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H E:ALEERAHRLRBA KT GNSS RIE K A T KK & (precipitable water vapor,
PWV) #5 B & 0% TACHUAE 89 % vhr . BF 7 38 18 % 0o 2 A7 GNSS KR #9 PWV 23 5 IR & 5k Fo %
BT H KA (ERAS) #38, 46 F FiE o M5 Peif 4§ 2 »+ & B (fast Fourier transform, FFT),
RGIRAE T AT A RIR A R E HE R IRA PWV BUEHE, 3T T HK T PWV B 2 5 89 455 %
) R BT AR EIRAGNSS LiEe) PWV EE AR R B A A LR SO TER, LE 5K
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PWV #) 2 % T LA %, 2011—2020 5 ], PWV 2 3L dE &b B4 %, F 353238 4 0.12 mm/a,
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AR TACK L ALHI AR T F 9 A A

FEHIA: GNSS; K A THAKE (PWV); B3 ; i T HE
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0 5 5

BRSNS B AR A H 25
3, W RN A3 By KR AT B UK S (precipitable water
vapor, PWV) T 8 R R4 2% RS A5 2 Wi 53 v 1 DG
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1o 285 P ML DX, RS A AR AR T 28.1% &
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AR JEI). 4 AL S5 0 A IR TS 260 FRT M 43
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R, 456 SSA Zr i BB S AT, #iih PWV JF 51
1) f 3 T .

2 HER5Hr

2.1 GNSS K& PWV fEE 7

T HUE GNSS J2ii PWV AURERE, A830H GNSS
PWV 5 5l (4R 25 i PWV i#iE 2 ERAS PWV %k
PEFEATXF L, ER TR i PR, SR s 5 0l 1 25
H, BARINE 2 fis.

A 2 AT 0L, ARG 3 AN Ak ) PWV AR{E S
PARR — 2, YR B AR 2 PWV

¥, (kI

R, MAZER/N. X ERAS PWV #4555 PWV
5 GNSS PWV 1 22 (H #4748 7450, Fir A Il ik
ERAS PWV 5 GNSS PWV 2 {H 11 °F 34 {8 4 -0.85
mm. MR%S 5 PWV 5 GNSS PWV 2 (H 1Y {E ) )
BN, AN PWV ZE I FHIEH 0.34 mm. B
A 5 Ab ERAS PWV ., #8253 PWV 5 GNSS PWV
ZAEFMEZE I IE S BA 2.29 mm F1 2.07 mm.
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A0
(c) NMWTllt 4k PWV

& 2 B4 M s GNSS. ERAS FliR 2S5 PWV XtEE

22 ERY PWV RERE NN

R T AT I S VA e XT GNSS PWV 150,
AR SORG TR R BE AR T 1500 m Y X RE SR AR IEEIR
X8k, S5z 2 T s Sy v T DX 38, 543 6t i | AR TR
P IX 3k GNSS 3 [ 8 1Y PWV 5 ERAS 57 PWV
KARZS sl WL g PWV 47 XF LL A GE 11, A1, i %F
GNSS PWV B SKE BE AT T 483t 43 5% 52 46
i BER 2 A 2 SRS FE AT SE 3, ai Rk 1
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#z1 TRIBHRXE PWV BEREEXTLE mm L
I _ Gy?
BT x4 X RKME BME T bR RMSE = N Z(PWV’ PWVY) (13)

BAEMERRTE IR 6.51 0.32 124  1.85

RigHRHIX 707 -8.02 —051 228
S5ERASR
SR 605 841 124 230

\ REHIX. 865 —774 043 240
Lt A
G 686 —6.24 026  1.68

i 1 n] %0, WFSE X I8 GNSS PWV i B0kG
PIARAEZE /T 2 mm, ¥ERT 1.5 mm, B850
JER . GNSS PWV 5875 il i 22 [ 4(E /N 0.5
mm, 2 PR EZ/NT 2.5 mm, 5 ERA 5 PWV ()
ZEBE/NT 1.3 mm, Z{HPIPREZEAKT 2.3 mm,
MR, AN TR R KR X, ERAS 5
GNSS PWV (22 548/, Hi2z B 4Er, i8] GNSS
5 ERAS (1) PWV Ul 75 H DX 38 174 DT JC B2 45 /5. T AE
o TR R ML IX, 22 (Y 9700 25 1 K, Bk % ERAS 1)
PWV RS PEH I GNSS PWV (i, iX Al i 5 ik
HbIX 5 2% 00 KA 300 BERAS BRI A
K. 5 ERAS A, #8755 5 GNSS H 22 {HAE =K
H DX i 25 /N, HLbRE 225K, RS WS
GNSS PWV 7E = 1 4 i X (1) VT e B 5 v, iR 2280 H
BE . KT BE S L TR Ul T R A DO KA A
F14) T4 ORI EL A O A R, (755 GNSS PWV
(R RCHE B #2527 TR, ERAS 5 GNSS [ 22 {H
T TR VAR X R B L B R i 2 R0 B A R R 22,
MTHRZS U 5 GNSS 19 26 (B 7 1oy T 4 DX D) 522 B0 1 5
AN 22 FTRE A TR 82, X B T 2 FREE TRAEAS
[IHEEAR A5 0F R RO R B 22 5. ERAS A5 R 7 1o V4 3 [X.
AT RET B IR AR PR RE O AL, THRAS Sl 7 1 2 X 35,
() ZE B AF T B Ry e ml 4.

