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Abstract

:

The Chinese government is committed to its goal of building a resource-saving and environmentally friendly society (RES). The hope is that establishing an RES will accelerate social and economic development, improve resource utilization, and transform industrialization. This paper focuses on the Changsha–Zhuzhou–Xiangtan urban agglomeration (CZTUA) in Hunan Province, which is a pilot for the RES, as an example. A slack-based measure model based on data envelopment analysis was used to evaluate industrial land use efficiency (ILUE), which includes undesirable outputs. We collected panel data from 2003 to 2018 and used the difference-in-differences method to investigate whether the ILUE in the CZTUA has improved since the implementation of the RES in 2007. The results showed that: (1) the ILUE in the CZTUA increased from 0.25 in 2003 to 0.48 in 2018; (2) from 2007 to 2018, the establishment of the RES increased the ILUE in the CZTUA by 24.6%; (3) gross domestic product and the secondary industry structure ratio had key roles in improving the ILUE in the CZTUA; (4) there is an inverted U-shaped relationship between economic development and the ILUE in the CZTUA; (5) since the establishment of the RES, the pollution emission index of the CZTUA has clearly decreased each year. These findings not only provide a reference for the Chinese government for following up the formation of the RES and its promotion in other regions of China, but may also contribute to sustainable economic development in other transitional countries in the world.
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1. Introduction


Since China’s reform and opening up, industrialization and urbanization have advanced rapidly, leading to a prosperous industrial economy [1,2]. In 2019, China accounted for 28.7% of global manufacturing [3]. However, China’s growing industrial production comes at the cost of excessive resource consumption and environmental pollution [3,4,5]. China is one of the top ten manufacturing countries in the world, ranking first in 2019 [3]. According to the environmental sustainability index released by the World Economic Forum (2005), China is near the bottom of the ranking (133 out of 144) [4]. Currently, China accounts for 27.3% of global carbon dioxide emissions and 14.9% of the world’s greenhouse gas emissions, with pollution emissions per unit of gross domestic product (GDP) more than 10 times the average of developed countries [6]. In addition, China is facing challenges of sustainability, such as soil erosion, desertification and loss of biodiversity [6]. How to balance economic development and environmental protection for a large population with scarce land resources has become an urgent problem [7,8,9,10,11].



It is not only in China where environmental issues have become an issue since the 1980s; as the process of industrialization continues to accelerate, many countries have experienced ecological and environmental problems, such as environmental pollution and a decline in biodiversity [12,13]. To solve these problems, different countries have formulated different policies. The developed countries headed by the European Union and the United States, in the process of continuously advancing the development of environmental tax reforms, have gradually explored a path suitable for their own economic development and environmental protection. Europe became a pioneer in the reform of the global environmental tax system in the 1990s [14,15,16]. Finland was the first country in the world to impose a carbon tax to control carbon dioxide emissions. Singapore and Japan in Asia also experienced the process of “pollution first, treatment later”. The rapid development of the industrial economy has brought serious environmental pollution to Singapore [14]. In order to solve this problem, the Singaporean government formulated an ecological accountability system, emphasizing the protection of the ecological environment through legislative means and public participation [17,18,19]. Japan has promulgated more than 100 environmental protection laws and regulations over 30 years. These laws and regulations have raised the awareness of environmental protection of the public and promoted technological innovation and industrial transformation [20,21].



As a developing country, due to the pressures on resources, the environment and development, the Chinese government launched a project to establish a resource-saving and environmentally friendly society (RES). A resource-saving society aims to conserve resources, use resources rationally and increase resource utilization. The overall goal is to obtain the maximum economic and social benefits with the lowest consumption of resources, to guarantee the sustainable development of the economy. In contrast, an environmentally friendly society pursues a social development model in which humans can live in harmony with nature. This model considers the ecological carrying capacity and environmental capacity and requires human beings to respect the natural environment and protect ecosystems. The Chinese government is committed to the goal of building the RES with the hope that this will accelerate social and economic development, improve resource utilization, and transform industrialization, while protecting the environment [11,22]. Resource conservation and environmental protection are the two main purposes of the RES. For sustainable economic development, resources should be economically and intensively used without destroying the ecological balance, the environment should be protected, and the overall efficiency of resource utilization should be improved. The use of industrial land is important for China’s economic development and has major impacts on the sustainable development of Chinese cities [22]. As an important resource, the rational use of industrial land is necessary for the sustainable development of the economy and for protecting ecosystems [23,24,25,26]. Therefore, optimizing the allocation of industrial land and improving the industrial land use efficiency (ILUE) is an important goal for the RES.



In 2007, the Chinese government officially announced that the Changsha–Zhuzhou–Xiangtan urban agglomeration (CZTUA) would be a pilot for establishing the RES. It was the first area where an RES would be implemented in China [27]. However, has the establishment of the RES by the Chinese government led to the optimization of the rational allocation of industrial land resources, improvements in the ILUE, and the achievement of sustainable development?



To answer the above question, 13 prefecture-level cities were studied in Hunan Province (including the CZTUA). A slack-based measure (SBM) model based on data envelopment analysis (DEA) was used to evaluate the ILUE of these cities, including undesirable outputs (industrial wastewater emissions, industrial sulfur dioxide emissions, and industrial smoke and dust emissions). We collected panel data from 2003 to 2018 and used the difference-in-differences method (DID) for policy evaluation to investigate whether resources have been saved and the ILUE has improved since the implementation of the RES in 2007. In addition, to illuminate the relationship between economic development and the ILUE in the CZTUA, we analyzed a Kuznets curve. Furthermore, a pollutant emission coefficient was developed to investigate the implementation of the goal of protecting the environment in an environmentally friendly society.



