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Abstract: Clouds and precipitation are vital to the global water and energy cycle and act as crucial elements in maintaining the
Earth's energy balance. Spaceborne cloud and precipitation radars can actively detect clouds and precipitation and obtain three-
dimensional structural information of cloud and precipitation globally all day and night,effectively filling the shortcomings of pas-
sive detection by meteorological satellites. Firstly, the demand analysis is conducted on spaceborne cloud and precipitation radars,
summarizing the shortcomings of cloud and precipitation detection capabilities of current Chinese meteorological satellites. Then,
the development status of spaceborne cloud and precipitation radars at home and abroad is introduced, and the problems that China's
spaceborne cloud and precipitation radars need to be solved are summarized. Finally, we give the main direction of the development
of spaceborne cloud and precipitation radars in China in the future.
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Table 1 Comparison between the demand for cloud parameter observation and the current situation
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Table 2 The advantages and disadvantages of different cloud-measuring loads
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Table 3 Comparison between the demand for precipitation parameter observation and the current situation
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Fig. 1

Cloud and precipitation microphysical processes
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Table 4 Comparison of main technical indexes of spaceborne microwave cloud radar
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Table 5 Comparison of main technical indexes of spaceborne precipitation radar

A TRMM PR GPM DPR FY-3G PMR
- A A BH ) 2R U o K BH R A URLIE AR KBRS RUE
350 km, fififf 35° F1 407 km, i £ 65° 1 FE 407 km, 5 £ 50°
TR 1997 4F—2015 4F 2014 4F—F 4 2023 4F—F 4
i Ku (13.8 GHz) Ku (13.6 GHz) .Ka (35.5 GHz) Ku (13.35 GHz) Ka (35.55 GHz)
etk HH HH HH
K HER 4.3 km 5 km 5km
[ H PR 250 m 250 m(Ku)/250 m 500 m(Ka) 250 m
oo/ N ARG [ 7K i 0.7 mm/h 0.5 mm/h(Ku)/0.2 mm/h(Ka) 0.5 mm/h(Ku)/0.2 mm/h(Ka)
SSZNCIR alll BN Z s 21 dBz 18 dBz(Ku)/12 dBz (Ka) 18 dBz(Ku)/12 dBz(Ka)
e 245 km 245 km(Ku)/115 km(Ka) 303 km
T2 I (8 35 1 S <-25dB <-25dB <-30 dB

23 EHMER BKEEREMRHAR

[ 44k GPM-DPR %5t i, TP T F — U2
KL EHEBRMUER, WABEA = FEEKS RS
(Cloud and Precipitation Process Mission, CaPPM),
& i Ku/Ka/W = s, =9k B e
o B HER KRR 0 = FIRE KR SO 3. 285
WACEAE , F T ERE IR F5 B RO
Z%t(The Atmosphere Observing System, AOS) -1
[ 7K I & T 45 (Precipitation Measuring Mission,

PMM)& AOS-PMM, H 9 8 AL 20 1, — U AER)
B s TH) LA AOS-P1, — i 7E 65010 & 4 1
FIEATI LA AOS-I1, AOS-P1 4 Ka/W £
SRRl h - AN ) N =23 L R0 Bt 2=
AOS-T1 i i1 #5417 KwW, 2235 il 5 1k I i B oK
XU R A B R T . NASA W HE ik 52 56 % 7
TE IR AR HLIE PR TR IR A ST B R, SRR P b
HEAT T X R BB B K B IR A SY . BT H
54k FHESHESE o 1Tk TAE T HuEki kBB i



2024 4F 11 H

E N OE B <17 -

H136 000 km AR E, AT LLSEEAS G X B RA K 0 %
SEXIN, L FE N T 1N, 55 5 300 km 1 B
W X3, %A TAEMIR A 35 GHz, 7K P40 B
K13 km, FEFSMPER 300 m, 254 B0 RS
13K 0.3 m/s!*,

WAe =57 Wi, A6 st I AR 5
FFIR T B RS SR Bk OIS IE TAE, S8R T Ka/
W OSUIT 2535 8y 2 TR N et 75 3k 46 ) K S L H
FIIETE RN G . D0 A fa) b I AR A 5
JITTF I T fl b L 20 T 0 R 7 R AT 1) g FH B AR
VeUE i H W4 . FA TAE

gi b, WEEREA LG R RN & FIE,
R A I 2 TR 3K 5 R 4 K R R 0O A
T R EEREAL, AT BT R A5 0] 30 58 ] SR 56
IE, BUREERMA—BIEE. £RkEEEKE
RHIE LB, k. 2E S Mk, 3
I, b3 8 W e A B 5 B 4 LA IE 7E T R B — 1R
B AR RIS IE TAR .

