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Abstract The radiosonde observation data of 1.-band has been one kind of the most basic and important data used in either the
weather forecast or the numerical prediction, and its quality for humidity observations has a direct impact on the precipitation
forecast. In this study, by calibrating the humidity data from the radiosonde observations with those derived from other type
observations and comparing to the background fields based on the NCEP., GRAPES and EC modeling analyses. the qualities for
the humidity data from radiosonde observation of I.-band in China were assessed. So we could have a new understanding about
the quality of the radiosonde observation, which would provide basis information for better use of the data. It was found that
these sounding humidity tended to be drier than the analyses, thus the piecewise functions were applied for the humidity data
correction. When the humidity was more than 60% in the background field, the deviation of the radiosonde observations for hu-
midity would be significant, and the correction effect would become very prominent. The results of case studies and continuous
experiments showed that the forecasting capabilities of precipitation intensity could be significantly improved after applying the
bias correction for sounding humidity observations. Meanwhile, in term of precipitation forecast test score ('TS) and forecasting
bias (B), the humidity correction could obviously have positive effects on both the moderate and torrential rain forecasts.

Key words Radiosonde observation, Humidity drier than normal, Bias correction, Assimilation prediction
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(a) Comparing GPS PW and the calculated PW from the radiosonde data in China, and

(b) Scatter diagram of GPS PW and the calculated PW in China for July 2013
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(a) Vertical deviation in July 2011 with the EC analysis as the

background field humidity (greater than 80%) to the radiosonde observation,

and (b) the number of samples on each vertical level
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of the deviation corretion scheme
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equal to 80% and less than 90% , c. The humility of background field is greater than or equal to 70% and less than 80%)
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(a. 24 h real rainfall, b. Comparison of the forecast rainfall bias between the two experiments,

c. 24 h forecast rainfall of the first experiment, d. 24-h forecast rainfall of the second experiment)



A R P E LB R s MR M A S5 P Al B 22 T IR

FOR I 1.2 19 24 b [ K 45 R B 2 38 56 19 R 7K A
22454 . At A Ab AL b X A A TR A R K, S
o G AR AL F AL B R ER 4y ML X A 50 mm DL FRE
K CE 12a) PR 432 50 X AR U B 7K 2o 72 R A 41
ELFE R 7K ) T4t 3 16 A i B oA 25 S, HLAR b ST
Rk 7K At 553 » 4R 310 et b AL 5 4% 50 mm DL 158 B
K TR B 55 (& 12¢.d) . AT DL iR
2 5050 1 A 22 0 A B S 2 /Y B4 B K
R F a8 1. 300 B 20 o o % 4 1 5 SO0 000 9% e 1)
W25 3T 1E 5 o S B AE [R] Ak T4 b B3 7K o 1 5 . 4R i)
JE A 9 A [ 7K HR 0 B BT L K M X K B S R K
5—10 mm, MH LSS 1 B AR 5050 2 0 T4 7 R
KR B 1A T 0 B S S R KR B (] 12b)

0.8

197

& 13 J&7E GRAPES 3Dvar H{ifi ] & % #8 25 15
JE A 25 37 1E OGS 45 2 V0 B SO0 00 08 22 3T 1 R 241 3 26 )
BT JE i 24 h T, % 22 30 d IR 0 B K A 5
5. S 24 h BEK R TS 3743 W/INE L
T T R 28 R AR 2 LA R R BRI 2 1
PRV B AL TR 1 05 58 U0 B AR A 1 R i 22
ITIEFER2A ESCR (8 13a) . 24 h TR W 2215
R R 2 MRS 1 R R AR
B, B A R AR T R O 5 2 PR O 25 LR 1R
SR GT 1, 7R T A I 7K R A A 38 B 42 0 S L R K
TR B T /0N TR KRR TR e 22 A8 A AN R (A
13b) . A H o O R 2 1 B O s 22 1T 1E J5 ) B
TP 53 T 22 2 A — 5 1Y SR OR

