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Ground-based GNSS/MET Water Vapor Data: Quality control

Method of and Comparative Analysis with Reanalysis Datasets

Abstract: This paper proposes a comprehensive quality control (CQC)
algorithm for the Chinese ground-based navigation satellite system
(GNSS) water vapor products. The CQC algorithm consists of two
sections: quality checks and comprehensive decision—making algorithm.
The quality checks consist of 7 parts: limit check to eliminate
errors that exceed reasonable limits, buddy check and low—pass filter
check for better time consistency, neighboring station check, anomaly
check and peak-valley value check for better spatial consistency, and
background check to mark out data deviate from background field for
assimilation application. After each check, the data that exceeds the
threshold is marked, and then the comprehensive decision—making
algorithm is used to score the marked data, and finally flag
(correct, suspicious, or error) the data. Based on the quality-
controlled observation data, the precipitable water vapor simulation
of five sets of reanalysis data, including China's first—generation
global atmosphere reanalysis (CRA) product, were evaluated. The
results show that the simulated total water vapor of all the
reanalysis data in winter is slightly higher than the observation in
winter and significantly lower than the observation in summer.
Spatially, the simulated water vapor content in southern and western
China is lower than the observation and this situation is more
obvious in the summer half of the year. Relative to the observation,
the average bias (B-0) of CRA is —0.633mm, and the root mean square
error is 3.650mm. The deviation of CRA relative to observation is
slightly lower than ERA-Interim but slightly higher than ERA5, which
is significantly better than JRA55 and NCEP2 results.

Keywords Ground-based GNSS/MET water vapor, Quality control, China’ s
Reanalysis data, Comparative evaluation
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KRR KA B AS R, © REAE IR 5 2 S I RS B R /K AR R o v o
B A, R R FIERTERAEAR P EZER T EERTE SRS
A% (GNSS/MET) 7K RHA FH i B 7 T b Rz 5oLl 2 GNSS RS 5 %5t
R B3 b THT ST B 5 2 PR T 1) S 3R 8 e — 25 SO H R Ty [ B J KRB
SRR KR BRI, HIE GNSS/MET ZK PRI 7T ASRE i 2% i 454y
BRI KAKEY), AT Bt 37 RS RG IR RE . BEA
GNSS/MET 7K I s o4 AN B in 2 A0 B2 ML Ik S5 A AR BE AN T v, 1z Rk )
ZHRT RS SRS (Fujita et al., 2012; #4524 2006) ML 5 TE
KRR R TSR PP (Liu et al., 2006; Wang et al.,
2007; Zhang et al., 2018; 7%, 2012) . HHFFLERY, KITPEKE
(perceptible water vapor, PWV) BHRMERTHS ] 4 HPRIESE N5 %K A % 1)
JKZ (Seco et al., 2012; Yao et al., 2017; Yoshinori, 2013), AAMEE
HHAGRERA R, CATRN R TFIEH A BT AR S (Van
Malderen et al., 2014; Wang et al., 2016). ZORHAI{L 5 E0E ik 2t
GNSS/MET 7Ky 8 ) 2 EV 55 8 I 7 17, [F) Ak ks GNSS/MET B3R BE A 32 B 0%y
IKIEAH R R BT AR . 7E2E [, NOAA [ 1998 ETTUATEAL 1% % RHE KA T
/AR R BRI RR, TR B [ Ak PWV W)X B P TR A — 52 [ 1E R
(Gutman et al., 2004). FEESRJEE 2007 FIFUH7EH ALK TG AR EE
R AR FLL T RIS SER (Zenith total delay, ZTD) BZ, it 7 AIxT
YA Z IR (Bennitt and Jupp 2012) . ¥EES 45 2006 4F 6 HALTEL S
A4 Arpege AL 2TD Bk, IR IR ZTD BEMS i R AR EIIRAN K
P4y (Poli et al. 2007). fRF/F%% (2017) AR FEHERIH, [FI1k ZTD ) LA 2L
PRI TR R G B K TR SR, R AR AE TR TR N R 1 TR B I, T3]
i th & B R4 ZTD (R SR T A4k PWV BIRCR . RS R RS0 T S AL
R AEFEA RS g, 45 BB GNSS/MET %A 45 — (Jones et al.,
2019) .

