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Contrlbutlon Assessment” of Meteorology COIldlthIliS and Emlssmn Change for
Air Quallty Improvement m Beijing During 2014- 2017

YIN,.,XlaQ mei' 2 “LI Zi-ming’ XIONG Ya—_]nnz* QIAO Lin®, QIU Yu-lu™ 3 SUN Zhdo-bin', KOU Xing-xia'
(1. Instltute of U'!'ban Meteorology, Chinese Meteorofoglcfﬂ Ad-rmnlstratlon Beijing 100089, China; 2. Env1ronmental Meteorology
Forecast Center of Beijing-Tianjin-Hebei, Beijing 100089 Chma 3. Key Laboratory of Atmospheric Chemistry, China Meteorological
Admlnlstrdtlon, Beijing 100081, China)

Abstract: During 2014-2017, the number of haze days and air pollution days declined year by year obviously in Beijing. The average
mass concentrations of PM, ., PM,;, SO,, and NO,also decreased with the alleviated pollution level. These decreases were more
obvious during the heating period, especially in November and December. In order to analyze the reasons for the improvement of air
quality, changes of the meteorological factors and emission-reduction have been discussed and quantified in this study. This work was
based on the numerical simulation model WRF-CHEM and the large data mining technologies of k-nearest neighbor (KNN) and support
vector machines (SVM). Meteorological observations indicated that the mean wind speed of 2017 increased by 7.9% compared with
the last three years. The frequency of hourly wind speed higher than 3.4 m-+s™'was the highest (10.6% ), and frequency of daily
relative humidity higher than 70% was lowest (25.1% ), in 2017. Meanwhile, the number of low wind days ( daily wind speed lower
than 2 m+s™") , environmental capacity, ventilation index, and height of the boundary layer showed that the diffusion conditions were
better in the heating period of 2017 than those of 2014 ~2016, especially in November and December. The accumulated precipitation
during the non-heating period was 558.3 mm in 2017, which is conducive to pollutant removal and wet deposition. Inter-annual
changes of meteorological conditions are important to the air quality. A simulation for December 1 ~19 by WRF-CHEM during 2014-
2017 was performed, and the results demonstrated that changes of meteorological conditions led to a reduction of the PM,
concentration of 2017 by 5% , 38% , and 25% compared with that of 2014-2016, respectively. However, it was not possible to
quantify the specific contributions of meteorology conditions because of the lack of real emission reduction options. The KNN and SVM
models are applied in this study based on the observed meteorology factors, haze days, and pollution days, and it was found that for the
reduced haze days and heavy pollution days in 2017, 65.0% could be attributed to emission reduction and 35.0% was caused by
improvement of the meteorological conditions.

Key words: air pollution; meteorological conditions; emission; K-nearest neighbor ( KNN); support vector machines ( SVM ) ;

contribution
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Fig. 1 Spatial distribution of haze days
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Fig. 3 Monthly concentrations of PM, 5, PM,,, NO,, and SO, in Beijing during 2014-2017
F2 2014 ~2017 EMK AN A LEIHE /d
Table 2 Number of low wind days during 2014-2017/d
Ay 1A 2 A 3AH 4 A 5H 6 H 7H 8 H 9 A 10H 1A 128 REH AEREY
2014 20 22 10 14 5 20 20 23 27 26 23 14 89 135
2015 20 13 12 6 7 12 18 22 26 19 24 24 93 110
2016 17 10 12 7 4 14 22 23 24 21 22 23 84 115
2017 20 16 9 8 10 17 23 21 23 27 17 19 81 129

1) JEECRBEM A EAER 1 ~3 AM 11 ~12 H; H¥KHE<2 m-s™!

D13.5% , 12016 FRIAMZ 15.4% ; 11 ~12 H
36 d, #2015 ~2016 4[4 3180 25. 0%
20.0% , A UL 2017 4FRi44 (11 ~12 A ) KEKFEY-
WA AL AN, 2017 4E 11 ~ 12 A/MXUH %
552014 AERARFEF, H5 54 1 2014 45 W 5 28 i,
XAl 5 2017 AFWCHEIE AR G, e A HEER
LA W

b5t 20wl X XU o A 45 R ok, 2014 ~
2017 A RGHREAR T R B IEIMASH. For ) X ik
(EJE , JHIR, A s, B a0 RY% MR E)2017
AEXE L E N 1.94 m-s™", Bk 2 3a 4 918G
20.2% . 1.0% F1 2. 4% . T Ho T R I8 3 R U
(=3.4 mes™" B, PM, (9 ERE 0K B SR, V5
PIREERFAR . ik, GEiT THRIX 3 =3.4 m-s ' X
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(10.6% ), 2014 ~2015 4EAN 2 8% 5 REEHAN =3. 4
m-s ' KGR UATITE 2017 458K (14.3% ), H 2015
SRR R 3. 3% . i, 1~ 3 B R Bl AE
2016 4F, HIH 2017 4%, PIEHE 2014 4 [ 53 5 i

8. 7% M4.3% ; 11 ~12 H=3.4 m-s ™' KEFRLE
2017 F12014 @/\”U;@ 15. 8% M1 14. 1% , 2015 ~2016
ERE T% . G5k, 2017 Eﬁiﬂsﬁﬂl_ﬂﬁlﬁﬁfﬁ
W, JUHUE 11 ~ 12 H 5 R X A9 4 v B 34
X5 Y B .

