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Abstract: The accuracy of MWR measurements obtained at Baoshan Station of Shanghai from
July 2018 to July 2019 are evaluated by comparing brightness temperature of MWR against
those calculated from radiosonde soundings at the same site with radiative transfer model.
Beyond that, the performances of the MWR calibration techniques and the effects of radome
replacement are estimated. Results show that the observed brightness temperature from MWR
agrees well with the simulated ones from radiosonde soundings in clear-sky conditions. The
correlation coefficients between two datasets are over 0.96 in all channels, with root mean

square errors 0.15-2.68 K. The performances of the V band channels are better than those of K
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band channels. Moreover, the features of brightness temperature bias vary with channels,
including random deviations, systematic biases and biases with significant seasonal variations.
The LN2 calibration could significantly reduce the systematic drifts in most of K-band channels.
But the brightness temperature from V-band channels do not change obviously after LN2
calibration. By replacing the radome periodically, brightness temperature biases in rainy
conditions might be reduced significantly. And the recovery time of brightness temperature in
rainy conditions might also be shortened. Results also indicate that the radome made of new
material used in this study is more efficient than the original one in reducing the negative

impacts of precipitation in MWR accuracy. It works for about 4 months.
Keywords: ground-based microwave radiometer; brightness temperature; evaluation; calibration
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(Cimini et al, 201 018; Madhulatha et al, 2013; Matrosov and Turner, 2018; caumont
etal, 2016; 24 M8 22; JUTEESE, 2018; xIBE%E, 2015; ¥R B4, 2014). HE, %
S B R SRl A 58 55 20 ot DR 2R B 50T, LR R A T BB BB SRS E (XU et al, 2015;
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InsEged, 4 \Yﬂ%‘}*ﬂ'ﬁ%%éﬁﬁ%t¥1ﬁ§ﬁ%%§ﬁﬂ(1@%ﬁ%%ﬂiﬁ@, 2017; X217,
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(Hfz: GHz)
Table 1 The central frequency of 42 channels of microwave radiometer used in this study
(Unit: GHz)
BEFS  hOoSiE BEFS hOSE EEFS POSE BEBEFS POoEE
1 22.24 12 25.98 23 5151 34 54.94
2 2251 13 26.24 24 51.76 35 55.44
3 2278 14 26.77 25 52.01 36 55.84
4 23.04 15 27.3 26 52.28 37 56.66
5 2331 16 27.84 27 5253 38 56.91
6 23.58 17 28.37 28 52.78 39 57.16
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7 23.84 18 28.9 29 53.03 40 57.3

8 24.37 19 30 30 53.28 41 57.55
9 24.9 20 31.4 31 53.86 42 58
10 25.44 21 31.93 32 54.26
11 2571 22 51.26 33 54.66
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Fig. 1 Number of data obtained by microwave radiometer at Baoshan Station in each month during July 2018 and
July 2019
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Table 2 LN2 calibration and maintenance times of microwave radiometer at Baoshan Station during July 2018 and

July 2019
@ﬁm&%ﬁiﬁ FFHAIN i) LETRIN ]
TR 9:00:00 15:00:00
2 19/01/03 R GERF M AR 9:00:00 12:00:00

ISR R %

3 2019/04/17 TR AT 9:30:00 12:30:00

4 2019/07/24 ERE (AR 13:30:00 16:00:00

S RN RS SR H P (08:00 A1 20:00, Jbniih) M= HdE, EdRERC
SE G Sl o B A 1) kg B KR AR, SR P TRD bk ) Pt T S0 W), B[R] 43 326 1miin.
1.2 HMETTE

B, BRTRETR, FIFH MonoRTM 45 % %1% 1 (Boukabara et al, 2001; Clough et al,
2005), IRFFHRERGT T 42 ANIEIE B . MonoRTM #g S A& A i 95 [E] AER A ]

