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Abstract

:

The Fenwei Plain plays an essential role for China’s three-year action plan to protect the air environment. At present, the high-value area and maximum value of atmospheric aerosol have been effectively controlled, but the governance situation is not stable. Therefore, based on the daily ultraviolet aerosol index (UVAI) data retrieved by Ozone Monitoring Instrument (OMI) from 2012 to 2020, combined with precipitation and temperature and air pressure and lifting index data, this paper analyzes the spatiotemporal distribution characteristics and some influencing factors of UVAI in the Fenwei Plain. The results show that the overall trend of the annual average UVAI value of the Fenwei Plain in 9 years showed two “peaks” in 2013 and 2018, respectively. The high UVAI values are mainly concentrated in the southwest and central areas of the Fenwei Plain. In the study area, UVAI was highest in winter, followed by autumn and spring, and lowest in summer. There were significant negative correlations between precipitation and UVAI and between temperature and UVAI. There were significant positive correlations between air pressure and UVAI and between lifting index and UVAI. According to the backward trajectory clustering results, during the autumn and winter seasons in this area, due to the sand and dust brought by the northwest and the input of aerosols in the coal-producing area and coal-fired heating area, the UVAI value of this time period is higher.
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1. Introduction


Atmospheric aerosols refer to solid or liquid particles mixed into the atmosphere [1]. Studies have shown that the aerosol content of the atmosphere is closely related to local climatic conditions. Aerosol particles act as cloud condensation nuclei or ice cores that change the microphysical and optical properties of a cloud and so affect precipitation efficiency, thereby indirectly affecting the climate [2]. Interaction between aerosols and solar radiation can reduce the height of the boundary layer in the atmosphere, which in turn affects the concentration of haze near the ground [3]. The environmental conditions caused by aerosols also affect the ecosystem and can affect the physiological health of humans in particular. Cong et al. [4] studied the relationship between pollution caused by atmospheric particulate matter and daily human mortality in 625 cities and found that the daily mortality rate increased as the concentration of particulate matter increased. Lin et al. [5] studied the impact of atmospheric particulate matter pollution on the health of the population in the coastal areas of Fujian from 2017 to 2018 and found that the increase in the concentration of particulate matter in the coastal areas of Fujian has a statistically significant increase in the risk of non-accidental deaths and deaths from cardiovascular and cerebrovascular diseases. Therefore, research on the concentrations of effects of atmospheric aerosols on human health is very important.



The main methods used for monitoring atmospheric aerosols are ground-based observation and satellite remote sensing. Ground-based observations include manual and online monitoring. Online monitoring can provide high-precision hourly data, but employs fewer observation points with higher construction and maintenance costs than manual observations. Satellite remote sensing monitoring can cover a wide area, provide macroscopic change data, and help researchers to realize long-distance real-time monitoring; it has other advantages that make up for the lack of a spatial distribution of ground monitoring sites [6,7,8,9]. Combined with GIS software to visualize the data, one can intuitively understand the spatial distribution and temporal changes of the data in the research area [10,11,12]. At present, many researchers worldwide are conducting research on the atmospheric environment based on remote-sensing data. Jing et al. [13] compared the optical characteristics of aerosols and aerosol source areas during periods of winter and summer pollution in Nanjing and concluded that atmospheric aerosols are mainly affected by urban pollution, seasonal biomass combustion, and the aerosol that is migrated from the northwestern region of China. For example, based on OMI data products, Zhang et al. [14] studied the spatial and temporal distribution characteristics of the ultraviolet aerosol index (UVAI) in Ningxia Hui Autonomous Region from 2008 to 2017, and the results showed that the seasonal characteristics of the UVAI value in winter were significantly greater than in summer. The year 2013 was when the UVAI in the region changed from a low value to a high value. In 2017, the UVAI reached the highest value of the decade. Nandita et al. [15] used cluster analysis and concentration-weighted air quality inverse trajectories to establish a possible transmission mechanism for biomass flue gas and then analyzed the aerosol chemistry, transportation, and climate effects during extreme biomass combustion and emissions in the Ganges Plain in India. Through analysis, it is found that biomass flue gas has a close relationship with the changes of total aerosol concentration and fine-mode aerosol concentration. In the season after the monsoon, the observation results show that the concentrations of both are relatively high. Li et al. [16] analyzed and discussed the temporal and spatial distribution of the Absorbent Aerosol Index (UVAI) and related factors in Gansu Province from 2008 to 2017 based on the daily products of OMAERUV data. The UVAI showed a gradual decrease from northwest to southeast and a gradual increasing trend over time. Meteorological factors including precipitation and temperature were significantly positively correlated with the UVAI. Human activity factors include the regional gross domestic product, and the output value of various industries also had an obvious positive correlation with the UVAI.