This research is expected to be a reference for the Chinese government for following up on the establishment of the RES, and subsequently, for exploring ways to save land resources. It may also provide a practical reference for other countries aiming to achieve sustainable economic development.




2. Literature Review and Hypothesis


2.1. Literature Review


In the 1960s and 1970s, the international community began to strongly call for protection of the environment [28,29]. Scholars from various countries published many papers that reflected on human behaviors in the past that had consumed large amounts of resources and destroyed the environment. They pointed out that governments needed to incorporate the effective use of resources and environmental protection into their policies. As early as 1962, American economist Kenneth Boulding proposed that only by protecting the environment could humanity reconcile economic development with serving the needs of society, conserving resources and protecting the environment [30,31]. These studies prompted governments around the world to attach more importance to the coordinated development of the economy, resources and the environment. Building the RES is the rational consequence of today’s global development. The publications of the United Nations Declaration of the United Nations Conference on the Human Environment in 1972 to the “Environmentally friendly Society” in Agenda 21 in 1992 have marked the deepening of our understanding of the relationship between humans and nature [32,33,34,35,36].



Scholars at home and abroad have mostly concentrated on three aspects of the RES: the evaluation system, the evaluation methods, and how it is established. Scholars have conducted a considerable amount of exploration and research into an evaluation system for the RES, including a comprehensive evaluation of resource conservation and environmental friendliness from the perspective of the economy, society, and resource utilization [33,37,38,39,40]. After the 1992 United Nations Conference on Environment and Development, various international organizations, governments, and academics paid increasing attention to how to measure sustainable development [41,42,43,44]. In 1995, the World Bank proposed measuring the sustainable development of countries based on national wealth or national capital per capita. In 1996, the United Nations Commission on Sustainable Development proposed a framework of core indicators for sustainable development. However, some scholars later pointed out that there were too many indicators. Thus, the Scientific Committee on Problems of the Environment proposed a new method that could overcome this shortcoming. Based on China’s national conditions, Chinese scholars have constructed a comprehensive evaluation index for the RES that considers resource conservation, economic level and urban charm [45,46,47,48,49]. The RES should be evaluated quantitatively. Methods include a comprehensive weighted-average index, an analytic hierarchy, and a fuzzy comprehensive evaluation [45,46,47,48,49]. As for how to develop the RES, scholars have mainly conducted research on the transformation of governmental functions, scientific and technological investments, and the transformation of economic development models [43,44,45]. Similarly, to promote the establishment of the RES, Chinese scholars generally believe that the Chinese government should transform governmental functions, change the economic development model based on high inputs and low outputs, and increase investments in science and technology [45,46,47,48,49].



Chinese and foreign scholars have conducted wide-ranging research on the ILUE, including evaluation methods, regional differences in the ILUE, and factors affecting the ILUE [50,51,52,53,54,55,56,57,58,59,60]. Evaluation methods for the ILUE need to be quantitative. Existing methods include DEA, the Cobb–Douglas production function, stochastic frontier analysis, multi-criteria decision-making theory, geographic information systems, the direction distance function, and the Malmquist–Luenberger index [50,51,52,53,54,55]. For example, Zhao et al. (2016) used stochastic frontier analysis to measure the technical efficiency of inputs and outputs based on provincial panel data for China from 2007 to 2013. They also measured the technical efficiency in calculating the ILUE without undesirable outputs. Regional differences in the ILUE have mainly been studied from the perspective of different countries, different provinces, and at different levels of urban economic development [55,56,57,58,59,60]. In recent years, many Chinese scholars have studied regional differences in the ILUE in China’s eastern, central, and western regions, and prefecture-level cities [57,58,59]. Factors that affect the ILUE from a micro-perspective include the type of industrial enterprise, intensity of industrial land use, scale of enterprises, geographical location, regional characteristics of mineral resources and infrastructure, and degree of openness [55,56,57,58,59,60]. Moreover, scholars have studied the impact on the ILUE at a macro level of land property rights, urban construction, social and economic factors, and the government’s industrial land supply [55,56,57,58,59,60,61,62]. For example, Gao et al. [62] found that the agglomeration of industrial land is affected by price regulation in the national land policy. Regulating industrial land prices improved the ILUE.



Although some progress has been made, most methods for calculating the ILUE in existing studies do not include undesirable outputs, and few studies have evaluated the impact of government policy on the ILUE. Our literature review indicates that few scholars have studied the impact of the RES on the ILUE, and our research may fill this gap. This paper makes the following four contributions. Firstly, we used a DEA–SBM model to calculate the ILUE of 13 prefecture-level cities (including the CZTUA) in Hunan Province. We incorporated undesirable outputs to make the ILUE more objective and accurate. Secondly, after adding control variables that may affect the ILUE, this paper used the difference-in-differences method (DID) for policy evaluation to calculate the net effect of the RES on the ILUE in the CZTUA, which may serve as an empirical reference. Thirdly, we analyzed a Kuznets curve to understand the relationship between economic development and the ILUE in the CZTUA. Finally, we used a pollutant emission coefficient to assess the relationship between industrial production and pollution emissions in the CZTUA.




