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EHFHERNZARERE

EEE ', dg T, AR, BRER, TR, K4,
mat, WHE

LB A B TR RE R FHIE SR G P ERSRARIR S =K E SR E, F AT 210044;
2. R TR R, B At 210044;
3. bifg TR TEMRI, g 201109;
4. BRTBRK G H0, bt 100081
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1 5 &

MO BR F 0 A =4y 2 TR Xk o R
AL R RO R R A H—
R G S DL R A ER A AR AR L S A
EFH (Li%%, 1995; Stephens, 2005). Xz %3
BRI 9 — T S M TR B 27 40 v i LK v ) 49038
Z—, IRWIERAE IR R, mE s
Sy A A WA SR MR E X 2 IR S A
o AR A RO, DA = S B AE
S A B TR AT, RS2 52 M) R AR TR RN
TR 2ORS FE (1 GBI E (Randall 45, 2003; T 5F
B 4%, 2005). BTz i3 T BOR Y- & nT
DL A Rk . HLER K e PR, o B AR R A

i HHA: 2021-02-25; FENZR: 2021-12-03

HESBEET . FEREERK. BEMESFEZMN
P, W R W ELET B, Mg TR ERS AR
AT & J,  H T E 28 B s R FH AL 300 2 iR Y
LRI 2% . W 2 7738 O 7R 18 4 2 LA T
1 7 ARG ) BRARRAE R A TR B O, 45 A R
AL R AHME R A = S ECEBR, s
KRR DG B 9E 40 88 A5 B PRl e (B4 bE 55
2003; Kollias%#, 2007).

BRI 2 e BEAR IR AR 1 TAE I =0 3= Bl ek
gl shid Jlk 2z oy o B 3l 38 BN 2 8 Ao 3R ORI SR
=7 A B RSB R BB SRR SR 0 R AR
SR g U NG S UL //E LI T U A
Ah L TR U B 1) B Bl R R B R SR AR X
i 4 2002 4 5 A 4 H 3¢ E & 57 19 EOS T3 iy
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Aqua TR [RIFLEE 2T 2 BER s BOL I MODIS
(Moderate—resolution Imaging Spectroradiometer) .
= VG TE R ALLAME IR AIRS  (Atmospheric InfraRed
Sounder) F1 4G #F 73 I R I #% AMSU  (Advanced
Microwave Sounding Unit) , SCEL T 0] W% | Z04b
T B i) 478 @5 (Parkinson, 2003; Xiong &
2016) . HE20174F 11 7 15 H A A FY-3D TLA
T A S A SR BT MWTS-2 (Micro—
Wave Temperature Sounder) . % ¥ & 11 MWHS-2
(Micro-Wave Humidity Sounder) . 3% i 4% 1 MWRI
(Micro—Wave Radiation Imager) F1H1 7 #ER G A,
1% 1 MERSI (Medium Resolution Spectral Imager)
SEPRIMAL R, SCBE TR R AR 2 2 1 = 4 T AR
W, H5201349 A LIRS =5 CHR, it
— LA KA B (Li %%, 2016; Carminati
4, 2021),

Bl 1 B 2 T8 e AR R I B L G e O R
W5 R = BEERE G S, SRR
EWRZEGEE, MR RN, LU
RENMRBRD)ZNEEELZ R M TR
BEWEERFR. ML TshEk, EahE s
BAGFEMEMR . WIS T . R A 2
SPPEREROL A, B, TR B 2 R S 4E
EAATERBMEE O H AT A 2 S R
= T EAR BB A 2 K I R B O R IR R
MEA, Horb iR RFE T CloudSat T I
Y 22 K% 2 B 28 B ik CPR (Cloud Priofiling Radar)
(Stephens &: 0 2002), DA CALIPSO (Cloud—Aerosol
Lidar and Infrared Pathfinder Satellite Observations)
TE Em—TR RO & 15 CALIOP (Cloud-
Aerosol Lidar with Orthogonal Polarization) (Winker
S, 2010) ¢ R A2 KU T IR A B HARI O Be i ft
P, DIBGR B MR LN £ )2 = R b
K RS A AL, s A s e AR ) — A R
77 1] (Stephens ZE 0 2008; Tanelli 2, 2008); 2
O T A DUH B 1 R AR A o0 PR, AE
ARSIy MRS PRI KRR B AR 42 BR
BN ZE (LHER) MRBERENEZS
HOAAE R (Hunt %, 2009). CloudSat Al CALIPSO
TR 2006 4F R G A IE R ELEIT AR
L RICT K= B AOIEE , IRz
BB R R A HEESEZ AU,
TEHESN BRI TE R e i [R) i, 7™ A T R