There are 11 representative cities in the Fenwei Plain, of which six cities were exposed to air pollution for nearly or more than half of the time in the autumn and winter of 2013–2018; when air pollution occurred, most of these representative cities experienced at least a moderate level of pollution [17]. In 2018, the Fenwei Plain was listed in the State Council’s “Notice on Printing and Distributing the Three-Year Action Plan for Winning the Blue-Sky Defense War” and was listed as a national key management area for the atmospheric environment. The “War” has now become an air pollution prevention and control action in Beijing, Tianjin, Hebei, and the surrounding areas, including the Yangtze River Delta and the Fenwei Plain. Since 2018, air quality in the Fenwei Plain has been effectively improved; the annual mean amount of ultraviolet-absorbing aerosols has gradually decreased, but the governance situation has not remained stable.



Therefore, this paper selects the ultraviolet aerosol index from 2012 to 2020 and the Global Data Assimilation System (GDAS) data from 2017 to 2019 in the OMI remote-sensing data. By using GIS software to process OMI data, the spatial and temporal distribution characteristics of aerosols in this area were discussed on the scale of year and season. In the monthly variation, this paper uses the Pearson correlation analysis method to discuss the correlation distribution of UVAI and precipitation, air temperature and air pressure, and lifting index data. Combined with the Lagrangian mixed single-particle orbit model, the external transmission paths of air masses in the Fenwei Plain area were analyzed, and the distribution and variation rules of aerosols in this area were obtained, in order to provide an effective reference for atmospheric control in this area.



Introduction to the Study Area


The Fenwei Plain (33–39° N, 106–115° E) is a general term for the Fenhe or Weihe plains and the surrounding platform terraces of the Yellow River Basin. This forms the largest alluvial plain in the middle reaches of the Yellow River and the fourth largest plain in China. The plain can be referred to as the “main battlefield” of the so-called “blue sky defense war”. This concept was defined in the “Three-year Action Plan for Winning the Blue Sky Defense”, and it covers the following 11 prefectures: Xi’an, Baoji, Xianyang, Weinan, and Tongchuan in Shaanxi province, Jinzhong, Lvliang, Linfen, and Yuncheng in Shanxi province, along with Luoyang and Sanmenxia in Henan province. The study area conducts analysis and discussion. The study area is located in a valley surrounded by mountains. The study area extends across 70,000 km2, covers a landscape in a northeast–southwest direction, and has a long and narrow terrain form with numerous mountain ranges [18]. The Fenwei Plain lies in a warm temperate zone with semi-arid and semi-humid climates. The climate of the Fenwei Plain has obvious zonal differences. The climate is warmer in the east than in the western part of the study area, while the west and south receive more precipitation than the east and northern parts [19]. The Fenwei Plain is an economically developed area with parts of three provinces, Shaanxi, Shanxi, and Henan provinces, and the region has densely populated cities with many industries and excellent transportation infrastructure. In addition, the energy sources in the region are dominated by coal, and the heavy industries such as steel, coking, and aluminum production consume much of the energy produced in the area [20]. Statistical yearbook data from the three provinces show that the gross regional product of the Fenwei Plain in 2019 was valued at about CNY 2.836 trillion; the regional population was about 50.74 million. Figure 1 provides a schematic diagram of the location and topography of the Fenwei Plain.





