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Abstract

:

Surface ozone (O3) pollution has become one of the top environmental issues in recent years around the world and can be influenced by meteorological processes on multiple scales. Understanding the meteorological mechanism and contributions of O3 pollution is of great importance for O3 mitigation. In this study, we explored the impacts of meteorological conditions on O3 concentrations in a coastal city in Southeast China, with a particular focus on O3 pollution episodes inspringtime. A significant increase in the O3 pollution ratefrom 2015 to 2020 was observed (41.7% year−1) and the seasonal characteristics of O3 concentrations showed a two-peak pattern. We selected 12 pollution episodes during the springtime of 2015 to 2020 and identified four dominant synoptic weather patterns (SWPs) that could cause O3 pollution. The local meteorological conditions and vertical dynamic structures under different SWPs were analyzed. The results showed that high O3 levels tend to be associated with high temperature, weak wind, low relative humidity, and deep vertical sinking motion. We also established a quantitative linkage between the O3 values and meteorological factors. Based on meteorological conditions, 60.8~80.8% of the variation in O3 can be explained.
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1. Introduction


Surface ozone (O3) is an important air pollutant that is mainly produced through photochemical reactions of key precursors (volatile organic compounds (VOC) and nitrogen oxides (NOx)) [1,2,3,4]. High concentrations of O3 are harmful to human health, ecosystems, and climate change [5,6,7,8]. Ozone is harmful to breathe. Ozone aggressively attacks lung tissue by reacting chemically with it. Miloš et al. [9] found the enlargement of intercellular space in mesophyll parenchyma after the ozone exposure of trees. Stanislav et al. [10] suggested that almost all species examined are damaged to some extent by ozone at the concentrations that often prevail in all regions of the world. In addition, as a short-lived greenhouse gas, O3 has an effect on global warming [11]. Since the implementation of the “13th Comprehensive Work Plan for Energy Saving and Emission Reduction in China”, the annual average concentration of particulate matter (PM2.5) has decreased by 21.7% [12]. However, O3 values have been increasing in recent years globally [13]. Therefore, O3 has become one of the most concerning pollutants for governments and researchers [14,15,16].



The impact of meteorology on ozone has been studied in many studies. Some have attributed meteorology as the dominant factor in ozone trends [17,18] and some have claimed other factors, such as emission ratios and PM [19]. Meteorological conditions play an important role in the generation, deposition, transport, and dilution of O3 by affecting the transport path of O3 and the interaction of precursors [20,21,22,23,24]. Many studies have focused on the meteorological impact on O3 variability [25,26,27,28,29]. It was found that O3 levels could be affected by solar radiation [30], the East Asian Monsoon [31], and downward transport from the stratosphere or troposphere. Since local meteorological factors are greatly determined by synoptic weather patterns (SWPs), analyzing the influence of SWPs on O3 concentrations is crucial for the study of the meteorological mechanism of O3 pollution [32]. Liang et al. [33] analyzed the relationship between O3 concentrations, meteorological factors, and SWPs using a stepwise regression model and obtained an O3 concentration forecast equation. Notero et al. [34] suggested that the meteorology described by the regression model can explain most of the O3 variability in central and northwestern Europe. Fujian Province, which is located on the southeast coast of China, also faces O3 pollution problems, although the precursor emissions are relatively low compared to the Beijing–Tianjin–Hebei region and Pearl River Delta [13,35]. Putian City is located on the coast of central Fujian, surrounded by large industrial areas, and was proven to have the highest O3 annual value and the largest number of polluted days in Fujian [13,35]. Surface O3 has been a major pollutant in the region, especially during the spring season. Previous studies suggested that the characteristics of O3 distribution and influencing factors varied significantly in different regions due to the different emission levels, geographical environment, and meteorological conditions [36,37,38], and meteorological conditions could have greater impacts on O3 variability in relatively clean regions [13]. Thus, studying the meteorological impacts on O3 pollution in the region is of great importance for understanding the mechanism of O3 evolution.



In this work, surface O3 concentrations from 2015 to 2020 in the study area were analyzed. We focused on springtime with the highest O3 concentrations and selected 12 typical O3 pollution episodes over six years. Weather classification was applied to identify the predominant SWPs. The local meteorological variables and vertical dynamic structures under different SWPs were analyzed to explore the relationship between O3 values and meteorological conditions. In addition, we established a quantitative linkage between the O3 concentrations and meteorological factors by developing a stepwise multiple linear regression (MLR) model. This study will provide a scientific basis for O3 pollution forecasting, ozone pollution prevention, and the control and mitigation of global warming.




