53546 45
2024 4E 9 A

IASE I S i ¢
JOURNAL OF APPLIED METEOROLOGICAL SCIENCE

SR B AR B L AF L BB S IR 5 IR A X BE AL IE T i B R 441 2024,35(5) :551-563.
DOI: 10.11898/1001-7313. 20240504

MREFHITERE T ENEMNEERIER X

fiEE? KEH IEE
DO KR AR L. AFKE 0500000
P(HEARLRAEHEM B L, LT 100081)

Kol EEREY v

R S

m =

F T rp ARG R AR DN 3 6 5 b b 3 R B LR R G D = T IS 5 SO A IR R i p L 2021
A8 H—2022 4F 7 A 2K = FIB RS HUE 0T = IS R TR 5 XHE AR R R EE B R
T B8 S R X R B ) B T D7 5 SR 2 DX Al I R S R R B S AR O, IR R 2023 AR 18 H R A A 2023 4
7—8 J} ERA5(ECMWF reanalysis version 5) & /NEFFL4- B 8048 EAT IR 22 0 07 . 25 R R I . A = KA ARXTE B 5
SR T ] 2 OE A3 R, 2 X BRI T U ADIRES = X5 A 2 KR o Y 32 I e 72 3 R0 K 5 2 MR
AT R IR IS O R A T 5 4R 25 H ERAS XTI B2 19 45 5 AR iR 2 LU S IE 1T 43 00/ 7. 99 %6 F 8. 91 %6, i 2 Hh
ALET A (B 53 308/ 12,62 %6 F0 13,05 %, HL 7% 22 WL B IR G A 0E J5 15 28 B/ 4% T R8O BT s X = 400 T %
ERC RS AR A I TE R AL IE . B TR B 2 B 3 14 AH 6 V8 B 43 B 2 1F 7 72k B 08 S92 30 A e 4 4 31 A uF

Vol. 35, No. 5
September 2024

T J32 0 4 ) 2 SE I A AE L T 4R 5 A 2 AR T D B A A ORI B

KW WORMIT; 2 KRERHE: MXRE: =

5l

hafl3

I T folc i 8 S 2 AR RO R B il 25
Nz —, B2 B 42 K I 440 B 78 e I 25 0 9 3 1Y
R T TR R AT R b R s RO i ]
P S BN B R RIS RAH
ISP N A LPNSWNEE Sl N R ]
HAERERERL,

AT AR [ A 5 |2 2 90 R o e e A0 T P T R R
AR B 2 L E A7 BRI B ER R L RSO BT
SR EZN R ORAS AUEEN TSR SR i
SEURRER O R I 1 B T A £ 4 4
S PEAY B UK 25 21 40 S 22 i L = g
Tt A R B 2 I e W i 2 Koy A A R AR
RAH s M TR, 2 36 W R £k 0 5% W) B Xt
TN 2 iR T S NN S T A Y = s A 3 L Sl A 12

2024-03-21 Y], 2024-05-27 Y B ok 7 .

JE B R ) S R B o b B L O TR & R R R
USRI AKX S T A5 = 5 B F
JZ i, FEE AL, Frate 2570 F) FH 7 3 18 09 3 0 48 5
T 38 G BN = E A 2 R R AR S ST R
KA B ZR %) 22 Ju 4k M Il )5 7 A 3RS T Y
HORS BE . Lohnert 2720 95 GHz = {5 ik K I B
IO 8 SR E RO = AR G R 2 W, 25 65 Tk D
LRy o AU R el s = B - e S e | P i
Y R 25 TPV AS K R 2, 45 B 1 VR A K R £ 3 O AR
TR 10% ~20%, Liljegren %" 7F =% I I 7
TR ASIK A B L AT 22 K I = 3k ml R AR B
LM WBEMR T R w2, EEN. &£k
AL 2 I T R B IR 2= K o
KR = K B = 2R EEAE B, EE o7 [ A A,
P& TH R T G HAe BE g, T
0T S R M A o A O B R R R o R
KUY B IB R 15 2 A 3 O R 22 BOR