2. Data and Methods


2.1. Data Sources and Data Products


In this study, the ultraviolet aerosol index (UVAI) and O3 data were derived from the OMI sensor of the Aura satellite on the U.S. National Aeronautics and Space Administration Earth Observation System (EOS). Precipitation data were acquired from the National Earth System Science Data Center, National Science and Technology Infrastructure of China (http://www.geodata.cn accessed on 24 March 2020). These data are based on 0.5° global climate data released by the Climate Research Unit (CRU) and global high-resolution climate data released by WorldClim. These data were down-scaled for China through the Delta space downscaling program and used 496 independent data points. The meteorological observation point data were verified, and the verification result is credible. The temperature data come from the NCEP/NCAR re-analysis dataset jointly provided by the U.S. National Center for Environmental Prediction (NCEP) and the U.S. National Center for Atmospheric Research (NCAR). The dataset covers the period from 1948 to the present. The grid data employed here were formed by re-analyzing global meteorological data using observational data, forecast models, and assimilation systems. The backward trajectory data in this paper were from meteorological data of the Global Data Assimilation System for the corresponding time period provided by the U.S. National Environmental Forecast Center, with a spatial horizontal resolution of 1 × 1°. Using the meteorological data provided by the NCEP to analyze and study the air mass transportation routes in the study area can provide an effective method for monitoring and controlling atmospheric pollution.




2.2. Data Processing


This study selected the daily aerosol data from 2012 to 2020 from the level 2 data product in OMI. The OMAERUV product is written as a HDF-EOS5 strip file for storage, in order to facilitate the subsequent processing software ArcGIS 10.3 to read and identify the data. In this paper, Python programming language and ArcGIS 10.3 software were used to obtain the annual, seasonal, and monthly mean values of UVAI in Fenwei Plain. The spatial and temporal distribution characteristics of UVAI in Fenwei Plain were studied by using the obtained data. At the same time, the precipitation, temperature, air pressure, and uplift index data that may affect the UVAI data from 2012 to 2020 were obtained under the above operation and then compared and analyzed with the UVAI data.



Pearson’s correlation coefficient was used to measure the correlation between UVAI and precipitation, as well as three influencing factors (air temperature, air pressure, and lifting index). The formula for calculating the correlation coefficient between UVAI and precipitation is shown in (1):


   r  x y   =     ∑   i = 1  n   [   (   x i  −  x ¯   )   (   y i  −  y ¯   )   ]        ∑   i = 1  n     (   x i  −  x ¯   )   2    ∑   i = 1  n     (   y i  −  y ¯   )   2       



(1)







rxy is the correlation coefficient between x and y, and the value is between [−1, 1]; xi is the mean value of UVAI in the i month; yi is the monthly average precipitation of the i month;   x ¯   is the multi-month average of UVAI;   y ¯   is monthly average precipitation; n is the number of samples.



This paper uses Statistical Product Service Solutions (SPSS) software to conduct principal component analysis on the data of influencing factors such as precipitation, temperature, air pressure, and lifting index. First, standardize the relevant data to eliminate the dimension and magnitude effect between different indicators and then use the Kaiser–Meyer–Olkin (KMO) test statistic and the Bartlett sphericity test to judge the correlation between the data to determine whether the variables are suitable for factor analysis and then select the principal components with cumulative variance contribution rate >70% and eigenvalue >1.



This study employed backward trajectory data from 2017 to 2019 and used Hysplits (National Oceanic and Atmospheric Administration, Boulder, CO, USA) and TrajStat MeteoInfo (Chinese Academy of Meteorological Sciences, Beijing, China) software to perform trajectory clustering analysis. Through the operation, the corresponding result map is obtained for analysis to identify the transportation path that has a greater impact on the air pollution in the Fenwei Plain.