2. Materials and Methods


2.1. Meteorological and Surface O3 Datasets


Putian (PT), a coastal city in central Fujian Province, was selected for the analysis of surface O3 concentrations and meteorological conditions in this study. Hourly surface O3 measurements from the four monitoring sites and meteorological data from the meteorological station were used. The locations of the city and monitoring stations are shown in Figure 1.



The hourly meteorological data from the Putian Meteorological Observatory (No. 58946, 25.44° N, 119.00° E, 81.9 m) were adopted, including pressure (hPa), temperature (°C), precipitation (mm), sunshine hours (h), relative humidity (%), wind speed (ms−1), and visibility (m). The daily mean data were calculated based on the data from 01:00 to 24:00, and the sunshine hours along with precipitation were analyzed as daily sums. Geopotential, vertical velocity, and divergence from 1000 to 100 hPa (27 levels) along with the sea-level pressure were obtained from the European Centre for Medium-Range Weather Forecasts (ECMWF) ERA5 hourly reanalysis dataset.



The maximum daily 8 h average (MDA8) O3 concentrations were calculated based on the hourly data from 2015 to 2020, according to the Ambient Air Quality Standard of China. An O3 pollution episode was defined as one or several consecutive days with MDA8 O3> 160 μg m−3. In order to increase the number of samples and reliability, data from one day before and one day after the episode were also included in the analysis of meteorological factors and vertical structures if the concentrations exceeded 150 μg m−3.




2.2. Weather Classification


Weather conditions and meteorological conditions not only affect the transport pathways of O3 but also influence the interaction of O3 precursors, which play an important role in the dispersion, dilution, and accumulation of pollution. The analysis of the influence of meteorological conditions on ozone concentration under different weather patterns is essential for the study of the meteorological mechanisms for O3 pollution. There are three major groups of weather classification approaches: Subjective, hybrid, and objective, depending on the automatic degree during the classification process [39]. The subjective method is easy to operate and has good accuracy. Here we adopted the subjective method, and weather classification was applied to the mean sea-level pressure field and 500 hPa geopotential height field of each polluted day.




2.3. Statistical Method


We applied a stepwise multiple linear regression (MLR) model (Equation (1)), which has been widely used in environmental and meteorological studies [40,41,42], to objectively define and weight the meteorological factors, including temperature, relative humidity, wind speed, visibility, precipitation, sunshine hours, and pressure. The MLR model is able to overcome the multicollinearity of meteorological factors and runs fast with large amounts of data as the model does not need complex calculations.


   O 3  =  β 0  +   ∑   i = 1  n   β i   x i  ,  



(1)




where O3 represents the predicted O3 concentration for each SWP,    β 0    is a constant,    β i    is the coefficient of the meteorological factor    x i   , and n is the number of independent meteorological factors. If the correlation coefficient between the observed O3 concentrations and a meteorological factor was statistically significant at the 95% confidence level, this meteorological factor would be selected. MLR model shows whether an independent variable has a significant effect on the dependent variable according to the t-test. If p < 0.05, the independent variable was entered; otherwise, the independent variable was removed. The threshold for the variance inflation factor (VIF = 10) was used to minimize the influence of the correlations between the meteorological factors. The adjusted coefficient of determination (RE2) of an equation quantifies the proportion of the dependent variable’s variability that can be explained by the independent variable’s variability.





3. Results


3.1. Overview of Regional Ozone Pollution and Meteorological Conditions


3.1.1. Characteristics of O3 Concentrations


The inter-annual variation of O3 concentrations in PT is shown in Table 1. From 2015 to 2020, the annual 90th percentile of surface O3 concentrations in PT ranged from 118 to 158 μg m−3 with a significantly increasing trend. The 90th MDA8 O3 concentrations in 2017−2018 (156−158 μg m−3) were much higher than in 2015−2016 (118−129 μg m−3). The concentrations declined in 2019−2020 (138−140 μg m−3) but were still higher than in 2015–2016. From 2015 to 2020, the total number of O3-polluted days in PT was 87 days. The highest frequency of O3−polluted days occurred in 2017 (35 d, 9.6%), followed by 2018 (25 d, 6.8%), and the MDA8 O3 concentration peaked on 30 April 2017 (216 μg m−3). During the six years, the frequency of O3−polluted days increased by 41.7% per year, indicating that surface O3 pollution has aggravated in the region.



