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SEBRERIPREREREA S, 3. 5
RGN AEENEMT (Andreae #1 Crutzen,
1997; TI% 45, 2002; A K %, 2008; BidE,
2014; Huang %%, 2014). 1 ZAERITAE SRS
INEERONE , WA AT Bk 2 2 e P 1
5 A AR LA SR HLIX . R ZE Y KA
ANFEMEE L, [ERERA S BENZES,
AW AR AT AE IR RS0 2 1 (Aloyan 45,
1997).

T B B B A . AL B
R MR AR, BOLTE BN B R
TR A T S T-Be . WO IRGA TIESHIL
FARFBACHOCH AR, 2 0 b 8 5 B AR A
AR N VTR 71T R i i T = 17 o TN S VST e 1
(JH 75 %5, 1998, 2000; 4BHET5 45, 2008; X —
g S5 2014) . 1963 4%, A H & 4% A K HU
ot E Rt A T3 E (Fiocco Al Smullin, 1963)
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1966 4, W ERFFEB R YOS Bk
K 2 MU 53 P 2[R F o) v 1 28— 5 ORIk
IR (CEFMMGKLIE, 2006) . F#E G55
TR AR PR & R, T E 2 Z R B
WIF T K i RAIE O T B AR 2 5
N BESE, B, v E R B 2 OGS %L
WS PT . L E2 R AL S T . R S
BRI, VERI TR . ®RIURY: .
R, TR M KRFE (GongsE, 2015;
Bk T %, 1977; X4 45, 2003; FE2Rm 5,
2007; BHZR 5F, 20105 XA %, 2013; =K 4%,
2013; JAK 4, 2013; BEIERE 5, 2014; HK
W 4R, 20185 Huang %, 2020), A3 J1#Esh T [
KAFEMBCTR RN LR, &L 56 EREDE
IR AR T

T, WOGE AT BT N T 0 )
SR, RAAESE . 05 A Xl Bk
JBE 2 gy BRI B kL . AN, SE R A
Jri (NASA) #ELA4 A sz 47 i i bk i oK Ui
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N RN ERMPLNET (Welton %5, 2018), KR
) (ESA) EREBMUNSFOLHEEARE N T
BRI O B X W % EARLINET (Pappalardo %5,
2014), HABMFHLIG A 1 DU R IEOE A0 32
H AR VD2 UG B I8 ) AD—net  (Murayama 5%,
2001; Sugimoto %, 2018), LK ABRAA M5 74E
AR M NDACC  (De Maziere 25, 2018) . EEZA
RO TR UL R REALM  (Hoff %, 2005) . 7%
B 35 B CIS-LINET  (Chaikovsky %5, 2006)
o BLAh, AR B R BOE T A KR Ok
o 19944F, #E#H kALK CHLIFZ 1) LITE 3%
AR A — B R EBOEE A (McCormick
1 Hostetler, 1995)., 2006-04, CALIPSO P57
EIENER s 5RAKBEOLE IS (CALIOP) i
A . CALIOP & H 532 nm 1 1064 nm 4>
Wk, P B 800 68 g mT B A L X 2 2 RN
BRI, R — = —AE AR 2L T
SRR = YERF 25 0 A (Vaughan 55, 2004
WinkerZ%, 2007),

WO TR A T U B AR AR Y 5 2 T B
FEGRI W B OG22 R S TR B i
AR A R E N AME RIS O T S R R
VR TT 2 VL R R i 8% 5 253 AW 00 7 P 45 ) 1 1)
ot
2 OLTE IR AR A

AR I IO TR IR ) TR I B R O B 1)
KA RS RO . 2R TR 5%
W, e B i A5 S g R SO R R, SR
J 38 SRS A0 430 L B IR S R R A 4
RS S, SR i ol 08 SR B 5 A B0l OF AR A7
o S AT HACHE A B R R T DA B0 A SRR AR
FE, WMEPUR, BEELT, BOLREERSEME

