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1. Study area
[bookmark: _Hlk87434563]It is one of China’s 14 billion-ton coal production bases and six major coal power bases. Huainan has built 18 pairs of large mines and 6 large power plants. The smoke and pollutants released during coal mining, transportation and combustion are the main reasons that affect air quality. In addition, the volatilization and combustion of coal gangue will produce a large amount of particulate matter and atmospheric pollutants such as sulfur dioxide. It has a semi-humid climate (see Fig. S1), with a total area of 5571 km². Recoverable reserves of 15.3 billion tons, It is one of China’s important coal energy cities (Tong et al., 2020), 74% of the reserves in Anhui Province.
2. Air quality evaluation
According to the Technical Provisions on Ambient Air Quality Index (AQI) (Trial) (HJ 633-2012), the air quality sub-index for pollutant item P is calculated according to the formula (S1):

                      （S1）
Where: IAQIP—air quality index of pollutant P; CP—mass concentration value of pollutant P; BPHi—high value of the pollutant concentration limit in Tab. S2 close to CP; BPLo—close to CP in Tab. S2 IAQIHi—the air quality sub-index corresponding to BPHi in Tab. S2; IAQILo—the air quality sub-index corresponding to BPLo in Tab. S2. Then, the air quality index is calculated according to formula (S2):

                       （S2）
Where: IAQI—air quality sub-index, n—pollutant item.
3. Random Forest Model 
Generally, mtry can default to the square root of the number of variables in the data set (classification model) or one-third (predictive model), as shown in equations (S3) and (S4):

                                                     （S3）

                                                     （S4）
Where M represents the number of features in the original data set. The initial value of ntree is usually defined as 1, and the default value is defined as 500. In this study, we tried to gradually increase from 1 to 500 to select the appropriate value, and determine the best parameters through the out-of-bag error rate (OOB) estimation method. The OOB error is usually regarded as an unbiased estimate of the generalization error, and its calculation method is as shown in equation (S5):

                                       (S5)


where n is the number of OOB samples and  and  represent the observed and predicted values of sample i, respectively (Meng et al., 2018).
4. Support Vector Machine Model
Its basic ideas are summarized as follows (Aryafar et al., 2012; Liu et al., 2016):
First consider a training data set (xi, yi), xi∈Rn, i=1, 2...m, y∈{+1,-1}, where yi represents the known target attribute of the i-th case. In the learning phase, the goal is to find a linear function f(x) = wx+b, w, x∈Rn, b∈R, for which the difference between the actual measured value yi and the estimated value f(xi) of this linear function is at most equal to ε or [yi - f(xi)] < ε, where ε is the insensitive loss function, and an error below it means that it will not be punished. If the estimation error is considered by introducing the slack variables ζ and ζ* and the penalty factor C, the corresponding problem can be expressed as equation (S6):

                                            (S6)
The constraint condition is formula (S7):



                                                 (S7)




The quadratic programming problem is transformed into its corresponding dual optimization problem, and the kernel function is introduced to realize nonlinearity, and the optimal regression function is obtained as formula (S8):

                                        (S8)
Where C ≥ 𝛼𝑖, 𝛼𝑖∗ ≥ 0, i = 1,2….n. 𝛼𝑖 and 𝛼𝑖∗ (0 ≤ 𝛼𝑖, 𝛼𝑖∗ ≥ C) are Lagrangian multipliers, and K(xi,x) represents the kernel function. The generalization performance of SVM depends on C, ε, kernel type and corresponding kernel parameter settings. The kernel type is RBF (Equation (S9)):

                                       (S9)
Among them γ is the kernel parameter, and xi and xj are two independent variables.
5. Index calculations
The specific formulas are shown in (S10)~(S13) ). R is used to characterize the degree of fit between the predicted value of the model and the actual value, MAE and RMSE are used to characterize the difference between the predicted value of the model and the actual value, and the consistency index IA is used to test the difference between the measured value and the simulated predicted value. Generally, the closer the R value is to 1, the closer the MAE value and the RMSE value are to 0, and the closer the IA index is to 1, the higher the similarity and the better the model simulation effect (Shepard, 1962; Kruskal, 1964).