MRz (Nam A1 Quaas, 2012; Stephens %,
2018; Battaglia 5%, 2020),

HS—4AE, CloudSat il CALIPSO B4 HiAth
JU T R AE[R]—BiE A A-Train TR B, 14
a7 A D T sh 2 U B A A 0 18 BOW I R St
(/=11 %%, 2008; L’Ecuyer 1 Jiang, 2011), H:
1, CloudSat Al CALIPSO X F*[7] — X ak 4 S0 0] Fisf [i]
FIEMZEA17.5s (FBEHUGH40s), FISCHMERID
SN, T B S A AR 5l T o v b S ik s )
T FLA5 ) SO 25 AR RFE . CPR/CloudSat ZEHR
BEMNZERZZ)Z 20 mA B mE,
CALIOP/CALIPSO X624 R EH /NG = )2 (W
o, BRa . RIZEE) BRI RCRRS 4
PO TER D JZ T L3 B Ah, A AH L (Mace 55,
2009) . CPR/CloudSat #1 CALIOP/CALIPSO i 3 [A]
NI A F2 8 = W PSR, R AR 2 o A R AE A
TS T EERW (Weisz %, 2007; Grenier
4, 2009; Liu%¥, 2012; XIZUK 46, 2018; APt
T AR, 2018),

AR SCE SEA 4R R A R A R TR R MO
IR s NI ARV B & DA R B /N 220 s v 3 T
TS BT 2 K TR TR RO TR A U [RDUL I AR A
of FH R AR ) o SR 2, DL MR R R TR K
W, BT m SRS S AT T R AT, %R
(1)L R = H R T 7 AT R B, I A W]
S ) FR B, e 3 3l N = 7F 22 B 4w B 4 )
1R 22 A ey TC L %) I RV RE

2 BT EN = O HR

2.1 FEARHFRIK

CloudSat 1 CALIPSO [ K 7E iz 1T, PRk
TR TR S 2 B R C 2 AR G ) 22 10k B o 3 TRk
Sy B B Btk A #1132 k sh i AR 4 A 0 R R B B
Hoth a1 = 4 = B AR IE T 2= W) B K AR 56 45
BB ST . TAEK, BB R AR,
R 8 2 1 B AR AR i 2 XA 3 3 3 B =
JeE TR H
211 EHBEREFTEHEAR

K — AR I AE 1—10 mm 14 HLRE D%
X N B AR L A 300—30 GHz, Hidr, )18 -
H 26.5—40 GHz Fx hy Ka I B, 75—110 GHz Fx
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W Bt . 2 KUE I = 7 3k i 46 T 20 122 40 4F
Y, EEHBIH T Ka$ B89 AN/TPQ-6 75 15,
T = 2% B (Holzworth Fl Edinger, 1960) .
TR, BEERMAOREIEE L, 2R B
A (19454) FEIEG (1960 4F) AH 4k ]
fifi 159 2 K Uk B I8 JF e A RS 9 R T N
(Donaldson, 1955), #EA 80V, MiHE KINER
RS ERAF B ARG T, 2K IR ARG B TR
WA SE, 2145, FEE ARG SR 24,
[ A5 AR ] 1 2 oK 2 TR IR Ry, A AR
R M R FH M 25 T i A BV 3R T, R TR
ZIZTARG . iz MEF G (Li5E,
2004; Kollias%:, 2007; fhu& 25, 2009).