wEWH . B R E SRR (2022YFC3004101) o 1 B R4 /A Z B o0 3 A B I (MOCQN202211) L T b 4 R 4 )5 BT & 5 H

(24ky08)
x EEIEE . MBAE : jiaozhim@163. com



552 Mo KR % ¥ %35 %
TR S S 238 H 7 A 45 SR /N 4. 3%, i st T a Ay PEERSY 30 mL BRI E S 0~15 km™ . Hi, =

WRRGIREBIE T = K58 FEAR 2 56 5 48 552
HESURIITIUE- AT

53T b T AR BE L GO AR S AR v s T2 R R A
SR D 5 T S e R S N = AR RS R AR
TUAS B2 D RORAT BR AT JC ¥ Tt A2l 55 ROORS 2 225K
SR SEYRE NN F R NCTRE P S S SN - ¢ 2 1T
SHE RIS BBOG T A XU ik L A2 R T A A
RAERGE MM B ) FE TR E @R 72K
U 2 FRIK T OB B B [R) Bk 2 W, 2K s
IR 2 ) 28 43 BE A BRIDORS B A R R AR AL
SR RR KRR G = 58 AR S 11T
Jre AR I B 1) &5 JoT a4 1) 5 YR AIE 9T, R T4 R L
PRGBS R A HEAE . A5
M 3 53 AT 23 B 3K S A A TR 5 R A R X I T Y G
F R RO 2 T IR R R R A B GE T
1% 5 SIS TE AR A S T AR I BE B2, O LR S B
5 A1 ERAS (ECMWFE reanalysis version 5) 3% /N
PR WS 9 27 I S T 45 2R L O b R ke
WL 2% 58 00 58 4 R AR SR B SCHE

1

AT IE FEALH 2021 4F 8 H—2022 4F 7 H 2
K 2 B IR RS R T AT A X0 B R AR S B M A
1E 7 R R 2023 4F 1—8 H #2455 Fn 2023
4 78 J ERAS & /NI P43 BT 85080 %o A ink e G
AR I B A 1 T J5 45 SR AT IR 22 4 T

b IO R S RO R F iR E TR R R R
ARG B 1 RPG RS 14 3 18 o 58 53t
R 22 6 42 A 5 047 5 2 ) s #8004 < T
(VP BE:50~60 GHz) FlI/K 38 i (K P Bt 22~
32 GH2) 4% 7 A3l 38 1Y 52 3 AR R4 A8 22 i s
P[] — 350 L) ] 2 9 0 A vy o — 5 B8 nT ik B
e AR RSB 0.5 K. 2 min #RHC 1 YR IE B )7 ) 83
J2 B IR R T K R R R Ak S A L A B
PE B LT 0~ 10 km., Hi 3L 2K % 2 B 15 5086 ok A
S ST R Ak e e i YL UL A4 [ 2 Ka P B
R = T IE B A Ia AT 0 ) o X B RS M
BILIN E b B 35 25 o A A BB R S A A L R 2k BT
PRAFHEAT B AEAP 00 ORBHE T SR AR iR
B oAy T L TOU S 000 A5 2, B 4 B i SR TR [ 509
J2 1 BT B - A T R R G A A R L 48 (]

KEE 2 ESEFEEINTA SR EEN S
IR BB S 2 AT 2 AR TR ) B B AR R = B Ok IR A
SRR S W = I i1 by = (1 o a ol N
Kl , T Bl =N m B m BT w N =T, I %
ZERIEHTEIN G IR, R R E s R E
NFNER BT EE, RN AR EN DR S, &
BTl AREME N SIRE, LB k56 kR
HAb st W4 A GTST B8 7 8 25 {0, 4 H
07:15(Ib 5t FIRD A1 19:15 kR, 01:15 F1 13:15
T LI, e KPR =5 B R 30 ke, T iy HY 5 L 43 HF
N 20 m PIRIE GBI KRS EE AR
A 2 v SR S R DRSS B TR I 55
B S . ERAS SR 5 ARRRIH b R R HTHR
Hl (ECMWE) KA 40 M 4 Bk A0 B 42
IZ B A B A g /N I DR A il b R VR R 1 Y
i T8 AW 5% 18 55 it 6 Sk 3 [0 ik 1) 3228 /N B 25
R R B A Bem B .

2 R E Rk 5 AL T T i

2.1 [DUERHEA I %

T 2K = B35 O 3 B T2 UL I AR = T
25 WL 22 2 T 6 A% o — 2 O 5 i e D A ) — =5
[i] 7 A G FE  AELXT TSR3 Bl 2 AR = = 38 WL D00 5 40 ]
AR —23 [ 3T L Ve . B e, FLA 2021 4R 8 1 —
2022 4F 7 H = Bk B2 BRI SE 0 Bk 2 4 B A
ZER T4 EFIE 0 3R 25 B (4 B AR 0l 7 3 26
] 2% CEE RS B A 0. 617°, - 4% i) f 22 (2 A% )
g 0. 14°500)