2.2. Research Hypothesis


2.2.1. Theoretical Basis


As production increases, more industrial land is needed. How to reduce industrial production costs, reduce industrial land input, and increase production income has become the focus of economic research. A core factor in economic growth is the substitution of various inputs and technological progress. The classic theory that most directly relates to industrial land use is the law of diminishing returns, which was proposed in 1815 by a British researcher [60,61,62,63,64,65,66,67]. Land remuneration refers to the benefits obtained by inputting labor, capital, material, technology, and other production factors into a piece of land. The law of diminishing returns describes the relationship between land inputs and benefits [60,61,62,63,64,65,66,67,68,69]. According to the law, for the same level of technology and for the same type of inputs, with a continuous increase in the inputs, at some point, the income earned from the land will decrease instead of increasing, because the production capacity of land has a limit [70]. When the limit is reached, even if we continue to increase production inputs, we will not increase the outputs, and there may be a “negative growth” of benefits. This theory has inspired scholars to think about the appropriate level of investment in land. Due to the law of diminishing returns, the land, capital, labor and other factors invested in production need to be moderated. To attain the efficient use of urban land and to attain the most benefits with the fewest inputs, it is necessary to control the scale of investments, optimize the allocation of resources, and improve the efficiency of land use.



In different stages of economic development, the utilization of land resources has different characteristics. With economic development and social progress, the substitution between land and capital gradually becomes stronger. From the classical economics theory of factor input, we can see that in the early stages of economic development, natural land factors have an absolute advantage in production. With continuous changes in the quantitative allocation of land and other factors of production, the efficiency of land use constantly changes. American mathematician Cobb and economist Douglas put forward the famous Cobb–Douglas production function of input–output analysis after studying the influence of the amount of capital and labor in the United States on manufacturing output from 1899 to 1922 [63]. This function assumes that at different stages of production, technological progress and economic development, due to different policy environments, investment will lead to an increase or decrease in economic output of land, thereby affecting the efficiency of land use.




2.2.2. Conceptual Framework and Research Hypothesis


The RES launched by the Chinese government consists of two parts: building a resource-saving society, and building an environmentally friendly society (Figure 1). The core of the former is resource conservation, whereas the core of the latter is protecting the environment [65,66,67,68,69,70,71,72,73]. The common goal is to promote economic transformation and achieve sustainable development. Marketization, globalization, and decentralization are three powerful forces acting on China’s regional economic structure [64], and they are also important perspectives for analyzing China’s regional economic transformation and development. This paper holds that the establishment of the RES and the ILUE in the CZTUA are affected by these three forces. With this theoretical basis, the figure illustrates how the establishment of an RES will affect the ILUE in the CZTUA under the combined influence of marketization, globalization and decentralization.



On the one hand, when building a resource-saving society, social and economic development must be based on resource conservation. To achieve sustainable development, the CZTUA governments mainly aim to save resources by reducing their investment in industrial land. Land, labor, capital and technology are the main factors of land production. According to the Cobb–Douglas production function, changes in land inputs and land outputs will affect land use efficiency [53]. This paper assumes that in building a resource-saving society to save resources, the CZTUA will be affected by the three forces of marketization, globalization and decentralization. With the reorganization of labor, technology and capital, the ILUE in the CZTUA will decrease or increase. The following three situations may occur:



1. With increasing globalization, foreign investment also increases [64,65]. Foreign investment has significant technological spillover effects on the CZTUA, including demonstration effects, competition effects, industrial linkage effects, and human capital effects. Foreign investment promotes science and technology [64], increases the intensive utilization of industrial land, and reduces industrial land investment. Moreover, foreign investment promoted by globalization results in high-efficiency and high-yield land for commerce, business services and tertiary industries. The increased high-efficiency and high-yield land compensates for the reduced industrial land output, resulting in total land output remaining constant. To achieve the goal of saving resources by a resource-saving society, the input of labor and capital and other production factors in production have to be reduced accordingly. In this case, the production input of industrial land decreases while output remains unchanged, and the ILUE increases.



2. In terms of marketization, the opening of markets has promoted cross-regional cooperation among the three prefecture-level cities in the CZTUA. The CZTUA’s local governments have strengthened their economic cooperation and brought into play the advantages of different regions. Regional cooperation results in resource sharing between the regions. It has optimized resource allocation, promoted the free and orderly flow of production factors, and reduced resource consumption. The input to industrial land is reduced, and production factors such as capital and labor are also reduced [71,72,73]. Moreover, inter-regional economic cooperation promotes industrial agglomeration, which forms an industrial chain, promotes the upgrading of industrial structures, strengthens the intensive use of resources, and increases the unit output of industrial land so that the total industrial output remains unchanged. In this case, as the area of industrial land decreases, other factors of production, such as labor and capital, also decrease. Industrial land production input decreases while output remains unchanged, and the ILUE increases.



3. Decentralization, especially the reform of the tax-sharing system, divides taxes into two sets of tax management systems, central and local, so that the central Chinese government and local governments can manage fiscal affairs separately. Local governments work independently and are responsible for their own regional economic development, which leads to the emergence of local protectionism [64]. This has increased the importance of local fiscal revenue and stimulated competition among local governments. After fiscal decentralization, competitive behavior has forced the local governments in the CZTUA to attract foreign companies and increase foreign investment. Advanced production technology brought by foreign enterprises has increased the production efficiency of industrial enterprises and increased the output of industrial land. Competitive behavior has driven the CZTUA prefecture-level cities to upgrade their industrial structures by focusing on the development of high value-added industries, high-tech industries, and specialized service industries. The upgrading of industrial structures and technological advances are conducive to reducing the input of production resources [73,74,75]. Thus, the area of industrial land remains unchanged, the input of labor and capital and other production factors in production decreases, the input of industrial land production decreases whereas the output increases, and the ILUE increases.



