KA ERARVIRK TG EONEEMEAN TR E R, BLHUE
PR A R A SE EH, KRR Hh T ER 2 R R A7 B R TR
RIS 2, DR a] A A DR SUBR 2 I 5 S ARAT PR o B S T D s s i
8%, EREM R R R KV AR R AR S A5 5 BRI R L R 2k, JF
HBp B, s rd 2B R, K, IR aE 24 /i
A, SRR GO R AL R RBRER ™ i, SRAMEE H PR R AR 2 R 2 I
RIAN A, D SR 7E o IR S B 2 T EL 4 A AR R B R T B H
A, WECLMWE G R GRS T, A E SRR G,

JE LR S U RE S 11 i IR T8 23 e (1 KR IR P B 26 (R A2 R i
{1 Jo B e e N P 3 5 A0BE 22 20 A o SR BB AR S THR I I K RUBT 2 2 T 2 aliE
T IR S A 2, — 7 T S EAA A AN EE, 53—, iR A
DI S T (B A I B, 2 Y B R ()L, 3K LA A T R R
R DA, U I S P A SO R KU e B I A IR, T, ARl
BRI THAE SN LI, B A 3 i S HA VR0 0T 5 A ok O B XL Sl 2800 Jt
B, IRAE RO, AN D) T SR o

ST AR SR AR AR B M B BB A S T A s s AT RS T ok, AR S A
Ao AN ARl st » T AR XS b S 2 R G 6 s o Al g0 0 S UL 0 25 T e It
o HArfE L s UM RS, g USSR R A T i g R 2, 2
ASCWFFCH R e LA R X F RS L MR AR S T Bk,
XHAH IR SCHR B2 BB 1) = RS SAR 2, 20 BB SO UL 55 L S iR /Y 22
5t NI ARE 77, RIS 8 ook 20 A v 1 R A A S RE 0 1 9 b B Al 8
SRS T XL K dhs o B — A B I SR T B A B R R IO 5 U o ]
A INLAAT IE, S B (LA e, D3RI e o K USRS 3 Bl



XEHS: doi:10.3878/j.issn.1006-9895.2008.20134

R AHAER A SO M B R AR AT T I B B 1 4 AT
Aokt b fA[SgHes ER A LS GiARAE 4 BRE LS FE IR L HE?
1.7 E BB ST 5T T 2SR BRI SR I S seae s, bt 100029
2 6L 4 KA EEF AR AT Fe sk, AL 065400

3P EERRERE KA, JEET 100049
AFESZRFEGEMNF G, JE5 100081

Wz

R Ak PR ) 439 23 O FEE V4 T2 0 4 1 b R BBt o S I 4ok )2 AR 2@ i
R Y BCHR JO  KUBR 7 it 7 B [ B AR R e . — T SV R A 0] 5 o PT DA B e 4 U
B o, ARSEPREAEIUAAN 5 o BRI E A — Al B TR, AT UK SG AT DA IR 43l
RS TR R A . AR =AM R AHE T MonoRTM . ARTSHIMWRT,
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TR S R A BRSO A58 R S 14 b s 0 T AT RE SRR (K AN 388, BAT 8 R U AN
T TR, R TE e n R, KRR S T RE S 24 /e 4
TRAGE A 5 o 30 246 20 b R A e 2 S R PR K AR VR AN S AR BER F15 5 B8 s TR Ul
gL RREEIZE LK = 5 E (Westwater, 1993; Ware et al., 2003; &k RIAIFAEEE, 2005),
RE A% TR EME H R U0 PR S BRI B AN L o T RA, 1A SR I A B SR T E A R )
Z R, O RN Y B HOR T B — (XI5, 2009; X FeFLEE, 2009; Cimini etal.,
2011, 2015; L ohnertetal., 2011; XIJEJ%%ZE, 2015).

FEIES TAERS MR fa i TF v DAE T NGB 5 T 2RI AT, IR 2
I MR (TB, Brightness Temperature) o T i Ml =G, KRS R T,
% TR RN B AR 2R PR A 22 X 2% 75923, RIS Hh v I T 43 3 23 1R KR FE AR FE R 4R« 3
HARE B S5 2 B A MR OB AR S SR AR B ORI 2K, [ 1M S s R 2k R 8
I o7 B T 2 ORTE

