1) and
water resource utilization efficiency (x2) affect the HQED in regions, but it is difficult to
affect the surrounding regions. Therefore, the impact on surrounding regions was not
significant. However, due to green finance (x1) and water resource utilization efficiency
(x2) improvement, the ecological environment of the province and city has been improved.
Under the action of the siphon effect, it may attract resources from surrounding regions.
The indirect effect of HQED (y) is negative.

(3) Total Effect Analysis
The total effect of green finance (x1) and water resource utilization efficiency (x2) on

HQED (y) is positive in both the short and long term but not significant. Shi and Shi (2022)
found that green finance can promote HQED, and the two have a nonlinear relationship
with a threshold effect. Zhou et al. [42] found that green finance can promote HQED.
These findings are both similar and different from this study. Due to the selection of
indicators for HQED adopted by the existing research being different from this study and
the different research areas, the conclusions are not the same. Shi and Shi [43] used green
total factor productivity which may have an indirect effect. In the research of Zhou et al.
(2022), the dimensions of indicators involved in green finance and HQED are different,
but the characteristics of the variables are similar to this study, and the indicator data that
directly reflects the nature of the variables are used. The HQED in this study uses economic
capacity, structure, and benefits, which can more intuitively reflect the level of HQED.
The effect of the interaction term (x1_x2) of them on HQED (y) is negative in both the
short and long term but not significant. Looking at the relevant literature, no research was
found that incorporates them into the same framework, so it is impossible to compare with
existing research. As far as the results of this study are concerned, whether green finance
(x1) or water resource utilization efficiency (x2) unilaterally affects the HQED, both can
promote the economic structure and improvement of economic quality and, therefore, have
a positive effect. However, the interaction term x1_x2 will inevitably have some negative
effects on the economic development capacity, structure, and benefits because of its role
in the ecological and environmental protection industry. However, due to the ecological
environment improvement, the overall competitiveness of provinces and cities has been
enhanced, and the comprehensive impact on HQED is very limited, so the performance is
not significant.

4.2. Analysis of the Mediation Effect Test

To test the water resource utilization efficiency role in green finance and high-quality
economic development, further tests were needed to determine the specific role of efficiency.

(1) Analysis of mediation effect. According to the general steps of the mediation effect
test, the revised estimation method was used to conduct empirical analysis on Models
(3), (4), and (5). In Models (3) and (4), the green finance coefficients are 0.0673 and 0.0694,
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and they all passed the significance test, indicating that green finance and water resource
utilization efficiency can improve HQED. In Model (5), the green finance coefficient is
0.6439, and the financial development coefficient is 0.1962. The research shows that green
finance and water resource utilization efficiency can promote HQED, and in the process of
green finance promoting HQED, water resource utilization efficiency has an incomplete
intermediary role. The results are as follows in Table 11.

Table 11. Results of the mediation effect test.

Variable Model (3) Model (4) Model (5)

x1 0.0673 *** 0.0694 * 0.6439 **
x2 0.1962 ***
Col

√ √ √

C 0.6709 *** 0.6810 *** 0.5257 ***
R2 0.9463 0.9415 0.9465

Note: *, **, *** represent significance levels of 10%, 5% and 1%, respectively.

(2) Further test of the mediation effect. For verifying research results, further robust-
ness tests were carried out on the research results. The energy consumption index of CNY
10,000 of regional GDP was used to replace the comprehensive evaluation index system of
HQED. The results are as follows in Table 12.

Table 12. Robustness test results.

Variable Model (6) Model (7) Model (8)

x1 −0.1791 * 0.0694 * −0.3220 **
x2 −2.1199 ***
Col

√ √ √

C 0.5109 * 0.6810 *** 2.4915 ***
R2 0.5599 0.9415 0.6285

Note: *, **, *** represent significance levels of 10%, 5% and 1%, respectively.

Comparing the above test results, the model results are basically consistent, which
shows the empirical results are robust and, at the same time, proves that water resource
utilization efficiency as an intermediary variable is an important way for green finance to
affect HQED.

5. Conclusions and Policy Implications
5.1. Research Conclusions

Through the lag space measurement model, the introduction of the nested matrix, and
the further application of the mediation effect model for research, the conclusions are as
follows below:

(1) Green finance and water resource utilization efficiency are important factors for
promoting HQED. The short-term direct impact coefficient of green finance on HQED is
positive; the long-term direct impact of green finance on HQED is positive, but it is not
significant. The short-term impact coefficient of water resource utilization efficiency can
promote HQED; the long-term impact of water resource utilization efficiency on HQED is
positive but not significant. The short-term direct impact of the interaction of green finance
and water resource utilization efficiency on HQED is negative, and its long-term effect,
indirect effect, and total effect are negative but do not pass significance tests.

