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Abstract
This paper uses the Global Malmquist-Luenberger Index (GMLI) based on directional distance function (DDF) super efficiency 
model to measure the urban green land use efficiency (UGLUE) of 108 cities in the Yangtze River Economic Belt (YREB) from 
2007 to 2018, and it utilizes the spatial economic model to analyze the impact of land finance on the UGLUE and its mechanism 
of action. The results show that, firstly, the UGLUE in the YREB shows a steady development trend, the overall efficiency 
level is high, and there are spatial agglomeration characteristics. Secondly, the impact of land finance on the UGLUE presents 
“inverted U-shaped.” With the continuous expansion of the scale of land finance, the impact of land finance on the UGLUE in 
the city has changed from positive to negative. Thirdly, land finance has a spatial spillover effect. Land finance will inhibit the 
improvement of UGLUE in surrounding areas through the “peer effect.” With the continuous expansion of land finance scale, 
land finance will promote the improvement of UGLUE in surrounding cities through the “warning effect.”

Keywords  Land finance · Urban green land use efficiency · Spatial economic model

Introduction

Land is not only the spatial material carrier of economic and 
social activities, but also important resource source and basic 
guarantee for urban development (Kuang et al. 2020). With 
the rapid development of China’s economy, the demand for 
urban construction land has continued to increase in recent 
years (Wang et al. 2018; Zhong et al. 2020). From 2006 to 
2018, China’s urban construction land area increased from 
31,765.70 to 56,075.90 km2. The rapid expansion of urban 
construction land has not only led to the loss of a large 
amount of arable land resources, but also caused a series of 
ecological problems such as the heat island effect and envi-
ronmental pollution (Chen et al. 2018). For the purpose of 

solving these problems, the Ministry of Land and Resources 
of China issued the “Guiding Opinions on Implementing 
the Target of Decreasing Construction Land for Units Gross 
Domestic Product” in February 2012, which clearly requires 
land and resources departments at all levels to strengthen 
the intensive use of land. To a certain extent, it limits the 
extensive expansion of urban construction land. As the urban 
construction land resources become increasingly tight, the 
constraints of land resources on economic growth gradually 
emerge, especially in the eastern coastal areas (Ding and 
Lichtenberg, 2011). How to better promote economic growth 
under the constraints of land resources (that is, increasing 
UGLUE) has become a key issue in solving the contradiction 
between the shortage of land resources and economic growth 
(Yang et al. 2020).

The UGLUE is influenced by the level of economic 
development (Xie et al. 2018), the upgrading of industrial 
structure (Gao et al. 2020) and the technological level (Yu 
et al. 2019), globalization, marketization, decentralization 
and urbanization (Wu et al. 2017), and many other factors. 
Among these factors, the impact of land finance on UGLUE 
is particularly important (Wang et al. 2021b). Land finance 
refers to the behavior that local governments use land to 
obtain on-budget and off-budget revenue to win in regional 
competition (Qun et al. 2015). Since the reform of tax 
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distribution system in 1994, local governments, which are 
increasingly short of financial resources, have increasingly 
relied on land finance to solve the financial constraints they 
are facing (Chen et al. 2002). After 1998, the scale of land 
transfer income in China showed a rapid growth trend as 
a whole. As shown in Fig. 1, China’s land transfer income 
increased significantly from 50.77 billion yuan in 1998 to 
1,221.672 billion yuan in 2007 and reached 4,038.586 bil-
lion yuan in 2014 (with an average annual growth rate of 
31.59%). The rising proportion of land transfer income in 
local government fiscal revenue makes land finance become 
the “second finance” of local government. The “land king” 
is constantly created. Rising land price and housing price 
make local governments take land transfer as the center of 
development has attracted much attention and doubt. It is 
undeniable that in the past 10 years, land finance revenue 
has been an important source of funds for local governments 
to carry out infrastructure construction and attract invest-
ment. So, what is the impact of land finance on UGLUE? 
How is it affected? Solving these problems is essential for 
realizing the effective use of land resources and achieving 
sustainable economic development.

The YREB is a giant basin economic belt with the largest 
population, industrial scale, and the most complete urban 
system in the world and runs through the eastern, central, 
and regions of China (Chen et al. 2017; Yang et al. 2021). 
The YREB covers an area of 2.05 million km2, account-
ing for 1/5 of the total land area of China (Jin et al. 2018). 
In 2019, the total GDP of YREB was 45.8 trillion yuan, 
accounting for 46.2% of the country’s GDP. The YREB sup-
ports rapid economic development with less land. Compared 
with other regions, the contradiction between the shortage 

of urban land resources and economic growth in the YREB 
is more prominent. Increasing the UGLUE of the YREB 
can not only solve the contradiction between the insufficient 
supply of land resources and economic growth in YREB, 
but also provide a reference for other cities to realize the 
efficient use of land.

Based on the above analysis, this paper firstly uses the 
GMLI based on the DDF super efficiency model to measure 
the UGLUE of 108 cities in the YREB. Secondly, through 
the Benchmark regression model and spatial economic 
model, it discusses the impact of land finance on UGLUE. 
Finally, from the perspective of land finance, it puts forward 
some policy recommendations on promoting the effective 
use of urban land.

The structure of the rest part in this paper is as follows: 
The second part describes the literature review. The third 
part puts forward the research hypothesis. The fourth part 
introduces the data and methods. The fifth part presents 
the results and discussion. The sixth part summarizes the 
empirical results and policy recommendations.

Literature review

As an input element of production, the use of land has 
attracted wide attention from scholars. Traditional urban 
land use efficiency is an important measurable indicator 
reflecting the relationship between land input and economic 
output (Du et al. 2016; Han et al. 2019). However, land is 
a complex economic, social-natural environment system. 
Traditional urban land use efficiency is only limited to the 
economic and social scope (Chen et al. 2018), ignoring the 

Fig. 1   The change in land grand 
income in China between 1998 
and 2018
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green concept of coordinated economic, social, and envi-
ronmental development. UGLUE refers to maximizing 
economic benefits under the premise of reducing resource 
consumption and environmental pollution (Yu et al. 2020). 
With the deepening of the concept of green development, 
UGLUE has received widespread attention from schol-
ars from all walks of life (Xie et al. 2019; Xie and Wang, 
2015; Hu et al. 2018). Scholars have begun to use different 
methods to measure UGLUE in different regions. Lu et al. 
(2018) incorporated the environmental pollution index into 
the overall evaluation index system of urban land utilization 
and measured the overall evaluation of urban green land 
use in 31 provinces and cities of China from 2001 to 2014 
by using SBM model. Zhao et al. (2018) used the super 
efficiency DEA model to measure the land ecological effi-
ciency of 13 prefecture-level cities in the Beijing-Tianjin-
Hebei region. Han and Zhang (2020) analyzed cultivated 
land use efficiency by using the minimum distance to strong 
efficient frontier (MinDS) model and the Malmquist index. 
In addition to  DEA model, the SFA model can also be used. 
Liu et al. (2020) evaluated the green land use efficiency 
(GLUE) by using the one-stage SFA model and analyzed the 
influence of bad output on the GLUE and the improvement 
potential of urban GLUE. Based on SFA, Song et al. (2020) 
and Dong et al. (2020) studied the spatiotemporal patterns 
of logistics land use efficiency and urban land use efficiency 
in the YREB, respectively.