On the other hand, when building an environmentally friendly society, the aim is to create a social model in which humans can live in harmony with nature [73,74,75]. Thus, all aspects of social and economic development must be based on protecting the natural environment and sustainable development. To achieve this goal, the CZTUA governments are striving to transform from an economic development model that pollutes the environment to a green and environmentally friendly model. This paper also assumes that to build an environmentally friendly society, protect the environment and reduce pollutant emissions, the CZTUA governments will be affected by the three forces of marketization, globalization and decentralization. Changes to the ratio of desirable outputs to undesirable outputs of industrial land will increase or decrease the ILUE. The following three situations may occur:



1. Globalization can promote technological and management innovation, improve production conditions, and reduce pollution levels [74]. Switching to light industries, advanced production technology, and higher environmental standards may reduce pollution emissions and reduce undesirable outputs (e.g., industrial wastewater emissions, industrial sulfur dioxide emissions, and industrial smoke and dust emissions) in industrial production [73,74,75]. The advanced production technology introduced by foreign enterprises has reduced environmental pollution due to industrial production, and also promoted efficient production by enterprises; therefore, desirable industrial outputs have increased accordingly. If the input of industrial land remains unchanged and the inputs of labor and capital factors remain unchanged, whereas the desirable outputs increase and the undesirable output decreases, then the ILUE increases.



2. The market is not only a resource allocation tool, but also an incentive mechanism [76]. Marketization promotes the effective allocation of resources and also encourages enterprises to buy high-tech production equipment. This may lead to changes in the production capability of enterprises, so that they emit fewer pollutants for the same quantity of resources, which reduces the undesirable outputs. The need for an environmentally friendly society to protect the environment has meant that small industrial enterprises emitting serious levels of pollution are gradually being replaced by low-polluting enterprises with advanced production technologies. Thus, the desirable outputs from industry have increased accordingly. Similarly, if the input of industrial land remains unchanged and the input of labor and capital remain unchanged, the desirable output increases and the undesirable output decreases, then the ILUE increases.



3. Decentralization has made it impossible for local governments to achieve strict control over their own budgets. However, local governments must increase their fiscal revenue to maintain the balance of revenue and expenditure [64]. In this context, the CZTUA’s local governments have gradually started playing the role of entrepreneurs to promote local economic growth. Moreover, financial pressure has forced the CZTUA’s local governments to attract companies that damage the environment by releasing large amounts of pollution, thus increasing undesirable outputs. In addition, competitive behavior may also cause polluting industries to enter local and surrounding areas [62,67], further increasing pollution and increasing undesirable outputs. In this case, the input of industrial land remains unchanged, the input of labor and capital factors also remains unchanged, and the desirable output remains unchanged; however, because the undesirable outputs increase, the ILUE decreases.



In summary, a resource-saving society is affected by globalization, marketization and decentralization. To save resources, it must adjust its use of land, capital and technology in industrial production, which affects the inputs and outputs of industrial land, which, in turn, affects the ILUE. In the pursuit of environmental protection by an environmentally friendly society, globalization, marketization and decentralization have changed the levels of desirable and undesirable outputs in industrial production, which has affected the ILUE.



Based on the above analysis, this paper proposes the following research hypothesis:



In building the RES, the three forces of marketization, globalization and decentralization act as mutual checks and balances in shaping the influence of the RES on the ILUE. Specifically, the RES affects the ILUE in the CZTUA by changing the input–output structure of industrial land production.






3. Research Area


Hunan Province is in the south-central part of China. It is one of 23 provinces in China. CZTUA is in the central-eastern part of Hunan Province. It has three prefecture-level cities, Changsha, Zhuzhou and Xiangtan. The CZTUA has a total area of 28,000 square kilometers, accounting for one-third of the land area of Hunan Province. The region is distributed along the Xiangjiang River in the shape of a pin. In 2018, the total population of this urban agglomeration was 15.04 million. It had a GDP of CNY 1577 billion, and an urbanization level of 70% [33,36,40,41,42,43,44,45,46,47,48,49,50]. Relying on “the same industry structure, the same transportation network, the same supply of energy, the same finance, the same information, the same ecological construction, and the same governance of the environment”, the CZTUA has become the core growth pole of Hunan’s economic development [45,46,47]. The CZTUA is at the intersection of the east, west and south of China. It is a first-level development and T-shaped axis of China, and is an important industrial base [45,46,47]. As one of the representative economic zones for social development in China, the CZTUA was officially approved in 2007 as a comprehensive pilot zone supporting reform in the establishment of the RES in China. It was the first area to implement the RES in China.




4. Methodology and Data Sources


4.1. Methodology


4.1.1. Calculating the ILUE: SBM Model Based on DEA


A traditional DEA directly evaluates the efficiency of a decision-making unit but does not consider the slack variables of the input elements of the unit. The measurement results are likely to be biased [67,68,69]. To solve this problem, Tone (2001) designed the non-radial and non-angle SBM model based on slack variable measures [68]. Entering variables into the objective function accurately solves the above problems. As a non-parametric method, an SBM model does not need to set the optimal behavior target of the producer. Additionally, it does not need to make assumptions about the overall parameters or the form of the production function. The result is better stability. Based on the above analysis, this study used the SBM model with undesirable outputs built following the work of Zhao et al. [69]. The formula is as follows:


  ρ = min   1 −  1 N    ∑   n = 1  N     s n x     x  k ′ n   t ′       1 +  1  M + I    (    ∑   m = 1  M     s m y     y   k ′  m   t ′     +   ∑   i = 1  I     s i b     b   k ′  i   t ′      )     








where


   {         ∑   t = 1  T    ∑   k = 1  K   z k t   x  k n  t  +  s n x  =  x   k ′  n   t ′   , n = 1 , … , N ,   ∑   t = 1  T    ∑   k = 1  K   z k t   y  k m  t  −  s m y  =  y   k ′  m   t ′   , m = 1 , … , M         ∑   t = 1  T    ∑   k = 1  K   z k t   b  k i  t  +  s i b  =  b   k ′  i   t ′   , i = 1 , … , I        z k t  ≥ 0 ,  s n x  ≥ 0 ,  s m y  ≥ 0 ,  s i b  ≥ 0 , k = 1 , … , K       








where  ρ  is the efficiency value to be calculated, and     N  ,    M   and     I   are the number of inputs, desirable outputs and undesirable outputs, respectively.     (   s n x  ,  s m y  ,  s i b   )    is the input–output relaxation vector.    (   x   k ′  n   t ′   ,  y   k ′  m   t ′   ,  b   k ′  i   t ′    )    is the input–output value of the   k ′   production unit in the period   t ′  .    z k ′    is the weight of the decision unit. The objective function  ρ  strictly decreases with respect to    s n x   ,    s m y    and    s i b   .




