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Inversion of Tropospheric Aerosol Extinction Coefficient Profile by

Mie-Raman Scattering Lidar
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Nanjing, Jiangsu 210044, China

Abstract An observation experiment of atmospheric aerosol based on Mie-Raman scattering lidar in northern
suburb of Nanjing is introduced. A soft and hard threshold method is used to deal with Raman scattering lidar’s
echo signal with wavelet analysis, and different thresholds and different wavelet functions are selected to process the
Raman scattering lidar's echo signal. Smoothed Raman scattering lidar’s echo signal is obtained. Upper tropospheric
atmospheric aerosol extinction coefficient profiles are inversed based on Raman scattering lidar principle. With the
Fernald method and the Mie scattering lidar' s observation data of aerosol, the atmospheric aerosol extinction
coefficient profile in low tropospheric can be obtained. There are three receiving channels in the experimental
observation system, including Rayleigh, Mie and Raman scattering channels. The data observed in Mie and Raman
scattering channels are mainly studied. Raman scattering lidar’ s aerosol observational data on 2011-12-08 in
northern suburb of Nanjing is processed by four different thresholds. Appropriate threshold is selected to denoise
the experimental observed data, and we use the formula of the inversion principle and combine with the distance
correction signal to inverse the observed data, and the extinction coefficient profiles of the upper tropospheric
atmospheric aerosol are obtained. The aerosol extinction coefficient profiles of low troposphere atmospheric aerosol
can be retrieved based on one of the aerosol extinction coefficients of upper tropospheric atmospheric aerosol. After

the Mie-Raman scattering lidar joint inversion of tropospheric aerosol extinction coefficient profile, we can clearly
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find the distributions of aerosol characteristics. The maximum value of aerosol extinction coefficient of low

1

tropospheric free atmosphere is generally about 0.1 km ', and it shows that free atmospheric of low tropospheric is

1

relatively clean. The aerosol extinction coefficient of upper tropospheric can reach 6 km™' under the influence of the

1

cloud, and the maximum value of aerosol extinction coefficient is about 0.1 km ! when there is no cloud. The result

shows that the upper atmosphere is relatively clean.

Key words atmospheric optics; aerosol; extinction coefficient; Raman scattering; Mie scattering; wavelet
denoising
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Fig. 2 Comparison of denoising effect of lidar signal at 19:37:28 on 2011-12-08

25 2.5
2.0 2.0
E 15 E 15
= =
s 1.0} = 1.0
% 0.5 c:\-/ 0.5} sqtwolog denoising
Y original signal » sz heursure g:no;sing_ .
OFS o threshold denosing e — minimaxd denoising
~0.5 ‘ -0.5
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Height /km Height /km
B3 2011-12-08 19:37.:28 BIMHOEHERX HZE 5 B 4 2011-12-08 19:37.:28 KWL T 155 H i mo
B 1 R R /)N 2 RS8R R L ] A T5) 58 /0N J0E 2 MR AR X L
Fig. 3 Comparison of wavelet denoising effect between Fig. 4 Comparison of wavelet denoising effect of lidar
soft and hard thresholds of troposphere signal data of lidar signal data with different thresholds at 19:37:28
at 19:37:28 on 2011-12-08 on 2011-12-08

B 5 27 A B, /NI 3 pR RO SR ] sym11,
& 5.6 f& 8 BT ZI AP S U OG5 5 5 ad /NI 2 S AR X e IR X 8 A B 2 B9 5 5 1 OR FH AR
5 5 oAb, [ 38 Y B YR H sqtwolog FE R, 8 5(a) ~ (D) HKl 6 (a) ~ (D B /N B R B0 918 symll,
4 4

(@ (b)

& 3 & 3
£ £
? 2 B 2
2 1 2 1
? e
x .. . ® — original signal
a0 — original signal Q& 0 ginal sign;

. — denoised signal 1 —tlanoisad slgoal

0 5 10 15 0 5 10 15
Height /km Height /km
4 4
© (@

& 3 o 3
= B
5 1 31
< <
£ 0 — original signal Y — original signal

7 — denoised signal i — denoised signal

0 5 10 15 0 5 10 15
Height /km Height /km

Fl5 2011-12-08 i & SHHOLTE LG 5/ ERBCRX LA . (a) 19:37:285(b) 20:02:32;5(c) 20:11:13;(d) 20:19:34
Fig. 5 Comparison of wavelet denoising effect of Raman scattering lidar signal on 2011-12-08. (a) 19:37:28;
(b) 20:02:32; (¢) 20:11:13; (d) 20:19:34

0610003-5



H = # ot

syml5.sym10,sym13.symll.sym3.sym10 Fl sym10, M EHA] LK I, /N 250 (5 5 70 I BE B A B i 2k &, T
PAZE 4 km LA b 5 BE 0918 15 5 HEAT RAIH 6 Z B0 i s DTt/ 3 B 2 2k LA 5 3 J ) 52