A1 2 R 2 M AR GNSS KR S i e, PEMGRE (WLiE R
Z. PEMZ. DERMMAIEE, FE9RMMACRE (WBEERE. 2]t
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RNE, BB OGRZE (WL eh 22 . WA i) LW I FEAH G 15
75 COnWL DN PRI 75 L R )0 R R IFTEE S 55 ) S mT RE I 0BT bk Hh 30 4% b i i
(Bock et al., 2016; Wang et al., 2007; BHA{@%E, 2014). PAMEELGH
BHRE S FEHBEGE REC Uk . RS E, HEIRERII T
HH I AN A O ST LR 4 A I A R B AR S B S (] A 2
SEMAEE R i RPE HEAT A 2 B SR AT R S 2 AT 1D BR

Wang & (2007) F| F PWV 5882 FTup 4w S 1 BER L 2 BiR A 7 S RHER A,

A 4 FEARUEEMEARE, AR T AE 0. 16EdE . ES SRR P ERENR
WHTGIBR T Bl L= 2 5 1 Spis U AR 22 300m DL 1 sl 5501 Sedn i 2
it 55mm [ ZTD %k} (Bennitt and Jupp, 2012). ¥EESGRIFEL 21D BRI E
T YIS R A, B T RAARF] 3%6%dE (Poli et al., 2007).

A5 H A (2014) TE R RTXT PWV #0477 FHIRER B I RIRR T 51 st 28R
s (0 ZE 6mm) . fB RS (2017) A TR R ERITF T B2 A
R 2P PR RN T i 5%, & T A o 48 1) 088 B AT £ 2%-8%.

AT S, DA PR FULE T RS U0 53 B A DA A ) B A R A
CRRZI BRI B 3AME 3 B 4 fEARAEZE LR ZE) A, BD AT ™I 1 i
o [FA BT AR S B 1 ) SRV BE AR, AER A A R s S R DA oG, il
bk G HU A ZZBOR 1 & 5550 Bennitt and Jupp, 2012)%&. SLAMEXT
THIEAGHIRET S, FAGHTR SR EZ S SN mME . Bock &
(2016) g7 7 — B TR R ST R, (HRH R 2 MG ES R R T
GISP %A (Zumberge et al., 1997) #HIGHIZHL, XF HABBA: (Bl GAMIT,
Herring et al., 2010) JEAR5E4IEM .

SRR R B LA EA T SRR, ELBEH P 10 7 v A K
HSHEANSHE AT HOE, 8RR E 1 BE VB A 208 DR 2 5 = 2 s (WM
0, 1993), ZZEAE AT LLJE AR BorH <R s [a] i b IR B 3 — 4 W~ & B0 8UE
B4R Bennitt and Jupp 2012) . BMERIERUNVE R OB LRIHERE . WE
SEESE FORE P B TR AR AT LI 2 (Durre et al., 2008). fENSHHEER, JLF
BT SR ARTHNIG 55— 284R. GRED) ISR 2REHR (P IR, FTbA 2
T VAL R 5 4551 BIH . ACZ% T Graybeal 55 (2004) $2 H 19T #%
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bric E ol g RS, BRI — AN A OGS T LA R B AT AR e (it 5%EK
1%). FEBXFIELIR FHFEEMFE (Durre er al., 2008), A3CF]
NEREPERL, e 2 BB S Ehnd 8, I 2R WX Lo 2 5
IEHf . WTEREREN R, DAABIREICIRF . B H W R M RCR .

