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Abstract: Based on the equation of atmospheric pollutant mass conservation, the meteorological factors
which affect air pollution are constructed and daily increment of air quality index (AQI) is taken as the ob-
ject to quantitatively classify the air pollution potential. The atmospheric circulation background is divided
into cold, mixed and warm-air circulations in autumn and winter by the Q-type cluster analysis method.
Then the meteorological factor and its thresholds for distinguishing three types of atmospheric circulation
are studied. Based on autumn-winter atmospheric data during 2017—2019, the five-grade prediction mod-
els of pollution potential are established, and the discriminant accuracies are 80. 0%, 71.0% and 74. 7%
for cold, mixed and warm-air circulations respectively by the use of the Bayes discriminant analysis meth-
od. The mean accuracy of three air types reaches 75.2%. When the five-grade prediction models of pollu-
tion potential are tested with autumn-winter atmospheric data during 2015—2017, the mean accuracy of
the three air types can reach 63. 6%. Through comparison of atmospheric self-purification index (ASI) and
the results from the five-grade prediction models of pollution potential with daily increment of AQI in au-
tumn and winter from 2019 to 2021, the five-grade prediction models of pollution potential discriminant re-

sults are more consistent with the daily increment trend of AQI than ASI, and the correlation coefficient
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exceeds 0. 67. The correct times of the five-grade prediction models of pollution potential for extremely fa-

vorable and extremely unfavorable pollutant diffusions are significantly more than by AQI.

Key words: atmospheric classification, air pollution potential, prediction model, data mining technology
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Fig. 1 Vertical distributions of temperature

change and pressure for three atmospheric
types in Xingtai during autumn and

winter from 2017 to 2019
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Fig. 2 The case proportions of AT, ,<<0
for three atmospheric types in Xingtai during
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Fig. 3 Frequency and probability distribution
of AT, factor for three atmospheric types
in Xingtai during autumn and

winter from 2017 to 2019
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Table 1 Reference table of atmospheric factor symbols for convection diffusion and wet depositions
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Table 2 Reference table of atmospheric factor symbols for advection and turbulent diffusion
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IRk T 7 )25 ‘
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Table 3 Reference table of atmospheric factor symbols for factor symbols in surface
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Fig. 4 Frequency distribution of AQI daily
increment in Xingtai during autumn and

winter from 2015 to 2019
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Table 4 Five grades of air pollution potential
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292. 146 X55 — 276. 66X, -+ 79. 364 X

P, =—59.405+1.44X, —0.75X, +0.56 X, +
6.435X, +0.057X, +0.019X; — 0. 076X, —
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26.816X,, —50. 867X, —10. 223X,; — 8. 168X,; —
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154. 69X, + 32.032X,; — 163. 631X, — 52. 518X,; +
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Table 5 Five grades discriminant function of pollution potential for cold air type

AT A2 i i 1% 2% 3% 4 %% 5 4
Apay X1 1.570 1. 438 1. 232 1. 587 2.219
ATy X —0.611 —0.750 —0.475 —0. 225 1.136

rh X3 0. 547 0.558 0.533 0. 580 0. 391

fs X, 5. 886 6. 435 5.618 5.475 3.353
Vo2 Xs 0. 064 0. 057 0.045 0. 064 0.078
VEios X 0.027 0.019 0.02 0.026 0
Ve X7 —0.085 —0.076 —0. 064 —0.090 —0.099
V202 Xy —0.055 —0.05 —0.039 —0.055 —0.067
V208 X0 —0.031 —0.023 —0.023 —0.030 —0.007
Ve Xn 0. 090 0.08 0.068 0.095 0.101
Trio2 X2 11.545 11.322 4.901 8.999 39.136
Trios X3 24.352 26. 816 29.293 31. 485 10. 229
Trin Xu —48.602 —50. 867 —44. 598 —51. 804 —63.095
Tra02 X5 —9.236 —10. 223 —12.488 —10. 711 —19. 838
Traos X6 —11.778 —8.168 —5.910 —4.901 —24.892
Tro14 Xi7 —18. 647 —20.104 —15.585 —18. 594 3.473
VR®ioz X1 113.96 102. 322 80. 267 106. 541 122.395
VRios X9 74.001 57.353 53.149 76.409 28.08
VRt X0 —211.39 —190. 612 —157. 361 —224. 287 —239.453
VRe02 X2 169. 279 154. 690 125. 881 176. 865 188.553
Vraos X3 47.454 32.032 33. 865 40. 092 —10. 007
Viroia X —184.127 —163.631 —137. 354 —195.532 —210.011
Wi Xos —64. 508 —52.518 —57.870 —72.354 7.676
@1000 X6 292. 146 260. 469 230.189 249. 041 246.443
w925 Xo7 —276. 660 —231.071 —164. 605 —170. 643 —277.510
@850 Xos 79. 364 58. 711 27.415 36. 046 85.526

