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Influence of atmospheric models on the aerosol optical parameters

inversion and classification

Wang Yuanzu', Sun Dongsong', Han Yuli', Zheng Jun', Zhao Yiming?

(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China;
2. Beijing Research Institute of Telemetry, Beijing 100076, China)

Abstract: Aerosols have a significant impact on the global ecosystem, material cycle, so it is important to study
the accuracy of basic data such as aerosol optical parameters. Using the data from four observing stations
(Potenza, Leipzig, Lille, Evora) of the European Aerosol Research Lidar Network during two intensive
measurement campaigns, the effects of temperature and pressure profiles provided by different atmospheric
models on the inversion of aerosol optical parameters (extinction and backscatter coefficients) and aerosol
classification are analyzed. The results show that: different atmoshpere models have an influence on the retrieval
results of aerosol optical parameters, resulting in deviations in the calculation results, more influence can be found
from the aerosol extinction coefficients obtained by the Raman method, with the maximum deviation ~20% at
both 355 nm and 532 nm. Atmosphere aerosol concentration can also affect the retrieval results of aerosol optical

parameter with different models and vary with the wavelength of observation. In addition, different models can
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influence the retrieval results of the aerosol lidar ratio and Angstrém exponent, which are related to aerosol types,

and ultimately affect the aerosol classification. The results are significant for revealing the importance of the

selection of atmospheric models in the retrieval of aerosol optical parameters, for aerosol classification and related

research in atmospheric science.
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Tab.1 Mean and standard deviation of typical values of aerosol type related characteristics

Type §355/sr §332/sr Ky (355,532) kg (355,1064) kg (532,1064) k5 (355,532)
cC 50+8 41+6 1.7+0.6 1.0£0.2 1.0£0.3 1.3+0.3
PC 69+12 6313 1.7£0.5 1.3+0.3 1.3+0.2 1.440.6

D 58+12 5547 0.3+0.4 0.4+0.1 0.4+0.1 0.3+0.2

MD 42+4 47+6 0.5+0.3 0.5+0.2 0.4+0.3 0.740.3
PD 54+8 64+9 0.6+0.2 0.9+0.3 0.8+0.1 1.0+0.5
MM 25+7 24+8 0.9+0.3 0.8+0.1 0.8+0.2 1.0£0.3

S 81+16 78+11 1.3+0.3 1.3£0.1 1.3£0.1 1.2+0.3
\% 50+11 48+13 0.2+0.3 0.10.1 0.4+0.3 0.2+0.3
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Tab.2 Basic information of EARLINET observing stations
Elastic scattering/nm Raman/nm
Lidar Institution
355 532 1 064 387 607 530
MUSA J v 3 V 3
LRD200 N N CNR-IMAA, Potenza, Italy
Polly*" N R v N v TROPOS, Leipzig, Germany
PAOLI v R v v v Universidade de Evora, Portugal
LILAS N Y Y v v Université de Lille, France
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Tab.3 Vertical pressure levels of different model data

Dataset Vertical pressure levels

ERAS 137 vertical levels from the surface to 0.02 hPa
IFS_ECMWF 137 vertical levels from the surface to 0.01 hPa
GDAS 23 vertical levels from the surface to 20 hPa
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Fig.1 Methodological flow for studying the influence of atmoshpere

model on the retrieval of acrosol optical parameters
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Fig.2 The use of different atmospheric models (GDAS and ERAS) for
the case of the Lille site in France (8th May, 2020, 20:00 to 21:00
UTC) has an impact on the retrieval results. (a) Relative deviation
of the atmospheric molecular number density; (b) Relative
deviation of the aerosol extinction coefficient at 355 nm obtained
by the Raman method; (c) Relative deviation of the aerosol

backscatter coefficient at 355 nm obtained by the Raman method
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Fig.3 Mean relative deviation of aerosol extinction coefficient and molecular number density at 355 nm from four stations
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Tab.4 Maximum deviation of different models for

aerosol extinction coefficient obtained by
Raman algorithm at different wavelengths and
corresponding deviation of molecular number

density from four stations

Algorithm Raman method
Wavelength/nm 355 532
Maximum deviation D, 20.43% 19.44%
Corresponding deviation Dy 0.59% 0.44%
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PT3535 7 5508 B 1 T B i 2 T 1 B2 i)
K=