#3 EEEX 2014 ~2017 E£/NXE=3.4 m-s T SUREITER /%

Table 3 Percentage of hourly wind speed =3.4 m-s

= in Beijing during 2014-2017/%

O 44 R R 1~3f1 11~12 H
2014 7.7 11.1 5.3 9.0 14.1
2015 7.9 9.4 6.9 11. 4 6.2
2016 10. 4 13.3 8.4 17.7 6.7
2017 10.6 14. 3 8.0 13.3 15. 8
Bl 4 (a) 25 1T 050 X5 A0 X8 B =5 ] 40 A3 12017 4F BFFEK 24390 A 652.7 mm F1 558.3

2014 ~2017 4F B 217 Sk V8 — 1 A6 0 B I {E v
O, ALEFRRE A JES ., AREEh . R AR X
MRRERE . 2014 1 2017 AF3k X — 7 18 37 5 AH X
BE B RAKT 2015 ~2016 4F. & 4 (b) A RERMAFNE
SR 45 3l 1 - YA T SR AR AR A, SR B SR %o
MREEAR T AR, Forh ) SR I 25l a5 A Yo 1 32
1E2015 4F 5, 2017 4FIRAE. 1 ~3 11, 2014 445
P SARRHIRE 49 40% ~55% | 1fii 2015 & 2016 ’ﬁafﬁ
el T I i B S T e
F35%; 11/~ 12 H, 25 s UOHR 1 JE #E 20140 il
2047 4K T 50%,, % 2015 ~ 2016 ¢I’Jﬂ;ﬁ1ﬁﬂié’1
109" ~20% | é/ﬁr“i-*i 70% VA L1ty ?m/ﬁﬂxﬁ
%wmﬁkAﬁﬁm@ﬁﬁﬁlmﬁﬁimWME

w5 AR X 3 HEAT 4R 3T, 2014 A1 2017 4F 70%
LJUE&F;E H 500 90 5 4R 24. 7% F125.1% , 55
2015 ~2016 4EAw MK 1. 6% ~4.3% ; o HAE R BRI,
2017 4F 70% LA FIRE H AR B AR, 1R 9.8% , %
2015 Fm ik 19. 7% .
2.2.2 ZEEFRIEFEEL

2014 AP R AATRE S Hé’zﬂt%nl_ﬂ/%%&f&
THAL 3 a, 2015 ~2016 FH X (K 5). %
it W%ﬁﬁ%?‘éﬁ%ﬂﬁ)ﬂ%%ﬁ%%ﬁ%%iﬁiﬁﬁ
e, 2017 AEMAFE R 25 3 a SF N 119% A2
A, RIS YL X E A B P KRS G 25 0

e A TR TE; Hodb, 1 ~3 H 2015 4EH12017 4E 7

MEEEETE, [ 2016 4E R WAC 11% ~ 12%
kb 2014 4F[A) 3] 200 =5 16% , 26 B 2014, 2015 F
2017 4EAF)IRA AR R 1 Fid K E H AT 55, 51
A 30T R 95 YL SRR 5 11 ~ 12 A KA AR5 5L
FIE XU ZR B KRB AR 2017 4F, 5 2015 4E [A) 40
L, 2017 40 A48 50t = 54. 1% F1 54.8% . dE
KRB IR B R B AR M, BRI T KRR
XI5 Yy 0 AR B R 2 RE . (BEESRE A 2016

mm, 5T 2014 41 2015 4 (%) 400 ~ 450
mm) , MEHFKARTHERYER.
SUR =Y 8 A IR %ﬁﬁﬁﬁﬂ’]%ﬁﬁﬁn{m
. 6 BERA LﬁEmf“WJcﬂﬁaﬂﬁjr?ﬁu “th &l
Tﬁﬂﬁﬁiﬂj{aiﬁﬁcd K21, 2014r-2017
Ejtmjif' = ;@i“ﬁu*% i*imj_ﬁéﬁ 3.2%
a . Hpf 1 ~¥ 017 E@E%Emr“jvl?ns 7
m, % 2014 @l@ﬁ;ﬁﬂm 40.7% , {5 H 201574 Fi-
2016 4E AR RIS 2, 3% 3. 3% , 5IRHTTLE B
rhmmwmﬁrﬁﬁﬁf H%Tﬁmﬁﬁﬁﬁ
(9 BLBE J3s 10~ 12 F 2017 45539310 5 )20 i

#1718 m, th 2014 ~ 20164 Tt 7. 4% ~47.8%.