R —64.292 —59. 405 —51.758 —64. 256 —65.768

x6 RERS,BEBHEEE
Table 6 Same as Table S, but for mixed air type

ARk R T4 5 A5 G S 14 2% 3% 49 5%
ATy, X, 0.430 0.437 0. 597 0.741 1. 031
rh X3 0.524 0.553 0.541 0.541 0. 560
fs Xy 6.590 6. 340 6.208 6.898 5.058
VEtos Xs 0.009 0.008 0.009 0.009 0.009
V2o Xs 0.011 0.010 0.011 0.011 0.010
V202 Xy 0. 007 0.008 0.008 0. 007 0. 006
V214 Xn —0.018 —0.015 —0.018 —0.017 —0.016
Trioz X1z —21.745 —23. 460 —25.537 —26.613 —34. 488
Trios X1 14. 641 16. 468 19.199 21.001 29.377
Troo2 Xis —21.097 —21.214 —22.573 —20. 780 —18. 405
Traos X6 2.160 4.081 4.182 4.517 —0.342
Tro14 X7 6.112 1.528 3.217 4,492 7.484
Vkioz X —12. 879 —18.565 —19. 349 —19.921 —17.612
VR®ios X9 —11.530 —12.555 —11.737 —11.113 —12.573
VRrin X0 49. 365 42.562 51. 237 51. 201 49. 045
Vra20s Xos —9.540 —11.03 —9.000 —8.223 —5.428
VRe14 X 57.610 51.459 56. 604 54.727 50. 149
Wi X5 —39. 443 —52. 560 —44. 059 —52. 265 —40. 142
@1000 X6 169. 159 156.023 115. 224 141.775 75.431
w925 X7 —100. 697 —89.713 —59.584 —78.901 —12.873

¢
<

—45. 264 —49. 302 —44. 399 —45.588 —46. 956
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Table 7 Same as Table 5, but for warm air type
A R TR AR A i 14 2 % 3% 44 5 2%

Apay X 0.327 0.195 —0.085 0.017 —0.143
ATy X 1.137 1.042 0.782 0. 950 0. 858

rh X3 0.523 0. 455 0.417 0. 446 0. 464

fs Xy 8.290 5.067 7.353 6.943 5. 637
VEioz X5 0.020 0.019 0.019 0.020 0.019
VE108 X —4.58X10°° 0. 000 0.001 7.6X10°° 0.001
Vi X —0.001 0. 002 0.001 0.001 0.001
V202 Xy —0.012 —0.012 —0.015 —0.015 —0.013
Trioz X1z —22.681 —36. 564 —37.418 —36. 836 —39.574
Trios X1 16. 088 22.316 27.232 27.510 27.107
Triis X4 5.775 8.620 —0.573 0. 381 4.061
Trao2 X5 —16.996 —8.058 —23.245 —18.938 —12.290
Traos X6 21.002 3.993 15.150 12. 843 8. 783
VRkioz X 32.977 25. 345 29. 852 30. 648 27.804
Vit X0 —17.03 —3.309 —5.120 —7.058 —9.156
VRrizo X1 10. 537 3.989 5.475 6.079 8.2
Vraoz X 49. 650 44,713 41. 259 45.031 40. 797
V'r208 X3 —11. 828 —5.754 —6.013 —7.824 —7.019
Virows X4 —0. 540 2.078 7.375 6.913 7.505
Wi Xos 6.326 —32.471 —6.804 —16. 775 —11.999
@1000 X6 41.698 105. 327 123. 208 104. 036 140. 788
@925 X7 38. 826 19. 556 —181. 341 —110. 130 —157.027
@850 Xog —33. 859 —56.697 114. 497 66. 265 78.047

