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Impacts of Changes in Meteorological Conditions During COVID-19

Lockdown on PM2s Concentrations over the Jing-Jin-Ji Region
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Abstract: China government triggered immediate implementation of a lockdown policy in China after the outbreak

of COVID-19 pandemic, leading to drastic decreases in emissions of air pollutants. However, concentrations of
PM2s and other pollutants increased during COVID-19 lockdown over the Jing-Jin-Ji region compared with those
averaged over 2015-2019, and two PMg;s pollution events occurred during the lockdown. Using the ERA5

reanalysis data, we find that the Jing-Jin-Ji region during COVID-19 lockdown was characterized by higher relative
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humidity, lower planetary boundary layer height and anomalous updraft. These are favorable for condensation and
secondary formation of aerosols, and prevent turbulent diffusion of pollutants. Besides, we conduct sensitivity tests
using the WRF-Chem model, and find that p ( PM2s) increased by 20-55 pg m= (60%-170%) over the middle

region of Jing-Jin-Ji during COVID-19 lockdown due to changes in meteorological conditions. Furthermore, the
enhanced aerosol chemistry and unfavorable diffusion condition were identified as the key factors in increases of
PM2 s concentrations during the lockdown. Planetary boundary layer height and relative humidity may become the
important factors in forecasting PM; s pollution events over the Jing-Jin-Ji region under the background of emission
reduction.
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Fig.1 Locations of atmospheric pollutant monitoring stations
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Table 1 Emissions of atmospheric pollutants in February 2020 over the Jing-Jin-Ji region/t

P SO, NO, NH; BC oc VOCs —KPM,s
T 4506 22136 2029 764 2747 38220 7209
i 12430 29295 2362 1315 2186 41829 7302
Ak 82828 139272 30952 11289 19339 130525 60246

&2 FURH R A T20205 COVID-19E 1 HAIE & 5 LM HE R R M5 T 2016 SR AORHEEL 1Y /1%
Table 2 Emission reduction ratios of atmospheric pollutants during COVID-19 in 2020 over the Jing-Jin-Ji region compared with those in 2016/%

P SO, NO NH; BC ocC VOCs —KPMas
Jbat -70 -27 —46 -48 —41 —42 —48
T —62 -34 -23 -56 -52 -51 —46
b -58 —-41 -18 -58 —47 -37 —49

1) ek Bil=(20204F HEBUR: — 20164FHE R )/20164F HE & ><100%

BT A BB E BT 7 EXP_2020 8400 18] B 202041 H 20 H 22 H17H, Hii2d s
spin-upif ], HH20204F 1 H23H 22 17 H A5, i [R] B A3 jek it 58 326 1 27 R W0 3018 42 i e e P A B B,
S E CHCOVID-19% #H1H] ;. EXP_2016#540 I IR [8] B 920164 [FH (20164F1H21H 22 H17H) - P4
R FAR TR BAET J5 120204F HEBOE B o 3 L HUR L 1 20164F AR ARGy, EHENA : OR M T R,
@Uhid £5a (2015—20194F) AZH, KRB FAEG BE%E ] 2 X 7 H IR R 20T . (320154F1H 23 H %2
A7 H AR AR A E R ET R, 52020445 BRAH LEA GE 2 BRAHAEAR T 52 ma, DRI Bk 1 AHIE 12016 -4 Jy Xt
HAEA . @I EXP_2020 5EXP_2016 X U455, 13 3RS AF I AT Gk B2 (A 520 o

3 ERE LK TR

AHIF 5t 2 HEChen %58 & IYWRF-Chem7E &5 PRI W7 /3 ATvk, 38 Ik — YRR 0 vf LA B A AT HH — AN ] 2B
K AT R B A 2 R PM stk AR AL O S0 . e el F A % (TRAND « HERR (EMIS) TRy BIURI T
DU (VMIXO | #8iERR (WETP)  SAffk%: (GASC) . =ik (CLDC) ALY (AERC) “5EEY)
B AR . A LLEXP_2020F1EXP_20163A%6 i LA HiZ s 22 7, 1] LAAS SR SFAF AR AT PM 5% 2 521
& ANS TR TR

2 GRS

2.1 PM2 55515 Gk BE 2R AL AP iE
E2/&COVID-19% 44 1 F] 5T i 3L HL X PM2s+ NOo SO MIOsHK & 43 #ii & S ik 2:5a (2015—20194F) [A] I AH
ZHBl. WA LAEH, 2 508y (PMas) AT AR 35~130 pg m, 3 R i H LLE 5 3 v
- R -5 - WS I —H o p (NO2) HIEHME /A 5PMasiE A —3, i 915~40 ng m2. b5 % Hip (SO,
B AR T 5t A S AL PR AT R T, U B MR o U AE B — A HE SO AR S B/ e X T Ok, H2 18] 70 A 5 PMs
FINOLHH I, i Hh 3 Ay BEARAEL X, AAKER T Oa+NO i 22 SN AE I H (152 o 153t 2 5alm] {41 EL, COVID-19
B AR A AL P M stk AR ] S, JC R AEAE - RS- — 7, (i LB h27%~41%, 17 7E S 3
i s DX U2 (R 1K8%~15% . Oaff1 25 A0 U] 5 B AT P Mo s S (FIRFAE , B 35T A 3L g 3t [X 5 i 2 5l 2 s, AL 35
4



e LA B AR

COVID-193 & v [ St 1 7™ 1% (1 5 e 1 e A2 AN Tl O KR BRI o 375 H K ZEMEICHEG B45 Rk 0,
I T-20164F, 20204:COVID-198 H] 5T H M1 X SOp. NOx« VOCSHI— K S R S5 HE R 4373 T B& 1 58%~70%-
27%~41%. 37%~51%H146%~49% (£2) , XK R I B FINOASOMKEE b (EI2) o BIRAHE /> HF
FEEM, A FHIIINOFIVOCSIRHELL A T LT SRS A P (K3 0, I B2 7O 1 — I A A i BE 21391, {HM
KARE BRI, 15 5F MR AERR G SR KRBT 5y

(a) ~ (d) FTRPMzs. NOpv SO FNOIKRE S TR; (o) ~ (h) FR52015—2019 FIHAMEEL T EL 51
B2 FUEEMX S COVID-19B A8 X S5 407K E 53 %1 & 52015—20194F FIHAEEL ZE 1L EL 451

Fig. 2 Spatial distributions of PM, 5, NO,, SO, and O3 mass concentrations during COVID-19 lockdown and relative differences between concentrations during

COVID-19 and those during the same periods in 2015-2019 over the cities of the Jing-Jin-Ji region
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Fig.3 Temporal variations of PM,s mass concentrations during COVID-19 lockdown over the cities of the Jing-Jin-Ji region
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Fig.4 Comparisons of meteorological variables during episode 1 (01-23-01-30) in 2020 with those averaged over 2015-2019
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Fig.5 Comparisons of meteorological variables during episode 2 (02-07-02-13) in 2020 with those averaged over 2015-2019
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Fig.6 Comparisons between observed and WRF-Chem simulated PM; s mass concentrations over the cities of the Jing-Jin-Ji region
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Fig.7 Impacts of changes in meteorology between COVID-19 lockdown and the same period in 2016 on PM, 5 mass concentrations over the Jing-Jin-Ji region
(EXP_2020 vs. EXP_2016)
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Fig. 8 Differences between PM, 5 mass concentrations due to changes in meteorology during COVID-19 lockdown and the same period in 2016 using progress
diagnostic analysis(EXP_2020 vs. EXP_2016)
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