4.1.2. Difference-in-Differences Method: Measuring the Net Effect of the RES on the ILUE


The DID method is used to assess the effects of a public policy. The basic idea is to treat public policy as a natural experiment. To evaluate the net impact of a policy, the sample data are divided into two groups. The treatment group is affected by the policy, whereas the other group, the control group, is not affected by the policy [70,71]. According to the first difference before the implementation of the policy, two sets of changes can be obtained. After the first difference, the heterogeneity of the individual data points that do not change with time can be eliminated; then, the two sets of changes are used to calculate the second difference to eliminate the increase over time. In the end, the net effect of the policy implementation will be obtained.



This paper regards the impact of the RES on the ILUE in the CZTUA as a natural experiment, and the DID method enables us to obtain accurate results. We compared the difference in the growth rate of the ILUE before and after the implementation of the RES. The three prefecture-level cities of CZTUA in Hunan Province that have implemented the RES were the treatment group. The remaining 10 prefecture-level cities in Hunan Province were in the control group. If the result was significant, the growth rate of the ILUE in the CZTUA where the RES was implemented would exceed that of prefecture-level cities that have not implemented the RES.



Thus, we set up the following model:


  I L U  E  i t   =  α 0  +  α 1    d i  d  i t   +  ∑  β  C  i t   +  μ  i t    








where   I L U  E  i t     is the explanatory variable reflecting the ILUE in area     i   in year  t , and   d i d   is the interaction term between the control group and the control period variable, which is also a core explanatory variable of this paper. It is used to evaluate the net policy effect of the RES on the regional ILUE. If the RES has been implemented, then   d i d = 1  ; otherwise, it is set to 0.    ∑  β  C  i t       is the control variable in this paper, which included SIS, PCG, GDP, POP, GOV, FDI and Market (these terms are defined below).    μ  i t      is a random error term.  α 1   is the core estimation parameter, which is the main focus of this paper. It is used to measure the net effect of the establishment of the RES on the ILUE. If    α 1  > 0  , the RES promotes the ILUE, whereas an inverse result shows that the RES inhibits the ILUE.




4.1.3. Relationship between Economic Development and ILUE: Kuznets Curve


The famous environmental Kuznets curve refers to the inverted U-shaped curve between environmental pollution and per capita income. It indicates that, in the early stage of economic development, environmental pollution increases with income, but when per capita income reaches a certain level, environmental pollution will be reduced and the environment will gradually improve [72,73]. To examine the relationship between economic development and the ILUE in the CZTUA, a Kuznets curve was constructed for the ILUE and economic development to determine whether the relationship between economic development and ILUE in the CZTUA followed an inverted U-shaped curve and whether economic development in the CZTUA mainly depended on an increase in industrial land resources. We set the level of economic development as the independent variable and the ILUE as the dependent variable. We used the following panel data model:


  I L U  E  i t   =  α i  +  β 1   x  i t   +  β 2   x  i t  2  +  ε  i t    








where   I L U  E  i t     and      x  i t     are the ILUE and economic development level of area  i  in year  t , respectively.     α i    is the intercept.    β 1    and    β 2     are the estimated coefficients of the independent variables.    ε  i t      is a random disturbance term. If    β 1  > 0   and    β 2  < 0  , then the relationship between economic development and the ILUE is an inverted U-shaped curve. If    β 1  < 0   and    β 2  > 0  , then the relationship between economic development and the ILUE is a U-shaped curve. Finally, when   β ≠ 0   and    β 2  = 0 ,   the relationship between economic development and the ILUE is linear. Based on previous studies [72,73], in this model, we used GDP as the indicator of economic development.




4.1.4. Pollution Emission Coefficient


To consider the relationship between industrial production and pollution emissions in industrial production in the CZTUA and to investigate the implementation of the goal of protecting the environment by an environmentally friendly society, a pollutant emission coefficient based on previous studies was used [74,75,76,77]. It was calculated as follows:


   P  i t   =  T  i t   /  Y  i t    








where    P  i t     is the pollution emission coefficient of city     i    in year  t ,    T  i t     is the total discharge of pollutants in city     i    in year  t , and    Y  i t      is the total industrial output of city     i   in year  t . The higher the value of    P  i t    , the higher the level of pollution emissions of the city in that year.





4.2. Variable Selection


4.2.1. Input and Output Indicators for Evaluating the ILUE


Based on previous studies [50,51,52,53,54,55,56,57,58,59,60], this study used the following input and output indicators for calculating the ILUE of a city (Table 1).




4.2.2. Control Variables


Based on previous studies [50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65] and the theoretical analysis in our previous paper, globalization, marketization, decentralization, the level of economic development, secondary industry structure ratio and the size of the population were selected as control variables that may affect the ILUE (Table 2).



Globalization was represented by foreign direct investment (FDI). Decentralization was represented by the ratio of government fiscal expenditure to GDP, which is an indicator of the financial pressure on a government (GOV). Marketization was represented by the proportion of land transferred through bidding, auctions and listings compared to total land transfers (Market).