ARILER 2 F xS TR LI - A s, 5 3 F o A A AR
JIE R VAG AR, 58 4 FR oy R B 1 ) ) B T e J L& FE 0 TR L

DA, SRR S IHE IS

2 HIE
2.1 Hi 3 GNSS/MET KIEE R}

AR Az E 1254 3 2016-2019 45 H) /N UL B M A REASR G Tt ot B 4%
1l BT 2 5 DA P AS o B4 1 7 R . Liang et al. (2008) AM4H 1 JR A
MBTRHER S A B FE . B 1 R BT, XL Gl 245 AR A R E KR
PSR BL IR 2% (CMONOC, 5 55), 1019 AR E R EA S R EER . M
FR VBB R R G ol £ B AR E AR, B E A, A
B Z A BORZE R CMONOC & 3k 2 [R] /) A AN 34950, ] o e b [X 2 DA
CMONOC &3t N+

55°N
45°N —
35°N —
25°N - ‘,
- CMA
& /
- CEA . : .
15°N | | | Y ord]
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Dk 5

Fig.1 Distribution of GNSS/MET sites, red dots represent the CMA sites while blue
dots represent the CMONOC sites.



2.2 BarEe

ASCH PWV RN B LS 5 — AR AR B i (CRA,
http://idata. cma/idata/web/fact/toTechReport2 [2021-10-08]) VLA 74
E W s R Pwy EREEE KA S & (total column water,
TCW) #4T T X EEPEA:  ERA-Interim (Dee et al., 2011). ERAS5 (Hersbach et al.,

2020). JRASS (Kobayashi et al., 2015)%1 NCEP-DOE AMIP-1I (Kanamitsu et al.,

2002). IR JUAEFEAMHTFE MR IFAL GNSS/MET KV BERE. VAl I B 7K 1

PN 1x10%kg/m3, ¥ TCW HB i PWV, SRR M3 B 1 7 VA AN R 29 7%

2 5 W A% A FEORME B 2 B IE [ GNSS/MET 3 i b, B A (D A
(2) tHEAM GRS BT SRR ZE Bios AT HUIRZE Ruse o

1
Biasi :ﬁZ]Nzl(Ombi_j) » (1)

msel \/ Z 1(0mb lasi)z , (2)

K0y, = 0y — By WIS EII0E, N SRR, M

xon 1 Gl JIZIN CGE 5.

3 LZETREIEH] (CQC) 7k SRRl

CQC T L AR A T MER G R SIA P R 7> (J&1 20, Hrh sk a
A IRMERE . LR E. ERRES 7 M Eib. Zia RIS
BFERE Y 7> R G & HI W 5
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Fig.2 Quality control flow of GNSS/MET data

3.1 RERE

J ARG A AL SRR AT L 5 SR 1] — S P 30T AR 7 RME O i A
B, HERAEA—BUER AR A PR A AR A A, DASER X [FIE
R R T SRR ZR A . ASCh “BIUTE” 180028 5 W IHE & 2L
HWUEYGHER R, 10 “SE7 WS BE R B S Geit& . 0QC kR #t
IR AP0 28y 5 A A I T LIRS 75 SR FH 19 2 TR A i B 491 1 7572 (Graybeal et
al., 2004), XHEILATHS 10%. 5% 1% 0. 1%PUANAFEFRICEHE CLLRFRCA PS
(Parameter Scheme) 10, PS5, PS1 A1PS0.1) BEATIEAL)E, A&k PS1 1
NI RS

3. 1.1 FHRMEA A

FLRAE A B0 2 R B FEER 0, HRERKEEREE B IZER
MU RV B TE Y (s BHRSE) . ZTD By S FRAE YE /2 [1000. Omm, 30
00. Omm], PWV )7 PRAE Y& F /& [Omm, 100mm] (Jones et al., 2019).



