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Abstract:



Improving green productivity is an important way to achieve sustainable development. In this paper, we use the Global Malmquist-Luenberger (GML) index to measure and decompose the green productivity growth of 18 cities in Xinjiang over 2000–2015. Furthermore, this study also explores factors influencing urban green productivity growth. Our results reveal that the urban green productivity in Xinjiang has slowly declined during the sample period. Technological progress is the main factor contributing to green productivity growth, while improvements in efficiency lag behind. Implementing stricter environmental regulation, improving infrastructure, and appropriately enhancing the spatial agglomeration of economic activities may improve green productivity, while the increase in the size of the industrial base in the near future will likely hinder green productivity growth. Based on these results, this paper puts forward corresponding policy suggestions for the sustainable development of the urban economy in Xinjiang.
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1. Introduction


Since the economic and political reforms of 1978, when China began to open up to the outside world, China’s economy has made remarkable achievements and has become the second largest economy in the world. However, environmental pollution and resource consumption is increasingly becoming a serious problem for China, especially considering China’s rapid economic growth. According to a report from the International Institute of Low Carbon Economy, China consumes about 21% of the world’s energy, 11% of its oil, and 49% of its coal, resulting in China producing 26% of the world’s sulfur dioxide, 28% of its nitrogen oxides, and 25% of its carbon dioxide [1]. Environmental pollution has a serious impact on the economic development and human health. For example, air pollution has caused China to lose an estimated 10% of its GDP [2] as well as 350,000 to 500,000 premature deaths [3]. This extensive development mode, requiring high levels of inputs and high levels of pollution is not sustainable [4], and hinders the country from realizing further economic growth [5]. The key to sustainable growth for China’s economy is to improve production efficiency while reducing resource consumption and environmental pollution.



Xinjiang, China’s largest province, is located in the arid and semi-arid areas of the far west and is currently going through a period of rapid industrialization and urbanization. With rapid economic development, the negative impacts of water pollution, air pollution, desertification, and overall ecological destruction have become increasingly prominent, which have changed Xinjiang into one of the unhealthiest regions in China. Cities are the centers of economic activity in Xinjiang and are also suffering from a shortage of resources and environmental pollution problems. Transforming modes of traditional economic growth into modes of intensive growth centered on improving green productivity may help cope with environmental pressures. However, due to the externality of resources and environment, the results of traditional evaluation will distort the estimates of social welfare changes and economic performance and provide misleading policy suggestions. Therefore, it is necessary to make unbiased measures of urban green productivity—including environmental factors—to provide better suggestions for the sustainable development of cities.




2. Literature Review


Since Solow’s [6] groundbreaking work, national- and sectoral-level productivity have been measured by applying a variety of parametric and non-parametric methods [7,8,9,10]. However, traditional models cannot precisely evaluate the quality of economic development until undesirable outputs of economic activities are incorporated into the estimation process. Ignoring the negative effects of environmentally harmful by-products in economic development can distort assessments of social welfare and economic performance and may be misleading for policy recommendations [11]. Economic activities are often accompanied by industrial waste water, industrial waste gases, and other pollution emissions, all of which affect sustainable economic development. Therefore, to more objectively reflect the quality of economic development, it is necessary to measure green productivity by integrating environmental pollution into the traditional total factor productivity accounting framework.



Green productivity, as presented by the Asian Productivity Organization (APO), is a strategy that integrates productivity improvement and environmental protection to achieve economic growth [12]. Chung et al. [13] proposed a directional distance function and extended the Malmquist index to the Malmquist-Luenberger productivity index (ML index) to measure green productivity growth. Thereafter, many scholars have calculated green productivity growth by employing the ML index. Fare [14] measured green productivity in manufacturing by US state and found an average annual growth rate of 3.6 percent from 1974 to 1986. Jeon [15], Lindenberger [16], and Yörük [17] analyzed productivity growth in the OECD economies and decomposed indices into technology change and efficiency change. Kumar [18] estimated conventional and environmentally sensitive productivity growth for 41 countries from 1981 to 2007 and found Non Annex-I countries had lower productivity growth compared Annex-I countries. Zhang et al. [19] and Zhang et al. [20] evaluated China’s productivity growth including undesirable outputs by adopting the ML productivity index.



