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Abstract: By using the data of microwave radiometer (MWR), placed at the foot of the Liupan
Mountain at Longde station in the time period from April 2018 to November 2019, and the data of
radiosonde at Pingliang station, the humidity sensitivity of retrieved temperature of MWR (TM) is
studied. The humidity sensitivity rate (HSR) and the zero degree drift (ZDD) are proposed for the first
time. Based on the distribution characteristics of HSR and ZDD at different altitude layers, the impact
from the mountain terrain on layer humidity and temperature is studied. It shows that, (O under
non-precipitation conditions, the wetter the air, the larger the difference between HSR and 1.0, and the
greater the value of ZDD. 2 The terrain has a great impact on the vertical distribution of layer
humidity. The climbing air flow or uplift air flow increases the humidity level of layers below 3km
significantly. The air humidity reaches the maximum at the layer of 500m above the top of the mountain
under clear days and at the layer of 1.0-2.0km above the top of the mountain under the cloudy days
respectively. The difference between TM and the station actual temperature reaches maximum by 2.7 °C.
(3 The terrain affects the vertical distribution of the layer humidity and then affects the layer
temperature. The downward atmospheric radiation under the cloudy days heats the lower layer and
makes the average temperature of the layers below 3 km rise by 2.3 °C, and the temperature caused by
humidity sensitivity reaches 0.9 °C, up to 1.7 °C.

Keywords: Microwave radiometer; Temperature; Sensitivity; Liupanshan; Terrain

1 55

TR T (MWR) 2 40 25 i P R i T ELER 2R A 85 2% (Knupp %%, 2009; Candlish
4%, 2012; Bianco 4%, 2017), #RIUBTRIAT LFIRBE TR0 E = HITE BN AR I 12 DL K %t AN [+
F RS AAF4FAE (Gildner A1 Spankuch, 2001; Hewison, 2007; #XEe R4, 2009; Chan, 2009; Cimini
4%, 2011; Madhulatha %%, 2013;Ware 45, 2013), KULfEE AN (RS, 2008; X|Z0#Es%, 2009; T+
Pix%, 2014; FRANAME R, 2015; Xu %, 2015; Che %%, 2016) FlE Ak —LeE A5 5]
ZAEF (i, Lohnert 45, 2004; Spankuch %%, 2011; Léhnert 4%, 2012; Cadeddu %%, 2013; Venkat
Ratnam %%, 2013; Ware %%, 2013).

MWR A ARSI R KSR Te, FARIESEAT RN T b2 AT 5 5
10km LA RSBMIRERZ .. &R ERERRAKE &, P RBCE R R R NbEE FES
BRI T B = B = B WRSCRAAE R E 5 DRI AS [ K R0 30 3 A . oy e L o S K B nle R B
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SO BATEARMSL, B DUSCIR H R B AT BE R 4R 5 SE b KA 82— 3. Bk4h, TB &
B2 SEFRZS SR AR AR P& BRI FE R, Bt MWR SIEIRE (TMD IR
FEAS [ 1 XA 6] i SR A AR K2 5 10, Gldner #1 Spankuch (2001) #5H TM i & 2 &
HIERE, TM SEREEE (TR b 2 WA FER 0.7 K 303 7km [ 1.6 K. Hewison(2007)
WFFEHFE H, TM T H I 1 S80S B A 0.6, Bifl =g 234, 3.3km K 4 1.5K. Liljegren %%(2005)
PR LA E TM 53R SIRE TR HHE 1K, TEXRETEHZE 2K, BNME TM M RSR
ZIRE| 1 Ko X203 (2010 XHALREE MR G 3 F BB R S TH S s IR S R S iR BE X L
RIL, & 0.1km = LA W ZE /N 1.2K, 22 B e B ARS8 hn, - 10km A ) s 22 5 KA
45K, Lohnert f1 Maier (2012) ¥4 T Payerne ¥k &t HATPRO #Y-5-f i 5 5 11 S vt P B 2 1) ]
SEVEANMERATE, fRE TM 5 TR MZEHIELFERERT 05 K, 4km SR INE] 1.7 Ko Yan
% (20200 BEFLFRH, FIAHIE—APE LS TR B RS TM BHERY:, (FHSFI R ZE)
SRILE] 1.70K.

