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Abstract

:

Carbon emissions (CE) in Anhui Province are closely related to carbon emissions from industrial land (CEIL). In this study, based on industrial land, industrial energy consumption, and related statistical data in Anhui Province from 2000 to 2016, the carbon emissions coefficient method and the standard deviational ellipse were used to measure and analyze the CEIL and their spatial and temporal evolution characteristics, aiming to provide a basis for the relevant government departments to formulate CE policies. The main results showed that: (1) The total amount of CEIL followed an inverted U-shaped trend of rapid increase followed by a decrease, while the overall carbon emission intensity from industrial land (CEIIL) followed a downward trend. (2) The CE had an evident spatial differentiation, with those from resource-based cities being much higher than those of industrial and tourism-based cities; (3) The overall pattern of CEIL in Anhui Province showed that the increase in the north-south direction is significantly higher than that in the east-west direction, and mainly expanded in the north-south direction. The overall industrial growth rate of Southern Anhui, represented by the Wanjiang City Belt, was higher than that of Northern Anhui, although its CEIL center showed to move towards Northern Anhui.
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1. Introduction


One of the primary causes of climate change, which is a hazard to the entire planet, is carbon emissions (CE) [1]. Since the industrial revolution, the expansion of human economic activity has increased the need for fossil fuels and dramatically increased the emission of greenhouse gases, which has resulted in sea level rise, glacier melting, and a sharp decline in biodiversity. These effects have put the survival and advancement of human society in severe danger [2,3]. As a significant source of CE, the industrial sector has become the focus of increasing academic attention [4,5,6]. As countries and the public have become more aware of the dangers of climate warming, a global wave for “energy saving and emission reduction” has emerged [7,8], and the low-carbon economic development model has been adopted by several countries around the world [9].



Typically, methods, including physical measurement, the material balance approach, and the carbon emission coefficients (CEC) method, are used to quantify estimates of industrial CE [10,11,12]. The actual measurement method is mainly based on continuous monitoring equipment recognized by the relevant authorities for the pollutants to be measured. This method has better reliability and accuracy, but the method is only applicable to the pollutants put into production and is not very operable. Consumption of human, material and financial resources will increase as a result of continual monitoring in the field [13]. The rule of conservation of mass serves as the foundation for the material balancing technique, which quantifies the CE of materials in industrial production processes. This approach is presently only utilized in a small number of industrial businesses since it requires a significant amount of first-hand production data on industrial production processes [14]. As the CEC for industrial energy is more stable in accordance with IPCC assumptions and can be measured directly in accordance with the CE equations provided by the IPCC for developing countries, the CEC method, which calculates the CE from the consumption of energy, has evolved. The CEC method, with simple data acquisition and easy calculation, is currently a mainstream method for CE measurement and is widely used by scholars [15,16,17,18,19].



In recent years, CE has become one of the hot spots of research, and the research on carbon emissions from industrial land (CEIL) has been gradually deepened [20], and the research on CEIL mainly includes CE performance [21], economic and intensive use of industrial land [22], CE intensity of industrial land [23], and the influence of different land space on CEIL [24], etc., but nowadays, the research mainly focuses on the national or urban clusters, etc. However, the current studies are mainly focused on the national level or city clusters, and there are few studies on the spatial and temporal evolution of CEIL and the characteristics of industrial land. In this paper, we take the Anhui province of China as an example to study the spatial and temporal evolution characteristics of CEIL to provide a basis for industrial land regulation and control policies with the goal of low carbon development.



Anhui province is an underdeveloped province in central China and an important part of the Yangtze River Delta economic belt [25,26]. After full integration into the Yangtze River Delta, Anhui’s economy has grown rapidly, with GDP increasing from 123.533 billion yuan in 2010 to 429.592 billion yuan in 2021, with an average annual growth rate of 11.99%, exceeding the national average. On the other hand, Anhui Province is a typical “coal-rich, oil and gas-free” province, where coal has long dominated energy consumption. The rapid progress of industrialization and the consequent CE problems also face serious challenges [27,28]. The 14th Five-Year Plan for Energy Conservation and Emission Reduction promulgated by Anhui Province in 2022 aims to improve the quality of the ecological environment and increase the efficiency of energy utilization. In the plan, it is clear that “to promote high-quality development and comprehensively implement the dual control of energy consumption intensity and total amount.” The continuous expansion of Anhui Province’s economy and industrial scale has made the contradiction between energy demand expansion and energy conservation, and the task of energy conservation and emission reduction is arduous [29].



Industrial land is the spatial carrier of industrial development. Economic development and CE are closely related to CEIL. This study calculates the CEIL in Anhui Province, analyzes its spatial and temporal evolution characteristics of it, and makes a judgment on the evolution trend of CE, which can provide data support for the decomposition of energy saving and emission reduction targets in different regions and provide a reference for relevant government departments to designate corresponding energy consumption and low carbon development. Secondly, the discussion of CEIL during the accelerated industrialization process in less developed provinces can also provide new ideas and references for the industrial restructuring of regions and provinces with similar background characteristics.




2. Study Area


Anhui Province is located in the middle latitudes of East China (29°41′−34°38′ N, 114°54′−119°37′ E) (Figure 1); it belongs to the transition zone between the subtropical climate and the warm temperate climate [30]. Anhui Province is split into the Huaibei Plain, South Anhui Plain, and Jianghuai Hills. This province is rich in mineral resources, especially coal resources, while oil and gas resources are limited.




3. Materials and Methods


3.1. Data Collection


The socioeconomic statistical data and the energy data of Anhui Province from 2000 to 2016 were mainly derived from the Anhui Statistical Yearbook. The data on the industrial land area of Anhui Province from 2000 to 2016 come from the Statistical Yearbook of China’s Urban Construction. Finally, the gross industrial output value (GIOV) by industry of each city was taken from the China Industrial Enterprises Database. Based on the availability of data, the study period about the GIOV by industry of each city was limited from 2000 to 2013.



The administrative division of Chaohu City was adjusted in 2011, and the districts and counties were merged into other cities. In order to ensure the consistency, integrity, and operability of relevant information, the relevant data of Chaohu City from 2000 to 2010 were merged into those of the other cities according to the existing divisions. The vector data were taken from the land use change survey database of Anhui Province in 2016.




3.2. Calculation Methods of Carbon Emissions


In this research, industrial land is defined as the property utilized for manufacturing facilities, storage facilities, and auxiliary infrastructure of industrial and mining businesses, including specialized trains, ports, supplementary roads, and parking lots, but excludes open-pit land. The main emphasis of this definition is on the specific land required for industrial production.



