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Abstract: The influence of meteorological conditions on the pollution processes was investigated in this study by analyzing the
changes of air quality as well as the characteristics of two persistent heavy pollution episodes during the Coronavirus Disease 2019
(COVID-19) prevention (January 24 to February 29) of 2020 winter compared with the same period of 2015~2019. Cold air intensity
in 2020 winter was weaker with the cold surges frequency decreased by 50%. Air temperature was 0.73°C higher, and wind speed
and mixed layer height were 17.8% and 32.5% lower, respectively. Relative humidity and dew point temperature increased by 60.9%
and 48.1%, respectively. Northerly wind frequency reduced 7.5% while both of southerly and easterly wind increased 6.0%. As
shown above, all meteorological conditions in 2020 winter were significantly more favorable for air pollution than the same
historical period. Moreover, two heavy pollution episodes (January 24~29 and February 8~14) lasted for 59 and 75 hours were
analyzed. At the cumulative stage, regional transport that can be divided into east and south channel greatly affected PM, 5 with the
contribution of 70% and 58% for two episodes. By contrast, the contribution of local pollution was 67% and 48%, respectively,
indicating the increased proportion of hygroscopic growth and secondary generation in the maintenance and aggravation stages.
Under the meteorological background of “high humidity and high atmospheric stability”, the combined effects of atmospheric
vertical dynamics and horizontal convergence accumulated PM,s and water vapor in Beijing plain and prevented them from
spreading beyond the boundary layer. Further bidirectional feedback between increased pollutants and meteorological factors in
stable boundary layer resulting in aggravation of pollution. According to EMI index, meteorological conditions during the epidemic
prevention in 2020 winter caused an increase of 70.1% in PM,5 concentration compared to pre-COVID-19. Emissions reduction
caused by emergency measures for COVID-19lockdown offset 53% of the adverse impact induced by meteorological conditions. As
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for the two episodes in 2020 winter, EMI was 26.9% and 19.7% larger than the average of other nine episodes in the corresponding
period of 2015~2019, and PM, 5 concentration was basically unchanged or slightly reduced. Overall, if the current social emission
level is not changed, emission reduction caused by city blockade under special circumstances can only partially reduce the pollution

concentration, however, cannot completely offset the adverse impact of meteorological conditions.
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Fig.1 Pollutants concentration during same period of COVID-
19 lockdown in winter of 2015~2020 in Beijing
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2015 31 19 14 22 11 3
2016 62 19 8 5 5 0
2017 31 22 28 0 14 5
2018 58 19 11 8 3 0
2019 44 28 25 3 0 0
2020 30 38 8 8 16 0
2015~2019 45 21 17 7 7 2
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Fig.2 Surface meteorological factors during the COVID-19 lockdown in 2020 winter in Beijing
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Fig.3 EMI comparison between pollution episodes during same period of COVID-19 lockdown in winter of 2015~2020 in Beijing
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Fig.4 Meteorological factors of two pollution episodes during the COVID-19 lockdown in 2020 winter in Beijing

FE 11 A5 YedE Ry 7505 Jeri 9,182 W
SHIAE A KPR Wi daniss 1) U S X, 1y
THI 48 A5 2% R VAT A0 R 30 Ll — 5 AN W7 1) ZR B e e,
2 Bk At 5 FE 5 R E 4 HE, T BUKIR KI5 A
W SR AR 0. e Kk 2 PM, s R R A R AR 3 K
o ORI B RV S 2 10 $8nT 8.8°C AN
9%, % H I E LT FE 10 43 513 K 74.0% Al
23.4%.10 H7Z[A1 % 11 H 12:00 ) PMys ¥ FE TR 18
+:,850hPa LA A 55 I F+ia5h,850hPa LA 55 it
IR TG R FKIR M R AR A2 1 P2 N IR IR &35 4],
SECURSEEHEA PM,ys H AR IE R 2.

ZE bR 10 A 11 Bk AR AE XS A AR X AR
T KA ERWARSEZE RN, KREES)
HUHIAKCE 58 A oK KR S e il 4 E AL 59 1K
HILE I T IZ N A R T 40 ORI 3 K Je — ik
;T T i (75 S 0 O SR AR A AR L i R
FER R KA — 5 22 T RS YRR R 2%
1] 163 X0 160 S 4328390, 2 Yk 35 Yeied L T 463 B 250 4 i v 7
JRER s A R PR A I8 B i 1D S SRR I B AR O I
T WEERE TR KRR REEES . KF
WA, EEHIZLAT FIUA RSB RBMARR
RGP 22 T T2 PMos W B3I



5 1Y FHveHEE: LR RS WA 2 U R o 1991

(2) 2020 5 1 H 25 H(H1—)PM, s XHRE

at 39.92N 11642E

Source

(b) 2020 4E 2 H 9~11 H PM, s K53k

at 39.92N 11642E

Source

3 ( 52%)

@

K5 dbaishIX 2020 4E4&ZE 1 B i IR0 G BRI Bt PMys JRAEAT S HYSPLIT J& A H02E 43 4

Fig.5 Source apportionment of PM, 5 and backward trajectory analysis for two pollution episodes during the COVID-19 lockdown

in 2020 winter in Beijing
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