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Abstract: As economic development continues to advance globally, countries are increasingly focused
on the green transformation of their economies. This paper employs a data envelopment analysis
(DEA) model and entropy weighting methodology to construct and assess an indicator system for
economic green transformation, taking into account environmental pollution. The analysis is based on
panel data from 215 prefecture-level cities in China between 2015 and 2019. The two-way fixed effects
model and moderating effect model are employed to investigate the influence of land finance on
economic green transformation and to ascertain the moderating effect mechanism of local government
debt. The study’s conclusions are as follows: (1) Land finance impedes the transition to a green
economy. (2) Local government debt is a major factor that restricts the influence of land finance on the
transition to a green economy; as local government debt levels rise, land finance’s role in impeding
the transition to a green economy rises, and a positive moderating effect occurs. (3) Depending on the
urban geographic location, the size of the economy and other factors, the impact of local government
debt and land finance on the economic green transition varies. This empirical study demonstrates
that the more local government debt there is in an eastern region or city with a bigger economic
output scale, the more of an inhibitory influence land finance has on the economic transition to a
green economy. In light of this, the paper suggests that the land finance policy be updated at the
appropriate time, that the land market be regulated, that the government’s reliance on land finance
be gradually decreased, that the nature and amount of public debt be actively optimised, that the
industrial infrastructure be enhanced to facilitate the transition towards a more environmentally
sustainable economy, and that other suggestions be made.

Keywords: land finance; local government debt; green economy transition; moderating effect

1. Introduction

From the inception of the United Nations Framework Convention on Climate Change
to the ratification of the Kyoto Protocol and the Copenhagen Climate Conference, environ-
mental concerns, particularly those related to global warming caused by carbon emissions
and particulate matter emissions, have garnered increasing global attention. In 2009, the
United Nations Environment Programme published the Global Green New Deal Policy
Brief, which advocated a transition to a green economy within the global economy. In 2011,
Resolution 236 of the 64th United Nations General Assembly proposed that the concept
of a “green economy in the context of sustainable development and poverty eradication”
be included as one of the themes of the 2012 United Nations Conference on Sustainable
Development. In 2012, on the 20th anniversary of the Rio Conference on Environment and
Development, the “Rio+20” United Nations Conference on Sustainable Development pro-
posed a new concept of green economy, which can be understood as a call for a paradigm
shift in the economy. It can be observed that the transition to a green economy is becoming
increasingly serious for governments. Since the “reform and opening-up” of China, i.e., its
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economic reform, the country has experienced rapid economic growth and has become the
world‘s second largest economy. However, it faces some challenges. Certain industries with
high energy consumption, high emissions and high pollution have a significant impact on
the ecological environment and also produce certain negative externalities on a global scale.
In September 2020, China announced to the world at the United Nations General Assembly
that it would achieve the goal of “carbon peaking” by 2030 and “carbon neutrality” by 2060.
Local governments in China have promoted economic growth and social development
through land finance and massive borrowing, which has also affected climate change and
environmental pollution. The Chinese government is actively exploring the adoption of
green economic policies to improve environmental issues. In this context, it is crucial to
examine the interrelationships among land finance, local government debt and the green
transformation of the economy.

Land finance represents a significant source of revenue for local governments, deriving
from the transfer of land use rights. In the short term, land finance can facilitate the green
transformation of the local economy, stimulate economic growth, enhance production
efficiency and optimise the urban environment. However, as the reliance on land finance
increases, its long-term negative effects begin to emerge, including the sacrifice of envi-
ronmental quality, the distortion of the allocation of land resources, the hindrance of the
rationalisation of the industrial structure and the crowding out of social resources, thereby
inhibiting the green transformation of the regional economy. In addition, the specific areas
in which local governments invest the funds raised through debt, as well as the methods of
repayment guarantees, will all have an impact on the manner in which land finance affects
the green transformation of the regional economy. The expansion of local government debt
has resulted in accelerated urbanisation, a bias towards non-environmental infrastructure
investment, and increased environmental pollution. It has also promoted the reliance
on land finance, hindered the upgrading of the industrial structure and squeezed social
resources, affecting the green innovation of enterprises and inhibiting the green transfor-
mation of the economy. Consequently, a more profound comprehension of the influence
of local government debt on the ecological transformation of the economy through land
finance can assist in a more comprehensive understanding of the economic policies of local
governments in China in the context of the sustainable development goals.

The objective of this paper is to examine the influence of land finance on the green
transformation of the economy, as well as the role of local government debt as a highly
correlated variable with land finance in the mechanism between land finance and the green
transformation of the economy. Empirical research indicates that land finance has impeded
the advancement of the green transformation of the economy at this juncture. Furthermore,
the use of local government debt as a moderating variable in empirical research indicates
that local government debt plays an important role in the relationship between land finance
and the green transformation of the economy. This conclusion is also valid in the context
of heterogeneity in geographical regions and economic output. In addition to giving local
governments experience in formulating land policies and resolving local government debt
policies, the research given in this paper enhances our comprehension of the logical con-
nection among land finance, local government debt and economic green transformation.
It also provides a theoretical foundation for promoting the region’s economic green trans-
formation in order to achieve sustainable development. The primary contribution of this
study to the field of research it belongs to can be summed up in the following three aspects.

Research perspective: Firstly, the green transformation of the economy is currently
a hot topic in academia, and many papers have studied the factors influencing the green
transformation of the economy. Some scholars have begun to study and discuss the impact
of land finance on green economic growth or environmental pollution, but there has
been very little research on the mechanism of the interaction among land finance, local
government debt and the green transformation of the economy. This paper introduces the
variable of local government debt into the framework of the impact of land finance on the
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green transformation of the economy, enriching the research perspective on land use policy
and the green transformation of the economy.

Theoretical and empirical analysis: Secondly, this paper constructs a theoretical frame-
work among land finance, local government debt and economic green transformation
earlier than the current literature and empirically examines the moderating effect of lo-
cal government debt on the impact of land finance on economic green transformation,
enriching research on land use policy and economic green transformation.

Practice: Finally, this paper provides practical suggestions for government decision
makers on how to promote green economic development through the formulation of land
finance policies and local government debt policies. It can help the government better
reduce its dependence on land finance; effectively resolve local government debt; maintain
a balance between local financial sustainability and environmental sustainability; reduce
environmental pollution, natural resource depletion and ecosystem damage; and better
achieve high-quality economic development.

2. Literature Review
2.1. Land Finance

Since the reform of China’s tax system, land finance has greatly promoted local eco-
nomic growth. There are two main views in academia on the causes of local government
land finance [1]. First, local financial pressures. After China’s tax system reform, local
governments faced the mismatch between financial and administrative powers, which led
to pressure on expenditure. They compensate for the financial gap by developing land
finance [2]. Second, the incentive for officials to be promoted and competition among gov-
ernments. China’s GDP-oriented and short-term-oriented official assessment mechanism
has led to local officials’ political incentives to quickly obtain financial revenue by selling
land and accelerating land finance [3]. Competition among governments also promotes
land finance and drives the continuous expansion of land finance [4].

Local governments can monopolise the primary market for land supply, and they are
both operators and managers. Land, as a factor of production, can bring land transfer fees
and related taxes, becoming the “second finance”. In terms of the economic role of land
finance, the impact of land finance on economic development is complex and diverse. It is
generally believed that land finance has a short-term effect on economic development, but
it is not sustainable in the long term. For example, Mo (2018) used a land finance model to
study the long-term and short-term effects of land finance on the Chinese economy, and
land policy plays a special role in stimulating the economy [5]. Zheng (2014) empirically
demonstrated that land resources have a significant positive impact on economic growth [6].
Su (2024) used Hangzhou as an example and studied the pros and cons of TOD projects
implemented by local governments in China. The results of the study show that TOD under
land financing leads to high housing prices and the expansion and development of cities.
The model of promoting economic growth through land finance has obvious drawbacks
and can lead to many hidden risks in the economic operation process. Therefore, reducing
the degree of dependence on land finance and transforming the development model are
the only effective ways to overcome the obstacles to high-quality economic development in
China [7]. Regional coordinated development policies can be an effective tool to reduce the
reliance on land finance [8].