As CO2 is the main greenhouse gas, CE is usually a general term for, or a synonym of, greenhouse gas emissions [31]. In this study, CE refers to the total amount of direct and indirect greenhouse gas emissions generated by a certain entity within a certain period, represented by carbon [32,33]. CE is mainly divided into renewable energy and non-renewable energy CE. Renewable energy CE is mainly the CE of various biological systems on the earth’s surface, including also those generated by various renewable energy utilization processes. Non-renewable energy CE mainly refers to those generated during the combustion of fossil energy [34]. Using fossil fuels for energy is the major source of industrial CE [35]. Based on previous research, this study defined CEIL as the CE generated by the fossil energy consumed by industrial production in urban areas and industrial land [36,37,38].



The amount of carbon emitted for every unit of gross industrial production is referred to as industrial carbon emission intensity (ICEI) [39,40]. ICEI can reflect the relationship between CE and industrial development. The formula is as follows:


      T =   C   N        



(1)




where  T  represents the ICEI,  C  denotes CE, and  N  is GIOV.



Carbon emission intensity from industrial land (CEIIL) measures the CE per unit of industrial land area. It reflects the CE burden generated by industrial activities across space. The greater the value, the more CE generated by industrial activities on industrial land, and the higher the economic benefits and the environmental burden [41,42]. The formula is as follows:


  C I =   C   A I    



(2)




where   C I   represents CEIIL,  C  is CE, and the industrial land area is represented by   A I   [43].



At present, China does not release authoritative data on CE from the industry and its various sectors [44]. In existing studies, national, regional, and sectoral CE data are mostly calculated based on energy consumption and energy CEC. China’s industrial CE mainly originates from the consumption of fossil energy [45]. So, in this paper, the CEIL at the provincial level is calculated according to the IPCC-recommended method of estimating energy CEC.



The selected energy consumption includes coal, cleaned coal, liquefied petroleum gas, crude oil, gasoline, kerosene, diesel oil, fuel oil, coke, gas field natural gas, oilfield gas, and coke oven gas. When calculating CE using energy CEC, it is necessary to first convert the physical amount of energy consumption into the standard amount of energy consumption according to the conversion factor of 10,000 tons of standard coal and then multiply by its corresponding energy CEC to obtain [46,47]. The calculation formula was as follows:


   c  j i   =  ∑  k    E  j k i   ×   F  k   ×  M  k     



(3)






   G  i   =  ∑  j    c  j i    



(4)




where   c  j i    indicates the CE of the industrial sector  j  in the year i;   E  j k i    represents the consumption of fossil fuel k in industrial sector j in the year i;   F  k    and   M  k    are the standard coal conversion coefficient and the CEC, respectively; and   G  i    indicates the CE of all industrial sectors in a province, namely the CEIL, in the year i. The China Energy Statistical Yearbook’s standard coal conversion coefficient was utilized. In this paper, the CEC was adopted following Peng [48], as shown in Table 1.



Due to some incomplete energy data, the CEIL in each city in Anhui Province was measured by using the indirect method [49]. The CE per unit of GIOV was obtained by assessing the CEIL in each province and the GIOV of each industry, on which basis the CEIL in each city was indirectly obtained according to the GIOV of each city, as follows:


   H  m i   =  ∑  j      c  j i     D  j i     a  m j i    



(5)




where   H  m i    is the CEIL in city m in the year i;   c  j i    represents the CE of industry j in the year i;   D  j i    represents the GIOV of industry j in the year i; and   a  m j i    represents the GIOV of industry j in the year i in city m.




3.3. Standard Deviational Ellipse Method


Lefever initially presented the standard deviational ellipse (SDE) method in 1926 as a technique for statistically analyzing geographical patterns [50]. It is expressed by shape characteristics, density, distribution, orientation, and centrality, which can objectively reflect the global characteristics of geographical factors in spatial distribution [51]. Currently, it is extensively used in economics, ecology, geology, sociology, and other disciplines [52,53,54,55].



The SDE method mainly uses azimuth, short axis, center, and long axis as the basic parameters of a spatial distribution ellipse, to quantitatively reflect the characteristics of the spatial layout of the research object. The elliptical spatial distribution range, where the center reflects the relative positions of the geographical elements in the two-dimensional spatial distribution. The short axis represents the dispersion degree of geographical components in the secondary direction, while the long axis represents the core edge structure of the dispersion degree of geographical elements in the main trend direction [56,57]. The following is the calculation formula for the SDE’s primary parameters:


  Average   center :      X w   ¯  =     ∑  i = 1  n    w i     x i      ∑  i = 1  n    w i      ;    Y w   ¯  =     ∑  i = 1  n    w i     y i      ∑  i = 1  n    w i       



(6)






  Azimuth : tan θ =       ∑  i = 1  n    w i 2      x ˜  i 2  −   ∑  i = 1  n    w i 2      y ˜  i 2    +         ∑  i = 1  n    w i 2      x ˜  i 2  −   ∑  i = 1  n    w i 2      y ˜  i 2     2  + 4   ∑  i = 1  n    w i 2      x ˜  i 2    y ˜  i 2      2   ∑  i = 1  n    w i 2        x ˜  l      y ˜  l     



(7)






  x - axis   standard   deviation :    σ x  =       ∑  i = 1  n        w i      x ˜  i  cos θ −  w i      y ˜  i  sin θ    2        ∑  i = 1  n    w i 2         



(8)






  y - axis   standard   deviation :  σ y  =       ∑  i = 1  n        w i      x ˜  i  sin θ −  w i       y i   ˜  cos θ    2        ∑  i = 1  n    w i 2         



(9)




where   (  x i  ,  y i  )   denotes the spatial location of the object of study;    w i    denotes the weight;   (    x i   ¯  ,    y i   ¯  )   denotes the weighted average center;  θ  is the azimuth angle of the ellipse, indicating the angle formed by the clockwise rotation of the north to the long axis of the ellipse;      x i   ˜    and      y i   ˜    represent the coordinate deviation between the location of each research object to the average center; and    σ x    and    σ y    represent the standard deviation along the x-axis and y-axis, respectively.



Because the SDE analysis can intuitively reflect the spatial pattern characteristics of geographical elements, this study applied the weighted SDE method in ArcGIS 10.2 software to determine the SDE of each variable in spatial distribution based on the spatial location of each administrative unit of each province and municipality. Moreover, the corresponding CE and industrial variable indicators were used to represent the weight, and the ArcGIS 10.2 spatial statistical module was employed to calculate the parameters and create spatial visualization. In this way, the SDE parameters of GIOV and CEIL in Anhui Province from 2000 to 2013 were obtained, reflecting the spatial distribution pattern changes of different factors according to the standard deviation of the long and short axes, the location of the center point, and the specific movement and shape index.