In recent years, a large number of studies have focused on 
the factors affecting the use of urban land. Xie et al. (2018) 
found that the relationship between the per capita GDP and 
industrial land efficiency of urban agglomerations in the 
middle reaches of the Yangtze River is “N” type. Huang 
et al. (2017) found that China’s economic development 
zones can influence the land use efficiency through selec-
tion effect, factor accumulation effect, and agglomeration 
effect. Through regression analysis, Yu et al. (2019) found 
that the level of economic development, population density, 
and market openness had a significant impact on the land use 
efficiency. Yu et al. (2020) used GIS and machine learning 
methods to discuss the influencing factors of green utiliza-
tion efficiency of urban construction land (GUEUCL). He 
found that population density, economic conditions, gov-
ernment investment attraction, and reasonable growth of 
urban space development were important indicators affect-
ing GUEUCL. Based on a spatial regression model, He et al. 
(2020) found that urban form could affect land use efficiency. 
In addition, government intervention in the land market will 
also affect land use. This intervention is mainly reflected in 
two aspects: The one hand is the introduction of land-related 
policies, such as Du et al. (2016) found that the land pricing 
system could stimulate investment and business management 
to promote effective land use. The study of Tu et al. (2014) 
found that the central government’s policy of promoting the 

public transfer of industrial land at the end of 2006 did not 
reduce the use of idle land. The other hand is land finance. 
Wang et al. (2021b)  used the panel threshold model to ana-
lyze the impact of land finance on land use efficiency, and 
empirical test found that there was an inverted “U” curve 
relationship between the two. Different from the study of 
Wang et al. (2021b) , Liu et al. (2018) did not use the panel 
threshold model but analyzed the land use performance of 
Chongqing by constructing a conceptual framework. The 
study found that the local government’s excessive depend-
ence on land finance led to the rapid expansion of land use.

The above literatures provide inspiration for this paper, 
but there are still some shortcomings in the research on 
the relationship between land finance and UGLUE. Firstly, 
existing studies only evaluate the level of land use from an 
economic point of view, ignoring the evaluation from an 
ecological point of view. Secondly, the existing literatures 
are basically analyzed from the provincial level or the indi-
vidual level of cities. However, there is a lack of research on 
the YREB. Thirdly, existing studies have not considered the 
spatial spillover effect of inter-city land finance. The neglect 
of such spillover effect may lead to biased or even invalid 
coefficient estimates of land finance on UGLUE.

The contributions of this study are as follows: Firstly, 
compared with previous studies that only consider economic 
factors, this paper incorporates five indicators of land, capital, 
labor, economy, and ecology into the evaluation system of 
UGLUE and uses the GMLI based on DDF super-efficiency 
model to measure the UGLUE in YREB. Secondly, this paper 
selects the panel data of 108 cities in the YREB from 2007 to 
2018 as the research sample, which provides a new evidence 
for the research on the relationship between land finance and 
UGLUE. Thirdly, this paper analyzes the direct effect and 
spillover effect of land finance on UGLUE from both theo-
retical and empirical aspects, which enriches the researches 
on the role of land finance in efficient use of land.

Research hypothesis

Land revenue has become the “rigid demand” for local 
governments to promote economic growth and affects 
the UGLUE and sustainable development level of cities. 
Based on the existing theoretical mechanism and empirical 
research, this paper draws Fig. 2 to analyze the mechanism 
of land finance on UGLUE and puts forward the following 
two hypotheses.

Under the dual incentive of financial decentralization and 
promotion tournament, local governments adopts the method 
of selling industrial land at low prices to promote local eco-
nomic development and horizontally subsidize the cost of 
industrial land by selling commercial land at high prices. 
From the perspective of industrial land, the sale of industrial 
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land at a low price can promote the employment level of 
the region by attracting foreign capital and introduce some 
high-tech industries, thereby generating knowledge spillover 
effects and promoting the improvement of UGLUE. How-
ever, with the continuous reduction of the cost of indus-
trial land, a large number of low-efficiency enterprises with 
backward technology and equipment flood in. The high-tech 
industries facing higher land prices are crowded out, which 
leads to misallocation of resources and a reduction in the 
output efficiency (Cao et al. 2008; Du et al. 2016). From 
the perspective of commercial and residential land, the sale 
of commercial and residential land at high prices brings an 
increase in public infrastructure investment. The continuous 
improvement of public infrastructure promotes the industrial 
development, which will inevitably increase the output of 
land units and improve the UGLUE (Tian and Ma, 2009; Pan 
et al. 2015; Ye and Wu, 2014). However, the high price of 
commercial and residential land will also promote the rise of 
housing prices (Fang and Zi, 2012; Pan et al. 2015). Induced 
by the high profits of the real estate industry, enterprises will 
invest a large amount of funds into the real estate sector for 
arbitrage, resulting in a large outflow of capital and crowd-
ing out investment in high-tech sectors. This reduces the 
output efficiency and inhibits the improvement of UGLUE.

Therefore, Hypothesis 1 is proposed: Under the promo-
tion competition mechanism of local governments, there is 
a positive relationship between land finance and UGLUE. 
However, with the continuous expansion of the scale of land 
finance, the relationship between land finance and UGLUE 
changes from positive to negative. The relationship between 
them is an inverted U-shaped.

Some important decisions of local government offi-
cials are not only based on their own conditions, but also 
affected by the decision-making of areas with similar levels 

of resource endowment and economic development. In this 
paper, the interaction effect between governments is divided 
into “peer effect” and “warning effect.” On the one hand, 
due to the existence of “promotion tournament” mechanism, 
local government officials are in the category of “the same 
group.” The decisions of local officials may not be made 
simply on their own situation, but by referring and imitating 
the behavior of other decision-makers in order to prove to 
the higher government that its efforts are not inferior to those 
of the surrounding cities. This is called the “peer effect.” 
When a city benefits from the land finance policy, the gov-
ernment officials in surrounding areas tend to blindly imitate 
and follow its land finance policy in the short term, which 
may cause excessive waste of land resources. On the other 
hand, facing the waste of land resources and unreasonable 
industrial structure caused by the excessive financial scale of 
land, the government of surrounding areas may be regarded 
as a “warning” because of the pressure of public opinion. 
Then, they can develop appropriate land fiscal policy accord-
ing to their own actual situation to achieve green land use 
and sustainable economic development, which is called the 
“warning effect.”

Therefore, Hypothesis 2 is put forward: Land finance has 
spatial spillover effect, and the land finance in the area can 
affect UGLUE in the surrounding areas.

Data and methodology

The super‑efficiency DDF model with unexpected 
output

The directional distance function (DDF for short) model adopted 
in this study is based on the research of Färe et al. (2007). Each 
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city is regarded as an input–output system, in which the input 
vector is represented by x. The output vector is divided into good 
output y and bad output b. The production possibility set P can 
be defined as

The input vectors include capital (K), labor (L), and 
land (M) in the cities of the YREB. Good output is the 
GDP of each city, and bad output is the emission of indus-
trial waste in each city. The DDF model assumes that the 
production feasibility set is a closed bounded convex set, 
which meets P(0) = {0, 0} . At the same time, assuming that 
the good output and input are free to dispose. That is to 
say: ①If (y, b) ∈ P(x) and 

(

y
�

, b) ≤ (y, b
)

 , then 
(

y
�

, b
)

⊆ P(x) ; 
②If (y, b) ∈ P(x) and x′

≥ x , then P(x�

) ⊆ P(x).
In addition, the directional distance function also meets 

the zero-knot and the joint weak disposal of output. It 
means that good output is bound to be accompanied by bad 
output and reducing bad output will inevitably lead to the 
reduction of good output. That is to say: ①If (y, b) ∈ P(x) 
and b = 0 , then y = 0 ; ②If (y, b) ∈ P(x) and 0 ≤ � ≤ 1 , then 
(�y, �b) ∈ P(x).

Based on the production possibility set P(x), the DDF 
model can be defined as the following equation:

g = (gy,−gb) represents the direction vector. The maximum 
value of this function is �∗ = D0(x, y, b;g) , which represents the 
maximum extent to which good outputs increase and bad out-
puts decrease when the output vector (y, b) ∈ P(x) of a decision 
unit moves to the boundary of the output possible set according 
to the direction vector g. β* is the embodiment of the production 
efficiency of each unit. The lower the production efficiency of 
the unit, the greater the β* is.

