W % B 3 W44 2 W

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4E 2 A 15 H

H &
2020 ~2021 4FF e ) e s i PM“fJ(,%éﬂthEE{}E"/E{M%ﬂ: ...................................................... ﬁg%, ﬁlﬁ;ﬂ’ 14} ot (593 )
ST PM, KT T T YR BT oovovesvovoresssossnsssssnes Kk, WIER, TEE, KA, HEF (602)
KBTI PM, | W G MM ILIUL - vveveeereerensseemes e BP0, TR, FEH, R BEF (611)
FATTRA PM, , TR AL 5 PRI BT +oovvoveeeemsessmmssesissess W, BEA, KE, TAR, REEX (626)
K= A I PM, 75t RIS T SRR T e SRR oo S A YA (634)
= AR PM, B LA A AR IE R oo RkE, BF, ANE, REH, HE, £F, THE (66)
AL SRS ARIRILLS PM, | SRR R AT oeevreereersrses s wW, THE, BE, TE, JBH, LK (658)
HEBOR S X A 5 SRR AL BRI AR v BILH, O, A, ML, A%, AW4 (670)
2019 ~2022 4EHCHBIS £ AR AE AP RRBORT 28 ST REIAMT vvvvvvssssvevnnvsssssnnnnsen B, REE, FEM, RTHE (680)
ALK B O, 15 B VOCs 15 JREAE B RETEHE o oveereseeesessesssicsss e, WHEW, %5, TH, T (691)
FBMTH 235 15 KT VOCs ZEAARAE BIBARAT «oeervermermermemmememinee it Tk, B, BEH, R, P, REE (699)
JIT AL PR B VOCs A2 2R “ TG P FTTRR wveveeereeeeeeemneenenenene Wk, BER, BXR, WAF, HRF, £2H (709)
KEAHIX 2017 ~2020 4R KL 23 70 5 ARG RRAR TS - ooee e BER, RWEL, REE, FAF, TR, Z8HF, T (719)
IR 23 A B 5 R HREAE DA TTAR +oeeemememsmsmnmeesccs BRFE, HRME, 27, T8, Wk, 267 (730)
BV AT OR AL BARIE KRB woeveeeeererereesnnsssses RAR, HHEM, T, AMET, BmA Ak E (740 )
RIET R R K 53 T KA PR AE B HOC F U A ) oo Gk, XFEE, BRI, AF, A%, KEE, HAMH (752)
L IR AR K TR S 7 T FE K R RS TR v v meeee oo Bk, Mk, BU, BLR, BB (761)
KTLH LR TR 2 AT BT coovseeveesnnnesees KEA, TRk, LE, APk, REH, 58 (T10)
R I S TR S ) R B T4 R VI 1 5 B BT AR BT AT o vevereemmemmenmeme st
............................................................... Gk, kA, THE, TR, £5H, S8, 2%, A, SXE&, &%, 8 (781)
LA P TR T K A B I ERHT AR BE R TR «oveerrerrermeremmemmeneenreee e ok, FHM, T, 24 (79 )
WAL AR RAEALT T K P 2RISR 5 G0 i TRAET S SR ATA ovveeeeeeeeeneees KT, Mk, T8, 2%, BE (807)
VB B ST IE ST BRI R TAPHT veveereereermermemmenee et Heg, Fhae FHRE (816)
TR YR 0 X A P BB M I MR AT BBAIR v eereesermensennen et s R BB KT, F (828)
ST ER U E W AR AU oeeeeeeeseseennmessseees EX, G, Ty, T4, T4, KK, X8 (839)
P2 TS WA K AR R RE VR SS A T 5 RDIBE B oo IH, KAM, BR, EAE, T, £ (847)
K R KON S TR S e B B SN % S YR TE R FBRA TR weveevermeereeeenten et
................................................... B KA, RRE, HRE, BRE, HTR, 2FE, 2K, HER, 2E2L (857)
I A VRS T 28 AR - J5 XA R RIB R KM oo T&, kA, K, MAX, Mgk, FHEF, TH, #k, ZWE (868 )
0;-SBBR Bk T Z TR AR HREN e T bl A AL R AK B RRE R oo oovevemeeeeeneenes FEk, WEA, WY, BR%, A, ZRH% (878)