3. Results


3.1. Interannual Variation of UVAI in Fenwei Plain


Based on the processed data, this paper draws the overall UVAI spatial distribution map of the Fenwei Plain from 2012 to 2020, as shown in Figure 2. The figure divides the UVAI index into five levels. From the spatial pattern, the distribution characteristics of aerosols decreased with the increase of altitude. The high value of UVAI was distributed in the low-altitude areas of the study area, mainly in the southwestern and central areas of the Fenwei Plain. Among them, areas with slightly higher elevations such as northern Lvliang city and the cities of Sanmenxia and southern Luoyang had lower UVAI, with the second level dominating medium-elevation areas in Baoji, Xianyang, Xi’an, Tongchuan, Weinan, and Yuncheng. It is divided into the third and fourth levels, and the fourth level occupies a large area; the fifth level is mainly distributed in Xianyang, Weinan, and Xi’an at lower elevations. Qin et al. [21] also came to a similar conclusion through the temporal and spatial distribution of the frequency of polluted days, that is, the most polluted areas in the Fenwei Plain are mainly concentrated in Xi’an, Xianyang, Weinan, Yuncheng in the lower reaches of the Weihe River, and Linfen in the lower reaches of the Fenhe River.



Figure 3 shows the annual mean distribution of UVAI in the Fenwei Plain from 2012 to 2020. This article divides the resulting UVAI levels into nine levels listed sequentially from levels one to nine. From 2012 to 2018, the UVAI value of the Fenwei Plain has fluctuated upwards. From 2015 to 2018, the expansion of high-value areas has continued to increase, and the high-value areas in 2019–2020 will be controlled to a certain extent. The main areas with high UVAI gradually shifted westward from Luoyang, Linfen, Yuncheng, and Xi’an in 2013. In 2018, the high UVAI areas were mainly distributed in Xi’an, Weinan, Xianyang, and Baoji.



According to the classification of the mean annual change of UVAI in Figure 3, the proportion of the area occupied by different levels of UVAI was calculated for 9 years (Figure 4a). Figure 4a shows that from 2012 to 2020, the Fenwei Plain as a whole was dominated by 0.35–0.45 of UVAI, followed by the frequency of the fourth level. In general, the annual average change trend of UVAI showed in 2013 and 2018, but the average value in the past five years was significantly greater than the previous four years. From 2012 to 2015, the main UVAI values of the Fenwei Plain were 0.30–0.40, followed by 0.25–0.30, and the lowest UVAI in the 9-year period appeared in 2012. From 2016 to 2020, the values are mainly distributed in 0.35–0.45, followed by 0.45–0.50, while the highest UVAI in the nine-year period appeared in 2018.



Figure 4b shows the comparison of the maximum, minimum, and mean UVAI values between the Fenwei Plain and the entire country from 2012 to 2020. This figure shows that the annual mean value of the UVAI fluctuated in the range of −0.32 to 1.60 throughout the country over 9 years; the annual mean value of the UVAI in the Fenwei Plain fluctuated in the range of 0.16–0.58. From the change in the range of the UVAI and trend shown in the broken line in Figure 4, it can be seen that the annual mean UVAI of the Fenwei Plain was slightly lower than the national mean; the changes in the Fenwei Plain and the entire country have increased or decreased during the two periods of 2013–2014 and 2019–2020. This was inconsistent, manifested by the decrease in the UVAI value of Fenwei Plain and the increase of national UVAI value, but both showed a slow growth trend in the overall trend over 9 years.




3.2. Seasonal Variation of UVAI in Fenwei Plain


According to the classification of four seasons, the seasonal variation trend map and seasonal spatial distribution map of UVAI in the Fenwei region from 2012 to 2020 are shown in Figure 5a,b. As can be seen from the figure, the UVAI values in each season have fluctuated slightly in recent years. The UVAI value in spring has shown a slow downward trend year by year since the highest value of 0.46 in 2013. The highest values in summer and autumn appeared in 2019 and 2020, and their UVAI values were 0.04 and 0.63, respectively. With the significant increase in global temperature in recent years, the UVAI value of the Fenwei Plain in summer and autumn showed a slow upward trend. The maximum value of UVAI in winter was 1.28, which appeared in 2017. Since 2018, the UVAI value in winter has dropped significantly, and the percentage of decrease in 2018–2019 reached 42%.



