$43% £ 18H/2023 £ 9 A/RFFR
TEERRIK
Hi AL Mie w0 F 3 I 8 1 F 58 E T 55 Pk Ak
BRE REE, A, BEET, 2R

TEUK AR AT B T AR AR B, 1AL BRI 4300795
PRI R 2 R B TR E R AR, #Idk i 430079;
SRR L FE BB, 1 I 4300795
YHB AR A A0 ok K A ML ER R F T BT, LS R AA 91904

WE A UE RO RO R G R E LR, X RAFREE AR AR SR AT & . T L AR Mie
TS SO T8 3K A TG A KA | o I 23 4 9 4 R 3 00 A P00 1) 0 3548 2 0T , 7 = RV IR Rp M B 5 o R A B 03 s o 3
BTN ASCRIZEAZT Mie BURNEOE T 35 B4R I B A& e Ui 72, T UM EL T Mie U BOL T 5 h i 8 & I+
BT )2 DI R 5 2 38 45 O ) AL A% T 5 1 J7 55 PR, O 8 AR G B AR RNk 9 6 i B I JT PR BEAT T 180, i X

Mie HiSH#O'E B7 38 O SO A AR WE S 7 1 R 4T TR

KR RAULY; AR ESRE T BRI ok

FESES P412.25 X FRERS A

—_

CI—1
Z MR BRI R ARG T ELER . s
SRR A E 2 i W) B AL 2 RO 2 M B, X R
A R R DN SR i A R /N R B
I R A 45 S o I 28 20 A LA R A R HLEE, X T
i A2 A AR S5 e RIS RGP A B A . &
ST B mT LWL A Sz 38 2 A IR B O A SR G
FA BN R RS JE A OF ELAT R i e
JB P e 2 RV B Y 2 R DR AR o3 A S ) RS B
HATE 230108 17 2 M0 o 5 I g sh 12 2 2, n
R BH G B T AR B 25 T2 BT R B TR T 0
W REREAE A R = MR ER . Ttk
At SR FH N T S R S A ) P D50 oA % M 7 I
25 KL, HAT AN 52 00 I B 14 760 2 5 i) #9900 00 34
Hob BOCH B T TARBR B, e 5 R I =
Ri T B A AT, HAT e PR R A 1 1 AT AR
STy IR 25 A R AORE TR 1 1 2 B A 1R B L
AR RS b = AR A 1 TH AR E T )z
LT

WOL B AR AR AL A9 A W) AT RS S Mie i)
4% . Rayleigh # 4t . Raman 85t M2 G OL H B % .
BRI A AL 5 R/ BOR T HOE R B A 2R 1 S
FICR B G2 I K Sy Miie FCSY 100 250k 5 32 /) T OG UK

DOI: 10.3788/A0S222188

B, 25 % A= Rayleigh 84T . Mie 85 5 3058 , 480
A 8] B AH HAF A — A O BESR R AS R F B (T e R
ORI 1) HCET 2R 800) A0 90 2 B T 1) L, o AR O TR
KRB E I EU R ) BIA T — &M
AW EYE S AN, m OGS S BEEOL R A R BE e LB
Mie 4 Fil Rayleigh #5545 40 25, 7T LAk 62 Mie H4T
PO T IR 0 96 2 S T [R] T R OGS A HE RO
Tk H IAF 7 R Go 4 M 52 2% B AR ME B KR A% 55 5t
S n) L, i HLAE SR ROt R B A EE SRS E R, 5
R A R A AR OR T B — 2P B R R Ak
BRI T R G BER O R R M A Bk
1, T Mie BURHOE T8 BA B 50 R G045
F4 87 B S 1 S B AG Re a5, H AT AT B e Tz
= AP BRI O TR ik

Mie Bt S Ot R A C L2 B AR KRR DS,
1963 4F , Fiocco %" 1 YR fifi FH 41 55 #1 Mie B8 BOL &
AU E] T 60~140 km & )2 KA B G55 B 3515 5 .
1966 4, rf [ B} 2 Be K W B 5T A B Sl i) T 3k =
B— B4 A Mie BURBOE T X ZEREZE N
HABTT AR T Mie ST HO6 T 3k m B, P R
532 nm 5% 1064 nm , X X 38 6} 371 J2 A1 i )2 SR 1RO
SRR FEAT TOULI A Ay BT AR 20 i 42 70 AR AR,
Schotland 45" I 1 K It I 38506 38 FH T = -3 2
AV I Al A1 4 P A ), L 3 e R 4 R A