Global Malmquist‑Luenberger index

When the data of the evaluated DMU is panel data contain-
ing a plurality of points in time, at multiple time points, 
the UGLUE will change at different time points. At this 
time, it is necessary to use the Malmquist index method 
to measure the dynamic change of UGLUE. Referred 
to Chung et  al. (1997), this paper introduces Global 
Malmquist-Luenberger index (GMLI for short), which can 

(1)P = {(y, b)|x can produce (y, b)}

(2)
����⃗D0

(

x, y, b;gy,−gb
)

= max
{

𝛽 ∶
(

y + 𝛽gy, b − 𝛽gb
)

∈ P(x)
}

measure the change of UGLUE including undesired output 
to facilitate dynamic analysis. The index from t period to 
t + 1 period is expressed as follows:

1 + ����⃗DT
G
(xt, yt, bt;gt) and 1 + ��������⃗DT+1

G
(xt, yt, bt;gt) are the 

distance function of DMU for comparing the t and t + 1 
period with the production frontier surfaces of the same 
period, respectively. 1 + ����⃗DT

G
(xt+1, yt+1, bt+1;gt+1) and 

1 + ��������⃗DT+1
G

(xt+1, yt+1, bt+1;gt+1) are the distance function of 
DMU in t + 1 period and t period comparing the t period 
and t + 1 period with the production frontier surfaces of the 
mixing period, respectively. That is to say, the distance func-
tion between the DMU and front surface of mixing period. 
GMLIt,t+1 > 1 indicates that the productivity is increas-
ing.GMLIt,t+1 < 1 indicates that the productivity is lowering. 
The GMLI index is further decomposed as follows:

GMLTECHt+1
t

 is the efficiency change index of urban green 
land use technology, which indicates the ability of decision-mak-
ing unit (DMU) to utilize the current technology. If GMLTECHt+1

t
 

is greater than 1, the technical efficiency of decision-making 
unit is improving and more and more approach to the produc-
tion frontier. If GMLTECHt+1

t
 is less than 1, the DMU does not 

make full use of the existing technology to maximize its capacity 
GMLEFFCHt+1

t
 is the change index of urban green land use tech-

nological progress, which indicates the impact of production fron-
tier on the efficiency of DMU. If GMLEFFCHt+1

t
 is more than 

1, the technology of DMU’s environment is improving from t to 
t + 1. If GMLEFFCHt+1

t
 is less than 1, the technology of DMU’s 

environment is regressing from t to t + 1. The GMLI consists of 
technological efficiency and technological progress, which equals 
to the product of these two indicators.

Empirical models

Spatial autocorrelation test

First of all, this paper uses Moran’s I to test the global spatial 
correlation between UGLUE and land finance in 108 cities 
in the YREB. The formula is as follows:

(3)
GMLIt,t+1

(

xt, yt, bt, xt+1, yt+1, bt+1
)

=

{

1+���⃗DT
G
(xt ,yt ,bt ,gt)

1+���⃗DT
G
(xt+1 ,yt+1 ,bt+1 ,gt+1 )

×
1+�����⃗DT+1

G
(xt ,yt ,bt ;gt)

1+�����⃗DT+1
G

(xt+1 ,yt+1 ,bt+1 ,gt+1 )

}

1

2

(4)

GMLIt+1
t

= GMLEFFCHt+1
t

× GMLTECHt+1
t

=

[

1+ ����⃗Dt+1
i

(xt ,yt ,bt ;gt)

1+��⃗Dt
i
(xt ,yt ,bt ;gt)

×
1+ ����⃗Dt+1

i
(xt+1,yt+1,bt+1;gt+1)

1+��⃗Dt
i
(xt+1,yt+1,bt+1;gt+1)

]

1

2

×
1+��⃗Dt

i
(xt ,yt ,bt ;gt)

1+ ����⃗Dt+1
i

(xt+1,yt+1,bt+1;gt+1)
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S2 is the sample variance, wij is a spatial weight matrix, and n
∑

i=1

n
∑

j=1

wij is the sum of all space weights. In general, the Moran’s 
I is valued between − 1 and 1. If I is greater than 0, there is a 
positive correlation of space. If I is less than 0, there is a negative 
correlation of space. If I is close to 0, it indicates that the spatial 
distribution is random. That is, there is no spatial autocorrelation.

Spatial econometric models

According to the first law of geography, all things are associ-
ated with other things, but the closer things are more relevant 
than the farther things (Tobler, 1970). Therefore, using a spatial 
econometric model to identify the interrelatedness between such 
regions is necessary. The existing spatial econometric models 
are mainly Spatial Autoregressive Model (SAR), Spatial Error 
Model (SEM), and Spatial Durbin Model (SDM).

SAR model mainly reflects the direct interaction of 
the explained variables by setting the lagged term of the 
explained variables (Zhang et al. 2018; Zhang et al. 2020). 
The expression is as follows:

SEM mainly reflects the interaction relationship of the 
explained variable due to the system by setting the hysteresis 
of the perturbation term (Elhorst, 2003; Guo et al. 2020). 
The expression is as follows:

SDM not only considers the spatial correlation of the 
explained variables, but also considers the spatial correla-
tion of the explanatory variables (Wang et al. 2021a). The 
expression is as follows:

(5)I =

n
∑

i=1

n
∑

j=1

wij(UGLUEi − UGLUE)(UGLUEj − UGLUE)

s2
n
∑

i=1

n
∑

j=1

wij

(6)I =

n
∑

i=1

n
∑

j=1

wij(lnLFi − lnLF)(lnLFj − lnLF)

s2
n
∑

i=1

n
∑

j=1

wij

(7)UGLUEit = �
∑

j

wijUGLUEit + �ilnLFit + �i(lnLFit × lnLFit) + �iZit + �it + �it

(8)UGLUEit = �ilnLFit + �i(lnLFit × lnLFit) + �iZit + �it + �it + �
∑

j

wijvjt

ε is a perturbation term; i and t represent the space and time, 
respectively; w is a spatial weight matrix, where the geographi-
cal inverse distance matrix is selected in this paper;  δ is the 
spatial autoregressive coefficient, representing the influence 
of neighboring unit variables on the explained variable of the 
spatial unit;. ρ, ρ0 and ρ1 represent the influence coefficients of 
the observed values from other regions; α represents the coef-
ficient of explanatory variable, and θ represents the coefficient 
of controlling variable; UGLUE is the explained variable. LF is 
the explanatory variable. Z is the control variable.

The choice of three models can be obtained by Wald test 
and likelihood ratio test (Elhorst, 2014; Zhong et al. 2021).

Variable selection and data source

Variable selection

(1)	 Urban green land use efficiency (UGLUE): In this paper, 
the GMLI based on DDF super-efficiency model is used to 
measure the UGLUE of 108 cities in the YREB. Accord-
ing to the existing studies (Yang et al. 2020), the following 
core indicators of UGLUE evaluation are selected (Table 1). 
For input indicators, land factor input M, labor factor input 
L, and capital factor input K are mainly selected as input 
indicators. As for the output index, the added value of the 
secondary and tertiary industries in municipal district is 
selected as the expected output, and the GDP deflator is 
used to convert it into a comparable value. Meanwhile, the 
pollution indexes of industrial wastewater discharge, indus-
trial sulfur dioxide discharge, and industrial smoke (pow-
der) dust discharge are selected as the undesired output.

Land finance: Considering that local government still mainly 
use land transfer fees to increase local government revenue at 
the present stage, this paper uses land transfer income as a 
decision variable to measure the local government land trans-
fer behavior. In order to eliminate the effect of dimension, it 
measures land finance by the per capita land transfer income 
and carries on the logarithmic processing to it.

