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Abstract: We used MERRA-2reanalysis data, CALIPSO satellite inversion data, and ERAS reanalysis data to study the spatial and
temporal distribution of absorbing aerosols over southwest China from 2006 to 2017. The Sichuan Basin and southern Yunnan had a
downward overall trend, albeit with a strong seasonal signal. Second, analysis of the three-dimensional distribution of smoke
demonstrated that the extinction coefficient of smoke in Yunnan-Guizhou Plateau and the Sichuan basin are both significant, with the
Yunnan-Guizhou Plateau larger of the two. Third, smoke aerosols found to be lofted to about 8~ 10km (above sea level) in the
summer over the Qinghai-Tibet Plateau, whereas they were mainly distributed between about 2~4km over the Yunnan-Guizhou
Plateau and about 1~3km over the Sichuan Basin.
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Fig. 6 Time series of annual mean vertically resolved extinction coefficient of smoke aerosols over the three regions

s (1) #3%F (2) 2% (3) Bk (1) &%
6
(a) 74 980 it J5E € =
=
M
E
8
|
(b) 2 Tt i J5E =1
- =B
|- = _— | [+ —_—
(o) 1Y 1] i

0 0.03

Kl 7 5T CALIPSO Level2 AN ERZ: ™ A5 21 2007~2016 4E X IRMHAD S EC W3k & BB AE TR 1 A8 4E,

Fig.7 Time series of year—by—year seasonally averaged mean vertically resolved extinction coefficient of smoke aerosols, over the

three regions

T e i 5 PO ) 2t ) g5 KA 34 A
5K 2 g K I T AR 4 R A ]
e 5 AAOD BRI BIAEA AWK
I DY 1) 23 b A 2 e e R B A T LA B e
WA IR, N R 23,1 BC I
LA /NP S U A W S P 2 2R K
45 B A, U BC X4 AAOD S

2.3.2 Y ATFEE fEEEE 71 LU 1km Dy E]
B, 73 2 /R 1~6kmEC [F1HE B 20 A7, T 7 il i 2
3 ANBIF U DX IR AR 3R T 8 5 1 ) T AT 43 A, R
85°E,95°E,105°E {E4f [n]~1-32), 16 X 24°N,32°N,38°N
22 ).

d i 8 nI LU H, G R X A7 E B B P AR i v
1%, m AL AR 0 A4S 55 BC R IR X B A e TS
s it D A A 8 N RS ) 0 S R T S SR



3102

o B R % 41

JEREREIVU NS M4l i EAE 4km BUR WA KAE A £E 3km LUR.

1+ 2 (km)
o = N W e OO

/% (km)

)% (km)

(@)

(b)

110"
g 105

95
ao B8 Q%FF °
75 2L(°E)

4424;3‘? d'?"_‘: o

38 N
36 o~

ZH 0#323028 85 %0

ZEECN) Boig 75 80 T ZE(°E)

[

) Em— R

0 0.01 0.02 0.03

K8 JLT CALIPSO Level2 T MERE™ i 15 211 2007~2016 MR THEHE EC =45
Fig.8 Three-dimensional EC distribution of smoke aerosols compiled from 2007 to 2016 using multiple passes of CALIPSO level2

aerosol profile products

(I H5 J=3(0)Ei P35 Ze 3

(FF (OEES

i+ & (km)

—"90
80 % zreE)

Kl 9 JETF CALIPSO Level2 TSI HEL: ™ W45 2 MR A2 S IE EC ANRIZETY = 425 173
Fig.9 Three-dimensional meridional average of smoke aerosol EC in different seasons based on CALIPSO level2 aerosol profile

products



7 ¥

B A RN VY i DR VR I 25 0 AT

3103

(a)#7F

i+ E (km)

()FF

1 (km)

(b)) F

34
32
30
4Ny T B os o, e

(%F

L . .
]

~ 8
£
5 e
o, #
2
== f
Ty /%;»—« = 110
40 397 R g
+ st
3054
26
2770
WEEDD EC km’
0.03 0.04 0.05

0.01 0.02

10 3£T CALIOP Level2 &k 3202 <

W BC ANFIZET = 4E2i )21 1)

Fig.10 Three-dimension zonal mean of smoke aerosol EC in different seasons based on CALIOP level2profile products

ME 9, 10 W LA 7 ek S AR B A LA S =
51 5 BC (R4 0 A B S BUAR A i, SRKAIR AR
AR DU )1 Gk b 2~3km AL A7 AE— N EC IR S (4
g 0.06km 1), B G HAFAE 2 ik, AT g 5 AR

ra]