3. 1. 2 1ML A A

VE /NI EEHE , AE AT AN I 0 2 18] AR A 5 S LE & BRIR Y TRl A
N T W IEANTEEL, AT T B G b R 5 BRI S R —
AN ARG S ZE AL By = [V — Vi [ AR R AL (i=1,2, 3, N, NN
MEAEED, LLZTD N6, 90%. 95%. 99%FH 99. 9%FK) bR H A1 XT B [y 48 73 7]
52 Ldmm. 18mm. 27.5mm A1 37mm (£ 1), By Ml EiRSH00 L) 2 5 5
HAER) 10%. 5% 1%H01 0. 1%, 45 a5 BT J5 PN I OB B 28060 I 22y 1)
HOLER 1 PST XS H, WA B G T Rk A
1 AFFREHE T2 CGRA: mm)

Table 1 Parameters of different flag rate

R BR PS10 PS5 PS1  PSO.1
\ 7TD 14. 0 18.0 27.5  37.0
&L s AGET Pr
PWV 2.0 3.0 5.0 8.0
o 7TD 10. 0 13.0 20.5  31.5
IR P
PWV 1.5 2.0 3.5 6.0
o 71D 43. 0 56. 0 86.0 134.0
BRI Ay
PWV 4.5 6.0 10.0  17.5
7TD 68.0 82. 0 114.0 220.0
TR A P
PWV 1.0 14. 0 19. 0 28.0
AL sy OMB<0 4.5 -5.5 9.0 -23.5
(PWV, £ OMB>0 7.0 9.0 14.0  23.0

3. 1. 3 RImJE P A 2

(R IBIE A 75 5 I SR AR AT X A Gk, H R e 17 721 B
BOHE L AR AT G Ul I AP 41, G ER 7 /NIFIRF TR, R A1 HEAT AL
EaPrE (WA (3 FIAN (49)) [RIHACEIEEAE £, THEREA RIS
V5 FREELNS By = |V — BRI EL  #05E AR 20 A s 8l
it RIIIBHL Pe (R 1o SRR B RUR 55 HOUE I 1 1) 25 (E 400 iy it 2 1 o
PS1 Xf MY SIS, oA 2Pk



F, =Yi3 , (3)

j=i-3 ] ]
1
] ]="_3d]'
- 3
=|v;-23st.y . ®

N £ 1 S IBGE S SME (7=1, 2, 3, -, N, NIWEINESEED, A2
BE R, dRBdE 5HEEhE DN BER G W2, o 230 E A ARSI EdE

=

o
3. 1. 4 ARk A

B KPR RHT B 1 S 8] — 2k, AEHEAZEAS KIS, R uh i)
FEUOULIIAE 55 L BRI 225 vk (R 2 (H RO ORI AE & BVE LN o[BI vb e &
bR 2 4k I Ce (e b 28 o) [ &6 b X0 o 6 -2 2 5 Al 3, TSRS
sV HART i EME M LS By = Vi — M| B AT R, 1 E A
[FIRE AT R EE P LS4 A (R D 25, % PSLAE A EERIS L,
XFRA B SRV, BON =Py PR VIR, 8 R E VG O AR

Sz,
AW TP ARIL 225wk U5 h -

(1) ZSEERE T, H bR MR 25 uh 27 () fh 2 AL 200 A B, K
2500 K LA Py JE ZZ AN T 200 oK, R 2500 2K LB Pt e B2 72 AN 500
xs

(2) MRMETTTH, Lh 2016 % 2019 S DUFEEHE G T HEAR, R H bRk
FFEIE S A C R AT 0.8, FINZRAHES HubfE AR 6500, JFH
5 H ARt [7]— WL s 8] fe VLG AR A Bl I 20000 A48 &l H B BlE [ & b
JF 4 5 s 5 22 T T R TGRSR 238 0

(3) [ AL, LAH ARy, 2% ui /e REN DU A R R R
o X T AR BB SR A A SR 2R AR RO AFIE 228wl 70 0 AE H At X DY A R PR
PWHEHSC REOR/NHET, BAREEIEE 1 & 12 M IKIKIE DA R Bk,
HISE 1. 5 81 9 MRS uli 2 H bruli N B mU A 2R — IR TP AR R 8w s 1 =4



Bu, 2. 6 1 10 DMFIESHuhE Hbruli 8RS 5 — RER AR O R 8 =
M="Guh, LERHE, ARDNRRPAESZA LB ZRIR, £ T
NGIRFRFATIERE . BIAEBY 12 NMSFu.