Control variables: For the control variable Z, the follow-
ing variables are selected as the control variable Z (Table 2):

(9)UGLUEit = �it + �
∑

j

wijUGLUEit + �ilnLFit + �i
(

lnLFit × lnLFit

)

+ �iZit + �
∑

j

wijlnLFit + �0
∑

j

wij

(

lnLFit × lnLFit

)

+ �l
∑

j

wijZit + �it
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(1) Degree of land marketization (LM) (Mu and qian, 2018): 
The marketization of land transfer refers to the transfer of land by 
local governments in a higher degree of marketization, such as 
bidding, auction, and listing. The higher the degree of marketi-
zation of land transfer, the more land buyers compete through 
the open market (Cai et al. 2013). It can promote the realiza-
tion of the best match between land resources and land users, 
thus improving the allocation of land resources and improving 
the UGLUE. Therefore, this paper selects the proportion of the 
transfer area of bidding, auction, and hanging to the total transfer 
area to express the degree of land marketization.

(2) The level of economic development (GDP) (Xie et al. 
2018): The higher the economic development of a city, the 
higher the output of a city and the more we can improve the 
UGLUE. This paper selects Per capita GDP to express.

(3) Technology level (TEC) (Chen et al. 2012): The higher 
the scientific and technological level of cities, the more they 
can promote the utilization of input elements and the transfor-
mation of innovative achievements and improve the UGLUE. 
This paper selects the proportion of science and technology 
expenditure to fiscal expenditure to express.

(4) Infrastructure level (INF) (Xiong et al. 2018): The 
continuous improvement of infrastructure can save trans-
portation costs, promote the optimal allocation of land ele-
ments, and improve the UGLUE. This paper selects the per 
capita road area to express.

(5) Financial scale (FS) (Sealey et al. 2018): When the finan-
cial scale is small, the financial sector can promote high-quality 
economic development by reducing the internal friction of eco-
nomic operation and improving financial efficiency. However, 
there is “inherent instability” in the financial system. Excessive 
financial scale will make the economy “break away from real-
ity to emptiness”, resulting in serious damage to the financial 
system, which is not conducive to the improvement of UGLUE. 
This paper uses the proportion of per capita deposits of financial 
institutions to GDP to express financial scale.

Data source

The data of land transfer income and land transfer area 
are from the Yearbook of Land and Resources Statistics in 
China. Other relevant indicators are all from China Urban 
Statistical Yearbook. In order to maintain the integrity 
of the data, this paper uses the average method to fill the 
vacancy value. In addition, due to the unavailability of the 
GDP deflator of each city, we use the GDP deflator of each 
province to deal with the relevant data, which comes from 
the National Bureau of Statistics.

Results

Temporal and spatial characteristics of UGLUE

Figure 3 shows the dynamic change trend of UGLUE in the 
YREB from 2007 to 2018. The GMLI value of UGLUE in 
the YREB fluctuates between 0.931 and 1.260, especially 
the GMLI values of 2009, 2011, 2013, 2014, and 2015 are 
less than 1. It indicates that the UGLUE is reduced by about 
4.5%. From 2007 to 2008, the average value of GMLI is 
1.065. The utilization degree of land input is relatively high. 
The overall UGLUE increases at an average annual rate of 
6.5%, but declines after 2008. The average value from 2008 
to 2015 is 0.973, and the UGLUE decreases at an average 
annual rate of 2.7%. From 2016 to 2018, the annual average 

Table 1   Input and output index

Index Variable Description Mean Std. Dev Min Max

Input index M Area of construction land in municipal district (km2) 142.5497 273.7217 5 2916
K Investment in fixed assets of municipal district (100 million yuan) 33.8692 67.0007 1.56 714.09
L Employees of secondary and tertiary industries in municipal district 

(10 thousand people)
3726.769 6637.525 96.96 59,920.73

Expected output GDP Added value of secondary and tertiary industries in municipal dis-
trict(10 thousand yuan)

568.0876 1271.756 11.99 12,278.92

Unexpected output WW Industrial wastewater discharge (10 thousand tons) 8109.597 10,753.69 60 85,347
SO2 Industrial sulfur dioxide emissions (ton) 48,083.78 61,946.25 212 682,922
SD Industrial smoke (powder) dust emissions (ton) 23,779.36 49,455.29 488 1,347,367

Table 2   Descriptive statistics of variables

Variable Obs Mean Std. Dev Min Max

UGLUE 1296 1.0927 0.6334 0.5326 1.7282
lnLF 1296 7.8241 0.9681 2.6006 10.4637
lnLF*lnLF 1296 62.1524 14.9262 6.7629 109.4888
LM 1296 0.8990 0.1505 0.0093 1.0000
lnGDP 1296 9.9929 0.5957 8.3750 11.8927
TEC 1296 1.8515 1.6357 0.1553 16.2729
lnINF 1296 2.2020 0.5797  − 0.5276 4.2716
FS 1296 0.4156 0.3678 0.0475 4.2931
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value is 1.206, and the UGLUE shows an upward trend. At 
the same time, it finds that the fluctuations of GMLI val-
ues of UGLUE in the upper, middle, and lower reaches of 
the Yangtze River are between 0.934 and 1.160, 0.955 and 
1.059, and 0.945 and 1.078, respectively. In particular, the 
mean value of UGLUE in the lower reaches of the Yang-
tze River is the lowest, which is 1.001. The mean value of 
GMLI in the middle reaches of the Yangtze River is 1.003. 
The mean value of GMLI in the upper reaches of the Yang-
tze River is the highest, which is 1.048. It indicates that 
the UGLUE in the three regions has increased to varying 
degrees.

It can be seen from Fig. 4 that the number of cities with 
GMLI value greater than 1 increases year by year from 2013 
to 2017, which shows that UGLUE has grown in more and 
more cities, and UGLUE is gradually moving to the forefront 
of production.

Spatial autocorrelation

Firstly, this paper uses Moran’s I to test spatial autocorrela-
tion. The statistical results show that the Moran indexes of 
UGLUE and land finance are significantly positive in general 
from 2007 to 2018, indicating that UGLUE and land finance 
exist an obvious spatial correlation (Table 3).

Secondly, it further examines the spatial autocorrelation 
of local areas by using local Moran’s I. Figure 5 reports the 
Moran scatter plots of UGLUE and land finance in 2007 and 
2018. The Moran scatter plots are divided into four quad-
rants. Quadrants 1 and 3 represent positive spatial autocorre-
lation of observed values, while quadrants 2 and 4 represent 
negative spatial autocorrelation. As for UGLUE and land 
finance, we can see that most of the points are located in the 
first and third quadrants, which indicates that the UGLUE 
and land finance of each city present the characteristics of 
spatial agglomeration of “high-high” and “low-low.”

Benchmark regression analysis

Before performing spatial regression, this article uses 
a model that does not consider spatial factors to perform 
regression. Meanwhile, taking into account the potential 
impact of outliers on the results, this paper conducts a win-
sorization for the core variables at the 1.5% level.

As shown in Table 4, columns (1), (2), (3), (4), and (5) 
represent mixed OLS, individual fixed effect, time fixed effect, 
individual and time two-way fixed effect, and random effect 
models, respectively. The estimation results of F test and LM 
test prove that there is individual effect in the model. The 
estimated results of the joint significance test (year test) of all 
annual dummy variables strongly reject the null hypothesis of 
“no time effect” and believe that the model should include not 
only individual effect but also time effect. The results of Haus-
man test prove that, among the individual and time two-way 
fixed effect model and the random effect model, the individual 
and time two-way fixed effect model is the best model. There-
fore, we choose the individual and time two-way fixed-effect 
model to explain the estimation results.