FEROCKIAT (55 FENCRIN 5 B R SR AL B A 34
T ARG
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Sut
2% ‘
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155 4 F 2 5
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Fig. 1 Schematic diagram of basic detection principle of

aerosol lidar system

WOLE ST R TR RO Y A . &R
TAEY KRR, BOGa T b AR, Sk
JURHRIARRBOEES s IR Ty REoetsE,
B R BRSNS I F RE R Em s
JERR L ArOtEE . BRINARAE . W R BRI AT A
S . RERM S B, SLicE
FEEETE B R AR AN, AT R A T SR RS R 22 K
SRR M H R I A A O R
(APD), JGHLAFHEEE (PMT) LA K HL iy 4 A 75 1F
(CCD) &5 B R T &R G AL sl AE R 4R
ORI, AR RE A — R
Wi R, HASRIEE RS, % T REMN
PAFs; TRt EEOR, BAm R TR
M, EAME I E S EEET, R
PIFCRIER AR, $EEIRIIE &, ARt
FHEOE TR IR TR BE T o W R BBOL T A28
AL, MR FR,

*1 SBERHALTEEERBNA
Table 1 Main types of aerosol lidar
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2.1 RESHHATE

KB T A SR O TR S R R Y R B
N RS2 IR YR T R 506K
AH 24 Y IR A R B B, LR o5 R WL A e
PRI AR, KA 5O & A KB 32
R Sz o BT B IR, K
SHEOEER IR A 5 i
FEf OB 18 B B S i T ot R Bk
Jo T EUE R AT, T R BRI T — R 5
ITIE, MRRALFE T 5o | B Oy KL &
FARITIE (B, 2012), —BEREHUE 28 B
JRE A DX I8 A5 5 BB E RS 555, W A 5
FZF BB R E LTS M 1T IE SRS HE O £t
e LIXF o7 440 BE 5 190 57 RV ] 52 i B 7 1T IE
H T EH SERNE ST LTS, SR
I B HA A SR, X AT &
IE, AT IE U Sk oy 2, Al
B F I U 58 R AR B VA s . KPS
RS E A A E BT IE RS S FRLUJL
Al EEHF T, ST T IEA TR
X(1

I K B 30 TR T8 800 B i R BT O &R
B, WERMBUETRIAL (LR), HVERIEERE
HIE MBS Rz, HARERAS . KN B
REGWEER TFYE . NERBSBERA TR,
ML 2 /iR

KESFHBOCTE IR IT N
—2j;u(:)dz
P(2) = C'E-O(Z)Bz(z)e ‘P, (1)

A, PABOCTEBRPFES®RE, CRFIXE
B, ERESBOCIKMEER, 0 (2) BIUTHSEN
T, o 5 BRI R BCRLES ) HU &
B, ZRWENEEE, P eIt S5 . BRI
KBS WO B IE O R W T ¥ AT Fernald Al
Klett i,

(1) Fernald % . R Ko %S0 FHMA
VEIEPIRR AT 2, T2 R R (U U
QIR 3t NG W e i | KR (L 3 DR S
BOUamSa #2480 HFEAR. Hit, KRG
[a) B 2B BN (Fernald, 1984; Welton
#1 Campbell, 2002)

exp(A(LI + 1))

31(1)2_182(1)+ X(]+1)

B(I+1)+B,(1+1
K, ALI+1)=(8,=8,)(Ba1)+Ba(1+1))AZ,
By By MR RIE IS 2R TG U R,
B, AT LA H 3 [ A o R AR S B AR A Bk i 23 < ar
THEITR,; XELELT AR, BEEFITIE,
JUTE BN FITIEZ S5 P R 2k B AZ 2
HE R PR D2 S, S, 752
SRR U TIOROCHISIE, LS, = o
(2) Klewk ., BREIBERIHEIERERE o 55 M
WU RBBHAEW T R (Collis F1 Russell, 19765
Klett, 1981):

)+Sl

B =Co' 3)

K, CHHEL, k2R AR A S
G, S EOLT EBUETEFES 0.67—1.0,

X (3) MMABOLTHER I, 5.
exp((X—Xm)/k)

o(z)= (4)

o, + 2
m k

jfexp((X - Xm)/k)dz'

Ao, XOBEITIEA RS REOL R8s, 2,1

1 (2)
T2 B PRI B 2 o = e vk ARG A v

kAR EZLE A A B IR, — &R
e P IS T8 A8 IR ' 2R B v 85 ) 728 A 1 B JHG e
A RE . — RO REE R OB FAArE, TH
HERBRTE, Fr LA R T 6 REFAE
ol Bl e T e A PR, AT /N kB U
JE Rl R A K BH G R T RO TR Ik
Ve R i 2 S, YEEELCAERS, A
W EE R 3 PR (EIRME 4, 2006; 5KCHE 55,
2008; TKETAN %5, 2016; FMEDE, 2017).