                                               (S10)

                                          (S11)

                                                 (S12)

                                   (S13)




[bookmark: _Hlk146649354]Where n denotes the number of data,  denotes the predicted value of the air pollutant,  denotes the measured value of the air pollutant,  denotes the average of the predicted value of the air pollutant, and denotes the average of the measured values of air pollutants.
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Fig. S1 Location of study area and meteorological monitoring sites.
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Fig. S2 Characterization of meteorological factors as a function of month. (a), (b), (c), (d) and (e) are the variation of temperature, wind speed, humidity, air pressure and visibility with month, respectively.
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Fig. S3 Characterization of the spatial distribution of air quality factor concentrations.
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Fig. S4 Spatial and temporal distribution of air quality index (AQI).
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Fig. S5 Training values simulation results of air quality factor concentrations by RF model. (a), (b), (c), (d), (e) and (f) are the simulation results of PM2.5, PM10, NO2, SO2, CO, O3 respectively.
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Fig. S6 Test values simulation results of air quality factor concentrations by RF model. (a), (b), (c), (d), (e) and (f) are the simulation results of PM2.5, PM10, NO2, SO2, CO, O3 respectively.
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Fig. S7 The residual error diagram of the simulation results of air quality factor concentrations by RF model.
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Fig. S8 Training values simulation results of air quality factor concentrations by SVM model. (a), (b), (c), (d), (e) and (f) are the simulation results of PM2.5, PM10, NO2, SO2, CO, O3 respectively.
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Fig. S9 Verification values simulation results of air quality factor concentrations by SVM model. (a), (b), (c), (d), (e) and (f) are the simulation results of PM2.5, PM10, NO2, SO2, CO, O3 respectively.
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Fig. S10 The residual error diagram of the simulation results of air quality factor concentrations by SVM model.


	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S1.pngS1]
	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S2.pngS2]

	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S3.pngS3]
	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S4.pngS4]

	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S5.pngS5]
	[image: E:\Users\VULCAN\Desktop\R试列\时间修图\修图2\S6.pngS6]


Fig. S11 Line chart of the simulation accuracy of the RF model for air quality factor concentrations for different sample sizes.
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Fig. S12 Line chart of the simulation accuracy of the SVM model for air quality factor concentrations for different sample sizes.





Tab. S1 Statistical table of the location of automatic monitoring points in Huainan City.
	Monitoring point
	Name
	North latitude
	East longitude
	Monitoring items
	District (County)
	Type

	1
	Panji district government
	116.8294°
	32.7737°
	Air mass concentration
	Panji District
	National controlling point

	2
	Normal college
	117.0046°
	32.6448°
	Air mass concentration
	Tianjia 'an District
	National controlling point

	3
	Xiejiaji district government
	116.8548°
	32.6014°
	Air mass concentration
	Xiejiaji District
	National controlling point

	4
	Bagongshan government
	116.8278°
	32.6331°
	Air mass concentration
	Bagongshan  District
	National controlling point

	5
	Jiaogang Lake Scenic Area Management Office
	116.6328°
	32.6201°
	Air mass concentration
	Maoji experimental  District
	National controlling point

	6
	Yiyi Dairy Industrial Park
	117.0598°
	32.6469°
	Air mass concentration
	Datong District
	National controlling point

	7
	Youth Activity Center of Fengtai County
	116.7019°
	32.7116°
	Air mass concentration
	Fengtai County
	Provincial controlling point

	8
	Shou County old environmental protection building
	116.7821°
	32.5797°
	Air mass concentration
	Shou County
	Provincial controlling point




Tab. S2 Air quality sub-index and the concentration limit of the corresponding pollutant items.
	IAQI
	Project concentration limit of pollutants

	
	PM2.5
	PM10
	NO2
	SO2
	CO
	O3

	0
	0
	0
	0
	0
	0
	0

	50
	35
	50
	40
	50
	2
	100

	100
	75
	150
	80
	150
	4
	160

	150
	115
	250
	180
	475
	14
	215

	200
	150
	350
	280
	800
	24
	265

	300
	250
	420
	565
	1600
	36
	800

	400
	350
	500
	750
	2100
	48
	*

	500
	500
	600
	940
	2620
	60
	*








[bookmark: _Hlk84940462]Tab. S3 Characterization of air quality factor concentrations (μg/m3) as a function of month.
	Month
	
	PM2.5
	PM10
	NO2
	SO2
	CO
	O3

	Jan.
	Range
	35.00-170.0
	53.0-207.0
	19.00-60.00
	9.000-22.00
	0.493-1.510
	14.00-112.0

	
	Mean ± SD
	100.836.96
	136.442.75
	42.589.653
	15.193.156
	0.9400.278
	51.0022.37

	Feb.
	Range
	25.00-159.0
	40.00-210.0
	14.00-51.00
	9.000-22.00
	0.406-1.347
	42.00-162.0

	
	Mean ± SD
	81.0035.38
	107.348.61
	25.508.946
	12.392.699
	0.8190.266
	73.2926.52