R N REERAA MBBR RGEBUE M REERHAE R RE T AT o oeevererermseeeneneenes XA, Fa, RTE, A, HRE, 217 (889)
T2 1) RUBE ROV A PG R M DAL NPP SEIRI R TR covvmeeenmeesenmmmcsssecs RE, BZE, ALK, REE, 2B (900 )
HET MGWR 9 2] i 3 - AT HILAR 5 B AL IR R R AT oo MER, TFE, KANF, BF, 23R, 58, BE48, HEFR (912)
IR SRR R BRI LR S22 s LIHE LR LM -+eveevereeeermemmesmesmete st
........................................................................... MAKE, B, KEW, WL, REA, AT, 4K, BE (924)
REMN AT LT R TR BT vovvvvessvvvvnssssnn WU, %, WE, FR, AL, BER, FHA (932)
(R N G s e e it el e 8 475 SRR [ 9N R KEF, KEB%, TX, BFR, BOE (94)
TN T M X S R ] L R B S S E AL AR oo eeee oo
........................................................................ BT, BA, 4, Aol L, KOG, FE, BaW, TEF (954)
BAE A DR BBV BB ST FFRTF vvvveeeenensnneesne S, A, RE, BAK, A, BRE, £H (965 )
R TR ) SR ST RS B OB oo WBE, P, ARE, A, B, KA (975)
5 P HE X8 DA BRI SRS vovvvvesssssssnsn AR, ERF, B, 58, TEM, KLTF (984)
R IR BRSS9 T RS BRI BB oo G, 0k, WET, HEE, REF, D%, LEE (91)
AR AN 58 AT P2 B LR AN T BB oo #%, BT, AAH, TXH, TEH (1003)
pH B RIGEA BIAE KR L 1V AT BT A HLBERT oo sk, HAE, REE, FKE (1012)
P e ISR MR A KRB A JCHUBAM  «orvervemeemmemmnnene et TR, L, ARY, Hat (1021)
T2 R e AR — F BRI A R R TI LMITEAMHT  +veeveerereereeree ettt
................................................... IT, HEE, Bz, BRE, RIB, AL, NE, 28, ¥ Z4%, 2mH (1029)
T A 0 T A AR HE A AR 2 e B R SR AL, oo KA, BX, ®RF, Mz, KZ, B, &BXF, KR (1040)
PRI R P AR R AW I A R B RARRRAE oo e, HEE, R, WL, #ER, AEE (1051)
RIMEAL X AR5 74 TR Y BN KR IR -oeoeeeeveee BHF, BE, KE, EA%, B, 78, AL (1063)
MO, A LA R B A RSB 2 RO oo WEG, HH, B2k, #AL, #FE, TFF (1074)
FEFF IR R )38 B 2 1T S B B TR GE R AR 2SR BRI vveveeverrerserme oottt e
...................................................... Y, ERE, RES, BE, BRE, Ak, BEE, FRE, TUE, £ (1085)
T AT R REVE SR S M R ZRZERITTEAIR] v vereermeemmeereemenmenie st e, BEE (1095)
HE TR A =48 7 UK XA TH SR EITE oo HEE, B, X, BT, AF (1104)
RURBLT AT BAC TATAL AT RERRIRIT IR wooevememememeeeene KT, TR, MRE, FER, &%, £48, HAR, X1, §F (1120)
MR BAR T P E CCUS BBIUIR FEAE R LRI ceevrerremrmmmrmnii REF, ﬁ)h%, mEm, TAE (1128)
IR T T AR T BB EIIIFSTHEIE o veversenmemmetent et 4, )], 245 (1139)
L e L S wiE, B, KA, 2HE, KHEE (149)
KA B RN, O AL BEHUR GRS —oeeeeeeeseoseese s A, HIRE, Tk, AW (1163)
HEEK M A0 T 2AEBEEFT IR GMEIEAE  overeerreeeere e FHE, ANE, RET, BEE, kK (1174)
TS TR [ AL B T3 BRI R LIS v vereereereereeneeme e A LA, AT, HA, A& (1181)
T RSN Z U AR AT e DR A 5 /K AL B ARTEA SR oo X, KXHE, HA, B, BEW, K&, F& (1191)

