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Abstract: With the acceleration of urbanization, the carrying capacity of urban land resources is
increasingly being challenged. Thus, urban land use efficiency (ULUE) has been a crucial issue in
sustainable development, and digital finance (DF) has been thought to be an effective solution for
solving this dilemma. Based on panel data from 283 cities in China spanning from 2011 to 2020, this
study first utilized the super-efficiency SBM model to assess ULUE across China. Then, the panel
Tobit model was employed to empirically examine the overall impact of DF on ULUE, while the
intermediary effect model was utilized to analyze the indirect impact of DF on ULUE. Additionally,
the threshold effect model was employed to investigate the non-linear characteristics of the impact of
DF on ULUE. The findings indicate that: (1) DF can enhance ULUE, with the dimension of application
depth of DF exerting the most significant impact, followed by the dimensions of coverage breadth and
digitization degree of DF; (2) DF can boost ULUE by promoting industrial structure upgrading (ISU);
(3) the promotional effect of DF on ULUE exhibits regional variations, with a stronger impact observed
in the western region and provincial capital cities, but weaker effects noted in the eastern and central
regions as well as non-provincial capital cities; (4) with the improvement of economic development
and DF, the impact of DF on ULUE exhibits a slightly increasing nonlinear trend. The research
findings presented in this paper offer valuable insights for enhancing ULUE in emerging economies.

Keywords: digital finance; urban land use efficiency; industrial structure upgrading; panel Tobit
model; threshold effect model

1. Introduction

China is undergoing a new phase of rapid urbanization. However, the expansion of
such land for urbanization will encroach upon cultivated and forested areas as well as other
territorial spaces [1]. Furthermore, the extensive urban land use pattern has given rise to
issues such as an irrational land use structure and low efficiency in land utilization [2].
Urban land use efficiency (ULUE) reflects the extent to which economic, social, and environ-
mental benefits are maximized in the utilization of urban land resources, and it is directly
correlated with the healthy development of the social economy [3], especially under the
current constraints of limited resources and the deteriorating ecological environment [4].
Given that China’s urbanization has entered a new stage, it is imperative to effectively
enhance ULUE [5].

ULUE is a crucial indicator for assessing the utilization level of urban land resources [6,7].
The present studies on ULUE primarily center on the assessment methods, evolutionary
traits, and influential factors. In terms of evaluation, ULUE has been analyzed by several
scholars utilizing remote sensing technology. For instance, Dimov et al. investigated
the utilization of land resources in Central Asia by using remote sensing data [8], and
Wiatkowska et al. analyzed the ULUE in Opole city in Poland utilizing remote sensing
imagery and GIS technology [9]. Some scholars also use other methods, such as the
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entropy method [10], stochastic frontier analysis [11], data envelopment analysis [12,13]
to evaluate ULUE, and data enveloping analysis exhibits fewer drawbacks compared to
the entropy method and stochastic frontier analysis [14]. The super-efficiency SBM model
is a sophisticated approach in data envelopment analysis. The model assesses the ability
of a region or organization to optimize its output under given input conditions [14]. The
aforementioned model possesses inherent strengths in the handling of multiple output
indicators [14]. The super-efficiency SBM model is increasingly favored by scholars for
assessing ULUE [15-17]. Therefore, a prevailing approach for calculating and comparing
land use efficiency across multiple cities is the super-efficiency SBM model [14].

Additionally, other scholars have examined the evolution characteristics of ULUE [18-21].
For example, the study conducted by Ahmad revealed significant regional disparities in
ULUE within China [20]. Yu et al. found that ULUE in China decreased from east to
west [21]. The study conducted by Schiavina et al. revealed a recent improvement in global
ULUE, with urban centers demonstrating the highest levels of efficiency [22]. Existing
studies have also examined the impacts and mechanisms of industrial structure upgrading
(ISU) [23,24], agglomerating industries [25], decentralizing fiscal policies [26], integrating
regional economies [27] and urbanizing areas [28] on enhancing ULUE. For example, Wang
et al. argue that a higher level of urbanization in central and western China fosters a
favorable synergy between industrial structure adjustment and ULUE [24]. Wiatkowska
et al. contend that the urbanization of Opole city in Poland primarily resulted in the
conversion of agricultural land and substantiate the detrimental impacts of urban expansion
on ULUE [9]. Some scholars have also investigated the interrelationship between ULUE and
green manufacturing systems [29], ecological carrying capacity [30], ecosystem health [6],
carbon emissions [11] and other factors. It is evident that there exists an abundance of
research findings on ULUE.

In fact, with the rapid growth of global financial technology, governments worldwide
are placing great emphasis on DF development and formulating relevant national-level
strategies to support it [31]. DF refers to a novel financial business model in which financial
institutions provide financing, payment, and other related financial services by integrating
internet and information and communication technologies [32]. DF, unlike traditional
finance, utilizes information technology to overcome the temporal and spatial limitations
of conventional counter financial services [33], thereby mitigating urban congestion. The
research findings in DF evaluation are comparatively abundant in China. Currently, the
primary tool for measuring DF in China is the Digital Financial Inclusion Index developed
by the Institute of Digital Finance Peking University [34,35].

Based on quantitative evaluations of DF, several studies have investigated the eco-
nomic impacts of digital financial services. DF has the potential to bridge the regional
development gaps by addressing the inefficient allocation of financial resources [36] and
enhancing resource allocation efficiency, thereby fostering high-quality economic develop-
ment [37]. Daud conducted a study on 190 SMEs in Banten Province, Indonesia and found
that the implementation of DF can significantly enhance their financial performance [38].
Furthermore, DF can alleviate the financial burden on enterprises and provide a solid
financial foundation for their technological innovation endeavors [39]. In addition, DF
can efficiently manage a vast customer base through advanced technologies while simulta-
neously increasing revenue and minimizing costs [40]. Jiang et al. conducted a study on
30 provinces in China and discovered that DF can stimulate entrepreneurship and economic
development by relying on information technology [34].