	Mar.
	Range
	32.00-133.0
	60.00-189.0
	22.00-56.00
	9.000-26.00
	0.333-1.184
	69.00-142.0

	
	Mean ± SD
	69.0027.60
	122.233.02
	33.197.795
	16.324.190
	0.6550.193
	106.019.22

	Apr.
	Range
	27.00-106.0
	46.00-221.0
	15.00-37.00
	6.000-18.00
	0.447-1.093
	42.00-183.0

	
	Mean ± SD
	50.6718.31
	95.2736.15
	24.675.671
	11.872.751
	0.6500.139
	116.736.49

	May.
	Range
	15.00-84.00
	39.00-193.0
	16.00-32.00
	9.000-24.00
	0.337-0.917
	93.00-201.0

	
	Mean ± SD
	37.1314.79
	87.6827.79
	22.354.317
	12.874.039
	0.5640.151
	142.929.72

	Jun.
	Range
	18.00-50.00
	36.00-106.0
	11.00-28.00
	9.000-15.00
	0.447-0.873
	79.00-203.0

	
	Mean ± SD
	32.138.131
	68.7316.93
	17.003.206
	11.431.431
	0.6390.099
	159.832.99

	Jul.
	Range
	13.00-45.00
	37.00-97.00
	10.00-23.00
	9.000-15.00
	0.397-0.838
	62.00-205.0

	
	Mean ± SD
	25.358.393
	53.7113.65
	15.653.332
	11.681.620
	0.5780.118
	138.332.54

	Aug.
	Range
	7.000-45.00
	22.00-87.00
	12.00-23.00
	9.000-17.00
	0.391-1.004
	36.00-222.0

	
	Mean ± SD
	22.239.312
	49.9416.44
	16.812.713
	12.292.116
	0.6030.141
	133.542.01

	Sept.
	Range
	16.00-65.00
	37.00-119.0
	16.00-40.00
	11.00-22.00
	0.501-0.990
	80.00-205.0

	
	Mean ± SD
	33.4713.37
	71.6321.92
	23.375.750
	14.802.398
	0.7170.150
	135.836.29

	Oct.
	Range
	17.00-103.0
	34.00-371.0
	13.00-44.00
	9.000-23.00
	0.348-0.970
	38.00-192.0

	
	Mean ± SD
	51.9721.22
	111.767.34
	29.717.963
	14.483.414
	0.6480.154
	105.838.38

	Nov.
	Range
	27.00-134.0
	50.00-181.0
	19.00-56.00
	8.000-27.00
	0.326-1.153
	40.00-156.0

	
	Mean ± SD
	64.6727.10
	123.741.74
	36.778.460
	15.404.643
	0.6590.209
	84.1033.74

	Dec.
	Range
	32.00-157.0
	53.00-219.0
	32.00-65.00
	10.00-28.00
	0.502-1.245
	9.000-99.00

	
	Mean ± SD
	83.5529.92
	115.937.52
	48.459.204
	15.454.610
	0.8590.195
	52.8122.59





Tab.S4 Concentration (μg/m3) limits of basic items of ambient air pollutants.
	[bookmark: _Hlk71068203]ID
	Pollutant project
	Average time
	Concentration limit
	Company

	
	
	
	Ⅰ
	Ⅱ
	

	1
	SO2
	24-hour average
	50
	150
	μg/m3

	2
	NO2
	24-hour average
	80
	80
	μg/m3

	3
	CO
	24-hour average
	4
	4
	mg/m3

	4
	O3
	Maximum 8h average
	100
	160
	μg/m3

	5
	PM10
	24-hour average
	50
	150
	μg/m3

	6
	PM2.5
	24-hour average
	35
	75
	μg/m3





[bookmark: _Hlk84940579]Tab. S5 Spatial distribution table of air factor concentrations (μg/m3).
	Monitoring point
	
	PM2.5
	PM10
	NO2
	SO2
	CO
	O3

	1 
	Range
	7.000-183.0
	16.00-359.0
	7.000-70.00
	6.000-37.00
	0.213-1.450
	16.00-240.0

	
	Mean ± SD
	62.3838.48
	96.0651.02
	28.6713.35
	13.875.529
	0.6150.228
	116.647.40

	2 
	Range
	8.000-170.0
	26.00-419.0
	7.000-74.00
	4.000-24.00
	0.261-2.323
	14.00-261.0

	
	Mean ± SD
	49.4831.53
	105.151.06
	30.8314.11
	11.303.994
	0.7760.264
	118.951.79