XF TS G T U R A, B AR R G Y
Raman {2 Fl P U 125 08 405 S 1 g 22 B AR /N T
W OCR B 2, IR TRmEEARS . ET
AT, 25 HAN T 5 SRR il S S A, AN TR 6T
TP AN TE AN ] B A A IO I S ) R R B
JIT 77 A B i R 25 SR IO 1Y) 43 5508 B R 2% o AT LA
A, 76 355 nm &b, {3 HORT A B U8 S Il U &R
B F KA 22 1  10%, 1 7 oAb B R, A
AR U S 1) TR R B fe K A 25 24/ T +5%. I
A, Kb R AR R 45 R G TR, X T SR WU, B
ORI 5 P 18, i 1] RIS R B i R G 25 38 T
ik T Raman ¥ 76 < Ak 19 )5 1) S0 28 B0 K
i 22 ¥ 28/, B 5 0000 4 J0 BT AR o 3 BTk
hy L P PR R Raman 325 B2 3 SO I ) IO 22 %k
W, T B PR EUR A 5 GRPEBURAE S SO A S
$7 S HE ) B LR, e AR AR T AS R
M) 26 S 0 RO 25 R B 52 . AN, AR T LR, R
LI 5 IR HCS A S B R AR R L, KA B T
R AR RIS X5 | 1 i ) P30S0 R 5 s 2 o ORI 98 <
A

K5 4tibmp, FREKITRAMELERER KRG @S REA T ENRKIRE R RS FHZER

=

Tab.5 Maximum deviation of different models for backscatter obtained by two algorithms at different wavelengths

and corresponding deviation of molecular number density from four stations

Algorithm Raman method Elastic scattering method
Wavelength/nm 355 355 532 1064
Maximum deviation Dy -2.22% -2.27% 11.11% 4.80% 2.79%
Corresponding deviation Dy —-2.29% —-2.16% —2.02% 0.20% 1.56%

WFIEIE A B, AT AR FE 23 % Raman 125 1
PR VL SR B S 62 5 0 ST 45 5 7 A 5 T
It HAT T s BRI ) AR 2R ) i 22 5
e 5 Ay S 3, IS TEASC LA S8 R 1 Al 2 45 R A 197 g
FAEAmie R . P 4 Dl FH sk BRCSR 1 B dt 3 H A 7
3 AP A B R IR 1) B RO B AR X 25 5 <
VI BE Z [ DG 3R, 20 s R s AN [ R I 25 51, iR
R LA I iR BB A 45 R, K G HE

MIRERAE . AR 4(a) HPAT LAFE Y, SO0 I e B R A 1Y
F 0 JTRT L F4) J5 1o B0 S R 5 22 (B K, FEAR A IR
W E DX B (1B<0.001 5 sr™t) fi 22 (E 8 0 43, BEAE <R
JEEHR B BN, A 22 (s AR E o FEE] 4(b) T, IR
e i DX PN £ O 2 (B TR RE R Ry 43, (EARA T4 4(a),
SV IR BE 5 i ) EO AR AU 22 1 R DGR REAIR, T A
1064 nm A2 (4 Ji5 1] B 22 5000 D 22 BEAS AS B VR 32 11
AR B (IR 4(c) FTR).
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Pl 4 5 1) B AT AR O 25 5 SO a2 TR G 2R
Fig.4 Relationship between the mean relative deviation of back-

scatter coefficient and aerosol concentration

X L 4 v, 2% 0L I A 7R AR S X I Y
(IB<0.0015 sr™") A7 201 b i fe KA 22 6 T3 0w 22
{E LA R AR e 220 AT 403t S5 3 6 FiR. Al LA
A BE A A A AR R X I P A% T 4 T4
I, 2 B AU R v 3 % B HIL
T 235 R %) 52 Vi) o 98 R S U T 9 K ) e i AT
Sy BT HL R R AT B R A R BT, A B R4
PR 5 PR L EE R S BT R BU 45 R . R IRk

R6 ERANH ARG, REBRKRERE (IB<
0.0015sr ) 3NMERKARKEE. BWEREUR
REE

Tab.6 Maximum deviation, mean value and standard

deviation in the low aerosol concentration
region (IB < 0.0015sr™") at three wavelengths

from four stations

Results
Statistics project
355 nm 532 nm 1064 nm
Maximum deviation 11.11% 4.8% 2.79%
Mean value 4.26% 1.58% 0.74%
Standard deviation 2.80% 1.27% 1.24%

