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Abstract

:

Scientifically assessing the environmental carrying capacity (ECC) based on an evaluation of environmental quality standards (EQSs) holds great significance for establishing a long-term monitoring and early warning mechanism for resources and environmental carrying capacity (RECC) and for coordinating the sustainable development of ecological environments and regional economies. However, it remains unclear whether the evaluation of EQSs based on the short board effect is suitable for environmental assessments under different natural environments. In this research, Xinjiang is used as a case study. Based on the evaluation of EQSs, the atmospheric environmental carrying capacity (AECC), water environmental carrying capacity (WECC) and comprehensive environmental carrying capacity (CECC) are assessed using the short board effect and the weighted average. Additionally, the suitability of ECC evaluation in RECC evaluation is discussed. The results show the following: (1) In the atmosphere, the overload of inhalable particles (PM10) and fine particulate matter (PM2.5) is more serious, while in water, the overload of total nitrogen (TN) is more serious. (2) The percentages of the AECC, WECC and CECC in overloaded counties and cities based on the short board effect are 84%, 45%, and 51%, respectively, while the percentages based on the weighted average are 32%, 6% and 7%, respectively. (3) The extreme effects of a single pollutant can be eliminated by the weighted average, which is more suitable for environmental assessments in Xinjiang. (4) In evaluating RECC monitoring and early warning systems, weighted average evaluation is used to assess the elements, and short board effect evaluation is used in the comprehensive integration to prevent the influence of the amplification of a single index. Thus, the interference of non-key factors in the regional system on the final evaluation results is reduced.
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1. Introduction


Since the beginning of the industrial era, the global population and economy have continued to grow. Energy resources have been excessively exploited, aggravating air pollution and water pollution. The pollution of these two components of the environment has important impacts on climate and health [1,2] and on social and economic development [3,4,5]. Especially in developing countries, environmental pollution has increasingly become an important factor that cannot be ignored. With the rapid development of the social economy, China’s environmental problems have become increasingly prominent since the country’s reform and opening. The Action Plan for Water Pollution Prevention and Control, issued by the State Council in 2015, indicated that “China’s industrial, agricultural and domestic pollution discharge load is large, the total amount of chemical oxygen demand emissions is 2294.6 thousand tons, and the total amount of ammonia nitrogen emissions is 238.5 thousand tons, far exceeding the environmental capacity”. According to the China Environmental Bulletin of 2017, out of 338 cities in China, 27.2% met the environmental air quality standards, and 72.8% exceeded the standards. Clearly, environmental pollution has become an important bottleneck restricting China’s economic and social development and is seriously affecting the process of modernization.



With the occurrence of global problems such as resource exhaustion and environmental deterioration, people have gradually begun to realize the contradictions and have become aware of their dependence on the ecological environment. Therefore, research on the environmental carrying capacity (ECC) has emerged over time. The carrying capacity concept has developed from physical concepts. In 1798, Malthus proposed the concept of the “population carrying capacity” [6]. In 1921, Parker and Burgess extended the concept to human ecology [7], prompting different scholars to define and apply the ECC in different ways [8,9,10]. As an important basis for measuring the degree of coordinated development of the human-land relationship in a country or region [11], the ECC serves as a macro criterion for coordinating the environment and the social economy [12]; this idea has been applied to coordinate the stable development of the environment, the economy and society.



Currently, there is no consensus on ECC assessment methods. The widely used assessment methods include comprehensive evaluations consisting of index systems [13,14,15,16,17], ecological footprints [18,19,20], energy analysis [21], system dynamics [22,23], optimization decision models [24,25,26] and load carrying ratio evaluations [27]. For example, Davies and Simonovic (2011) verified the value of wastewater treatment and reuse based on an in-depth understanding of the nature and structure of the relationship between water resources and socioeconomic and environmental changes using a comprehensive evaluation model that was based on system dynamics [22]. Zhang et al. (2019) assessed the resources and environmental carrying capacity of 36 large cities in China from 2010 to 2016 by constructing an RECC evaluation index system, which found that the RECC of Beijing, Shanghai, Guangzhou and Shenzhen had already been exceeded [17]. Pandey et al. (2011) constructed a framework and measured the adaptability of water resource systems across basins at different spatial and temporal scales in the Bagmati River Basin (BRB) in Nepal [28]. The methods mentioned above have made important contributions to ECC assessments. However, there are some gaps in the scope, operability and applicability of the assessment methods. For example, the results of comprehensive evaluations consisting of index systems are usually a single index and are relatively abstract, which makes it difficult to effectively guide specific management practices [29]. System dynamics has some advantages in dealing with nonlinear problems, but its optimization function is relatively weak [30,31]. Moreover, it is difficult to popularize and apply the above evaluations because of the level of technical knowledge required, data support limitations and other factors [18,20,25].



