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Abstract; The Beidou Ground-based Augment System is the important infrastructure of the Beidou Satellite
Navigation System. To obtain water vapor products with high precision and resolution is the demand for
numerical forecasting, space weather monitoring and early warning services. This paper, using the data
from three kinds of water vapor patterns of Beidou, GPS and GPS + BD in Beidou Ground-based Augment
System, combined with the radiosonde observation, makes detailed comparative analysis among Beidou,
GPS and sounding systems. The results show that: (1) The data provided by the Beidou Ground-based
Augment System can be effectively used to retrieve the total vapor content of the atmospheric column, and
the average deviation is less than 1 mm, which is basically consistent with the GPS and the sounding sys-
tem and has some indication to numerical forecast. (2) Compared with the GPS system, the mean square
error of GPS/PWV and GPS-+BD/PWYV is less than 2 mm, and the correlation coefficient is more than
97 %, which indicates that the accuracy is similar to GPS system. However, the mean square error of Bei-
dou/PWV is 3—6 mm, and the relative variance is 15% —20% ., which shows that there is a certain diffe-

rence of accuracy between Beidou and GPS system. (3) Compared with sounding system, the Beidou/PWV
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has some inconsistency with the situation in individual time changes, which the mean square error is 2. 14

—6.12 mm and the relative variance is 15. 32% —20. 84%. The errors may be due to factors such as the
detection system errors, while the GPS+BD/PWV and GPS/PWV will be more stable.
Key words: Beidou, ground-based augment system, GPS, precipitable water vapor (PWV)
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Fz1 =fAERERXE GPS RGERIEPWY HERILE
Table 1 Comparison of results between three water vapor models and

GPS system inversion PWV

Bl XF EE 5 2 FEA T2/ mm B E/ mm HIX T2/ % AH 2 2B
Pep5 Popsc 617 0.47 6.33 18. 33 0. 8595

I Pepspt Popsc 870 —0. 87 1.85 5.11 0.9897
Peps+un 5 Pepsc 870 —0.77 1.87 5.24 0.9898

Pyp Popse 591 1.83 3.73 22.22 0.8817

IR Persr 5 Popsc 813 0. 69 1.43 8.91 0.9811
Pers+ep 5 Popsc 813 0. 89 1.65 10. 44 0.9788

Pyp 5 Popsa 549 —0. 64 3.93 15. 83 0.8431

K4 Persp 5 Pepsc 814 —0.23 1.49 5.89 0.9744
Peps+apc 5 Popsc 814 —0.16 1.50 5.86 0.9715

F2 de3H GPSFIRZ=RE PWV XfLL &R
Table 2 Comparison of results between Beidou, GPS and

radiosonde inversion of PWV

=R XF b = T2/ mm B35 2% /mm AR5 2/ % P
Ppp 5IR %5 0.54 2. 14 20. 84 0.9166

I Popsp 5= 0.26 1.09 10. 69 0.9722
Peps+ pn 5 1R %S 0.33 1.17 11.42 0. 9691

Ppp 5= —1.11 6.12 15.32 0.8734

1] Popsp 5= —2.26 3.79 9.51 0.9713
Pops+np 54K 25 —2.05 3. 67 9.18 0. 9698

LR — A 2205 % 2 0 5 ) (2016) 45 H 1Y

SEVCHN Y . 5] 25 K 1 32 U AT e 5 b sk 6 & it

R G0 TR 9 DR BN = A G B Ak L Ml T 2

WL Y | & il o 8 DA KBS H A 387 3k 25 X KR AR SCHNFH 2017 4R b 3| 5L 34 98 2R 45 P b ) 2
)45 AT —E 2 (S8 8845, 2015) i GPS B AT GPS+ BD RUR (1 %54 %8 84, X 7] 1k



1582 A

% 55 44 %

AL S F1 GPS A G0l 5 i KA AT B K Bt 2R 7 5 BT
[ A )R GINSS 35 o 3l [R] hik %) 8 25 4l 9% b 1 A7
X b o 23 43 BT 2 B -

(D i Bl ko8 R W, A7 db =) o 8 3 o R
45 Fr $ AL A0 B0 L AT LA S P ke R T R ARRE B K
RO, T4 A 1, REAR I b s e RS oK R
ARG B0 BT T 3R B S 46 R B 1 0 R
P o DT AT A8 it v 501 TR A = KO

(2) PIBEZ P o GAMIT %44 % 245 19 GPS %%
PGB A S %, GPS LR GPS-+ BD XU 1) i
SR BT AR R A R SRR
M2/ 1 mm, Jb 2} S 7R K VR AR (B s
BT A bE g 25, 3 gy 28 3~6 mm, X J7 2%
KE T 15% ~20% ., XFF GPS il i A [ i
BB AKRERTEM BN, KHE
GAMIT B4t 3 B A F 0 & 1) PANDA #144
EHARIFE LESLIRE T — & K.