BRI, A% T 532 nm Hl 1064 nm, 306 5 A1
355 nm &b FR Y SPEBURHE 5 o B 4 T O AE
S AR, DR S (AR A A e U K Ak R ) 1)
U R B S R AT E . LAk, M 355 nm Ab 958
AR AT LA, P B0 22 /N 5%, (0 7E i K A
ZEHBRL 10% B, 15 B J it K Ak ol ) S O GHAR
5 R S U R B, AR IR B LR, R
SR BUAS [) Ay G A B30 X T S T 2 R R AR 1) 5
M58 /0N, AELIEASHEBS H B4 K b 22 A4 T g

i M DU RN Pl 3 SRR 7N
Bl RAMGHSFHAEZZE L, Mk, B8
It TR A FR G0 T 3 A o 0 A ke S R A M
J62F S 3 S A L S e o (ELR AR T S A
2, PR A A B (L 0 Bl 3 B INAF A LSRR
FEAE . Bt b SCoil LA, B S i
FCPRAE A FicHi xR RO 2E S 1 0 SO, e X
Raman 1 2 8 OB G 6 R B R ek, K
AR T FE A TG TR S T S ORI S 7 e R
BEIBIE T o O EIR SIS R, 4
T U R A S Ao P AR S R TR S )
SR BN O, Rl v R TR R S
U, X IEHE T Ansmann 28 A\ BT 9T 28 S B2,
Ub, 7EHIE | AR BEOE T A R G S I R S,
VA W AT P23 B A XS0l SO0 0 5 B 3 47 o Ak B
DAAR IBCHE Sy o 0 10 A B 2 2 it i T 1 IS 2 11
W%
42 KEEANSBESEHE T

ML SC ) BT B B, RSB O S i
B RSBESITH SRS A wE . TERE
I FERIAR S f2, ANBOGTE IR H L B £ L DL B
Angstrom $5 5055 5 S B GRS 1) U R AR
BB R4 R, L T R TR R A A 2
XF LA JUAS S8 0 SO 45 5™ A 5 ), I e 52 <
B RaE R N TRAEH A N ZE, X 2
4 Al SRR 2 AT T RS, TR R A R, 3¢
A L Evora WL 3 5 (38.567°N, —=7.911°E) T 2020
45 J1 21 H, 20:00~21:00 UTC 1 W0 I 2% 5 kg 5] i3 1
53T

Pl 5 FR B2 Al R S (GDAS il ERAS)
43 330 i Raman 2 2 38 75 2] A9 7€ 355 nm F1 532 nm
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. 6 FIFHAS KA 13 Raman 2 S 3P HUR 5 ORGS0
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S 2000 | VAR U R A
ﬁ he - \\ Fig.6 Aerosol backscatter coefficient obtained by the Raman and
4 » elastic scattering methods using different models
1000
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g
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Fig.5 Aerosol extinction coefficient obtained by Raman method using ﬁ 2000 1
Al o~
different atmospheric models ! '
1 000 +
&l 6 Sy fef AN [ 458 28 43 391l 8 2:F Raman ¥ [ 38 7%
B HY7E 355 nm Al 532 nm kb i1 SR I 1) B 2R AL . @ ®) ©
DA K 3 aok 5P S 1 S A B A 7E 1064 nm b 1Y f5 0 20 40 60 80 0 20 40 60 80 0 1 2

I R A PTG 7R R IR T T R 4
B, i FHAS [ 9 SR 20 A5 20 ) SO 285 57 3 R
) B b — B dy, IF BARAS T8 5, AR 0T
VRS2 9 A T I T B 2R R 1 1 5 SR i 14 ¢
AN FEWFIR 1.3~2 km S Bl Y, J5 ) ELCS R BO7E 3 4
U B A 1 e KA 22 43 51 ~—1.8% @355 nm, ~—2.0%
@532 nm F1~—0.78%@1 064 nm.,

il F A ) B 2 s 1875 31 19 7F 355 nm Al 532 nm
A 8 S T R TR L (S %3218 359 ) DA B R K £ e &
A, WA TR o B 7(a), (b) B, E P WIN EK AL
MROL RIS RS —E M ER . P HER %
S AN TR R A O A0 B T ' 2R 1Y) B i 4
SRR, IR MmO R iR LU S . MR 1.3~
2 km 15 B P, K b B SO TR IS B e K i 22 43 5

Lidar ratio/sr Color ratio

I 7 RIS SRR A RO L AR IS H SR (B 22
Fig.7 Aerosol lidar ratio and color ratio results of dual wavelength

obtained by different atmospheric models

N ~14%@355 nm, ~21%@532 nm. 3L 2 4] XLk
K oA 22 25 R /N, 0 () s, FE IR 1.3~
2 km {8 I A 9 S5 KA 25 9 ~6.5%