LEF LY TR K20,

3 it
3.1 MIKPorA B, P RX. BC 70 A 25

(=R AE, KB & T > > 2R AR
JNZEHSRAR . TN 3K, T T2 v AR A5 IR
20T AAOD (" RAH M I E 2= BC /b5
M HOE R AR G st R BE RO
B 0] 52 7 V. 2 1 0 b X2 40 R e 1 X 3 i 326 4
iAo

3.2 MNFEH i EFH,CALIPSO S I AR R I
A T 56 26 8 DY )1 2 b 1) 45 SR 5 1543 A B0 1 K
DIATEERATF X GEHRX 3T AAOD (/3%
R RIAN AT D% DY N 4 e 1) & Z S e R AL DLy
YLK il 7Y DL R v e v 2B ok 3 i SR A A 1 0
DI IRAERIEFE X 7 R LN, T 8 A R

i 2. 25 Bt v S PR St & AR £, U 4

I

ISP I 1) 3 5 ST A R 2 e (78 e b X
Rk BC K.

3.3 ABTIRARAY b7, 1 43 A7 Hdh 1 4 R W AR 1k
RARAEE I W 2 S E S 54 % BC &Y
NI BT — i R B 1) B E 2 B i JRU g 3
Hb DR U A7 A o A W 8 P B 9,

e
[1] Markowicz K M, Zawadzka-Manko O, Lisok J, et al. The impact of
moderately absorbing aerosol on surface sensible, latent, and net
radiative fluxes during the summer of 2015in Central Europe [J].
Journal of Aerosol Science, 2020,151:105627.

[2] Cai J X, Guan Z Y, Ma F H. Possible combined influences of
absorbing aerosols and anomalous atmospheric circulation on
summertime diurnal temperature range variation over the middle and
lower reaches of the Yangtze River [J]. Journal of Meteorological
Research, 2016,(6):97-113.

[3] Johnson B T, Shine K P, Forster P M. The semi-direct aerosol effect:
Impact of absorbing aerosols on marine stratocumulus [J]. Quarterly
Journal of the Royal Meteorological Society, 2010,130(599):1407-
1422.

[4] TR Bolafio-Ortiz, Pascual-Flores R M, AI Loépez-Noreiia, et al.
Assessment of absorbing aerosols on austral spring snow albedo
reduction by several basins in the Central Andes of Chile from daily

satellite observations (2000~2016) and a case study with the WRF-



3104 A 414
Chem model [J]. SN Applied Sciences, 2019,1(11)1352:1365. 1436.

[5] Garcia-Menendez F, Hu Y, Odman M T. Simulating smoke transport [16] KB\ HEZ &K% RV AEY TR RIEEHES PMys it
from wildland fires with a regional-scale air quality model: Sensitivity R I BE R [J]. FEERHEIIT, 2016,29(7):952-962.
to spatiotemporal allocation of fire emissions [J]. Science of the Total Zhang Y Q, Yang Y C, Li J, et al. Modeling the Impacts of Biomass
Environment, 2014,493(15):544-553. Burning in Southeast Asia on PM» s over China in Spring [J]. Research

[6] LiZ, NiuF, Fan J, et al. Long-term impacts of aerosols on the vertical of Environmental Sciences, 2016,29(7):952-962.
development of clouds and precipitation [J]. Nature Geoscience, 2011, [17] B0, FEtth B alnm =5 55 75 5 mg SR P i K0 e B2 e ——
4(12):888-894. DAGAARH S B [J]. HARAE, 2020,42(5):373-378.

[71  E=E %, K022 byt g, 25 )1 i X 5 5k ) 245 20 AT RRAE K5 i) [ - Yin X F, Kang S C, Zhang Q G, et al. Study of air pollutants in the
ST 1. PERETYE R 2 2R (E AR RHFhR), 2018,43(11):112-119. inland Tibetan Plateau (Nam Co Station) [J]. Chinese Journal of
Bai Y'Y, Zhang D J, Yang S Q, et al. Spatial and temporal distribution Nature, 2020,42(5):373-378.
characteristics and influencing factors analysis of smog in Sichuan--- [18] Winker D M, Vaughan M A, Omar A, et al. Overview of the CALIPSO
Chongqing [J]. Journal of Southwest China Normal University mission and CALIOP data processing algorithms [J]. Journal of
(Natural Science Edition), 2018,43(11):112-119. Atmospheric & Oceanic Technology, 2009,26(11):2310-2323.