Figure 2 shows the monthly and hourly concentrations of surface O3 in PT from 2015 to 2020. There were two peaks of O3 concentrations that occurred in April to May (spring) and September to October (autumn), respectively (Figure 2a). O3 concentrations tended to be relatively low from November to February and June to August. As shown in Figure 2b, O3 values were higher at noon and lower at night. During the six years, O3 hourly concentrations peaked at 14:00 and then dropped to the lowest at 7:00. The hourly O3 concentrations from 2015 to 2016 were significantly lower than in 2017 to 2020, indicating the increasing trend of surface O3 levels in recent years.




3.1.2. Predominant Synoptic Weather Patterns


Based on weather classification, five SWPs in spring from 2015 to 2020 were obtained and the results are shown in Table 2. It was found that Type CU occurred most often (208 d) but there were no O3−polluted days due to the frequent precipitation. In total, 12 O3 pollution episodes (36 d) were observed under the other four SWPs. Type FS had a total of 59 d and 11 O3 polluted days, which had the highest frequency of O3−polluted days (18.6%) and the highest O3 concentrations (176.5 μg m−3). Type GN had the lowest frequency of polluted days (6.3%) and the lowest O3 concentrations (167.0 μg m−3). The frequency of O3−polluted days under Types GS and BB was 9.9% and 10.5, respectively. To better understand the meteorological mechanisms of O3 pollution, the four SWPs that could cause O3 pollution (including Types FS, GN, GS, and BB) will be analyzed specifically.



The mean sea−level pressure field and wind field at 925 hPa for the four SWPs are shown in Figure 3. As shown in Figure 3a, a cold front or a stationary front existed to the north under Type FS, and the study area was in a warm frontal area with sparse ground isobars and weak wind. There was a convergence of southwesterly and southeasterly winds in the central part of the coast at 925 hPa, which is favorable for O3 accumulation. Under Type GN, there was a high-pressure center in the northwest of the study area with 1027.5 hPa (Figure 3b). The surface isobars were dense, and the pressure gradient was large. The study area was influenced by the northeast airflow at 925 hPa and the wind speed was high, reaching 8 m s−1. It was suggested that moderate winds could transport the pollutants upstream of the region, resulting in increased O3 concentrations [43]. Under Type GS, the high-pressure center was located at sea and the study area was at the rear or bottom of the high (Figure 3c). The study area was influenced by the east–southeast airflow of 4.0–6.0 m s−1 at 925 hPa. Due to a large number of chemical plants and industrial parks in the eastern and southern parts of the study area, the surface easterly and southeasterly winds could transport the O3 precursors to the study area, leading to higher O3 levels. Under Type BB, the study area was on the edge of the western Pacific subtropical high and was affected by the southwest airflow at 925 hPa (Figure 3d). Due to the unfavorable photochemical reaction conditions, the number of polluted days under this type is the lowest.





3.2. Synopticimpacts on Regional Ozone Pollution


3.2.1. Influence of Meteorological Factors on Regional Ozone Pollution


To summarize the typical meteorological characteristics of O3-polluted days, we analyze the meteorological variables under the four SWPs (Table 3).



Type FS had a moderate daily max temperature (26.3 °C) and relative humidity (69.9%), along with weak wind (1.7 m s−1). The solar radiation (13.2 MJ m−2) and sunshine hours (5.4 h) were the lowest and precipitation existed. It is notable that the temperature inversion layer appeared below 850 hPa on the polluted days. Temperature inversions could cut off the mass exchange between the lower and upper layers and result in the accumulation of O3 on the surface [44]. These created meteorological conditions that are unfavorable for O3 generation and accumulation.



Type GN had the strongest solar radiation (24.9 MJ m−2) and the longest sunshine hours (10.3 h). The air was dry (54.1%), and the wind speed was high (2.1 m s−1). The sunny and dry weather with strong northerly winds was conducive to both the local photochemical reaction and regional transport, resulting in O3 pollution.



The temperature in Type GS was high (26.3 °C), the solar radiation was 22.4 MJ m−2, and the sunshine hours were 8.5 h, which was favorable for the photochemistry generation of O3.