To realize the sustainable development of regional economies and environments, the Chinese government issued the “Technical Method for the Monitoring and Early Warning of Resources and Environmental Carrying Capacity (Trial Implementation) (No. 2043 of the National Development and Reform Commission (NDRC)” (hereinafter referred to as the “Technical Method”), and the State Council of China issued the “Suggestions on Establishing a Long-term Mechanism for the Monitoring and Early Warning of Resources and Environmental Carrying Capacity” (hereinafter referred to as the “Suggestions”). Regular global and specific regional assessments, the real-time monitoring of key regional developments, and guidance for and constraints on planning economic and social development in strict accordance with the RECC of different regions in China are required. In addition, an ECC assessment based on environmental quality standards (EQSs) is proposed by the “Technical Method”. This method reflects pollutant concentrations that exceed the standard, where the annual average concentration values of major pollutants determined by monitoring are compared with the current national EQS. Short board effect theory is used to integrate the comprehensive environmental carrying capacity based on the index of concentrations that exceed the standards of major pollutants in the atmosphere and in water. In short board effect theory, only by grasping the main contradiction of the problem can it be solved. However, China is vast in area, and its natural environment greatly varies. Whether short board effect-based assessments of EQSs can be applied to environmental assessment under different natural environments remains to be further studied. In the whole RECC evaluation system, methods based on the short board effect are used only in ECC evaluation, which easily strengthens the restrictive factors. In contrast, methods based on the weighted average weaken the constraints. The ECC is an important RECC component; thus, further developing technical methods for ECC evaluation is important for establishing RECC monitoring and early warning systems in China. These developments also hold great significance for optimizing spatial planning, solving air and water pollution problems and promoting sustainable development [30,32,33].



This paper uses Xinjiang as a case study. Based on the evaluation of EQSs, short board effect evaluation and weighted average evaluation are used to assess the atmospheric environmental carrying capacity (AECC), water environmental carrying capacity (WECC) and comprehensive environmental carrying capacity (CECC) to improve resources and environmental carrying capacity (RECC) monitoring and early warning technology systems, to improve the scientific basis of policy formulation and to realize regional sustainable development. These improvements will thus develop and promote the formation of an ecological society.




2. Materials and Methods


2.1. Study Area


Xinjiang, China, which is in the middle of the Eurasian continent (34.25° N–49.17° N, 73.33° E–96.42° E) (Figure 1), is far from the ocean, lacks water resources, and has a total area of 1,665,000 square kilometers [34]. This region is a typical mountain basin system and is formed by “three mountain peaks and two basins”. Xinjiang has a typical temperate continental climate, with an average annual precipitation of 100–230 mm and an average annual evaporation of 2000–3000 mm. This region is a typical arid and ecologically fragile area in China, and because of its vulnerability and sensitivity, it is more susceptible to human activities [35,36]. Overgrazing, excessive reclamation and urbanization have accelerated, and the ecological environment of Xinjiang has been damaged as a result [37,38]. In particular, pollution of the atmosphere and water in Xinjiang has become increasingly serious [39,40,41]. Although Xinjiang is located on the northwest border of China, it has a special strategic position. Xinjiang is at the forefront of China’s move towards Central Asia, South Asia, West Asia and even Europe. Xinjiang is also the “core area” of the current construction of China’s Silk Road Economic Belt. The destruction of the ecological environment and environmental pollution will directly affect the sustainable development of Xinjiang’s economy and society and the implementation of the “The Belt and Road Initiative” strategy. Objectively evaluating Xinjiang’s ECC is conducive to grasping the contradiction between the coordinated development of Xinjiang’s economy, society and ecological environment and the promotion of sustainable development.