KR RIS E R M R 4G T 20 42 90 4%
&, me B ACFE MM 2 7E 1998 4F ,  CloudSat FI
CALIPSO T4 [F] B9 S R F i Jm (NASA) A9 Hbask
RGPl R E ey (ESSP) 3k, Zad JUAERYHF
KRR AR M TG, TR DA — 5 U B 2 d
# T Delta 7420-10C H iz 8k #i, T 2006 44 A
28 H RS2 D) A ¥ (Stephens 55, 2008) o
CloudSat Hy 3¢ [F 5= fiit Jmy W S HEF S0 50 & (NASA/
JPL) FUMERMUK R (CSA) BRA WS, He,
CPR/CloudSat {3 g il 5 J 2] 3 WOCHEAZ O F AR
(Im%%, 2001; LaBelle%, 2003). (1) RAHTH
g S A HL ) Tl 2 R ) A R A 7R 43 A A
JH #3545 EIK (Extended Interaction Klystron) ,
B DR IR AR BRI A5 5, Al T IR XU A Y
B b Aok AR AR e el A A SRR I, IR A 1.9 kV
B R A i FE HLIR AT DL R S T R K B 17—
2.0 kW K. (2) REEH R A A 556 Rk AT,
e R EHREE (N5 wm) FFoRAGEIE, AT
REHL R i, JFRAE TR YT 0.12° R A 1)
Weak, HIRLWH 7RI 559 % 50 dB.
(3) i H T #E 2 1% i 2k QOTL  (Quasi-Optical
Transmission Line) ERBIES NI SL, T 5
WG A B s R T, FIHZA S8 R
SRR R A T 2 R Ak S IR AR R AR i, X
& QOTLE AR IR AE B e d iR TP i

1 CloudSat 5 B2 5, MRMAL K/ (ESA)
FUH MUK (NASDA) KA I & 1 EarthCARE
TERITF 2022 4F & 4 (Battaglia %%, 2020) . %
PERERT -HHEHNEZEHaHEE (CPR),
A 2SS m G )y, REHBIEE2.5m,

KSR R 36 FH o3 A A 08 45 BIK AR Sy iR 2%
P, TR PG A R 2k QOTLAE i &, Bl
WA 22 24 400 km, PRI 260 2 50/ 45 2 CloudSat
P T297dB, HIKVRIEE B %5 [ 40 9553 i i
#] 750 m 1 500 m (Illingworth 55 , 2015; Heliere
S, 2017) 0 AL, HATIIRAL TS UERT B
AR —EERG (ACE) {5 ¥t —
Th = FRIRW I RERIPERE , 140, R 0 1 XU Be
(Ka FTW) FSUi i Y PRI AL, Hob Ka i By
ik B 3 BLHGE 7 19 B PRI D RE 3R A )
PR YE— 4T E 250 m (Tomiyama %%, 2020).
#]20204F9 A A1k, ACE (4 TR B 22 i il 52
B, AT IEAE T, (BT R & A ST
FERBE, WIS HO0 7 Z AR i 2 19T
B RIATIRUE, R R 3R A B K AT
K FEBIH S
x1 BARUEBHREXRZBEENEERITSH

Table 1 Main design parameters of typical spaceborne

millimeter wave cloud radar

Radar# %%  CloudSa/CPR  EarthCARE/CPR ACE/CPR
TR/ GHz 94.05 94.05 Ka&W
{1 /km 705 416 450
P 3 B im 500 500 250/250
ST HERE Im 1.4 0.8 1.0/0.7
M43 8% /m 1.7 0.9 1.8/1.0
Jok i s 33 33 _
WEAHIIZEAW 1720 1.8 —
Jik w5
——— 3.7—4.3 6.1—7.5 —
REH AR /m 1.85 2.50 —
REkHE25/dB 63.1 65.2 —
BHE % km 30 12—20 25/25
RV SE km — — 25(Ka band)
e/ N 90 a5 ~10/-15(Ka band)
REYE/ABZ -35/-40(W band)
EZ=2 k7l 1.0(10 km/ 1.0(Ka band)
W HE /s - ~19 dBZ) 0.4(W band)
YIFE/W 400 300 —
BHLE kg 350 240 —