(a) O Correct (b) oCorrect
o Control 4 s Control
0.6
] & 3
= 0.4 h::E
2
0.2 | 1 ’_I
. . ’_._,_I:-_i 0 . ’_. . ’_. . ’_h .
Light Moderate Heavy Storm Excessive Light Moderate Heavy Storm Excessive
rain rain rain rain storm rain rain rain rain storm
13 2011 4 7 J W3 4 3% S50 560 1 F K K 36
(a. 24 h FEKBURTESr TS, b, B TR 2= Bias {E)D
Fig. 13 Verification of the rainfall forecasts over China for July 2011 for the two experiments
(a. TS for 24 h rainfall forecast, b. Bias of forecast)
6 455 EC %Xﬁl@ﬂif"ﬁ%ﬁ%‘%%ﬂﬁﬁ% BRI
I:l () ()
VSR TE H ] L RROU 34 2 b 55 45 23 1 52 0L DU i T 30
108 R R 0 WL ek 5 A [) 236 2 H Al 0L ) %%ﬁﬁ—f N 5 R 22 B

f GPS A [k & COSMIC %R} 2 2% 7 1% J3 g
LR Z Bl 54, 3 5 1 NCEP .GRAPES. . EC %~
[ AR 243 BT 37 o0 15 5 I BE 3 iR A7 L 3, DAl T
[ XL 6 B R s o B U 00 3 e 199 Jo 2 AR 400 5 X R %
T B UL A7 A 0 B2 O T 3042 I LAGT GE 5 W] B 3
15 T AR50 R 2200 AR B LR L5 .

(D P23 W B 5 GPS 3 J& 5 1 KA AT %
KR B A B 25 0 B UL I s B R AR T B K
s/ PR W B LI AE T T B AR . IR A5 1 W
M5 COSMIC i) WetPrf 4518 Ji B 28 %k} L 8 k I
AEXT I B S8 T B 28 R BRAE X U 2 TP IR

(2) [A Ak R 23 1 2 WL 5 L) NCEP, GRAPES,

WA EC 73 #r i 75 5t 3wk, ool X5 Jb 36 X 7E
400 hPa DL 2233 0, Bt B R 25 WL 5 15 5=
Gl B A — B0, M AE v [ XA 2241598 0 EAE , R W
(] X 118 4% 22 0 55 0 1)3???“1}%?%%
(LA EC 4381l 15 55t 37 55 45 25 10 B WL g 22
PTG E é’ﬁﬁ“%%mﬁmr‘m% 606 5 25 i
JEE UL i 22 A O WL A T 2 W R IR R
(202,60 % 1 AW ZEH /N o R4 B sRBOWHR 25 18
WL g 2 £ 47 1T 1E . 3T 1E J5 7E 400-—850 hPa B EC
SIRT R S S PR A 1R UL I 25 A ek, Y
T 50 A X W BE R AR T 80 Yo s 4 5 i 22 45230 0, 1
FEZ R 900 hPa DL F Bt A & .



198

(D REK AR50 S 3% S 50 AR 3 B IR s 18
JE ORI i 2 37 1 J& %t B 7K TO040 580 5 b 553 114 1 250 A
WU I S0 1 B K 4R TS B 43 F0 TR I 25
B o TP RN R A SRR BE DA AR

B2 38 I AR 2 0 O 0 Rt 5 AN T 286 7R 1Y)
WL %5 kL 2 (6] 5 A K 5 NCEP,GRAPES,EC %K
AR 43 A7 3 o0 5 5 I B8 3 iR A7 L 38 DAl o [
DX L 9 B s 1 B UL 5 R 1 0T o AR O 5 R B [
DX R 25 10 B L DN 8 A A D T B4 A AT R 4R
25 R A BT B IA T Ry B A b % 0 R 4R
PET AR . TR AR A N R LI B A A e T o
TTIE - VT IERCR 8 2  Xoh BAe /K 100 1 3 38 110 wig ot i 58]
W rIFER . T H ET2 WiEAG 32 ORI a1 B 1 B
il o 35 25 5 A b & W18 A L AT BRI N 8 4
6] ¥ e I B 22 1) R 1E AT B8 K I B 114 25 (B A AL
ST SR .

S % ik

BB, s, . 2005, GPS 3# Y KA K B 5 5 i e
KRR oM. BTG4, 16(1): 54-59. Cao Y C,
Fang Z 'Y, Xia Q. 2005. Relationship between GPS precipitable
water vapor and precipitation. J Appl Meteor Sci, 16(1) :54-59
(in Chinese)

WA, K 55, A HEDY 4. 2011, 3EF BI-RUC RS I U 4R 25 K OH
X 5 F i AR T A AR B FR R PERE R R, AR F A, 69 (1)
181-194. Chen M, Fan S'Y, Zhen Z F, et al. 2011. The per-
formance of the proximity sounding based on the BJ-RUC sys-
tem and its preliminary implementation in the convective poten-
tial forecast. Acta Meteor Sinica, 69(1): 181-194 (in Chinese)