TE R 25 BCER TS 9 07 00—08: 00, 13:00—
14:00,19:00—20:00 B} Bt id af LR 4% 14 ™ # 0 1%
JFERE A O 2w B RS K T —41 dBZ,
H/NT 30 dBZ, Q=M KT 3 km (FF B2 K
IR R T 2 A AR S I T P AR ] D
QOFFLE 1 h HER B =~ Hi#E L 1 h W& BRI
R SN B A 22N T
1 km, [[] 0, 3822 1 h & IR 2= T B 5 %/ i
2 T00 i B S E A 256/ F 1 km.,

Xof i 8 1) 2R = 1 T =S 5 IR A B T
25 DE B, 3L = 8 Gk 7 R A8 ok i Br 07 15—
07:45.13:15—13:45.19:15—19.:45 P54 09 F 1
43 B R AR 28 08:00,14:00,20:00 B, fEIE



LR

g e AR AR S TR A 2 T K A A X R IE O R 553

Fenih b A5 2 29 A EPR A R AR = &R T BC A
AR N 7 TR IR BB S T AR R R R AE S BT R AR
TEJ7 1 R AR it A P A A Rl
2.2 mRXEIREFE

B 1 s XS R E S = 5 AR T
BYARSCPE . M &1 Al DL, Ik O R 5 R A
A A 56 R B 0. 47 (GGR#) 0. 05 W MK
O AR A AR, X T 8 R R T 0L

100

2 T IA O Ka 3 B R 2 87 i, HOW o 4 32
BRI BELS W BN =i e = P2 i kO
TR o SR AR PR DR A O I B AR ML 5 TR R
IKIRTFUR e e BN 2 i e T8 o v B2 328 A5 18 o ke
N2 5 B S AR I - SR AE AR OC s 7t 2 A7 2 1
Wi g 8 2 A 2 AR I T 5 RO R IR B AR O
PRI 5465 20t 2 DXREL O 3 B2 RS2 3 R (9, T RE 3
UK ARG R B /D

90 -

80 -

ARRHILIE /%
3

40

=35 =30 —25 —20

—15 -10 =5 0

SR -/ dBZ
K1 aXBESHFRESZHERERENFRR

Fig. 1 Relationship between relative humidity of radiosonde and

reflectivity factor of cloud radar in cloud
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Relative Humidity Correction Method of Microwave Radiometer
Combined with Cloud Radar
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Abstract

The microwave radiometer can detect and retrieve temperature and humidity profiles with high spatial
and temporal resolution throughout the day. However, microwave radiometers have few detection fre-
quencies in the middle and upper layers, making them easily affected by clouds. After integrating cloud in-
formation into brightness temperature data, the improvement in detection accuracy in the middle and upper
layers still remains insufficient, failing to meet accuracy standards required for relative humidity. With the
construction of a national ground-based remote sensing vertical profile system, the continuous observation
of cloud radar and microwave radiometer at the same site has been achieved, enhancing the spatial and
temporal resolution. Combined with the relationship between humidity and cloud formation, a comprehen-
sive quality control method is proposed for relative humidity using cloud radar and microwave radiometer.
It plays a crucial role in enhancing the accuracy of humidity profile of microwave radiometer under cloudy
conditions.

By analyzing the characteristic relationship between the cloud radar reflectivity factor and the radio-
sonde relative humidity, a piecewise correction method for the microwave radiometer relative humidity of
the combined cloud radar is proposed. Error correction results are analyzed using the radiosonde and ERAS
data. It shows that there is a positive linear correlation between the relative humidity and the reflectivity
factor, the relative humidity in the middle of the cloud region is approximately saturated, and the relative
humidity variation trend with the height of the cloud exit region and the cloud entry region is approximate-
ly symmetric about a certain height. Under the condition of stratiform clouds, the root mean square error
of relative humidity by microwave radiometer decreases by 7. 99% and 8. 91% when comparing with radio-
sonde and ERA5, and the absolute value of median deviation decreases by 12. 62% and 13.05%, respec-
tively. The absolute median deviation also decreases. Further investigation indicates the method is also ef-
fective under the condition of convection cloud, but the relative humidity in the cloud region after correc-
tion is larger than that of sounding and ERAS, and the median deviation changes from negative deviation to
positive deviation. Therefore, the relative humidity segment correction method of combing cloud radar can
realize the continuous real-time correction of the relative humidity profile of microwave radiometer, which

partly improves the observation quality of microwave radiometer under cloud conditions.

Key words: microwave radiometer; millimeter-wave cloud radar; relative humidity; cloud