2.2. Data Sources and Processing


The environmental data on atmospheric and water (surface water) quality in Xinjiang were obtained from the Xinjiang Environment Department and the Xinjiang Hydrological Bureau. The specific data included the annual average mass concentrations of atmospheric pollutants, namely, sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), ozone (O3), fine particulate matter (PM2.5), and inhalable particles (PM10). These data also included the average annual concentrations of water pollutants, namely, dissolved oxygen (DO), the permanganate index (CODMn), chemical oxygen demand (CODCr), biochemical oxygen demand (BOD5), ammonia nitrogen (NH3-N), total phosphorus (TP) and total nitrogen (TN). For its analysis, this paper takes 2015 as the study period. Furthermore, 19 counties and cities were included in the AECC assessment, and 89 counties and cities were included in the WECC assessment (Figure 1).




2.3. ECC Evaluation Based on EQSs


The EQS-based ECC evaluation included three parts: first, an evaluation of the individual air and water pollutants; second, an evaluation of the AECC and WECC; and third, a comprehensive evaluation of the environment. The short board effect and weighted average were used for the comparative analysis of the latter two parts.



2.3.1. Assessment of the Individual Pollutants


• Atmospheric Pollutants



The standard limits of pollutants, including those from various social and economic activities of humans (the secondary standards of the concentration limits of the various air pollutants stipulated in the Environmental Air Quality Standard (GB3095-2012) [42] were adopted), are used to characterize the thresholds that environmental systems can withstand. The calculation formula for the over standard index of the various pollution indices in different regions is as follows:


Rgij=Cij/Si−1



(1)







In the formula, Rgij is the over standard index of atmospheric pollutant concentration i in region j; Cij is the annual average concentration detection value of a pollutant (CO is the 95th percentile of the 24-h average concentration; O3 is the 90th percentile of the daily maximum 8-h average concentration); Si is the second standard limit of a pollutant concentration (Table 1); and i = 1, 2, …, 6, corresponding to SO2, NO2, PM10, CO, O3, and PM2.5, respectively.



• Water Pollutants



The difference between the annual average concentration of the main pollutants in each control section and a certain water quality standard limit of the pollutants was taken as the excess quantity of the water pollutants. The standard limit refers to the surface water environmental quality standard (GB38382002) [43], and the standard value was unified with class III (Table 2). The calculations are as follows:




	
when i = 1,


Rwijk=1/Cijk/Sik−1



(2)







	
when i = 2–7,


Rwijk=Cijk/Sik−1



(3)






Rwij=∑k=1NjRwijk/Nj



(4)












In the formula, Rwijk is the index of the excessive concentration of water pollutants in item i of section k of region j; Rwij is the index of the excessive concentration of water pollutants in item i of region j; Cijk is the annual monitoring value of the water pollutant concentration in item i of section k of region j; and Sik is the water quality standard limit of the water pollutant in item i of section k (Table 2). The variable i equals 1, 2, …, 7 and corresponds to DO, CODMn, BOD5, CODCr, NH3-N, TN, and TP, respectively; k is the control section, and k = 1, 2, …, Nj; Nj denotes the number of control surfaces in region j. Here, when k is the river control section, Rwijk is calculated as i = 1, 2, …, 5, and 7; when k is the control section of lakes and reservoirs, Rwijk is calculated as i = 1, 2, …, and 7.




2.3.2. Assessment of the AECC


• Short Board Effect



Based on Formulas (1) and (5), which is under the short board effect, is obtained as follows. Rgj is the index of the excessive atmospheric pollutant concentration in region j, and its value is the maximum of the index of the excessive atmospheric pollutant concentration.