Calculating the cross-period directional distance function (DDF) of the ML index is not feasible using linear programming [19,21,22,23,24]. In order to address this shortcoming, Oh [21] constructed the Global Malmquist–Luenberger (GML) productivity index. The GML index replaces the ML index by incorporating a global production possibility set into the DDF [23,24,25]. In recent years the GML productivity index has been widely used to measure green productivity, especially in China. Ananda and Hampf [26] measured the productivity of the Australian urban water sector using the GML productivity index and found that the conventional Malmquist index overestimated productivity growth. Wang and Feng [27] analyzed the environmental productivity of 30 sample provinces in China from 2003 to 2011. Fan et al. [28] used the GML index to evaluate and decompose the total factor CO2 emission performance of 32 industrial sub-sectors in Shanghai (China). Wang and Shen [29] employed the GML index to measure Chinese industrial productivity including environmental factors. However, most studies use the GML index to calculate green productivity at the regional [27,30,31,32,33] or industry levels [28,34,35], and relatively few studies explore productivity growth including pollution emissions at the urban level [24].



For the limited literature we know, most researches on green productivity mainly focus on regional or industry level, few studies explore the dynamic change of green productivity and its determinants at the urban level. In this paper, we apply the GML productivity index which incorporates both desirable output (GDP) and undesirable outputs (wastewater and sulfur dioxide) to evaluate the green productivity growth of oasis cities in Xinjiang, and then decompose this growth into efficiency changes and technological changes. Based upon a certain standard, we identify six green innovation cities. We also discuss the determinants driving green productivity growth by the panel data method. These results fill the research gap of urban green productivity in underdeveloped areas and have important policy significance for promoting the sustainable development of cities.



The rest of the article is organized as follows. In Section 3, we introduce the GML productivity index and explain the variables and data sources. Section 4 gives empirical testing and analysis. Conclusions and policy implications are provided in Section 5.




3. Methodology and Data


3.1. Measure Method


3.1.1. The Directional Output Distance Function


In this paper, each city in Xinjiang is regarded as a production decision making unit (DMU), thus constructing a production frontier for each of the 18 cities. We suppose each city uses N input factors, [image: ], and produces M desired outputs, [image: ], and I undesired outputs, [image: ]. The production possibility set is defined as




[image: ]



(1)





In order to better solve the problem of evaluating efficiency including “bad” (i.e., undesirable) outputs, we used the directional distance function introduced by Chung et al. [13]. This satisfies both the nature of the production possibility set and the direction of output expansion in the production process. The directional distance function based on output can be expressed using the following formula:


[image: ]



(2)




where [image: ] represents the direction vector; [image: ] indicates the value of DDF; and [image: ] is the production set. To set the direction vector [image: ] as weight, the DDF seeks to maximize the desired output (y) and minimize the undesired output (b). The relationship between the production feasibility set and the directional distance function is shown in Figure 1.


Figure 1. The directional distance function that incorporates the desired outputs and the undesired outputs.
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3.1.2. ML Productivity Index


Based on the DDF, Chung et al. [13] specified the ML productivity index, in which the ML index between times t and t + 1 is expressed as follows:


[image: ]



(3)







When ML index value is greater (lesser) than one, it indicates productivity growth (decline), implying production activity has produced more (less) desirable outputs and less (more) pollution.




3.1.3. GML Productivity Index


However, the ML index has a potential linear programming problem when measuring the cross-period DDF. In addition, the ML index expressed using the geometric mean is not circular or transitive. To remedy these weaknesses in the ML index, Oh [21] combined the Global Malmquist productivity concept with the directional distance function to formulate the GML index as an alternative.
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(4)





A GML index value greater (less) than one represents productivity growth (decline) between period t and t + 1. As per Pastor and Lovell [25] and Oh [7], the GML index can be decomposed into two components: efficiency change (EC) and technical change (TC).