Furthermore, DF has an undeniable ecological impact. The Ant Forest Project launched
in China is an innovative approach to tree planting that integrates individual users, digital
finance, and reforestation initiatives [41]. Following the DF development boom, numerous
scholars believe that DF plays a crucial role in promoting technological innovation [39,42],
optimizing industrial structure [43,44], upgrading consumption patterns [31,45], facilitating
green and low-carbon development [46,47], and enhancing economic resilience [48,49].
Feng et al. argue that DF has the potential to enhance green technology innovation in



Sustainability 2023, 15, 14726

30f21

regions characterized by high levels of pollutant emissions and robust local government
governance capacity [50]. Cao et al. discovered that the advancement of green technology
is a crucial conduit for DF to enhance energy and environmental performance [35].
Although plenty of studies on ULUE and DF have been conducted, the following re-
search gaps still need to be discussed: (1) Many studies have discussed the factors affecting
ULUE and investigating the economic and ecological effects of DF from multiple perspec-
tives, but very few of them have mentioned the influential effect of DF on ULUE. (2) Very
few studies have mentioned the specific influencing mechanism between DF and ULUE.
(3) It is also necessary to explore the nonlinear relationship between the variables [51].
Therefore, the following research questions need to be answered:

e  Does DF have any effect on ULUE?
e If yes, will this effect be influenced by other variables?
e  What is the influencing mechanism between DF and ULUE?

To answer these questions, the influencing mechanisms and research hypotheses
regarding variable relationships are elaborated in Section 2; the mathematic models for
examining the relationships among variables and the dimensions and indicators for mea-
suring DF and ULUE are explained in Section 3; the results of this study are described in
Section 4; and the conclusions and discussions are presented in Section 5.

The objective of this study is to examine the direct effect of DF on ULUE as well as the
mediating role of industrial structure upgrading on this effect, and to explore the non-linear
relationship between DF and ULUE. To do that, the panel Tobit model was employed to
empirically examine the overall impact of DF on ULUE, while the intermediary effect model
was utilized to analyze the indirect impact of DF on ULUE. Additionally, the threshold
effect model was employed to investigate the non-linear characteristics of the impact of
DF on ULUE. A threshold model is a measurement model that calculates the threshold
value according to the sample data and takes the threshold value as the classification
standard to explore the nonlinear relationship between variables [51]. The contribution of
this study lies in the following aspects: Firstly, this study examines the impact of DF on
ULUE. Although some scholars have analyzed the ecological benefits of DF, they failed to
investigate the impact of DF on ULUE. Given that DF possesses certain ecological effects,
it is plausible to assume a potentially positive influence of DF on ULUE. Secondly, this
study not only examines the direct influence of DF on ULUE, but also explores its indirect
impact. In this paper, ISU is also selected as the mediating variable of DF’s influence on
ULUE, which enriches the research on the mechanism of DF’s influence on ULUE. Thirdly,
this paper not only examines the overall impact of DF on ULUE but also investigates the
non-linear relationship between DF and ULUE through a threshold model. By setting
economic development and DF as threshold variables, it becomes more evident that an
improvement in both economic development and DF leads to a stronger promotion effect
of DF on ULUE.

2. Mechanism Analysis and Research Hypotheses
2.1. The Overall Influence of DF on ULUE

The advent and development of DF have exerted a substantial influence on ULUE
in various aspects, as illustrated in Figure 1. The transaction cost theory lends support to
our analysis. In many aspects such as land information management, land valuation and
land financing, digital finance can reduce transaction costs. Firstly, the development of
DF has facilitated the digitization of land information. The emergence and development
of DF facilitate the storage, management, and transmission of crucial information such as
cadastral data, land use status, and land development planning in a digital format [52].
This advancement enhances the efficiency of land information utilization while minimizing
the risk of information loss and interference. Secondly, DF has the potential to enhance
the precision of land valuation. By analyzing a large amount of land data for accurate
land valuation [53], DF has revolutionized the traditional approach to assessing land value,
resulting in reduced mistakes and increased transparency and fairness in the land market.
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Thirdly, the advancement of DF can optimize land financing methods. The conventional
bank loan model encounters difficulties in meeting the requirements of land development
enterprises, thereby limiting the efficient utilization of land. DF has the potential to reduce
transaction costs associated with land financing, enhance financing efficiency, diversify land
financing channels, facilitate easier access to funds for land development enterprises, and
consequently improve the overall efficiency in utilizing land [54]. Fourthly, DF can facilitate
the utilization of land by generating novel forms and models that enhance ULUE. The
integration and implementation of digital financial technology can expand more diversified,
flexible, and efficient approaches for exploring and utilizing land value [55], thereby better
satisfying market demand. To conclude, the emergence and development of DF have
significantly impacted ULUE, fostering transparency, standardization, and sustainable
growth in the land market. Moreover, it has enhanced the effectiveness of land utilization.
To examine the overall effect of DF on ULUE, Hypothesis 1 was proposed as follows:

H1. DF can enhance the efficiency of urban land utilization.

Enhance the advancement of land
information data development

Enhance the precision of land
valuation assessment

Digital finance w =( Urban l_and use
_ J L efficiency

Optimize land financing methods

Facilitate the advancement and
exploitation of land resources

Figure 1. The direct impact of DF on ULUE.

2.2. The Indirect Impact of DF on ULUE

The effect of DF on ULUE can also be indirect. DF integrates traditional finance with
digital information technology to facilitate industrial structure upgrading (ISU). Firstly, as
a part of the service industry, DF promotes ISU [46]. Additionally, DF has the potential to
enhance information dissemination and mitigate information asymmetry. By facilitating
the flow of production factors to more efficient sectors, DF can further stimulate industrial
structural upgrading [43]. Secondly, DF has the potential to mitigate financing constraints
faced by companies, particularly small enterprises (SEs) that have been marginalized within
the conventional financial system. By offering a wider range of financing alternatives, DF
effectively addresses the challenges associated with “difficult financing” encountered by
SEs [56]. The easing of financing constraints can, on one hand, promote technological
upgrading in enterprises [57]. On the other hand, it can enhance innovation capabili-
ties and market competitiveness in emerging industries, thereby further optimizing the
industrial structure [58]. Finally, DF can furnish enterprises with more convenient and
cost-effective financing channels, expedite enterprise development, and provide support
for the establishment and growth of industrial clusters [59].

ISU can enhance ULUE. Firstly, it directly boosts the economic benefits by extending
the industrial chain and promoting product added value [23]. Furthermore, ISU can
enhance the optimal allocation of land and labor factors through adjustments to both urban
land use and employment structures [25]. Finally, ISU can facilitate the transformation
of the economic structure towards services and rationalization, thereby mitigating the
adverse externalities associated with environmental pollution [23]. DF has a very positive
promoting effect on ISU, and ISU has a positive effect on ULUE. Therefore, it can be
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considered that DF can enhance ULUE by promoting ISU. The aforementioned influencing
mechanisms are depicted in Figure 2. To explore the indirect impact of DF on ULUE,
Hypothesis 2 was proposed as follows:

H2. By promoting ISU, DF can enhance ULUE.
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Figure 2. The indirect impact of DF on ULUE.