JER BRI A LA T 25 5, 2014 ~2016 4F
g, (12017 FREFEMTLL3 a [, JoH
ET~8 HM10 A, X5RIBEEZEERM, &
VST YD
2.2.3  RGEMEUGERT A SR RS IR
e KAWL B R KA B A 1
I xfzs mﬁiiﬁz%miﬁk}; 3 F WRF-CHEM X%}
2014 ~2017 AESRUG5 Y R Z KM 12 H
PEATRLIL. TR 7 S PM, o b e A 40 235 S 55 UL )
fHAYXTEE . 2014 4 12 A A12017 4F 12 A KA H#L
ZAEARXS B, AT P, e R A A R A i ok I
E’J@%U LA — 8, (ARLHIEE Rk m, HER
BOAE0.90, @it 0. 01 B F KR, ARt
2015 ~2016 4 PM, ¢ i & ik B H 3 {5 155 90 48 4
{H7E 2016 FREHBI_FAFFEMR 2, AHE R 5 3
0.9 #10.7. MHFEHEBOE B AREEM . A
ZEIRHE T SR, 2017 4R 55325 3 a i PM, W
JE2E N 8 iR m%ﬂ%@%%’%ﬁt 2017 4 12
H PM, | B v B S H{E 48 2014 2015 12016 4F
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Fig. 5 Atmospheric environmental capacity and ventilation coefficient in Beijing during 2014-2017
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2.3 ) AR B ST wﬁkxﬁu g H 72, KNN TP, 2 R
,ﬁ’J P e O FERE R RS F 2017 4F I G AT 33K
2.3.1 'KNK 1 SVMUBERL g H B’Jﬁﬁ; 2017 AR H A 24 d; R 2 A3 IR RS S

J:;;E%*% Be 28 S G A PE I B s RIS e RPEARARI, HERCE: 1075 1 TS B 2017 4F 5 H
(PM, e Efﬂl’]ﬂ’] HALGE R, AR RS 29 d; B 1 M3 2R R HER 8> F S
FHERCSCE Y TTER . IR KNN R SVM BERLEAL RAAMRE R EER T, 2017 F8 HEGE 25 4 a
P B AR %ﬂn? FIF 2013 ~2016 S-S 50 fge mluek/b 53 d, B 2017 4R/ 53 58 H 24529
HE S s, 25T KNN FT SVM #EATRUIRSR AN5E H (54.7% ) 2 HES R 1, 2924 M5 H
TE. YRS R R e, RACA I U RE (45.3% ) HPN R AR, [WFE 3 ﬁ*‘fiﬁiﬁ%
BUFHBUTHEC 2013 ~ 2016 AFLPRAE AR EET SVM SN BIRLE T TR 56 Ml AR, 25 2R
W ZJa, T 2017 LR R ARl sE H 7N, 2017 AR 53 N 5E H R, 4 36 /l\(z’a
B, BRI RAE T 2013 ~2016 FERHECGME 67.9%) I3 R F AN HER STk, 249 17 (Y
2017 4R KRG R 32.1% ) G AR VER.

3FPEAN R R E R 4. R 1 FRLL2013 2.3.2  KNN Fl SVM BRI 25 < 8 75 44 H i PEAL
~2016 FHHEOM ARG i 5, A PEASN 4
125 d; 15 2 O HERC ARG &= 1, R E 552,31 45 gE H B SRS E EL, R 2013
BN 2017 4, 2017 AFERELISE H 101 d; 1503 K ARG B A 15 9 H AR Sk I 2R A i
JRAE 2017 ARSEBRHEBCFI R R &M 50T, 2017 4F BRREEURE IR A B — 28 SR 90 7 i (B — N HEAR

®4 3% I%E'F KNN #1 SVM #2839 7R H BT 45 R
Table 4  Assessment results for haze days in three situations by KNN and SVM models

b F A ML 55 HEYd
HEWCERA TERHMN KNN F5 15 SVM 5%
1 2013 ~2016 4FHER S 2013 ~2016 4ES G 51 125 125
2 2013 ~2016 4FHER S 2017 R G4 101 108

3 2017 A 2017 S G4 72 72
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1 SVM 43 513k %] 85% F1 83% ), BN WM T
2013 4F 9 5 45 00 A HE Y S, 4k mi ) 2014 ~
2017 AFRYBAUSE A & T 2013 AR HEE B
BAAE 3 (5 55 . BRI 25 51 5 S B & 2B )
1Y AT XL, A4 B AR M HE O R G 0

155 H R ASRIVER , 25 R 0L3% 5. 20K 2017 4F
52013 FFEAHLE, AT WA AHERCEE R S S s
YeH g/ 35 d, KNN 5 SVM B A% ik S 5
Y5 H B 12 d(34.3% ) #1110 d(28.6% ) ,
WU Ay sk HE 00 4 4930 Sk 23 d(65.7% ) A 25 d
(71.4% ), B 2017 Fg/ DB Y HH, AR
HEFN G 2% 11 238 19 BT Bk R 43 1 o 68. 6% FiI
31.4%.

RS 2013 ~2017 EMMHIETREHR KNN # SVM REVELE R
Table 5 Assessment results for heavy pollution days simulated by KNN and SVM models

GV Sebr g H A/ d KNN BRI H %/ d SVM RSB H %i/d
2013 58 58 58
2014 47 54 48
2015 46 57 64
2016 39 40 53
2017 23 46 48
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