2.2. Local Government Debt

With regard to local government debt, a great deal of research and discussion have
been conducted by academics, who have developed a number of views and theoretical
frameworks on the causes of local government debt and its economic impact. From the
perspective of the causes of local government debt, Yang highlight that since the 1994 tax-
sharing reform, local governments have been granted greater financial autonomy and
diminished accountability, yet their financial expenditure responsibilities have not been
reduced, placing pressure on local government finances. This, in conjunction with the
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intensifying economic competition among local governments, has resulted in a mounting
demand for local government financing, which has consequently led to an escalation in
local government debt [9]. Chen (2020) also highlight that local governments have incurred
hidden deficits through local government financing platforms in order to stimulate the
economy, which has also led to an increase in local debt [10].

The economic impact of local government debt includes its impact on economic growth
and its impact on systemic risk. There are three different views in academia on whether
local government debt can promote economic growth. On the one hand, some scholars
argue that local government debt can promote local economic growth by financing public
infrastructure investment through debt [11]. Xu (2016) conducted an empirical analysis of
panel data on local government debt in cities at the prefecture level and above in China
from 2006 to 2013 and found that local government debt has a positive correlation with
regional economic development, but this effect is less effective in economically relatively
underdeveloped regions [12]. Conversely, while some scholars maintain that local govern-
ment debt within a certain size can have a beneficial impact on economic growth, others
have begun to discuss the adverse effects of excessive indebtedness. Long-term, large-scale
debt increase can have a detrimental impact on investment [13], economic growth [14,15]
and the stability of the financial system [16,17]. K. Tsui (2011) noted that China’s local debt
concerns mostly stem from local governments’ inclination towards long-term debt-financed
infrastructure investment [18]. Moreover, the presence of substantial amounts of local
debt hinders efforts to rectify the structural imbalance of the economy. In addition, some
scholars believe that there is no non-linear relationship between local government debt and
economic growth. When the scale of government debt exceeds a certain threshold, the eco-
nomic burden it brings will reduce the government budget, reduce the public investment
rate and thus have a negative impact on economic growth [19,20].

2.3. Economic Green Transformation

The green transformation of the economy is derived from green development. This re-
flects a gradual shift from static “green development” to dynamic “green transformation”.
It emphasises the dynamic evolution of the economy from a “black” or “brown” econ-
omy to a green economy. In order to assess the economic green transformation, some
scholars have proposed the construction of different evaluation index systems in different
dimensions for analysis. These systems are constructed by using weighted subjective
assignment methods, such as the entropy-OWA operator method and grey correlation
improved TOPSIS model [21–23]. Additionally, scholars have developed models such as
the SBM model and the Luenberger index to assess the advancement of China’s economic
green transformation based on the efficiency of this transformation [24,25]. With regard
to the dimension of economic green transformation, a number of scholars have sought to
measure the level of economic green transformation from different perspectives. These in-
clude the green transformation of resource cities, the green transformation of industries, the
green transformation of enterprises and the green low-carbon and recycling development
of the economy [26–29].

In terms of influencing factors, the green transformation of the economy is affected
by the industrial structure, the level of openness to the outside world, the level of finance
and innovation factors. The upgrading and transformation of the industrial structure can
promote green economic growth [30], and there is significant regional heterogeneity [31].
The main reason is that the rationalisation and upgrading of the industrial structure is
conducive to improving labour and capital output efficiency, enhancing the level of resource
allocation and thus promoting green economic growth [32]. Foreign direct investment (FDI)
is an important indicator of the level of openness to the outside world. Many scholars
have found that FDI is closely related to environmental pollution, forming two views: the
“pollution refuge” and “pollution halo” hypotheses. The “pollution refuge” hypothesis
holds that in order to reduce the cost of pollution discharge, enterprises in developed
countries with higher environmental standards often transfer polluting or sunset industries
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to host countries with lower environmental protection requirements [33]. The “pollution
halo” hypothesis holds that foreign-invested enterprises usually have more advanced
environmental protection technology, pollution control funds and effective management
systems, which are conducive to the introduction of environmentally friendly technolo-
gies, the realisation of energy conservation and emission reduction and green economic
growth [34]. The impact of finance on the green transformation of the economy is that a
high quality level of financial development is conducive to economic transformation and
upgrading, quality improvement and efficiency enhancement, and pollution reduction and
emission reduction [35]; the impact of innovation factors is mainly achieved through green
scale efficiency and green pure technical efficiency [36]. In addition, some scholars have
also found that the economic development level, education level, fiscal decentralisation
and financial level all have an impact on green economic efficiency.

2.4. Land Finance, Local Government Debt and Economic Green Transformation

The existing literature contains a limited number of studies that analyse the develop-
ment of land finance, local government debt and the green transition of the economy in a
unified framework. Furthermore, the majority of these studies discuss the impacts of land
finance and local government debt on the green transition of the economy separately.

Current academic research on land finance and economic green transition is focused
on the economic growth effect and environmental effect of land finance. In terms of
economic growth, under the framework of the promotion tournament theory, the scale of
land finance is closely related to the promotion of officials. In order to obtain promotion,
local officials are keen to sell land and win economic performance evaluations, which has a
significant negative effect on economic growth [37,38]. The reason why land finance causes
environmental pollution is inseparable from China’s pursuit of rapid economic growth.
Some scholars have studied the environmental effects of land finance from the perspective
of carbon emissions. Wang (2020) studied the relationship between land finance and carbon
emissions based on fiscal decentralisation and environmental federalism. The empirical
results show that the overall impact of land finance on carbon emissions is non-linear and
depends on the level of per capita GDP [39]. Xu (2016) also verified the bidirectional causal
relationship between the quality of land urbanisation and carbon emissions in China [40].
Further, when land financing becomes the main driving force for urban development, the
construction of infrastructure will accelerate the process of urbanisation, which will in
turn cause ecological and environmental pollution. Wang (2019) found that there is an
environmental Kuznets inverted U-shaped curve between urbanisation and environmental
pollution [41].

Additionally, there is a paucity of research on the direct impact of local debt and
economic green transformation. Currently, scholars are concentrating their efforts on the
influence of local government debt on economic growth and economic development. Nev-
ertheless, as China has initiated the implementation of a green development strategy, some
scholars have begun to examine the relationship between local government debt and the
development of a green economic transition. Firstly, government debt investment has
an investment crowding-out effect [42] and cannot effectively improve the investment
environment for environmentally friendly firms [43], thus hindering private investment
and the potential for long-term green development of the economy. Secondly, local govern-
ments, confronted with the necessity of achieving GDP-based performance appraisals and
competing with other regions, will lower environmental pollution enforcement standards
and relax restrictions on highly polluting firms in exchange for economic growth [44–47],
thereby increasing government revenues to alleviate fiscal pressures.

2.5. Literature Gap

In summary, existing research has discussed land finance, local government debt and
economic green transformation, providing a rich theoretical framework and empirical
testing methods for further research on the relationship among the three. Most of the
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existing literature focuses on land finance and economic green transformation, and few
scholars have studied the impact of local government debt on economic green transfor-
mation. Some scholars have also begun to study and discuss the unilateral impact of land
finance on economic growth or environmental pollution, but there are relatively few studies
that incorporate land finance, local government debt, and economic green development
into a unified framework. Research at the level of the impact mechanism also needs to
be supplemented and improved. Although some scholars, such as Hou (2021) [48], have
used spatial effect models to study the spatial spillover effects of land finance on green eco-
nomic growth, the mechanisms and pathways of the effects of land finance and economic
green transformation are not very clear. In particular, there is very little research on the
effects of land finance and economic green transformation from the perspective of local
government debt. Therefore, this paper will incorporate land finance, local government
debt and economic green transformation into a unified research framework to more com-
prehensively explore the relationship among land finance, local debt and economic green
development, as well as the impact mechanisms, which is an innovative contribution of
certain practical significance.