BT B VESS, O R S T B I8 14 KRR R R U 2 4 o e R A
Ko RAE MR AR ST T H ORI QA BN R, (BLE BRSNS o
SR T (RIS L 2 /A BB T R R I R GRS, AR R R 2, AR A E TR
X eSS R EIER (EHRE5, 2014; AMEHSE, 2015). MG AR THE S 7 W
HHE R EAE BT — OB e bR - TR AR Tkt i, AR AL F A
WEREAEA AT R TIREEAR, B Rl AT R 2 RO R AT B0kt , TEAMATRE E bRiT,
VAR B FE. Moh, AR RRIERLA T WIS I S, A Ee A & i
BT TGV SR AL, BRIk, — 2 5 38 1) Sy BE AR T T 2R 0 RS DRATE A58 4 — IR RV R A0 8 A,
SFL R 0 I o R A DR

N T B vt M Rl A S UL DB o ) M s AL 8, AR SO R B N A A
o AEAHERI R I THR S LM T PR, R IR B 5 B, TERR
TR 2 A G TR ) e AR DA B R B B, R BORLFRIE 4 . Clough et all.

(2005) BN RGN T JLRATF AT BT s S s 2 4, JFR X s e &
R 85 00 N FH T SR SR R A R S TR AR 2 s A i A8 B 2 IR 5
LIRS ) — 80, w CA AT Al A MUK ()i &2 (Goldberg etal., 2001; Luetal.,



2011). Ciminietal. (2004) 734 ELH DU FH FR) ik M AORSE 3OS i Al e e XL 00
BAUEEJT, 48 W IX E RO T M B TR 4 S T H A B A E AR AERR I o [ Py 2738 M T AR o A
Wt VB TR (H4, 2014; BifE(ESE, 2018), ShaHuIEfsAR S vH LM 21
RAVFRLRAT BBITEIG, AR AU 5 25 Py EL et WX 2 S 2 00 b VP A 0 U S 0L e 5000
Fite. FHREEE (20140 ) A HE S far s 2 S A ASE0L 2 T A T BT FH ) e 35 Gl A S ot
S AE LR T TE I 2 ) R GRS, A AR S A X L B A R A e 2 SR
RL, A R TUIRIR R ZAE B

B TR S A S B g ST R S A AR R A FLSE A PG R, I HB ORI 45 R 5 ik
BRI I AR E T R, ASSCERR A E RS SRR Bt (FFRU R &
i) FAEIEA ] 4 KASUR B AR WA Tt (AR TS ) A5 (1) [ S 8 1) b BE Gl B e
VRIS IR R, SR 2 A SRR A T A A8 SUIRAE, AN LA e S s =
BN R ZE 5, (RIS AR 405 22 S5 A P2 20 A AS RIS 2 AR RSB RE S AR WL -2 0 ) o

2 SLRHE ARSI

H 2018 F 1 H, K E sii A I H R 2 BL25 A SR 5L S ik 31
FE b E R E B RSB T T IR AL AR 42 KU B AR I 7k (iRt ) Akt [
FEASGMMARIG I CRR Gl A1 T M 4w S T, P9 b R A ipt e 5 1 40 R FH
RPG 2 1] 42 1] RPG-HATPPRO [ £ R M LG s v, 32 SR F i B AV URI 28U
W VAT 39 3 AR S 2L P 2 S R P 22 S5 S B R P AR P B 28

RPG-HATPPRO L4 14 /M@l , H @i 1-7(chl-ch) DA AR YRk : 22.24 , 23.04
23.84,25.44 ,26.24,27.84,31.40 GHz, Ab-T/KIAMILER 0 S ILBHE, FRA/KVAEE, H
TRIEK IR R 2 ; J8IE 8-14 (ch8-ch14) M Li# kIR E: 51.26,52.28,53.86 , 54.94
56.66 ,57.30 , 58.00 GHz, 7 T~/ S L, FROVAEAEIE, T2 T KU
FERRER o A AL IR ELR AR AR AT — IR IR LGNS E b7, DR IEAL I i A0 (¥ o o e
RPG-HATPPRO X HH B R TR IR, & 1~2 FhEall— i 8, AR K4 10
b7 A S TR AR ORI RO P JBR 2 o b s B 1] 29 SR K OB A5 ., AT DAORAR 5 AR 23
B H 2 RIGALIIERZE, A I ARF 8 KR 1 e 465 ) PRI 2 Y 4 AL 52 5 R W U

IO IE P AR S T LI R, 3 5 R 0 () KSR 2 L I o AL O R

(116.48E, 39.81IN) (Frict GXT) A JbA 34 (116.98E, 39.76N) (krid XH), WiHbAHEEZ)