Fk, KA Voigt &Y, HXZH OKIREIEIINTE 2% RENYE R4 BN R£E5%)
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K H HITRAN #¥E F (Liljegren et al, 2005), /KiSXWiUsif %A MTCKD %! (Mlawer
Tobin_Clough Kneizys Davis), .45 22GHz, 183GHz, 325GHz Al 380GHz 25 4 438 /KI5
SCRE 2R, ASLAY RIS R T B AR BORT S s A e RN, AR SR
LeAE BB (1Y) B B I L 24T 1 402 (Clough et al, 2005).
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M2 B HAFATRAE, VAT RS TR & . S% AN TAE(F = 5, 2015), B4R
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>0.1mm, JU5E ONBERFEAS o PPAL RS0 1R, I 2 A K OR UK A £ 73 73 g, 105 2N 227
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B2 18, TR G 2 TF 35 . 5030960 3 kg A P 7 o 4
fr, 2018 42 11 H 3 H (FE#RZHE 2| M 201942 H 3 H WRLE L J5) BIRAE
TRt R kR 0.4mm (TR, LI AN . RIS
GRS EIRL T, (ETMK AT IR NIRRT (% 30, B A
LR AR E R ],

* 3 IR HAEIH KR IEIE R

Table 3 Records of water pouring tests

FFs = ARG oK IT 4R ) oK 45 AU TA)
1 2018/11 9:25 9:32
2018/11/23 11:45 1151
3 2018/11/27 9:35 9:42
4 2018/11/28 9:40 9:47

2 VHEES RS0t

W 25 2 Sl PR 0T B B S W A AR B IR IS 2, T Ho A 2% 4 T 52 = B K 11
SEMAEER, DX 43 B % A B R IS 2 1 FE R 55 B 7 14 R GHER W o &2t s, 6 f I 5 T =
B K 2% A 53 ST FEVPAS 23477 o
2.1 iR ERRME R

W 23 26T AR S T S i SR iR — Bk e, Hh s — S B
AKIRIBIE . S IBESNRR (TBuws) SEHRIR (TBre) MIAHIEREUIEI 0.96 (AF
0.01 2 H/KF), SUSMIE I AH O R B & T/KVIRIE (B 2)0 X H A4 A B i i

ZESFE, VBB CRUUETED PR B0 Al IE SE 2 IR 5 B IR AR S R i/ (B3 1),
5



143
144

145
146
147
148

149
150
151
152
153

154
155
156
157
158
159

5 W ISETE A TR R SE B G 0, R, KB OKVRIEIE ) SRS TE R AH O &R

A .
: ““ “| |““||‘ |“““I“‘“

35 A0

"'IIx“t‘A

i i ";"
122018 4F 7 9-2019 4F 7 AW S L =5, SBESSNRER (TBuwe) SHHRIR (TBrs) MAHIEREL
Fig. 2 The correlation coefficients between observed and simulated brightness temperature in clear-sky condition
during July 2018 and July 2019
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Fig. 3 Brightness temperature measured and modeled at 22.239 GHz, 31.4 GHz, 53.861 GHz and 58.001 GHz in

clear-sky condition during July 2018 and July 2019. The black solid line shows y=x for reference. TBywr is short
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for brightness temperature obtained by microwave radiometer, and TBgs short for brightness temperature modeled
from radiosonde

SRS, /KRR (AR 5 22 R0 57 A it 22 1 B il v T SOE I, RSO TE 13 5 AR
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2%, HEEIT 0. K 4c SR, AKVREEITRRZEN 0.89~2.68K, & T A A/ UBIE
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Fig. 4 Errors of brightness temperature in 42 channels of microwave radiometer during July 2018 and July 2019: (a)

mean error; (b) relative error; (c) root mean square error
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Fig. 5 The simulated total optical depth at (a) 20~33 GHz and (b) 50~63 GHz. MonoRTM is employed to simulate

with the AFGL reference atmospheric model profiles (0-120km) of midlatitude winter. The blue solid circles mark
the 42 channels of RPG.
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Fig. 6 Differences of brightness temperature obtained by microwave radiometer and radiosonde at 22.239 GHz,
31.4 GHz, 53.861 GHz and 58.001 GHz in clear-sky condition during July 2018 and July 2019. The black open
triangles mark the times of LN2 calibration, and the green open triangles mark the times of radome replacement

(more details could be found in Table 2)
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Table 4 Mean errors of brightness temperature in 42 channels before and after LN2 calibration

plibcl S UGERRHT B UCER B GENR R
1 -0.06 -0.99 -4.04
2 1.74 0.53 -1.44
3 2.18 0.75 -1.06
4 2.82 0.98 -0.73
5 3.17 1.07 -0.42
6 3.16 1.01 -0.38
7 3.01 0.92 -0.49
8 2.81 0.80 -0.40
9 2.56 0.74 -0.37
10 2.23 0.68 -0.45
11 2.08 0.64 -0.39
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12 1.96 0.62 -0.38