The figure also shows that the seasonal average of UVAI in Fenwei region is the highest in winter (0.92), followed by autumn (0.42) and spring (0.23), and the lowest in summer (−0.04). According to the UVAI value classification of the four seasons, it can be seen that the high value mainly occurs in winter, that is, the eighth grade (0.76–0.89), the ninth grade (0.89–1.02), and the tenth grade (1.02–1.15), and the ninth and eighth grades occupy the largest area, accounting for 46% and 37%, respectively. In terms of spatial distribution, Linfen city, Yuncheng city, and Xianyang city were mainly polluted, which is similar to the results obtained by Li et al. [22] in the evaluation and analysis of the air quality of cities in the Fenwei Plain in different seasons. Li believed that this phenomenon was closely related to the low coverage rate of central heating in the Guanzhong area of Shanxi province in winter and the weakened Brownian diffusion motion of aerosol plasmid in winter.




3.3. Relationship between UVAI and Impact Factors


In order to understand the relationship between precipitation, temperature, air pressure, lifting index (the lifting index is the index of unstable energy area above the height of free convection, and its value can indicate the instability and stability of atmospheric junction) and UVAI, and to judge the effect of the above data on UVAI, this paper conducts correlation analysis and principal component analysis.



Table 1 shows the Pearson correlation analysis results of the precipitation, temperature, air pressure, lifting index and other influencing factors in the Fenwei Plain from 2012 to 2020 and UVAI. It can be seen from the table that precipitation, air temperature, and UVAI are all significantly negatively correlated, while air pressure and lifting index are significantly positively correlated with UVAI. With the enhancement of convection in summer, stable precipitation has a diluting and sedimentation effect on absorptive aerosol particles, thereby reducing absorptive aerosols [23,24,25]. In the study, it was found that the relationship between air temperature and UVAI can be divided into two types. The increase in temperature can promote vertical convection in the atmosphere, thereby accelerating the diffusion of pollutants, but for ultrafine aerosols, the increase in temperature will accelerate atmospheric chemical reactions. It is beneficial to the generation of secondary aerosols [26,27,28]. Therefore, it can be speculated that the aerosol particles are relatively coarse in most areas of the Fenwei Plain. At the same time, through the direct radiation effect of aerosols, on the one hand, the atmospheric stability between the ground and the boundary atmosphere increases; on the other hand, the cooling of the ground in different regions causes temperature differences, and atmospheric densities at different temperatures form pressure differences [29,30,31]. This is consistent with the conclusion drawn in this paper that UVAI is significantly positively correlated with air pressure and lifting index.



According to Table 2, Figure 6, and Table 3 of the principal component analysis results, it can be seen that the relationship equation between the principal components and the research items is established according to the component score coefficient matrix, such as precipitation, air temperature, air pressure, and lifting index, as follows:    The   composition   yields    1 = 0.256 × precipitation + 0.273 × temperature − 0.251 × pressure − 0.269 ×  lifting   index   . As can be seen from the weight, the positive effect of temperature is the largest, followed by the negative effect of lifting index, the positive effect of precipitation, and finally the negative effect of air pressure. That is, the change of the aerosol index is affected by the four factors. The conclusion is consistent with the increasing trend of UVAI from 2020 to 2020. At the same time, the influence of wind speed and wind direction changes on the changes of UVAI caused by the interaction between aerosols and the four influencing factors cannot be ignored.