FI SR Te [ = I FE RN, RI0R i o v #3818 Te 7 B R S5 B 52 = IR S F T
T, HotERE S oSk EE. s50NNEERNESLREAR (BB, 2021, FikTM
TERA R KR AT IHER MR ZE (X203, 2011; Navas-Guzman %, 2014; Xu %%, 2014; Z¥
FEEFIZR R, 2015; EBisE, 2021). w1, XIZL#E (2011) X AL W G & b B o e 5 I
IR SRR EF A PaH, “HAER RN ZE R 3.25km PLU T ECEHRTGREK H /. ZEANE A1
¥R (2015) XFHEILHIX 11 ANZ5 RIS FE AR AR v S i SR S IR X B R, AT
EL ) # W 2] 3°C.

PAEAT ST o TM RS B2 B G AN Rl 5o BURAR  X T it PRI 5 fid R ORH R T
WON = EEEX (Sumargo and Cayan, 2017; 5KJii%s, 20200, TM ks E NG B oo, A
WOICHEFE X 7N X, b T 5im R S5 s I, PR i tkdosis 2942m, 5Kii
& (2020) iz X B Z=7 oK BEIRAFERT 7T 46 tH, %3 X = /K B AR 2065 SR R 2 I 2 KT
HHIX, RAMXHEEEEX . AT EHEZHX TM 528 SR E 2 B CE, A a7
ANFLLAT AR TM 5P R X R0 TR, 433 TM XA [7) 2 SR 0 2% A R BB R AE
AR 7S A L LT Ao /022 30 A 52 2 0 AT S o AR STRIF 98 75925 PO T i 4 S 1 B e i B %
il, ST S5 S AT IR 7S 2 L DR AR FE PR AT
2. WPk R 5B
2.1 WG R
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ARIAFF I MWR /& PG A R4 7= 1) RPG-HATPPRO ERZk AU LR st i, OB e fl
R Euk (35.37 °N, 106.07 °E, 2078 m), 1%l sifor T 72 B [\ A6 X AN E L va 3 L. /S Bk
2078m, TR E ALK R AL, B2 R AE A AR E BB st (R BT [l SR M 2
30°), fmlHER 2942 m.

B YORIR B 7 b X TS 508 (35.55 °N, 106.67 °E, 1468 m). 1% % vkl 12 % 15 G i
49 km, IXPIuGERIALE IS R T Sanchez &5 (2013)AfF 5T IR B )k f, T I BT P A il
RALEAIRKIIZER, —F R R .

2.2 3Rl

AR SIS FH 118 G0, 455 M1 FH A 20 0 ¢ B0 S T PR MIWR il B R P R Bk, R Tk P AR
JEBERL, IFIAIM 2018 4 4 H 23 H-2019 4 11 H 30 H. RPG-HATPRO {4 21 4> 22 % 30 GHz
] K B B A I AE A 21 A 51 28 59 GHz ¥ V B BUiliE . MWR & 4F IR EURHE— X, SR (Te)
I % 0.5K. B[] 43#E% 2 1 43 4P, 0-10km MEES)Z5 93 2.

TR K H L EBE IR B H A 1s, 1Z0R OB 7ok S skl mda], 28R
AR SEREER 30 4080 I AHLTET K AT 2 10km =2, B RAEH AR 11:15 1 23:15 Bl 2
R ASCHIRSERERIMIT AN RAT S BE, 8 TR BERHELBAE [F I B TM B3RS 22

TR TM 62 SR IR SR I RURE, % TM 1 TR #HT TIRE 28, 5 MHIHEE
KA N I3 R 40 51 0-30%- 30-50%. 50-70%. 70-85% Al 85-100%. 2% C\45 FIHT 7T (Wang et
al., 1995; £ K4, 2015; Chen et al., 2016), KfAHXHEE R T-55 T 85%H) AR /K B RHf € M
TS5 A o B AN FE TN N 3 B 49531 0-0.5 g/m3.0.5-2 g/mB. 2-4 g/m3.4-6 g/m3Fl1 6-25 g/md.