2.3. The Threshold Impact of DF on ULUE

The influential effect of DF on ULUE may exhibit heterogeneity. The term heterogene-
ity pertains to the variations in specific characteristics among individuals [51]. Regions
with varying levels of economic development will exhibit significant disparities in terms of
infrastructure construction, digitalization development, and industrial advancement [60].
Cities with underdeveloped economies face challenges such as inadequate digital infras-
tructure, limited industry diversity, and insufficient innovation capacity [33]. Consequently,
the application of DF may be constrained to some extent [33], resulting in a relatively
minor impact on ULUE. In cities with better economies, digital development is more
advanced and industrial support is stronger, which facilitates the further promotion of
industrial upgrading, integration, and ecological optimization through DF [61], which in
turn significantly enhances ULUE.

There exist notable regional disparities in the development of DF [62], and the impact
of DF on ULUE is characterized by heterogeneity. Cities with underdeveloped DF may face
challenges such as inadequate financial market development, limited risk management
capabilities, and a narrow range of financing options [63]. In such cases, the impact of DF
on ULUE may be relatively small. With the advancement of DF development, financial
products will become increasingly diversified. A more comprehensive digital financial
service system can offer more convenient, efficient, and flexible financing channels for land
development and utilization. To elucidate the intricate non-linear correlation between DF
and ULUE, the hypothesis was developed as follows:

H3. With the advancement of economic development and DF, the promoting effect of DF on ULUE
will be further enhanced.

3. Methods and Variables

To measure ULUE and DF and explore the influential effect and mechanism of DF
and ULUE, we firstly designed the dimensions and indicators of ULUE and DF for their
measurement. Then, the panel Tobit model was established to explore the direct and
indirect influential effect of DF on ULUE. Finally, the threshold effect model is introduced
to investigate the non-linear characteristics of the effect of DF on ULUE.
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3.1. Measurement of ULUE and DF
3.1.1. ULUE

Referring to relevant research literature [17], the super-efficiency SBM model is em-
ployed to measure ULUE, and this takes into account undesirable outputs and maintains
a constant return to scale with respect to inputs. This model is employed in this study to
assess ULUE [64]. Suppose there are n decision-making units (DMU,n =1,2,--- ,N), and
the quantities of input, expected output, and unexpected output contained in each DMU
are denoted as m, | and h, respectively. The ULUE value with respect to each DMU can be
derived by solving the following linear program:

minf* = T m=1 @
1 e (E (e B
i Ayt x
x. > X +S
jm =140 jrjm  Tm
n
E> 0y Ayt —s?
5.t A P L @)
bt > Y Alpt 4 sb
h = h h
] =14k ]
A> 0,85 20,8 >0,j=1,,n

where 0* represents ULUE, x]t», y§ and b]t- represent the input value, expected output value,

and unexpected output value of DMU; in period £; sy, s] and SZ represent relaxation
variables of input, expected output, and unexpected output, respectively; and A is the
weight vector. Referring to relevant research literature [65-67], the input—output indicator
system designed for ULUE measurement is presented in Table 1.

Table 1. Input-output indicator.

Categories Dimensions Indicators
Capital Total investment in fixed assets (10° Yuan)
Inputs Labor Number of employees in the secondary and tertiary industries (10* person)
Land Construction land area (km?)

Desirable outputs

Economic benefit

Added value of the secondary and tertiary industries (10° yuan)

Social benefit Average salary of urban workers (Yuan)

Environment benefit

Green coverage rate of built-up area (%)

Undesirable outputs

Sulfur dioxide emissions (tons)

Pollution output Industrial wastewater discharge (10° tons)

Industrial soot emissions (tons)

3.1.2. DF

DF is measured by introducing the China Digital Financial Inclusion Index proposed
by the Digital Finance Research Center in Peking University [35]. This index includes
three dimensions: coverage breadth (Bre), application depth (Dep), and digitization degree
(Dig). The coverage breadth of DF reflects the extent to which digital financial accounts are
included. The application depth of DF encompasses payment, money fund management,
credit services, insurance operations, investment activities and credit evaluation, thereby
demonstrating the tangible impact of digital finance development. The digitization level
of DF encapsulates mobile accessibility, affordability, creditworthiness and facilitation
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capabilities, representing a concentrated manifestation of Internet technology [68]. The
logarithm of the aforementioned variables is taken in regression and represented as InDF,
InBre, InDep, and InDig.

3.2. Model Setting
3.2.1. The Reference Effect Model

The adoption of least square regression may directly lead to significant bias due to
the restricted nature of ULUE measured by a super-efficiency SBM model. To address this
issue, the Tobit model is a better solution for dealing with dependent variables that are
constrained [69]. Therefore, we employ a panel Tobit model to investigate the impact of DF
on ULUE.

The model is formulated as follows:

ULUE;; = no + mIn DFj; + njControly + & 3)

where i represents the city, t represents time, ULUE stands for urban land use efficiency,
DF indicates the level of digital finance development, and #; denotes the impact of DF on
ULUE. A value greater than 0 signifies that DF development is conducive to promoting
improvements in ULUE. Control represents a set of other control variables that impact
ULUE, encompassing economic development (InEd), population density (InPi), urban
transportation development (InRs) and local government financial support (InGov). 7;
denotes the coefficient of the control variable; 77y stands for constant term; ¢;; represents the
random error term.

3.2.2. Intermediate Effect Model

To examine the potential of DF in enhancing ULUE through ISU, this study employs
the Tobit model for empirical testing as follows:

Mediaj; = ¢o + p1In DF;; + quCOYltTOll‘t + &t 4)

ULUE;; = 6y + 61In DF;; + 6, Media;; + GjControlit + € 5)

where the intermediary variable media represents ISU, ¢, represents the impact of DF on
ISU, while 8, represents the influence of DF on ULUE after controlling for the intermediary
variable (industrial structure upgrading). 6, signifies the effect of ISU on ULUE, while
other variables and symbols remain consistent with Equation (3).

If the coefficients of 71, 1, and 6, are statistically significant at the chosen confidence
level, it suggests that the mediating effect of ISU is also significant, which implies that DF
can impact ULUE through its influence on ISU.