3.4. Analysis of External Transmission in Fenwei Plain


Through data review, it has been found that aerosols can be divided into local source aerosols and regional transport source aerosols according to the different origins of aerosols in a certain study area [32]. This paper selects the backward trajectory data from 2017 to 2019 based on the annual average value of UVAI. The specific reason is that the annual mean of UVAI from 2017 to 2019 years is more than 0.4, which is higher among the nine annual means. Therefore, the data of these three years are specially selected for analysis. Due to the large range of the Fenwei Plain, this paper mainly takes Xi’an (34.27° N, 108.95° E) and Linfen (36.04° N, 111.30° E) as the research points. Figure 7 is obtained by using the clustering algorithm to analyze the exogenous transport path of UVAI in the Fenwei Plain. In this paper, the transportation routes of each season are divided into five.



It can be seen from the left panel of Figure 7 that the main paths of spring air mass in Xi’an come from Shaanxi, Shandong, Inner Mongolia, Kazakhstan and Mongolia, of which Ankang city, Shaanxi province accounts for the largest proportion, reaching 32.34%; the summer air mass mainly comes from Shaanxi, Shandong, Hubei, Guangxi, and Mongolia, and Ankang city in Shaanxi province accounts for 33.12% of the total; the main routes of autumn air mass come from Shaanxi, Shandong, Inner Mongolia, Xinjiang and Kazakhstan, among which Shangzhou of Shaanxi province accounts for the largest proportion, reaching 40.93%. In winter, the air mass mainly comes from Xinjiang, Inner Mongolia, Shandong and Shaanxi, and Alxa Left Banner of Inner Mongolia accounts for 27.96%. There are two transport routes in Xinjiang, Hami city, and Awati county, accounting for 18.23% and 15.94%, respectively. There are two sources of transportation routes in Xinjiang, Hami city and Awati counties, accounting for 18.23% and 15.94%, respectively. It can be seen from this that the air mass transport paths in Xi’an in spring and summer are mainly in the east and southeast directions, and in autumn and winter, the northwest wind is the main direction. This is similar to the analysis results of Tang Zhiyi et al. on the meteorological conditions in Xi’an. The dominant wind direction does not change much in the winter half year, with northwesterly prevailing, followed by westerly [33].



Figure 7 shows that from the graph on the right side of Figure 7 that the main paths of the spring air mass in Linfen city come from Gansu, Shandong, Shaanxi, Russia and Mongolia, of which the Mongolia region accounts for the largest proportion of 29.35%; the main paths of the summer air mass come from Inner Mongolia and Shandong, Henan and Guizhou regions, and Jining city, Shandong province accounted for 36.19%, and Inner Mongolia has two sources of transportation routes—Xilinhot City and Alxa Left Banner—accounting for 15.95% and 13.62%, respectively; the main path of the autumn air mass comes from Xinjiang, Shanxi, Shandong, Russia and Mongolia, of which Yuncheng city in Shanxi province accounts for the largest proportion, reaching 32.88%; the main routes of the air mass in winter come from Xinjiang, Inner Mongolia, Hebei and Russia, and there are two sources of transport routes in Xinjiang, Hami City and Shawan county, accounting for 24.43% and 20.32%, respectively. It can be seen from this that the transportation path of the solar term in Linfen city in summer and autumn is mainly in the southeast direction, and the solar term in winter and spring is mainly in the northwesterly direction. Similarly, by analyzing the sources of air pollutants in Linfen city, Wei Xingpeng [34] found that the pollution of northwest and southeast transmission channels had a great impact on the external pollution of Linfen city, which was similar to the results of this paper. Moreover, Wei Xingpeng speculated that in autumn, the southeast transmission channel may be affected by the pollution of the layout of Jincheng city, which aggravated the air pollution in Linfen [34].



Combining with the distribution law of UVAI in the Fenwei Plain, UVAI was highest in winter, followed by autumn and spring, and lowest in summer. It can be seen that the sand and dust transported from the northwest in autumn and winter and the aerosols in the coal-producing area and the coal-fired heating area in the transmission channel contributed significantly to the UVAI values of Xi’an and Linfen during this time period. It can be seen from the above external transmission results that more attention should be paid to the influence of the atmospheric environment of Ankang city and Shangzhou city on Xi’an city; for Linfen city, more attention should be paid to the influence of Mongolia, Jining city, and Yuncheng city on the atmospheric environment of Linfen city. In order to reduce the aerosol index in the Fenwei Plain, a scientific and reasonable urban ventilation corridor should be formed according to the wind direction transmission problem in the study area combined with urban planning and construction, and cross-regional pollution control with related cities should also be strengthened.





