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Abstract

Based on NCEP/NCAR reanalysis data from 1960 to 2019, the climate evolution of extreme air
pollution meteorological events (temperature inversion, atmospheric static stability and heat
wave) under different definitions and in different regions of China are analyzed in this article. The
results show that there is an obvious increasing trend of extreme air pollution meteorological
events in all regions of China, and there are obvious seasonal and spatial differences. From 1990 to
2019, the frequency of temperature inversion, atmospheric static stability and heat wave increased
by 16.3 * 2.2%, 16.5 * 1.0% and 69.9 * 4.8% from 1960 to 1989. The increased frequency of tem-
perature inversion is mainly in southern China and Inner Mongolia. The increase of upper air
evapotranspiration and surface evaporation caused by climate change are the important reasons
for this change. The increased frequency of atmospheric static stability and heat wave is mainly in
Beijing, Tianjin, Hebei and northern China. The former is mainly affected by the weakened East
Asian monsoon and urbanization. The latter increases most obviously, which is mainly affected by
climate change, urbanization and industrial development. Moreover, the duration of heat wave
under different definitions has increased in the past 30 years, with an average increase of 0.35
days in the whole country. The evolution of different definitions of heat wave intensity also re-
flects the characteristics of warm winter, cold summer, warm north and cold south. This study
provides the foundation and basis for the potential impact of extreme air pollution meteorological
events on air quality in the future.

Keywords

Extreme Air Pollution Meteorological Conditions, Temperature Inversion, Atmospheric Static
Stability, Heat Wave

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

21 H2eH), HEEIGAE L PMys (BR300 BT 2.5 SORBIANRBRIA) 9 3 05 G4 m 1]
[2]. FE 74 A EZRTFTE PMy s IREE S 1A SR AN TRESHER 7 53], KRI54E
HAR T RE M A IEHEBOR AR 15 28 B SRR RRII[4] [5]. B 2013 4E)F, A E A9k
TR A T it N LA B daei), (S G0 ARAF A, RIS R o A R R AP AE TR R TS
AFEAR R T EZER6] [7]. Ji et al [813 I BUERLRUAIE E AU AT 5 T A OIRHEBOR R % AT
X 10 4FER AR ] 2 P8 [X 2235 B 5O AR AR ik, R BBk AR AR 10 SR R AR e 21 1
29 30%MIE M, I H & LERE I R3S 3.

RAT5 Yl R T KB A HEBON AR B TGRS RIS AR T A2 0 o A iR K5 e
TR TR AT AR 2 A AT TR AT Bm ARG L BRI, . MIREA5%
o RS TR R T MR E IF AR IRSL B KRR, TR TS G B A X2 2 T
EYTHOT. BN HEERECR (Bl stA E X)), I AR AAER, Bm KI5 RS R M[10];
RS U LAt T A e 2 R B RV RFAE , F ELAR D PEAT B[ 117 AR A U RN AL fR B KA T
TS QY ORI IR AR [ 12] [13], AR B e At SRS — M el U AR o i 7 2 A B i <
M, MARRARESI T HIREAIRHER T Lo RIRPEBER RS R M i Ui . AN K M

DOI: 10.12677/ccrl.2021.105064 539 AAEAR I I i


https://doi.org/10.12677/ccrl.2021.105064
http://creativecommons.org/licenses/by/4.0/

R 5%

JRE LA A A5 A T 3 BB A SIS [ 140 BT TR, R 208 LSRR TR FTaE 2 LU T e L 7 2 T 4%
URMA[15] [16]o B4, Pu et al. [17]RBUHR AT =ML IX A ST 29 BT 12 ppb. 25 EATIR,
s AN TG AE R 2 USRS AN AN, DRI At o SEL AR g ) FRUBE 953 S RS A RO AT TR A E 55 3

AT B AEFE T AT A A FR T GOk, A0 e B AN 7] 3 X R TT 25 SRy 5 R AT SR SFAF RO T IR
N T R RIS G ARV IR FAF IR IR . R ER . R SEACRTAE . Dyt — Bt 7 Hoxt rp [ 4%
M X2 AT R R A SR R AR

2. FERLE XRS5

R A B T JFRURSE r 51 X P8 s AN ) S50 S A R A JORRAIE SR FH 3 [ T KA 855 i 0 (NCEP)
A [ E 5 KA D(NCARY R AT I E 1960 E % 2019 3L 60 4F (M R T 00 . iZ¥ERK
RN 2.5° % 2.5°, BHAI RN 6 /N (https://www.esrl.noaa.gov/psd). FTH % T NCEP/NCAR ff145
RO 95% B 5K .

WX SR 1 Fs, B E 31 AN TR RS M AR IERI 0 7 AKX, BN ZRER . 6.
ARAGH. PEAEIR. VUREEER. PR, DAAREERHLIX . Hodh,  JREH X A R B X R = AR
FrRIBIX 22—, [R5 e ™ 5 10 X3 — o 2% 5t DXORIT g s b X DA = A AR = A R X e 32
Kk, HIBIE X, AR AL X A X 3 v B, T P AL S b i X E T b A A 2
T, [ERERFEELERAMH B, PR X ) 3= 2 DA s RN .

55

50

latitude (degree)
w w N I
o (&} o (&)}
; : T

N
(S}
T

N
o
T

70 80 90 100 110 120 130
longitude (degree)

Figure 1. The region of this research
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Figure 2. The annual average frequency of inversion (a), the temperature inversion percentage changes (b) and the seasonal
distribution of inversion growth trend (c)~(f)
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Figure 3. Difference of surface evaporation rate between the second period and the first period (The Annual Average (a),
Spring (b), Summer (c), Autumn (d), Winter (e))
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Figure 4. The annual average frequency of AS1 and AS2 in the first period ((a), (c)) and the change rate of the second period
compared with the first period (b), (d)
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Figure 6. The annual difference between two periods and seasonal variation of the wind speed at 10 m (The Annual Average
(a), Spring (d), Summer (g), Autumn (j), Winter (m)), the wind at 500 hPa (The Annual Average (b), Spring (e), Summer (h),
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Figure 8. The change rate of HW1 (From left to right, it is spring, summer, autumn and winter) and HW2 (From left to right,
it is spring, summer, autumn and winter) frequency in different seasons
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Figure 9. The difference distribution of the average duration of HW1 and HW2 between two periods (a), (c), and the anoma-
lies of the average maximum temperature of HW1 and HW2 between the two periods (b), (d)
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