Rgj=maxRgij



(5)







• Weighted Average



Based on Formulas (1) and (6), which is under the weighted average, is obtained as follows. Rgj’ is the index of the excessive atmospheric pollutant concentration in region j, and its value is the average value of the sum of the over standard indices of all kinds of atmospheric pollutants. Ni represents the quantity of atmospheric pollutants. Different pollutants have different impacts on the environment, and the same pollutant has different impacts in different geographical environments [44,45,46,47]. Therefore, the weighted method to define the relative importance of each pollutant is more in line with the local actual situation. However, the mechanism of environmental impact of different pollutants in arid regions has not been clarified. Therefore, this study assumes that the weights of air and water pollutants in Xinjiang are 1.


Rgj′=∑i=16Wi∗Rgij/Ni



(6)








2.3.3. Assessment of the WECC


• Short Board Effect



Based on Formulas (2)–(4) and (8), which is under the short board effect, is obtained as follows. Rwjk is the index of the water pollutant concentration exceeding the standard in section k of region j; Rwj is the index of the water pollutant concentration exceeding the standard in region j.


Rwjk=maxiRwijk



(7)






Rwj=∑k=1NjRwjk/Nj



(8)







• Weighted Average



Based on Formulas (2)–(4) and (10), which is under the weighted average, is obtained. Rwjk’ is the index of the water pollutant concentration exceeding the standard in section k of region j; Rwj’ is the index of the water pollutant concentration exceeding the standard in region j; Ni is the quantity of the water pollutant.


Rwjk=∑i=17Wi∗Rwijk/Ni



(9)






Rwj′=∑k=1NjRwijk/Nj



(10)








2.3.4. Assessment of the CECC


• Short Board Effect



Based on Formulas (5), (8) and (11), which is under the short board effect, is obtained as follows. Rj is the comprehensive over standard index of the pollutant concentration in region j.


Rj=maxRgj,Rwj



(11)







• Weighted Average



Based on Formulas (6), (10) and (12), which is under the weighted average, is obtained as follows. In the formula, Rj’ is the comprehensive over standard index of region j; Rgj’ is the over standard index of the atmospheric pollutant concentration of regional j; N is the number of element layers; and Rwj’ is the over standard index of the water pollutant concentration of region j. Specifically, if both Rj’ and Rwj’ exist, then this formula is used; otherwise, the original formula, Formula (11), is used.


Rj′=Rgj′+Rwj′/N



(12)








2.3.5. Threshold and Important Parameters


According to the comprehensive excess index of the pollutant concentrations, the evaluation results are divided into three types: pollutant concentration overloaded, critically overloaded and not overloaded. The smaller the pollutant concentration overload index is, the stronger the ability of the regional environmental system to support the social and economic system. Usually, when Rj > 0, the pollutant concentration is in the overloaded state; when Rj is between −0.2 and 0, the pollutant concentration is in the critically overloaded state; and when Rj < −0.2, the pollutant concentration is in the not overloaded state.






3. Results and Discussion


3.1. Assessment of the Individual Pollutants


3.1.1. Atmospheric Pollutants


The results of a single-index evaluation of the atmospheric pollutants based on Formula (1) are shown in Figure 2. The single indicators that caused serious overloading of the atmospheric pollutants in Xinjiang were PM10 and PM2.5, while SO2, NO2, CO and O3 had lower impacts on the air pollution level.



Among the 19 counties and cities with monitoring points in Xinjiang, the SO2 concentration situation was relatively good (Figure 2-SO2). The percentage of overloaded counties and cities was 5%, i.e., Hetian City; the remaining 18 counties and cities were not overloaded. The NO2 concentration was also relatively good (Figure 2-NO2). The percentage of overloaded counties and cities was 5%, i.e., the Xinshi District. In addition, there were seven critically overloaded counties and cities, namely, Fukang City, Shihezi City, Changji City, Wujiaqu City, Yining City, Kashi City and Turpan City; the other 11 counties and cities were not overloaded. The overall environmental situation of O3 was quite stable (Figure 2-O3). Except for four cities that were critically overloaded (Kuytun City, Shihezi City, Aksu City, and Artux City), the remaining 15 counties and cities were not overloaded. Eleven percent of the counties and cities had overloaded CO concentration ratios (Figure 2-CO); these overloaded areas were Yining City and the Xinshi District. Furthermore, there were four critically overloaded counties and cities, namely, Kuytun City, Fukang City, Kashi City, and Turpan City; the other 12 counties and cities were not overloaded. The PM10 concentration overload situation was very serious, with an overloaded county rate of 78% (Figure 2-PM10). Except for the Karamay District (critically overloaded) and Altay City and Tacheng City (not overloaded), the other counties and cities were all overloaded. The PM2.5 concentration overload situation was more serious, with an overloaded county rate of 84% (Figure 2-PM2.5). Except for Altay City and Tacheng City (not overloaded) and the Karamay District and Bole City (critically overloaded), the other counties and cities were overloaded.