Regarding land finance, the estimated coefficients of 
land finance and its quadratic term are 0.157 and − 0.0111, 
respectively, which shows that land finance and UGLUE 
have an inverted U-shaped nonlinear relationship. The 
turning point occurs when the land finance (taking loga-
rithm) is 7.07. When the land finance (taking logarithm) 
of a region is lower than 7.07, the land finance will sig-
nificantly promote the improvement of UGLUE. When the 
land finance (taking logarithm) of a region is higher than 
7.07, the land finance will obviously restrain the improve-
ment of UGLUE. Among the 1296 sample points, 78% of 
the sample points are located in the downward part of the 
inverted U-shaped curve, which shows that land finance 
has significantly suppressed the increase of UGLUE.

Regarding the control variables, the estimated coeffi-
cient of land marketization level is 0.0517, and it passes 
the 10% significant level. The estimated coefficient of 
economic development level is 0.0533, and it passes the 
5% significant level, which shows that the level of land 
marketization and the level of economic development have 
a positive impact on UGLUE. The estimated coefficient 
of infrastructure level is − 0.0647, and it passes the 1% 
significant level, which shows that the level of technol-
ogy and infrastructure have a negative impact on UGLUE. 
The impact of technological level and financial scale on 
UGLUE is not significant.

Empirical results of spatial econometric model

Through the above theoretical analysis, this paper finds that 
there is a spatial interaction between local governments. 
That is to say, local governments do not make decisions 
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completely based on their own situation, but are influenced 
by the decisions of surrounding areas. Therefore, this paper 
uses spatial econometric model to further analyze the impact 
of land finance on UGLUE in the YREB. The estimated 
results are shown in Table 5.

The spatial lag coefficient of UGLUE is significantly pos-
itive at the 10% level, indicating that UGLUE has a spillo-
ver effect. In order to determine which spatial econometric 
model is the most appropriate among the three models, this 
paper uses the Wald and LR test to analyze whether the 
SDM model can be simplified into SAR and SEM model. 

Fig. 4   Spatial distribution of UGLUE’s GMLI
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Moreover, it applies Hausman test to identify which of 
the fixed effect or random effect is more appropriate. The 
results show that the fixed effect is more appropriate. From 
the results of the Wald and LR test, the original hypothesis 

(H0: γ = 0; H0: γ + ρβ = 0) are rejected, indicating that the 
SDM model cannot be simplified to SAR or SEM model. 
Therefore, we should choose the SDM model of individual 
and time fixed effect for performing analysis.
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Fig. 5   Moran scatter plots of UGLUE and land finance

Table 3   Results of Global Moran’s I

*** p < 0.01, **p < 0.05, *p < 0.1

Year

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

UGLUE Moran’s I 0.017**  − 0.017  − 0.012 0.002 0.006 0.025*** 0.011* 0.014* 0.019** 0.032*** 0.002 0.021***

E(I)  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009
sd(I) 0.012 0.012 0.012 0.012 0.013 0.012 0.013 0.013 0.013 0.013 0.012 0.013
Z value [2.168] [− 0.630] [− 0.248] [0.885] [1.246] [2.767] [1.597] [1.824] [2.264] [3.295] [0.888] [2.529]

lnLF Moran’s I 0.503*** 0.553*** 0.707*** 0.700*** 0.511*** 0.354*** 0.365*** 0.322*** 0.255*** 0.327*** 0.468*** 0.436***

E(I)  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009  − 0.009
sd(I) 0.062 0.066 0.066 0.066 0.066 0.066 0.067 0.067 0.067 0.065 0.064 0.064
Z value [8.308] [8.464] [10.858] [10.730] [7.832] [5.458] [5.558] [4.929] [3.973] [5.187] [7.506] [6.992]
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Regarding land finance, similar to the estimation results 
of the above-mentioned benchmark regression, the land 
finance and its quadratic regression coefficients are 0.189 
and − 0.0135, respectively, and both pass the 1% significance 
level, which is in line with the Hypothesis 1 of this article. 
Land finance and UGLUE have an inverted U-shaped non-
linear relationship. Land finance can promote the improve-
ment of UGLUE. However, as the scale of land finance con-
tinues to expand, the impact of land finance on UGLUE will 
turn from positive to negative, inhibiting the improvement 
of UGLUE.

Regarding the spatial spillover effects of land finance, the 
spatial lag coefficients of land finance and its quadratic terms 
are − 0.760 and 0.0482, respectively, and both pass the 5% 
significance level, which is in line with the Hypothesis 2 of 
this article. It shows that the land finance in the surrounding 
areas will have a negative impact on UGLUE in this area, 
and the “peer effect” has a significant effect. With the con-
tinuous expansion of the scale of land finance, the impact of 
land finance in surrounding areas on UGLUE in the region 
has changed from negative to positive, and the “learning 
effect” is significant.

Among the control variables, the estimated coefficient of 
land marketization level is 0.0367, and it passes the 10% sig-
nificance level. It shows that when the government improves 
the marketization level of land transfer and increases the pro-
portion of bidding, auction and listing transfers, the UGLUE 

of the city will also increase accordingly. On the one hand, 
the higher land acquisition price increases the production 
cost of enterprises. Enterprises have the incentive to invest 
more capital or labor to obtain a higher level of output. On 
the other hand, land buyers compete in the open market to 
promote the best match between land resources and land 
users, so as to improve the allocation of land resources. 
The estimated coefficient of economic development level 
is 0.0568 and passes the 5% significant level; the improve-
ment of economic development level can increase economic 
output, thereby increasing UGLUE. The estimated coeffi-
cients of technological level are − 0.0143 and pass the 5% 
significant level. This may be because China’s R&D invest-
ment is used more for production technology advancement 
rather than emission reduction technology advancement 
(Shao et al. 2019). Increased environmental pollution makes 
UGLUE decline. The estimated coefficient of infrastructure 
level is − 0.0605, and it passes the 1% significance level. 
Excessive road maintenance costs increase transportation 
costs and restrict the circulation of various elements in the 
region, thereby inhibiting the increase of UGLUE.

In addition, according to LeSage and Fischer (2008), we 
report the marginal effect of land finance on UGLUE. The 
direct effect, indirect effect, and total effect of land finance 
are shown in Table 6. The direct effect reflects the impact 
of land finance on UGLUE in the region. The indirect effect 
reflects the impact of land finance in the surrounding area 

Table 4   Empirical results of 
Benchmark regression

t statistics in parentheses.
*** p < 0.01, **p < 0.05, *p < 0.1

(1) (2) (3) (4) (5)

lnLF 0.0554 0.114* 0.0988 0.157** 0.0848
(0.79) (1.89) (1.40) (2.53) (1.44)

lnLF*lnLF  − 0.0030  − 0.0083**  − 0.0057  − 0.0111***  − 0.0061
(− 0.68) (− 2.10) (− 1.24) (− 2.73) (− 1.59)

LM  − 0.0120 0.0439* 0.0132 0.0517* 0.0202
(− 0.39) (1.80) (0.35) (1.65) (0.85)

lnGDP 0.106*** 0.0549** 0.0945*** 0.0533** 0.110***

(8.82) (2.16) (7.67) (2.04) (6.34)
TEC  − 0.0018  − 0.0210*** 0.0007  − 0.0099  − 0.0101*

(− 0.36) (− 3.12) (0.14) (− 1.38) (− 1.74)
lnPAR  − 0.0916***  − 0.101***  − 0.0808***  − 0.0647***  − 0.100***

(− 7.53) (− 6.61) (− 6.39) (− 3.59) (− 7.32)
SOF  − 0.0406**  − 0.123  − 0.0343*  − 0.0266  − 0.0589

(− 2.27) (− 1.58) (− 1.92) (− 0.31) (− 1.60)
N 1296 1296 1296 1296 1296
R2 0.1050 0.1027 0.0173 0.1275 0.0917
F test 11.27*** 2.76*** 11.26*** 92.81***