53769

39°N —

38°N —

37°N —

36°N —

I I T I
110°E 111°E 112°E 113°E

B3 v FHSh (AL b5, ST 53769) K B sl o5, HAr 20 SON BT IE )
BRI 3 <R A

Fig.3 Feng yang station of Shanxi province (red cross, station ID 53769) and nearby
stations. Red dots are the selected reference stations.

1R BRI AR, TR RN AR, 28 G A RE AN A E R
PR BNSBIT S H 0. B 3 2L HEE (555 53679, A7) 112 M5%
uh (L0 4346, 7T LAE BIA0IE S A 25 51 (R 0 A e HAr ki A . Bl
7 ) 2 8 AT 1 5 3 3 F ) 70 S s K 22 T VR B E A 1
ZH i

3. 1.5 FEPE A AT

EHER A R T RS, BEHRT AR ER A B
& QU & A2V IE Mewr BEIS TS G UEAE VAT M, 1R
FAno AT TS, 52 ENUSAE (R @ B 75%A0 25%), SRJG1H
VYL IR RSN FE S @M Qs ZEHy g (A3 6) IR B 4L,
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Anoi - Q75 (Anoi > Q75)

= ’ (6)
QZS - Anoi (Anoi < QZS)

Yai

Hrf 7=1, 2, 3, -+, Vo VRN ZIF AR R . X R HRA,, 5 LN
Rrm A AL AT BIE N ZE S, RO AF 2 Ay, FTREA 2 IS0 A
7B SR AR S I NSTEA & 21 -2 o P o 17 T S G AR A RV S P

EHL PST Wy XIS H £ (R D ZJa, M TRAAWEL B M0 @5 P s
Qs 1Pyt Mo NN BUE . I BRI, MO ARIEL 2P R A

3. 1.6 &/ EM A

ST R EAREA PG & DU IE GNSS/MET /KIS B8 1 7 o (A W R B — A
ARSI, TEH T T X AR AF AT U X L 12 i 5 I R[]
(R /SB3E sHEAT R A, EL KT g S BORMR 0 T R AT 3B 40 B 0 0  h HdE
FEREMERLZE, HMELARBISZE U0 B AR EEE HEAT FI,  BRIA SCHE CQC Sk iy
INT W/ AR, B ERIEAI 2B 2 13 R i KRR /NI = A R A
R Ve FEl o K SEm Z0 2 18137 T A VAN RSB 3047 e 7 HE SV,

(7=1,2, 3, - N, NAWWESER, Wik (&H, =1, 2, 3 b
(BMH, 7=V-2, N-1, V) B=EA s W e AL SRR .. XERMNSET
Houchi % A (2015) M77iE, HLBAHSMHEIR M2 R, JERIH 250 7y
P SEAT IR, B HE Dy

p; = YiMeans? ;_ 351, (7)

Mean1—Mean2
Hrp
Va+Vs+V
Meanl = 43—506 ’ (8)
Vo + Vg +Vq
Meanz = T ) (9)
PAA
_ (Vi_Meanl)

D; ,i=N—-2,N-1,N, (10D

Mean1—Mean2

Hrp
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VN-3+VN-41+VN—5
Megn1 = .
3.0

, (1D

__ VN-6tVN-—7+tVpN-3g

Mogns = n , (12)

SHEAE, M VIFEE, #& Dt 8.0, WP VAE Nz 2K HE, “agh
AT L EdE AN G ok, 25 DR 8.0, ISR Do MBEM Vs
Fraf, iR T RAAbH .