3.1.2. Water Pollutants


The results of a single-index evaluation of the water pollutants based on Formulas (2)–(4) are shown in Figure 3. Five counties and cities had overloaded DO concentrations, namely, Barkol Kazak Autonomous County (BKAC), Xinyuan County, Yining City, Zepu County and Akqi County. Moreover, eight counties and cities were critically overloaded: Altay City, Bole City, Jinghe County, Manas County, Awat County, Hotan County, Lop County and Yutian County. In contrast, the other 76 counties and cities were not overloaded (Figure 3-DO). Two counties and cities were overloaded with CODMn, namely, the Midong District and BKAC; in addition, two counties and cities were critically overloaded. The remaining 85 counties and cities were not overloaded (Figure 3-CODMn). Five counties and cities were overloaded with CODCr, namely, the Midong District, BKAC, Fuhai County, the Shuimogou District and Bohu County, and two counties were critically overloaded, namely, Awat County and Akqi County. The remaining 82 counties and cities were not overloaded (Figure 3-CODCr). Two counties were overloaded with NH3-N, and the remaining 86 counties and cities were not overloaded (Figure 3-NH3-N). Except for the Midong District and BKAC (overloaded) and Awati County and Bohu County (critically overloaded), the other 85 counties and cities were not overloaded with BOD5 (Figure 3-BOD5). Except for the Midong District (overloaded) and Awat County, Kashi City and BKAC (critically overloaded), the other 85 counties and cities were not overloaded with TP (Figure 3-TP). Forty counties and cities were overloaded with TN; 15 counties and cities were critically overloaded, and 30 counties and cities were not overloaded (Figure 3-TN).



The single index that caused the concentrations of the water pollutants to seriously exceed the standard in Xinjiang was TN, accounting for 45% of all counties and cities. The counties and cities that were overloaded with TN were mainly distributed in the northern Xinjiang area, such as the Yili River Valley and the northern slope economic belt of the Tianshan Mountains. In addition, the DO, CODMn, BOD5, NH3-N, CODCr and TP situations were relatively good. Only a few counties and cities were overloaded, including BKAC, Aksu City, Bohu County and the Midong District. Among them, BKAC was the most affected by the various water pollutants. The overload indices of the seven pollutants were 7.82 (DO), 7.00 (CODMn), 26.35 (CODCr), 24.72 (BOD5), 2.55 (NH3-N), 0.03 (TP) and 1.85 (TN).





3.2. Assessment of the AECC


3.2.1. Short Board Effect


Based on Formula (5), the concentration indices of the six air pollutants were calculated and used to characterize the AECC. The calculation results are shown in Figure 4-Rgj. In the 19 counties and cities with monitoring points, the AECC overload situation was very serious. Overloads were found in 84% of the counties and cities with monitoring points in Xinjiang. The 16 overloaded counties and cities were Wusu City, Bole City, Yining City, Kuytun City, Shihezi City, Changji City, Fukang City, Wujiaqu City, Turpan City, Hami City, Aksu City, Kashgar City, Atushi City, Korla City, the Xinshi District and Hetian City. The Karamay District was critically overloaded, while Altay City and Tacheng City were not overloaded.




3.2.2. Weighted Average


Based on Formula (6), the concentration indices of the six air pollutants were calculated and used to characterize the AECC. The calculation results are shown in Figure 4-Rgj’. Among the 19 counties and cities with atmospheric monitoring points, Tacheng City and Altay City had relatively good environmental conditions, while southern Xinjiang had poor environmental quality and serious air pollution. Thirty-two percent of the counties and cities in Xinjiang were overloaded, including the Xinshi District, Atushi City, Turpan City, Aksu City, Hetian City and Kashgar City. In addition, there were eight critically overloaded counties and cities: Shihezi City, Hami City, Korla City, Kuytun City, Changji City, Yining City, Fukang City and Wujiaqu City. Five counties and cities were not overloaded: Tacheng City, Altay City, Bole City, Usu City and the Karamay District.