LM test 1019.71***

Year test 2.76***

Hausman test 21.95*** 12.87* 20.52***
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on UGLUE in the area, and the total effect is the sum of the 
direct effect and the indirect effect. Regarding land finance, 
the direct effect (0.187) is significantly positive at the 1% 
level, while the indirect effect (− 0.990) is significantly nega-
tive at the 5% level. Regarding the quadratic term of land 
finance, the direct effect (− 0.0134) is significantly negative 

at the 1% level, while the indirect effect (0.0626) is signifi-
cantly positive at the 5% level, which is similar to the esti-
mated results in Table 6. It is worth noting that the indirect 
effect of land finance are significantly greater than its direct 
effects, indicating that the impact of land finance in sur-
rounding areas on UGLUE is more important. According to 

Table 5   Estimation results of 
the spatial economic models

t statistics in parentheses.
*** p < 0.01, **p < 0.05, *p < 0.1

SAR FE SAR RE SEM FE SEM RE SDM FE SDM RE

lnLF 0.153*** 0.127** 0.169*** 0.139** 0.189*** 0.162**

(2.66) (2.20) (2.83) (2.22) (3.03) (2.50)
lnLF*lnLF  − 0.0109***  − 0.0088**  − 0.0119***  − 0.0096**  − 0.0135***  − 0.0112***

(− 2.89) (− 2.34) (− 3.05) (− 2.37) (− 3.31) (− 2.64)
LM 0.0472 0.0275 0.0432 0.0250 0.0367* 0.0340

(1.62) (1.19) (1.47) (0.85) (1.75) (1.10)
lnGDP 0.0543** 0.0902*** 0.0562** 0.0935*** 0.0568** 0.0897***

(2.23) (5.24) (2.31) (5.20) (2.34) (4.94)
TEC  − 0.0095  − 0.00371  − 0.0103  − 0.0037  − 0.0143**  − 0.0055

(− 1.43) (− 0.65) (− 1.51) (− 0.60) (− 2.03) (− 0.82)
lnPAR  − 0.0634***  − 0.0706***  − 0.0623***  − 0.0691***  − 0.0605***  − 0.0597***

(− 3.78) (− 5.02) (− 3.71) (− 4.44) (− 3.66) (− 3.78)
SOF  − 0.0433  − 0.0411  − 0.0633  − 0.0493  − 0.130  − 0.0428

(− 0.54) (− 1.14) (− 0.78) (− 1.33) (− 1.63) (− 1.11)
W*lnLF  − 0.760**  − 0.111

(− 2.32) (− 0.45)
W*lnLF*lnLF 0.0482** 0.0081

(2.25) (0.50)
W*LM 0.661*** 0.0240

(2.76) (0.43)
W*lnGDP 0.0024  − 0.0232

(0.01) (− 0.29)
W*TEC  − 0.0461 0.0356

(− 0.99) (1.30)
W*lnPAR  − 0.401**  − 0.106*

(− 2.46) (− 1.67)
W*SOF 3.737***  − 0.0039

(4.63) (− 0.02)
Spatial 0.414*** 0.592*** 0.250* 0.526***

Rho (2.94) (6.85) (1.73) (4.68)
Spatial 0.432*** 0.665***

Lambda (3.12) (7.69)
N 1296 1296 1296 1296 1296 1296
Time control effects yes yes yes yes yes yes
Region control effects yes yes yes yes yes yes
R2 0.1057 0.1055 0.0909 0.0800 0.0782 0.1092
Hausman test 6.01 6.01 10.65 10.65 45.99*** 45.99***

Wald test spatial lag 36.37*** 4.86
Wald test spatial error 35.27*** 9.19
LR test spatial lag 35.93*** 4.88
LR test spatial error 35.27*** 9.22

1 3

56015



Environmental Science and Pollution Research (2022) 29:56004–56022

the “Promotion Championship,” the promotion of govern-
ment officials largely depends on local performance. In order 
to increase the probability of promotion, local governments 
will pay close attention to the decision-making behaviors of 
surrounding area governments in land finance, rather than 
just making decisions based on their own conditions.

Among the control variables, the direct effect, indirect 
effect, and total effect of land transfer marketization are all 
positive, indicating that when the government increases the 
level of land transfer marketization, UGLUE in the region 
and surrounding areas will also increase accordingly. The 
direct effect, indirect effect, and total effect of the road infra-
structure level are significantly negative, indicating that the 
level of road infrastructure in a region has a negative impact 
on the UGLUE of the region and its surrounding areas. It 
is worth noting that the indirect effect of financial scale is 
significantly positive. According to the law of diminishing 
marginal returns of capital, the marginal rate of return of 
financial capital in developed areas continues to decline, 
and some funds begin to flow to the surrounding areas, pro-
moting the economic development and the improvement of 
UGLUE in surrounding areas.

The impact of land finance on the UGLUE in different 
regions

According to the natural geographical location and the 
level of development level, this paper divides the nine 
provinces and two cities of the YREB into three regions: 
the upper reaches, the middle reaches, and the lower 
reaches.

The historical development foundation, geographical 
location conditions, and national policies of the upper, 
middle, and lower reaches of the YREB are different. 
Firstly, from the perspective of historical development 
foundation, the YREB spans the three major tiers of Chi-
na’s topography, with the climate from dry to relatively 
humid and the solid from relatively barren to relatively fer-
tile. Therefore, the early development began in the lower 
reaches of the Yangtze River, and it leads to its relatively 
rapid development, while the middle and upper reaches of 
the region developed behind the lower reaches because of 
their natural environment, economic foundation, and cul-
tural level. Secondly, from the perspective of geographi-
cal location conditions, cities in the upper reaches of the 
Yangtze River develop in isolation and lack of communi-
cation and cooperation with other cities, resulting slow 
overall economic development in the upper reaches of the 
Yangtze River. While the lower reaches of the Yangtze 
River in the eastern coast have both the dual advantages of 
riverside and coastal areas. They are the frontier of China’s 
opening to the outside world. Finally, from the point of 
national policy, the state has been inclined to the lower 
reaches of the Yangtze River and neglected the develop-
ment of the middle and upper reaches of the Yangtze River 
since the 1980s. As a result, the overall industrial devel-
opment, human capital, and education level of the upper 
and middle reaches of the Yangtze River are relatively 
backward.

This paper uses the SDM model to estimate the impact 
of land finance on UGLUE in the upper, middle, and 
lower reaches of the Yangtze River. The estimation results 
(Table 7) are highly consistent with the spatial measure-
ment model estimation results (Table 5). This further illus-
trates the impact of land finance on UGLUE is inverted 
U-shaped. It is worth noting that compared with the middle 
and lower reaches of the Yangtze River, land finance in the 
upper reaches of the Yangtze River has the greatest impact 
on UGLUE. The reasons may be that the cities in the upper 
reaches of the Yangtze River have a strong willingness to 
catch up and surpass the development. Compared with the 
cities in the middle and lower reaches of the Yangtze River, 
the financial sources in the upper reaches of the Yangtze 
River are more insufficient. Therefore, there is greater 
demand for using land finance to increase fiscal revenue and 
create development conditions.

Robustness test

Considering that only using the geographic distance weight 
matrix in the empirical study may make the estimation 
results unrepresentative, this article replaces the geographic 
distance weight matrix with the spatial adjacent weight 
matrix. At the same time, the SAC model is also used for 

Table 6   Average marginal effects

t statistics in parentheses.
*** p < 0.01, **p < 0.05, *p < 0.1

Direct Indirect Total

lnLF 0.187***  − 0.990**  − 0.803*

(2.94) (− 2.15) (− 1.78)
lnLF*lnLF  − 0.0134*** 0.0626** 0.0492*

(− 3.21) (2.10) (1.69)
LM 0.0436 0.916** 0.960**

(1.55) (2.44) (2.55)
lnGDP 0.0568** 0.0103 0.0671

(2.37) (0.03) (0.22)
TEC  − 0.0146**  − 0.0662  − 0.0809

(− 2.16) (− 1.05) (− 1.29)
lnPAR  − 0.0619***  − 0.581**  − 0.643**

(− 3.65) (− 2.14) (− 2.33)
SOF  − 0.109 5.074*** 4.965***

(− 1.28) (3.30) (3.21)
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robustness test. As shown in Table 8, similar to previous 
estimates, the impact of land finance on UGLUE is inverted 
U-shaped, which shows that the estimation results are robust.