50 km. JALBIRTTEM R G Ul MR, R PR S XH LI 5ol PR =, AR S g — R AL
SRS IR, SR A SR AL BT KRR LA SR, RIS (A B2 2019
T 1-3 H o ASSCEEB AT 2 S5 4R 2 UL IS OGS 82 FR) 1t J25 Gl B A T L0 8 AR A AL
W AR 2 T R 7 DU R T B A R T 43 10 22 O 2 TR ) P R A R

X T AR, 25 R H AT AR 2 A ORI e, Oy 1 U A R
ST IR AR, A b B R B RE J R E AT DRI PRAL o A SCEFXTAH OGSOk B SR B 2
=AM, Bl MonoRTM. ARTS Fl MWRT, #EAT LLERIPR Al o

MonoRTM (the Monochromatic Radiative Transfer Model) #5235 [ K S I 550 72 it

(AER, Atmospheric and Environmental Research Inc.) F& [~ & Tk B 1 KA 4R it

PR, WIS IR A — 3, E RO IR RS AT AL . BT
Clough et al. (2005) A% Hh 5 HoAthm S A U AT HUXE o0 i, 2 5 S B R J5L (SGP)
R RO R BEAT I, AR R AR S T (Turner et al., 2004). MonoRTM#E S th
WA E A, T R MR AR ST SO SR 9T GRS, 2013) AR IR 45
PRI (SRS, 2018). MRS MM AN 6 & 2 AN SO, G KRR
SIS BESERASHG MR EE S, RIUA SR, SRRSO R
S o

ARTS (the Atmospheric Radiative Transfer Simulator)) =X, 3 % 4 [ V3 2% k22 Al
RMHT TR TR, H HRIESTIT A — A m ARl . PRIERERA . i & F 5 o 1%
s, JFHAL TR A [F) B BRI 38 Bt A R AR A A, a0 ELER IS CAMSUD
TR R LRI (MHS) . SR L w1 FE AR A (AVHRR) . &153 HRE 2L A Mg SR 2

(HIRS) 4§ (John et al., 2003; Buehler et al.,2011). Z-i#% (2016) F4H/4 | ARTSHEL

2R R S 2 T TR

B 1 _EIRPIASATT I o BRI AL T A BRI S A A o, A SR AT 1 — Al B DA A ok
PerESHE S MWRT (Microwave Radiative Transfer, Liu, 1998). Z# K 4 25 HL
Ast5J7i%: (DOM: Discrete Ordinate Method) AbFEAESH L4 75 F2. R Z i DOM J5 ik REHE
AR i o Am S AR Tt SR I, (BRI SR KR T SRR, AR TR S A s s A e 5
bR TAER NI . DALk, Liu (1998) JFA LR = 2L 4 it DOM [ MWRT <3, B 32
TR SRR A B, MWRT AT RERCR &, JF Hitb R HEmPE Bty . iAh, MWRT
BB A ST 4 & 1 2 R AR T 38 b B 2, R A S s ik 7381 (DDA, Liu,
2004) TP AL BT AE . UKEAE R AEBRIG UK AL 72208, 0 T2 SR A T IR Ui o 1%
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ER=AEEET R ENMASE, BRI RR T 2 I A O AR L 3 4
RIER, A RURREERLEE. 46 2019 £ 1-3 JAbatiR A uh i g i KU Ll
MHdE, =M =41 RPG MG T 14 MNEIERBSEER, AF5 GXT Ml
XH P 3k (8 b R SRl e S L D el AT DL G o 38 B0 B IR R il 22 5, DA =
AMERAIEIRE 7. T 2R, H AT U AN KRB LS, WA mE
BEKZHUE R, BRI % 8 = B K R T RHU A RS20 o DR A S HT UL A
FEA, R SR R o B v L B A% B W O R O AR, RIS AT 2= A 22 I (0
EACTTR

3.1 =M AAEIE RS Rl T Y E R

AT E BB S MINE R EREE, XESIAAR (1-4) XISt
e VFHmZE (Mean). ZiXiz (AMean). FrififiiZ (Stddev) FIAHEZ%L (Corr):