3. Theoretical Analysis and Research Hypotheses
3.1. The Influence of Land Finance on the Green Transition of the Economy

Land finance is a form of revenue for local governments to meet financial needs and
maintain financial expenditure by relying on the transfer of land use rights to obtain land
transfer fees. It is undeniable that the economic development model based on land has
brought positive economic development to China since the beginning of the new century.
Therefore, in the early stages of development, land finance can temporarily promote the
green transformation of the local economy in the short term. On the one hand, local gov-
ernments choose to sell land to ensure that financial expenditure needs are met, which
stimulates investment growth and economic expansion; promotes industrial agglomera-
tion and thus forms economies of scale; improves factor production efficiency, including
green total factor productivity; and drives the green transformation of the local economy.
On the other hand, after local governments sell land, they have more funds to control local
pollution. Urban environmental optimisation will promote the healthy development of
local green industries and promote the green transformation of the economy.

However, as local governments’ dependence on land finance continues to increase, its
long-term negative impact is gradually becoming apparent. Because of its unsustainable
and predatory nature, land finance will inevitably hinder economic development [49].
The same is true for the green transformation of the urban economy. As local governments’
financial pressures continue to increase and the scale of land finance continues to expand,
the “original intention” of land sales has gradually “deteriorated”, leading to a distortion of
land resource mismatches and a shift from promoting to inhibiting the green transformation
of the urban economy.

First, land finance has become a financing tool for urban expansion at the expense of
environmental quality, inhibiting the green transformation of the regional economy. Land
finance has strengthened the power of local governments in the allocation of land resources.
The original intention was to increase investment in regional environmental governance
and alleviate the pressure on green fiscal expenditure. However, the land finance devel-
opment model is not sustainable. With the rapid expansion of cities and the expansion of
resource-intensive industries, local governments face greater challenges in balancing urban
expansion and environmental governance. In addition, the fiscal decentralisation system
has weakened local financial power, and the local official assessment system emphasises
GDP over environmental performance. Local governments have chosen to invest a large
amount of capital in heavy industry in order to pursue rapid economic growth. However,
the price is the accelerated depletion of resources, a significant increase in the discharge of
three waste types and a continuous decline in environmental quality. The failure of various
green transition power indicators inhibits the green transformation of the local economy.
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In addition, the continuous expansion of cities will also lead to the rapid urbanisation of
land. While high-rise buildings are being built, the area of urban green space is being
reduced, leading to a decline in the ecological environment conservation and restoration
functions and a deterioration of the urban green ecosystem, further hindering the green
transformation of the regional economy.

Second, land finance may lead to distortions in the allocation of land resources and
hinder the rationalisation of the industrial structure, thereby inhibiting the green transfor-
mation of the local economy. The government’s over-reliance on land transfer fees may
lead to the irrational allocation of land resources, raising the price of residential land while
lowering the price of industrial land. On the one hand, the mismatch of land resources
may increase the incentive for industrial enterprises to seek rent from land, making the
transformation and upgrading process insufficient and blocking the industrial upgrading
process. Enterprises attempt to achieve the goal of reducing costs and increasing profits by
increasing investment in low-priced industrial land. Since land investment is less complex
than industrial restructuring and the business objectives can be achieved more quickly, the
existence of this potential path will significantly reduce the subjective willingness of indus-
trial enterprises to carry out technological innovation, the upgrading of production and the
optimisation and adjustment of industrial structure [50], hindering the process of green
industrial development and thus having a negative impact on the green transformation of
the entire regional economy. On the other hand, land resource mismatch will also lead to
the distortion of the price signals faced by enterprises. Industrial enterprises with lagging
production efficiency can easily obtain land at low cost, while enterprises with higher
production efficiency cannot obtain land at ideal prices due to initial land mismatches and
poor redistribution channels. The prominent land use conflicts between enterprises and
uneven resource allocation among industries hinder the transformation and upgrading
of enterprises in other industries and the optimisation of the industry, making industrial
agglomeration and economies of scale fail to play a driving role, and ultimately may cause
the green transformation of the regional economy to stagnate.

Third, land finance may lead to the crowding out of social resources, lowering the effi-
ciency of production and resource utilisation and thus inhibiting the green transformation
of the regional economy. In the market economy system, excessive local government depen-
dence on land finance will distort land prices and cause a waste of resources. On the one
hand, the current sharp reduction in the price of industrial land and bullish expectations
for the future will increase the investment of industrial enterprises in non-development
land, resulting in more land not being fully utilised or even being left idle. This will not
only reduce the resource utilisation and production efficiency of the enterprises themselves
but also reduce the possibility of other industries using the land, which will have a negative
impact on regional development. The lack of overall economic development momentum
will inevitably affect the ability and willingness of cities to transform greenly, thereby
inhibiting the green transformation of the economy. On the other hand, local governments
under greater financial pressure are more motivated to obtain funding income through
land finance. Real estate is also favoured by local governments due to its high rate of
return on investment, forming a closed-loop development of “land finance–real estate
development”. The tendency and preference of local governments to sell land for real
estate development also means that resources that should have flowed into industries other
than real estate are being squeezed out, the operating costs of the real economy are rising
and the innovation and industrial upgrading of real enterprises are being hindered. In
addition to being transmitted among enterprises, the negative effects of cost and resource
allocation are also spread among regions, which in turn inhibits the green transformation
of the urban economy.

Therefore, based on the above theoretical analysis, Hypothesis 1 is proposed.

H1. The expansion of land finance will inhibit the green transformation of the economy.
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3.2. The Impact of Local Government Debt on Land Finance and Economic Green Transformation

Under the guidance of the “4 trillion” economic stimulus policy, local governments
have begun to choose new debt financing models to raise funds for infrastructure con-
struction, including issuing local government bonds and raising funds through financing
platforms. While meeting the government’s financial needs, these financing methods have
also created a large scale of local government debt. The investment areas and repayment
guarantee methods of funds raised by local governments through debt will have an im-
pact on the way land finance affects the green transformation of the regional economy.
The specific impact mechanisms include the following three points.

First, the impact of land finance on the degree of environmental pollution and its
role in inhibiting the green transformation of the economy is affected by local government
debt. The scale of local government debt reflects the amount of funds currently available to
local governments. Therefore, the larger the scale of local government debt, the greater the
potential motivation and financial support for local governments to accelerate urbanisation
and achieve scale expansion under the “GDP-only” official assessment system. In this con-
text, local governments will also be more inclined to use funds for infrastructure projects in
non-environmental protection areas. Infrastructure investment projects are often medium-
sized or large-scale projects with long time cycles and high resource consumption, which
inevitably has a negative impact on the urban ecological environment and atmospheric en-
vironment during the construction process. In addition, during the rapid expansion of the
city, local governments and officials have weak awareness of environmental protection, and
they fail to take effective measures to curb environmental pollution during the construction
period, which will further expand the degree of environmental pollution under the land
finance system and further increase the inhibitory effect on the green transformation of the
urban economy. Therefore, the larger the scale of local government debt, the stronger the
motivation for local governments to urbanise land use, the higher the probability that land
finance will increase the degree of environmental pollution, and the greater the inhibiting
effect on the green transformation of the regional economy.