MR, WAL, FEd AR, 2014, L 3 BERP 4R 28 W B #E GRAPES [
L RGBSR SE. %, 40(2) ; 158-165. Hao M, Tian W
H, Gong J D. 2014. Study of L-band second-level radiosonde
Data application in the GRAPES assimilation system. Meteor
Mon, 42(2) :158-165(in Chinese)

B, SR AR, XAk, 2012, 7 50 J5 R SOK PRI R 28 B O A
B, S%2%4%. 70(1); 155-164. Liang H. Zhang R H. Liu J
M. 2012. Systematic errors in the precipitable water vapor
measurements over the Tibetan Plateau and associated causes.
Acta Meteor Sinica, 70(1): 155-164 (in Chinese)

TP IR, e, TRAE. 2006. M B LR Wi H PR 4R 25 R 4T LR 48R
WaEHARMERE. KGR, 34(5): 606-609. Ma S Q, Li F.
Xing Y. 2006. Overview of the global upper- air sounding tech-
nology Development based on the sounding system of Mauriti-
us. Meteor Sci Technol, 34(4) :606-609(in Chinese)

M. g, BRI, 2009, L kB RAE I R G B B B R A iR
o dest: KGR, 95pp. Li W, Li F,Zhao Z Q. et al.

Acta Meteorologica Sinica S %24k 2015,73(1)
2009. L-Band Meteorological Sounding System Construction
Technology Evaluation Report. Beijing: China Meteorological
Press. 95pp (in Chinese)

AR AL 2005, TG M AW I J5 3% 45 B ) CHF S 0.
WMO. 2005. Meteorological Instruments and Observation
Method Guide (The sixth edition). (in Chinese)

FER A XK, 2RISR, 2014, IR A 4 S R 3 B UL I AR 0 B
B A« e F b [ L BeAR A FR G0 B L S T LR ) 2B
. B SFHR . 30(4): 643-653. Tang N J, Liu Y. Li
G, et al. 2014. New problems in the low-level relative humidity
sounding observation: A preliminary analysis of the anomalous
dry observation by the Chinese L-band sounding system. J Trop
Meteor, 30(4): 643-653(in Chinese)

b BRIEZ. BFEAR. 2006, L Y B2 (S0 BE VE R 22 43T
K4, 32(10): 46-51. Tao S W, Chen X H. Gong J D. 2006.
Error analyses for temperature of L. band radiosonde. Meteor
Mon, 32(10): 46-51(in Chinese)

DU, MEDE, FREARS. 20130 3T 0L H MY 5L GPS = 4k
VR E ARG, K4 %M. 71(2): 318-331. Wan R, Zhen G
G, Yu S J.2013. A study of the ground-based GPS 3D water
vapor tomography with radiosonde vertical constraining. Acta
Meteor Sinica, 71(2) :318-331(in Chinese)

Fit, WR B, MR, 2010, COSMIC i 2545 L ik B iR 2 3
FE X EL A BT, R4, 36(9): 14-20. Wang H, Cao Y C, Xiao
W A. 2010. Comparison between the COSMIC and the L-band
radiosonde data. Meteor Mon, 36(9): 14-20 (in Chinese)

F 4, 246, BRokE S5, 20110 L P BEHRZS R 40 i a3 RO 315 05 ik
BHit, K%, 37(1): 85-91. Wang M,Li W, Chen Y Q. et al.
2011. Investigation on the smoothing methods for upper-air
wind measurements by L-band radar and radiosonde sounding
system. Meteor Mon, 37(1): 85-91 (in Chinese)

PRI RE . FRI AR, 24, 2012, P bR 23 A0 0 95 B 2 T A A K
FCREH g, BEH RS ¥ 4R, 23(4): 433-440. Yan X L, Zhen
X D, Li W, etal. 2012. Inter-comparison and application of at-
mospheric humidity profiles measured by CFH and Vaisala
RS80 radisondes. J] Appl Meteor Sci,23(4): 433-440 (in Chi-
nese)

W, THA, ARSCHE. 2008, L B A 4R 2 AS0RH X I B iR 2 A
R B S2M), 19(3) : 356-361. Yao W, Ma Y, Xu W
J. 2008. Relative humidity observational error of the I.-band e-
lectronic radiosonde and related applications. J Appl Meteor Sci,
19(3) : 356-361 (in Chinese)

SRR, TR, TR SR, 2012, T RS WORHE & KR 5 B
TR BN R B, K44k, 70(1) ; 30-38. Zhang C Z, Wan
Q L, Ding WY, et al. 2012. An experiment in application of
the dropsonde data to forecasting the track of Typhoon Mora-
kot. Acta Meteor Sinica, 70(1): 30-38 (in Chinese)