GDP and per capita GDP (PCG) represent the level of economic development. Regions with relatively higher levels of economic development pay more attention to the quality of industrial economic development, and high-quality industrial economic development usually requires a higher ILUE. The ratio of secondary industries to GDP is called the secondary industry structure ratio (SIS). The size of the SIS affects the intensity of industrial land use, and the strength of industrial land use affects the ILUE. The size of the population (POP) is represented by the number of registered urban residents. POP affects the utilization of industrial land and thus affects ILUE. PCG and GDP are logarithmic.





4.3. Data Sources


The ILUE measurement data and regression equation panel data used in the research were from the China Land Market Website (http://www.landChina.com/, the time we log on to the website to obtain data is 7 December 2020), China Urban Construction Statistical Yearbook and China Urban Statistical Yearbook. The total industrial output values in some years were from the Statistical Bulletin of National Economic and Social Development.





5. Results


5.1. Change in the ILUE


From the SBM model, the average ILUE in the CZTUA was 0.25 in 2003 and 0.26 in 2006. Thus, the average annual growth rate was small. In 2007, through the establishment of the RES, the ILUE in the CZTUA increased to 0.50. During the study period, the maximum ILUE in the CZTUA was 0.89 in 2013 and the minimum was 0.25 in 2003. The maximum and minimum average values of the ILUE of prefecture-level cities in Hunan Province outside the CZTUA were 0.47 in 2003 and 0.35 in 2006. Thus, the ILUE increased and decreased over the years. In 2007, through the establishment of the RES, the ILUE of prefecture-level cities in Hunan Province outside the CZTUA was 0.44. During the study period, the maximum average value of the ILUE for prefecture-level cities in Hunan Province outside the CZTUA was 0.71 in 2013 and the minimum was 0.19 in 2017.



From a single-city perspective (Table 3), among the three cities in the CZTUA, the maximum annual average of the ILUE for the 16 years from 2003 to 2018 was 0.84 in Changsha, and the minimum value was 0.45 in Zhuzhou. The maximum annual average of the ILUE for the 16 years from 2003 to 2018 among prefecture-level cities in Hunan Province outside the CZTUA was 0.92 in Zhangjiajie, and the minimum was 0.36 in Changde.



Figure 2 shows that Changsha had an average 4-year ILUE of 0.481 from 2003 to 2006, before the implementation of the RES. From 2007 to 2018 after the implementation of the RES, the average ILUE for these 12 years was 0.964, and the ILUE was significantly improved. Similarly, for Zhuzhou, it rose from 0.36 to 0.49, and for Xiangtan, it rose from 0.30 to 0.53. The ILUE values of the three cities in the CZTUA significantly improved after the implementation of the RES.



From Figure 2, we can see that in the research period, the ILUE changed more in the CZTUA before and after the establishment of the RES than in the other prefecture-level cities in Hunan Province.




5.2. Robustness of DID


5.2.1. Parallel Trend Test


When using the DID method, if the trends for the treatment group and the control group before the implementation of the policy are consistent, then the control group is appropriate [70,71,72,73,74]. Figure 3 shows that from 2003 to 2006, the differences in the ILUE between the treatment group and the control group were basically stable, indicating that the control group selected in this paper was appropriate.




5.2.2. Placebo Test


The core idea of a placebo test was to regress the fictitious treatment group by selecting one year before the policy had been implemented as the treatment [70,71,72,73,74]. We assumed that the policy implementation year was 2005 and selected the control group which was not affected by the policy implementation as the treatment group for regression. Table 4 shows that the regression coefficient of the DID estimator under the virtual method was negative. Therefore, the impact of the RES on the ILUE in this virtual case was negative. This indicates that the original estimation was not biased. Thus, this confirmed that the DID method was suitable for this study.





5.3. Regression Results for the Impact of the RES on the ILUE


After controlling for other possible variables, the DID method was used to estimate the net impact of the RES on the ILUE (Table 5). According to the results for the panel model, there was no multicollinearity among the independent variables. The Hausman test rejects the random effects model; therefore, we used the fixed effects model as the final estimate of the model. The model results show that the RES accounted for 24.6% of the ILUE, indicating that the RES may have promoted improvements in the ILUE. This confirms the research hypothesis in this paper. Moreover, among the control variables, the SIS and GDP have a positive role in promoting the ILUE, whereas FDI and Market have a negative role.




5.4. Verification of the Kuznets Curve for Economic Development and the ILUE


According to the Kuznets model, economic development in the CZTUA has an inverted U-shaped relationship with the ILUE (Table 6). This indicates that the evolutionary trend is rapid growth followed by slow growth and then flattening and dynamic decline, which suggests that economic growth in the CZTUA is still supported by an increase in the input of resources such as industrial land.




5.5. Pollution Emission Coefficient


The pollution indexes of the three cities in the CZTUA fell significantly each year since the RES was established (Figure 4). The pollution index of Changsha dropped from 2.53 in 2007 to 0.21 in 2018. For Zhuzhou, it fell from 10.73 in 2007 to 0.51 in 2018, and for Xiangtan, it dropped from 16.98 in 2007 to 0.68 in 2018. This further shows that by initiating the RES, pollution control has been significantly improved and the goal of creating an environmentally friendly society has been achieved.





6. Conclusions and Policy Implications


6.1. Conclusions


China’s industrial land use has long relied on an extensive production model at the expense of considerable resource consumption and environmental pollution. To improve the efficiency of resource utilization while protecting ecosystems, rapidly developing the economy with limited resources and alleviating the increasingly acute contradiction between humans and land, the Chinese government proposed establishing the RES. This policy was officially implemented in the CZTUA in 2007. To verify whether the establishment of the RES has improved the efficiency of resource utilization and the ILUE in the CZTUA, this study selected 13 prefecture-level cities in Hunan Province (including the CZTUA) as the research object and used a DEA–SBM model to analyze the ILUE of these cities, including undesirable outputs (e.g., industrial wastewater emissions, industrial sulfur dioxide emissions, and industrial smoke and dust emissions). We collected panel data from 2003 to 2018 and used the policy evaluation DID method to investigate the impact of the RES on the ILUE in the CZTUA since the implementation of the RES in 2007. The following conclusions can be drawn.