[image: ]



(5)
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(6)
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Here, [image: ] is the efficiency change between periods t and t + 1, which evaluate the catching-up effect of a city toward the contemporaneous frontier, and an [image: ] value greater (less) than one suggests green efficiency improvement (deterioration). [image: ] represents the best practice gap between the contemporaneous technology frontier and the global technology frontier between periods t and t + 1, and a [image: ] value greater (less) than one suggests green technical progress (regress).





3.2. Data and Variables


3.2.1. Data Collection


As of 2015, there are 26 cities in Xinjiang. Cities such as Horgos, Alashankou, Aral, Tumxuk, Wujiaqu, Beitun, Tiemenguan, and Shuanghe have relatively short histories, and their statistics data is lacking. Therefore, this paper excludes the above eight cities and selects the remaining 18 cities for sample analysis. The 18 sample cities (Urumqi, Changji, Fukang, Shihezi, Karamay, Kuitun, Bole, Yining, Tachen, Wusu, Aletai, Hami, Turpan, Akes, Korla, Kashi, Artux, and Hotan) account for 17 of Xinjiang’s land area, hold 40% of total population, and account for 70% of the Xinjiang’s gross domestic product (GDP) in 2015.



Considering the availability of data, this paper selects 18 cities in Xinjiang to measure green productivity over the period 2000–2015. The data are collected from the China City Statistical Yearbook, the Xinjiang Statistical Yearbook, and the Statistical Yearbooks of cities in Xinjiang.




3.2.2. Variable Selection


Based on the predecessor’s research, we choose capital stock and labor force as inputs and GDP as a desirable output. Given the air pollution and water pollution are the most serious pollution in Xinjiang, this study adopts industrial wastewater and industrial SO2 emissions to measure undesirable output. The details of input and output indicators are presented in Table 1. Capital stock is estimated by the perpetual inventory method using the formula: [image: ], where [image: ] is the fixed capital stock, [image: ] represents nominal fixed asset investment, [image: ] is the fixed investment price index, and [image: ] denotes the depreciation rate. The labor force is represented by the total number of urban employed persons at year-end.



Table 1. Description of input and output variables.







	
Variables

	
Proxies

	
Measures






	
Inputs

	
Capital stock

	
Estimated by the perpetual inventory method




	
Labour force

	
The total number of urban employed persons at year-end




	
Desirable outputs

	
Gross domestic product

	
Calculated in 2000 constant prices using GDP deflator for each city




	
Undesirable outputs

	
Pollution emissions

	
Industrial wastewater and industrial sulfur dioxide emissions










The desirable output is expressed in terms of the annual GDP of the cities, and the GDP deflator is converted to the base period in 2000. The undesirable outputs are pollution emissions, including industrial wastewater and industrial sulfur dioxide.



The descriptive statistics of all input and output variables are shown in Table 2. The average value of capital stock for 18 cities is 45.27 billion RMB during the sample period. The average size of the labor force is 21 (ten thousand). The average real GDP value is 13.20 (billion RMB). The average emission levels of industrial sulfur dioxide and industrial wastewater are, respectively, 14.89 (thousand tons) and 10 (thousand tons).



Table 2. A statistical description of input and output variables.







	
Variables

	
Observations

	
Max

	
Min

	
Mean

	
SD






	
Capital stock (billion RMB)

	
288

	
616.65

	
0.36

	
45.27

	
77.77




	
Labour force (ten thousand)

	
288

	
126.00

	
5.74

	
21.00

	
1.33




	
Real GDP (billion RMB in 2000 constant price)

	
288

	
0.37

	
231.93

	
13.20

	
27.50




	
SO2 (thousand tons)

	
288

	
124.73

	
0.20

	
14.89

	
23.78




	
Wastewater (ten thousand tons)

	
288

	
5992.00

	
3.10

	
750.76

	
1313.26













4. Empirical Results


4.1. Green Productivity Growth and Its Decomposition


The average (geometric mean) green productivity change of Xinjiang’s 18 cities in 2000–2015 is shown in Table 3. As shown, the average green productivity index is 0.986, indicating that green productivity fell by 1.4% in 2015 compared with that in 2000. In general, with the development of the urban economy in Xinjiang, the green productivity has not improved but has slowly declined, reflecting the fact that urban economic growth has followed the import-oriented extensive development model and not sustainable.