MWR F RE/R AL I8, AT LA A3 B/ RIARRE K S, AR SCASE P B R B0 B T BT i A R
IKEIE R 5386, N TRTFETIE, 8 MWR BTAE R FE sl s JEAE O Okm,  [BI25 B2 100m 5
JEJE PSR TM 323 T 50 SRR 00K, BT AFRATT R 6 BX 0.1-10km B BERFEEAT 7047 o

BeAt, D9 T oA N B LT SR AR BRI SN, ASCEAE R T 73 AL TSR i
L EIBORT L TR DO A b TG B UL DNt PR U W Bk, DU A L0 3t 5 43 JE A v 2 DL
* 1. BORHETA] A 2019.9-2020.9.

1 ZNBE L AN 7] B AR 1 4 b TS G FE LI ik 28 245 P2 RH V4 v FE
Table 1 Longitude, latitude and altitude of four surface meteorological gradient observation stations

at different heights on the hillside of Liupan Mountain

uhid R B HRWN, KD iR (m)
s1 106. 1 35.6 2223
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S2 106. 2 35.7 2317
S3 106. 2 35.7 2600
S4 106. 2 35.7 2842

3. R 5
3.1 TM il TR ZEEANSEH IR EL
PRI A S0 YD Bl o A T T S LI TM IR, 8 F A 28 R 2 A5 R s N R AR R 451
R RBE PR L 10 F 107 SRR TR AT IIGRE 2], B AR SO 8 Sl I AR 2R
TR EAARHEEEE 5 TM BT Lo 7R — 2 SAXHR RS T, WFRE TM 5 TR 2 5] 32
SR T RIIE S IR UM K. R RIPCEETEOL T, R ST ) RS R A
R Te HUREEAE L R e, 1 Te SUEM TM AERE 3 252 K 75008 565 S 080 (0 A B 2 1k T
(Chan etal., 2009), %} i)z Hh K PR ) A1 25 0] A o K AT AR M, AN TR &5 5 () KV RN 5
R AR . Xt 0.1-10km AV Z 9 TM A1 TR ISt LRI, TM 5 TR 76 5 FAHX R
S T B3 MR RE L 1), B TM 5 TR B2 1% REAR FARGIREE & 1F T4 W]

5

30 ' 30 - - 30 . A
(2)(0%,30%] (b)(30%%,50%] T () (50%,70%]
g 10] TM=10*TR+0 0] TM=0.98*TR+0.16 g 07 TM=10*TR+0.66
T o.0r .10 1-10 -
] |
B
g -30 [ =30 F ~30k
S |
= 50 -50 -50 |
o . . el . . el
-70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30
TR/Celsius degree TR/Celsius degree TR/Celsius degree
30 ' ' ! 30 ! 30 ‘
(d)(705,85%] (e) (85%,100%] T (D(0%,100%)
g 10[ TM=0.95*TR+1.23 1107 TM=091*TR+1.61 pr
T4 4 i
)
& -l0r oy q-10 H.10+
2 -
o
g 30f 130+ 130+
E b
= 50 -50 50 |
-70 . . . 270 . . . 70 . ‘
-70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30
TR/Celsius degree TR/Celsius degree TR/Celsius degree

Bl 1 flm vk IR TM 58RI E TR 7 0.1-10km <2 WA RIAE R B 26 4F T XL,
(a) 0 - 30 %, (b) 30 - 50 %, (c) 50 - 70 %, (d) 70 - 85 %, (¢) 85 - 100 %, (f) O - 100 %.

Fig.1 Comparisons between the temperature of radiosonde (TR) and the temperature of microwave
radiometer (TM) in the different ranges of relative humidity: (a) 0 - 30 %, (b) 30 - 50 %, (c) 50 - 70 %,