3.2.3. Comparative Analysis


Based on the short board effect, regarding the AECC, the percentages of overloaded, critically overloaded and not overloaded counties and cities were 84%, 5% and 11%, respectively. Combined with the results in Figure 2, PM2.5 and PM10 were the main factors of the AECC overload in Xinjiang. However, the high PM2.5 and PM10 levels in Xinjiang were the result of natural factors, such as drought, low rain amounts, sparse vegetation, the extensive Gobi Desert and more wind [48,49,50], with human activities having a lower impact [51,52]. At the same time, some environmental experts in Xinjiang have pointed out that the monitoring data on PM2.5 and PM10 in Xinjiang are too high to truly evaluate the air quality of arid regions [53,54,55]. The results of the weighted average evaluation showed that the percentages of overloaded, critically overloaded and not overloaded counties and cities were 32%, 42% and 26%, respectively. Compared with the short board effect, the percentages of overloaded counties and cities based on the weighted average decreased by 62%, which also eliminated the extreme effects of PM2.5 and PM10. In addition, during the heating period, the main methods of burning coal and firewood and the inadequate treatment technology were the main reasons for the SO2 and NO2 levels exceeding the standards in some areas of Xinjiang. Engineering construction, motor vehicle exhaust emissions and dust also caused compound pollution aggravation in the atmospheric environment.





3.3. Assessment of the WECC


3.3.1. Short Board Effect


According to Formulas (7) and (8), the excess indices of seven kinds of water pollutant concentrations in Xinjiang were calculated and used to characterize the WECC. The calculation results are shown in Figure 5-Rwj. Among the 89 counties and cities with water monitoring points, the state of WECC overload was very serious. Overloaded counties and cities with water monitoring points in Xinjiang accounted for 45% of the total. There were 40, 11 and 38 overloaded, critically overloaded and not overloaded counties and cities, respectively. In addition, the WECC overloaded counties and cities were mainly distributed in the northern Xinjiang area, such as the Yili River Valley and Wuchang Urban Agglomeration. The critically overloaded counties and cities were mainly distributed in the Hetian and Kashgar areas, while the not overload counties and cities were mainly distributed in the Aksu area.




3.3.2. Weighted Average


According to Formulas (9) and (10), the excess indices of the seven kinds of water pollutant concentrations in Xinjiang were calculated and used to characterize the WECC. The calculation results are shown in Figure 5-Rwj’. Among the 89 counties and cities with water monitoring points, the degree of overload of the WECC was relatively good. Overloaded counties and cities accounted for 6% of the total in Xinjiang. Five counties and cities had WECC overloads, namely, Wujiaqu City, BKAC, Fukang City, and the Midong and Shuimogou Districts. In addition, 84 of the counties and cities were not overloaded, and none were critically overloaded.




3.3.3. Comparative Analysis


Based on the short board effect, in regards to the WECC, the percentages of overloaded, critically overloaded and not overloaded counties and cities were 45%, 43% and 12%, respectively. Combined with Figure 3, the main reason for the WECC overload was that TN exceeded the standard due to agricultural pollution. However, in Xinjiang, rivers and lakes account for less than 1% of the total area; additionally, in Xinjiang, the population density surrounding lakes and rivers is relatively low, and human settlements have a low impact. At the same time, the impact of TN on an ecosystem or environment is controversial. Some scholars have found that nitrogen additions can improve carbon storage [44,56] and increase the litter content of vegetation [57,58]. However, some scholars have found that nitrogen additions can reduce the carbon storage of ecosystems [59] and inhibit litter decomposition [45]. In addition, other scholars have discovered that although nitrogen additions can increase vegetation productivity, litter inputs from aboveground leaves and underground roots have no significant positive feedback effects on nitrogen additions [46,60]. For Xinjiang, the increase in nitrogen may have been beneficial [47,61]. In regards to the WECC, the weighted average results show that the percentages of overloaded, critically overloaded and not overloaded counties and cities were 6%, 0% and 94%, respectively. Compared with the short board effect, the percentage of WECC overloaded counties and cities based on the weighted average decreased by 87%, which eliminated the extreme impact of TN. In addition, the cumulative effects of industry, i.e., high pollution, high energy consumption, high water consumption, inadequate sewage collection and treatment facilities and relatively antiquated technology, caused WECC overloads in BKAC, Fukang City, and the Midong District and Shuimogou District of Urumqi City.