Second, the impact of land finance on the green transformation of the regional economy
is mediated by local government debt. The interactive effect of local government debt and
the scale of land finance will further promote the formation of land finance dependence
and push up the scale of land finance. On the one hand, the expansion of the scale of
local government debt issuance will encourage the government to conduct land sales more
frequently to serve as collateral for debt or to repay the principal, thereby deepening its
dependence on land finance policies. On the other hand, the expansion of the scale of
local government debt will increase government investment in infrastructure. In the short
term, infrastructure investment can be significantly capitalised into land prices, and rising
land prices can alleviate the budget constraints faced by local governments through two
channels: land mortgage borrowing and land transfer income. This will lead to more land
mortgage loans and increase local government debt. The expansion of the scale of land
finance will further increase the distortion of land resource allocation, further slowing
down the process of industrial restructuring and upgrading, and the efficiency of resource
allocation and utilisation among industries will continue to be low, ultimately inhibiting
the green transformation of the urban economy. Therefore, the larger the scale of local
government debt, the higher the dependence of local governments on land sales for revenue,
the stronger the role of land finance in hindering industrial restructuring and the greater
the inhibition of the green transformation of the regional economy.

Third, the impact of land finance on the green transformation of the regional economy
is affected by local government debt. There are a positive interaction and interest coupling
between local government debt and land finance, which makes local economic growth
driven by local government debt unsustainable [51]. Local governments issue local gov-
ernment debt with land transfer income in the future as collateral. Due to the existence of
a positive feedback mechanism between real estate prices and public investment, it will
cause price fluctuations in the real estate market [52]. The uncertainty of income caused
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by housing price fluctuations will further expand the resource crowding-out effect of real
estate development on other industries and increase the inhibitory effect of land finance
on the green transformation of the regional economy. In addition, financial institutions
prefer to provide credit to local governments with higher credit ratings and lower default
risks. When the financing needs of local governments increase and the scale of their debt
expands, it will also crowd out the financial resources of enterprises and individuals, which
is not conducive to the development of green innovation projects by enterprises, and will
further inhibit the green transformation of the urban economy. Therefore, the larger the
scale of local government debt, the higher the degree of crowding out of social resources by
land finance, and the more obvious the inhibiting effect on the green transformation of the
urban economy.

Therefore, based on the above theoretical analysis, the following hypothesis is proposed.

H2. Local government debt has a positive effect on the suppression of the green transformation of
the economy by land finance.

The theoretical analysis logical framework diagram is shown in Figure 1.
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4. Empirical Design
4.1. Sample Selection and Data Sources

In this paper, the data sources for constructing the green GDP index are China City
Statistical Yearbook and China Science and Technology Statistical Yearbook; the data for land
transfer income are from China Land & Resources Almanac; the data for local government
debt are from the Wind database; and the remaining control variables are from China City
Statistical Yearbook and China Science and Technology Statistical Yearbook.

This paper takes all 293 prefecture-level cities in China into consideration, but due
to the availability and accuracy of the data, the prefecture-level city samples in Xinjiang
and Tibet are excluded, and the prefecture-level city samples with more missing data
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are also excluded. Finally, the extreme values are trimmed, and some missing data are
supplemented by interpolation.

4.2. Variable Definition
4.2.1. Explained Variable

Green economic transformation. The measurement of economic green transformation
adopts the methodology proposed by Wang (2014) [53], employing the DEA model to
assess green economic efficiency. The process involves several steps: Initially, the entropy
weight method is utilised to select industrial waste data, constructing a comprehensive
environmental pollution index. Subsequently, this index is used to establish green GDP
output indicators. Inputs including labour (L), capital (K) and technological development
(T) are paired with the green GDP indicator as outputs. DEAP2.1 software is then employed
to compute the green economic efficiency (TFP), which serves as the primary explanatory
variable. The green GDP defined in this paper is the GDP/environmental pollution index,
where GDP is the real GDP after removing the impact of local price indices, and the data
come from China Statistical Yearbook. Industrial waste refers to the three main pollutants:
industrial wastewater discharge, industrial sulphur dioxide emissions and industrial smoke
emissions; the data come from China City Statistical Yearbook. The input indicator labour
(L) is defined as the number of employees at the end of each region, and the data source is
China City Statistical Yearbook; the technology input indicator is defined as the number of
patent applications and authorisations at the end of each region as a substitute, and the
data source is China Science and Technology Statistical Yearbook; the capital stock data are
estimated based on the relevant research methods and research results of Wang (2017) [54],
using the perpetual inventory method for estimation, and the fixed asset investment data
are sourced from China City Statistical Yearbook, while the data required for calculating the
price index and depreciation rate are sourced from China Statistical Yearbook.

4.2.2. Key Explanatory Variable

Land financial scale (LF). Drawing upon the research conducted by Zou (2015) [55],
land finance is gauged by using local land transfer revenue (LF) as a proxy variable.
This metric aptly mirrors the resource endowment and financial capability of local govern-
ments, playing a pivotal role as a primary explanatory variable.

4.2.3. Moderating Effect Variable

Local government debt. Local governments predominantly procure funding by is-
suing urban investment bonds through local financing platforms and other instruments.
Moreover, the transparency regarding local government debt in China remains limited,
resulting in the absence of precise data on its scale. Therefore, given the availability of data,
this paper uses the total amount of municipal investment bonds as a proxy variable for the
size of local government debt (LGD).

4.2.4. Control Variables

Since the green transformation of the economy is also affected by factors such as
the level of economic development, industrial structure, technological innovation and
environmental policy, in order to eliminate the interference of other factors on the model
and control the factors that may affect the green transformation of the economy, the
following control variables are selected in this paper: per capita real output, degree of
openness to the outside world, industrial structure, per capita expenditure on science and
technology education, fiscal decentralisation, environmental regulation and financial level.
The principal variables are delineated in exhaustive detail and presented in Table 1.

Per capita real output. The level of regional economic development is an important
factor affecting the green transformation of the economy. In this study, the level of economic
development is used as a control variable, and only the impact of its first-order term on
green development efficiency is considered.
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Table 1. Variable names and definitions.

Category Variable Name Symbol Definition

Explained variable Green economic efficiency TFP
Green economic efficiency

measured by data
envelopment method

Explanatory variable Land finance LF Local land transfer income in
the current year

Moderating effect variable Local government debt LGD Estimating the scale of urban
investment bond stock

Control variables Real output per capita pgdp GDP/population
Foreign direct investment

accounts for
GDP share

fdi Foreign direct
investment/GDP

Proportion of tertiary industry pti Gross output value of tertiary
industry/GDP

Financial institution loan
balance at end of year

Share of GDP
ptlf Financial institution loan

balance/GDP

Per capita expenditure on
science and technology

education
pse

Total expenditure on science
and technology

education/population

Environmental regulation er The entropy weight method is
used for the calculation

Degree of fiscal
decentralisation fis Fiscal revenue/fiscal

expenditure

Degree of openness. The degree of openness of a region also affects its green economic
efficiency. The main reasons include the technology diffusion effect [56] and the “pollution
haven” hypothesis [57]. This paper selects the actual amount of foreign direct investment
in each province and converts it into CNY units according to the intermediate exchange
rate announced by the National Bureau of Statistics. The ratio of the converted FDI to the
GDP of each region in the same year is used to measure the degree of openness of each
prefecture-level city.

Industrial structure. Pender (2003) believes that the flow of factor resources from
low-productivity sectors or low-growth sectors to high-productivity sectors or high-growth
sectors will bring about a “structural dividend” effect. In addition, according to the law
of Pareto–Clark, resources such as labour will first flow from agriculture to the secondary
industry and then from the secondary industry to the service industry. This process will
bring about a structural dividend. Therefore, the increase in the proportion of the tertiary
industry in the city will promote green economic efficiency [58]. This paper uses the
proportion of the tertiary industry in GDP as an important control variable.

Per capita expenditure on science and technology education. The level of scientific
and technological innovation is also an important control variable. According to the
endogenous economic growth theory, the higher the R&D investment of enterprises, the
more conducive it is to promoting technological innovation and technological progress [59],
accordingly improving enterprise production efficiency and green economic efficiency.
This paper uses per capita expenditure on science and technology education to measure
the level of scientific and technological innovation.