4. Results and Discussion


4.1. Evolution Characteristics at the Provincial Level


At the provincial level, CEIL and GIOV in Anhui Province had an overall growth trend (Figure 2), although the growth rate of the former was significantly lower than that of the latter. For example, the GIOV increased from 166.144 billion yuan in 2000 to 434.3635 billion yuan in 2016, with an average annual growth of 12.26 %. In the same years, the CEIL increased from 262.2284 Mt to 1122.974 Mt, an average annual increase of 9.51%. In addition, under the condition that the growth rate of GIOV was stable, the CEIL in Anhui Province showed an inverted U-trend of rapid increase followed by a gradual decrease (Figure 3). Anhui Province has achieved some achievements in promoting the transformation of the economic development model and industrial low-carbon transformation during the 12th five-year plan.



4.1.1. Relationship between CEIL and Economic Development


During the research phase, the value of CE per unit of GIOV first increased and then decreased from 1.58 tons per million yuan in 2000 to 0.39 tons per million yuan in 2012, i.e., less than 1/3 of the original value, after which the decline began to slow down, finally reaching 0.26 tons per million yuan in 2016 (Figure 2).



Meanwhile, the GDP per capita of Anhui Province increased from 4779.46 yuan per person in 2000 to 39091.81 yuan per person in 2016. Anhui Province’s GDP per capita and CEIL showed a clear exponential positive correlation (Figure 4), and it still did not reach its peak in 2016, indicating that economic growth is the main driving force for carbon emission growth.




4.1.2. Time Series Relationship between CEIL and Structure of Energy Consumption


From the analysis of the industrial energy consumption structure (Table 2), it can be found that the CEIL from coal consumption was the highest during the study period. This indicates evident structural problems in industrial energy consumption in Anhui Province, the proportion of clean oil and natural gas consumption was too low.





4.2. Evolution Characteristics at the City Level


4.2.1. Spatiotemporal Characteristics of CEIL


CEIL in Anhui Province was found to have a clear spatial differentiation. Figure 5 shows the CEIL in each city in 2000 and 2013, from which it can be seen that the c CEIL in resource-based cities are significantly larger than those in industrial and tourism-based cities (Resource-based cities refer to those cities with mining and processing of natural resources such as minerals and forests in the region as the leading industry, industrial cities refer to those cities with industry as the pillar industry, and tourism-based cities refer to those cities with unique tourism resources and cultural tourism industry as the main industry [58]. Typical resource-based cities in Anhui Province include Huainan, Ma’anshan, and Huaibei; typical industrial cities include Hefei, Wuhu, and Anqing, and typical tourism-based cities include Huangshan [59,60]). For example, Huainan had the highest level of CEIL among all cities in the province throughout the whole study period, followed by Huaibei and Ma’anshan. On the contrary, Huangshan, whose economy is predominantly based on tourism, had the lowest level of CEIL.



Overall, during the period 2000–2013, the CEIL of 16 prefecture-level cities had an increasing trend; in particular, this growth trend was highest in Bozhou and Chizhou (i.e., more than 20% annually) and lowest in Ma’anshan, Huangshan, and Anqing (i.e., less than 10%).



From 2000 to 2013, among the changes in the growth rate of CEIL in 16 cities in Anhui Province, only Ma’anshan City showed a polynomial growth trend, reaching a maximum in 2008, and then began to decline (Figure 6b). In parallel, the CEIL of Anqing, Xuancheng, Tongling, Huangshan, and Hefei followed a linear growth trend (Figure 6a). A total of 10 cities recorded exponential growth in CEIL, following an accelerating upward trend (Figure 6c). On this premise, it is possible to forecast that Anhui Province’s industrial land will continue to produce more carbon dioxide overall in the future.




4.2.2. Spatiotemporal Characteristics of ICEI


During the research phase, the ICEI of 16 prefecture-level cities in Anhui Province declined continuously, although the performance was not the same across cities. The ICEI in Anqing, Suzhou, Ma’anshan, Huaibei, and Huainan was higher than the provincial average in 2000, and the ICEI in Suzhou, Bozhou, Ma’anshan, Huaibei and Huainan was higher than the provincial average in 2013. See Table 3.



By analyzing the dynamic change characteristics of ICEI from 2000 to 2013, it was possible to classify the 16 prefecture-level cities in Anhui Province into three groups: cities with a stable decrease, cities with a first increase followed by a decrease, and cities with a “fast-slow” decrease.



	(1)

	
Cities with a stable decrease







This group includes cities such as Anqing, Ma’anshan, Lu’an, Tongling, Suzhou, Huaibei, and Huainan, characterized by the fact that the ICEI has always been higher than the average of the whole province during the whole study period. This, in turn, indicates a large room for the decline, which indeed took place steadily since 2000 (Figure 7a).



	(2)

	
Cities with a first increase followed by a decrease







Chuzhou, Xuancheng, Chizhou, Fuyang, and Bozhou are the representative cities of this group, where ICEI increased first, generally reaching the highest value in 2005–2006, after which they began to decline and stabilize (Figure 7b).



	(3)

	
Cities with a “fast-slow” decrease (exponential convergence)







This group includes cities such as Huangshan, Hefei, Wuhu, and Bengbu, characterized by a level of ICEI that was the lowest in the whole province and by an exponential downward trend during the study period. In the first half of the study period, the decline rate was relatively high, with a turning point generally observed from 2006 to 2008, after which the decline rate gradually slowed down and stabilized (Figure 7c).



This group includes cities such as Huangshan, Hefei, Wuhu, and Bengbu, characterized by a level of ICEI that was the lowest in the whole province and by an exponential downward trend during the study period. In the first half of the study period, the decline rate was relatively high, with a turning point generally observed from 2006 to 2008, after which the decline rate gradually slowed down and stabilized.




4.2.3. Spatial and Temporal Characteristics of CEIIL


CEIIL is mainly related to the efficiency of land use intensity and the concentration of different industrial sectors. Table 4 demonstrates that in 2000 the CEIIL exceeded the provincial average in Anqing, Ma’anshan, Huainan, and Huaibei, while in 2013, it exceeded the provincial average in Wuhu, Suzhou, Chizhou, Huainan, and Huaibei.