3 ERRRZ BAKELIEZRRE

KERS DR A E A EERME. 5k
SEoRkm . WNEERFBRL . LG HINRE T3
Bk, @ +RENEE, UNsELTERN
R = T AW RS RE T . 256 0
fed1. FHMABMEE ARG . 2B g
BARK N E RS RERGE K, H R g i —
A B KK B . $ETHXT A 8540k RR K
FBIARE ) P BEOR AT 25 8E . AR TR B Rk R
S5 RS FK . LLWMO HIE 1Y WIGOS 2040 4E
I FAE D TR AT, B 3R R ok B 4k
= BOKERR LRI,

D Kk J =Bk = 445 g

KIEH—Ku, Ka, W =FFikHA, S8
KRG eI, ZELRIIE Ku/Ka XU K ZR
REJT A EEAL I, WHB R APt T X = 2k =
HePRINEE ST, HAMEE = T E 2502 H o

@ & e T T I i) B 2 i) 3 R

Bl R IR R R O 48 n] 4 THER I 2 [A] 4 R
SEHF /N B R B 2 B K RS TR DN, R R
RGP RPRATEE, HmFE B HRIRE Y, 468 %E
ViR, 4 0 s [a] o R, SEIRRH B s
KB FR 2 I R 5 R K A A R . A B K
JR& i I 2 Sl D R AR N A Bl AR IR e TR]

HER (1) v [ KR X B KR K EE KRR
LB PR LRSS R, 3 A IR U R AR 4 O W
5, TR BE UL O e 4 BRI o K SRR L
HH ) X fE

@ 14 hn 225808 ag )

i L 380 22 i e L i P Tk TR A AR
53] N AR RE =) B 95 73U s (T R = BN B E = X
FEACRL T3S0 A . A0 B S SO R,
KHBFEAR T H R 35 s KR T B s iy ok
B REK I A 152 25, AR R X B K A0 | RN oK 5
X g

@ KJEAFEKERBIG/ND AR

MEWSINE IR AR, SZ2 BENKRT
AR TR E . /NTE AR, Horh
TR FAMLSA . N, FERTAER
Sy 1 2 22 5L 2 W Oy O 4 IX s ke R
PEATI 25 oy BRI g . S50 KAV R TR A
e, MUNISRE BRERSHMERE, & FEW To-
morrow ‘TG B ik /N TR B2 AR 0 B I [) 40 R 4
Bk = HERE KB

4 LEFRIE

B K B IR RE S TR AN R T B sl R
AR, SEBLABRIE BN =2 = BoK BRI . 4
BR =4 25 [ K LN BB B 2R BOA B T 42 v KU
AT T AER R, MOl & e 4 (RS A
G55, HAWNHEZR 2B M E. A
SOTRE T BREMIE s . BOK R IR RIS, S
THEWNINRHEM s . FEKEB IR, EE
TRERKEBMP = . FREREE LRI,
BExr A R B = L BRI U R KOk
Y, R eI E R kR s AR AR,
S = K B RRI TR 2 - K R A
WP S R B, RIS, R R — U 3
WK TR IR B 25 R BN 2 % W oiRe, AW
PETT R B KRINBE Iy, LAS o 3 [ 78 4 B o
KA TARAZ AR T5 1 4 i

S 30k
[1] LIZ Q, BARKER H W, MOREAU L. The variable effect
of clouds on atmospheric absorption of solar radiation[J].
Nature, 1995, 376(6540): 486-490.
[2] STEPHENS G L. Cloud feedbacks in the climate system:



« 18 -

HAEES, E2BHEE. BKEERARRERE

5 45 5 6 W

(3]