4. Conclusions


The temporal and spatial variation characteristics of the Fenwei Plain are as follows: the distribution of aerosols decreases with the increase of altitude. The most polluted areas of the Fenwei Plain are distributed in the lower altitudes of Xianyang, Weinan, and Xi’an. The trend of the annual averages value of UVAI fluctuates upwards, with two “peaks” in 2013 and 2018, respectively. The average value of UVAI in the past 5 years is significantly larger than that in the previous 4 years, and the high-value area and the highest value of the Fenwei Plain from 2019 to 2020 have both shrunk and decreased compared with the previous year, but they have shown slow growth in the overall trend in the past 9 years. The seasonal averages of UVAI from 2012 to 2020 were the highest in winter (0.92), followed by autumn (0.42) and spring (0.23), and the lowest in summer (−0.04). It showed a slow downward trend in spring and winter and a slow upward trend in summer and autumn.



According to the correlation analysis between the Fenwei Plain and the influencing factors, it can be seen that precipitation, air temperature, and UVAI were all significantly negatively correlated, while air pressure and lifting index were significantly positively correlated with UVAI. As can be seen from the weight, the positive effect of temperature is the largest, followed by the negative effect of lifting index, the positive effect of precipitation, and finally the negative effect of air pressure.



The clustering results of the backward trajectory of the air masses in Xi’an and Linfen show that the sand and dust are generally transported from the northwest in autumn and winter to the Fenwei Plain. These transmitted aerosols may have been produced in the coal-producing area and the area with coal-fired heat sources. The contribution of these aerosols to increasing the UVAI is more significant during autumn and winter than at other times of year. In addition, the transportation path in Xi’an in the spring and summer brings air masses mainly from the east and southeast; the northwest wind in autumn and winter mainly brings air masses to the areas surrounding Ankang and Shangzhou. The transportation path in Linfen in summer and autumn mainly brings air masses from the southeast. Northwest winds prevail in winter and spring and bring air masses from Mongolia, Jining, and Yuncheng. Therefore, strengthening both the prevention of natural air pollution and the control of the release of industrial air pollutants will be a necessary part of future air quality management.



Based on the research results of UVAI value changes in the Fenwei Plain in the past nine years, it can be seen that the governance effect of Fenwei Plain was obvious after it was set as a key area in 2018. At the seasonal scale, the decline of UVAI value in winter was significantly reflected. However, on the annual scale, UVAI is still in the rising state, so the governance of the atmosphere in this region needs further study. In the governance of UVAI, planning and policy considerations can be taken into account, such as the establishment of urban ventilation corridors or the strengthening of links with related cities to promote cross-regional governance.
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Figure 1. Overview of the study area: (a) location of the study area within the provinces and other administrative boundaries of China and (b) digital elevation map of the study area. 
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Figure 2. Spatial distribution of the daily ultraviolet aerosol index (UVAI) in the Fenwei Plain during 2012–2020. 
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Figure 3. The average annual change of UVAI value in the Fenwei Plain from 2012 to 2020. 
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Figure 4. Temporal changes of UVAI values in the Fenwei Plain from 2012 to 2020: (a) the proportion of different grades of the annual average UVAI value and the change of the annual average value and (b) the comparison chart of the UVAI value change between the Fenwei Plain and China. 
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Figure 5. Seasonal changes of UVAI in the Fenwei Plain from 2012 to 2020: (a) the four-season spatial distribution of UVAI values and (b) the four-season temporal change of UVAI values. 
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Figure 6. Gravel diagram of principal component analysis of meteorological factors in Fenwei Plain. 
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Figure 7. Air mass transport path in the four seasons of 2017–2019 in the Fenwei Plain. 
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Table 1. Pearson correlation-standard format.
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	Project
	UVAI
	Precipitation
	Temperature
	Pressure
	Lifting Index