3.2.3. Threshold Effect Model

To elucidate the intricate non-linear correlation between DF and ULUE, it is necessary
to analyze the heterogeneity between these two variables. Compared with traditional
heterogeneity analysis, the threshold model can accurately identify the threshold value, so
as to clearly depict the nonlinear characteristics of DF affecting ULUE. Referring to relevant
research literature [51], the panel threshold model is shown in Equation (6):

ULUEj = Bo + P1InDFy x I(git < 71) + P2 InDFy x I(771 < it < 72) + -+ ©)

+BuInDFy X I(vn—1 < qit < Yu) + Buy1 InDFy X 1(qi¢ > yn) + @Controlyy + e
where I(e) represents the indicative function, g;; in parentheses is the threshold variable, 7,
signifies the threshold value, n stands for the threshold number, 31 represents the impact of
DF on ULUE within the first threshold interval, while 8, represents the coefficient value of
digital finance affecting land use efficiency within the NTH threshold interval, while other
variables and symbolic meanings are consistent with Equation (3).
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3.3. Variable Selection

Dependent variable: ULUE.

Independent variable: DF Index. In the subsequent empirical research, we further
examine the impact of DF on ULUE from three dimensions.

Mediating variable: ISU. Since the 1970s, the dominant feature of ISU has been the
“service-oriented economic structure” propelled by information technology. Therefore, this
paper employs the ratio of tertiary industry’s added value to that of secondary industry
as an indicator for assessing the level of industrial structure upgrading [70], with a higher
ratio indicating a more advanced stage of industrial structural transformation.

Control variables:

The evolution of ULUE is not only influenced by DF but is also closely correlated with
social and economic development, population concentration, traffic conditions, government
support and other factors. Control variables include: (1) Urban economic development
level. The enhancement of the economic development level is not only an internal pre-
requisite for improving ULUE but also a significant driving force [71]. In this study, per
capita GDP is employed as a measure of each city’s economic development level, with
an anticipated positive coefficient. (2) Population density. The crowding effect and envi-
ronmental pressure caused by population density growth may inhibit the improvement
of ULUE [72]. In this study, population per square kilometer is utilized as a measure for
population density. (3) Urban transportation development level. The development status of
urban transportation will have an impact on the efficiency of regional economic operations
and land use patterns, thereby influencing ULUE. We employ the ratio of urban road
area to regional area as a measure of the level of urban transportation development [73].
(4) Local government financial support. The government’s financial expenditure will
exert a significant influence on land utilization and economic valuation. Governments
can improve regional transport networks and infrastructure by strengthening financial
input, optimize urban planning and land management policies, and increase investment in
environmental protection projects. This can not only enhance land utilization efficiency;,
but also establish a durable and sustainable basis for economic advancement. The ratio of
general government financial expenditure to GDP is employed as an indicator to quantify
the level of financial support provided by local governments. The study expresses the
logarithms of the aforementioned variables as InEd, InPi, InRs, and InGov, respectively
(“In” denotes logarithm).

3.4. Sample and Data Source

This study utilizes panel data from 283 cities at the prefecture level and above in
China, covering the period from 2011 to 2020, as research samples. The total samples
are further divided into eastern, central, and western regions to compare the changing
characteristics of ULUE and DF in both China as a whole and its respective regions [74,75].
The digital finance index is derived from the Digital Finance Research Center of Peking
University (https://idf.pku.edu.cn/, accessed on 17 May 2023). Except for the DF index,
other variables are obtained from various sources including China City Statistical Yearbook
(2012-2021) (http:/ /www.stats.gov.cn/tjsj/ndsj/, accessed on 17 May 2023), and the statis-
tical yearbooks and statistical development bulletin of the cities. Cities with significant data
deficiencies have been excluded. The missing data were imputed using both interpolation
and mean value methods [76]. The independent variables and control variables in this pa-
per are logarithmically transformed to address heteroscedasticity in the time series, without
altering the inherent nature and relationships of the data, thereby enhancing its stability.

4. Results Analysis

In this section, we presented the descriptive statistics of variables and analyzed the
evolutionary trends of ULUE and DF in China at first. Then, the direct and indirect effect of
DF on ULUE were examined, respectively. After that, the robustness tests and heterogeneity
analysis were conducted to further explore the effectiveness of the direct effect examination.
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Finally, the threshold effect was examined to explore the non-linear relationship between
DF and ULUE.

4.1. The Descriptive Statistics of the Variables

The results presented in Table 2 demonstrate a wide range of InDF values, spanning
from 2.834 to 5.813, with an average value of 5.506 and a standard deviation of 0.514. These
findings indicate significant variability in InDF among different cities in China, with a
few cities exhibiting lower levels. The ULUE values in Chinese cities range from 0.003
to 2.425, with an average of 0.371, indicating a generally low level of ULUE across the
cities; however, a few cities exhibit high levels of ULUE. The minimum value of InPi is
0.683, while the maximum value is 7.882, among other variables, indicating a significant
imbalance in the population distribution across Chinese cities. The standard deviation of
InEd is 0.565, with a minimum value of 8.327 and a maximum value of 15.675, while the
average stands at 10.959, indicating significant variations in the economic development
levels among Chinese cities. The other control variables are not detailed.

Table 2. Data descriptive statistics.

Standard

Types of Variables Variable Name Symbol Mean . Minimum  Maximum
Deviation
Dependent variable Urban land use efficiency ULUE 0.371 0.270 0.003 2.425
Independent variable Digital Finance InDF 5.056 0.514 2.834 5.813
Mediating variable Industrial structure upgrading ISU 0.257 0.099 0.001 1.000
Urban economic development InEd 10.959 0.565 8.327 15.675
Population density InPi 5.737 0.934 0.683 7.882
Control variable -

Urban transportation development InRs 0.283 0.394 —4.515 2.216
Local government financial support InGov 2.909 0.434 1.479 4517

Note: The “In” in the third column denotes the application of logarithms.