The 16 cities under investigation were divided into three groups based on an examination of the features of the dynamic changes in the CEIIL in Anhui Province between 2000 and 2013 (Figure 8):




	(1)

	
Cities with a continuous increase









This group includes eight cities, namely Lu’an, Fuyang, Chizhou, Huaibei, Bozhou, Suzhou, Wuhu, and Huainan, where the CEIIL continuously increased during the study period (Figure 8a). More in detail, the increased rate of CEIIL in Huainan and Huaibei was significantly higher than in other cities, mainly because these are coal resource-based cities, and the industries include mainly mining and heavy chemical industries. In addition, the intensive use of industrial land in these cities is generally not high, which is also one of the reasons for the high CEIIL.



	(2)

	
Cities with a first increase followed by a decrease







This group includes the cities of Huangshan, Xuancheng, Anqing, Tongling, and Ma’anshan (Figure 8b), which are all located along the Yangtze River and are characterized by a yearly increase in the degree of industrial land intensity. In these cities, the CEIIL increased rapidly, at first reaching a peak in 2006–2008 and then gradually decreasing. Among these cities, the ICEI and CEIIL of Huangshan City were the lowest in the whole province, mainly because this is a tourist city and hosts relatively few industries.



	(3)

	
Cities with fluctuating increase







This group includes the cities of Chuzhou, Hefei, and Bengbu (Figure 8c), where the CEIIL fluctuated greatly from 2000–2013, following an overall upward trend.





4.3. A Comprehensive Analysis of Evolution Characteristics


4.3.1. Spatial Distribution Features


According to Table 5 and Table 6 and Figure 9 and Figure 10, the geographical distribution of CEIL in Anhui Province is mostly defined by a northwest-southeast trend, showing a significant increase in the x-axis direction from 368.46 km in 2000 to 373.05 km in 2013 and a downward trend along the y-axis direction from 173.93 km in 2000 to 157.27 km in 2013. This indicates that the increase in CEIL in Anhui Province from 2000–2013 was significantly higher in the NS direction than that in the EW direction. The spatial pattern of CEIL was mainly a north-south expansion. From the comparative analysis of the SDE (Figure 9) of CEIL and GIOV, both consistency and differences in spatial distribution were observed among these two.



The consistency is manifested in the northwest-southeast pattern, while the differences are manifested in the spatial distribution of the SDE of the GIOV in Anhui Province, which is mainly close to the northeast region. The length of the long axis of the ellipse was smaller than that of the long axis of CEIL, although the length of the short axis was significantly larger than that of the short axis of CEIL. This clearly shows the spatial differentiation and spatial aggregation characteristics of the GIOV and its CEIL and reflects the fact that the spatial dispersion of the GIOV in Anhui Province was significantly smaller than that of the CEIL. It can also be seen from Figure 9 that the regions with the rapid growth of GIOV in Anhui Province were mainly located in Southern Anhui and Northern Anhui, which indicates that the CEIL in Anhui Province was mainly related to the rapid growth of the industrial sector. However, by comparing the shape index of the two (Figure 10), it can be found that the shape index of CEIL was significantly lower than that of the GIOV.



The shape index of GIOV was relatively stable, except for the period 2004–2007, when it increased to more than 0.6, after which it declined slowly and was around 0.5. In addition to being significantly lower than the shape index of GIOV, the shape index of CEIL also showed a downward trend year by year, from 0.47 in 2000 to 0.42 in 2013. In parallel with the decline of the shape index of GIOV, the shape index of CEIL after 2013 followed a continuous downward trend. This indicates that the spatial dispersion of CEIL in Anhui Province strengthened, and its CEIL increment was mainly concentrated in the northwest and southeast endpoints (i.e., Northern and Southern Anhui). Although the overall industrial growth rate in south Anhui, represented by the Wanjiang City Belt, was higher than that in north Anhui, its CEIL center was found to move towards north Anhui.




4.3.2. Center Change Feature


Hefei (Feidong County—Changfeng County) was the location of the spatial pattern of CEIL in Anhui Province throughout the research period, which was consistent with its geographical and economic center (Figure 11). It moved from the northeast (2000–2002) to the southeast (2002–2004) and then to the northwest (2004–2013), showing an overall direction south-east-northwest. From the point of view of the movement rate, a serrated and unstable change trend was observed, and the average movement distance was 5.81 km/year. During the 10th Five-Year Plan period, the center position was generally located at the junction of Feidong County and Changfeng County; however, its location was not stable, and the Center gradually changed from the northeast to the southeast. The movement rate was slow at first and then accelerated, reaching 9.67 km from 2003 to 2004. Since the 11th Five-Year Plan, the migration direction of the center was reversed by 180° and moved from the southeast to the northwest; the movement rate significantly accelerated, with an average rate of 7.44 km/year, and the center reached the first Changfeng County in 2010. During the 12th Five-Year Plan period, the center moved stably in the northwest direction and continued to penetrate the hinterland of Changfeng County, although the movement rate slowed to 3.40 km/year.



Compared with the movement of the center of GIOV, it can be found that:




	(1)

	
The movement trend of the center of CEIL was consistent with that of the industrial sector, although the scope and extent of the latter were larger and more dispersed, and the industrial center was more oriented towards the southeast. In particular, from 2004 to 2007, Anhui’s industrial center moved significantly to the southeast, reaching Chaohu, mainly due to the transfer of a large number of manufacturing industries from the Yangtze River Delta to Anhui Province during this period, particularly to the Wanjiang urban belt area. After 2008, with the implementation of the “Rise of Central China” Plan and the rapid rise of Hefei, its industrial center began to move to the northwest and gradually stabilized in Hefei.




	(2)

	
The movement trend and the rate of the CEIL center were consistent with, although lower than, those of the industrial center, indicating that CE followed industrial development (Figure 12).










4.3.3. Spatial Rotation Angle Change


During the study period, the rotation angle θ of the GIOV remained stable between 147°–148°, while that of CEIL was between 153.67° and 158.30°. The specific analysis showed that, although the main axis direction of CEIL was always northwest-southeast, the rotation angle decreased year by year, and there was a trend of northward rotation. Although the rotation angle decreased, the decrease was small, demonstrating a persistent geographical pattern of CEIL in the province of Anhui.






5. Conclusions


This study assessed the spatial and temporal evolution characteristics of CEIL in Anhui Province from the perspectives of CE, CE intensity, and CE center, reaching the following conclusions.



	(1)

	
The CEIL in Anhui Province from 2000 to 2016 followed an inverted U-shaped trend of rapid increase at first, followed by a decrease, while the overall CEIIL showed to follow a downward trend. This shows that Anhui Province has achieved some progress in promoting the transformation of its economic development model and industrial low-carbon transformation during the 12th five-year Plan period, and the rapid growth momentum of CE has been curbed to some extent.