H T A TR 5 AR 2 PWV RS EE,
BRI PWV KSR R, ARG T V-840 5%
2% (mean absolute error, MAE), ¥ 5 #1222 (root mean
square error, RMSE), 31 43#7 T MAE #1 RMSE 5 i
WK R, G5FE 3 s,

MAE [t T (6 5 5% H 2 5 PR E,
SV 15 22 Y5 B (048 5% . RMSE X 53 3 (15 5 S fURK,
B T RO B AT SR R E M. B MAE I
RMSE #8783 @ ks i, Hotm A =h

1 N
MAE = NZ|PWV,-—PWV,.G} (12)

i=1

i=1

A, PWV, o ERAS 84 25w 58 i~ i oo ) PWV
i, PWVY iy GNSS il v 2 i A9 56 i1~ i TR PWV
H, N AWLIEEAZL.

3 r = MAE - RMSE
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PRGN, 1% 2% MAE. RMSE S 30 B 5 10 F [t
BRI, SIFSOE L 3 300 m A, 1R 22 5 M7 T
T, 3 5% WA AR A 1 TR (X 08k, ERAS A5 1) 36 30 5% 5]
FRL, 158 25 A8 45 AR E FAr . X — IR 5% |
IR — 2, 22Ul T ERAS 5 GNSS PWV
ZEEAE = IR X R 22K AL ] 3(b) s T
¥R23 3l PWV B MAE HI RMSE Fifi 35 19 28 16 175 .
Bifi 5 HEEAR AR B0, 3525 35 PWV 1) MAE 1 RMSE
S RRATR, 2R MRS sl (R UL A B2 7 v Vi A L X A 3 T
$2£7F, 5 GNSS PWV [ UC L & 5 5. A% T ERAS,
PRZS Wi 1) PWV SRS BEAE AR RN AR 5 4 R
TS A3 PR Z5 B TR, [ 3(a) ATIE 3(b) YR W
PWV Sz sk FE 5505 i v 2 UAE DG, FEAIR . rh 36
P IX IR, ERAS FHRZS w1 PWV 152 22 1 Bl TR 4R 35
T8/, (EAE R S A X, ERAS 15 22 (1) 38 Jin 28 ik
R A I DI PO B AN R, ITTPR 2 3l O B oy 1
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WE 5~6 fis.

M5 KL 6 AT LA Y, F5E X380 PWV 23
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PWV (414K 3 232t 25 DR 3 — B J A 4 4 dd 300 11
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T, P PWV R AR R 44 . 3k 26 B, F 9% X3 N
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N T AT AR TR K X 35 GNSS PWV (1 i 25 4
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BT B TTHRRIEAT T 404, S5 5 IE 8 B,
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B IR 62.2%, W m A X0 PWV A2 4L £ 2
ZA MGG . GO A A, DTEREE 31.1%,
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GNSS water vapor inversion and spatiotemporal variation analysis
considering altitude influence

WANG Hang
(China Railway First Survey and Design Institute Group Co., Ltd., Xi’an, 710043)

Abstract: This study aims to investigate the influence of altitude on the accuracy and spatio temporal
variation of atmospheric precipitable water vapor (PWV) derived from the GNSS. By comparing GNSS-
derived PWV data with radiosonde and ERAS data, and utilizing singular spectrum analysis and fast Fourier
transform (FFT), the accuracy of PWV retrieval in regions with varying altitudes was systematically assessed,
and the comprehensive effects of altitude on the spatiotemporal distribution of PWV were explored. The
results indicate that GNSS-derived PWV exhibits high reliability across different altitude regions, with a
better agreement with radiosonde data than ERAS, and shows more stable accuracy in high-altitude areas. The
study reveals a significant trend of PWV variation, with a nonlinear increase observed between 2011 and
2020 at an average rate of 0.12 mm/a, particularly accelerating between 2015 and 2017. PWV demonstrates
distinct annual, semi-annual, and 4-month periodic variations, with amplitudes of 8 mm, 2.2 mm, and 0.7
mm, respectively. The impact of altitude on the spatiotemporal patterns of PWV was analyzed, showing that
annual cycles are more pronounced in high-altitude areas, while long-term trends dominate in low-altitude
regions, with seasonal variations being especially prominent in high-altitude regions. Spatially, PWV values
are highest in the southeastern low-altitude regions and lowest in the southwestern high-altitude regions,
reflecting the significant influence of topography on PWV distribution. This research provides scientific
support for optimizing PWV retrieval models in high-altitude areas and offers new perspectives for
understanding regional climate change and its mechanisms.

Keywords: GNSS; precipitable water vapor; height; temporal-spatial patterns
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