Fiscal decentralisation. Fiscal decentralisation can promote local governments to opti-
mise resource allocation and engage in healthy competition, thereby laying the foundation
for industrial upgrading and improving the soft environment for industrial upgrading,
which is conducive to promoting industrial upgrading and thus promoting the green trans-
formation of the economy [60]. This paper uses the fiscal autonomy index to measure fiscal
decentralisation, expressed as budgeted fiscal revenue/budgeted fiscal expenditure [61].

Environmental regulation. The Porter hypothesis holds that appropriate environ-
mental regulation will encourage enterprises to carry out innovative activities, thereby
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enhancing product competitiveness and thus promoting the efficiency of green develop-
ment. However, some studies have found that environmental regulation will increase
production costs and reduce R&D investment, which is not conducive to the efficiency
of green development [62]. This paper draws on research by scholars such as Lin [63] to
first standardise industrial wastewater discharge, industrial SO2 emissions and industrial
smoke (dust) emissions per unit of economic output. It then employs the entropy method
to obtain weights, which are used to calculate the environmental regulation intensity index.

The level of financial development is also an important factor affecting the green trans-
formation of the economy in various regions. In this paper, the proportion of the balance
of loans from financial institutions at the end of the year to GDP is used to measure the
level of financial development in various prefecture-level cities. In addition, environmental
policies are also among the factors affecting the green transformation of the economy. As an
important environmental policy in China, the low-carbon city pilot has been carried out in
three batches, with 81 pilots. This paper adds the low-carbon city pilot as a control variable;
however, as it has little impact on the empirical analysis and the results of this paper, it is
not considered.

4.3. Model Setting

This paper is based on relevant economic panel data of 215 prefecture-level cities
from 2015 to 2019. It selects the land transfer income of each prefecture-level city as the
core explanatory variable and multiple control variables on a theoretical basis. Since
the research sample contains short panel data of multiple prefecture-level cities, there
are individual characteristics such as urban area and population that do not change or
change little over time in each prefecture-level city. Individual effects are added to the
model to control the omitted variable problem caused by individual changes in cities.
At the same time, under the requirements of high-quality economic development, the
process of green transformation of the economy in each city also has a trend of continuous
change over time, which is controlled by adding a time fixed effect. For example, China’s
annual macroeconomic conditions and monetary policy also have an impact on the local
economy. Through a two-way fixed effects model, the impact of the explanatory variable
on the dependent variable can be more accurately identified, and unobserved individual
heterogeneity and time heterogeneity can be controlled. The following benchmark model is
established to test the impact of land finance on the green transformation of the economy:

TFPit = β0 + β1LFit+β∑ controls + µit + δit + εit (1)

In order to better understand how local government debt affects the hindrance of
economic green transformation through land financing, a regulatory effect mechanism
model, shown in (2) and (3), is constructed for future investigation. The empirical testing
process involving moderating effects entails several steps: Initially, a baseline regression,
based on model (2), examines the inhibitory impact of land finance on economic green
transformation. Subsequently, if the regression coefficient of the core explanatory variable,
β1, proves significant, the analysis proceeds to test model (3). In the event that the regression
coefficient, β3, related to its interaction term displays significance, it establishes the presence
of a moderating effect, signifying that local government debt moderates the influence of
land finance on economic green transformation.

The specific model is as follows:

TFPit = β01 + β1LFit+β∑ controls + µit + δit + εit (2)

TFPit = β02 + β1LFit + β2LGDit + β3LFit × LGDit+β∑ controls + µit + δit + εit. (3)

Above, TFPit is the measured green economic efficiency of city i in year t, LFit is the
land transfer income of city i in year t, LGDit is the adjusting variable local government
debt, LFit × LGDit is the interaction term between the explanatory variable land finance
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LFit and local government debt LGDit, controls is the control variable, µit and δit are time
fixed effects and individual fixed effects and εit is the random interference error term.

5. Empirical Analysis
5.1. Descriptive Statistical Analysis

The table (Table 2) displays the mean, standard deviation, maximum and minimum
values of the selected variables. All statistical values pertaining to the data indicate a
reasonable level, and there are no outliers observed for the subsequent empirical analysis.

Table 2. Descriptive statistics.

Variable N Mean sd Min Max

TFP 1046 1.017 0.062 0.617 1.492
LF 1046 0.017 0.027 0.001 0.193

LGD 1046 0.199 0.467 0.004 4.730
pgdp 1046 1.677 0.517 0.411 6.465

fdi 1046 200.973 262.512 0.024 1978.282
pse 1046 7.054 0.822 2.843 10.151
fis 1046 0.487 0.214 0.071 1.413
pti 1046 0.534 1.815 0.174 59.090
ptlf 1046 1.377 0.998 0.247 9.012
er 1046 0.0094 0.0274 0.0003 0.7725

The correlation analysis conducted on the research variables revealed Pearson coef-
ficients at a reasonable level, indicating a low likelihood of covariance issues among the
selected variables. In order to further investigate multicollinearity, the Variance Inflation
Factor (VIF) test was utilised. The results indicate that the explanatory variable possesses
VIF coefficients below 5 in all cases, suggesting the absence of multicollinearity among the
chosen variables. This validation substantiates the earlier assertion.

5.2. Basic Regression Analysis

A panel regression model was used to conduct a multiple regression analysis on the
sample data to verify the impact of land finance on the green transformation of the economy.
By using Stata 18.0, the F-test p-value was 0, rejecting the null hypothesis and concluding
that the fixed effects model was superior to the mixed effects model. The LM test and
Hausman test were then conducted, and the p-value was 0, indicating that the random
effects model was not selected for analysis and did not conform to the characteristics of the
data. Based on the above test steps and results, the panel fixed effects model was finally
selected as the benchmark regression model to verify the impact of land finance on the
green transformation of the economy.

Table 3 lists the estimated results under different model settings. Column (1) is the
baseline model in the research design without control variables, controlling for individual
fixed effects, and the results are not significant. Column (2) adds the control variable of per
capita real output and controls for individual fixed effects. It was found that when other
conditions are constant, the explanatory variable LF is significantly negative, indicating
that when other conditions are constant, the larger the scale of land finance, the stronger
the inhibitory effect on the green transformation of the economy. Column (3) adds other
control variables to (2), and the explanatory variable LF is still significantly negative, with
the absolute value reduced. Finally, column (4) adds all control variables and controls
for individual and time fixed effects. The results show that the impact coefficient of land
finance on the green transformation of the economy is −2.184 from the perspective of
the entire sample, which is significant at the 5% level, proving that land finance has an
inhibiting effect on the green transformation of the economy as a whole, which is consistent
with research hypothesis H1 in this paper.
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Table 3. Land finance and economic green transition: panel fixed effects regression.

(1) (2) (3) (4)

LF −0.850 −1.710 ** −1.668 ** −2.184 **
(−1.20) (−2.22) (−1.99) (−2.50)

Constant 1.089 *** 1.037 *** 1.249 *** 1.406 ***
(78.09) (44.41) (4.50) (3.84)

Controls N Y Y Y
Time N N N Y

Individual Y Y Y Y
Observations 1045 1045 1045 1045

R-squared 0.134 0.142 0.143 0.174
Notes: The t-value is presented in parentheses. Y for Yes, N for No. *** p < 0.01, ** p < 0.05.

5.3. Heterogeneity Analysis
5.3.1. Consideration of Regional Differences

Considering the disparities in economic development across China, regional financial
disparities and varying reliance on and sensitivity to land finance are evident. Geographi-
cally, China’s economic landscape broadly delineates stronger economic development in
eastern cities compared with those in central and western regions. To analyse this, the
sample was partitioned into three distinct geographic zones: the eastern, central, and
western areas, comprising 85, 68, and 62 cities, respectively.