The highest temperature appeared in Type BB (31.4 °C). Similar to Type GS, the strong solar radiation (24.7 MJ m−2) and long sunshine hours (9.9 h) created favorable conditions for O3 generation. In addition, the existence of the temperature inversion layer prevented the diffusion of O3.




3.2.2. Influence of Vertical Structure on Regional Ozone Pollution


In addition to chemical formation and horizontal transportation, the vertical structure is also a crucial dynamic factor in O3 levels as it has a significant effect on the vertical diffusion of pollutants [44]. In order to understand the influence of the vertical dynamic mechanism of O3 pollution, the physical variables (vertical velocity and divergence) at different pressure levels representing dynamic conditions were analyzed (Figure 4).



Under Type FS, there existed a weak sinking motion (the vertical velocity was 0.13 Pa s−1) and divergence on the ground from 1:00 to 8:00. Due to the enhanced radiation and increased temperature at noon, 1000–900 hPa had an ascending motion with −0.34–0.22 Pa s−1 from 12:00 to 16:00, and the highest vertical velocity appeared near 950 hPa along with divergence. The ascending motion weakens with the increase in height, and a deep sinking motion appeared at 900–750 hPa. This vertical structure compresses the atmosphere in the boundary layer and favors O3 accumulation [45].



Influenced by the northeast airflow in front of the high-pressure ridge, a deeper sinking motion than in Type FS was shown in Type GN, with the highest vertical velocity appearing at 600 hPa (0.35 Pa s−1). Different from Type FS, a divergence–convergence structure was found from noon to night: A divergence of 4.39–6.42 × 10−5 s−1 under 850 hPa and a convergence of −1.71–1.3 × 10−5 s−1 at 300 hPa. It was suggested that this structure promotes the downward transport from the stratosphere to the troposphere [46], and this may be the key driver of O3 pollution under Type GN with a moderate daily temperature of 22.5 °C.



Similar to Type GN, there was a sink-ascending sink structure under Type GS, being favorable for O3 generation and accumulation. Different from the other three SWPs, there was no obvious sinking motion during 1:00–10:00 near the ground in Type BB. In the afternoon, the air below 900 hPa turned into an updraft, and the strongest rising speed of −0.52 Pa s−1 appeared near 950 hPa. The rising speed decreased with the rise of height, and there was a vertical speed zero value near 900 hPa. A deep sinking motion occurred at 900–700 hPa and the sinking speed increased with the height. There was the highest sinking speed of 0.45 Pa s−1 at 850 hPa, along with a divergence area at 900–850 hPa. During 11:00–17:00, there was a divergence at 900–700 hPa. This structure created favorable conditions for pollutants to accumulate near the surface, leading to O3 pollution in Type BB.



Figure 5 shows the diurnal variation of the O3 concentration for four SWPs. It was found that from 12:00 to 16:00 when the photochemical reaction is strong, the peak O3 concentration was the highest under the SWP with the highest Tmax. In addition, the valley value of the O3 concentration at night was related to the vertical velocity. Without any sinking motion during this period, the O3 concentration was lowest under Type BB (46.8 μg m−3 at 7:00). Due to the deep sinking motion under Type GN (0.25 Pa s−1) and Type GS (0.27 Pa s−1), the pollutants tended to accumulate near the surface and resulted in the higher valley value of O3 (72.6 μg m−3 and 101.0 μg m−3, respectively).





3.3. Quantifying the Contributions of Meteorological Conditions


In order to quantitatively assess the effect of meteorological conditions on O3 variation, stepwise MLR models were applied to different SWPs, and the results are shown in Table 4.



All of the regression equations for the four SWPs passed the F test and the T test, indicating the method was effective and the results were believable. The predicted versus observed O3 concentrations for the validation are shown in Figure 6. It was suggested that the contributions of meteorological factors to the O3 variations can be evaluated by the explained variance (RE2) calculated from the models [40]. As shown in Table 4, the local meteorological factors explained 60.8–80.8% of the O3 variations, which were much higher than in other regions with higher emissions (44–70% in northern China) [42]. The RE2 for Type BB and Type GN were the highest at 80.8% and 80.6, respectively, indicating the crucial effect of meteorological conditions on O3 variations in the two SWPs. In addition, the meteorological drivers were different in different SWPs. Wind speed, relative humidity, daily max temperature, and sunshine hours played important roles in all four SWPs. The pressure was a key driver of O3 levels in Types FS, GS, and BB, and the O3 concentrations in Type GN were associated with visibility.