Endogenous problem

Logically speaking, there are endogenous problems between 
land finance and UGLUE. Although this paper analyzes the 
internal mechanism of the influence of local government’s 
land finance scale on UGLUE, it omits the control variables 
such as relevant land policies. The introduction of relevant 
land policies will affect land use (Wang et al. 2018), thereby 
affecting the UGLUE. Due to the existence of missing varia-
bles, there will be endogenous problem between land finance 
and UGLUE.

This paper uses the instrumental variable method to make 
an estimation in order to avoid the impact of endogenous 
problem on the research conclusion. According to the idea 
and logic of instrumental variable method, the instrumental 
variable to be constructed in this paper should satisfy the 
principle of “correlation” and “exclusivity,” that is, exog-
enous variables that are only intrinsically related to land 
finance but not directly related to UGLUE. Saiz (2010) used 
the proportion of land with slopes higher than 15 degrees as 
an explanatory variable and found that the steeper the land, 
the higher the housing price. Zhang and Yu (2019) used the 

Table 7   Estimated results of the impact of land finance on UGLUE in 
different regions

t statistics in parentheses.
*** p < 0.01, **p < 0.05, *p < 0.1

(1) (2) (3)

lnLF 0.324*** 0.0906 0.225**

(2.60) (0.69) (2.32)
lnLF*lnLF  − 0.0212**  − 0.0059  − 0.0148**

(− 2.38) (− 0.69) (− 2.50)
LM 0.0054 0.0781  − 0.0528

(0.09) (1.40) (− 1.27)
lnGDP 0.242*** 0.0723* 0.109***

(3.82) (1.71) (3.60)
TEC 0.0715**  − 0.0299**  − 0.0038

(2.40) (− 2.17) (− 0.57)
lnPAR 0.0064  − 0.0680**  − 0.114***

(0.18) (− 2.27) (− 4.63)
SOF  − 0.101  − 0.848***  − 0.199**

(− 0.61) (− 3.25) (− 2.34)
W*lnLF 1.057 0.0673  − 1.887***

(0.88) (0.08) (− 3.10)
W*lnLF*lnLF  − 0.0828  − 0.0097 0.103***

(− 0.96) (− 0.16) (2.80)
W*LM 1.150**  − 1.083***  − 0.0422

(2.46) (− 3.45) (− 0.13)
W*lnGDP 1.037*  − 0.687**  − 0.531**

(1.91) (− 2.24) (− 2.39)
W*TEC 0.162 0.0258 0.0039

(0.63) (0.32) (0.09)
W*lnPAR  − 1.054***  − 0.581**  − 0.0502

(− 2.91) (− 2.14) (− 0.19)
W*SOF 2.744** 0.886  − 0.274

(2.00) (0.40) (− 0.33)
N 372 432 492
R2 0.0966 0.1690 0.1660

Table 8   Result of robustness test

t statistics in parentheses.
*** p < 0.01, **p < 0.05,*p < 0.1

SDM FE SDM RE SAC

lnLF 0.166*** 0.146** 0.198***

(2.66) (2.27) (3.37)
lnLF*lnLF  − 0.0115***  − 0.0100**  − 0.0135***

(− 2.82) (− 2.38) (− 3.54)
LM 0.0528* 0.0353  − 0.0027

(1.84) (1.25) (− 1.43)
lnGDP 0.0592** 0.0874*** 0.0451**

(2.56) (5.24) (2.11)
TEC  − 0.0136*  − 0.0078  − 0.0122*

(− 1.93) (− 1.16) (− 1.89)
lnPAR  − 0.0436***  − 0.0494***  − 0.121

(− 2.80) (− 3.47) (− 1.48)
SOF  − 0.144*  − 0.0313 0.0017

(− 1.65) (− 0.75) (0.50)
W*lnLF  − 0.173*  − 0.157*

(− 1.77) (− 1.65)
W*lnLF*lnLF 0.0117* 0.0106*

(1.82) (1.70)
W*LM 0.0511 0.0201

(1.13) (0.57)
W*lnGDP 0.0098 0.0397

(0.22) (1.47)
W*TEC 0.0079 0.0081

(0.68) (0.83)
W*lnPAR  − 0.111***  − 0.107***

(− 3.76) (− 4.84)
W*SOF 0.609***  − 0.0325

(3.67) (− 0.49)
Spatial 0.127*** 0.177*** 0.519***

Rho (3.12) (4.46) (7.07)
Spatial 0.583***

lambda (11.61)
N 1296 1296 1296
R2 0.1242 0.1322 0.0419
Hausman test 27.51** 27.51**
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interaction term of average land slope and economic growth 
target of each city as the instrumental variable of land trans-
fer income.

This paper firstly uses the lagging period of land 
finance as an instrumental variable. In addition, this 
paper also uses the interaction term between the land 
slope and year (LPY) as an instrumental variable to per-
form a two-stage least squares regression. As natural 
geographical feature, terrain conforms to the characteris-
tics of instrumental variables. The estimation results are 
shown in Table 9. Columns (1), (2), (4), and (5) report 
the first-phase regression results of land finance and 
LPY as an instrumental variable, respectively. Among 
them, the coefficients of the main variables (lnLF, 
lnLF*lnLF) are significant, which meets the require-
ments of instrumental variable correlation. F statistic is 
greater than 10, indicating that there is no weak instru-
mental variable problem. Columns (2) and (6) report the 

first-lagged regression results of land finance and the 
second-stage regression results of LPY as instrumental 
variables, respectively. Among them, the coefficient of 
the first-order term of land finance is still significantly 
positive, and the coefficient of the quadratic term is still 
significantly negative, indicating that the endogenous 
deviation in the impact of land finance on UGLUE is 
not serious.

In the test  results  of  instrumental  var iables, 
Kleibergen-Paap rk LM statistic rejects the null 
hypothesis of insufficient identification of instrumen-
tal variables, indicating that there is no problem of 
insufficient identification of instrumental variables. 
The Cragg-Donald Wald F statistic is greater than 
the 10% critical value of the Stock-Yogo bias critical 
value, which indicates that there is no weak instru-
mental variable problem.

Table 9   Instrumental variable regression results

t statistics in parentheses.
*** p < 0.01, **p < 0.05, *p < 0.1

Instrumental variables L.lnLF LPY

(1) (2) (3) (4) (5) (6)

lnLF 0.524** 0.0526*

(2.18) (1.67)
lnLF*lnLF  − 0.0354**  − 0.771*

(− 2.22) (− 1.66)
LM 0.5308** 0.2641** 0.0426 0.5752** 0.834** 0.0460

(2.44) (2.33) (0.83) (2.41) (2.38) (1.14)
lnGDP 0.1580 2.1814 0.0304 0.1831 0.3370 0.0710*

(1.01) (0.92) (0.91) (1.16) (1.27) (1.93)
TEC  − 0.0597*  − 0.8309  − 0.0075  − 0.0078  − 0.1327  − 0.0104

(− 1.71) (− 1.57) (− 1.03) (− 0.37) (− 0.42) (− 1.43)
lnPAR 0.2420** 4.2838***  − 0.0562** 0.2786* 5.3103***  − 0.140***