3.4. Assessment of the CECC


3.4.1. Short Board Effect


According to Formula (11), the over standard index of the air and water pollutant concentration was calculated and used to characterize the CECC. The calculation results are shown in Figure 6-Rwj. In the 91 counties and cities with atmospheric and water monitoring points, the CECC was seriously overloaded, and the environmental quality was worrying. A total of 46, 10, and 35 counties and cities that were overloaded, critically overloaded, and not overloaded, respectively. In addition, based on the spatial distribution, the overloaded counties and cities were mainly located in the Yili River Valley, the Wuchang Urban Agglomeration and other areas in northern Xinjiang. The critically overloaded counties and cities were mainly located in the Hetian and Kashgar areas, while the counties and cities that were not overloaded were mainly located in the Aksu area.




3.4.2. Weighted Average


According to Formula (12), the over standard index of the air and water pollutant concentration was calculated and used to characterize the CECC. The calculation results are shown in Figure 6-Rwj’. In the 91 counties and cities with atmospheric and water monitoring points, the degree of CECC overload was relatively weak, and the overall environmental quality was better. There were eight counties and cities with a CECC overload, including BKAC, Fukang City, Kashgar City, Wujiaqu City, Hetian City, and the Midong, Xinshi and Shuimogou Districts of Urumqi City. In addition, there were 83 counties and cities without overloads, and there were no critically overloaded counties and cities.




3.4.3. Comparative Analysis


The percentages of overloaded, critically overloaded and not overloaded counties and cities based on the short board effect were 51%, 11% and 38%, respectively, while the percentages of overloaded, critically overloaded and not overloaded counties and cities based on the weighted average were 7%, 0% and 93%, respectively. Compared with those based on the short board effect, the percentages of overloaded counties and cities based on the weighted average of the CECC decreased by 86%.





3.5. Applicability Analysis of the Methods


The short board effect-based evaluation of EQSs is mainly a comprehensive evaluation method that considers single atmospheric and water pollutant indices. The most direct and significant effect of the ECC on sustainable development is the short board effect. That is, a key factor that restricts regional development may directly determine the overall carrying capacity. Identifying the short board can reveal the crux of the contradiction between sustainable development and the environment [62]. The evaluation results of the AECC, WECC and ECC in Xinjiang show that the short board effect-based method is adopted in the evaluation of the element layer and comprehensive evaluation of the elements, which makes the degree of overload of the AECC, WECC and ECC in Xinjiang more serious and exacerbates the impact of PM2.5, PM10 and TN on the environment. This evaluation result will inevitably affect the formulation of regional development and environmental policies. China clearly stated in the “Suggestions” that stricter policy provisions, such as stricter emission permit requirements for overloaded areas, would be enacted, which may affect regional socioeconomic development.



From the research results, the evaluation results of a single index objectively reflected the main problems of the regional environment. These problems could be effectively controlled by special governance methods to better meet the needs of future regional development. In the evaluation of the factor levels and the comprehensive evaluation of the factors, the impacts of some environmental indicators will be strengthened using the short board effect method. However, the weighted average method can effectively weaken the impacts of individual indicators and more objectively reflect the overall environmental situation of a region, thus effectively improving the scientific basis underlying relevant environmental policy formulation. In addition, because the mechanism of environmental impact of different pollutants in arid regions has not been clarified, we assume that the weight of each pollutant is 1, which has certain limitations. In future research, we will strengthen the analysis of the mechanism of the impact of different pollutants on the environment in different geographical areas and determine the weights of different pollutants in the RECC evaluation system to make the evaluation results more objective and reasonable.