4. Discussion


	
The 90th MDA8 O3 concentration in PT ranged from 118 μg m−3 to 158 μg m−3 with a significantly increasing trend from 2015 to 2020. In the past 6 years, the total number of O3-polluted days was 87 d, and the most occurred in 2017 (35 d). The frequency of O3-polluted days increased from 0.5% in 2015 to 9.6% in 2017, indicating the increasing severity of O3 pollution in the coastal cities in Southeast China. The annual variation of O3 concentrations presents a double-peak pattern, with the peaks appearing in spring and autumn [43,47]. The diurnal variation shows a single-peak pattern, with the peak at 14:00 and the valley at 7:00 [20].



	
Based on the weather classification method, five SWPs in total (including Types CU, FS, BB, GS, and GN) were clustered in the springtime from 2015 to 2020. Type FS was associated with low O3 levels due to frequent precipitation. The frequency of O3-polluted days was highest in Type FS (18.6%) and the O3 concentration was also the highest (175 μg m−3), followed by Type BB (10.5%, 174.0 μg m−3), Type GS (9.9%, 174.2 μg m−3), and Type GN (6.3%, 167.0 μg m−3).



	
The meteorological mechanisms of O3 pollution under the four SWPs were different. Type FS was associated with weak wind (1.7 m s−1), high RH (69.9%), frequent temperature inversion (100%), weak solar radiation (13.2 MJ m−2), and short sunshine hours (5.4 h). The stable weather along with the convergence of southwest wind and southeast wind near the surface was favorable for pollutants to accumulate in the region. Type GN was associated with strong solar radiation (24.9 MJ m−2), long sunshine hours (10.3 h), and dry air, which promoted the photochemical formation of O3. In addition, the high wind speed was conducive to the regional transport of O3. The strong photochemical reaction was the main reason for the O3 pollution in Type GS and Type BB due to the high temperature (26.3 °C and 41.4 °C, respectively), strong solar radiation (22.4 MJ m−2 and 24.7 MJ m−2, respectively), and long sunshine hours (8.6 h and 9.9 h, respectively).



	
The vertical dynamic structure under four SWPs was analyzed. There was zero vertical velocity at the lower level in all four SWPs [45]. There was an ascending motion along with convergence under the height and a sinking motion along with divergence above the height. The vertical structure of divergence at the lower level and convergence at the higher level could lead to the downward transmission of O3 from the stratosphere [46]. The order of the O3 valley values in the four SWPs was consistent with that of downdraft velocity, indicating that a deep sinking motion was the crucial driver for O3 accumulation at night [41].



	
Based on the stepwise MLR model, we quantified the meteorological contributions of O3 variations under different SWPs and the developed model captured 60.8% to 80.8% of O3 variations, which were much higher than in other regions [41,42,48]. This indicated the important roles of meteorological conditions in the study area and the difficulties for local governments to reduce O3 pollution.






This study explored the influence of meteorological conditions on ozone concentrations using weather classification and the MLR model. Results revealed that ozone excess days in PT were often accompanied by low relative humidity, high temperature, strong solar radiation, less total cloud cover, specific wind conditions, and vertical dynamic structures. This is consistent with what has been found in previous research [17,18,21,28,30,41]. Gong et al. [17,18] indicated that synoptic circulation and key weather elements play a critical role in ozone pollution. In contrast, Li et al. [19] found that meteorological conditions are not the major driver of the increase in late winter in the North China Plain. Due to the non-linear relationship between meteorological conditions and ozone formation, the interaction between meteorological factors and ozone precursors should be investigated in future research.
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Figure 1. Distribution of meteorological station and environmental monitoring station in Putian (1. Meteorological Station; 2. Canghou Road; 3. Environmental monitoring station of Putian; 4. Hanjiang No. 6 middle school; 5. Xiuyu district government). 






Figure 1. Distribution of meteorological station and environmental monitoring station in Putian (1. Meteorological Station; 2. Canghou Road; 3. Environmental monitoring station of Putian; 4. Hanjiang No. 6 middle school; 5. Xiuyu district government).