	(2)

	
At the city level, the spatial differentiation of CEIL in Anhui Province is obvious, with those from resource-based cities being much higher than those from industrial and tourism-based cities. Based on their ICEI, the 16 cities in Anhui Province were divided into three types: cities with a stable decrease, cities with a first increase followed by a decrease, and cities with a “fast-slow” decrease. In parallel, depending on their CEILI, the 16 cities were divided into three types: cities with a continuous increase, cities with a first increase followed by a decrease, and cities with a fluctuating increase.




	(3)

	
The overall CEIL spatial pattern of industrial land in Anhui Province was characterized by the fact that the increase in the north-south direction was significantly higher than that in the east-west direction. The overall industrial growth rate of Southern Anhui, represented by the Wanjiang City Belt, was higher than that of Northern Anhui, although its CEIL center showed to move towards Northern Anhui.







In this paper, the accounting of CEIL mainly adopts the CEC method, which mainly considers CE from fossil energy consumption of industrial production. In the future, for CE from industrial production processes, field monitoring of CE from micro-enterprises can be considered and based on the results of long-term field monitoring, a database of CEIL of enterprises in different industries can be established, thus enhancing the actual measurement of CEIL research data.
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Figure 1. Study area: (a) location of Anhui province in China. (b) geographical map of Anhui province. 
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Figure 2. Changes in CEIL, GIOV, and ICEI in Anhui Province from 2000 to 2016. 
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Figure 3. CEIL in Anhui Province from 2000 to 2016. 
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Figure 4. Relationship between CEIL and GDP per capita in Anhui Province from 2000 to 2016. 
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Figure 5. CEIL in 16 prefectural cities in Anhui Province in 2000 and 2013. 
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Figure 6. Changes in CEIL in 16 prefectural cities in Anhui Province from 2000 to 2013: (a) a linear growth trend; (b) a polynomial growth trend; and (c) an exponential growth trend. 
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Figure 7. Classification of the 16 prefectural cities of Anhui Province according to their ICEI from 2000 to 2013: (a) cities with a stable decrease; (b) cities with a first increase followed by a decrease; and (c) cities with a “fast-slow” decrease (exponential convergence). 
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Figure 8. Changes in CEIIL of 16 prefectural cities in Anhui Province from 2000 to 2013: (a) cities with a continuous increase; (b) cities with a first increase followed by a decrease; and (c) cities with fluctuating increase. 






Figure 8. Changes in CEIIL of 16 prefectural cities in Anhui Province from 2000 to 2013: (a) cities with a continuous increase; (b) cities with a first increase followed by a decrease; and (c) cities with fluctuating increase.



[image: Land 11 02084 g008]







[image: Land 11 02084 g009 550] 





Figure 9. Comparison of the standard deviation ellipse shape indices of GIOV and CEIL in Anhui Province from 2000 to 2016. 
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Figure 10. Comparison of the standard deviation ellipses of GIOV and CEIL in Anhui Province: (a) CEIL standard deviation ellipse; (b) GIOV standard deviation ellipse. 
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Figure 11. Positional changes in the elliptical center points of GIOV and CEIL standard in Anhui Province from 2000 to 2013. 
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Figure 12. Comparison of the movement rates of the standard deviation ellipses of the GIOV center and CEIL center in Anhui Province from 2000 to 2016. 
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Table 1. CEC for each type of fossil energy.
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	Energy Type
	The Standard Coal Conversion Coefficient

(kg kg−1/kg/m3)
	CEC





	Coal
	0.7143
	0.7599



	Cleaned coal
	0.9
	0.7599



	Liquefied petroleum gas
	1.7143
	0.5042



	Crude oil
	1.4286
	0.5847



	Gasoline
	1.4714
	0.5538



	Kerosene
	1.4714
	0.5714



	Diesel oil
	1.4571
	0.5921



	Fuel oil
	1.4286
	0.6185



	Coke
	0.9714
	0.855



	Gas field natural gas
	1.2143
	0.4483



	Oilfield Gas
	1.33
	0.4483



	Coke oven gas
	0.5714
	0.3548
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Table 2. The proportion of CEIL from the consumption of various types of fossil energy in Anhui Province in 2000 and 2016.
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	Type (%)
	2000 (%)
	2016 (%)





	CEIL from raw coal
	69.55
	80.16



	CEIL from crude oil
	10.98
	4.02



	CEIL from natural gas
	0.00
	0.06



	CEIL from other energy sources
	19.47
	15.76
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Table 3. Changes in the ICEI of prefecture-level cities in Anhui Province from 2000 to 2013. Unit: ton/ ten thousand yuan.
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	City
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013





	Huangshan
	0.95
	0.95
	0.78
	0.85
	0.96
	0.60
	0.48
	0.38
	0.28
	0.21
	0.16
	0.14
	0.20
	0.14



	Hefei
	0.59
	1.06
	0.70
	0.91
	0.70
	0.58
	0.53
	0.46
	0.29
	0.23
	0.19
	0.16
	0.10
	0.14



	Lu’an
	0.83
	0.82
	0.90
	1.02
	0.95
	0.71
	0.67
	0.53
	0.34
	0.31
	0.26
	0.22
	0.21
	0.18



	Chuzhou
	0.39
	0.43
	0.35
	0.42
	0.54
	0.45
	0.52
	0.48
	0.48
	0.27
	0.26
	0.23
	0.22
	0.20



	Wuhu
	0.80
	0.73
	0.53
	0.54
	0.60
	0.48
	0.39
	0.33
	0.36
	0.35
	0.29
	0.24
	0.17
	0.21



	Tongling
	1.11
	1.36
	1.22
	1.22
	1.02
	0.80
	0.57
	0.47
	0.38
	0.42
	0.29
	0.24
	0.20
	0.21



	Bengbu
	0.60
	0.66
	0.55
	0.60
	0.46
	0.37
	0.46
	0.36
	0.40
	0.20
	0.31
	0.29
	0.23
	0.23



	Xuancheng
	0.79
	0.88
	0.84
	1.02
	1.22
	0.90
	0.71
	0.65
	0.49
	0.40
	0.31
	0.26
	0.21
	0.28



	Anqing
	2.49
	2.39
	2.33
	2.20
	2.11
	1.72
	1.48
	1.11
	0.83
	0.63
	0.52
	0.41
	0.32
	0.34



	Chizhou
	1.01
	1.00
	0.98
	1.52
	1.49
	1.33
	1.42
	1.23
	0.91
	0.62
	0.49
	0.45
	0.34
	0.38