(d) 70 - 85 %, () 85 - 100 %, (f) 0 - 100 %.
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HE 15 TM AT TR LSRR, HBE TM A TR LA (1),
TM=TRxa-+Db, (1
AR (D o, B¥afon T TMEE TR BN RAE, Wty 2 TR & 1°CH, TM K
Wi S22 DY a °Co BR BiF, SUBIREEEVN KIS R, BER S TR IAE 5 B e R
X TM B TR REE a #5 1.0 (—RAERTREE RSB RSERRRED: [z, SR
Ko KIREGEBZ, WRIE SR ZEBZ, N a H8HE 1.0 TM 5 TR R N < 5 M E
1 iE R a BRENE, =RTRIFGT GEXHEE/NT 30%), afil 1, WERFMHT
(¥ a E-Fik %) 0.98, MIARFZMAG T afER A 091. R a SAZREFMAEZEVIMEL, XHER
D B REL(HSR), HSR 5 1.0 20/, FoRTUT1E, TM 32 330 B U FE
Bk o
Ak, A (LD B8], BEZEE TR N 0°CH, TM A beC, Wi b E N 0, W TM 4
0C, EIKETME TR OCEIRZENO0C. WA bEANO0, ERETR A OCH TM 5TRZ
() F P P 22, 3 AR N B R 2 (ZDD). B 1 2o, S TR I A R X EE /N T 30%),
b {4 0, MEiEInt a oy 1 KR, SIIEAZ T NS IR AT, TM 5 TR 4%,
XA ENIE 71830 TR AR ARERES TM BT X EL &R 5 —J7 T, W& 2 HEH], TR
(BB R AR R B3 KT T, AEEfK) ZDD 3B K. mfEsHE M fEEsl, Mg
I, KRN R, EHOMAGEI R, RIE S EaERte %, Fitk™ 41 ZDD E i
K. WK 1HER, BERFEMET ZDD LT 1°C, BIRKM T ZDD L THRAE R A& R i

1.6 °Co a2, = UBRIEIE, TM 5 TR Z[a] AR XI5 FE 22 AR .

R 2 AR B 24T 0.1-10km 2 IR IR B2 TR IR EBURME R HSR FEEEFE ZDD
AR T R TM IR UM IR % Er

Table 2 Average values of temperature of radiosonde (TR), HSR, ZDD, AT and Er in the relative
humidity ranges of 0 - 30 %, 30 - 50 %, 50 - 70 %, 70 - 85 %, and 85 - 100 % in the atmospheric layer

from 0.1 km to 10 km.

FARHRE

0-30%  30-50%  50-70%  70-85%  85-100%

TR(°C) -15.3 -15.2 -13.4 -9.6 -6.4
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TM(°C) -14.4 -13.9 -12.2 -8.1 -5.2
HSR 1.0 0.98 1.0 0.95 0.91
ZDD(°C) 0.0 0.16 0.66 1.23 1.61
AT(°C) 0.0 0.16 0.66 1.29 1.77
Er(°C) 0.00 0.30 0.00 0.42 0.42

E: RLPHAT RER TM iR BURME R E KPR Z. ER Z2HARX (D /1 TM iHEE3].
H—JH, BETRFPAKREEHRD, W TMILFEEAKME, XEa i 1.0, AxX (D
BRAN (),
TM=TR-+AT, (2)
Wt i, BoA IR BURME RS T, TM X TR 284k 1°CHRIMIRIEE & 1°C, AT RoRiM
SRSV WISl 54 2 O 3 2 (R ) UL 22
AR (LD BAEEEFRARX (),
TM/a=TR+bl/a, (3
A (3 TM/a Xf TR 84k 1°CHImA GG FEWZ 1°C, WHai2idt, TM/a 2&HFRiE Uit
SO S RS . WA (3) RIAR (20 kI, A3 (3) Hffbla 5 AT SR, MK 2 FEEH,
FHXFIRENT: 7T0%0, AT 55 ZDD #{HIT-FAHSE, Bhis) AT A B Gu v fem v] DLZBE o Be4h,
AT BEMIXHEEER NI A, FEERTES S S SRS ERE. SREFEHS, N
MAEFREREEZ R AN 40, ISR RS g, MBI HREE, tai
i AT. #Z KPR, FAREE TR AT IAE 1.8°C, WREMT, BEEHXHERE K8,
AT M 0°CHEINE] 1.3°C.
AT (3) 1537H KR FEARUR I 5 B S it v 3l RO BE Y TRHAT, A H Er Fom TM
Bk IR R, W) Er W RN AAR (D),
Er=TM—(TR+AT), @)
AR (D) FHER S TM MIBEEBUSRIEA G, X BEARABEBURIERZE . Er N 0°CERR TM A%
VP URME RS, Er N IE(E RSB EBURME(ES TM (s TSLbriRE, Er AFEERR TM Rk
TRbRRE . WK 2 PES], ERSHMNRERIC. HSR #a T 1.0 M4 T, Er#iLT 0°C,
TR EBUBRMEN TM JUTFEA M. MRS KT 70%. HSR B/, W8 BURMEERT, Er
AW B 0°C, W5 RABAREME T I Er ¥ME KT 0°C, UiHHREZ KA T 1100 5 1 B U (645 TM
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S 1-30 1-30 1
S ]
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— e e
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o
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=
= .50 -50 S0
-70 . . . -70 . . . . =70 .
-70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30 -70 -50 -30 -10 10 30
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B2 st vl SO TM 53R 2R FE TR 7E 0.1-10km )= N AEAN R 48 X018 FE 2644 R X LE,
(@) 0-0.5g/m (b) 0.5-2g/m?3 (c)2-4g/m3 (d) 4-6g/m? (e) 6 -25g/m? (f) 0 - 25 g/m?.