AR —52.297 —44.061 —41. 398 —39. 853 —43. 337
Py =—51.758 + 1. 232X, —0.475X, + PR AN G E AR 75,200 Horp ¥ a8 AR 0N AR

0. 533X, +5. 618X, +0.045X; +0. 02X; —0. 064 X; —
0.039X, —0.023X,, + 0. 068X, +4.901X,, +
29.293X1; —44.598X, —12.488X; —5. 91X —
15. 585X, +80. 267X, +53. 149X,y — 157. 361X, +
125. 881X, +33. 865X, — 137, 354X,, —57. 87X, +
230. 189X, — 164. 605X, + 27. 415X 55

P, =—64.256+1. 587X, —0. 225X, +0. 58X, +
5.475X, +0.064X; +0.03X; —0.09X; —
0.055X, —0.03X,, +0.095X,;, +8.999X,, +
31.485X,; —51.804X,, —10.711X,; —4.901X,5 —
18.594X,; +106. 541X,5s +76. 41X, — 224, 287X, +
176. 865X, +40. 092X,; —195. 532X, —72. 354 X,; +
249.041X,5 — 170. 643X, + 36. 046 X5

P; =—65.768+2.219X, +1.136X, +
0.391X; + 3.353X, +0.078X; —0.099X; —
0.067X, —0.007X,, +0.101X,, +39.136X,, +
10. 229X,; —63. 095X, —19. 838X,; —24. 892X 5 +
3.473X; +122. 395X 5 +28. 08Xy —239. 453X, +
188. 553X, — 10.007X,; — 210. 011X, + 7. 676X, +
246. 443X — 277.51X5; + 85. 526 X35

A 55 R R Ao B B A B A RS R

RUFIBE R RN 80. 0% IR BRI 71. 0%, g 25 <,
Iy 74. 7%,

5 oS A T A BB K 56

5.1 #EMTHRIE

R TRy 7 A 36 3 2 T 4 3] 4 A A5 30 1 ) 531 o K
RORVEHA I 2 WA R0 7 i . 418 2015—2016 47K
a7 HRZ U A TR g, T A4 )
I R B (P, Py s Py o Pyy P B RN MRS Bayes
S 90 ) R ST A R AR 3R T X6 L 5 ) SRR 8 e
s BV T 2 0 . AT Y w0 2 ) 5 S bR
AQI H s g i HEA7 X H, B2 50 5 AQI H 3% &
O — BRI o0 IE A, I DE AR H AR SRR B
HECH A 40 bL BRI A W00 OE 8 2%, & 8 A 2015—
2016 AERk VAT G 15 e v B A4 LTI OE ) 2R
B = ZE R T AR R AR 45 S A TS Y T A
I 1 A R AT AE 22 90 5 45 45 G IE i SRR 43 A B
BHAR—F, FOX AU FIEH RS M) = H M e
I, IE AR AE 8020 L b s Hk R B % A T KA i5 e
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I T — AR & AR TP BN g AT A
FOEHH R 35 64, 806 R 59. 106, 2 T 452 744 X
2015—2016 4FFk 2 I G 5 YL T8 9 1070 P 23

FIERHAE 63. 606 BRI T K% ¥ e 4 11 3
& Y HE

T8 20152016 FH EEMATLEBEENRRNERE (B4L:%)

Table 8 Five grades prediction accuracy of air pollution potential during autumn and winter from 2015 to 2016 (unit: %)