Table 3. The growth of urban green productivity and its decomposition in Xinjiang (2000–2015).







	
Regions

	
Cities

	
GML

	
EC

	
TC






	
Northern Xinjiang

	
Urumqi

	
1.063

	
1.020

	
1.043




	
Changji

	
1.032

	
1.010

	
1.023




	
Fukang

	
1.027

	
1.017

	
1.010




	
Kuitun

	
0.972

	
1.000

	
0.972




	
Shihezi

	
1.008

	
1.003

	
1.005




	
Wusu

	
1.003

	
1.020

	
1.042




	
Karamay

	
1.044

	
1.0003

	
1.044




	
Bole

	
0.938

	
0.943

	
0.994




	
Yining

	
0.923

	
0.931

	
0.992




	
Tacheng

	
0.950

	
0.960

	
0.990




	
Aletai

	
0.957

	
0.984

	
0.973




	
Eastern Xinjiang

	
Turpan

	
1.009

	
0.973

	
1.037




	
Hami

	
1.018

	
1.0001

	
1.017




	
Southern Xinjiang

	
Korla

	
1.051

	
1.010

	
1.041




	
Akesu

	
0.964

	
0.964

	
0.999




	
Artux

	
0.913

	
0.950

	
0.961




	
Kashi

	
0.967

	
0.971

	
0.996




	
Hotan

	
0.950

	
0.970

	
0.980




	
Average index

	

	
0.986

	
0.985

	
1.005










The decomposition indices—namely the efficiency index and the technology index—are 0.985 and 1.005, respectively, implying that green efficiency fell by 1.5% and green technology improved by 0.5% over sample period. The average change in the rate of technological progress is more than 1, while the average efficiency change rate is less than 1 during sample period, suggesting that technological progress is main driving force of green productivity growth. The results show that cities in Xinjiang need to improve green efficiency and introduce advanced technologies.




4.2. The Trend of Green Productivity Growth


As shown in Figure 2, the overall urban green productivity growth fluctuates around 1 and shows a trend of W running. It shows distinct and alternating phases of stability (2001–2006), rise (2007), decline (2008–2009), rise (2010–2012), decline (2013), and once again a rise (2014–2015). It is noteworthy that the green productivity growth rose most rapidly from 2001 to 2007. This was probably because the central government implemented a strategy of development of the western region and optimized the industrial sector by eliminating several high-pollution industries.


Figure 2. Efficiency change, technological change, and green productivity growth trends of Xinjiang cities.
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The green technology and green productivity indices showed similar trends for most of the period measured, with the exception of 2001, and both indices reached their highest level in 2007. The green efficiency index was somewhat less than green technology index for most of the period measured, a gap that may have hindered the growth of green productivity.




4.3. City Heterogeneity


As shown in Table 3, we found significant differences in the green productivity growth of the 18 cities. Only nine cities have a positive growth in green productivity, while other cities have negative growth in green productivity. Among these nine cities, Urumqi (1.063) and Korla (1.051) have the fastest green growth rates.



Figure 2 shows the heterogeneity of green productivity growth among cities in more detail. The X and Y axes of the figure represent the green efficiency index and the green technology index, respectively. The radius of the circle indicates mean green productivity growth. As per Oh and Heshmati [36], we divided the sample cities into different groups according to the green efficiency index and the green technology index. If the city green efficiency index was greater than 1, it is catching up with the production frontier. If the city green technology index is greater than the average, it has a (relatively) outstanding ability to innovate. According to the above criteria, we divided the 18 cities of Xinjiang into four groups (Figure 3).