Hh [ A B 2 R U R Tk AR G T K D T T
J& T ZAER TS IE . 2010 4F, JbnUaE i HA
WFFERTE M T Ka, Ku JBUR B IARENLBTR] , 56
Ja R T 2T, TR TR,
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57 WUNACR (R 4, 2012). 20144F, dbnt
I AR T LRDUAIHRE A BRI R
TR R 2= A & ) B P) 94 GHz 2 K I = TR 15 .
2015 4%, rf ML R B 42 A w55 LA 5 Be A
JFSEBEIF T T 220 GHz Il 2= 5 1K S EERE AL i T
o, AR DRSS HOIEER—Pls DR, %
JEAE A 2R R B2 WU = s (3 55,
2018) ., EAFHIFE T 94/220 GHz AU = 5 ik
1) B B 2 B0 T e AR A3 BT 1 O ELAF AR (R
BUAE, 20185 RAF 4F, 2019),

212 BHEHAXEHAETEHEAK

RABOGT BRI F A G T 20 HHE 42 60 4R 4K,
g RAEIM, KRB IRME KT,
X /N FIUSURE 4 SRk, HOOG H & T Y
PR M, PRI, AR RS R R 2 4y B
RETTH AR (HBEfR 55, 2018). N THK
BB b & 2 380 T8 R AR A BR R AHEIM P AR A
BEERAPOCHF B AN ZMAE ., 19944, NASA
B RIS MUK M E T — GOKEUTEOLE
iA LITE (Lidar In-space Technology Experiment) ,
RUE H3RAS T 2945 h B9 ORI, (HRh T RA
ORI B AR AE 23 [ 0 ) AR (Winker 55,
1996) o M5, B MK AL K R ESA B A ik E
MATRA MARCONI it K+ AR 2 Al 7E 1998 4 al Ty i
il T — B B TR R A R ASMOG T I8 ATLID
(Atmospheric LIDAR), T —% 1064 nm [ Nd:
YAG HOG#RAI—1~0.6 m ELARR RIS, REHEG
KA LA, H A5 2E0 EarthCARE 1131 &2 2] T
HEEAHESIER (Marini, 1998) . 7ERE S A9 JLAE
o, G E NASA Fiik [ [ 5845 [0 i1 58 o0 CNES Bk
A T — A BEIER X R RERKRREEE S
CALIOP, 45 # 4 CALIPSO L& F, F 2006 4
4 H 28 H &S A2 I AL (Winker %, 2010)
CALIOP ffi FH T Wi &5 vl 28 8 T fE i B & (Nd:
YAG) ¥ty , HAFr=AEEWFE K 20.16 Hz 1Y
1064 nm #1532 nm ko0, Bk EE2) 4 20 ns,
I N 110 m), HOEEHRA 29 0.1 mrad )R ELA
HFRNBEERZY 70 mo WA —1 1064 nm 38 18 PR
A IE A PR 4 532 nm 3B IE , BB HA 1m, £
BE . I B A PR S R R R FH A A A B b 3
FAk, i 5 AR 2 AR B A S B
H g TR AR M DAV AEE, B

2237 4% CALIPSO iU YITEHa 1T T 24,

TE CALIPSO HUA5 W M) Je , BRI K JR) ESA B
0 1R G T I XUEOE B 15 ALADIN #5288 T Aeolus T
BATE20184F 8 A 23 H &G A A IF I A B (Lux
A5 2020) . XIFFEWE 5.5123500 . Fimt 16 4E AR}
ST H L IE A A A — 4 v W 4 BR R
Y T, AR [ I 2 30 kom 5 E AL B
If 2 o R L SE I KO AR ) G AE L. 3R T
2021 4F % HH Y BarthCARE DR W4 T —H K=
WOGLE IS ATLID, FIH &GS 33 (HSR) £
AR, ¥ mm AT (R0 FHU) oK S
(= AR R FHUS) s S T AR s, B
KA D THRIMAEE (Do Carmo 45, 2019) .
ATLID ¥ Nd: YAG OGS T =500, M43 5
355 nm K, [T EAS 35 m) kP BB, DGR AY
KA, M B E AR 10 m 2247, I8/
Z U R B2, A A E—F S bR v LY
I TE IR E] T 0.3 pmo AKHUSHEE Y TE 50 P
FH100 m, FFEE R 500 m, H ORI (506 Ll
P35 T B R BRI R AL RS T 8x107 m ™ st