13 1.85 0.62 -0.43
14 1.68 0.68 -0.35
15 1.58 0.82 -0.31
16 1.55 1.02 -0.32
17 1.57 1.22 -0.24
18 1.61 1.43 -0.22
19 1.67 1.86 -0.24
20 1.39 2.47 -0.35
21 0.95 2.61 -0.53
22 0.40 -1.10 -0.99
23 -0.23 -1.64 -1.56
24 -0.46 -1.78

25 -2.30 -3.38

26 -1.92 -2.81

27 -3.42 -4.03

28 -1.66

29 -3.02

30 -0.66

31 -0.90

32 -1.69

33 58

34

35

36 0.89

37 -0.13

38 -0.21

39 -0.16

40 -0.13

0.12

jl“ -0.54 -0.18
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Fig. 7 Differences of brightness temperature at 22.239 GHz, 31.4 GHz, 53.861 GHz and 58.001 GHz obtained by
microwave radiometer and radiosonde in precipitation condition during July 2018 and July 2019. The black open

triangles mark the times of LN2 calibration, and the green open triangles and green dashed lines mark the times of

radome replacement (more details could be found in Table 2)
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2018; (b) February 3 in 2019. In the x axis is Beijing Time (LST), and in the y axis is brightness temperature. Red
solid line represents the times when rain occur, and the green solid line indicate the time between the start of the
rain and the return of brightness temperatures to pre-rain levels. The recovery time is difference between the green
solid line and the red solid line

201811-19 2018-11-23
i5 W
() - TE (b) —_
— AL 0 — A2
x W Ragiing (= x 25 Bopqid s
z S
-~ -
2 2 2 2 \
- o — \\"“"\-——_
b e e A IS
20
9 10 1 1l 12
LST LST
2018-11.27 2018-11-28
<0 g0
) —T (d) —l
40 — AR & — i
o N R N R
; W0 \\\ ; 0 \\
& = -
20 ~-l"\ | oY) SO o
10 )
a I 1 g } 1 1
LST LS1
B 9 4 YRtk RIS B JE TR RS T2 20 18 STl SR (8] 7 5, BARAR R AL, PALER N SIR, 4L sk
BRI KRR [A], SR 0 SEAAR R Sl o T RS RREEI [A] . SRR R K S i e 5 IR AS KRR I 1] 5 itk

IKAFEE A) 2 72
Fig. 9 Brightness temperature (the 20" channel, 31.4GHz) observed during four water pouring tests. In the x axis is
Beijing Time (LST), and in the y axis is 13rightness temperature. Red solid line represents the times when the test
starts, and the green solid line indicate the time between the start of test and the return of brightness temperatures
to pre-test levels. The recovery time is difference between the green solid line and the red solid line

13



269

270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294

3“5t
FIH i LR R RPG-HATPRO-G5 s S THANI Bk (2018 47 7 H % 2019 4 7
J3) FIR A oA, DRI F PR SRS SEiR N 5%, I8 4 BT S A A R A R 5
BAwZE, VEAL SR TR, RIS TERE L bR REE B AR R, AR
D WEZEAT, MR v ST A SRR IR — B s . S BT R R
HyiEit 0.96. A K IR TE S IR R A R R, 7R ZE N 0.89~2.68K,  HLE AT sk
VN JE R R T AR S AR B AR, 5 ARAR 22 0.15~0.75K, Bt AT R 4 i i BRI
2) KIIE P SRR ZE A EARERE N R 2, RS ZE D TR ZE =2, A
ST b e B 0 PR 20 B 1) R G M 2, B 4 R 208 B0 I 2 A A T % T 1 {7
KB BORHER A EIE (5 4~18 J@IE) 1 T3 22— YT b g W R s b,
2 T NP TRAVARY 32 =5 B ERS ek i L IR E D K 585 P S N2 A )
BT A
3) BEAKFMT, %iﬂ%ﬁ%&mﬁziﬂ?ﬁi@%ﬁ%?’