22 RIRECEE X

Pt 41 O B A R R R S R R R BEOE S
S EA TS, AEERIE KL 2 U HOB AR 7
], YRGS 2l ks (PBS) J&, #4rH
5 R SO 4R 5 1] SF-AT Y P E R R S i
B b, S EGR R LS AT o SHIEE S P,
5P fEs P 2, HyrRumT .,
P.(z)
Pn(z)

X(I+ 1)+ X(Dexp(A(LL+1)))AZ

5(z)=K (5)
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b, KOAmARITIE R R, P (i IR0 T8 3 Y
JEF R T3 15 22 Bl R (KR 58, 2003) . —
ekl , BRIERLT R LN E, AERRIE R T
IR D L R T2

R2 FERBREBMHLREAL

Table 2 Lidar ratios of major aerosol types

F3 AREXSMEETHERBFHE(ERLE %,20006)
Table 3 Average extinction coefficient under different
weather and k value (Wang et al., 2006)

T , 532 nm

A AFRA
LIPS EPN TP
0.7 0.4423 0.6125 0.1352
0.8 0.4465 0.6864 0.1257
0.9 0.3539 0.7244 0.0985
1.0 0.0885 0.6771 0.0511

ey s TR AT AL
40 554 %.(2009)
HHEChE) 34 LRI (2018)
LR (EhE B ) 48+22 Noh(2007)
LR (k[ Bk ) 61+6 Noh(2007)
K (AA) 47418 Sakai(2003)
55+10 Miiller(2003)
I 63+6 Gr?ﬁ(zoll)
5011 Berjon(2019)
49.5+36.8
o i it 44.4+15.9
KPGFEH 40.3+12.4
I SEA(sN 37.5+12.1 Kim(2018)
TR AT 35.5+31.1
(BRFIE) 3544344
[UEDR(ERAATS 42.5+12.4
46.5+10.5 Liu(2002)
4449 CALIPSO
50 Sugimoto(2006)
40-58 Burton(2012)
43-53 GroP(2013)
98 E1m)11(2005)
R (FhE H ) 58+4 Noh(2007)
B (i ) k) 66+9 Noh(2007)
PN KR (HA) 60 Murayama(2004)
70+16 CALIPSO
30-50 Burton(2012)
52-86 GroP(2013)
FoM (R ) 46.7£5.6 Ansmann(2005)
L 50-70 Burton(2012)
50-62 GroB(2013)
20 h % %(2009)
28(5) FKEIBH(2013)
PN 23+5 CALIPSO
15-25 Burton(2012)
13-23 GroP(2013)
- 70 B4 %3.(2009)
W}; 60(8) HIPH (2013)
L (FEE) 52.3+16.6 Miiller(2004)
Kbl IR (&) 6812 Ferrare(2001)
I 70425 CALIPSO
W HR G 69+13
%ﬂ%ﬁl 5% L) R (% 1) 63+14 Prata(2017)
ik e LA (2H) 66+19
4449 CALIPSO

‘%’ Bl (55

TR
—— -

}rmmie)

<> FHIBIHE(S)
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Fig. 2 Polarization lidar splitter device diagram

TP A el DG RACEA —E A5, BIK
ARG T 1, FEHTARBENR. B 0
PRIATIET 6 (BRI 4F, 2019) . —RRA
Tk, A RA TR IR S E A&, 13k
e — g B AR O L SC PR . %8 5 KRR TR D
LAY LU R A PO T TTIE R4 2Pk ik,
TP 4 A AR Z Bl A R, @B Rl P, S
WE A AT, HCBCHT IS m R AT 5 10 22 S a1 58
W ERR (Freudenthaler %, 2009) .