[4]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

A critical review[J].Journal of Climate, 2005, 18(2): 237-
273.
FREUD E,ROSEN FELD D, ANDREAE M,et al.Robust
relations between CCN and the vertical evolution of
cloud drop size distribution in deep convecl ive clouds[J].
Atmos Chem Phys, 2008, 6: 1661-1675.
WETHERALD R T, MANABC S. Cloud feedback pro-
cesses in a general circulation model[J].Joumal of Atmos-
pheric Sciences, 1988, 45(8): 1397-1416.
B fE M, UESEE, X, A5 AR B K Y B TR
Wil KA FEHE R[], KR, 2008, 32(4): 967-974.
LEI Hengchi, HONG Yanchao, ZHAO Zhen, et al. Ad-
vances in cloud and precipitation physics and weather
modification in recent years[J].Chinese Journal of Atmos-
pheric Sciences, 2008, 32(4): 967-974.
e . AL AR FR 7R A 2 R I R ) E s
FEACKRFEFSE[D]. A IE: P R HOR K27, 2016.
CAMILLE L C, NICK G. Comparison of rainfall prod-
ucts over Sub-Saharan Africa[J]. Journal of Hydrometeo-
rology, 2020, 21(5): 553-596.
BRI, 595, (1 EH, 4. TRMM Al GPM 1A % &
Bee K 7 it 8 T PG s DX S H MR A (0], K D R,
2022, 43(8): 24-30.
T, #67%, S . B AR Ku, Ka W =08 A7
2 T = 4E A5 A LT B [T). B 2% 5 i, 2019, 64(4):
430-443.
WANG Yu, HAN Tao, GUO Jingchao, et al. Simulation
of the capability of Ku, Ka and W tri-frequency satellite-
borne radar measuring the three-dimensional structure of
cloud and precipitation[J]. Chinese Science Bulletin,
2019, 64(4): 430-443.
LI R, MIN Q L, WU X Q, et al. Retrieving latent hea-
ting vertical structure from cloud and precipitation pro-
files—Part II: Deep convective and stratiform rain pro-
cesses[J]. Journal of Quantitative Spectroscopy and Ra-
diative Trasfer, 2013, 122: 47-63.
ZHAO C F, LIU L P, WANG Q Q, et al. MMCR-based
characteristic properties of non-precipitating cloud li-
quid droplets at Naqu site over Tibetan Plateau in July
2014[J]. Atmospheric Research, 2017, 190: 68-76.
ZHAO CF, LIU L P, WANG Q Q, et al. Toward under-
standing the properties of high Ice Clouds at the Naqu

Site on the Tibetan Plateau using ground-based active re-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

mote sensing measurements obtained during a short pe-
riod in July 2014[J]. Journal of Applied Meteorology
and Climatology, 2016, 55(11): 2493-2507.

ZHAO C F, WANG Y Z, WANG Q Q, et al. A new
cloud and aerosol layer detection method based on mi-
cropulse lidar measurements[J]. Journal of Geophysical
Research: Atmospheres, 2014, 119(11): 6788-6802.

Wi g, KIeEs, kiR, 4 B UM 4 0E
JRA AT BR BUIR 5 R B (0] 3 W E 45, 2017,
38(6): 17-22.

YANG Runfeng, ZHANG Xiaoling, ZHANG Zhenhua,
et al. Development status and trend of spaceborne active
microwave meteorological remote sensing payload[J].
Journal of Telemetry, Tracking and Command, 2017, 38
(6): 17-22.

R, 0 Bz ORI H R B
R ERFAI). IEIIELE, 2017, 38(6): 10-16.

SONG Changbo, ZHAO Yiming. Development status
and direction of spaceborne lidar and radar for cloud
and aerosol remote sensing [J]. Journal of Telemetry,
Tracking and Command, 2017, 38(6): 10-16.

SRR, WO VE, PRIE AR, 4 . R AR S iR I = UK
SR, @IEeEAR, 2023, 27(9): 2041-2059.

KOU Leilei, GAO Haiyang, LIN Zhengjian, et al. Status
and prospect of cloud measurement by satellite active re-
mote sensing[J]. National Remote Sensing Bulletin,
2023, 27(9): 2041-2059.

ZEPRTE . GPM OUUIR R /K B 3k [ 5 4450 E 1 ) 73 [D].
I M AR B TR, 2019.

STEPHENS G L, VANE D G, TANELLI S, et al. Cloud-
Sat mission: performance and early science after the
first year of operation[J]. Journal of Geophysical Re-
search: Atmospheres, 2008, 113(D8): 1-18.

TANELLI S, DURDEN S L, IM E, et al. CloudSat's
cloud profiling radar after two years in orbit: Perfor-
mance, external calibration, and processing[J]. IEEE
Transactions on Geoscience & Remote Sensing, 2008,
46(11): 3560-3573.