	Fuyang
	0.74
	0.92
	0.88
	0.89
	0.78
	0.72
	1.19
	1.10
	0.91
	0.76
	0.69
	0.63
	0.43
	0.39



	Suzhou
	2.58
	2.57
	2.46
	2.69
	2.41
	1.30
	1.12
	1.41
	0.87
	0.73
	0.61
	0.41
	0.40
	0.48



	Bozhou
	0.66
	0.84
	0.81
	0.84
	0.90
	0.90
	0.94
	0.87
	0.80
	0.54
	0.58
	0.47
	0.36
	0.52



	Ma’anshan
	3.27
	3.26
	2.64
	2.29
	1.71
	1.59
	1.51
	1.30
	1.07
	1.03
	0.85
	0.66
	0.52
	0.54



	Huaibei
	4.28
	3.51
	3.55
	2.91
	2.47
	3.28
	2.51
	2.09
	2.05
	1.93
	1.46
	1.19
	1.04
	1.01



	Huainan
	5.20
	4.85
	4.26
	4.36
	3.49
	3.33
	2.67
	2.72
	2.34
	2.45
	2.03
	1.80
	1.44
	1.73



	Average
	1.64
	1.64
	1.49
	1.52
	1.36
	1.19
	1.07
	0.97
	0.80
	0.69
	0.58
	0.49
	0.40
	0.44
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Table 4. Changes in the CEIIL of prefecture-level cities in Anhui Province from 2000 to 2013. Unit: 10 thousand tons /km2.
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	City
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013





	Hefei
	6.10
	13.01
	9.63
	15.03
	15.26
	10.23
	12.37
	14.36
	14.41
	12.53
	12.18
	12.50
	10.49
	15.89



	Wuhu
	9.21
	10.39
	7.22
	9.72
	14.59
	13.37
	12.96
	14.25
	20.52
	24.47
	28.39
	31.23
	57.17
	77.16



	Bengbu
	6.07
	7.39
	7.12
	9.36
	5.11
	4.88
	7.40
	5.80
	6.76
	5.18
	11.38
	19.18
	16.07
	17.95



	Huainan
	24.03
	24.43
	26.62
	33.54
	38.45
	44.00
	37.61
	42.91
	57.60
	70.29
	103.54
	103.91
	95.70
	111.16



	Ma’anshan
	30.11
	33.98
	29.07
	29.94
	34.16
	40.71
	40.93
	50.52
	50.34
	46.72
	41.99
	38.12
	49.83
	33.46



	Huaibei
	38.83
	36.27
	38.96
	35.89
	45.50
	53.54
	51.34
	46.13
	62.03
	65.22
	67.30
	73.58
	75.89
	82.25



	Tongling
	11.10
	14.01
	14.15
	19.25
	24.84
	25.57
	30.52
	30.57
	27.10
	29.45
	34.54
	39.63
	32.67
	29.00



	Anqing
	26.78
	24.07
	25.10
	25.77
	28.15
	23.96
	28.25
	24.95
	21.97
	19.85
	21.37
	21.96
	19.79
	25.59



	Huangshan
	5.69
	7.54
	6.15
	8.99
	15.55
	10.48
	14.65
	16.44
	10.10
	8.47
	9.10
	8.27
	12.18
	8.64



	Chuzhou
	4.20
	4.93
	4.34
	5.98
	9.82
	6.48
	8.36
	8.02
	9.97
	6.12
	8.12
	9.91
	12.38
	11.81



	Fuyang
	7.75
	8.86
	8.32
	9.92
	7.41
	10.20
	23.56
	31.53
	31.50
	34.49
	42.40
	38.23
	32.04
	34.37



	Suzhou
	7.53
	7.32
	7.63
	8.54
	12.39
	8.46
	18.85
	34.41
	29.97
	28.76
	31.52
	35.37
	24.89
	40.15



	Lu’an
	5.61
	5.76
	6.27
	7.52
	12.13
	11.41
	15.19
	17.04
	13.95
	15.95
	17.64
	20.34
	23.16
	21.67



	Bozhou
	4.91
	5.00
	4.91
	5.98
	8.90
	10.68
	14.42
	17.20
	19.14
	16.50
	23.74
	20.07
	17.25
	29.80



	Chizhou
	6.73
	6.84
	8.54
	19.09
	21.30
	20.47
	24.50
	22.74
	27.73
	31.25
	27.61
	31.68
	37.06
	47.16



	Xuancheng
	12.97
	13.52
	12.93
	18.56
	27.73
	21.26
	24.54
	30.69
	26.45
	23.32
	21.40
	22.84
	11.75
	17.91
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Table 5. Standard deviation ellipse parameters of GIOV in Anhui Province from 2000 to 2013.






Table 5. Standard deviation ellipse parameters of GIOV in Anhui Province from 2000 to 2013.





	
Year

	
Length Along the X-Axis (km)

	
Length Along the Y-Axis (km)

	
Corner

θ/°

	
Shape Index

	
Center Point Location

	
Center Point Travel Distance (km)




	
Longitude

	
Latitude






	
2000

	
332.5648

	
185.9253

	
148.8502

	
0.5591

	
117.4815

	
31.87549

	
-




	
2001

	
329.8621

	
184.5526

	
149.3329

	
0.5595

	
117.503

	
31.87627

	
2.0063




	
2002

	
316.7730

	
179.3950

	
148.3463

	
0.5663

	
117.5082

	
31.91052

	
3.8854




	
2003

	
332.1035

	
177.4020

	
148.4271

	
0.5342

	
117.5287

	
31.90536

	
2.0018




	
2004

	
297.4051

	
179.1823

	
146.5859

	
0.6025

	
117.5613

	
31.74423

	
18.3888




	
2005

	
305.7318

	
204.8776

	
145.7331

	
0.6701

	
117.629

	
31.73695

	
6.3682




	
2006

	
325.2200

	
200.8603

	
140.3168

	
0.6176

	
117.5295

	
31.72676

	
9.3542




	
2007

	
319.1689

	
201.2809

	
146.4969

	
0.6306

	
117.6355

	
31.64998

	
13.1403




	
2008

	
350.0887

	
195.8500

	
147.7696

	
0.5594

	
117.5267

	
31.89085

	
28.9476




	
2009

	
376.3077

	
206.4175

	
149.7956

	
0.5485

	
117.5371

	
31.85602

	
4.0383




	
2010

	
339.9784

	
192.1851

	
158.3078

	
0.5653

	
117.4205

	
31.67886

	
22.7152




	
2011

	
339.5637

	
192.7145

	
150.1284

	
0.5675

	
117.4669

	
31.84986

	
19.7251




	
2012

	
315.5482

	
184.7639

	
148.6076

	
0.5855

	
117.4183

	
31.85691

	
4.5960




	
2013

	
354.6385

	
194.8166

	
149.1212

	
0.5493

	
117.4523

	
32.01192

	
17.7341
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Table 6. Standard deviation ellipse parameters of CEIL in Anhui Province from 2000 to 2013.