WimHE . 2022-12-30; fEEHHEA: 2023-02-19; KABH: 2023-04-21; MEHEEZHE: 2023-05-08

BE&WE: EEARPAEA(41971285,42201344)
BISEE . ‘weigongwhu@163.com

1899907-1


https://dx.doi.org/10.3788/AOS222188
mailto:E-mail:weigongwhu@163.com
mailto:E-mail:weigongwhu@163.com

1513 47 R

W5 I 1) O 6 2 AT 40 e RNl B A e AR S, T
PLARBOR. - 19 18 fw L& v . i TAEERE B 7 Cnvb 4
A 22 VKGR 5 1Y 5 10 B E £ A AE R R B 52, TR IR g
PR WO TR I8 X F R AR B AL T B A SRR e 34, iR
s Fb A5 T X 43 0K = F K = A BRS04 45
S . 1989 4F , Sasano 5 15 ol 22 I < ST
6T IR R R SR Ay RS )OS AR B
1991 4F , v [ B} 2% Bt 22 O 24 K8 5 MLT 52 9t 1 ) W
Wil T2 K EOLTE R RS, ZE E N H AL e S
W T 2 B WPk K (532 nm 1 1064 nm) F1 = i K
(355,532.1064 nm) i Mie L § Ot &= B . M
KBTI, 2R EOLTE R T REIRBUE 23
B WUR B (5 B, 38 AT LUA E 0K R ~F 20 A 2538
FREME . EAOR, BN T KE M 2 0K ik Mie
Gt 38 A SR SOR 0 R P, AT AR 2 R R
Wy EG 2 B R AT BORS A0 0 BRI, 5 B T A 4
ey 7 B AR ARG B A R AT TE B RTOE R s R g LT
HBTC B T 22 I A R i 4% 4 L) s

Sk BIE 5 DX 388 A4 BR 1 S A3 B s AR [ P A
FHAE K T T 4 b b L SO0 T Ik 4, G 52 [ Y Bk
PEOE TR IR (MPLNET) ™ | R A7 i 0 98 30
KM (EARLINET) ™ Bk 52 B A 41 2 i RS2 28 b
B R (NDACC) ™ W 91 70 22 3 % % ik B (AD-
NET)™ “—afy — I " o6 S ik WY BT 28 P oe
ik M (LALINET) | 92 [ A& &8 #% 0% 75 15 0 &
(REALM) “" Fl 75 Bk 4 # M % ot & & W
(CIS-LINet) & . Horp K4 DL Mie #0508 & ik
Sk 32 38 3 B P T DL S B R S L R R B A A R
B PR TRD A0 o 3% 11 52 o A S S O R IE R G 2 A,
[ N AN 98 2 3 A4k K R T 454 SR R R AR T
517 A1 AS B0 1 /N 7 Mie B9 306 R 3k, 3 5 22 0R0
AR GBI, T LA S E XK AIRE  E
TG RRE 3 Bl R 2% DL R AR S i S RN RS Bl 3
Mie B85 #0535, 78 4 BR AN X 38 0 7 188 A 2 0
R T EERER .

BE % Tl AL 10 & R, Mie HUS OG5 K 4 i 18 28
5 RCENRN X, (o A5 AT X B S 38 0 A BT 1 7 SR Ak
eyl . AR, BLAE Mie BT OG5 ik S b B8
TEFE— Sl 0, S 3O T 25 R R e MR R MELL R
E R SR )y o M JE Mie UGB B — AN EHEEH
P e ST 3 B2 K SO S EUE B I il
BB O] DLE— 20 R A RS IO R S 240, SR
i T LA 3 & BT 7 A A0 s UL I {5 B i 2k T 30 b
TR RAMG B R AL, MR IEREER T
IO T IR BOE Ak B ) — A SC R R R, B Ak, TR
AR BOEOE T R E 5 i = B IRZE R E
B JE 8262 S 80T R K SE Y Y R R
NARAF e N BB BT RO O F R 5
i Arh B A 2D TR R A DG AR 9 P OGN

£ 435 F 18 H1/2023 £ 9 A/ FZH

B X b 3 [a) B, A SCAE B 49 1 Mie U BOG
ISR EE A e AL b, B RAE T H AT IE Mie #US
WG A W E S W B IE 2 ORI AE S R Y
IF 58 e 6 S i A OC Ty 1k i 3E FHPEREAT T8 A T,
LB ke Mie BT WOR 3 i 1 B 580
2 Hb3E Mie HUH PO 5 8 I B