In Table 4, columns (5)–(7) report the regional heterogeneity. The coefficient of the
impact of urban land finance on the green transformation of the economy in the eastern
region is −3.583, and the result is significant at the 1% level. Conversely, in central and
western cities, while the land finance coefficient shows negativity in relation to the envi-
ronmental aspects, the significance level is less pronounced. The results show that the
inhibiting effect of land finance on the green transformation of the economy is mainly
found in cities in economically developed regions, and the inhibiting effect of land finance
on the green transformation of the economy is not obvious in cities in central and western
regions. Moreover, the spatial characteristics of regional debt scales reveal higher debt
levels in China’s eastern cities than in the central and western counterparts, proportional to
the city’s economic size. The reason for this is that the more economically advanced cities
and regions have the capacity to service their debt in a way that matches the size of their
debt. Consequently, the average government debt in eastern cities surpasses that of central
and western regions. The significant inhibitory influence of land finance on economic
transformation in the eastern region indicates a regulatory correlation between the adverse
effects of land finance and the magnitude of government debt.

Table 4. Heterogeneity analysis.

(5) (6) (7) (8) (9) (10) (11)

Eastern Cities Central Cities Western Cities Tier 1 Cities Tier 2 Cities Tier 3 Cities Tier 4 Cities

LF −3.583 *** −0.618 −1.766 −2.132 ** −0.174 −0.463 0.425
(−2.60) (−0.36) (−0.94) (−2.02) (−0.66) (−0.62) (0.56)

Constant 1.860 ** 1.076 1.267 *** 2.281 * 1.453 *** 1.208 *** 0.989 ***
(2.55) (1.46) (3.09) (1.79) (4.76) (4.86) (8.30)

Controls Y Y Y Y Y Y Y
Time Y Y Y Y Y Y Y

Individual Y Y Y Y Y Y Y
Observations 419 330 297 73 125 215 632

R-squared 0.083 0.039 0.076 0.345 0.315 0.176 0.179

Notes: The t-value is presented in parentheses. Y for Yes. *** p < 0.01, ** p < 0.05 and * p < 0.1.

5.3.2. Consideration of Differences in Economic Output

To further corroborate these findings on the influence of land finance restraining
environmental conservation and low-carbon economic transformation, particularly in
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economically prosperous cities, the sample was categorised based on the 2019 national city
economic output rankings. The cities were classified into Tier 1, Tier 2, Tier 3 and Tier 4
groups, where Tier 1 comprises the top 20 cities in GDP ranking, Tier 2 spans from the 21st
to the 50th, Tier 3 from the 51st to the 100th and the remaining cities fall into Tier 4.

In Table 4, columns (8)–(11) report the heterogeneity of the differences in economic
output. As shown in Table 4 column (8), the main regression coefficient for the first-tier
sample is −2.132, which is significant at the 5% level, indicating that land finance has a
more significant negative effect on the green transformation of the economy in economically
strong cities. Columns (9) to (11) show that the main regression coefficients for the second-
, third- and fourth-tier city samples are not significant. The regression coefficients for
the second- and third-tier cities are still negative. The findings indicate that for cities
with a relatively middle ranking in terms of economic development and economic scale,
the inhibiting effect of land finance on the green transformation of the economy is not
yet apparent. However, there is a discernible trend of negative effects. In contrast, the
coefficient for the fourth tier of cities is positive, suggesting that for regions and cities
with lagging economic development, land finance has not yet demonstrated an inhibiting
effect on economic development. Consequently, there is still the possibility of promoting
economic development.

This heterogeneity results from the considerable geographical variations in China’s
economic development as well as the various economic development levels found in
different parts of the country. Regional variation exists with regard to the consequences
of local government debt on land financing to impede the green transformation of the
economy due to differences in the efficiency of using debt funds, the investment of funds,
the ability to bear debt and the ability to repay debt.

5.4. The Role of Local Government Debt as a Constraint on the Impact of Land Finance on the
Green Transformation of the Economy
5.4.1. Examination of Local Government Debt’s Moderating Effect

In order to further investigate the impact mechanism of local government debt and
land finance on the green transformation of the economy, the regulatory effect of local
government debt is studied. So, the interaction term of local government debt and land
finance is introduced in order to study the moderating effect of local government debt.

In Table 5, columns (12) and (13) present the findings of the moderation test for the full
sample. As illustrated in Table 5 (13), the coefficient of the interaction term LFit × LGDit is
−1.338, which is statistically significant at the 0.05 level. The results of the moderation test
indicate that an increase in the scale of local government debt is associated with a stronger
inhibiting effect of land finance on the green transformation of the economy. The results
of the moderation test indicate that local government debt exerts a moderating effect on
the impact of land finance on the green transformation of the economy. This finding is
consistent with research hypothesis H2 presented in this paper.

In Table 5, columns (14) and (15) and columns (16) and (17) report the moderating
effect test for the eastern region urban sample and the first-tier urban sample, respectively,
and indicate that there is land finance inhibition of the green transition of the economy in
the sample of eastern cities and first-tier cities and that there is a moderating role for the
land finance inhibition of economic green transition in local government debt.

The aforementioned analysis results are consistent with earlier theoretical hypotheses:
public investment will crowd out private investment and lower overall investment effi-
ciency; additionally, local government debt has a risk aggregation effect and interacts with
land finance to further inhibit economic green transition. The aforementioned variables col-
lectively contribute to the local government debt playing a reinforcing role in the utilisation
of land financing for the purpose of promoting the green transformation of the economy.
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Table 5. Moderating effect test.

(12) (13) (14) (15) (16) (17)

Full Sample Eastern Cities Tier 1 Cities

LF −2.184 ** −2.362 *** −1.249 *** −0.947 * −2.132 ** −1.328 *
(−2.50) (−2.66) (−2.81) (−1.79) (−2.02) (−1.66)

LGD 0.265 ** 0.170 ** 0.444 **
(2.00) (1.98) (2.52)

LF× LGD −1.338 ** −0.735 ** −1.630 **
(2.30) (−2.12) (−2.24)

Constant 1.279 *** 1.139 *** 1.029 *** 0.958 *** 2.281 * 2.395
(3.28) (4.04) (4.17) (3.86) (1.79) (1.47)

Controls Y Y Y Y Y Y
Time Y Y Y Y Y Y

Individual Y Y Y Y Y Y
Observations 1045 1045 419 419 73 73
R-squared 0.175 0.167 0.189 0.201 0.345 0.488

Notes: The t-value is presented in parentheses. Y for Yes, N for No. *** p < 0.01, ** p < 0.05 and * p < 0.1.

5.4.2. Group Regression by Size of Local Government Debt

The government debt ratio is a measure of the overall government debt level of
prefecture-level cities, calculated by comparing the scale of local government debt to the
scale of local economic activity. The chosen samples were further categorised into high
and low groups, with the median being used as the benchmark for regression analysis.
This was performed to enhance the presentation of the cause-and-effect link between land
finance and economic green transformation, as well as the impact of local government
debt adjustments. We examined the differences in the impact of land finance on the green
transition of the economy when the size of government debt varies through the above
methodology. The results are shown in Table 6.

Table 6. Regression with sample grouping.

(18) (19) (20) (21) (22) (23)

Full Sample,
High Debt

Full Sample,
Low Debt

Eastern
Cities,

High Debt

Eastern
Cities,

Low Debt

Tier 1 Cities,
High Debt

Tier 1 Cities,
Low Debt

LF −2.014 ** −0.285 −4.649 *** −8.608 −6.154 * −1.247
(−2.39) (−0.94) (−3.56) (−1.63) (−2.02) (−0.14)

Constant 1.946 *** 1.045 *** 1.787 * 1.188 2.053 0.810 ***
(3.21) (21.58) (1.75) (0.99) (0.47) (5.16)

Controls Y Y Y Y Y Y
Time Y Y Y Y Y Y

Individual Y Y Y Y Y Y
Observations 459 523 227 192 50 23
R-squared 0.245 0.062 0.175 0.088 0.487 0.708

Notes: The t-value is presented in parentheses. Y for Yes.*** p < 0.01, ** p < 0.05 and * p < 0.1.