4. Conclusions and Implications


4.1. Conclusions


As an important basis for determining the degree of coordinated development of the human-land relationship in a country or region, the ECC holds great significance for promoting solutions to air and water pollution and for coordinating regional economic and social activities and the sustainable development of the ecological environment. Using atmospheric and water monitoring data, we calculated the concentration overload indices for the AECC, WECC and CECC of Xinjiang based on the short board effect and the weighted average. The main conclusions are as follows.



	(1)

	
PM2.5 and PM10 were the main factors that exceeded the atmospheric environmental standard; they are closely related to drought, low rainfall amounts, wind and sand in the natural environment of Xinjiang. TN was the main factor that exceeded the water environmental standard and was the key water environmental factor in Xinjiang.




	(2)

	
Based on a comparative study of the short board effect and weighted average methods, an evaluation of EQSs based on the weighted average was adopted in the factor layer, which was more suitable for evaluating the ECC in Xinjiang.




	(3)

	
There are great differences in the natural environments of China. In the RECC evaluation, the short board effect was used in the environmental assessment from the element level to amplify the environmental constraints. The weighted average evaluation was used in the element-level assessment, while the short board effect evaluation was used in the comprehensive integration. This practice effectively prevented the influence of non-key factors from being amplified, and thus, more objective and reasonable final evaluation results were obtained.








4.2. Implications


According to the evaluation results and analyses of the AECC, WECC and CECC, the following suggestions are proposed.



With respect to atmospheric environmental management, we should actively apply comprehensive prevention and control measures to the atmospheric environment and respond to heavy pollution levels, for example, effectively controlling industrial waste gas emissions and promoting the transitions from coal to gas and from coal to electricity. Additionally, we suggest promoting the use of clean, low-carbon fuels and optimizing urban traffic structures, such as those in Urumqi City. Moreover, environmental monitoring and governance should be further strengthened during the construction process.



Regarding control of the water environment, we should first strengthen the control of agricultural and rural pollution in Xinjiang, for example, reducing the use of pesticides and chemical fertilizers and reducing agricultural nonpoint source pollution. Second, we should fully implement the water function zoning and classification management of important rivers and lakes in Xinjiang, for example, strictly supervising and managing water function zones and the sewage outlets entering rivers and lakes, and we should resolutely ban industrial sewage outlets.



Concerning comprehensive environmental management, in view of the overloaded counties and cities in Xinjiang and their main over standard indicators, we should develop special treatments and define a time limit for pollution control. Concerning critically overloaded counties and cities, comprehensive management and environmental pollution prevention should be strengthened. For counties and cities that are not overloaded, we should continue to strictly control environmental checkpoints to avoid serious environmental problems.
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Figure 1. Map of study area (location map, topographic map (including counties and cities) and monitoring point map). 
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Figure 2. Results of single-index evaluations of the air pollutants. 
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Figure 3. Results of the single-index evaluations of the water pollutants. 
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Figure 4. Assessment results of the AECC. Rgj is the AECC based on the short board effect, while Rgj’ is the AECC based on the weighted average. 
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Figure 5. Evaluation results of the WECC. Rwj is the WECC based on the short board effect, while Rwj’ is the WECC based on the weighted average. 
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Figure 6. Evaluation results of the comprehensive environmental carrying capacity. Rj is the CECC based on Short board effect, while Rj’ is the CECC based on Weighted average. 
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Table 1. Secondary Standard Table for the Concentration Limits of Atmospheric Pollutants.
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	Contaminant
	SO2
	NO2
	CO
	O3
	PM2.5
	PM10





	Standard limit
	60
	40
	4
	160
	35
	70



	Unit
	μg/m3
	μg/m3
	mg/m3
	μg/m3
	μg/m3
	μg/m3
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Table 2. Standard Limits of Water Quality for the Water Pollutants (Class III).
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	Contaminants
	DO
	CODMn
	CODCr
	BOD5
	NH3-N
	TP
	TN





	Standard limits
	5
	6
	20
	4
	1
	0.2
	1



	unit
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
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