Table 6. Standard deviation ellipse parameters of CEIL in Anhui Province from 2000 to 2013.





	
Year

	
Length Along the X-Axis (km)

	
Length Along the Y-Axis (km)

	
Shape Index

	
Corner

θ/°

	
Center Point Location

	
Center Point Travel Distance (km)




	
Longitude

	
Latitude






	
2000

	
368.4625

	
173.9290

	
0.4720

	
158.2997

	
117.4290

	
32.0134

	
-




	
2001

	
359.9858

	
172.5175

	
0.4792

	
155.9261

	
117.4780

	
32.0405

	
5.5235




	
2002

	
350.1577

	
170.7132

	
0.4875

	
156.5649

	
117.4570

	
31.9960

	
5.3978




	
2003

	
359.4039

	
169.6379

	
0.4720

	
155.1829

	
117.4890

	
32.0213

	
4.1235




	
2004

	
349.7740

	
170.0246

	
0.4861

	
155.3808

	
117.5170

	
91.9387

	
9.6706




	
2005

	
361.6847

	
165.0617

	
0.4564

	
155.1621

	
117.5020

	
32.0146

	
8.6744




	
2006

	
361.5075

	
174.9090

	
0.4838

	
155.0922

	
117.4820

	
32.0324

	
2.7294




	
2007

	
362.6224

	
175.1150

	
0.4829

	
152.6779

	
117.4820

	
32.0812

	
5.4922




	
2008

	
355.7807

	
164.1931

	
0.4615

	
151.1164

	
117.4500

	
32.1585

	
9.1917




	
2009

	
360.0115

	
158.2403

	
0.4395

	
151.4397

	
117.4200

	
32.2541

	
11.1228




	
2010

	
364.2466

	
159.3147

	
0.4374

	
152.4104

	
117.3960

	
32.2713

	
2.9744




	
2011

	
368.4817

	
160.3891

	
0.4353

	
153.3811

	
117.3680

	
32.3015

	
4.2475




	
2012

	
370.0547

	
158.7944

	
0.4291

	
153.4240

	
117.3760

	
32.2852

	
1.9519




	
2013

	
373.0478

	
157.2671

	
0.4216

	
153.6727

	
117.3480

	
32.3169

	
4.4103








Note: Shape index = y-axis standard deviation/x-axis standard deviation.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
Carbon emissions fron ndustrial land (10
(100 million yuan)

thousand tons)/Goss industrial output value

50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5000
) -I-IlII||I“IIIIII|I I

vear 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
e Gross industrial output value s Carbon emissions from industrial land

s====Industrial cartbon emission intensity

==
= O 00
ity

=t
o
(tons/10 thousand yuan)

c o o o o =
[ T s N
Carbon emission mtens





media/file18.png
Index

0.65
0.6
0.55
—8—shape index of gross industrial output
05 k value
—®—shape index of carbon emissions from
industrial land
0.45 v,
y =-0.0005x% +2.159x - 2160.8
R2=0.818 ...
04 1 1 1 1 1 1 e, J

Year 2000 2002 2004 2006 2008 2010 2012 2014 2016





media/file21.jpg





media/file3.jpg
°cggge-&:

000
gg 45000

: om

L I

aggm,nm

- |

FEE I

385 5o

iifow l

H

5% - II|I||I|||

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016
o Gross sl ovput vabie e Casbon e rom il exd
—e—lodustisl crbon eision sty

Carbon enission atensiy
(tons/ 10 thousand yumn)





media/file22.png
345N

33N

329N

A*N

3eN

1

32°10°'N

32°N

115°F 16°K n7r 1§F, 19°F. 120°F N7220°E 17°30'E 117°40°E
L 1 1
N |~ N
M <
3 =E
m L
| Z
=
4
-2
Lo
z
-
-
-
| F
-
Legend L&
Standard deviation §--
b cllipse center
D CENL ] pse in 2000 Legend
[ ] com Enipse in 2004 &4 o Standard deviation
- .
|| CEIL Enipse in 2008 ellipse center
. 2
D CEN Lilipse in 2013 L . County Boundary .'004
) ] I ] Ll
115°E 116°F, N7*E 118°F 19°F, HT20°E 17°30°F
UT°20°E 1H7°30'E UT°40'E UTS0'E
N
-z i
= {
1= ITh0 )
g Dingyuan y A
M
. i --_-Nunjiau
z
| =
B
~y
-
=4
-
'Q;unnjian
- | £
-~
Lar]
-,
.ﬂq =
o]
Z
-7
o
-
z
uﬁ- ) Chaohu
= | Shushan
i cixi
Z
=
o
 Feixi -
T T .
N7T#0E 17°20'E 117°30'E 117540'E

Standard deviation | Gross industrial output value
ellipse center standard deviation ellipse center

I Water bodies
County Boundary





media/file19.jpg





media/file7.jpg
838 90 002

Es00 R=09907
S0
S 15000
g‘lnpm
8

™

0

20 20 om0 e 000 1000 11000

Cbon emisions fhom ndustialland(10thousand foms)

12000





media/file10.png
2000

o o o0 o o o o .&V
S S o9 2 o B +
u m Co D = S

O

1800
1600
1400

(woy puesnoy) )  pue|
[ELISNPUT WIOI] SUOISSIUID U0qIe)

w2000 m2013





media/file14.png
Units:tons/ten thousand yuan

-

T

(]

0
Year 3000 2002

iee

Anging
Ma anshan
Huaman
Luan

« Linear(Suzhou)
weor LimeanHuaibed )
+=+ LineanTongling)

e o
-.ﬁ.
L]

|||||||||

Toaglmg
Linean Anging)
Linear(Ma anshan )

server LimearHuaiman)
o+ LimearLuan)

2004 2006

2008

2010 2012

—

=
=S

Units tons/fen thousand yuan
=]
3 e

(=
.
»
L ]

=
i

Chuzhou IEI
Xuancheng

Chizhou

Fuvang

Bozhou

@ e Polvnomial{Chuzbou)
......... Polvmomial(Xuan

.,. ... Polymomial{Chizhou)

“agssausnees Polynomial{Fuyang)
& fageees PolvmomialiBozhou)

[ ]
L)

W .
K L 0 5 -~
K K 5 . u
- 4 o
: ® S8 .
: - b e
. L
J - o o W
" 0
l e
I

L
®.
.