Regression of Full-Sample Subgroups by Local Government Debt Size

In Table 6, columns (18) and (19) report the results of the regression analysis for the
full sample. Due to disparities in economic development among various provinces and
municipalities across regions, assessing each locality’s debt scale solely through the local
debt balance stock indicator lacks comparability. Therefore, a more justifiable approach
involves comparing it against comprehensive financial strength to derive the local gov-
ernment debt ratio. This ratio signifies the regional economy’s growth capacity relative
to the magnitude of local government debt and serves as a measure for each locality’s
debt scale. Column (18) shows that in the high-scale group of local government debt, land
finance has a significant inhibitory effect on the green transformation of the economy, with
a coefficient of −2.014, which is significant at the 5% level. Column (19) shows that in the
low-scale group of local government debt, although the coefficient of land finance on the
green transformation of the economy is still negative, indicating an inhibitory effect, it is
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not statistically significant. The regression findings within this subgroup highlight that
the inhibitory impact of real estate finance on the economic green transformation is more
pronounced in prefecture-level cities grappling with higher local government debt.

Regressions Grouped by Size of Local Government Debt in Eastern Cities

In Table 6, columns (20) and (21) show the regression results for the subgroup of
eastern cities. In order to further explore the aforementioned conclusions and examine the
moderating influence of local government debt, the magnitude of local government debt in
the central and eastern cities of the sample was divided into high and low groups by using
the median as a dividing threshold. Cities exceeding the median local government debt
size were classified as the high-debt group (assigned a value of 1), while those below the
median form the low-debt group (assigned a value of 0).

As shown in Table 6 (20), the substantial debt burden in eastern cities poses a significant
obstacle to the progress of the green transformation of the economy, with a coefficient of
−4.649, which is statistically significant at the 1% level. Simultaneously, land finance in the
low-debt group in eastern cities has a consistent direction of the effect of the green transition
of the economy, with a coefficient that is still negative but not statistically significant.
The aforementioned group regression results demonstrate how the intensity of the land
finance-induced economic green transition inhibitory effect is influenced by both high and
low levels of government debt; in other words, local government debt amplifies this effect,
thereby supporting research hypothesis H2.

Regressions Grouped by Size of Local Government Debt in First-Tier Cities

In Table 6, columns (22) and (23) report the regression results by the size of local
government debt in first-tier cities. The local government debt burden ratio of the first-tier
cities was divided into high and low groups for group regression based on the median,
and the cities with local government debt size larger than the median were defined as the
high-debt group and assigned the value of 1, while the cities with local government debt size
smaller than the median were defined as the low-debt group and assigned the value of 0.

As shown in columns (22) and (23), with a coefficient of −6.154, which is significant at
the 10% level, land finance has a substantial inhibiting impact on the green transition of the
economy in major cities with large levels of debt; in the low-debt group, the coefficient of
land finance’s effect on the economy’s green transition is still negative, indicating that it
has an inhibitory effect but is not statistically significant.

The group regression results presented above indicate that local government debt
plays a moderating role in the relationship between land finance and economic green
transition, confirming hypothesis H2. Furthermore, the results suggest that as local gov-
ernment debt increases, the inhibitory effect of land finance on economic green transition
becomes stronger.

5.5. Robustness Testing

The analysis in this paper employs various grouping regressions to examine the impact
mechanism. These analyses consistently highlight the amplified moderating effect of local
government debt on the relationship between land finance and the transition to a greener
economy. Following this, a benchmark regression was conducted to further scrutinise the
robustness of these findings. The results are shown in Table 7.
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Table 7. Base regression robustness analysis.

(24) (25) (26) (27) (28)

TFP-SBM TFP-SBM TFP-SBM TFP TFP

LF −0.278 −0.597 ** −0.582 ** −1.781 ** −3.774 ***
(−1.12) (−2.27) (−2.19) (−1.99) (−3.43)

Constant 1.022 *** 0.995 *** 1.040 *** 1.354 *** 1.245 ***
(214.24) (110.27) (9.36) (3.80) (2.73)

Controls N Y Y Y Y
Time N N Y Y Y

Individual Y Y Y Y Y
Observations 1045 1045 1045 1032 839

R-squared 0.145 0.158 0.164 0.169 0.241
Notes: The t-value is presented in parentheses. Y for Yes, N for No. *** p < 0.01, ** p < 0.05.

5.5.1. Robustness Analysis with Replacement of Explanatory Variable

In Table 7, columns (24)–(26) report the results of the robustness analysis for the
replacement of the explained variables. To assess the continued suppressive impact of land
finance on environmental protection and low-carbon economic transformation, alongside
the moderating role of local government debt, the primary explanatory variable undergoes
substitution in the robustness test section. The actual analysis using the DEA method
might introduce measurement bias due to potential random errors, making it challenging
to authentically evaluate the impact of random errors and internal management variables.
To address this, the super-efficient SBM model proposed by Tone (2001) [64] was adopted to
recalibrate the economic efficiency of the green sector. Following the methodology outlined
by Yuan (2020) [65], non-expected outputs were integrated into the super-efficient SBM
model to gauge the new green economic efficiency, termed TFP-SBM. Subsequently, the
model undergoes re-regression for further analysis. The findings demonstrate that the
suppressive impact of land financing on the economic green transformation is robust.

5.5.2. Robustness Analysis with Partial Sample Exclusion

Table 7 (27) reports the results of a robustness analysis that excludes some of the
samples. This study focuses on data of prefecture-level cities, a dataset notably comparable
to provincial data and significantly larger than that of ordinary prefectures and cities.
Consequently, the data from the four municipalities and certain samples from western
Chinese provinces, where efforts are concentrated on developing their capital cities, like
Chengdu and Xi’an, were excluded for robustness analysis. And the key explanatory
variable continued to be statistically significant.

Furthermore, this paper examines the impact of local government debt reform. As il-
lustrated in Table 7 (28), due to the 2015 local government debt reform, local government
debt is subject to quota management and classified into budget management. The data on
local government debt fluctuate greatly, so the 2015 sample was excluded. After excluding
some samples, the impact of land finance on the green transformation of the economy is
still significantly negative. The conclusions are consistent with the benchmark regression,
indicating that the inhibiting effect of land finance on the green transformation of the
economy is robust.

5.5.3. Robustness Analysis of Moderating Role of Local Government Debt

In Table 8, columns (29) to (34) report the results of the robustness analysis of the local
government debt reconciliation. In columns (29) and (30), the moderating effect model
replaces the dependent variable with TFP-SBM and uses a subsample after exclusion to
conduct a robustness test of the moderating effect. The results show that the interaction
term is still significantly negative, indicating that local government debt, as a moderating
variable, has a robust moderating effect on the positive effect of land finance on the
green transformation of the economy. In columns (31) to (34) of Table 8, the moderating
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effect of local government debt on the green transformation of the economy is robust
to the replacement of the dependent variable in the moderating effect model for eastern
cities and first-tier cities. The moderating effect is still significant after replacing the
dependent variable with TFP-SBM, which once again confirms the robustness of the positive
moderating effect of local government debt as a moderating variable on the impact of land
finance on the green transformation of the economy.

Table 8. Robustness analysis of moderating effects.

(29) (30) (31) (32) (33) (34)

Full Sample Eastern Cities Tier 1 Cities

LF −0.582 ** −0.612 ** −3.825 *** −3.570 ** −6.938 ** −4.230 *
(−2.19) (−2.33) (−2.69) (−2.11) (−2.29) (−1.92)

LGD 0.093 * 0.604 ** 1.453 ***
(1.93) (2.20) (3.10)

LF × LGD −0.579 ** −1.965* −5.211 **
(−2.57) (−1.77) (−2.69)

Constant 1.040 *** 1.056 *** 1.539 * 1.336 * 2.949 4.593
(9.36) (10.17) (1.95) (1.68) (0.63) (1.06)

Controls Y Y Y Y Y Y
Time Y Y Y Y Y Y

Individual Y Y Y Y Y Y
Observations 839 839 410 410 65 65
R-squared 0.164 0.162 0.205 0.217 0.437 0.553

Notes: The t-value is presented in parentheses. Y for Yes.*** p < 0.01, ** p < 0.05 and * p < 0.1.