	UVAI
	1
	
	
	
	



	Precipitation
	−0.788 **
	1
	
	
	



	Temperature
	−0.909 **
	0.911 **
	1
	
	



	Pressure
	0.823 **
	−0.736 **
	−0.900 **
	1
	



	Lifting index
	0.952 **
	−0.897 **
	−0.977 **
	0.846 **
	1







** p < 0.01.
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Table 2. KMO and Bartlett’s test.
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KMO and Bartlett’s Test






	
KMO value

	
0.706




	
Bartlett’s sphericity test

	
Approximate chi-square

	
221.168




	
df

	
6




	
p-value

	
0.000
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Table 3. Linear combination coefficients and weight results.
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Linear Combination Coefficients and Weight Results






	
Name

	
Principal Component 1

	
Comprehensive Score Coefficient

	
Weights




	
Characteristic root

	
3.638




	
Variance interpretation rate

	
90.95%




	
Precipitation

	
0.4874

	
0.4874

	
24.39%




	
Temperature

	
0.5212

	
0.5212

	
26.08%




	
Pressure

	
0.4780

	
0.4780

	
23.92%




	
Lifting index

	
0.5121

	
0.5121

	
25.62%

















	
	
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/).






nav.xhtml


  atmosphere-13-01728


  
    		
      atmosphere-13-01728
    


  




  





media/file8.jpg
§EEEEEE 63

b
g

o2 00 2w s 26 20 s e w0





media/file11.png
3.64

27

0.08

—

I





media/file6.jpg
H

H

3

T






media/file1.png
104°E 106°E 108°E 110°E 112°E 114°E 116°E
T T T 5

0 125 250






media/file13.png
V;\‘ zo% _ C‘

140
TN






media/file10.jpg
364

001






media/file7.png
The proportion of study area occupied by different levels of UVAI (%)

. Ninth level Eighth level Seventh level Sixth levellT Fifth level
Fourth level Third level Second level First level -@— Mean
B 40.45
80% -
_ 4 0.40
60%
B -10.35
40% ]
-1 0. 30
20%
0% 0. 2¢
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

UVAI annual mean

1'5

1.2

-0.3

-0.6

~ M Fen Wei Plain max -~ Fen Wei Plain mean
--#- Fen Wei Plain min -~ China max
—&— China mean --#- China min
B S o *
....... ."'--o-.._ ,...---"-'c--.., ».-...........,.....-»-"
............... > Sy

2012 2013 2014 2015 2016 2017 2018
Year

2019 2020





media/file12.jpg





media/file9.png
38N

36°N

36°N

34°N

108°E

110°E

112°E

114°E

108°E

110°E

-

s
Spring

T

Al

T

L
Summer

112°E
T

114°E
L

Autumn

Winter

UVAIL

-0.15 -0.02 0.11 0.24 037 0.50 0.630.76 0.89 1.02 1.15

125

250 km

1.4000

1.2000

1.0000

0.8000

0.6000

UVAI

0.4000

0.2000

0.0000

-0.2000

—&— Spring
- Summer

2012 2013 2014 2015 2016 2017 2018 2019 2020

year





media/file5.png
110°E 114°E 110°E 114°E

Al L 8 |

U
2013

Ll
2012






media/file3.png
38°N

36°N

34°N

32°N

106°E 108°E 110°E

112°E 114°E

T 1

UVAI

0.25 0.30 0.35 0.40 0.45 0.50

L

0 95 190 km
| I S—






media/file4.jpg
N

EN

3N

EN

3N

EEN

VAL

T || [
0.150.200.250.30 0.350.400.450.50 0.550.60






media/file0.jpg





media/file2.jpg
106°E 108°E 110°E 112°E 114°E

;"\
38°N
36°N
34°N

UVAI

0 95 190 km

S E—|

32°N 0.25 0.30 0.35 0.40 0.45 0.50