HELIERE A, WALLACE K, PEREIRA D C J, et al.
EarthCARE Instruments Description[R/OL]. (2017-05-
24)[2017-09-30].https://earth.esa.int/web/guest/missions/
esa-futuremis-sions/earthcare.

BATTAGLIA A, KOLLIAS P, DHILLON R, et al



2024 411 A E M

.19.

(22]

[23]

[24]

[25]

[26]

[27]

Spaceborne cloud and precipitation radars: Status, chal-
lenges, and ways forward[J]. Reviews of Geophysics,
2020, 58(3): e2019RG000686.

STEPHENS G, WINKER D, PELON J, et al. CloudSat
and CALIPSO within the a train: Ten years of actively
observing the earth system[J]. Bulletin of the American
Meteorological Society, 2018, 99(3): 569-581.

ZERR I, VLI, M, 45 . JET TRMM PR 4R BTk
£ 7 R g D 2R 8 R I 45 R R AIE 0 T (D], R TR RCE
2022, 41(4): 384-395.

LI Hanlu, SUN Lilu, YANG Liu, et al. Analysis of pre-
cipitation structure characteristics on the eastern slope
of the Qinghai Tibet Plateau based on TRMM PR detec-
tion data[J]. Torrential Rain and Disasters, 2022, 41(4):
384-395.

FALW, s 6 T GPM 5 ERAS Bdii (9 b K77
A7 N B AR B KA B 3 B (0], 2 W R E, 2022,
41(5): 525-535.

WANG Liyu, FU Yunfei.Case study on precipitation of
winter storm paths in the North Pacific based on GPM
and ERAS data[J]. Torrential Rain and Disasters, 2022,
41(5): 525-535.

M, ZE RS, FhA, S5 . TR AR Ak R Bk
£ 7 B 5 i AR T S KA 19 e T 0], R K 2022,
41(3): 276-289.

YANG Liu, YUAN Junpeng, SUN Nan, et al.Case study
of precipitation on the southeast slope of the Qinghai Ti-
bet Plateau based on spaceborne rain radar detection data
[J]. Torrential Rain and Disasters, 2022, 41(3): 276-289.
26, B, B % . GPM A DPR Il GMIFE Y
2018 4F- 5 J H PO 9 LR 2 A R K S5 AR 5 A 23 #r 0],
T UCE, 2022, 41(1): 1-14.

FU Yunfei, LUO Jing, LUO Shuang, et al. Analysis of
precipitation structure characteristics of Chongqing su-
percell cloud clusters detected by GPM satellite DPR
and GMI in May 2018[J]. Torrential Rain and Disasters,
2022, 41(1): 1-14.

IR, M, RR R, . 2 ARG FEK ™ M
2015-2020 4F 2 [l 7 V1 15 XU K B W D00 AE T PEA 0] 22
9%, 2023, 42(1): 57-66.

HAN Furong, LU Xiang, WU Tianyi, et al. 2023. Evalu-
ation of monitoring capability of multi satellite inte-

grated precipitation products on precipitation of ty-

(28]

[31]

[32]

[33]

phoons landing in Zhejiang from 2015 to 2020[J]. Tor-
rential Rain and Disasters, 2023, 42(1): 57-66.

AR, TR, BRAk, 55 b RROK I E RS
=55 G E)MIRINGE S Bk 5 R )], B KE, 2023,
42(5): 489-498.

GU Songyan, ZHANG Peng, CHEN Lin, et al. Over-
view and prospect of the detection capability of China's
first precipitation measurement satellite FY-3G[J]. Tor-
rential Rain and Disasters, 2023, 42(5): 489-498.

SRS, AN, R, A FRIE EMREK R — s =
7 G RAESF ML), EPRR =, 2023, 6:17-21.

THELWI, B, R AE L M =S K D B A HOR
PERBATHT[I]. KA FHE, 2017, 45(5): 795-803.

YIN Honggang, SHANG Jian, WU Qiong, et al. Techni-
cal performance analysis of fengyun-3 precipitation mea-
surement radar[J]. Meteorological Science and Techno-
logy, 2017, 45(5):795-803.

ST, TYLLN, Wbk, A B R K R KR T B R
SHTT]. RS2 417,2024,82(2):236-246.

WU Qiong, YIN Honggang, CHEN Lin, et al. Space-
borne radar-based precipitation retrieval: Sensitivity
analysis[J]. Acta Meteorologica Sinica, 2024, 82(2):
236-246.