23 HEHEEL

P2 WU R OE 5 KA+ Z A —Fp R
PR G RR L AE A VR B R S 4y T N
S5 A AR Bh K AR R AS S SO e K
HAFOEHE KA —8 BT — B0 RS
Ay, WK 355 nm, 532 nm. KRE P& FE
BEMKRPLE SRR AR (1556 em™), AR
(2331 em™), K% (3652 em™), Hi8 OB IS
S BRI FH A i B A A I AU o TR Bl
P2 EHE S R MRS, fE T
WOCTIA L . BB 5 0E T S B S BO
SRR RORE AR BRI, DO N IR 22 (R S
2017). HIFHi2E5 S, HORBUHE 52/
3—4 g, HEGTERIm/DN, 21550 gm ek,
ARIEAHREM (XA S5, 2015), LTI
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TSNS, — Al A R R PMT RO T
HRGEATE SR, PS8 ROCTERITRENAT B .
Y(z)

exp(—fl(am()\uz') + am(/\R,z’))dz’) X (6)
exp [ a2+ ()|

Kb, P( A z) HHLBEE RIS S, A, WA
SFRSEEE A, A O, ¢,
SEE I E A, Y (2) J T kO i T
BEM, N(:)WEE A TREIE, o
HASH TR SR, a,(A,z)Rla,(A,2)5
K 7 B 2 b R TFAE A A TR R B
o (Ao 2) il or, (A 2 ) 5359100 5 8 2 b F R A I
SPTAEN, . A, R REL

B 7 W SR M ST IR T 6 R B A R
(AnsmanZ, 1992)

aa()\L,z) =

d

gln(Nﬁ(z)/(zzp(/\mz)))_ am(z,/\L)(l + (/\“//\L)%)

P(Ay2)=C,

N(Z)O'NZX

L ()

(7
b, Ni(z) N AR FRORE, —
MAARTE R D& E ke W ESHME, o]
AR HBRER A A o o, (2). o, (2) 2000002 5
JE 2 AR R TR R A A A 75
R PR SR PG . R BTG I K 1R
v —ee .

AN, AR SR T W S B i 7
M, R O TR R — A 7 = B
fl T B A sl Vb AR (W T W B (Tatarov il
Sugimoto, 2005; Tatarov 2%, 2008). H T4 H1Y
P& )5 10 U REULF R ER . RN Y|
VIS, R B RAE BT AR BRIE A3 B R A 15 Ol
T, XA AR BT R BRI Oy 2 2R W AR
B, HA BT RIER BB Y 2 ryiF5e
X XA Ub 2 R vk 4 A H

24 BRIEARERKES

F T R BRSO T 38 B U e 2 B R JEE
BAR, M HOLTE IR h TSRS, HRER

M e F15Z PR . Fiocco Fl DeWolf T 1968 4E 42 1 T %
ISy R BOETE X (HSRL) (Dewolf £ DeWolf,
1968 ) o LA [ LR ) F KSR R F FR S
Gy OGS v FE BN TE] ol 2 Al RO 2 A [l I A
5 1 R AR A3 i R IR RS K T 4 T,
AT S5 B A0 S 1 v KBRS A AR (X AR A%
2015), WA 3.

K CREIBD

T IR /W

15

IR CRAF)

P Kev/GHz
K3 R A S B 1A (X747, 2015)
Fig. 3 Spectrum of atmospheric echo scattering signal

(Liu et al., 2015)

GBS HZS R TS B R R RS B TR
N (XA 4, 2015)
Noo(r) = Kpur 20 (0)( fuuBuad( 1) + fonBua(r)) X

exp

- 2ja(r’)dr') (8)

No(r) = K20 () fuBud 1) + fuuBua(r)) X

exp

- 2ja(r')dr') )

A, K, MK, BT A 505 S EIL R
B EL; fon B L, 30 R 53 3838 S AR 5
Sy FAR S R £ HL A0 ) R A s A
SRR S FE SRR, XS E
i SRR AL R RE AR AR . R R B, P AAR R K
SEEHETEAS, FriEa (8) Mz (9)
RIAT R 7 45 3] S IS I ) B R KB, LA SRS I
MR o, BIEH.