BeAk,  HRISER AL TS UE B B A ACE AT
FATRER—EGIAE 3K (355 nm, 532 nm,
1064 nm) W mEOIGIE S HHEOLE A (HSRL), 2/
FE WA % A B B A Ak BRI BB 77 (Maller 45
2014) . FEFX—HH A, NASA B LHFH T —HG 5N
W (532 nm F11064 nm) (7 FLRR 25 IR AL i
£ % CATS (The Cloud—Aerosol Transport System) .
F4 40T B PRz (a1 1SS HEAT T W6 47 22 11 14 22 L)
(2015-04—2017-09) , “} ACE {T- %% th HSRL Ot
TSRO AR AL T S (Tomiyama 55, 2020) .
322 R B HOL TR R R ERITS .

N 2 Z B Al B2 48 T H AT RS
WOLTR IR ERBEAR (554 55, 2016; KK M
X0, 2017; TREA S, 2020; HABVLEE %,
2020; F4F %, 2008), H, FEBER B
TR 2 WL 7 9T 22 3k 1) 35 T 3 D6 R 0 4 R
22 B AR B HOL T AT H © e AT
H, JRLT 2021 AR R T ESE — A RO ER IR
(Bk& 4, 2018). HAT, EHNC L mE M
BEHEBOCFESHFREAMEMNE (5 %,
2014), HZFAMBEZLIRE T 28 RHOLE
IKFTRE (F2R5E 45, 2013), [) i 40U 8 )
HHEOLTIRW WIS DRI H B4 Wik
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(BRX 45, 2019). BULARED], PEEZEA LR
RAHOCT B K R w1y, R e ECE B9 Ik 7

BT | S AR AN F JR 1o ) T B A R
FHIR B FE R o

F2 HABHHAFTERFERITSH

Table 2 Main design parameters of typical spaceborne Lidar

Lidar £ FK SSD/LITE ISS/CATS CALIPSO/CALIOP  EarthCARE/ATLID ACE/HSRL
R SF R ] 4 1994 2015 2006 2022 Gl
FH RIS AL ] s ] il LA oA TAE
LI /km 250 405 705 416 450
WOt K Nd-YA]()}I;@SSS?.Z nm Nd: YVO,. sceded@355, Nd.YA]();i@S;z nm DPSS Nd-YA]()}P@S;SS nm
os4nm 532 nm. 1064 nm Coaam  NYAGEISam 1064 mm
Jok i 5 B /s 45 30 20 15 —
ik i £ A 3 T H 10 4000 20.16 70 —
. 500 mJ@532 nm&1064 nm ~2 mJ@532 nm 110 mJ@532 nm
e go mJ@355 nm &]J064 nm 110 mJJ@1064 nm 35 mJ@355 nm o
FEH LB /mrad 1 0.03 0.1 0.045 —
e H A2 /m ®1.0 ®0.6 ®1.0 ®0.7 ®1.5
W — 110 mrad@+/-0.5° 0.13 mrad 0.074 mrad —
PMT@532 nm, 355 nm PMT@532 nm, 355 nm PMT@532 nm PMT@532 nm, 355 nm
Rt APD@1064 nm APD@1064 nm APD@1064 nm PaT APD@1064 nm
o 100 m @10—20 km
EEAHH/m 33 2 30 500 m@20—40 km -
K3 B /m 740 15 333 10000 —
it /kg 2000 500 283 235 515
Uikerw 3000 — 230 250 658

2.2 ¥¥EsLAY N IR

H 2006 4F A-train 1 5% 2 P\ TP 1) 22 K O B ik
CPR IO E ik CALIOP Wi 2N & 5T LAk, S+
KRB, XSHEE N B Y KRR
AR Ak, BUER R E A, SR
WIS 54 o
ZEXEE L EHIFERAN A