Fig.2 Comparisons between the temperature of radiosonde (TR) and the temperature of microwave
radiometer (TM) in the different ranges of absolute humidity, (a) 0 - 0.5 g/m3, (b) 0.5-2 g/m3, (c) 2 -4

g/m3, (d) 4 - 6 g/m?3, (e) 6 - 25 g/m?, (f) 0 - 25 g/mq.

32 AERER TM A TR HXfEL

XL Z R AR B i vt B BT H AR EOR, D8 T A A HSR R St i B R A AR 4k, 3]
& 10km LAF RUZ%NE 500m 1R EHEAT 722 IWE 3 thER, BIRFMAT 6km L EZRHIHEA
BT 10 5ZAFAKE, BRFFE NIRRT 670, fRiE T HSR A1 ZDD K4,
ERR, PTABATE SR RFIET 20 NMUZH TM A TR #4717 X Ee o #r.

[FESLAEBEN]



198
199

200

201

202

203

204

205

206
207

208

209

[y
)
[=]
o

:

Sample Size
=
5 8

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
EEEEEEEEEEEEEEEEEEEE
X X M M M W N N N N NN N N NN N N N N
VT QAUOAOTUYODOWNIP PO
PUTUNWVPUV TV OONOD LD
x—_Ox—x—NNmmwwmmcocoh-h-ooooc:g
S

Layer/km
B3 HERFIBR A4 T LB AS [F] i 2 J2 (A A i

Fig.3 The sample sizes at different layers under clear days and the cloudy days.
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Fig.4 Comparisons between the temperature of radiosonde (TR) and the temperature of microwave
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radiometer (TM) at 20 layers on clear days. The first layer is 0.1-0.5 km and the interval of other layers

is 0.5 km.
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Fig.5 (a) The distribution of HSR and ZDD at different layers; (b) The temperature difference (AT)
between the stations of radiosonde and microwave radiometer, and the humidity sensitivity error Er of

the retrieved temperature of microwave radiometer (TM).
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&, 2003; Xu 5%, 2015), il B AERf 2 = FE Y BR 3 (GUldner 11 Spankuch, 2001; Liljegren %%, 2005;
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Fig.6 Comparisons of (a) HSR, (b) humidity sensitivity error Er at different layers under clear days and

the cloudy days.
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AL CGRIMEE, 20200, i BKEGIEE TR XU S5 2 AR 52 R 25 < 2 404 (Yu AT Cheng,
2008; Yu A Cheng, 2014; Shige 1 Kummerow, 2016; Yamamoto %, 2017).
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Fig.7 The occurrence frequency of (a) temperature and (b) relative humidity of Liupan mountain at the
bottom station (S1), downhill station (S2), uphill station (S3) and mountaintop station (S4) under
different relative humidity conditions
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1 ZDD Mt 133, WL 7 () FIE 7 (b) /35, BIRFKMET, 3km LR )Z AR UK
St TM R IA F] 1.7 °C, 52 FIEF] 0.9°C, (HIE K& FIREEFUSMEST TM IR mA K.
Navas-Guzman %5 (2014) [ Fida = BEff TM A1 TR IR ZE3G N 2.5 + 1.4 K.
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XU RE S A AU . A4, DRITSBEE S T AL TN B IL AR, 3R AL TP R LXK, TM 724
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