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Abstract: This study systematically analyzed the evolution of winter air quality and pollutant emissions in Lanzhou through
integrated multi-source data, including ground-based ambient monitoring, nighttime light observations, and emission inventories.
Utilizing radiosonde data from Yuzhong Station, surface meteorological measurements, and ERA5reanalysis, we quantified changes
in upper-atmospheric and surface wind fields alongside atmospheric stability via linear trend analysis and Mann-Kendall tests to
identify drivers of the post-pandemic pollution rebound. Significant reductions were observed in SO,, PM,s, and PM;,
concentrations over the past 15 winters, with post-pandemic (2022~2023) levels rebounding by 6.59% (PM,s) and 21.14% (PM;,)
relative to 2019 baselines. Notable declines in primary pollutant emissions since 2000 were documented, demonstrating effective
mitigation measures. Deteriorating meteorological dispersion conditions were characterized by a 20-year trend of declining surface
wind speed and increasing inversion frequency, with winter valley cold pool intensity in 2022~2023 reaching 1.2 times the historical
average. The synergistic effect of weakened near-surface ventilation and enhanced atmospheric stability was identified as the
dominant mechanism driving the post-pandemic particulate matter rebound.

Key words: atmospheric diffusion conditions; total pollutant emissions; trend analysis; ambient air quality
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Fig.1

Box plots of annual variation of four major pollutants in winter from 2009 to 2023 in Lanzhou City
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Fig.2 Annual variation characteristics of pollutant exceedance rate and amount in winter from 2009 to 2023 in Lanzhou City

A NO, B ARZ I B B M AR 0
1E:2015 42 By 4EFF A P B AR 2 AR AR 72,2016 4
R BV, 1] SRR 20 0% 49%, bR 22pg/m’,
NO, V5 448 12.2017 4ELLK NO, #AR = A7 T
I, FLAE R AR A4 52 I 0 By R AiE (HHE B U SR 0 K 3%

S B AR A, R W] 7 e YRR TR0 P A9 8 A kA% ol
NO, bR R4 FRBSIFFIE S HA5 GRS RS 5
SAT ARV O B T ] s YRR RIS AN L3
TR UAE D M R )3 T A B0 Ui, L O
e 52 Jmy MU 3t 1T 5 3 Il 7 U % A TS =



4842 A 45 %

2 IR R it Vi £ i B 119 AR A o FL RS K.

ORI (PMy s FT PM o) 52 IFI4F B A8 4k, 52 I+
BEFRRIHRFAE,2009~2011 4E PMyo H X3 B EE AR )
USSR M BFR R T 53%, Bk R4 86ug/m’
DA F,2012 4 DL 5 V5 GubE AR il B 2 et ki ) 4
FHBARR ZAEPALE 30%~55%22 18], Hirh PM, 5 I8
bR AR T 30pg/m’,PMy, 18 Ax Bk 2 4 P o
40pg/m’ LU R (2016 4E PM,, bR 58ug/m’); 7F
2018~2019 442 (9 175 iy 390, J0URE 420 368 A %6 B &2
24% UL F (PMas i b5 i <l6pg/m’,PM, #8 bk &
<BOpg/m’),7E 2020~2021 4F & Z= R B4 ), B A 5
I 15a SR ITE 10% 5% BLR AR 110 )5 528175 5 15
) 2022 A1 2023 442 RORLY)TS 3 B 2
BLPM, s Rl PM o R AR i P2 1 iy L K1, 3L
T PM (R BRI 0,20 3k 38 Al S1pg/m’,
TEAT Ta IEAR.
2.2 V5 YUR IR AR AE

5 YW HE R g 1 58 25 S0 1) DK B K 50 [
e R AT 32 BRI 3 S TR A8 YA A i
R 5 H B 5 R KT e s T )
HE KT, 10 A8 380 5 AT A= 5 5RO 5 38 T 1 K P
B A DG AU I A 25 ) KT 6 R 1
22 M T AR R IERE, R T MEIC 1 PR i &2
V5 G HE BRI AR R, 9T R 22 M T (SeiH4E
Y 20 A3 W5 1 e v Yo AR A L, LAER Y5
YL Y5 =2 M T V5 G P 5 K I A A S e A i A
SR BLIRT RE .
221 Wl R RERERE OB 2N AT HERE Tl Al
“CHIRNBE B DK TR S HE G AR AE H 25
TR, TR R R A B AT, A R A T 0T 4%
AR DTRR Z B E I RO R S Yk R
ERE S DAH OC A KT 6 HHE Re 8 S e N 1L 22 55 A
- MR HE (9 AR b, 72V 22 F 5T R R R R ST A K
{5 EEARFRD Y