	3 
	Range
	5.000-166.0
	12.00-347.0
	6.000-72.00
	2.000-55.00
	0.292-1.463
	5.000-243.0

	
	Mean ± SD
	51.7733.46
	88.0547.30
	27.8714.39
	13.637.658
	0.6330.207
	121.550.23

	4 
	Range
	7.000-175.0
	32.00-599.0
	7.000-68.00
	4.000-50.00
	0.165-0.732
	11.00-119.2

	
	Mean ± SD
	55.4032.56
	97.6245.17
	24.8411.37
	14.885.438
	0.7320.226
	119.249.18

	5 
	Range
	5.000-157.0
	11.00-317.0
	7.000-104.0
	3.000-30.00
	0.179-1.532
	6.000-229.0

	
	Mean ± SD
	46.9032.06
	94.9049.83
	32.5115.48
	10.654.434
	0.6140.211
	116.147.24

	6 
	Range
	7.000-179.0
	15.00-403.0
	11.00-68.00
	5.000-41.00
	0.207-1.469
	10.00-303.0

	
	Mean ± SD
	51.6432.95
	87.7646.99
	28.2613.00
	14.364.123
	0.7070.233
	124.054.86

	7 
	Range
	12.00-151.0
	18.00-276.0
	3.000-143.0
	3.000-41.00
	0.107-4.894
	13.00-223.0

	
	Mean ± SD
	51.7828.65
	81.8739.63
	29.8720.51
	12.726.659
	0.9000.467
	98.7948.14

	8 
	Range
	5.000-165.0
	10.00-292.0
	2.000-95.00
	1.000-30.00
	0.030-1.600
	15.00-231.0

	
	Mean ± SD
	47.6830.18
	85.9945.40
	28.9917.27
	7.6304.349
	0.5270.314
	107.048.16


[bookmark: _Hlk68702317]


[bookmark: _Hlk84940233]Tab. S6 Air quality index (AQI) classification standards and related information.
	AQI
	Level
	Status
	Impact

	0～50
	Ⅰ
	Excellent
	Basically no air pollution

	51～100
	Ⅱ
	Good
	Some pollutants may have a weak impact on a very small number of highly sensitive people

	101～150
	III
	Light pollution
	The symptoms of susceptible population were mildly aggravated

	151～200
	IV
	Moderate pollution
	Further aggravate the symptoms of susceptible population

	201～300
	V
	Heavy pollution
	The symptoms of patients with heart and lung diseases were significantly increased

	>300
	VI
	Serious pollution
	The exercise tolerance of healthy people decreased, and there were obvious strong symptoms





[bookmark: _Hlk71248552][bookmark: _Hlk84940302]Tab. S7 Correlation coefficient (R), means absolute error (MAE), root mean square error (RMSE) and index of agreement (IA) of models for simulating air mass factor concentrations.
	Model
	Air quality factor
	Training
	Test

	
	
	R
	MAE
	RMSE
	IA
	R
	MAE
	RMSE
	IA

	RF
	PM2.5
	0.8334
	12.7194
	18.2286
	0.8819
	0.8306
	14.5519
	20.5328
	0.8791

	
	PM10
	0.7644
	20.3378
	30.1396
	0.8152
	0.7347
	23.0081
	31.3089
	0.8135

	
	NO2
	0.8146
	5.0163
	6.8218
	0.8737
	0.8055
	5.858
	8.0656
	0.8589

	
	SO2
	0.6024
	2.2131
	2.9605
	0.6747
	0.6148
	2.0827
	2.8904
	0.6967

	
	CO
	0.6527
	0.1189
	0.1585
	0.7333
	0.6728
	0.1237
	0.1629
	0.7635

	
	O3
	0.8280
	20.4189
	25.4976
	0.8892
	0.8525
	21.5885
	26.8286
	0.8957

	SVM
	PM2.5
	0.9370
	7.3404
	11.5629
	0.9618
	0.8985
	10.7513
	16.0926
	0.9384

	
	PM10
	0.8815
	12.7067
	22.1886
	0.9207
	0.8197
	17.0364
	26.8445
	0.8886

	
	NO2
	0.8916
	3.5285
	5.2669
	0.9398
	0.8213
	5.6421
	7.6125
	0.8945

	
	SO2
	0.6469
	1.0283
	1.2617
	0.7313
	0.6962
	0.8519
	1.0174
	0.7331

	
	CO
	0.8192
	0.0812
	0.1212
	0.8771
	0.7934
	0.1025
	0.1366
	0.8576

	
	O3
	0.9143
	16.1610
	21.2095
	0.9355
	0.8884
	18.9604
	24.2976
	0.9252
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