[8] XUREEZE oo, T-HHr, 55 vy I T SR R A I A I I 5 Ak B s 7 [19] Omar A H, Winker D M, Kittaka C, et al. The CALIPSO automated
WX 0T [J]. FEEFRE, 2021,42(06):2634-2647. aerosol classification and lidar ratio selection algorithm [J]. Journal of
Liu M X, Li L, Yu R X.,et al. Analysis of space-time and potential Atmospheric & Oceanic Technology, 2009,26(10):1994-2014.
source of absorbing aerosol in Fenwei Plain [J]. Environmental [20] B4 g, X K2, 5 A HE 25.2007~2017 4Fh E VDA IR =45
Science, 2021,42(6):2634-2647. AR S R (9], P, 2019,(6):108-117.

[91 & bk W EE B SR ARILHL X YA R AR E IR EAE Jia R, Liu Y Z, Wu C Q, et al. Three-dimensional distribution and
SR [J]. FPEEPREERNE, 2020,40(12):5169-5181. transport process of dust aerosols over China from 2007 to 2017 [J].
Hou C, Zhang F, Huang Y, et al. Vertical distribution of aerosol direct Journal of Desert Research, 2019,(6):108-117.
radiative forcing in dust events over north China [J]. China [21] FWRE. e e 5 2R A U e HE T 75 5 4k Bt 3 E p 6 AOD
Environmental Science, 2020,40(12):5169-5181. FMATITT D] Brea bR AR, 2016.

[10] Bk, ERE, e, 55 7 WO S e i 25 40 A f L5 i [R] Dan X L. Study on the Transboundary Transport of Biomass Burning
FWFS (7). P EERE RN, 2020,40(6):54-63. Emissions over Indo-China and Its Influence to the Aerosol Optical
Zhang G Q, Ju T Z, Wang Q H, et al. Studying on spatial and temporal Depth over Southern China [D]. Jinan: Shandong Agricultural
distribution of absorbent aerosols and its influencing factors in University, 2016.

Ningxia [J]. China Environmental Science, 2020,40(6):54-63. [22] Rui Jia, Min Luo, Yuzhi Liu, et al. Anthropogenic aerosol pollution

[11] &M ERS, Y 4 T T B H R bt R IR i over the Eastern slope of the Tibetan Plateau [J]. Advances in
WE5E (7], EFRERLAE, 2019,39(10):4082-4092. Atmospheric Sciences, 2019,36(8):847-862.

LiF S, JuTZ, Ma C, et al. Absorption aerosol in Gansu Province [23] 3 P BRBCSE. DY )1 M XA IR G 2 R R I 25 o A1 e 5 S % A
based on satellite remote sensing [J]. China Environmental Science, FHIFIHESHT [J]. VYIRS, 2019,38(4):79-86.
2019,39(10):4082-4092. Ai Z, Chen Q L. Temporal and apatial distribution of aerosol optical

[12] KRR FKANE I 58,5 A AT — IR Ry e RS S R K depth in Sichuan and its correlation with meteorological factors [J].
IR EL A M RIS AE [0]. FABERFE 23R, 2020,40(2):408- Sichuan Environment, 2019,38(4):79-86.

417. [24] WRBHIEAF B 4 R &1, 46.2014~2017 £ DU )11 70 Hb 5 50 e 4 X
Song M H, Zhang X L, Yuan L, et al. Meteorological effects and AT SRR BRI G VPG X LA b [9]. FREE R 222
aerosol vertical structure and evolution characteristics of a continuous K, 2019,39(7):2353-2361.

pollution process in winter in Chengdu [J]. Acta Scientiae Ou Yang Z W, Liao T T, Chen K Y, et al. Comparative analysis of
Circumstantiae, 2020,40(2):408-417. winter air stagnation characteristics and air quality improvement

[13] Liao T, Wang S, Ai J, et al. Heavy pollution episodes, transport assessment in Sichuan Basin and Beijing-Tianjin-Hebei Region from
pathways and potential sources of PM, s during the winter of 2013 in 2014 to 2017 [J]. Acta Scientiae Circumstantiae, 2019,39(7):2353~
Chengdu (China) [J]. Science of the Total Environment, 2017,584- 2361.
585(apr.15):1056-1065. [25] SREMEME 48, 80K R,25.1961~2010 45 Y )1 Z 3 500 Al e

[14] Tao J, Zhang L, Cao J, et al. Characterization and source T [1]. R SHEAER, 2014,(6):102-109.
apportionment of aerosol light extinction in Chengdu, southwest China Guo X M, Chen J, Zhao T L, et al. Climate characteristics of haze and
[J]. Atmospheric Environment, 2014,95(oct.):552-562. its impacting factors from 1961 to 2010 in Sichuan basin [J]. Journal

[15] F ik B A NP AR STk e i 26 5 i) i 1 17 g o I of Meteorology and Environment, 2014,30(6):100-107.