Firstly, the ILUE value in the CZTUA has increased over the years. It rose from 0.25 to 0.48 from 2003 to 2018. However, the overall ILUE was not high, and there is still considerable room for improvement. In the CZTUA, the ILUE of Changsha city was higher than that of the other two prefecture-level cities. The minimum average of the ILUE for prefecture-level cities in Hunan Province outside the CZTUA was 0.19 in 2017, and the maximum was 0.71 in 2013. The ILUE in the CZTUA was higher than that of the other prefecture-level cities in Hunan Province.



Secondly, the establishment of the RES may have improved the ILUE in the CZTUA. According to the results of the panel model test, establishing the RES increased the ILUE in the CZTUA by 24.6% from 2007 to 2018. Moreover, among the control variables, GDP and SIS also played a positive role in promoting the ILUE, because technological innovation and industrial upgrades due to economic development influence the ILUE. The scale of the SIS affects the intensity of industrial land use, which affects the ILUE. In contrast, FDI and Market played a negative role in promoting the ILUE. In addition, the environmental Kuznets curve between economic development and the ILUE in the CZTUA had an inverted U shape, which shows that economic growth in the CZTUA is still supported by increases in the input of resources such as industrial land. This also shows that in the CZTUA, it is necessary to strengthen the basic role of urban industrial land resources in urban development to achieve efficient integration of the ILUE and economic development. We also examined the relationship between industrial production and pollution emissions in the CZTUA. The pollution index of the three cities in the CZTUA dropped significantly since the RES was created, which confirms that pollution control has been significantly improved due to the RES and that the goal of protecting the environment has been reached to a certain extent. These results are consistent with the current national conditions in China, which proves the reliability of the results presented in this paper.



In summary, the results in this paper suggest that the establishment of the RES has improved the ILUE in the CZTUA to some extent. It has achieved the goals of reducing the intensive use of land resources and improving the overall efficiency of land resource use. The establishment of the RES has promoted the sustainable development of CZTUA’s economy.




6.2. Policy Implications


Based on the impact of the RES on the ILUE in the CZTUA, this paper proposes the following policies to promote the improvement of the ILUE and the establishment of the RES in China [75,76,77,78,79,80].



Firstly, the CZTUA governments should guide enterprises in technological innovation. The governments need to introduce innovative energy-saving and environmentally friendly technology, use scientific and technological advances to optimize all aspects of industrial production, reduce the three industrial waste streams (industrial wastewater, industrial sulfur dioxide, and industrial smoke and dust emissions), increase pollution control efforts, and promote energy-saving and environmental protection by enterprises. The governments need to improve the ILUE while protecting the environment. They need to develop a sustainable industrial land use model to achieve the goal of building an environmentally friendly society.



Secondly, the CZTUA governments should further optimize the industrial structure and transform their economic growth mode from extensive development with high inputs and low outputs to intensive development with low inputs and high outputs. They need to use less investment to obtain greater land benefits. They need to improve the ILUE and promote economic development to achieve the goal of building a resource-saving society.



Thirdly, these governments need to continue to implement macro-controls on economic development and implement effective guidance for industrial development. Scientific and technological innovations from investments in advanced industrial land require financial support, and upgrading industrial structure requires capital to enhance industrial technology and resource allocation. Sufficient capital investment is a powerful way to achieve sustainable development through industry, as well as the harmonious coexistence of people and the environment. Therefore, through the RES, the CZTUA governments should continue to strengthen their macro-control, implement effective guidance for industrial development and increase industrial capital investment to provide strong support for technological innovation and economic development.



Additionally, local governments need to formulate differentiated industrial land utilization systems to promote the improvement of the ILUE in different regions. For example, economic development and the ILUE in the CZTUA are significantly higher than in the other regions in Hunan Province, and Changsha is significantly better than the two other prefecture-level cities in the CZTUA. Therefore, each city should focus on the existing problems of industrial land use, formulate an industrial land management system based on local conditions, promote improvements in the efficiency of industrial land inputs and outputs, increase the ILUE, and promote regional economic development.



Finally, economic development must not be at the expense of protecting the environment. In developing their industrial economies, the governments need to use their resources and formulate environmental policies to protect the environment. In building the RES, the CZTUA local governments not only need to work hard to improve the ILUE and economic output, but also need to reduce the ecological impacts of industrial land use and achieve the goal of an environmentally friendly society. Moreover, other transitional countries should pay attention to these results when pursuing sustainable development.
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Figure 1. Theoretical framework of the impact of the RES on the ILUE. 
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Figure 2. Annual change in the ILUE in Hunan Province. 
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Figure 3. ILUE for the treatment and control groups. 
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Figure 4. CZTUA’s pollution emission coefficients from 2003 to 2018. 
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Table 1. Input and outputs for calculating the efficiency of industrial land use.
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Category

	
Classification

	
Single Index






	
Input

	
Land

	
Industrial land area (IL)




	
Labor

	
Employment in secondary industries (ESI)




	
Capital

	
Industrial investment in fixed assets (IFA)




	
Desirable output

	
Economic benefit

	
Industrial output (IOV)




	
Undesirable output

	
Environmental pollution

	
Industrial wastewater discharge (IWD)




	
Industrial sulfur dioxide discharge (ISD)




	
Industrial smoke and dust emissions (ISDE)
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Table 2. Statistical description of the selected variables.
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Variable

	
Obs.