R P AR R R SR A T OSSR 22, W B 4 A 52 Fe K s
MR BERE. M R R LR 2 5, STRKE K R
22 B b, BRI 100K LA, 2R AERF 4 M A

FIREE R, B RR R i st e VERS G, A R R

o, EIETE SR R ZE RN, ST
KCchler et al, 2016) A 5%, S PPl E FR BUR I

FARIERY], TR RIPRYER 4 M H
FEAT, BRI

~ e Ji S B PN . IR N S TR L M
Bk R g 1R A > AN, FEIT R bk KA B0 0 R 2k B RE (R SN 73 AT 45 2R,

I RE LA AR RE AR T e R AR R IR, 5 B R T R BER A AR Bt 7T

BOA AR FARM AR KAE A0 AT TR LA R S T 00 S5

14



295

296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

SEICR
ERK BEFK, B, 55, 2015, ZATHBIERR AR ST SOEIRE B e [0]. AR R 43R, 26(2): 193-202. Che YF, Ma S Q,

Yang L, et al, 2015. Cloud influence on atmospheric humidity profile retrieval by ground-based microwave radiometer[J]. J Appl
Meteor Sci, 26(2): 193-202 (in Chinese).

VUL, BEFIK, W38, 45, 2018, = w I AMORAR ST TS SO R ER & R WL 0], T4, 44(12): 1604-1611. Ding H X,
Ma S Q, Yang L, et al, 2018. Retrieval of humidity profiles by using cloud radar and microwave radiometer[J]. Meteor Mon, 44(12):
1604-1611 (in Chinese).

Wk, WREE, 2017, MR AR SR FORHR B 7 [0]. NS 524, 28(2): 209-217. Fu X S, Tan J G, 2017. Quality
control of temperature and humidity profile retrievals from ground-based microwave radiometer[J]. J Appl Meteor Sci, 28(2):
209-217 (in Chinese).

TORE, REESR, FWRTF, 5 2014, JE TSR GOBAR N VT BB R T B UK R AT 3] A, 40(

Y, Xu G R, Wang X F, et al, 2014. Analysis on two hailstorm events in Xianning based on observations of gr d microwave

3 216-222. Huang Z

radiometer[J].Meteor Mon, 40(2): 216-222 (in Chinese).
LB, 2T, F8, 2021, BRI 2 2 A MR ST T SOOI R & T ). 2R,

B, Wang Y, 2021. Analysis on atmospheric profiles retrieved by microwave radiometer at genting venue ing olympic winter

games[J]. Meteor Mon, 47(9): 1062-1072 (in Chinese).

BeRE, ARE, FRE, 55 2022, BT R ST HEORE MR IE R ALK = s R S J]. K%, 48(4): 452-458. Li J
H, Zhou Y Q, Yue Z G, et al, 2022. Water vapor and cloud base heigh differencebetWigen th th and S@uth of Qinling mountains
|

e
e)
Zi, WU, B, 5%, 2014, bR S RORAR T v RO B — Btk 2 BT IESEU]. R REOR 5 RiH, 29(4): 547-556.

Li Q, Hu F C, Chu Y L, et al, 2014. A consistency analysis

based on microwave radiometer measurements[J]. Meteor Mon, 48(4): 452-458 (in Cl

ction of the brightness temperature data observed with a ground

based microwave radiometer in Beijing[J]. Remote Sens Techn 4): 547-556 (in Chinese).

comparison between the ground-based mig
69(4): 719-728 (in Chinese).
X RE, ATSCgE, XIZLHE, 4§, 2015, MR ARY RUNDRGLIL 72 e 2 7 V], LA LR 24k, 26(5): 626-635. Liu S B, He W Y,

LA, 2575, 05,

68-77. Ma L\, Li Q, L, et al, 2018. Consistency analysis of experimental and simulated brightness temperature based on

ground-based
sifEfE, SKEI

Wang Z C, et

icrowave radiometer and cloud detection[J]. Remote Sens Technol Appl, 33(1): 68-77 (in Chinese).

UK, 5%, 2018. 2 B RGO AR S T SR AERA MR LU T[] LA AR 54AR, 29(6): 724-736. Mao J J, Zhang X F,

ison of brightness temperature of multi-type ground-based microwave radiometers[J]. J Appl Meteor
Sci, 29(6): 724-736 (in Chinese).