Agusti-Panareda A, Vasiljevic D, Beljaars A, et al. 2009. Radio-
sonde humidity bias correction over the West African region for

the special AMMA reanalysis at ECMWE. Quart J Roy Meteor



A R P E LB R s MR M A S5 P Al B 22 T IR

Soc, 135(640) : 595-617

Benjamin S G, Jamison B D, Moninger W R, et al. 2010. Relative
short-range forecast impact from aircraft, profiler, radiosonde,
VAD. GPS-PW. METAR. and mesonet observations via the
RUC hourly assimilation cycle. Mon Wea Rev, 138(4) . 1319-
1343

Bian J C, Chen H B, Vémel H, et al. 2011. Intercomparison of hu-
midity and temperature sensors: GTS1, Vaisala RS80 and
CFH. Adv Atmos Sci, 28(1): 139-146

Ciesielski P E, Johnson R H, Wang J] H. 2009. Correction of hu-
midity biases in Vaisala RS80-H sondes during NAME. ] At-
mos Ocean Technol, 26(9) . 1763-1780

Ciesielski P E, Chang W M, Huang S C, et al. 2010. Quality-con-
trolled upper-air sounding dataset for TIMREX/SoWMEX De-
velopment and corrections. J Atmos Ocean Technol, 27(11) .
1802-1821

Dai A G, Wang ] H, Thorne P W, et al. 2011. A new approach to
homogenize daily radiosonde humidity data. J Climate, 24(4)
965-991

Durre I, Vose R S, Wuertz D B. 2006. Overview of the integrated
global radiosonde archive. J Climate, 19(1) . 53-68

Faccami C, Rabier F, Fourrié N, et al. 2009. The impacts of AM-
MA radiosonde data on the French global assimilation and fore-
cast system. Wea Forecasting, 24(5) . 1268-1286

Flores F, Rondanelli R, Diaz M, et al. 2013. The life cycle of a ra-
diosonde. Bull Amer Meteor Sci, 94(2) . 187-198

Guichard F, Parsons D, Miller E. 2000. Thermodynamic and radia-
tive impact of the correction of sounding humidity bias in the
tropics. J Climate, 13(20): 3611-3624

Kottayil A, Buehler S A, John V O, et al. 2012. On the importance
of Vaisala RS92 radiosonde humidity corrections for a better a-
greement between measured and modeled satellite radiances. J
Atmos Ocean Technol, 29(2) . 248-259

Li F. 2006. New Development with upper Air Sounding in China.

199

Instruments and Observing Methods Report No. 94, WMO/TD
No. 1354. Geneva: WMO

Lorenc A C, Barker D. Bell R S, et al. 1996. On the use of radio-
sonde humidity observations in mid-latitude NWP. Meteor At-
mos Phys, 60(1-3): 3-17

Mathieu N. Lafore J P, Guichard F. et al. 2008. Correction of hu-
midity bias for Vaisala RS80: A sondes during the AMMA 2006
Observing Period. ] Atmos Ocean Technol, 25(11): 2152-2158

Miloshevich . M, Vémel H, Whiteman D N, et al. 2009. Accuracy

assessment and correction of Vaisala RS92 radiosonde water va-
por measurements. ] Geophys Res, 114. D11305, doi: 10.
1029/2008JD011565

Rowe P M, Miloshevich L. M, Turner D D, et al. 2008. Dry bias in
Vaisala RS90 radiosonde humidity profiles over Antarctica. J
Atmos Ocean Technol, 25(9): 1529-1541

Sperka S, Steinacker R. 2011. A quality-control and bias-correction
method developed for irregularly spaced time series of observa-
tional pressure data. J Atmos Ocean Technol, 28(10). 1317-
1323

Vomel H, Selkirk H, Miloshevich L, et al. 2007. Radiation dry bi-
as of the Vaisala RS92 humidity sensor. ] Atmos Ocean Techn-
ol, 24(6): 953-963

Wang ] H, Cole H L, Carlson D J, et al. 2002. Corrections of hu-
midity measurement errors from the Vaisala RS80 radiosonde:
Application to TOGA COARE data. J Atmos Ocean Technol,
19(7): 981-1002

Wang J H, Zhang L Y. 2008. Systematic errors in global radiosonde
precipitable water data from comparisons with ground-based
GPS measurements. J Climate, 21(10) . 2218-2238

Wang J H, Zhang L. Y, Dai A G, et al. 2013. Radiation dry bias
correction of Vaisala RS92 humidity data and its impacts on his-
torical radiosonde data. J Atmos Ocean Technol, 30(2). 197-
214