1
Mean = o im1 (X —yi) (1)
AMean = =TI, |(x; - y1)| @
Stddev = |~y ) 3
ev= [-Xii(Xi—Vi 3)
Corr = T E-R i) (4)

Jz{;loq—i)z J2?=1(yj—s7)2

Forb, XORUY G35 i BEGR  T 22 I X L AU I IS IR, 1 R IEECRE A% H .«
H1, Mean 1 AMean A LU HH BT AT DL BCAE A4S S FBUFDW N 2 5 AR 2, 25 8 21 Mean 177E
IESUmZEAH EAEAER, 51N AMean 850y B AR AN DT FORE A 28 S5 P B ok T 2 4 2R
FRITTHR s s 11 fi 22 U T U e HE BT UL RC A AR RS- 55 L0 22 7 8 S AT AR FE 5 i AEDBOK
R B A ZE A T2 180 B AH 9% 3R U S I BEAS RO SBUMT AL 25 SR PRy ek — 2
P, ASCE R IR R R ECHGR I T BB 9% 2 KR .
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Fig.1 The scattering plots of simulated TB from MWRT, MonoRTM and ARTS and observed TB at chl, ch7,
ch8, and chl4 of MWR at XH site
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Fig.2 The scattering plots of simulated TB from MWRT, MonoRTM and ARTS and observed TB at ch7, ch8,



and ch9 of MWR at GXT site
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He . ATRASE, BN uh U A BB 5 W 25 SR A G REEE R 24T FEEAE S
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e I Homi T 0.95, 107 sl s A 7K I A A0, 55 000 R Ak ol A 0 2 1 o 5 PRI
UM chl ) 0.96 ¥/ 31| ch7 f¥] 0.83. X T+l FEIHIE ch8 A1 ch9, Pl AL WL AR 5 1 #R
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1.0.

DL LI P A 5 R HAE P A i R 22 5, R B RO AR AL 5O B & SR



JHRE, %T GXT S Fm s vh ok 2 7] 3 EL AL, 1ot T-2rinfuli, PR B R & 3RS il 296 50km.
T R KV B AR, JE b R A SR B R IR R 2 5 A Tl B R KR —
sl 5, DRI SORIDL R 7K VOB E 15 A Tl st ORI 25 R 0 — SR FRAIR, A o0 R B A P
i, FF BXF /KR ARBUR T B IE chs-ch9, AR . A KR BUR TR
JEiiE ch10-ch14, KAIRFEFRZAZAANIREE, PR wy RS F00 e T S i L4500, E P 3R
REIX IR 1.0 FUAH SR RAL.

B 3b il AL AL AL 5O G & P BRI RO 2 3 bR e 2 AR A . RURE R, P
AR 14 A bR ZE AR SR, Horhoi T IEIE ch2-ch10, = MEEUAE BN A
MbriEZE A E &, WAEKREE chl B ARTS &S T 54 A, Wi
chll-ch14 i3 MonoRTM /T A MR Z 7 ka s . 98, WA ul Rl RAR 22 Bk B
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Abstract
Ground-based microwave radiometers (MWR) have been widely used in recent years due to

providing high-temporal resolution atmospheric temperature and humidity profiles. The quality of
multi-channel brightness temperature (TB) is the basic guarantee for retrieving atmospheric
profile products. In general, periodic absolute calibration using liquid nitrogen can better maintain
the quality of TB observations, but the actual operation is more complex and difficult. As an
auxiliary tool, radiative transfer model can be used to detect TB quality of MWR. Combined with
the observations from Beijing radiosonde, and two RPG MWRs located at Beijing Observatory
(GXT) in Beijing and Xianghe (XH) site in Hebei, respectively, three radiative transfer models,
including MonoRTM, ARTSs and MWRT, are evaluated by comparing their simulations with
corresponding observed TBs at both sites. The results show that for MWR 14 channels the
simulations of the three models are very close to the observed TBs at most of channels of MWR,
with high consistency (i.e. correlation coefficient up to 0.99), while for temperature channel ch8
(51.26 GHz) and ch9 (52.28 GHz), there was also a significant absolute deviation (about 4 ~ 5K)
between the simulated TB and the observed TB, and the correlation coefficient decreased
significantly (< 0.80), which indicated that model simulation at the two channels needs to be
improved. Among the three models, MonoRTM shows obvious systematic deviation at
temperature channel ch8, ch9 and ch10 (53.86 GHz), especially at ch8 with bias up to 5K; ARTS
displays worse simulation at the water vapor channel chl (22.24 GHz); relatively, MWRT
simulations are more stable and closer to the corresponding TB observations at 14 channels,
especially the systematic deviation is the smallest. In addition, location of the radiosonde
measurements is different from that of the MWR site, which has a significant impact on the
simulation for water vapor channels of MWR. The comparisons of observed TB and simulation at
both sites indicates that the observation quality of water vapor channels for MWR at GXT needs

to be improved.

Key words: ground-based microwave radiometer; microwave brightness temperature; Radiative
transfer model; retrieval