HSRL & — el LIoKE 40 53 G AR A% O Ot
wik, HAREMOGESPERe . wmHET R T
PR G H/NEME, (RiE R HSRLIWAJE,
ZHYMEROGAR Y H T HRSL B2 — K (L
A5, 2017), 3K —BARATG BT HR s Sk %
], AR MR T OG0 R P N R B 3
Ve SPH AR R HSRL 52300 A S B0 i 44 Y
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KHERTAE, ORISR, R84 F-P T
TEER L BTy T WO E G A DL R e B i e
IRIMTHEIE RS (FWMI) %5, 1983 4F Wisconsin K
FIES 1B AT F-P T XA HSRL (Shipley 5% ,
1983) . Shimizu%5: (1983) & H T 7 HSRL i Ff
AT IR WSO8 B A R RSB, R
JE - B 43— 8 AR A1 W A 0 2 5% K A SRS 0 3 )
SR E . ZJEIRFWIBCEE RS . BTk
UE OGBS AR 2K B B FH ;. Hair 25 (2001, 2008) 435l
FI L7 W I GRS 5 2 T HSRL X KA S 4t
T o H R s e N R & . MERE I
U B e, AR R RS T RN,
L HSRL f % A 2 22 BR T {1 A 1k o
AR A 30 D5 45 JUT 00 280 %) 1 3 3 1) 1) S
(EREE
Niu(z) = € B(2) + Bi(2))T()  (10)
Ni(z) = Co £.(2) Bu(2) + ful2) Bul2))T(2) (11
X, T(z2)=T(2)T.(2); foo fo W R, K
B 5 sy TRk B BRE R AEOE . R8T
B AL TR BB R; C,. C.aBIhW
B R, Kb Is ot . JetERUR
PRI #5018 FRCR MBOLFR A B 7% Xt
X (10), (11) PRPEATHIBR, SE0T LA 2<%

dE
dA,,

ﬁ¢,§?%@@ﬁw&w¢ﬁﬁﬂ%wm%ﬁ,

A JEER RN E SR, A RBRNK, Rt
YT . G R R R, 2
WLt (B 7 € (r) SHCRIE B TR A, 1)
FRATIEITIE) . S5 KRASH .
TR AR A T RS A T

Stowers 5% (2006) 13 A1) FH DA% 45 266 nm 48
A OGN T A R I BURL B 2 e . 1l
& CBRN #F 58 H0 S 30 1 1064 nm i K 458000 5 4
55, 532 nm P KAk, 266/355 nm
TR R R RN 2K EFEEL RS
(Joshi %%, 2013). Wojtanowski ZF (2015) ¥zt 1
— 5 266/355 nm {F R BA EOCHE S A 3
Het k. HET, EHEOCHERIOCHMA YR
W 5E 7 I, B AT AL TR A B B . 2014 4F 24

()‘bm/\o’r) = n]uLE()(A[))g(r)%tou()‘())tuc(/\

=

. ) t,u,()\(,,r) tm_()\,m,r) ArN,, (1)

JE I ] EBUH L R -
Ry(2) = (B.(2) + Bul2)) IBu(2)

25 TORHMAES
WICHOCT R H Y TR A REK. 5
PSR, FORRO RO S KA TR
T AHEAE W BB ZRAT 15 B, IF H AR
A SR T S I . BRAMIOETE YO E R ]
35 AN R P 2 A A A T A I AT 3 R e B i
WA HURL T N TEHLATE Bk T X 43 ok, &
FO AN [R] [ 28 i s 0 6 s B, UEAT R
B, ORMAYRERM R R . 28R
JBE 2 B 1) A R A3 Ry O A T SR R M, 2
St T Bl 22 16 200—600 nm (SRR L 45, 2017).
R TR [T A 5 0 o SRR W] R 114 3 e 2% O
s, P2t Rl R, — Bt & HkK
K 266 nm B, 355 nm.
PENI G 8 B 7 I

(12)

pHH .