EEW, RS, SEEE, 55, 2018, AFRSHFAF T HUIEEFHBARH THAN MR LU [I]. RIA SRR, 29(3): 282-295. Wang Z C,
Zhang X F, Mao J J, et al, 2018. Comparison analysis on detection performance of ground-based microwave radiometers under
different weather conditions[J]. J Appl Meteor Sci, 29(3): 282-295 (in Chinese).

THRE, WEHZF, #dha, 55 2014a. JE TSGR TORVR M RHE AR S AL A 2R i s A S o TARRAS T [3]. KR 54K,
37(1): 1-8. Wang Z H, Cao X F, Huang J S, et al, 2014a. Analysis on the working state of a ground-based microwave radiometer
based on radiative transfer model and meteorological data variation features[J]. Trans Atmos Sci, 37(1): 1-8 (in Chinese).

TR, 257, I, 55, 2014b. HUEEROERE ST TAEMEENT K 3 BRI s [0]. BS54, 25(6): 711-721. Wang Z H,
Li Q, Chu Y L, et al, 2014. Environmental thermal radiation interference on atmospheric brightness temperature measurement with
ground-based K-band microwave radiometer[J]. J Appl Meteor Sci, 25(6): 711-721 (in Chinese).

AR, fUSCHE, A, A 2021, ARG O AL RO R A TN R AAIBE 71 43 AT [9]. KAUREEE, 45(3): 605-616. Zou

15



339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378

RS, He WY, Wang P C, et al, 2021. Assessment of radiative transfer models based on observed brightness temperature from
ground-based microwave radiometer[J]. Chin J Atmos Sci, 45(3): 605-616 (in Chinese).

Anderson G P, Clough S A, Kneizys F X, et al, 1986. AFGL Atmospheric Constituent Profiles (-120km)[R]. Hanscom AFB, MA: Air
Force Geophysics Laboratory (OPI): 46.

Bao Y S, Cai X, Qian C, et al, 2018. 0-10 km temperature and humidity profiles retrieval from ground-based microwave radiometer[J]. J
Trop Meteor, 24(2): 243-252.

Boukabara S A, Clough S A, Hoffman R N, 2001. Monortm: A monochromatic radiative transfer model for microwave and laser
calculation[C]. Specialist Meeting on Microwave Remote Sensing.

Cadeddu M P, Liljegren J C, Turner D D, 2013. The Atmospheric radiation measurement (ARM) program network of microwave
radiometers: instrumentation, data, and retrievals[J]. Atmos Meas Tech, 6(9): 2359-2372.

Caumont O, Cimini D, L&nert U, et al, 2016. Assimilation of humidity and temperature observations retrieved from ground-based

microwave radiometers into a convective-scale NWP model[J]. Quart J Roy Meteor Soc, 142(700): 2692-2704.
Cimini D, Nelson M, GUdner J, et al, 2014. Forecast indices from ground-based microwave radiometer for o
Atmos Meas Tech Discuss, 7(7): 6971-7011.
Clough S A, Shephard M W, Mlawer E J, et al, 2005. Atmospheric radiative transfer modeling: A summary of t
Spectrosc Radiat Transf, 91(2): 233-244.
Jiang S L, PanY, Lei L F, et al, 2018. Remote sensing of the lightning heating effect durati
radiometer[J]. Atmos Res, 205: 26-32.
Kichler N, Turner D D, L&hnert U, et al, 2016. Calibrating ground-based microwave*fadi nd drifts[J]. Radio Sci,
51(4): 311-327.
Li Q, Wei M, Wang Z H, et al, 2019. Evaluation and correction

round-based microwave radiometér observations based on NCEP-FNL

data[J]. Atmospheric and Climate Sciences, 9(2): 229-2

Liljegren J C, Boukabara S A, Cady-Pereira K, et al, 2005. The effect of th width of the 22-GHz water vapor line on retrievals of

Ware R, Cimini et al, 2004. Ground-based microwave radiometer measurements during precipitation[C]//The 8" Specialst
Meeting on Microw; jometry. Rome.

Xu G R, Xi BK, Zhang W G, et al, 2015. Comparison of atmospheric profiles between microwave radiometer retrievals and radiosonde
soundings[J]. J Geophys Res Atmos, 120(19): 10313-10323.

Zhang W G, Xu G R, Liu Y'Y, et al, 2017. Uncertainties of ground-based microwave radiometer retrievals in zenith and off-zenith

observations under snow conditions[J]. Atmos Measur Techn, 10(1): 155-165.

16