(HEEREVIEITHE(815)  (FRIERI)IERS R0 (846) 2 H(856, 899, 1028)



K)
er_j;ﬂré In BB R = 55443 5E2M1 202342

Eco-Environmental

Knowledge Web Environmental Science Vol44,No2 Feb.,2023

KIET PM, ; iR ERS RIFUE 220053 Hr 52 F 3k

ZEEIR, EMEC, EIHHE, BRES, mhiRTE

(P IGR2EM pr, KIE 030002)

FEE . FIH 2016 ~2020 4F-KJFE V5 YW BEORE | DL B SR EEMESCG LI s 1 [ 3000 b T 5042 R, B 540 AT 17 KT P,
R AR RRAE LR R | K . KRR & 2R BE S5 S G 40T PM,, R BE BRI , RIS 3835 15 ey i AR AL i A I, 7 57
JET LSTM M2 RZ8 1) PM, ik B AR, 45 53] 2016 ~ 2020 4F A JFUHTIX A 28 A0 75 Y KRR &2, Hob 2017 4E & 2
MBLREURZ N 28 d, PM, (W E SRR BB FKA T R, B EFEWAL, R PM, MBS T TAE H B, PM, ¥ H AR LR
SR TR S | 23 ) BRAE 0900 Z545 123 .00 EHH 01;00. BRAERHEE ML TSRS, HAS LB S PM,  HE L2
FIRBA AR S, 2 A F T X PM,, v BE T A9 75 Ye i 2 2207 T H NE-ENE-E J7 [], P86 4 XA AR X AR B 2. 0T 2435 5]
R (B 7K =10 mm) DL RO A BEKERXT PM,, e B REAICA B B AICR . RAUR G 2 M BRI+ PM, 763 5 [0 A9 HOR
P e AR A A & 200 PG b 1 S5, AR R, M i Ak F o R IR A R R EE R, 8 TR PM, MR BE AR 2805 R
FH LSTM A BU A PM, VR EETRINAY R 53k 0. 95, 0 0 T oM AR R o Ml AR5 (R® <0. 60) , TN 4% %%%Eéﬁmu
O3 o 84, 29% TRINEE R A4 3R ZE(RT 20 pgem BRI A MAE . MAPE £ RMSE 434120 38. 17, 17. 19% 1.20. 6.

KHER KAGHHEIZAZE MY (LSTM) 5 SR ; L84 5 PM, R T4R; IIME RS, KR ] — "
FESES. X513 XEHIRIZG. A XEHRS: 0250- 3%01(2023)02 0611-15 DOI: 10. 13227/] hjkx. 202203040 ; B

Meteorological Characteristics, u,-Inﬂuence Analysis” and Predlctlon of PM 2

Concentration/in, Taiyuan City | = -~ Vo .
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Abstract : Based on lhe pollutant concentration data of Taiyttan Clty Trom 20160 2020 and the surface meteorolqu cal data of lhe national benchmark meteorologieal obseryation

station.in the same|period, the variation characteristics of PMZ 5 fconcertfation in Taiyuan City and the effects of meteorological conditions such as humidity, prempifatlon

(Shan;u Pravince Instltufe of Meleorologlml Science, Talvua:p-O?)