(1) =W RO B XL iRk . CPR
B RE, MPE A MEZE S #A B
RETT, TE =W MES I JOL AR . = 1 =4k
U B G5 AR REAE 25 5 THD HOAS T 2 N F R . R
JH CPR [ 2= BRZE AN 2= 3 2555 7 it AT 3 A A [l b X
N BV AN N [ e SN N [ By Sl s P (= R
mim., mh R, s =R &
HLZ3 [A] PR A A2 AR AL S i HRAE (Sassen and
Wang, 2008; EIUMHE %5, 2011; Adhikari 55, 2012;
B X 45, 20145 Guo Ml Zhou, 2015)., #:TF CPR

221

NI 8 A ] 2 7 2 N TR/KOK B i . kLA AR
it mNEREE RS (L Ecuyer 55,
2008; Austin %, 2009; Deng%‘rf, 2015). T A
[ BRI VNN [ A N S/ 7 O e DS K i B 11
AT R R RGN = A BRES R AT, ks
“MESEA T BRI, H T RE N kR X
A AR T TSR = SRR IR BERE, AR
K S Hb T 5 09 o038 P2 HEAR 47 i AR A (Luo 55,
2008; Matrosov, 2011; KA %5, 2015; #7ok#) 45,
2017; DodsonZ%, 2018; KukuliesZ%, 2019),

(2) 5 H A AL AR BRI (9 % L 3G IE . CPR Af
RIS 255 v T B PR B B i = W 2,
CPR It 75 1) == 30 B 45 44 ZI) ] 6 7 ] AR 4 (1) 2FA A0
o g A TR I BE R (MODIS, CALIPSO,
TRMM. GPM. Kz T ALGERIAE) . i & ALK
HURAS SNV S QIR e S I SO A oS D2
CloudSat z #1] [ 77 /i % MODIS . ATRS 25 45 1) J52 7
M= TR . =% =M T TXF LIS IE (Weisz
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S5, 2007; EREHMIEZR, 2017) . &0 F
CPR o RH5 M3 TR 7K 5 GPM T AL WL (1 55 F K 2
B 5 UEAT X EL Ay BT, DA st B Ak R S R B ik
(Norin &%, 2015; CasellaZE, 2017)., mZMlal~
e B R B R 22, AT B IE A A S RO 5 R B R Y
RAWSEBR2E, CPR R = KA~
FELE A R PP AN AR U T AR 4 B UL B Rt
(Marchand 28, 2009; DodsonZ®, 2018).

222 HEEAEEAEN A

(1) & = 128k 0 i o= W 3R AE
CALIOP {# Bl 6 I A< e 9000 R AR R AR 3, HE
L) 2 )2 LR 2 I Oy T R T AR
., WK M T A6 = R ERAS AR E (&
T . iAo I BUR A ) R L A 5
MR A % (Nazaryan 55, 2008; K & 5 4,
2018). [AEF, S#@ishill = ARE454 (WMODIS
), B RS R DL e S AR e
B VE FHAE ST S 486 T 52 4% (Huang 5§, 2009; Min
8, 2010) 0 RO A FOSU R 4kl E T, (EA5E
ok 1R A LG A L AT DLAE — 0 B B X = A A i AT
PO, BEMS ALK A R R K = L K
TR B HEZ, =2 R R AE B 5 42 it 3
i (Hashino %%, 2013; Winker%:, 2009). It4h,
Hoafe EELZE I EE T, REMS A FORBIRUZ £
FEz, WA RZE = IR AHLS (Wang
4520165 PittsZE, 2009; MaoZs, 2021).