Pl 8 A [l P 100 T i A 2 (3)
52 /) Angstrom 850 . & 8(a) h 5 R IA R IHC R B
FH I )W Angstrom $8 5B LR HAT — 7 922 5, WX+
5 R 1O F B0 5 ) Angstrom 155K, Ok H
Tl R AR 9 T B3 25 R R AR — B (an &1 8(b)~(d) ir
IR)o TEWEIR 1.3~2 km JEHE A, A 7] 26 AL 19 Angstrom
PR AR 2273 51 09~11% K, (355,532), ~0.48% K4(355,
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Evora, Portugal 2020-05-21 20:00-21:00 UTC @iﬁlﬁﬁlﬁ% %Wﬁ}ﬂ%%%i%%fﬁjﬂ 800 m, lﬂfﬁl‘,
TSV IR I 6 22 5010 5 3 ok R v X O 7 35 0
PEEAT T W SRS A B, O T RO A R S
3000 | U] P TR 500, S AR BOE B 1.5~2 ke 31 61 A SO0
LRI AT
2000 | - R THN T AEEAR 1.5~2 km S, (TP R
S (GDAS 1 ERAS) 43 3 2 315 5 1 AV Fpe 24 78
WIS R T RbR 2 . TR, 6 F 550
1000 BT 't 2R BRI 16 55T 25 B0 O A Angstrom 55K, {1
FAAR )Rt 315 0 i 45 SR R — 3, EL7E 1 RS
P R . ® fhas X8 T XUBE K 0 L, i P RS 9 2 45 4
4000 1.120.2; XS THOGER 5 B, ZER S LI A, i
e GDAS . GDAS
s ERAS i GBI BRI
(335, 1 064) Ky (532, 1 064) A 1P A A I B R, R T b
A I TH G R B 5 18] 05T 22 B0R G 1) Angstrom 45
Bsh B S IR A 27 AR R (R IR o R
2000 | TRAT Vb WURL Y ) 1 SR ( EAT B — S, fE
S () U A I R A 25 8 1Y Ang-
strom $5 KA (7770 3245, R, SCrh R h sl
PR R BRI T AHG . ATLAA , ff
FPIA KA (GDAS Fl ERAS) 43l S 8 15 21 1 34K
oL . ¢ 9 T 1 L2 AR A B AL e TR 45 20 (g
00 1O s 2000 s 20 B BT X R B L TR (S35=(25£7) sr, §332=(24+8) sr),
S HCHE 1 T 5 HE A e 28 B Y6 B 3
FEUAE AT L)% B, i BRAS 25 75 3] 9 45 R 5 1R

4000

GDAS ——— GDAS
— — ERAS — — ERAS
x, (355, 532) K, (355, 532)

Altitude/m

3000 r

Altitude/m

1000

& 8 I AN ) KA = 3 49 31 ) Angstrom 45 4k 4s

Fig.8 Angstrom exponent results retrieved by different atmospheric

models

532), ~0.96% k5 (355,1 064), ~1.7% Ky (532, 1 064),

HRAE & 5 AL 6 ATHL, SCH ZGIFEHEIR 1.3~2 km
TR, S ek BE 7K P35 v, O HLAE WA U B Ak 1
WOLE A AR/ AN 7(a). (b) BIR), 4Tk R
A M v S TR PN AT R 1 A I o 288 TR ) A R
Y. BT Evora i iR =5 B 290 m, 1%k 559 PAOLI

B RB VDA R Y (R TR o5 RO A R
S B HLRE (S35=(4224) st, § S2=(47+6) sr) 5T H
P2, i i GDAS # S AS B i 45 R AT ik
PR I R RU(E 2 i) . PR, AR ERAS #55K
ST 25 ST LAY A AR 1.5~2 km 10 BBl IR
FPRTR A RIS AR R ), AR I GDAS #5X Js fii
S5 S0 AT RE A R Sy b S B R A0 TR B 15 0

R7 EBK 152 km SEEER, EAFAREASEXRBMYSBRLBEXSETLHERITEE

Tab.7 Mean value and standard deviation of related parameters of aerosol type using different atmospheric

models at an altitude of 1.5-2 km

Related parameters

Model

ko (355,532) K5(355,532) Kz (355,1064) k3(532,1 064) §355/gr §532/gr Y (532,355)
GDAS 0.9+0.3 1.2+0.2 1.1£0.1 1.0+0.1 3642 40+7 1.1+£0.2
ERAS 0.8+£0.3 1.2+0.2 1.1£0.1 1.0+0.1 39+2 4546 1.1£0.2
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Fig.9 48 h backward trajectory of aerosol provided by HYSPLIT model
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