Figure 3. The green productivity change of various groups. The y-axis shows the green technology index, and the x-axis shows the green efficiency index. Note: The green, blue, purple, and yellow circles show groups 1, 2, 3, and 4 respectively.
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Group 1 cities (TC ≥ 1.0006 and EC ≥ 1) are recognized as cities that are more innovative and farther along the catching-up process. These cities are catching up to the frontier and have shown a higher ability to innovate relative to other cities. These cities include Urumqi, Korla, Karamay, Shihezi, Fukang, Hami, Changji, and Wusu. Group 2 (TC ≥ 1.0006 and EC < 1) cities lag somewhat but are still relatively more innovative cities. Only Turpan is categorized in Group 2. Group 3 (TC < 1.0006 and EC < 1) cities both lag behind the catching-up process and are less innovative cities. Akes, Kashi, Bole, Tachen, Yining, Hotan, Aletai and Artux are in this group. Group 4 (TC < 1.0006 and EC ≥ 1) are catching up but less innovative cities. Kuitun is the only member of this group.




4.4. Regional Differences


Based on their spatial distribution, the 18 cities in Xinjiang are divided into three groups: cities found in the North of the Xinjiang, cities found in the East of Xinjiang, and cities found in the South of Xinjiang. There are also some differences in urban green productivity growth between different regions (Figure 4). The green productivity growth of cities found in the East of Xinjiang is higher than that of other regions, which suggests that the region has improved green productivity by increasing the intensity of environmental pollution controls. In contrast, the green productivity growth of cities found in the North of Xinjiang and cities found in the South of Xinjiang is declining, and hence there is considerable room for green productivity improvement.


Figure 4. The regional differences of urban green productivity growth in Xinjiang.
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The annual average growth of technological progress ranging from high to low during the period 2000–2015 are: cities found in the East of Xinjiang (1.047), cities found in the North of Xinjiang (1.009), and finally cities in the South of Xinjiang (0.995). This result shows that cities in both the East and North of Xinjiang have greater green technological progress.



The annual average values of efficiency change during the sample period, from high to low are: cities in Northern Xinjiang (0.999), Eastern Xinjiang cities (0.987), and cities in Southern Xinjiang (0.973).




4.5. Green Innovators


Thus far, we have analyzed green productivity growth and its decomposition conditions, but we also need to further explore which cities leads with respect to production and technological progress. Following Fare et al. [14] and Oh [36], we apply three additional conditions to determine which cities are green innovators.


[image: ]



(8)
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Here, the first condition is the expansion direction of the “good” output increase and the “bad” output decrease in the production possibility frontier. The second condition is that production in the period t + 1 occurs outside the PPS in period t. This indicates that the techniques used in period t cannot outproduce the output of period t + 1 using the input of period t. The last condition indicates that a green innovative city is on the boundary of the production frontier. When the city meets all above three conditions, it can be identified as s “green innovator”.



According to the above three criteria, six cities in Xinjiang were identified as green innovative cities between 2000 and 2015 (Table 4). As might be expected, those cities with higher desirable growth rates and lower undesirable output growth rates are more likely to be green innovative cities for a longer period. For example, Urumqi and Karamay were green innovation cities for eight and five yearlong periods, respectively. However, four other cities—Changji, Turpan, Shihezi, and Korla—were identified as green innovative cities only one or two times. These results show that only a few cities have expanded the overall production frontier and played a key role in technological progress during the sample period.



Table 4. List of green innovative cities.







	
Period

	
Cities

	
Period

	
Cities






	
2000–2001

	
Karamay

	
2008–2009

	
Karamay




	
2001–2002

	
Changji

	
2009–2010

	
Urumqi, Karamay




	
2002–2003

	
Karamay

	
2010–2011

	
Urumqi




	
2003–2004

	
Urumqi

	
2011–2012

	
Urumqi




	
2004–2005

	
Urumqi

	
2012–2013

	
Karamay




	
2005–2006

	
Urumqi

	
2013–2014

	
Changji




	
2006–2007

	
Urumqi

	
2014–2015

	
Turpan, Shihezi, Korla




	
2007–2008

	
Urumqi

	

	