(2) The spatial effect of green finance and water resource utilization efficiency in
promoting HQED has not yet emerged. Analyzing the spatial effects of the Yangtze River
Economic Belt, the indirect effects of green finance and water resource utilization efficiency
on HQED are negative and insignificant in both the short and long term. The spatial effect
of the interaction term of green finance and water resource utilization efficiency on HQED
is negative in the short term and positive in the long term but neither is significant.
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(3) Green finance promotes HQED through water resource utilization efficiency. As a
policy tool to serve HQED, green finance itself plays a role in promoting HQED. At the same
time, through the intermediate variable of water resource utilization efficiency, it promotes
HQED. The role of water resource utilization efficiency is an incomplete mediating role.

5.2. Suggestions

(1) Build a unified green financial platform and strengthen support for green industries.
To vigorously coordinate the development of the green financial market, it is necessary
to comprehensively and flexibly use public green finance to support green industries’
development at different stages of development. It is necessary to build a unified green
financial market platform, innovate and develop green financial market tools, improve
the level of green financial services, and promote the benign interaction between financial
and industrial capital to achieve the goal of an industrial win-win. At the same time, we
should increase financial support for green fields and products such as energy, ecological
environment and agricultural products and further clarify the areas and directions of key
support for green finance.

(2) Formulate a list of green industries and promote the optimization of an economic
structure with green industries’ development. Although green finance can optimize the
economic structure, the effect is not obvious. The reason is that the rapid promotion of
green finance policy will bring extremely high transformation costs to traditional enter-
prises that support the national economy and weaken the confidence of enterprises. Green
finance-supported industries are emerging industries, and investment risks are difficult
to predict. In order to dispel the doubts of enterprises or individuals about the develop-
ment of green industries or projects, the government departments should publish a green
industry catalogue to facilitate them to participate in green financial activities in a timely
and appropriate manner according to their own needs and conditions. Under the encour-
agement of government policies, green industries and projects have lower policy risks
and better development prospects and cooperate with the market mechanism of financial
institutions to support green industries development, thereby guiding the optimization of
the economic structure.

(3) Strengthen the protection of water resources. First, strengthen the supervision
and treatment of industrial sewage. Determine the key monitoring large-scale sewage
enterprises, increase the supervision and inspection of enterprises that pollute water re-
sources, and effectively urge these enterprises to discharge water resources to the standards.
Improve the monitoring system of sewage discharge, severely crack down on illegal sewage
discharge, and increase the punishment and supervision of illegal sewage discharge. In-
crease investment, improve sewage pipe network construction and treatment facilities,
regularly maintain and treat sewage pipe network facilities in normal operation, and strive
to improve treatment capacity.

Second, improve the quality of domestic sewage treatment standards. Accelerate the
construction of supporting pipeline network for urban domestic sewage, ensure that the
domestic sewage in the rivers within the urban area is effectively treated, and actively
promote the construction of domestic sewage treatment facilities in townships. According to
the development needs of cities, towns, and villages, expand and build a number of sewage
treatment plants and strictly control the compliance rate of domestic sewage treatment.

Finally, improve agricultural non-point source pollution. Strengthen the control of
chemical fertilizers, pesticides, and other pollution, determine the division of rural non-
point source pollution sensitive areas and key control areas for pesticides and chemical
fertilizers, speed up agricultural structural adjustment, and promote agricultural circular
economy. Promote the application of organic fertilizers and biological pesticides with high
utilization efficiency and low toxicity, control the excessive use of chemical fertilizers and
pesticides, and eliminate highly toxic pesticide residues. The focus has shifted to actively
protecting forests and other vegetation, reducing soil erosion, and strengthening the control
of water pollution from sediment entering rivers.
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(4) Innovate the coordination mechanism for HQED. HQED has the typical charac-
teristics of integrity, externalities, and spillovers. The efforts of a single region to promote
HQED will be affected by the behavior of “beggar-thy-neighbor”. On the basis of proving
the predicament of local governments’ cross-regional high-quality economic development
and cooperation, clarify the cooperation compensation and benefit coordination mechanism
and guide local governments to plan and implement cross-regional coordination schemes to
promote high-quality economic development, as well as the monitoring and early warning
of the economic development quality and oversight of the joint system.

5.3. Deficiencies and Prospects

Based on 11 provinces and cities in China’s Yangtze River Economic Belt, this study
applies a spatial lag model and introduces a nested matrix to examine green finance
and water resource utilization efficiency impact on HQED. On this basis, the mediation
effect model is further applied to verify the green finance role in the process of water
resource utilization efficiency improving HQED. As this research focuses on the potential of
economic development, green, openness, and sharing are not considered in the construction
of the indicator system for HQED. Therefore, when examining green finance and water
resource utilization efficiency spatial effects on HQED, green finance and water resource
utilization efficiency impact on green development, openness, and the sharing economy
is not considered. In future research, according to the five dimensions of "innovation,
coordination, green, openness, and sharing", while examining the overall spatial effect of
green finance and water resource utilization efficiency on HQED, green finance and water
resources can be investigated separately, using the spatial effect of efficiency on different
dimensions in order to obtain more accurate conclusions.
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