HotRER . <

VA BE ISR o AESE BRI IR, D TR I Il
R AR, R AR, —BeRHDET

THEGEEDN, BEHUASRP2ES, A%RE
A 1) [7) s sl B BB AS U
PO CTRIETTHEN (Measures, 1984)

d’o
I R 2 B - U A B R T 5 T — 3 2 B B
BUOCHOCE B RS, 355 nm VERNIROGIR, 4
W 38 AN i B, R R AUIR AR ST R A Al R
(2014), PUZI T RFGEEHFRET —-6HTK
AR I TV RN 0 UK OGRS 0O
KRG, EHREINRNLTINGE:, AW SIIT AR
VI o A T PR R A (peskidil 4%, 2017).
2.6 HMEBHNTIX

Wil 5 O L R P R R, AT AR L B —
S RO TR TR A R, b RO
ik . CCD RO A A LED JOG R I8 55

AT IR H AR DAV UG S B By, AT 5K
KA 1) OHE 5 A R B A R . VD IR
JECEE ) RS 05 AE T 3O B 8 A5 5 AN Bl i S 1o
T, AR BEAR, BT &

(13)
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GE xS SV B R ER s HOE SR E KN T
100 m, AR T LGNkt X R HOL R BTk
EHIE ORI (fg5%, 2018). 20154F, Fi
BRI TRl A 3 5 2 W i SR SLidar £
ARIFJ& T KAV I8 SRR 52 A 58 T AR, %)
AABIE T SLidar BEARAE R IR T 18 1Y w] 47
P (Brydegaard, 2014; Meifll Brydegaard, 2015),
WO IR IT R RN

P(/\,Z)ZKPO()\)O(r),B()\,z)Xexp(—Zﬁ)a(A,z')dz')

(14)
K, ARIEK; dRIEEE; P(A)REOGERM
BT, KEREFEEG 0(r) 2L ESHET;
B, z) BRI BYIG B REG a(A,2) 2 KA
Y RZE; P(A,z)J& SLidar 2 G0 #5810 2] 1 15 25 43 9
B R A RS 5

CCDFHik, WM mBEOLHEL. ZRGEH L
PR E GG B WAL CE , OB kST
36, R KK CCD AP O R AT I8
T 0 BT B R 0 DX 1) R AP R (R S B A
2014) o A a] % B Ik 7R TR B B Y IR AR
=, ATLASCEUTEE XERM, VA JUAAT R ) ] A8
I G T O R B R AR IR, B A
FIm i B B M PR AN . (A k. BT
B L CCD R 5 J5 1) BURHMOG B IR A 7 — A i
7 TAE. BarnesZ (2003) #JH CCD AHHLM 7] 18
G I8 RGAEE ECR BN L xR ARG R
JZ R I A R AR AT TR P A O HA A
I CCD 53k Yo 3T 1 1T B4 08 IS AT T 3R D i 9
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2019),

LED S5 7R A2 4R 8 H B — o 2 = 3 =0
RIS . LED Bkt s 78 T LED /5 A #R0
FEUE, WK FEE, AT 2 PG 2R 5 SR
VA5 S 15 43 B SR R T 40 A 8 (Thurmond 4%
2016) . {H42& H /i 3 LED 85 ik G5 /Y & B K
K, RATRERAMAL, 7E5CPRN T #EE 240 & S
I RS, H AR T M K2 Tatsuo 5527 F W] T
B— A LEDGIR R ERFE L, X HIA 0 LS
] 200 m i [ P S B . BT LED B ik ik
TN X, Tatsuo F1 Sonoko 28 7E 2016 4F
Wit T — 30T F T R 2R IR 55 F K 28 1) LED

ik (Shiina, 2013; Shiina%s, 2016). fh3CiE%
(2016, 2018) &ITIFHEA TH MK LED SGIE
WIKRGE, NP s SR
3 RIS B o i o e
31 EFEH

SR EEHE S SRS WK, RIS
RO SEERA AR o A I AN [ U B A TR
F . AT LASRAS R RO AR, O R
JEIMHS R, HIKE (LR) . KB CHERE
(AOD) . Angstrom J KAEESF . B MRIH LR
FUG U RECRBOGER AT BRI R S5t
Ji 1) HHCSRT 2R 808 R 3 Y R A= e O 4 1 IS i
Mg, 2. W R EG R B R R Z,
BNk Pk B, Rl AR, M EZ IR OC R
%, R IBIHE R M T R T G RE T .
Angstrom UK A8 BUR B SR HURHR 1 RUBE 4341 1
BBH. Angstrom K AEEAY(E—FEAE 0—4.0 AYTE
B, SR R/NEYIAE, 7R T I A
SPGB MR OCR . YRR B 5 A
e KA AR KB, Angstrom 38503530 T 0, JFBf
BT RGN AR (BCERS 45, 2014),