5.5.4. Robustness Analysis of Regressions Grouped by Local Government Debt Size

In Table 9, columns (36)–(39) present the results of the robustness analysis of the regres-
sion, which was grouped according to the size of local government debt. The explanatory
variable TFP-SBM was still utilised, and a robustness test was conducted by performing a
grouped regression on the excluded sample. This was performed to verify the robustness
of the grouped regression results on the size of local government debt. The regression
results show that in both first-tier and eastern region cities, the impact of land financ-
ing on impeding the green transition of the economy becomes more pronounced as the
level of local government debt increases, demonstrating the robustness of the grouping
regression results.

Table 9. Subgroup regression robustness analysis.

(35) (36) (37) (38) (39)

Full Sample Eastern Cities,
High Debt

Eastern Cities,
Low Debt

Tier 1 Cities,
High Debt

Tier 1 Cities,
Low Debt

LF −3.774 *** −2.863 *** −0.076 −3.909 ** −3.774
(−3.43) (−2.96) (−0.06) (−2.20) (−0.37)

Constant 1.245 *** 2.098 ** 0.863 ** 1.706 ** 1.245 ***
(2.73) (2.35) (2.13) (2.41) (2.73)

Controls Y Y Y Y Y
Time Y Y Y Y Y

Individual Y Y Y Y Y
Observations 839 141 269 23 42

R-squared 0.241 0.315 0.054 0.496 0.241
Notes: The t-value is presented in parentheses. Y for Yes. *** p < 0.01and ** p < 0.05.

6. Conclusions and Discussion
6.1. Conclusions

This study utilises panel data from 215 prominent prefecture-level cities, covering the
period from 2015 to 2019. Its aim is to empirically scrutinise the influence of land finance on
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economic green transformation, exploring the role and impact direction of local government
debt as a regulatory variable. The research outcomes reveal the findings reported below.

First, a larger scale of land finance correlates with lower green economic efficiency,
suggesting that land finance hampers urban economic green transformation.

Second, the influence of local government debt on the effect of land finance on the
green transformation of the economy is substantial. With the escalation of local government
debt, land finance’s inhibitory influence on the green metamorphosis of the economy
becomes more pronounced, thereby demonstrating a positive moderating effect.

Third, the impact of land finance and local government debt on the green transforma-
tion of the economy varies across different economic output scales and urban geographic
regions. Empirical research conducted on subgroups reveals that within the eastern region
and in prefecture-level cities with a larger economic output scale, there exists a correlation
wherein a greater scale of local government debt is associated with more pronounced
inhibition of economic green transformation due to land finance policies.

6.2. Discussion

The above empirical results confirm that the more serious the dependence on land
finance and the higher the scale of government debt, the stronger the inhibiting effect on
the green transformation of the economy in cities and regions. This reflects the more urgent
need for economically developed cities to transform their economies and upgrade their
industrial structure, as well as the greater need for governments to break away from their
dependence on land finance and debt financing and find new and stable sources of revenue.

This paper shows that land finance has a significant inhibitory effect on the green
transformation of the economy, which is consistent with Wang (2021) [66] considering the
environmental effects of land finance. Land finance has an impact on economic growth as
well as other aspects, so incorporating land finance and the green transformation of the
economy into a unified research framework can help to expand research on the impact of
land finance. On this basis, this paper also introduces the local government debt variable
and empirically examines the moderating effect of local government debt on the impact of
land finance on the green transformation of the economy, enriching the research content
and perspective of land use policy and the green transformation of the economy.

In the world, the green transformation of the economy and green growth are ideal
models for developing countries to achieve sustainable development [67]. The green
transformation of the economy can be seen as a synergistic effect of simultaneous economic
and ecological development and is the result of the combined effects of many factors, such
as fiscal decentralisation, digitalisation, green innovation, green finance, etc. In addition
to the above factors, this paper incorporates land finance and local government debt into
the theoretical framework of green economic transformation and finds that the behaviour
of local governments in making up for the funding gap through land finance and local
government debt has a significant inhibitory effect on green economic transformation.
Therefore, when local governments use land and debt to develop the economy, they should
rationally exercise their right to allocate land resources and limit local government debt to
a reasonable level.

7. Policy Implications

In 2008, a global financial crisis occurred. In order to boost the economy, the Chinese
government proposed the “4 trillion” plan to stimulate domestic demand and promote
development, of which 2.8 trillion, accounting for 70% of the total, was to be provided by
local governments. Restricted by the reform of the tax-sharing system and the budget law,
local governments began to rely on land finance and local financing platforms to increase
local government revenue and raise related investment funds. Land finance and local
debt have become important ways and means to solve the difficulties of local government
revenue and expenditure and raise related investment funds. However, with the rapid
development of the Chinese economy and the increase in the total economic volume,
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the effectiveness of land finance and local debt in promoting economic development has
begun to weaken, and their negative effects have begun to appear, even showing signs of
hindering economic development and inhibiting economic transformation.

Through an analysis of the interplay among land finance, local government debt and
the green transition of the Chinese economy, this paper can provide valuable insights into
the experiences of a wide range of developing countries around the world, which can help
policymakers to better formulate more inclusive, equitable and sustainable development
paths that utilise land resources and alleviate government debt in order to achieve a green
transformation of the economy.

Combined with the above findings, this paper focuses on the following policy recom-
mendations.

First, local governments should promote the transformation of land finance to reduce
the dependence of local governments on land finance. This paper has shown that land
finance has a significant inhibitory effect on the progress of the green transformation of the
economy. Therefore, the government should accelerate land policy reform, improve the
fiscal and taxation system and actively seek new sources of fiscal and taxation revenue, in
addition to enhancing the sustainability of land-related fiscal revenue, thereby reducing
the dependence on land finance. Secondly, according to the heterogeneous conclusions
of the study, the current inhibitory effect of land finance on the green transformation of
the economy is mainly reflected in the more economically developed regions. Therefore,
according to the different economic development status of China’s eastern, central and
western regions, different land financing policies need to be implemented according to
local conditions. While reducing the reliance on land financing in economically developed
regions, it is necessary to strengthen supervision and intervention in land financing in
economically underdeveloped regions to minimise the inhibiting effect of land finance on
the green transformation of the economy.

Second, local government should optimise the structure and scale of debt and upgrade
and adjust the industrial structure. Initially, by implementing legislation, rules and other
appropriate high-level strategies, the government aims to regulate and limit its borrowing
activities, ensuring that the amount of debt incurred by local governments remains within a
reasonable and effective range. Secondly, we should optimise the debt structure, change the
current financial dependence status quo and abandon the “financial expansion–economic
development” inherent thinking, so that the scale and structure of government debt is at
the best level to promote the development of economic green transformation. Finally, it is
necessary to eliminate the traditional land finance development model and the development
path of local government financing projects, increase investment in and support for basic
research and promote the transformation of industries into high-technology and high-
value-added industries with low-energy consumption and low-pollution areas, so as to
promote the healthy development of the economy.

Thirdly, local governments should improve the efficiency of their debt capital alloca-
tion by adapting to local conditions and implementing policies that are appropriate for
their cities. For the eastern region, local government debt should be invested in public
services that effectively improve environmental quality and infrastructure that helps to
innovate green development, so as to lead innovation and high-quality supply and create
new demand. For the central and western regions, it is necessary to strengthen the perfor-
mance evaluation of local government debt, pay attention to the long-term mechanism of
debt-financed operations and actively expand effective social investment while avoiding
crowding out private sector credit.
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