(2.56) (2.99) (− 2.02) (1.94) (2.83) (− 4.53)
SOF 0.5808 0.3415  − 0.0389 1.5336** 2.0568**  − 0.0285

(1.06) (1.17) (− 0.41) (2.28) (2.46) (− 0.22)
IV 1.0083*** 1.0996** 0.6623** 1.1175***

(3.33) (2.39) (3.55) (3.63)
IV × IV  − 0.0464**  − 0.4224*  − 0.0348***  − 0.5308***

(− 2.37)  − (1.68) (− 2.63) (− 2.64)
N 1188 1188 1188 1296 1296 1296
Time control effects Yes Yes Yes Yes Yes Yes
Region control effects Yes Yes Yes Yes Yes Yes
F test 22.88 22.47 12.93 14.57
p value for Kleibergen-Paap rk 

LM statistic
0.000 0.0184

Cragg-Donald Wald F statistic 28.235 17.524
Stock-Yogo bias critical value 7.03(10%) 16.38(10%)
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Discussion

From the perspective of direct effect, there is an inverted 
U-shaped relationship between land finance and UGLUE. 
Land finance can promote the improvement of UGLUE. 
However, with the continuous expansion of land finance 
scale, the impact of land finance on UGLUE turns from 
positive to negative, which is consistent with the Hypoth-
esis 1 of this paper. Local governments selling industrial 
land at low prices can attract foreign investment to expand 
employment, and selling commercial land at high prices can 
promote industrial development by increasing infrastruc-
ture investment, thereby increasing UGLUE. However, the 
continuous expansion of the scale of land finance will also 
cause excessive rises in housing prices and the outflow of 
a large amount of capital and labor, thereby reducing the 
productivity of the entire society and lowering UGLUE. 
According to statistical data, the land transfer income of 108 
prefecture-level cities in the YREB accounted for 72.1% 
of their budgetary income in 2007. In 2016, although the 
proportion of land transfer income to its budgetary income 
decreased slightly (58.3%), the land finance scale is still at 
a high level. This will significantly inhibit the improvement 
of urban UGLUE.

From the perspective of indirect effect, land finance will 
inhibit the increase of UGLUE in the surrounding areas. 
With the expansion of land finance scale in the region, the 
UGLUE of the surrounding areas will increase, which is in 
line with Hypothesis 2 of this paper. Because of the exist-
ence of “peer effect” and “warning effect,” when a city ben-
efits from the land finance policy, the government officials 
in the surrounding areas tend to blindly imitate and follow 
its land finance policy in the short term, which may cause 
excessive waste of land resources. On the other hand, facing 
the area where land resource cost and industrial structure are 
unreasonable caused by excessive financial scale of land, the 
surrounding areas will learn from the experience and lessons 
of the area and rationally formulate land finance policies 
according to their own actual conditions, so as to realize the 
green use of land and sustainable development of economy.

On September 9, 1987, Shenzhen transfer the land 
use right by agreement (land price was 200 yuan/square 
meter, totaling 1,064 million yuan, the land can be used 
for 50 years) for the first time. It is the first paid and timely 
transfer of the right to use land, marking the formal start 
of the reform of urban land use system in China. On April 
29, 1990, the State Council promulgated the Provisional 
Regulations on the Assignment and Transfer of State-owned 
Land in Cities and Towns, which is an important legal guar-
antee to push the reform of the right to use right of state-
owned land in towns and cities from pilot projects to the 

whole country. In 2004, the Ministry of Land and Resources 
formulated the Decision on Deepening Reform and Strict 
Land Management, stipulating that industrial land should 
also create conditions for industrial land to be gradually 
transferred by bidding, auction, or listing, and the transfer 
price shall not be lower than the minimum price standard. 
In 2006, the State Council issued the Notice on Strengthen-
ing the Macro management of Land. The minimum price 
standard for the transfer of industrial land shall not be lower 
than the sum of the cost of acquiring land, developing land 
in the early stage and the related fees collected according to 
regulations. Under this system, local governments have the 
right to pursue their own political and economic interests 
through the transfer of land use rights. Driven by economic 
and political interests, local governments began to rely more 
and more on land finance to achieve their own political pro-
motion. Land finance can promote the development of the 
economy and the improvement of public infrastructure. 
Meanwhile, the continuous expansion of land finance will 
also lead to excessive rise in housing prices and the outflow 
of a large number of capital and labor force, thus reducing 
the production of the whole society and efficiency of green 
land use. Therefore, local governments should actively seek 
other sources of land financial funds, optimize the structure 
of fiscal expenditure, and formulate reasonable land fiscal 
policies in combination with their own development condi-
tions, which are of great significance to promote the effec-
tive allocation of land resources and achieve sustainable 
economic development.

Conclusion and policy recommendations

This paper uses the GMLI based on DDF super efficiency 
model to measure the UGLUE of 108 cities in the YREB 
from 2007 to 2018. By using the panel data regression model 
and spatial economic model, it examines the influence of 
land finance on the UGLUE and its action mechanism. The 
results show that, firstly, the UGLUE in the YREB shows 
a steady development trend, the overall efficiency level is 
high, and there are spatial agglomeration characteristics. 
Secondly, for the city, the impact of land finance on the 
UGLUE is inverted U-shaped. With the continuous expan-
sion of the scale of land finance, the impact of land finance 
on the UGLUE in the city has changed from positive to 
negative. Thirdly, land finance has spatial spillover effect. 
Land finance will inhibit the improvement of UGLUE in 
surrounding areas through the “peer effect.” With the con-
tinuous expansion of land finance scale, land finance will 
promote the improvement of UGLUE in surrounding cities 
through “warning effect.” Based on these conclusions, this 
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paper puts forward some policy suggestions to improve the 
UGLUE in the YREB from the perspective of land finance.

(1)	 Improve the government assessment mechanism and 
fiscal and taxation systems. Firstly, the central govern-
ment should change the official assessment system of 
“judging hero by GDP,” weaken the proportion of GDP 
in the assessments of officials, and increase the propor-
tion of public services such as education and health 
care in the assessment of officials, so as to reduce the 
behavior of short-term blind land transfer by local gov-
ernments. Secondly, land transfer income is the main 
source of local government land finance at present. 
Because the income of land transfer is unsustainable, 
local governments will face tremendous financial pres-
sure after the completion of land transfer. Therefore, 
it is necessary to actively seek other sources of land 
finance, such as property tax, so as to ensure the sus-
tainability of local government land finance. Finally, 
the government should build a mechanism for coordi-
nating interests and organically combine “self-interest” 
with “altruism,” thus promoting the effective use of 
land in the surrounding areas and achieve win–win situ-
ation.

(2)	 Optimize the expenditure structure of local government. 
The reasonable allocation of land transfer income is 
the key to improve the UGLUE. Therefore, local gov-
ernments should reduce local expenditure and increase 
expenditure on public services such as education, health, 
science, and technology. At the same time, the serious 
separation of local government financial authority and 
administrative power is an important reason for local gov-
ernment to rely on land transfer income. Therefore, it is 
necessary to rationally divide the expenditure responsi-
bilities between local and central governments and reduce 
the motivation of the government to pursue additional 
income. The central government should mainly under-
take the global and inclusive expenditures on people’s 
livelihood, such as medical insurance and social security. 
The local government should mainly responsible for the 
expenditure of public goods such as quarantine and fire 
protection.

(3)	 Implement different land finance policies and measures 
according to local conditions. For the lower reaches of 
Yangtze River with a high level of economic develop-
ment, the government should gradually reduce the role 
of land finance and standardize the transfer of bidding, 
auction, and listing. At the same time, it is necessary 
to increase the transparency of operation of primary 
land market to reduce rent-seeking space and corrup-
tion in the process of land supply. For areas with rela-

tively backward economic development, the government 
should intervene in land appropriately while strengthen-
ing supervision, give full play to the government’s guid-
ing and regulating role in macroeconomic operation, and 
maximize land output by intervening in land transfer.
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