3. 1L T HTEFEIH KN RERE

MBI R BERHE R A TR A B 3, A fe it 1A 1 S 2k
KSR, AERSE M EBRRN . X TRNZIK 2 EY, HEE
e (o) 5REY (B WEELNHy,: = [0; — Bi|[FIBR AR %, #iEs
[FIRER AT R AE TR LS 7 (R D 25, STEANEARSV, B [B-
Py BAPINEDN Vi IBRE, it BRE 1 B 24T AR -

3.2 LA PUREL

LR PR EEAIEWE . BUEE RGER A HIWTHIE (Decision
Making Algorithm, DMA). ¥4, #R#E CQC Jr &M iH e AHMALE (R
2). HEHEEN T REBUT R, WA RES 0, FAmE, WAL
R 2 . AUEPEBGEE LR EN: (1) 354 H A9 4o A
“RMRMERE” A Cug/MERE T, W RLCEREIEY CHHRY, XA A
MIRCEBE N 1.5 2 2.0 Z [l (2) T RABSAMC g ks CRIER LR
EAR ARG AER T NI AT, FR T EMRERT 1.0, EEM
ik BACEARIE T 1.5, R =D ERCEMAMNE T 1.5, 5T BiR&M4, #
Tk B E R E N 0.5 & 1.0 Z[A]. (3) 7EL5 E 0 Bl A G &40 A AR e (i
BEAT TR, AT R TR A AR AR R 25 SR BN AH IR, DLAR B o s o ad

2
FRE.

BEASIME I 22 B2 5 25 8] — DR Qs AN13), 4
R MR AR 2 M, Hs 2eid A &5l Ae LI 45 R0t 64 oL, AL
AR BHEEAFHEN Qoo NEE, BT Qo seore BEWS SR A
RiES LT A B, FEEHEN Qo s A 2. 87, MRS EARIBIL IR A
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Ui /23 A A AT

W EIZIEE (0. 65+1. 53+0. 69=2. 87).

Qc_Scorei=Ti+Fi+Ni+Ai+Pi+Bi (13)

® 2 Bk AR E
Table 2 Weights of the checks

A WE
FHIRAE R A 2.0
i FA A (T 0. 555
BB A (F) 0. 65
ik A (N 0. 60
PEPER A (A 0. 59
e/ BHER A (P) 1.53
THRIHKIRZER (B) 0. 69

MY P S D AR (R Bt 2% R = i L 55 o B Pl B A AR RV, 220
LRE I JEBAT T DMA SRSl brid i 28 I i, a0 3 o

® 3 RAH|IW R

Table 3 Decision making algorithm

FRIE F Wiy 2%
; (D) FdEEnd 7430
CEHD (2) B @ HAEA 1 TG, H Qe o /NT 1.0, A
NGB FE AR IE
(3) FEFHE AR o 2 Wik, HIX 2 THS e % i 71
1 PR A (T SRS AJERRE ) » H Qe /N T 155
(Al &8) (4 HHIEAEDTHS 2 TUGE, HiX 2 T#ES 0 2 01
Kt (BEPASE LT E) » H Qc woe /DT 1. 5;
(5) R 2 Wik E, Horp 1 IE A R4 A A
2 T A A B R A B B 1 T 25 [a) i 4G A
. RSP RS E B AR T ik 2 )
(%Ell?%)

(6) QC scorej(ﬂ:%ﬂ: 1. 50
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3.3 MEEHIG RS

LA 2019 SEEIE NREAR, L PS1 B AR TR IC S8, fdsia
AT A I A% I ZTD B B 0. 125%, PWV E50dE Ludgl o 0. 129%. FAT11A]
I 208 7 FRAC EE B 2359 A PS10. PS5 AT PST I R 3@ i Jof A% B bl . 24
Fric Eusl oy PSO. 1 B, AREE B ZTD BE el 0. 043%, PWV 34 E N
0.046%, fATERZIRHAEFE. MbsicthBly PS5 I, A 4% 1) 21D s L
%4 0. 836%, PWV £d Lt A5l 0. 841%. 8T PS1 7 RAHE ARIdEIT PS5 77 & 1%k
2 AEBEIL S, W HIEM LR A BB AL, AT REAAE RN B AR . DL 7
RIS S, 4 0 FZIE 2019 4E 9 H 9 H 12UTC IR, 1% s A it vk ik
R A AT R A o AT LR B S S — MR A, B2 RTJE 24 /NI AT
BN, (HRZRARRIH R “BORE” ReE. 78 SCh B A B 55 BE 78
W ISR AR, TR &2, ROZRIECN “OR5E” i S 6 5
DR TR R A TE 2, RIARSCESE T PSTAE NARIE IS 5.