Harlo 2@ iEHoLHEA RS, TR
I R JE R R ECRIEOG B Ik LA
REPETRE B0 19 . R BHOGBE TR AL A B AOD (i
VR 29 S5 0 A B SR AR B O L B i i R 4
T UMK B, P8 EE S OGIE PR RO T A
(A FE A 2 8 T O R BOR 22 PR AR 3 10%, H %
Je ) U R A 1R 22 % 31 5%  (Bosenberg £l Hoff,
2017) o fH & ZEAG 555 A B B IR O 4 e
M TEF REAR AR . ENIFZ¥E —HEL
N TR T3 5RO R B oY, BT
AR Z RGO IR (Bik %, 1977,
JAREEE 45, 19815 ER4GAE %5, 1992, 2003).

WO TR B AR DN AV B 2 e 1 T T HL A B
WS, Flan, ARG o 25ROt
A7 IR IE BR 2010 4F 5 22 AR AR 2R 7 L X — IO R
JEVP LR, BRI AR S d A E P
JEFRIGHE AL i B A . Hoh SACOL., il & P il
PO TR IR VD A 2 o AR A5 R E 4 T R
(Huang %%, 2015b).
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Fig. 4 Observation results of two lidar systems in SACOL and Sendai tracking the same dust event (Huang et al., 2015)
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Fig. 5 The size of dust color ratio detected by CALIPSO
during the sandstorm in Northwest China on May 2, 2008
(Huang et al., 2010)
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(Ansmann 25, 1992; Cairo %, 1999; McGill %,
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Fig. 6 Vertical structure of cloud and aerosol detected by dual-band polarization lidar independently developed by Lanzhou University
in Lanzhou city on March 11, 2014 (Ql et al., 2020)
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Fig. 7 Cloud and aerosol classification results observed by CALIPSO on August 12, 2006 (Omar et al., 2008)
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Fig. 8 Dust process observed by liDAR at Dunhuang Station on April 24, 2012 (Wang et al., 2021)
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An overview of aerosol lidar: Progress and prospect
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Abstract: Aerosols, solid or liquid particles suspended in the atmosphere, are an important component in the troposphere. It is well
known that atmospheric aerosols have significant impacts on environment, climate and ecosystem. Thus, the knowledge of the spatial-
temporal distribution and evolution of aerosol physical-chemical-optical properties with high resolution is of great importance to
quantitatively and accurately assess their climate and environmental effects. As an advanced remote sensing technology, lidar has been
widely used to observe aerosol properties around the world, which is mainly attributed as its unique advantages in large detection
range and high spatial-temporal resolutions. The basic principle of lidar remote sensing is that after sending lasers to the atmosphere
backscattering signals from aerosols can be detected and further analyzed. This paper summarizes the research progress of lidar for
detecting atmospheric aerosol over the past decades from three aspects: Firstly, the main types of lidar that can be used for atmospheric
aerosol detection are briefly introduced, such as Mie scattering lidar, polarized lidar, Raman lidar, high spectral resolution lidar,
fluorescent lidar, etc. They usually employ several principles of physics, such as Mie scattering, Raman scattering and fluorescence
scattering. Secondly, the lidar-based research progress of aerosol properties at home and aboard, such as optical properties (e. g.,
extinction/backscattering coefficient, lidar ratio, aerosol optical depth, Angstrdm exponent), size (e. g., color ratio), shape (e. g.,
depolarization ratio), composition (e. g., dust, smoke, sulfate, etc.), and concentration (e.g., mass concentration), are individually
introduced. Finally, with the advances of photoelectric technology, artificial intelligence, and precision machining technology in recent
years, the future development of aerosol lidar is prospected in this review paper. Lidar will be more miniaturized and intelligent,
making it easier to carry on Unmanned Aerial Vehicle platforms. Abundant aerosol parameter inversion algorithms will be established.
More ground-based lidar observation network and space-borne lidar projects will be established and improved successively.
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