4.2. Evolutionary Trends of ULUE and DF in China

By examining the average fluctuations in ULUE across China and its various re-
gions from 2011 to 2020, we can gain a comprehensive understanding of the evolving
trends in China’s urban land utilization. The eastern region includes Beijing, Tianjin,
Hebei Province, Liaoning Province, Shanghai, Jiangsu Province, Zhejiang Province, Fu-
jian Province, Shandong Province, Guangdong Province, Hainan Province; the central
region includes Shanxi Province, Jilin Province, Heilongjiang Province, Anhui Province,
Jiangxi Province, Henan Province, Hubei Province, Hunan province; and the western re-
gion includes Inner Mongolia Autonomous Region, Guangxi Zhuang Autonomous Region,
Chonggqing City, Sichuan Province, Guizhou Province, Yunnan Province, Tibet Autonomous
Region, Shaanxi Province, Gansu Province, Qinghai Province, Ningxia Hui Autonomous
Region, Xinjiang Uygur Autonomous Region. (The above classification comes from the
website of China’s National Bureau of Statistics (https://data.stats.gov.cn/, accessed on
17 May 2023)). The overall trend of ULUE in the country and its three major regions is
upward, as illustrated in Figure 3; however, there are fluctuations across different time
periods. For example, the ULUE in both the country and the eastern region experienced
a temporary decline between 2011 and 2014. From 2012 to 2014, there was a temporary
decline in ULUE observed in the central and western regions. The ULUE in the central
region was 0.249 in 2014. The ULUE of the country and the three major regions has been
consistently increasing since 2015, with a value exceeding 0.5 by 2019. The ULUE for the
eastern region in 2020 stands at 0.680. Further comparison reveals that the ULUE in the
eastern region is generally superior to that of other regions, whereas the ULUE in the
central region tends to be comparatively lower.
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Figure 3. Evolutionary trends of ULUE in China.

Figure 4 illustrates the average variation of the DF Index in China and its regions
between 2011 and 2020, with a range from 0 to 300. The western region exhibited the
lowest DF value in 2011. The overall development level of DF in the country and its three
major regions has been consistently trending upwards year after year. By 2020, the DF
Development Index exceeded 250 in all regions except for the western region. The DF
value for the eastern region in 2020 amounts to 271.851. The level of DF development in
the eastern region has consistently surpassed that of other regions, while the central and
western regions have remained below the national average.
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Figure 4. Evolutionary trends of DF in China.

4.3. Direct Effect Analysis

Regarding the empirical analysis of the impact of DF development on ULUE, this
paper investigates the influence of DF and its three dimensions (InBre, InDep, InDig) on
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ULUE. Table 3 presents the regression results. Notably, column (1) reveals a significant
impact coefficient of InDF on ULUE with a significance level of p < 0.01. It indicates that a
1% increase in DF results in a 0.082 increase in ULUE. DF plays a favorable role in enhancing
ULUE. In practice, DF can promote the application of land information data, enhance the
accuracy of land value assessment, and optimize land financing methods. It has facilitated
transparency, standardization, and sustainable development within the land market while
further augmenting ULUE and the comprehensive value of land resources. As a result,
hypothesis H1 is validated.

Table 3. Benchmark regression results.

(YY) (2) 3 @

Variables

ULUE ULUE ULUE ULUE
InDF 0.082 ***
(8.24)
InBre 0.067 ***
(7.36)
InDep 0.101 ***
(10.37)
InDig 0.030 ***
(4.12)
InEd 0.125 *** 0.134 *** 0.111 *** 0.172 ***
(8.00) (8.64) (7.35) (11.79)
InPi —0.056 *** —0.054 *** —0.061 *** —0.048 *+*
(—4.68) (—4.47) (—5.10) (—3.96)
InRs 0.117 *** 0.120 *** 0.108 *** 0.132 ***
(8.61) (8.83) (7.99) (9.69)
InGov 0.140 *** 0.160 *** 0.116 *** 0.205 ***
(6.11) (7.16) (5.13) (9.36)
Constant —1.525 *** —1.621 *** —1.371 *** —2.034 ***
(—7.61) (—8.09) (—7.00) (—10.54)
sigma_u 0.183 *** 0.184 *** 0.182 *** 0.184 ***
(21.10) (21.10) (21.10) (21.14)
sigma_e 0.178 *** 0.178 *** 0.176 *** 0.180 ***
(66.21) (66.21) (66.21) (66.23)
N 2830 2830 2830 2830
Log likelihood 125.516 118.771 144.672 100.433

Note: The significance levels for ***, **, and * are 1%, 5%, and 10%, respectively. The t statistic is enclosed in
parentheses. The same below.

Specifically, columns (2)-(4) present the regression results for InBre, InDep and InDig
in relation to ULUE. The influence coefficients of the three dimensions on ULUE are 0.067,
0.101, and 0.030, respectively. Among them, the utilization depth of DF has the most
significant impact on ULUE. This could be attributed to the fact that a deeper application
depth of DF facilitates smoother investment flows, thereby enhancing ULUE.

As to the effect of control variables, urban economic development is an important
factor in promoting ULUE improvement. The density of population exerts a significant
inhibitory impact on ULUE, as the rise in population density leads to urban congestion and
environmental pressure that impede the enhancement of ULUE. Urban traffic development
presents a substantial positive influence on ULUE, because the enhancement of urban
transportation development can bring an improvement in urban economic operational
efficiency, optimize land use patterns, and consequently increase ULUE to a certain extent.
Financial support from local governments has a substantial and favorable effect on the
ULUE. Increasing the financial support provided to local governments can directly facilitate
the rational utilization of land and enhance its economic value, thereby promoting the
advancement of ULUE.
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4.4. Mediating Effect Analyses

Table 4 presents the results regarding the mediating role of ISU on the effect of DF
on ULUE. As indicated in Column (2) in Table 4, DF exerts a significant and positive
impact on ISU, with a significance level of p < 0.01. This suggests that DF is conducive
to promoting ISU. As depicted in Column (3) in Table 4, ISU exerts a positive and signif-
icant impact on ULUE, with a significance level of p < 0.01. This finding highlights the
substantial intermediary effect of industrial structure upgrading. The empirical findings
indicate that DF can facilitate the enhancement of ULUE by means of industrial structure
upgrading. ISU can enhance economic, social, and ecological benefits by directing capital
and technology towards sectors with higher land efficiency, environmental sustainability,
and better industrial chains, which will further improve ULUE. As a result, hypothesis H2
is validated.

Table 4. Mediation mechanism test results.