(2) AW e L2450 RS IS = B AH B
YEH o CALIOP 1% 25 I 4 v R 00 52 38 7 /Nsk
B A IR TR Ty T EL A IR RR O B, BRI e B A
IR KIEHE =48 (ChepferZs, 2008; Huang
4, 2015; Guo%, 2016), REA BRI KB
SRYIN)ZE R A AR AT RER IR (Lin 5%,
2009; Vernier %, 2011; Hu%¥, 2016). BrHA
T 9 4 100 30 A 5 AR B L L Ui 31 308 3 11403 i L LA
KAl s B4 A, Befe iR B R I r) £ 2k
R TR B AR AR A )2 B A s RN K S T T Y
FEREVE R, "X et AT R R (Huang 45,
2009; Sekiyama 2§, 2010; YuZ%, 2010; Liu %,
2018; Guo 4, 2017). fE = 5B MM EAEH
JriE,  FCH 6 B e A S B A R A A A
7 B AE T o Bk A RUR g, E kiR g
Fff o I = M IR 24 2, ARV IR

SRS (MaARCER . BOKE&E5%) Z[H
A fEAF AE B B (Varnai #1 Marshak, 20115
Devasthale 1 Thomas, 2011; Wang & 2015; Chen
&5, 2016).

3 CloudSat -5 CALIPSO [ B [7) 0t iy

2006 4F 4 A 28 H, CloudSat fil CALIPSO L) —
i A 1 7 2R B IF P A B, CALIPSO ¥ 5
CloudSat K#J17.5s, XMPIAE S Aqua (20024F) |
Aura (2004 4F) . PARASOL (2004 4F) . GCOM-
W1 (2012) F10CO-2 (2014) 4K #EFRN “A-
Train” A2 RETTR], BB S EAHE, 78705 km,
55 IR T AR I () K 2978 G M B 2P A 1:30, AL,
NFRHK e R (%1 48, 2008; Stephens
&, 2018), HFN20184E2 ], i THOAR ]G5
T HEMIERIZFT, CloudSat AL T ML
fEo MJE, T ERREDULI B8R, 2018 4R 9 A
CALIPSO HHHAT T KL, A F] CloudSat F#LIA ,
G EIFRZT40 s, MIMZHR, “C-Train”, HHIATLE
A-Train N J716.5 km &b, KZAEF 20 d 5 A-Train
T R S P A 22—, AT AT RAAE S 3 )
PR “A=C” PrEWLM

%} F CloudSat #1 CALIPSO, CPR/CloudSat {75
MEE R RN ERNBREN R ZR 22 EZ T
1A B A3, 1 CALIOP/CALIPSO X Y627 B Ji
B/MIRE (G, BB, B2 PR
DU i A ORORS 28, AR AR ME 2 i) 58 1 2= )23 SO
B = NERLGE M Y 2 R F B (Mace 55, 2009) . &
B, PR E 40 2 1 mT S B B ) SO0 0 AR A5 Ak
DL T RN, DA AS 2 5 IR i A1 o8 B 1 = 2 3
S5k By FLA 23 AR AR RRAE
3.1 hEMNEI AR

(1) BA RS E . CPR A CALIOP X
A= EAS AR S AT AS 7] B st BRI
W, AT DREUE 210 < 2455 8, dEm ) 15 8 5
R S, =88 sENFEE ., K&
EAEY P SE, W CloudSat — 2% 77 & v = JLAA] R
. mords . RAUHR BT S N BGR= . CPR
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HIE S PERROLE IR IER T &%, T LR
HIEA B S5 UK B B, T T 2021 4F 2P 4R R 5 A
B (BUKE 58, 2018). EOGIEROLE RE AR
s BIF 2 T T LA [ R [ B b IR 3R

(6) ZALRRAVEAERI A RIEE A, ClIE
S A—train 250 TLE A GPM LA, LA TLE 4i A
05 AR B ER RS W . WIREEE . B
KT EarthCARE K ZEBF ) ACE B EAT 5, ¥R
M Z 8 G E R E G WA . 2 8040 b [H]
WL Nz Z A6 G B AE G, S = S i A [A]
A H 1 23 ] 43 B 30 00 S 0HT 387k B Al B B
AR FREAR K R, TR Rk 4R,
N EarthCare 1 ACE TR AT 45 45 £ Fh o BUAL B8 1Y
B, SRR AR A, U, KEAHICEL
P Rl G SO AREAR R A B VIR K
42 HERESETAHEMNAFER