0,

14 2% 3 44 54 LA IR
B 69. 6 58. 8 81.6 33.3 100.0 70. 6
BA A 54.5 33.3 83.9 29.4 75.0 56. 1
R xS S 66.7 50.0 80.5 68.5 52.9 64.5
F L ORES 64. 8 45.2 82. 2 57.1 59.1 63.6

5.2 5EXSB&RENIEHTN L 55

5.2.1 KRAABFRABEALFEX S

KA H GEE TR BUCASD &0 -3 KR4 4%
72 TR IR TR B B ) & KRB B XS e
T AR B A R R KO s e ) R T BRVE T . AR
R (2018) 42 1y AST i+ . i EIE A
2019—2021 4EFk & 219 ASI,

TR T I A T ) ) 25 B L R R R
AST R 53 0y TLRFAT VR . AST TR 3R I B A%
K (DASTH: 2.5 ted o km 21 4.1 t«d ! e
k2 PN BRAE 40 A0 R — i =S PE SR (4
S 5 SRR bR AL R 25 51 25, 20200, (2)
M8 R % % (2018) Xt AST BIBFE. 24 ASTAET 1. 4
ted ' e km P T HEHEE ML X A S B AQI 35 #)
200 s R IS L E G (D454 AST 5 AQI
Higg gt obr. 4 ASIET 0.4 t+d '« km*

£9 ASIEMELE
Table 9 Evaluation grads of ASI

ASI/(t+d™! « km %) E i g
ASI>4.1 1 e T4 1
2.5<CASI<4.1 2 T4 L
1. 4<<ASI<2.5 3 LR
0.4<<ASI<1.4 4 AFFH 18
ASI<0. 4 5 A F T 91

it AQI H 38578 80 LA I, AST 11443 2% 15 (B Fl %5 2 4
WILFE 9. AST 40 0 A 95 AST A G R ECH
—0.915(£ 10) .3l 3t T «=0. 01 BFEHIK LK. 3
AZ 105 R A I s AR 2 KA B BE I FR 2L
5.2.2 RABRBEABHFTFTEELRL>BRTAN
paae

X 2019—2021 SR A FGZE H AQL H 3
i AST FIG Y 4 43 G55 WO E AT T ORLAE i AH
KA (R 1O, UFEFAQI HI R HAr g5
AQI HIG AR N 0. 947, %] AQI H & 10
BRI M AR R ST W B BT HLEE J1 . ASI
FA%S AQL HHE i CAQIL H 34 i 143 G A1
¥ ASL ULHH AST 40 G AE W KA HURE 11 i
iR LT AST 5 Qi 8 1 il 5 AQI H 3
HLOAQI H 38 A A e 3 5 R 0. 676 A
0.679, 8 @ T ASIFl ASI L 40Z% . BART5 Ye i
R4y OB R T 45 R T ASIL

B 5k 20194F 12 4 1 HE 2020 4E 2 J1 29 H
MEZEH AQL H 1S5 G g 5Ll AST %40 5 Y i
PG TG T TG e R I H AR I B R
PR EE (2020 41 H 24 HE 2 A 29 H),AQI H 3
HERTEEHEES U AQL H i & £ 27
RAGA W 5, 5 Yo 4 HE R ek 0 L5 ) R K 5 A5 AR
PS5 G A5 95 AQIL H 34 & R AR L
PR B e A — b W B 0 T AST S s AR R X

Fz 10 2019—2021 £ . L Z=ME R R TN L R B H K MES

Table 10 The correlation coefficients in different forecasts

in Xingtai during autumn and winter from 2019 to 2021

AQI H & AQI H & A5 % ASI ASI 54
AQI H & 5y 9% 0.947
ASI —0. 436 —0.383
ASI HL 44 0. 469 0.422 —0.915
REE R 0.676 0.679 —0.396 0. 398
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Fig. 5 Time series of AQI daily increment, ASI and model prediction grads

in Xingtai from 1 December 2019 to 29 February 2020
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6 g e

I 28T N TR 42 8 B AR B 58 R R Y v A4y
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