	
Unit

	
Max

	
Min

	
Mean

	
Std. Dev






	
SBM model

	
IL

	
208

	
hectare

	
3713

	
5.701

	
546.3856

	
661.7012




	
ESI

	
208

	
104 CNY/hectare

	
63.251

	
1.51

	
15.6784

	
11.56019




	
IFA

	
208

	
108 CNY/hectare

	
6243.105

	
47.361

	
507.2174

	
624.3664




	
IOV

	
208

	
108 CNY

	
16,329.05

	
15.7787

	
1757.682

	
2254.288




	
IWD

	
208

	
104 ton

	
22761

	
0

	
5919.327

	
3573.364




	
ISD

	
208

	
104 ton

	
24.739

	
0

	
3.86

	
2.981




	
ISDE

	
208

	
104 ton

	
134.737

	
0

	
2.92

	
10.727




	
DID model

	
ILUE

	
208

	
–

	
1

	
0.0001

	
0.534

	
0.294




	
DID

	
208

	
–

	
1

	
0

	
0.173

	
0.379




	
PCG

	
208

	
104 per person

	
15.244

	
0.390

	
3.034

	
2.635




	
SIS

	
208

	
%

	
60.45

	
15.71

	
42.707

	
10.048




	
FDI

	
208

	
108 USD

	
57.8

	
0.113

	
5.456

	
8.694




	

	
GDP

	
208

	
108 CNY

	
11,003.41

	
81.909

	
1368.86

	
1551.484




	

	
POP

	
208

	
104 persons

	
830

	
157.29

	
518.15

	
171.194




	

	
GOV

	
208

	
%

	
0.019

	
1.495

	
0.158

	
0.163




	

	
Market

	
208

	
%

	
1

	
0.01

	
0.732

	
0.348
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Table 3. ILUE values of cities in Hunan Province from 2003 to 2018.
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	City
	2003
	2006
	2007
	2012
	2018





	Changsha
	0.2146
	0.3847
	1.0000
	1.0000
	1.0000



	Zhuzhou
	0.3305
	0.2085
	0.2737
	0.6490
	0.2092



	Xiangtan
	0.2012
	0.1904
	0.2243
	0.5237
	0.2382



	Hengyang
	0.2304
	0.2001
	0.3748
	1.0000
	0.0684



	Shaoyang
	1.0000
	0.3109
	0.4095
	0.5310
	0.1309



	Yueyang
	0.2007
	0.2918
	0.4724
	1.0000
	0.5254



	Changde
	0.2612
	0.1960
	0.2335
	0.4283
	0.0001



	Zhangjiajie
	1.0000
	1.0000
	1.0000
	1.0000
	0.3163



	Yiyang
	0.3846
	0.3324
	0.4413
	0.4392
	0.3824



	Chenzhou
	0.2956
	0.3013
	0.3824
	0.5909
	0.1958



	Yongzhou
	0.7392
	0.3696
	0.4401
	0.3448
	0.1248



	Huaihua
	0.3305
	0.3110
	0.2705
	0.4704
	0.2942



	Loudi
	0.2893
	0.2262
	0.3304
	0.3838
	0.4892
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Table 4. Regression of the sample placebo test.






Table 4. Regression of the sample placebo test.










	
	Fixed Effect
	Random Effect





	DID
	−0.333 ***

(−5.50)
	−0.210 ***

(−3.57)



	SIS
	0.018 ***

(5.25)
	0.001

(−0.20)



	FDI
	−0.019 **

(−2.46)
	−0.012 *

(−1.77)



	PCG
	−0.001

(0.09)
	−0.051 ***

(−3.15)



	GDP
	0.001 ***

(3.87)
	0.001 ***

(4.69)



	POP
	0.001

(0.37)
	0.001 **

(−2.36)



	GOV
	−0.163

(−1.23)
	0.081

(0.58)



	Market
	0.002

(0.02)
	0.211 **

(2.59)



	_cons
	−0.276

(−0.51)
	0.731 ***

(5.92)



	R2
	0.358
	0.248







Note: The t-values are in parentheses. *, ** and *** represent 10%, 5% and 1% statistical levels, respectively.
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Table 5. Impact of RES on the ILUE.
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	Fixed Effect
	Random Effect





	DID
	0.246 **

(2.61)
	0.120

(1.52)



	SIS
	0.016 ***

(4.43)
	0.001

(−0.12)



	FDI
	−0.018 **

(−2.09)
	−0.010

(−1.40)



	PCG
	−0.006

(−0.36)
	−0.051 ***

(−3.06)



	GDP
	0.001 ***

(3.71)
	0.001 ***

(4.62)



	POP
	0.001

(0.07)
	−0.001 ***

(−3.00)



	GOV
	−0.113

(−0.80)
	0.090

(0.62)



	Market
	−0.199 **

(−2.32)
	0.059

(0.85)



	_cons
	−0.160

(−0.27)
	0.709 ***

(5.80)



	R2
	0.281
	0.228







Note: The t-values are in parentheses. *, ** and *** represent 10%, 5% and 1% statistical levels, re-spectively.
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Table 6. Kuznets curve values between economic development and the ILUE.






Table 6. Kuznets curve values between economic development and the ILUE.





	     β 1     
	     β 2     
	cons
	R2
	F
	Obs.





	1.89 ***

(3.91)
	−1.20 **

(−2.42)
	0.272 ***

(3.89)
	    β 1    
	19.802
	48







Note: The t-values are in parentheses. *, ** and *** represent 10%, 5% and 1% statistical levels, respectively.
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