2 SRR 43 B VR RS B BRI A SR O T A O R
B Tk

P(r)_c;°Po'G<f>'ﬂ(”)'eXP{Zja(r)dr +
r

0

e(r), (1)
A PO TS E r A ES s C HIEEH R H
i, 5O TE A B E A G PARER BOL Y I & 9T BE
i GO E ST, B R & 5 2 3k B B e B
MY BE T 2 LE 5 0 o KRG 1 B R A, =R RS o
T 0I5 VU R BB, FN B2 e KRR R B, &
BRI KT F W R I o, Tl @, ZF5e(r) IS
— AT IN hy R e I
AR R A T i BLUE S W iE 1(b) i iy i 2k
JIe s, i S B A i OO S AR AR AN B 1 (b) H Y 52 2 i
o WABOEHRAGE SRR E RO AE S,
S v A OR300 A T b TET B BB 2 U B AR A 1R T, XX sk
{555 HLE AT ROBORE & A R KR 22, I LA 22 1
XHE 5 3547 H & W 81 DU — 25 5 a3 U r ik
Ao BEAM, GET (o = M8 bric i 28 i J2 IR A5 5 B
TN TR 2 R IS )2 IR I AR B N S A R R
SWOLERBI B ELEESZ— P, 7
HiEE Mie F5C5 U0 55 18 1 5 1 805 A0 o6 R Rk O
1, H ATAR SR AT AR 32 21 30 FUE S B O T Ik e
IR B 5 1 BT R B B B R S T AR I &R
B 52 M DRI EE S R A S I | 2 A I )2 TR R
) PR R OG T R R I e A R Y T O R R Ak
i b 35 e Y T2 EEASH A 1 R YR RN i R 1) O B TR R

3 EENTFBEIE

TEHOL TR B BN R e b, th T OE R Gt 2%
I WA 88 22 ) R 7 2 Ay (A B2 e 5 e W A O A 1O
FA O S Bm G P PO RS B9 £ —
SE [ B P AT — 3 73 i 1) B30T Ol B 22 0 5 12 AL,
R B A BE B X R S 1) WO S RE 2 LU AR
NZIEE EMESHE T BOLERREESH T
SR LA 7 S AN AL 2 B 7, Hevh ol AR S W B A
BT RCEAS  do A ORI BAS 0 N R a
TR B FE A, dO S P il 18] A 3B oo by 5 B3 i 5 4%
W A BB JEE o 25 O Tk ol R 2 B AN O S S
FRES d TR IR N dO — rew. BWOGHCER FHE IR
BT IR AR

1899907-2



£ 435 F 18 H1/2023 £ 9 A/FZH

8 8
§ 6 6
é \ @ &
% 4 47
2 2
L@
0 10 10* ) 10° 0 106 10+

Range-corrected signal /arb. units Extinction coefficiemt /m~!

T 0O T 05 00 0 4l b 3R A T ) () D A5 B IE 5 O 2 AU B2 A 5 O Bdis S 3 . () B0 7 38 FR 0 it 2 U]
(b) HE 28 T v KA AR 5, T 592 B 9 UL 0 35 5 A 1 2 61 vl 8y 52 2 B s (G op = A TR A a0 2 TR R TR R )28 0, AR S B 5 R
A0 5 (o) M5 5 B 8 #) T D't &R 4
Issues in lidar detection and data processing: (D overlap factor correction; @ cloud and aerosol layer detection; @ data retrieval.

(a) Schematic diagram of lidar detection; (b) dashed line is clear atmosphere signal, while actually observed signal is usually

Fig. 1

shown as solid line (range between triangle marks is layer and rest represents uniform atmosphere); (c) extinction coefficients

retrieved from observed signal
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Fig. 2 Geometric structure of lidar observation varies with distance »**
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Fig. 3 Overlap factor varies with laser emission angle @ and telescope receiver half angle o/, (a) Overlap factor varies with 0;

(b) overlap factor varies with «
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Fig. 4 Schematic diagram of detection by slope method and threshold method. (a) Ground-based lidar observation signal; (b) slope of

ground-based lidar signal; (¢) layer detection threshold of ground-based lidar (dashed line)
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Fig. 5 Comparison of joint multiscale algorithm and MPLNET product for scene detection™

. (a) Ground-based lidar echo signal;

(b) cloud layer detection results for MPLNET product; (c) cloud layer detection results for joint multiscale algorithm;

(d) differences in cloud detection between two methods, where label "1", label "2", and label "3" represent common detections of

both methods, unique detections of MPLNET product, and unique detections of joint multiscale algorithm, respectively
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Abstract
Significance Aerosols and clouds are important components of the earth-atmosphere system with intricate physical,

chemical, and optical properties. They have a significant influence on the atmospheric environment, climate change, and
human health. Observing and studying the properties of aerosols and clouds are of great significance to gain insight into
these issues. Currently, remote sensing technologies and methods are widely developed to observe aerosol and cloud
properties, such as optical depth, extinction coefficient, and particle size distribution.