WEE TRV BRI AWEEL, i EinA
B LB AT 5 TR BRI E, M
3 6] 1) o BE P I, T i DR B8 A 442 3 S RE
g2 B S = G ) — A E R R T R . HAT
TE I T o B AR B AR A B . — Pl 25> B
R LIRTEARR M DRV E b, RS2
B2 it A2 I PO R UL 5 53 — ol 24 BT A o 2 A

WRAER —TEVH L, TR EERWN . A~
[l AR B e, TR B, BEFB
oK BB TR AR AL S AR K22 7 .
T DRGNS, fEEERERTmE. HOb
W = B ISR E T A F SRR ARG, JREY
IMABE B2 A (AT 204h . k2 A
FEAE) SR SCE R R . R, IR TR AE
BUOCATBH OISO, 7 A R T L EOR IR
FE& A REWEE, PSS EArE
M1, BERSG . BEREE | BIR M S RS
HATEERL G .

(1) MRFHZG . CloudSat Fl CALIPSO BUA5 Y il
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7 KR PO AL 3 2 ey i A0 A 3 4 il
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Fig. 1 Schematic diagram of new modes for collaborative observation of single—satellite and multi—satellite platforms
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Fig. 2 The relationship between the enhancement level of the received signal intensity /I, and the orbit height
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Abstract: Cloud is an important indicator of weather and climate change, and it is of great importance to atmospheric energy distribution

and radiative transfer. Satellite remote sensing has become an indispensable technology for cloud research due to its global coverage,
multiple types of information, and high repetitive frequency. In this work, the development of cloud measurement technology and the data

application research of current spaceborne millimeter-wave radar and lidar are summarized. The future development requirements and trend

are then proposed according to the progress of current cloud measurement technology and applications.

First, the technology research and data typical application status of spaceborne millimeter-wave radar and lidar are introduced and
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summarized, in which the key technologies and important application of Cloud Profile Radar (CPR) on CloudSat and cloud aerosol lidar
(CALIOP) on CALIPSO are highlighted. The achievements of collaborative observation by CPR and CALIOP as well as the aspects to be
improved are then summarized emphatically. Based on the requirement analysis of obtaining the 3D fine structure of global cloud, the
development and application potential of novel measurement technologies such as terahertz radar, high-spectral-resolution lidar, and
multisensor data fusion are provided. Furthermore, the key technologies of the new cooperative observation modes, such as multisatellite
system and multiple payloads on single satellite platform, are discussed. The influence of orbit altitude on the detection performance is
deliberated based on the analysis of the relationship between the received intensity of echo signal and the orbit altitude.

The cloud load performance of active remote sensing, cooperative observation mode, cooperation with passive remote sensing
instruments, and multisource data retrieval and fusion for spaceborne cloud measurement still need to be improved according to the research
status of spaceborne cloud radar and lidar. The latest advanced technology of spaceborne active remote sensing can be fully utilized for
observing more accurate cloud parameters and more microphysical information, such as multiwavelength, multipolarization, Doppler
technology, terahertz radar, hyperspectral lidar, and multisensor data fusion method. The collaborative observation of microwave radar, lidar,
and other sensors on the same platform is necessary for better understanding the formation and evolution of cloud, to improve the ability of
weather forecasting and climate monitoring further.

Satellite active remote sensing for cloud measurement is employed to observe the macroscopic and microphysical characteristics of
cloud accurately. Its high-quality data have been widely applied to cloud physics, weather forecasting, environment monitoring, and climate
change. Moreover, it plays an important role in improving the accuracy of numerical weather forecasting and climate research. With the
continuous progress of active remote sensing technology, more cloud parameters and higher performance can be realized for spaceborne
cloud measurement. In addition to the high-technology applications in spaceborne cloud remote sensing, collaborative observation is an
important development trend. A future perspective is then projected on the cooperative observation mode of multiple sensors with common
platform and new data fusion methods.

Key words: satellite cloud measurement, active remote sensing, spaceborne millimeter wave radar, spaceborne lidar, cooperative
observation, data fusion
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