Wi 3 FroR, 2% MM T 2004~2023 SEAZ0 14T
1) 73 A S B BOVE AL RRAE :2004~2008  AF A [A]AT
FETEAEAE 22 IR 23 o, 52 2 A WK 0 A1, e B T3k
KX ;2009~2013 AR H)KT YA T 25 0 Ji, 7 ] X
FEHRT;2014~2018 4F AT G A 481 445K, 3 A B
A5 A M B 325 i (B X e 48 21 05 [ L X 47
A A0 25 M BT A3 A G K 52019~

2023 A XS] F R R A b R KT OG5
A7 3 PR AT — B B AR A AN I 35, =2 BT X R 45 2R
A R BT e B RS O, I L kR
A

FE TR IR)KT e Bl 8 78 R AIE 1 225 ) 43 #1 3R

WY, 22 VRT3 B I 9 TR DA o ) 3 4 A TRD AT
e T A AT 1 M A T R DG XA 1) Tl oy 3=
(1 175 [ [, ) B =2 0 X R aelt e A L 3 Tl Ak
HEREHEME B AR, 25 T T kR R A
PAH 2019 4 i 0 3 X2 W TR R R Sk A
Shy 2 T A G YR DT R XA XK R
ARSI 2%
222 FEFGRDFFRELRL AN R
HHE BRSSO R ) R R R, T
T2k DX VAT A b Y L N R v B e B v R Xk, DT
R T2 T A K 2 B s G IR BT, AR SR
MEIC 35 3T 2000~2019 4 2% P 11 T 45 X 38 1)
SO2,NO,,PM, 5 Fll PM o £ ZEHE IR [ 1B AR 10 E 35,
DL 4(a—d).

1 4(a-b)al LA H, 2% T 42 SO, Al NOx
(1R T 5L A A B, ) B RS A SRR IR 3 2 T STt
Ja %7 (R Bt 3 22 : SO, HEJBUE AE 2000~2008 4F
SRS TSSO A 2008 R IA B4 E (40252t /a),
2010 AFEHEBCRE K PR, 2 5 R7 2L BRI, AF 38 B i
S 13.06 %, i CU AR 8 4E R BARHE UK P NO, F
JREAE 2000~2009 F 5 T A AE 2009 A
(20395t/a), 2012 4F Ji, HE R 22 12 T B, 45 3 B e
h'5.91%, 214 SO, I BEIR 1K) 45%.3X 55 22 M7 (175
T RE R MO8 B YA 92,2010 AE LUK, N TR T
T DR IR A, i R R A IR B A SO, K
0 BRARL (AUBR rh NO, R B8R i, 3K
Al T R R ARG PR

11 4(c—d) ] LA H,PM, s Fil PM, o & ZEHECE:
FEARAR AL AR —50:2000~2012 4 FHE R 5K
B IFEFH.2013 4 5 HE NPT BRI 7R 2019 4R 1A
B 7 S B ARHEHOKF PMy s 2 ZHE U 4973ta B¢
fIKZE 1936t/a,PM o HEE M 7134t/a FEAIKE 2578t/a,
2 W BURS SRS A 7 2503 L A lbe s 3 N [l A2
T4 T HE FBOb v S5 il 1) v S, A R B =
PNTT FEIIX 42 PM s K PM o IR (1)t 21 B,
BAE 23 i 61.07%F1 63.86%.



9 34 HETEFAE e B I U] 22N T A2 TR AR AR il A HE W R ST

4843

(a) 2004-20084F B4 (b) 2009-20134F B4 %
36.81°N 36.81°N
36.27°N 36.27°N
35.73°N 35.73°N
102.71°E 103.41°E 104.1°E 102.71°E 103.41°E 104.1°E
(c) 2014-20184 #4796 (d) 2019-20234F )47 ¥
36.81°N 36.81°N
36.27°N 36.27°N
35.73°N 35.73°N
102.71°E 103.41°E 104.1°E 102.71°E 103.41°E 104.1°E
0 10 20 30 40 50 60
B3 2INT 2004~2023 FAZR AT 6501
Fig.3 Distribution of nighttime light in Lanzhou City in winter from 2004 to 2023
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Fig.6 Distribution characteristics of winter surface wind speed in Lanzhou from 2004 to 2023
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