[image: Atmosphere 13 02000 g001]







[image: Atmosphere 13 02000 g002 550] 





Figure 2. Monthly (a) and hourly (b) concentrations of surface O3 in PT from 2015 to 2020. 
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Figure 3. The mean sea-level pressure field and wind field at 925 hPa for each SWP during the polluted days from 2015 to 2020. Sea-level pressure ((a–c) left); 925 hPa wind ((a–c) right) 500 hPa geopotential height ((d) left); 925 hPa wind ((d) right); the star represents the study area. (a) Warm sector ahead of front—Type FS; (b) cold high-pressure ridge—Type GN; (c) transformed surface cold high—Type GS; (d) edge of subtropical high pressure—Type BB. 
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Figure 4. Vertical velocity (the shaded, unit: Pa s−1) and divergence (black line, the dotted lines mean convergence and solid lines mean divergence, unit: 10 s−5) at different pressure levels for each SWP. (a) Warm sector ahead of front—Type FS; (b) cold high-pressure ridge—Type GN; (c) transformed surface cold high—Type GS; (d) edge of subtropical high pressure—Type BB. 
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Figure 5. Diurnal variation of the O3 concentration for four SWPs in PT during spring from 2015 to 2020. 
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Figure 6. Scatterplots of predicted versus observed O3 concentrations for the four SWPs. (a) Type FS; (b) Type GN; (c) Type GS (d); Type BB. 
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Table 1. The inter-annual variation of surface O3 in PT during 2015–2020.
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	Year
	Maximum MDA8 O3 (μg m−3)
	Minimum MDA8 O3 (μg m−3)
	O3 Polluted Days (d)
	Frequency of O3 Pollution (%)
	90th MDA8 O3 (μg m−3)





	2015
	10
	183
	2
	0.5
	118



	2016
	7
	191
	7
	1.9
	129



	2017
	14
	216
	35
	9.6
	158



	2018
	11
	210
	25
	6.8
	156



	2019
	24
	174
	7
	1.9
	138



	2020
	30
	187
	11
	3.0
	140
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Table 2. Number of days and the O3 concentrations for O3 pollution in PT during spring under different SWPs from 2015 to 2020.
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	Type
	Number of Days (d)
	Number of O3 Polluted Days (d)
	Frequency of O3 Polluted Days (%)
	MDA8 O3 during Polluted Days (μg m−3)





	Type FS
	59
	11
	18.6
	176.5



	Type GN
	95
	6
	6.3
	167.0



	Type GS
	152
	15
	9.9
	174.2



	Type BB
	28
	4
	10.5
	174.0



	Type CU
	208
	0
	0
	-



	Total
	552
	36
	6.5
	173.6
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Table 3. The meteorological conditions in PT under each SWP during the springtime of 2015–2020.
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	Type
	Tmax (°C)
	WS (m s−1)
	RH (%)
	TP (mm)
	SR (MJ m−2)
	SH (h)
	TI





	Type FS
	26.3
	1.7
	69.9
	9.1
	13.2
	5.4
	11/11



	Type GN
	22.5
	2.1
	54.1
	0
	24.9
	10.3
	5/6



	Type GS
	26.3
	1.9
	61.2
	0
	22.4
	8.6
	9/15



	Type BB
	31.4
	2.0
	72.8
	0
	24.7
	9.9
	4/4







Note: Tmax: Daily max temperature; WS: Daily mean wind speed; RH: Daily mean relative humidity; SR: Daily total solar radiation; SH: Daily total sunshine hours; TI: Temperature inversion (number of days with temperature inversion/total days).
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Table 4. Equations of the stepwise MLR for each SWP in PT during the springtime of 2015–2020.
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	Type
	Equation
	RE2 (%)





	FS
	O3 = 8.415 WS − 1.72 RH + 9.056 Tmax + 3.309 P − 18.511 SH + 3289.292
	71.1



	GN
	O3 = 7.498 WS − 0.809 RH + 8.07 Tmax − 26.563 SH − 0.001 V + 38.255
	80.6



	GS
	O3 = 8.276 WS − 0.668 RH + 5.268 Tmax + 1.292 P − 7.378 SH − 1258.57
	60.8



	BB
	O3 = 22.712 WS − 2.169 RH + 7.617 Tmax + 10.057 P − 32.607 SH − 10029.816
	80.8







Note: Tmax: Hourly max temperature; T: Current temperature; RH: Relative humidity; WS: Wind speed; V: Visibility; S: Sunshine hours; P: Pressure.
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