QC score=1.25 5385

B 4 1L PEKCRG (b 53852) 2019 4 9 H 9 H 12 i) (HEFHF, B o i
ZD) TG 24 /N PWV ARAE CGRESEZD JAHIR QC BIfH (PS5 4.
2o Ml AT, WEZk: JEMGE, L. Tuiked, Rk EPERE,
G BREE, RAL: WBRERT). KEOXIEEREY PS5 ZHKMT
i CQC M E A TEH .

Fig.4 GNSS/MET water vapor data (black dot line) of 24 hours before and after 1200
UTC on 9 September 2019 from Yonghe station in Shanxi province (station ID 53852)
and the associated thresholds (PS5 parameters). The gray shaded area denotes the
range for data that can pass CQC under PS5 parameters condition.

Kl 5 25 PST 264F . ZTD A1 PWV AS[RIEE R IS 20 Brssod I ) s gl . A
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FRTLAE 2, Al R R ZTD B b i 2 1 =R H SR UGE T+F (1. 205).
A+F (1.24) FIT+A (1.145), T PWV g h 2 /& T+F (1.205). AN
(1.19) FIF+N (1.25) CFBREE MR 3). X T 21D, #EE—FH5E R &
H I () —BE IR 2 (T+F) Aid ik, TR PWV, PRI (] — Bt &
(R ARXS T 27D A BTG n, X ] Ge2 tH T A ZTD fig 55 PWV IR R v I 31 7 b
AR AR EESH, TR R RSN PWV, EGE ZTD, AN 5
PWV i {25 J& Bl 65 308 (14 7] e 3

K 6 22 MR, T LR BRI 5k e I 1 A R A A 1
M ARt n (BT 0 I ZIH KD BTSSRI 70 B A, AR Py T i 4%
T ARG E PR 558 R WL 00 5 4 e e L BREL (RIS (S BE RO (K
6by c. d),  FATE XS KEANBIHIN LM IAFE PST 2 A T ReAS H 1 K3
FIONEER BN G .

50
I PWV
T
40 ZTD
30
S
20
10
O = =
Q328 Y 2883 2Ry NBBBRWIC
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Fig.6 As in Fig.4, but for (a) Yichang station in Hubei province (station ID 57461), (b)
Luanping station in Hebei province (station ID 54420), (c) Wushan station in
Chongqing province (station ID 57349), (d) Xuzhou station in Jiangsu province
(station ID 58027).The gray shaded area denotes the range for data that can pass CQC
under PS1 parameters condition.
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Fig 8. Comparison of PWV between observation and CRA: (a) red dots are the error

data detected by the QC al algorithm for the period 1 to 7 April 2019 at 1800 UTC.(b)
Blue dots are the error data in 2018 that detected by the QC al algorithm. Black dash

line is the linear fitting.
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after (red) quality control
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Table 4. Ruyse of observation relative to CRA for PWV at 00 UTC

2018 2019
B H AT 3.726 3.678
R G 3. 650 3. 650
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Fig 10.Biss (a) and Rusg (b) relative to CRA (red), ERA-Interim (blue), ERAS

(black), JRASS (yellow) and NCEP2 (green) for PWV at 00 UTC.

%% 52018 5 GNSS/MET PWV Ml 7kl 5 CRA. ERA-Interim 1 ERAS F 73
BRIATEE (O-B) WP ZE (Bias) AINITIRRZE (Ruse)
Table 5. Bias and Ruse relative to CRA, ERA-Interim and ERAS for PWYV for the year
2018 at 00 UTC

2018 ERA-Int CRA ERAS
Bias 0. 762 0. 633 0. 542
RMSE 3.789 3. 650 3. 011
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Fig. 11 Distribution of Bi4s and Ruse relative to CRA (a and b), ERAS (¢ and d), and
the difference (CRA-ERA, e and f) for PWV for January to March, 2018 at 00 UTC.
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Fig.12 As in Fig.11, but for July, August and September.
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