Reference Regression Intermediate Effect Regression
Variables
(1) ULUE (2) ISU (3) ULUE
InDF 0.082 *** 0.046 *** 0.030 ***
n (8.24) (19.26) (2.91)
1.089 ***
ISU (14.30)
Control variables control control control
siema u 0.183 *** 0.078 *** 0.199 ***
sma (21.10) (22.91) (20.88)
siema e 0.178 *** 0.042 *** 0.169 ***
§mMa (66.21) (71.26) (65.99)
N 2830 2830 2830
Log likelihood 125.516 4452.801 228.852

The significance of the mediation effect of ISU has been further demonstrated in this
paper through the application of the Sobel test. The direct impact of DF on ULUE is 0.079,
while its indirect impact is 0.020, constituting 20.002% of the total impact. The data indicate
that 20.002% of the impact of DF on ULUE is attributed to its promotion of ISU, thereby
enhancing land use efficiency.

4.5. Robustness Test

In order to enhance the reliability of the research results, it is necessary to conduct a
robustness test. Adding control variables and changing the sample scope are common ways
of conducting the robustness test. The robustness test is conducted using the following
procedures. (1) Adding control variables, given that the intensity of real estate investment
and fiscal decentralization may also exert an influence on ULUE, thereby influencing the
robustness of the aforementioned research findings. Therefore, this paper selects municipal
district real estate investment as the measure of real estate investment intensity, utilizes the
ratio of general government fiscal expenditure to general government fiscal revenue as an
indicator for measuring fiscal decentralization, and incorporates both variables as control
factors for robustness testing. (2) Changing sample period. It is widely acknowledged in
academia that 2013 marks the commencement of DF development in China. To ensure
robustness, the sample period is subsequently narrowed down to 2013-2020 for testing
purposes. (3) Excluding municipalities directly under the central government. In order to
mitigate the influence stemming from substantial policy and developmental disparities
between the municipalities (Beijing, Shanghai, Tianjin, Chongqing) and other cities, this
study excludes these municipalities from the sample and subsequently conducts a robust-
ness test. (4) Using instrumental variables. To account for the potential bidirectional causal
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relationship between DF and ULUE, this study employs a one-stage lag of DF (L.InDF) as
an instrumental variable in the model to address possible endogeneity. DF with a one-stage
lag will affect DF in the current period, but ULUE will not affect DF with a one-stage
lag. Therefore, DF with a one-stage lag can be selected as an instrumental variable. These
methods mainly tested the robustness of the direction of the digital financial regression
coefficient from the perspectives of changing the number of samples and changing the re-
search period. The results shown in Table 5 demonstrate that the significance level and sign
for the coefficient of DF remain unchanged. This suggests that the benchmark regression
findings exhibit strong robustness.

Table 5. Robustness test.

Add Control Replacement Exclude Instrumental Variable
Variables Variables Period Municipalities Regression
(1) ULUE (2) ULUE (3) ULUE (4) InDF (5) ULUE
InDE 0.072 *** 0.397 *** 0.079 *** 0.192 ***
n (7.28) (21.21) (8.00) (11.37)
| 0.649 ***
L.InDF (248.71)
InEd 0.147 *** 0.072 *** 0.126 *** 0.040 *** 0.069 ***
n (9.46) (4.33) (8.09) (12.97) (5.15)
P —0.034 *** —0.071 *** —0.052 0.009 **+ —0.038 ***
nt (—2.67) (—5.60) (—4.33) (6.54) (—6.26)
R 0.111 *** 0.089 *** 0.113 *** 0.008 *** 0.063 ***
niks (8.45) (5.12) (8.33) (2.53) (4.71)
G —0.033 0.054 ** 0.148 *** 0.018 *** 0.162 ***
nov (—1.26) (2.13) (6.41) (4.32) (9.18)
. 0.001
InFis (0.12)
0.259 ***
InRe (12.41)
c —1.592 *** —2.265 *** —1.566 *** 1.386 *** —1.651 ***
onstant (—8.03) (—10.69) (—7.77) (32.92) (—9.52)
sioma u 0.190 *** 0.191 *** 0.181 ***
gma_ (20.87) (20.55) (20.94)
sioma 0.171 *** 0.167 *** 0.177 ***
sma (66.11) (57.75) (65.77)
N 2830 2264 2790 2547 2547
Log likelihood 210.493 146.049 144.361

4.6. Heterogeneity Analysis

In the baseline regression results, the influence coefficient of DF on ULUE was the
average effect of 283 cities, which could not explain the heterogeneity of the effect of DF on
ULUE. Heterogeneity analysis has a positive significance to provide valuable policy impli-
cations. The geographical locations of various cities vary, and it is imperative to categorize
cities based on their respective regions. Furthermore, provincial capital cities exhibit a
higher level of economic development compared to other cities within the province. There-
fore, for the purpose of heterogeneity analysis, the sample is categorized into provincial
and non-provincial capital cities. Table 6 shows that all coefficients of InDF in these models
are significantly positive. The coefficient value indicates that in the western region and
provincial capital cities, the impact of DF on ULUE is significantly higher compared to
other regions. The coefficients for the eastern region, central region, and non-provincial
capital cities are relatively small.
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Table 6. Heterogeneity analysis results.

Variables

(1) Eastern
Region

(2) Central
Region

(3) Western
Region

(5) Non-Provincial
Capital

(4) Provincial
Capital

InDF

0.075 ***
(4.53)

0.073 ***
(4.57)

0.091 ***
4.21)

0.238 ***
(5.16)

0.073 ***
(7.34)

control variable

control

control control control control

sigma_u

0.206 ***
(14.18)

0.192 ***
(13.99)

0.204 **+*
(12.13)

0.111 **+*
(5.27)

0.179 ***
(19.96)

sigma_e

0.174 **
(37.95)

0.157 ***
(39.01)

0.189 ***
(34.73)

0.216 ***
(21.54)

0.172 ***
(62.59)

N

1000

1000 830 300 2530

Log likelihood

19.939

142.027 —44.585 —24.760 191.214

4.7. Threshold Effect Analysis

Based on the theoretical analysis and actual conditions of regional economic develop-
ment in China, there exist certain disparities in both economic development and DF among
different cities. Therefore, a nonlinear relationship between DF and ULUE can be possibly
observed under varying circumstances of economic development and DF level. This paper
employs the panel threshold model by selecting urban economic development and DF as
threshold variables.

The bootstrap method was employed to perform 300 independent samplings for
testing various threshold variables [77], and the outcomes are presented in Table 7. Among
them, the results of significance tests indicate that the single threshold of urban economic
development passed at a significance level of p < 0.01. In terms of DEF, it successfully
passed both the single and double thresholds at a level of p < 0.01 but failed to meet the
criteria for the triple threshold. Therefore, utilizing the single threshold model, this paper
conducts an analysis of the impact of DF on ULUE across varying levels of urban economic
development. According to the double threshold model, this paper examines the impact of
DF on ULUE across varying levels of DF development.