(3) W FHEA R A B Ry =X, WA i K%
BRI R AT R CE 4R AT 25, 2014) . 5825 B4 X 1
SRR AR b S R s A AR A — Bk o e
Sh U 5 S A BRI AR b R B B AR — B
MO T 208 2. 14 ~6. 12 mm, FH X 5 228
15. 32 % ~20. 84 % » [A) B¢ UE BA H w5 b 2} 2458 7 5 7K
RINFCR I GPS RE ML SR E ik A — L&
ZEHE AR R BT N R % 2 4F TR B LAY L i
GPS+BD XUEEFIl GPS B2 s i .

T A 2F R G AR PR A 22 K SRR R T
B ORS8O TR s b T PR AR L2 Y | R R 2K
DA B B8 it Ry 2 A 2 ket L R e R S e, {2
B TR SR G E A &R, A A X 2 ]
SR IF B WA GPS RS0 A T4 Wi
V&

B < T o 2 R 1 R R R R s
)/ 5 YR R 0 O R

S % Uk

Wi 78S 7 AROBT , A58, 5, 2011, PANDA R4 76 & U8R PPP 3l 2
FENLH RN R F 5T (T, K Ml 5 Mk 3 ) 2%, 31(4) . 132~
134,143.

BT AR L 5K 3 TR L 2004, “Hb S AL R G AR TEK SC RS
W28 G5 g R LT ). W PR R . 23(3) : 70-73.

WKV IR VP /NI L 45,2015, JE3F LR S AL R RGBT 1 2
P EARS AT ). b AL 3, 10(9) :1023-1026,1032.

SRR, FrER AL B, 45, 2015, A Hb B b S ok R K SOK IR B R
KRR I [T]. BT 45 4. 26(3) :346-353.,

-, PR A A T3, 45,2002, i GPS S R SR R B 9] 25
RIS, 13(2) :179-183,

BRI, R, 2018, GPS 38 BT oK B A K R S B
SRT AR HLT]. K55 B, 29(4) 1 31-36.

A LB AEEA S 1999, 6 A2 BRE i R 08 ROK IR A A
Jer 3L v [ 7 S b DX A S 4 U BE TR IR A A [T . R
#2.,57(3):283-292.

XUHES 22N, FART7 %, 2017, dES K R B (5 B A i R R I
FERRIR MR LT] RR R 45(4) 1 629-636.

XIGEA A . %8 87, 55,2013, [l 25 W GPS K5 % & #]r i 545
SrArLI]. M2 TR, 22(4) : 38-41.

XUJTREAEAS . B BL, 45, 2015, 2013 — 2015 4E BDS 25 [A] {5 5 W B %
2 MRS BEAT AR [T ). [ B R R 272 . 38(3) : 1-6.

M EWER = B4 2016. FE T 6 Sk TR A9 K PRI BB 2 AT
(7] BRBUR 224« 5 BRI, 41(3) :285-289.

WAL B = B 8T, 2016, 25 T b4 S0 T2 S 5155 200 i TR A
FBE ML) ] R BRI B, 44(35) :188-190.

T#E AT HE 2B %, 2015, Mk GPS AR K PR T HOR K
BRI EL ], %, 41(4) 1 448-455.

EARAT SR G 45 2014, WL 48 R I YRR IR Ok ST K
IR 2], K% ,40(11) :1308-1315.

&R HEUAL. 58,2013 d63 DR SR G0 2 JEHERE T[T ].
M2 REF . 38(2) :8-11,31.

Bt 2010, L3 PR AL R G A #E R TTHR S Pk RLT D 22440,
39(1) . 1-6.

R ZE L R XL AR 20120 S F b S — 5 0 a8 KR T O 2k
Fel)]. KB R, 40(2) :170-174.

JAAE 52014, WAL AR A 2k K RH B8 T2 R I AR St B vl B 5 5
)], A RHE . 42(4) :601-604.

Bevis M, Businger S, Chiswell S R, et al, 1994. GPS meteorology:
mapping zenith wet delays onto precipitable water[ J]. J Appl
Meteor,33(3) :379-386.

Blewitt G. 1990. An automatic editing algorithm for GPS data[]].
Geophys Res Lett,17(3):199-202.

Bolton D,1980. The computation of equivalent potential temperature
[J]. Mon Wea Rev,108(7) : 1046-1053.

Elgered G,Davis J L,Herring T A,et al,1991. Geodesy by radio in-
terferometry; water vapor radiometry for estimation of the wet
delay[J7]. ] Geophys Res.96(B4) :6541-6555.

Guerova G,Jones J,Dousa J,et al,2016. Review of the state of the
art and future prospects of the ground-based GNSS meteorology
in Europe[ ] 7. Atmos Meas Tech, 9 (11) ; 5385-5406. DOI; 10.
5194/amt-2016-125.

Wang Junhong, Zhang Liangying, 2008. Systematic errors in global
radiosonde precipitable water data from comparisons with
ground-based GPS measurements[ J]. ] Climate, 21(10):2218-
2238.