Lidar is one of the most useful active remote sensing tools due to its ability to detect the vertical distribution of the
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atmosphere. Among various types of lidars, ground-based Mie scattering lidar is the most popular one for cloud and
aerosol detection with strong echo signals, simple system structure, and easy implementation. The development of Mie
lidar began in the 1960s, and later multi-wavelength and polarization techniques were developed to more comprehensively
detect scattering properties and particle sizes of aerosols and clouds. Nowadays, many lidar networks have been
established for regional and global atmospheric environmental monitoring.

As the ground-based Mie lidar is becoming widespread, accurately retrieving their data is urgently required.
However, retrieval is still facing many challenges that lead to large uncertainties. First, the correction of the overlap factor
is crucial because the near-surface atmospheric information is often the most concerned. Second, the identification and
extraction of cloud and aerosol layers from noisy lidar signals are essential for subsequent optical parameter retrieval and
atmospheric research. Finally, data retrieval is a key step in lidar signal processing as it reveals the optical properties of
aerosols and clouds. Hence, we mainly review the research progress in overlap factor correction, layer detection, and

signal retrieval for the ground-based Mie lidar to guide future research and application.

Progress The key challenges in Mie scattering lidar data processing include overlap factor correction, layer detection,
and signal retrieval (Fig. 1). For overlap factor, the correction methods can be divided into experimental and theoretical
methods. The experimental methods do not depend on the lidar system parameters but require the assumption of a uniform
atmospheric distribution. The theoretical methods include analytical methods and ray tracing methods, which can guide the
design of the lidar system. In addition, the overlap factor effect can be reduced more effectively by adjusting and improving
lidar systems, such as dual field-of-view lidar and CCD side-scattering lidar.

For layer detection, the slope-based method can be directly applied to the raw lidar signal but is very sensitive to the
noise. The threshold-based method is relatively more robust and commonly used to produce standard products (Fig. 4).
However, tenuous layers may be missed because their signal intensity does not consistently exceed the threshold. The
hypothesis test method based on the Bernoulli distribution decides whether the signal is a layer or not based on the
estimated probability of it belonging to a layer. Studies have shown that its detection performance is superior to the
threshold-based methods (Fig. 5).

For signal retrieval, the Fernald method is the most widely used but requires two parameters: the lidar ratio and the
boundary value. The boundary value will directly affect the retrieval accuracy (Fig. 6) and can be determined by the fixed
scattering ratio method, single-component fitting method, two-component fitting method, and joint observation method.
Among them, the two-component fitting method can independently distinguish the contribution of atmospheric molecules,
with excellent applicability and high accuracy. Furthermore, an incorrect lidar ratio will cause the overall retrieval
deviation (Fig. 7). Methods for determining the lidar ratio mainly include the empirical method, aerosol optical depth
(AOD) constraint method, and joint observation method. The popular AOD constraint method can obtain the lidar ratio
mean value accurately but lacks its vertical profile distribution. The joint observation method using multiple vertical
observations can provide a lidar ratio profile, but there are very few simultaneous vertical observations. In addition, many
signal denoising algorithms have also been developed, but it is still a problem to evaluate their performance due to the lack

of accurate observations as references.

Conclusions and Prospects Key issues such as overlap factor correction, layer detection, and signal retrieval still exist in
ground-based Mie scattering lidar data processing. The development of new technologies such as dual field-of-view lidar
and CCD side-scattering lidar provides more possibilities for low-overlap observation. The hypothesis test method can
avoid one-size-fits-all empirical judgments and detect layers more accurately than other methods. In the retrieval, accurate
boundary value selection requires avoiding simple assumptions and separating aerosol and molecule contributions. In
addition, with the development of other vertical observations, the acquisition of lidar ratio profiles has become easier,

which largely improves the retrieval accuracy of ground-based Mie scattering lidar.

Key words atmospheric optics; aerosol; overlap factor; layer detection; data retrieval
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