Table 7. Threshold condition test results.

Threshold
Variable

Threshold Type

Self-Sampling Critical Value

Threshold Value 1% 5% 10%

F-Value BS Times

InEd

Single
Double
Triple

67.10 ***
23.39
14.45

300
300
300

43.469 35.885 30.153
46.893 35.169 31.216
84.603 70.922 64.127

11.719

InDF

Single
Double
Triple

371.65 ***
283.59 ***
52.04

300
300
300

172.939 150.923 137.725
78.620 64.891 57.558
259.821 189.013 178.385

5.315
5.363

According to Tables 7 and 8, it is evident that DF has a significant impact on ULUE at
different stages of economic development. Specifically, when InEd is below the threshold
value of 11.719, the coefficient of InDF affecting ULUE is 0.082; however, when it exceeds
this threshold, its coefficient increases to 0.110, thereby enhancing the promotion effect
of DF on ULUE. This is primarily attributed to the higher digitalization and more robust
industrial support resulting from the advancement of economic development. These factors
contribute to creating a more favorable environment for DF, facilitating its role in promoting
industrial upgrading and ecological optimization, thereby further enhancing ULUE.
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Table 8. Threshold effect test results.

Threshold Variable Threshold Variable
Variables Variables
InEd InDF
0.082 *** —0.004
. < 11. . <5.
InDF - I(In Ed < 11.719) 7.84) InDF - I(In DF < 5.315) (~0.43)
0.110 *** 0.023 **
) ) I(5. < 5.
InDF - I(InEd > 11.719) 9.81) InDF - 1(5.315 < In DF < 5.363) (2.30)
0.074 ***
InDF - I(In DF > 5.363) (7.38)
0.094 *** 0.078 ***
InEd (5.24) InEd (4.97)
. —0.102 *** . —0.078 ***
InPi (3.97) InPi (—3.32)
0.132 *** 0.102 ***
InRs ©9.18) InRs (7.74)
0.104 *** 0.027 *
InGov 3.77) InGov (1.07)
—0.846 *** —0.203
Constant (—3.40) Constant (—0.90)
R2 0.235 R2 0.371
N 2830 N 2830

In conjunction with Tables 7 and 8, it is evident that DF presents a significant threshold
effect on ULUE across varying development levels of DF. When the level of InDF falls
below the threshold value of 5.315, the coefficient of InDF affecting ULUE is —0.004, but it
lacks statistical significance, indicating that a lower DF level does not have a statistically
significant impact on ULUE. When the level of InDF falls in the threshold value range
of 5.315 to 5.363, it enhances the promotion effect on ULUE with a coefficient increase to
0.023. Even when InDF exceeds the threshold value of 5.363, it has a significantly positive
impact on ULUE at the p < 0.01 level with an increased coefficient up to 0.074. With the
advancement of DF, its impact on ULUE shows a marginal increase. This is primarily
due to the continuous innovation and maturation of DF technologies, which can lead
to a greater diversification of DF products and services. As a result, they will be better
equipped to meet the financing needs associated with land utilization and development.
Furthermore, DF advancement can enhance the financing efficiency of land projects and
mitigate financing expenses, thereby further optimizing land utilization. As a result,
hypothesis H3 is validated.

5. Conclusions and Discussion

By taking 283 Chinese cities as an example, this study validated the direct effect of
DF on ULUE as well as the mediating role of ISU on the indirect effect of DF on ULUE,
and the nonlinear characteristic of this effect has also been proved. The findings of this
study elaborated the influential mechanism of DF on ULUE, which offered new insights
for optimizing land resource utilization.

5.1. Conclusions

The conclusions of this study are as follows: (1) In general, the implementation of DF
can significantly facilitate the enhancement of ULUE. The empirical findings demonstrated
that the InDF had a significant positive impact on ULUE, with an estimated coefficient of
0.082; that is, a 1% increase in DF was associated with a corresponding increase in ULUE
by 0.082 units. From the perspective of sub-dimensions, InBre, InDep, and InDig exhibit



Sustainability 2023, 15, 14726

16 of 21

significant enhancements on ULUE with their respective influence coefficients being 0.067,
0.101, and 0.030. Among them, the depth of DF utilization has the strongest promotional
effect on ULUE, with every 1% increase in itself resulting in a 0.101 increase in ULUE, while
the impact of coverage breadth and degree of digitalization is relatively weak. (2) From
the perspective of intermediary mechanisms, DF can enhance ULUE by driving ISU. Of
the effects of DF on ULUE, 20.002% were attributed to the promotion of ISU. (3) From the
perspective of heterogeneity, it is observed that DF can significantly enhance ULUE in both
eastern, central, and western regions, as well as provincial capital cities and non-provincial
capital cities. However, judging by the magnitude of the numbers, the promoting effect
of InDF on ULUE is more pronounced in western cities and provincial capital cities, with
influence coefficients of 0.091 and 0.238, respectively. Conversely, the impact of InDF on
ULUE is relatively small in eastern, central, and non-provincial capital cities. (4) The
impact of DF on ULUE exhibits a threshold effect. With the improvement of economic
development level and DF, the promoting effect of DF on ULUE will be further enhanced.
Specifically, when InEd surpasses the threshold of 11.719, the influence coefficient of InDF
on ULUE increases from 0.082 to 0.110. When DF is at a low level, it fails to facilitate the
enhancement of ULUE by itself. However, once InDF surpasses 5.315, DF can significantly
increase ULUE. Moreover, when InDF exceeds 5.363, the impact coefficient of InDF on
ULUE further escalates to 0.074; in other words, each 1% increase in DF will result in a
corresponding increase of 0.074 in ULUE.

5.2. Discussion

As a novel financial development model, DF has exerted significant impacts across
all aspects of economy and society. This study explored the relationship between DF and
ULUE, and the empirical results confirm our hypothesis and provide a valuable supplement
to existing research on factors influencing ULUE.

This paper presents the measurement, trends and evolving characteristics of ULUE
across China and its three major regions, which is consistent with Xu and Su’s findings [17].
The evolution trend of ULUE in China drawn by Zhong and Li [64] also shows similar
results, but there are minor discrepancies. The differences observed in the images are
primarily attributed to variations between the index systems employed by Xu and Su
versus those utilized in this study. Specifically, Xu and Su’s analysis focuses on China’s
urban land green use efficiency, while Zhong and Li examine trends in ULUE within a
specific region of China.