RS (7). TR EPREE R, 2020,40(4):1429-1436. [26] Yang Y, Liao H, Lou S. Increase in winter haze over eastern China in

Zhou R, Zhu J. Study on the influence of transport of biomass burning
materials from Southeast Asia on aerosol radiation effects in

Southwest China [J]. China Environmental Science, 2020,40(4):1429—

recent decades: Roles of variations in meteorological parameters and
anthropogenic emissions [J]. Journal

Atmospheres, 2016,121(21):13050-13065.

of Geophysical Research



73 B A RN VY i DR VR I 25 0 AT 3105

[27] Zhu J, Xia X, Che H, et al. Study of aerosol optical properties at [32] Z=8 8, Y 9. 5w A AR A S W R SRR S 1 5%
Kunming in southwest China and long-range transport of biomass F[I]. VR R AER(ASRELR), 2020,42(1):103-111.
burning aerosols from North Burma [J]. Atmos. Res., 2016,169:237— Li W H, Fan G Z. Relationship Betwen the frequency of Tibetan
247. Plateau vortex generation in midsummer and the background field of
[28] Tk ML, AR, TR AT A, 55 AR YO DX 7 7 PRl AV TR VR IR M B Lk atmospheric circulation in early Summer [J]. Journal of Southwest
B A [J]. HbERPIER2EHR, 2003,48(1):46-51. University, 2020,42(1):103-111.
Zhang M G, Xu Y F, Zhang R J, Emissions and concentration [33] J. Zhu, X. Xia, H. Che, et al. Study of aerosol optical properties at
distributions of black carbon aerosol in East Asia during the Kunming in southwest China and long-range transport of biomass
springtime [J]. Chinese Journal Of Geophysics, 2003,48(1):46-51. burning aerosols from North Burma [J]. Atmospheric Research, 2016,
[29] 3K [ 5, RIS, £ ML, 55 7 SOBRCYE I IR N “ 3 Afi Je Fe s i il 169:237-247.
FEWA [J]. P EREERE, 2020,40(6):54-63. [34] Xu C, Ma Y M, You C, et al. The regional distribution characteristics
Zhang G Q, Ju T Z, Wang Q H, et al. Studying on spatial and temporal of aerosol optical depth over the Tibetan Plateau [J]. Atmospheric
distribution of absorbent aerosols and its influencing factors in Chemistry and Physics, 2015,15(20):15683-15710.
Ningxia [J]. China Environmental Science, 2020,40(6):54-63. [35] Kondo, Y. Impacts of biomass burning in Southeast Asia on ozone and
[30] Kang L, Chen S, Huang J, et al. The spatial and temporal distributions reactive nitrogen over the western Pacific in spring [J]. Journal of
of absorbing aerosols over East Asia [J]. Remote Sens., 2017,9(10): Geophysical Research Atmospheres, 2004,109(D15):2890-2898.
1050-1070. [36] Chn Q X, Huang C L, et al. Spatio-temporal distribution of major
[31] gk JE R P it 4, 55 T 38 B I RS FT 8 et HE O 5 2 aerosol types over China based on MODIS products between 2008 and
IS S ATHRAE [J]. FRERM2EIEAR, 2019,32(4):627-635. 2017 [J]. Atmosphere (Basel), 2020,11(7):703-722.
Zhang S, Liu Z H, Tong H J, et al. Emission inventory of crop straw
field burning and its temporal and spatial allocation based on remote EEE T B2 (1998), 4, SR FFT At Lk S L RFUE,
sensing data [J]. Research of Environmental Sciences, 2019,32(4): B A et s
627-635.

(PEIMERIZE) Z3K
P ERHDE mEEAT) TOP50 I B =Bl

(R EBRBERIE) 2015 4F 6 H 35 E RS SR T] TOPS0 1 H % Bl o RIS i B T TOP50 1 H 21 “ L)
SR [ S U 3 DA 22 ANy 2 2 0k S RE S SRR T, B R T U T ER AR AHER) IR B o (R R iR
A PE AR BRI . R AR A B & Rk A AR A S W A6, 8 R BT 0 & R R I s B 1A E .
200 L FVP R A 7R e 2058 NIERITIR A 22 AR E W D)5, SIESRFRAF . R AR G #R s 2 EEAEH . RS
P TAES R . EAR I RE ARG 18 75 b SCRH .