.

ooy
T
o
AL
- l. gt

L
o e
wrfes® e
by ] " [ ]

o

0
Year 2000 2002

004 Z006 2008 2010 2012

L4

=
o

Units fonsten thousaxd v
= =
= -

ioeee
&
o






media/file11.jpg





media/file6.png
Carbon emissions from industrial land

14,000

12,000

10,000

8000

6000

(10 thousand tons)

4000
2000

0
Year 1993

2000

2002

2004

2006

2008

2010

2012

2014

2016

2018





media/file15.jpg





nav.xhtml


  land-11-02084


  
    		
      land-11-02084
    


  




  





media/file16.png
60.00 - @ Xuanch |£| 2000 &
®— Huangshan ®— Xuancheng —e—Chuzhou —e—Hefei —e— Bef®u
—8— Anqing —e— Tongling 18.00
—&—Ma anshan
30001 16.00
" E 14.00
g & 4000 | g
8 g S 1200
E 'g 3000 | é 10.00
=
g 2 S 8.00
= £ =2
= 33
= ?zo.uo ! 5 6.00
) = 4.00
1000 |
200 }
0 " L L 4 1 4 1 1 1 1 1 1
Year 2000 2002 2004 2006 2008 2010 2012 0.00 : . ‘ : : : 4

0.00
% Year 2000 2002 2004 2006 2008 2010 2012
€ar 2000 2002 2004 2006 2008 2010 2012





media/file2.png
45° N

30° N

90° E

105° E

1200 E

135°E

150° E

45° N

30°N
32°N

34°N

300 N

Elevation (m)

. 0 100 200
~Low: 0 . pr m—hn

116° E 118° E

34° N

32°N

30° N





media/file20.png
ll5l°B IIGI"E

NTE
L

lll:"E

1YE
L

12(PE
A

34N

32°N

JI°N

(a)

Average annual growth
rate of CEIL
I -12% - 00%
B 0% - 10%

| 10% - 15%
I 15% - 30%
I 30% - 57%
[ CEIL Ellipse in 2000
[ CEIL Ellipse in 2004
[l crn Fllipse in 2008
I crm Phipse in 2013

0 25 50

100
km

Ll

29°N

Al L
14°E 115°E

L]
116°E

(a)

L
1IT°E

1S°E

L)
119°E

Il?l‘: I|(:°E II'{"E III.PE II?E

IZIll"E

Average annual growth
rate of gross industrial
output value
0% - 20%
B 207 - 25%
| 25%-30%
B 30% - 40%
B e -51%
Gross Industrial Output Value Ellipse m 2000
[ ] Gross Industeial Output Value Ellipse in 2004
Giross Industrial Output Value Ellipse in 2008
Gross Industrial Output Value Ellipse in 2013 0 25 50
Gross Industrial Output Value Tllipse in 2016

L]

3I°N
1

3PN

100
km

L]
30°N

L]
29°N

L) ' T
115°E 116°E HT°E 1I8°E

(b)

L)
119°E





media/file23.jpg
o Noviag dimoce o e cnter of s
bl ouput ek

ro0z-c00z

souc-pooz

sote-s00c

wone-s00z

somc-L00z

aone-so0c

otee-sanz






media/file5.jpg
§

g g888z8°”

(suoj pusnom o1)
P [BLISTpU WO SUOISSIMD U0qIE)

201 206 2018

1998 2000 202 200i 2006 2008 2010 2012

Year





media/file24.png
==@==Noving distance of carbon emissions from

industrial land center/km

=@-=Moving distance of the center of gross

industrial output value/km

2015-2016

2014-2015

2013-2014

2012-2013

2011-2012

2010-2011

2009-2010

2008-2009

2007-2008

2006-2007

2005-2006

2004-2005

2003-2004

2002-2003

2001-2002

2000-2001





media/file1.jpg
Elevation (m)

...v.m
Lo






media/file12.png
1200 0
® Xuancheng ® Tongling 13' 1400 . 2000
®  Huangshan ®  Hefei . .
1000 ®  Anging coseseess Linear(Xunancheng) = 1200 } [ ] st
- -
'E --------- Linera(Tongling) <=+ I.incarr,_Huangsalﬂ]‘_.f‘ E g
:ﬂ ......... Linear{Hefei) Lil)calt:ﬁnqi‘l_lgg—"" ° E w000 b ’ . = 1500 ..
g _ s00 . Z — “o g
E r ¥=56.543x- 112795 " PR E 5 + = E
-8 F . 5 - e’ g & .
= -'- - L ] E= 800 ‘.-" g =
E .5 600 e ¥-27.275: 54100 &8 S ¥ = -6.658% + 26786% - E+07 g E 1000
RI=0.8016 w =2 R*=0.8724 =
2 =] S. w 2
E 5 g F 600 g .E
B et ¥ =20.295x . 40472 2o LT e
E = 400 e - R = 09154 ™ R W 2=
a8 7 ¥ =26.103x - 82331 q e T T
o L] L =] 3
_E R# = 0.8996 _ .“..lv L ] ] g 500
s * St L ‘g ® Maanshan  +eeeeeeer Polynomial{Ma anshan) %
o ¥ =3.9237x- 78232 © o b ©
R* = (. 7901
.
P g il
v L L L o

] + B s
Year sp09 002 2004 2006 2008 2010 012 Year 2000 2002 2004 2006 2008 2010 2012 Year 2000





media/file9.jpg
land (10 thous

9

°"’:,,ﬁw“f,e s &’ff\f LIS

4

g a0





media/file0.png





media/file8.png
45,000
40,000

35,000

&
8

F

-2
L
-]
S

r

-2
-]
=
S

-

[—)
rn
-

=
S

[a—)
-

-

GDP per capita (Yuan/person)
-
S

S
S

=

I A
i A
I'..‘

y = 2838.9¢0-0002x A
! R*>=0.9907 A
! oA

o'.‘...‘
- . ..‘
0-"'...

'..‘.‘llAl
= Ai*".‘.
2000 3000 4000 5000 6000 7000 8000 9000 10,000 11,000

Carbon emissions from industrial land (10thousand tons)

12,000





media/file17.jpg
Index

07

065
06
055
——shape index of gross industrial output
value
—e—shape index of carbon emissions from

05
land

045

00005 + 21595 21608
R =038

0.4
2008 2000 2012 2014 2016

Yew 200 202 2000 2006