In the analysis of intermediary effects, this study reveals that DF presents a posi-
tive driving force on ISU, which is consistent with the findings of Ren et al. [43] and
Zhang et al. [44]. Additionally, this study also demonstrates that ISU significantly promotes
ULUE improvement, in line with the research results of Liu et al. [23] and Wang et al. [24].
However, unlike previous studies, this paper considers ISU as the mediating variable
through which DF impacts ULUE. Empirical research reveals that DF can enhance ULUE
by promoting ISU.

In the examination of the impact of control variables on ULUE, this study has as-
certained that: (1) Economic development is positively correlated with ULUE, which is
consistent with the findings of Shu et al. [78] and Qu et al. [79]. (2) The increase in popula-
tion density impeded the enhancement of ULUE, which is consistent with Anders’ research
findings [80]. (3) The degree of urban traffic development exerts a significant promoting
effect on ULUE, which is in line with the findings of Cui et al. [81]. (4) Direct financial sup-
port from local governments can effectively facilitate the enhancement of ULUE, which is
in line with the research findings of Fan et al. [82]. Moreover, the aforementioned literature
further confirms the robustness of our study results.

The more significant finding of this study lies in the regional variations or heterogene-
ity in the impact of DF on ULUE. Figure 5 provides a clearer depiction of the disparities in
the influence of DF on ULUE across different samples. In comparison to the eastern and
central regions, the western region lags behind in terms of economic development and the
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construction of road transportation facilities; however, it possesses a greater abundance of
land resources. The digital finance model, being an Internet-based financial service, has
relatively low requirements for transportation infrastructure. Consequently, it enables the
provision of financial services to the western region and facilitates the enhancement of
ULUE. The western region holds immense potential for the development of DF, which
can bring new economic growth points to the region and subsequently enhance ULUE.
Compared to non-provincial capital cities, provincial capital cities possess a greater con-
centration of advantageous factors such as financial resources, innovative talents, and
market demand. This creates a more expansive environment for the development of digital
finance and offers a wider array of financial services and solutions for improving ULUE.
Therefore, digital finance can more effectively improve ULUE in western regions and
provincial capitals.
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Figure 5. Regression coefficients of different samples of InDF to ULUE.

The findings of this study offer new insights for optimizing land resource utilization.
The potential contributions lie primarily in the following aspects: (1) Through a compre-
hensive analysis of DF and its three dimensions, we have enriched the existing research
on factors influencing ULUE by examining the influential effect and mechanism of DF on
ULUE. The influential role of DF has been overlooked in previous studies. The present
study examines the mechanism by which DF directly impacts ULUE, while also uncovering
the underlying mechanisms through which DF influences ULUE. This paper represents
a pioneering empirical investigation into the correlation between DF and ULUE. (2) It
expands the existing research on DF. Although some scholars have examined the impact of
DF on ISU, there has been a lack of comprehensive analysis regarding the interrelationship
among DF, ISU, and ULUE. The present study not only evaluates the direct impact of DF on
ULUE but also investigates the mediating effect of ISU, thereby contributing to the existing
literature at the intersection of financial economics and land use science. (3) A compre-
hensive analysis was conducted on the heterogeneity and nonlinear characteristics of the
impact of DF on ULUE. This aims to provide targeted strategies and recommendations for
promoting the development of DF, enhancing ULUE, and achieving sustainable utilization
of land resources both in China and around the world. Without a thorough analysis of the
heterogeneity and nonlinear characteristics of DF’s impact on ULUE, valuable research
findings cannot be obtained.

The results of heterogeneity analysis and threshold model have the following policy
implications: Firstly, we should vigorously develop DF, fully leverage emerging digital
technologies, promote balanced development across multiple dimensions such as coverage
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breadth, usage depth and degree of digitization in order to make DF a new driving force
for improving ULUE, and enhance the deep collaboration between traditional financial
institutions and digital financial platforms, facilitating diverse financial services for the
prudent utilization of land. The land administration department should establish a collabo-
rative development agency for DF and incorporate the utilization of digital finance into the
performance appraisal. Currently, certain local governments are confronted with a funding
shortfall and can address the financing needs for digital technology development by means
of local borrowing. Secondly, we should fully leverage the exemplary role of advanced
regions. The empirical research demonstrates that DF exerts the most significant impact
on ULUE in provincial capitals. Therefore, we should leverage the valuable experience
of advanced regions to drive improvements in ULUE across less developed areas. At the
national level, a demonstration area for digital finance to promote the improvement of
ULUE should be established, and the assessment should be conducted once every three
years, and the assessment results should be disclosed in a timely manner. At the same time,
the experience of the demonstration zones will be published in the form of blue books for
cities in developing countries to learn from. Third, economic development is equally im-
portant. Empirical research shows that economic growth and DF are significant threshold
variables. Therefore, while developing DF, it is also necessary to continuously promote
economic growth, which is a challenging job for governments around the world. The
rise of ULUE in other rapidly urbanizing BRICS countries is also noteworthy. Since there
are certain similarities in the economic development of China and other BRICS countries,
other countries should also focus on the synergy of economic growth and digital financial
development, but more empirical investigations are still needed to validate that.

Limitations of this study still exist. Firstly, it should be noted that the focus of this
research was primarily on 283 cities within China, without conducting an in-depth analysis
of resource-based cities. Therefore, further investigation is required to explore potential
variations in the impact of DF on ULUE. The data collection for this study did not include
the period from 2021 to 2022. Once the data for these two years become available, future
research can delve deeper into examining the impact of DF on ULUE. Secondly, the efficient
utilization of land resources is a crucial concern among scholars. This study is based on
an analysis of Chinese data, and it is expected that more researchers will utilize data from
other countries to validate the hypothesis. On the basis of this study, there is a very valuable
research direction in the future, which is to analyze the synergistic effect of green finance
and DF on ULUE. Thirdly, the study on the relationship between DF and ULUE can further
establish a theoretical model to more precisely depict the promotional impact of DF on
ULUE. The intermediary variable in this study is ISU, while future research could consider
other intermediary variables such as environmental regulation and science and technology
expenditure, thus enabling a more comprehensive analysis of the mechanism through
which DF influences ULUE.
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