	
Total

	
Urumqi (8), Karamay (5), Changji (2), Turpan (1), Shihezi (1), Korla (1)











4.6. Determinants of Green Productivity Growth


Differences in urban green productivity in Xinjiang depend not only on input and output factors, but also on the external environment. According to previous research results and accounting for the availability of data, this paper chooses seven variables as main factors affecting green productivity growth. (1) Infrastructure conditions (IC): here, the density of the urban road network is chosen as the measurement of infrastructure conditions. (2) Industrial structure (IS): the proportion of the secondary industry in GDP is used to measure the city’s industrial structure. (3) Trade openness (TO): the ratio of total import and export trade to GDP is used to measure trade openness. (4) Science and technology input (ST): we used the ratio of R&D investment to GDP to measure science and technology input. (5) Environmental regulations (ER): as per Antweiler et al.’s [37] suggestion, per capita GDP is used as an alternative indicator of environmental regulation. (6) Agglomeration intensity (AI): this study selects the ratio of GDP to the built area as a measure of agglomeration intensity. On the basis of Hausman tests, a random effect model was selected for regression analysis. The fixed and random effect estimates for GML, EC, and TC are shown in Table 5.



Table 5. Determinants of efficiency change, technological change, and green productivity growth.







	

	
GML

	
GML

	
EC

	
EC

	
TC

	
TC






	

	
data Fixed effects

	
data Random effects

	
Fixed effects

	
Random effects

	
Fixed effects

	
Random effects




	
Constant

	
0.474 * (0.254)

	
0.883 *** (0.092)

	
0.441 *** (0.141)

	
0.889 *** (0.051)

	
1.047 ** (0.275)

	
1.011 *** (0.099)




	
IC

	
0.115 * (0.069)

	
0.014 * (0.028)

	
0.135 *** (0.039)

	
0.022 * (0.015)

	
0.026 * (0.075)

	
0.015 * (0.030)




	
IS

	
−0.052 * (0.053)

	
−0.059 * (0.092)

	
−0.039 * (0.077)

	
−0.043 * (0.051)

	
−0.042 * (0.150)

	
−0.054 * (0.100)




	
TO

	
0.054 (0.110)

	
0.133 (0.085)

	
−0.024 (0.061)

	
0.054 (0.047)

	
0.088 (0.119)

	
0.093 (0.092)




	
ST

	
−0.080 (0.075)

	
0.006 (0.043)

	
−0.080 (0.042)

	
−0.025 (0.024)

	
−0.011 (0.08)

	
0.025 (0.047)




	
ER

	
0.011 * (0.004)

	
0.005 * (0.002)

	
0.002 * (0.003)

	
0.0004 * (0.001)

	
0.009 * (0.005)

	
0.004 * (0.003)




	
AI

	
0.003 ** (0.014)

	
0.002 ** (0.012)

	
0.001 * (0.008)

	
0.0001 * (0.007)

	
0.010 * (0.016)

	
0.004 * (0.013)




	
AI2

	
−0.0005 ** (0.001)

	
−0.0003 ** (0.0009)

	
−0.0004 * (0.0006)

	
−0.0004 * (0.0005)

	
−0.0006 (0.001)

	
−0.0004 (0.001)




	
Adjusted R-squared

	
0.41

	
0.43

	
0.54

	
0.39

	
0.38

	
0.45




	
Hausman test

	

	
9.314

	

	
5. 762

	

	
4.482








Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% level respectively.








The coefficients of infrastructure conditions and green productivity growth, efficiency change, and technological change were 0.014, 0.022, and 0.015, respectively. These coefficients were statistically significant at a 10% threshold of significance, which suggests infrastructure conditions have a positive effect on green productivity growth.



The coefficients for industrial structure were −0.059, −0.043, and −0.054, respectively, and were also statistically significant at a 10% threshold of significance. These results show that the rise of industry, especially according to the extensive mode of growth, hinders green productivity growth.