4 4

@ b)

3 o 3

T £
~
) 2
= 3
S 1 S 1
< <
N 0 et D0 At
Q — original signal o — original signal
-1 — denoised signal 1 — denoised signal
0 5 10 15 0 5 10 15
Height /km Height /km
4 4

(d)

P22 /(10" W-km?)
P22 /(10" W-km?)
p—

0 — original signal 0 — original signal
. — denoised signal 1 — denoised signal
0 5 10 i5 0 5 10 15
Height /km Height /km

B 6 2011-12-08 $ir 2 WU MO T B F 5/ N IEEMBUR XL . (a) 20:27:565(b) 21:01:45;5(c) 21:27:21;(d) 21:35:43
Fig. 6 Comparison of wavelet denoising effect of Raman scattering lidar signal on 2011-12-08. (a) 20:27:56;
(b) 21:01:45; (c) 21:27:21; (d) 21:35:43

32 SAREXREOREERSWN

PEHL 2011-12-08 M 135 43 B[] B 1) 6 A~ AN () 38 3 1) S0 B 38 A5 5 B0a A7 B i, 19 31— 2R 97 <0 e T
MR . A KA R 7 A 3 2 55 0K 58 T8 TR I 2 A T Ol 7R KR 2 1 AR A o) 1 A 3
HEAT R AR S, FEWA Z WSS, RREEREEN 0.1 km A4 B KRB & &, 2
K Td, MaEX D KENER B REIERE 2011-12-08 B RAB/INWHE L =, Kum &b XL K
5~6 Pk A~5 H . mm N 7 CoO R I —1 °C. XFRMEILRBE ARG .
3.2.1  FF AT T X HAE G RUIR R 5T

NP7 AT LA 3, XoF i )2 TG 1) A0S B T O R BUIR /N, 2928 0.05 km ™' MWK 7(a) AT AR, R B R a~
12 km Z B8] B9 S TG RBE 7 km 2247 B R AR . 292 0.18 km ', 3 W I 2 B ot AL &0 8 28 A7 7E K 3
SR N T(O) R LU @ BE S 4~12 km 22 [a] 9 S0 S T8 O 28 8080 2 i gl i AR B/, JF A IR O
FRECE AR/ AL 0.1 km L SRBTIG I & 2 RAATE D BRI NI 7Co TT LR Y SO0 T O R 4
HRAEHN 0.18 km ™' A2 A7 H 2 S BT O R BURRAE B B (8 X A/ T 0.1 km ', 8 WYt 20 R 5t b
R A~12 km ZAIFETE 2R N 7(D AT LA H,4~12 km Z 8] BB BIEE REE 7 km 24 —
MERBYUENE R 0.7 km A W B D7 B T — /N A IZ B G 0] BE 2 i R AP Y = 3 Y
R R B 5 2 H R AR /NI 2 o il s RO 23 38 UR R S 0l

MIE 8Ca) . (b) AR AT LA o & BE R 7 km 2247 30— AR R SO I D6 R 8 (R (8 T 5 BT Y
S DOC RSB PA R, K 8(a) (W HEE N 7 km A B ROCRE D3 4 km ' Hl 6 km ' /2
ALY HIEEA R, RN HEZ s s lRREN—1 Co il THELAREZE Z K= FIA
4 km A6 kmo A AT TE G R BT BE SR B A HU K R s i L UK s R 7 km DL BRI TE O
REURL I ERIE, K 8(o) (D EEN 4~12 km 22 [A] Al T O 22 5508 0 D /N L 19 A4S I 220 1) A< e
HC R AT 0.1 ke ™", AT WX PN B 20 A i 5 JE AR AE 4~ 12 km Z [ 09 RAEB L T, K 8(o)
() AR T 6 R BOEE 2 A0 0 BEL B 5200 R TS g0 0 AR b B SO AR e e AR e L BRI R i B Y D TR
AR TC G AT AR 5 R AR S M g ) 2 i B A O R A R4 R it — 22O

0610003-6



h =] 7 it
12 12
@ (b)
10 10
é 8 T\% 8
.‘§o i
= 6 g 6
4 4
0 02 04 06 08 1.0 0 02 04 06 08 1.0
Extinction coefficient /km™! Extinction coefficient /km-
12
© e
10 10
s iy
S )
= 6 = 6
4 4
0 02 04 06 08 1.0 0 02 04 06 08 1.0
Extinction coefficient /km™! Extinction coefficient /km™!
Bl 7 2011-12-08 S ER A KIE KRR UKL ., (2) 19:37:28;5(b) 20:02:32;5(c) 20:11:13;(d) 20:19:34

Fig. 7 Aerosol extinction coefficient profiles of upper troposphere on 2011-12-08. (a) 19:37:28;
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