wmd and miying layer thicktiess on PM, 5 concentration \Jwre analyzed. [At the same time,, the causes of pollutant concentration changes were discussed, and the PM,
conieentration’ predi¢tion, model baséd™on the LSTM neural nefwork ias stablished:” The tesults showed that the number of days of heavy pollution in Taiyuan Gity from 2016 to
2020 was the highest'in winter, of which the maximum number of days in __2()L7~'was 28 days. The PM,  concentration was generally high in autumn and winter and low in
spring and sammer. The PM, ; concentration on weekends was higher than that on weekdays. The daily variation in PM, ; concentration roughly presented a bimodal
distribution’, which appeared around 09:00 and 23:00 to 0100 the following day. Except for relative humidity and winter temperature, other air pressure, wind speed, and
PM concentration showed negative correlations in the four seasons. The pollution sources affecting the increase in PM, 5 concentration in Taiyuan City were mainly located in
the NE-ENE-E direction, and the pollution in the northwest was not relatively apparent. In flood season, when the precipitation reached the level of moderate rain (rainfall=
10 mm) , it had an obvious effect on the reduction of PM, 5 concentration. The increase in atmospheric mixing layer height was very beneficial to the diffusion and dilution of
PM, . in the vertical direction. The strong northwest air flow in winter, low relative humidity, high pressure control on the ground, and high height of the mixing layer
helonged to the cluster most conducive to the reduction in PM, 5 concentration. Using the LSTM model for modeling, the R* of PM, 4 concentration prediction was as high as
0.95, which was significantly better than that of the traditional tree model and linear regression model (R* <0.60). The residual of the prediction results was close to the
normal distribution, of which the absolute error of 84. 2% prediction results was less than 20 pg+m >, and the MAE, MAPE , and RMSE of the model were 38. 17, 17. 19%,
and 20. 6, respectively.

Key words: long short term memory(LSTM) ; meteorological characteristics; machine learning; PM, s concentration; forecast; k-means clustering; Taiyuan
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A 2016 4F 2017 4F 2018 4F 2019 4F 2020 4 W
k= 44.98 +50.59 45.63 £47.96 42.34 £39.22 38.46 £35.00 39.06 +33. 64 42.09 +41.28
[E 3 60.95 +54.72 58.32 +50.0 56.24 +43.57 55.95 +46. 05 48.13 +41.90 55.92 +47.25
1535 59.92 +57.87 67.39 +60. 68 59.93 +45.76 55.24 +46. 19 55.57 +47.19 59.61 £51.54
/NE 72.50 £72.98 67.15 £61.55 61.66 £49.94 58. 48 £50. 43 60. 58 +54. 17 64.07 £57.81

RELE] 66. 09 +£63.22 67.25 £55. 65 59.55 +£47.57 52.38 £43.84 50.92 +44.46 59. 24 +50.95
B — — — 56.76 +45.01 54.05 +41.13 65.27 +57.74
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M b 66.57 £72.22 70.23 £66. 98 60. 11 +44.31 53.47 £45.56 51.29 +44.39 60. 63 £56. 13
£ 72.26 £69. 24 68. 43 +68. 46 60.69 +£52.71 56. 45 £50. 02 55.45 +£48.02 57.44 +£51. 84
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Table 5 Cluster mean analysis of meteorological elements affecting PM, 5 concentration
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Table 6 Evaluation of PM, 5 prediction results of four models

" s B
B oL KNN SVR Lasso LSTM
Y/ wg-m 3 60. 52 58.75 51.07 61.34 60.79
I/ wgom 3 47.56 50.73 47.40 52.94 48. 48
25% S B/ g m 3 28.75 37.45 38.24 36.77 27.51
75% 53 %/ g m 3 76. 50 68.20 59.56 74.75 73. 40
FrifE o 47.96 34.91 18. 65 37.78 46. 15
FE w22/ pg-m 3 -1.77 -7.68 10.27 0.27
25% S B 22/ g+ m 3 3.17 -3.33 5.54 0.92
75% S KU 2/ g - m 3 8.7 0.79 -1.47 -1.24
Y i 2% (RMSE) 30. 65 37.08 26. 74 20. 60
T Xt iR 2 (MAE) 47.59 45.06 41.38 38. 17
TN E A iR 2E (MAPE ) /% 20.75 22.34 18. 11 17.19
PE RB(R?) 0.59 0.40 0. 68 0.95
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