The relationship between trade openness and green productivity, efficiency change, and technological change were positive but were not statistically significant. The finding is similar to that of Dietzenbacher and Mukhopadhyay’s [38] study, which did not confirm Porter’s Pollution Paradise Hypothesis.



The coefficients for science and technology input were 0.006, −0.025, and 0.025 respectively, and none of them passed the significance test. These results show that investment in science and technology has not played a positive role in urban green productivity growth in Xinjiang.



The coefficients for environmental regulations were 0.05, 0.0004, and 0.004, respectively, and were statistically significant at a significance level of 10%. These results confirm the Potter hypothesis that strict environmental regulations improve the quality of the environment while increasing productivity.



The coefficients for agglomeration intensity were also significant and positive, while for its square are significant and negative. As expected, there is an inverted U relationship between the growth of green productivity and urban agglomeration intensity. It shows that the improvement of urban agglomeration intensity has a positive effect on green productivity growth under some critical value. However, it would hinder the green productivity growth beyond that critical value.





5. Conclusions and Policy Implications


We used the GML index to measure the green productivity of 18 cities in Xinjiang from 2000–2016. Our results reveal that urban green productivity growth shows a downward trend in recent years. It implies that the development of the urban economy in Xinjiang is the extensive development mode of high input, high consumption, and high pollution, which is unsustainable. The study also finds that technological progress is the main contributor to green productivity growth, while low levels of green efficiency have lowered the growth of green productivity. According to these results, there is an opportunity to increase green productivity in the future by improving green efficiency.



We also found significant regional differences in the growth of urban green productivity in Xinjiang. The average green growth rate of cities in the East of Xinjiang is higher than other regions. In the past 16 years, only the average green productivity of cities in the Eastern Xinjiang has improved, while the productivity of cities in Northern and Southern Xinjiang has declined, reflecting the imbalance of Xinjiang’s urban economy.



These results reveal that there is heterogeneity among cities. Although most cities have made technological progress, only a few cities, acting as innovators, have been able to make progress. The outstanding innovation ability of these cities plays a key role in the technological progress of all cities overall in Xinjiang. This study identifies six green innovation cities that have been driving Xinjiang’s technological frontier toward more desired outputs and fewer undesirable outputs. Most green innovative cities were found among the cities on the North Slope of the Tianshan Mountains, which faces greater resource and environmental pressures than other regions of Xinjiang.



Xinjiang urban green productivity growth is determined by different external factors. The level of infrastructure and the environmental regulations in place can enhance urban green productivity and promote the sustainable development of the urban economy. Urban agglomeration intensity contributes to the growth of green productivity, at least under some critical value. The accumulation of industry leads to higher levels of pollution and hinders the improvement of urban green productivity. However, the impact of science and technology input and foreign trade level on green productivity was not found to be statistically significant.



Based on the above conclusions, this study proposes the following suggestions to promote green productivity growth. First, although the level of urban green technology in Xinjiang has improved in recent years, the level of green innovation is still low relative to developed cities in eastern China. Enterprises should increase R&D investment appropriately in order to improve green technology innovation ability and to provide technological support for green production. More importantly, the government should provide policies to supports to the innovation of waste recycling, vehicle emissions reduction and clean energy production for green development.



Second, attention should be paid to the promotion of green efficiency in enterprise production and management. Effective management should speed up the reform of the marketization and property rights system, promote the effective flow of production factors, and optimize the allocation of resources. In addition, enterprises should adjust their own governance structures and implement a green development strategy to provide cleaner green products to market.



Third, the government should consider the growth of urban green productivity when attracting foreign investors. It is appropriate to employ the effective incentive mechanism to control the growth rate of high pollution industries in order to facilitate sustainable development. Cities in Xinjiang should keep to the new road to industrialization by developing high-tech industries and knowledge service industries.



Finally, it is necessary to implement stricter environmental regulations to avoid the transfer of heavily polluting industries in the east to Xinjiang. Moreover, infrastructure is an important foundation to support the sustainable development of cities. City management departments should continue to improve urban roads, sewage treatment, waste disposal, and other types of infrastructure to thereby improve the city’s green productivity.
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