S ARG AL SRS M R G (WIGOS) %S
[E] 78 73 2040 4F L 5 %2 J5 LRI A i 32 (0] TG BHE
Ji%, 2016, 6(1): 135-145.

KB MSERR, S, 55 . R & I =M
SRR FIE NI I]. B4R, 2018, 76(1):160-
168.

WU Qiong, YANG Meilin, DOU Fangli, et al. A study of
cloud parameters retrieval algorithm for spaceborne mil-
limeter wavelength cloud radar[J]. Acta Meteorologica
Sinica, 2018, 76(1): 160-168.

ET7, T A 2 8 4 R 5t ad R AL PR A 3
SR[I]. HbERFL2E 2, 2005, 20(2): 207-215.

FRUTA . Wik v 225 A AL 7R 2 FORBIFSE D). R 5L
P AT TR, 2010.

b AR S8 P PR Sk 4 DA S LR R
RN 2R 35 ORI X FLBHIE[D]. A8 Rk B AR K
%, 2005.

A% o -FE KR I T IR b B 22 2R = - K
ST T, B KE, 2018, 37(6): 493-501.

FU Yufei. Research actuality of remote sensing on cloud



+ 20 -

HAEES, E2BHEE. BKEERARRERE

5 45 5 6 W

[38]

[41]

[42]

[44]

[45]

precipitation and reflections on summer East Asian
cloud precipitation[J]. Torrential Rain and Disasters,
2018, 37(6): 493-501.

THELNI, I, A RA 2, 5 R =5 (03)HERE K &2 T2
R A8 07 K v I KR FHEEE R, 2015, 63):
55-61.

TEHE . B = W s X /s 7 2:0F 58 [D].
FI A M AR B T RER S, 2019.

ST T RN R TR K R 2 B A AR (1 S
T TOUR 2 00 /8 B2 43 M7 [D]. A A8 v B2 R K2,
2010.

BERESC, B, B KPR AT = A BIESE ).
KAFFEAR, 2013, 36(5): 554-559.

FAN Yawen, HUANG Xingyou, LI Feng. A case study
on cloud measurement with a 35 GHz millimeter-wave
cloud radar[J]. Trans Atmos Sci, 2013, 36 (5): 554-559.
B, BRAE, S, 4. SHE kR s SR
WL S 015 Hr[J]. KR, 2024, 48(4): 1-11.
HUO Juan, DUAN Minzheng, HAN Congcheng, et al.
Triple-frequency radar simulations for liquid cloud drop-
lets[J]. Chinese Journal of Atmospheric Sciences, 2024,
48(4): 1-11.

CASELLA D, PANEGROSSI G, SANO P, et al. Evalua-
tion of the GPM-DPR snowfall detection capability:
comparison with CloudSat-CPR[J]. Atmospheric Re-
search, 2017, 197: 64-75.

F9 3T . GPM/DPR A2 30U 7R 35 44800 [ 7K A A v
525 HT[D]. B A U E B TR, 2017.
XUTHER, Bt . [ A1 R Kk it 7 SR 0. 25 1)
HL T4 R, 2008, (3): 16-21.

[46]

SKOFRONICK-JACKSON G, KIRSCHBAUM D, PE-
TERSEN W, et al. The global precipitation measurement
(GPM) mission's scientific achievements and societal
contributions: Reviewing four years of advanced rain
and snow observations[J]. Quarterly Journal of the
Royal Meteorological Society, 2018, 144(S1): 27-48.
BN, FhEE, R, AF L FY-3 34 AR OK SN 68
J153Hr 5 R[] WP R G 2 4R, 2022, 42(2): 1-10.
GU Songyan, LU Naimeng, WU Qiong, et al. Analysis
and prospect of precipitation detection capability of FY-
3 meteorological satellites[J]. Journal of Marine Meteo-
rology, 2022, 42(2): 1-10.

Rk, LTI, TS . B 2 R B I I o R K
HARERHM]. Jbat: BE# R, 2020.

XA b R B R B IA T AT HERFSE (D).
MRV : IR Tl K2, 2012.

(14 B A]

H Al
FER N
REMSE
ST A
AR
TR MG &
x E
gk

1989 4 4,
1985 44,
1975 4,
1982 54,
1976 4 4,
1988 4,
1982 5 4 |
1981 4 4,

M,
A,
M,
A,
A,
M,
A,
A,

TAZIF,
BB ITARIT
5 o
5L o
RN o
TAZF,

(AXH: BmAEm)
(EL %A BFR)



