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Abstract: Objectives: Accurately identifying the optimal noise model for global navigation
satellite system (GNSS) vertical time series is vital to obtain reliable uplift or subsidence
deformation velocity fields and assess the associated uncertainties. Methods: In this study, we
select 9 noise models (White Noise (WN). Flicker Noise (FN). Power-Law Noise (PL).

Random Walk Noise(RW). WN+FN. WN+PL. WN+GGM. WN+RW. WN+RW+FN) to
analyze the noise characteristics of GNSS vertical time series before and after environmental
loading correction at 94 stations spanning from January 2011 to December 2022 in the
southeastern Tibet Plateau. Results: Our results showed the root mean squares reduction was -
1.3%~22%, -1.4%~17.4%, and -0.1%~ 1.3%, with a mean value of 8.7%, 6.7%, 0.6% for all
stations after removing the hydrological, atmospheric, and nontidal ocean loading deformation
from the GNSS vertical coordinate time series, respectively, the hydrological loading has a greater
impact in the west side of Xianshuihe-Anninghe-Zemuhe fault zone, the atmospheric load has a
greater impact in east side of Xianshuihe-Anninghe-Zemuhe fault zone. The optimal noise model
at all stations was mainly represented by PL, a combination of WN, PL, and FN before and after
environmental loading correction. The value of velocity and its uncertainty before and after
environmental loading correction based on optimal noise model varied from -0.11 to 0.26 mm/a
and -0.33 to 0.16 mm/a. We analyzed the stability of GNSS stations through the linear relationship

between GNSS vertical velocity uncertainty and elevation. average annual rainfall . longitude.
latitude, the results of correlations coefficient was 0.08, 0.07, 0.11, and 0.25, respectively,

implying the average annual rainfall, elevation, longitude, and latitude have little impact on station

stability in the southeastern Tibet Plateau. Conclusions: Our research suggest that the optimal

noise models at most stations in the southeastern Tibet Plateau was PL. This results provides



a reference for subsequent reasonable acquisition of GNSS velocity and its uncertainy in the
southeastern Tibet Plateau.

Key words: GNSS; Velocity uncertainty; Optimal noise model; Environmental loading
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Fig. 1 Spatial distribution of GNSS stations in the southeastern Tibet Plateau. The GNSS data with red dots
was provided by the China Earthquake Administration Network Center; the GNSS data with blue dots was
provided by the Yunnan Seismological Bureau, and the black line present the fault zone
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Fig. 2 GNSS vertical time series preprocessing. (a) The results before and after gross error elimination at
YNYS station; (b) The results before and after offset correction at HANY station; (c¢) The interpolation results
at YNLA and SCXD stations
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Fig. 3 Environmental loading deformation corresponding to ANYU station
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Fig. 4 Correlation between GNSS vertical time series and environmental loading deformation. (a), (b), (c), (d)
represent hydrological, atmospheric, nontidal ocean loading, and combined environmental loading,
respectively.
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Fig. 5 the root mean squares reduction at all stations after removing the environmental loading deformation
from the GNSS vertical time series. (a), (b), (¢), (d) represent hydrological, atmospheric, nontidal ocean
loading, and combined environmental loading, respectively.
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Tab. 1 GNSS velocity and its uncertainty estimation based on different noise models (mm/a)

WN+RW

iy WN FN PL RW WN+EN  WN+PL WN+GGM  WN+RW +FN

ANYU  1.8+£0.05 2.2+1.2 2.1+0.4 1.2+57.8 2.2+0.8 2.1+04 2.1+0.4 2.6:10.4 2.2+0.8
BEIC  -0.8+0.04 -0.7+1.1  -0.8+0.3 -2.1£53.0 -0.7+0.7 -0.8+0.3  -0.8+0.3 -0.6+8.4 -0.7+£0.7
CAXI  1.2+0.04 1.0+1.2 1.1£40.2  -0.5£59.1 1.0£0.6  1.1+0.3 1.1+0.3 1.0+6.2 1.0+0.6
CHDU  0.1+0.04 0.1+1.0 0.1+£0.2  -0.9£51.1  0.1+0.6  0.1+0.2 0.1+£0.2 0.1+£7.0 0.1+0.6
DAZU  2.6+0.04 2.7+1.1 2.6+0.2 22+564 2.7+0.6  2.6+0.2 2.6+0.2 2.6+6.6 2.7+0.6
GANL  0.4+0.04 0.6+1.1 0.5+0.2  -0.2+51.8 0.6£0.6  0.5+0.2 0.5+0.2 0.9+5.3 0.6£0.6
GZGY 04+0.04 0.6+1.0 0.5£0.3  -0.74£50.0 0.6£0.6  0.5+0.3 0.5+0.3 0.7+7.1 0.6+0.6
GZSC  0.84£0.04 1.0£1.1 0.9+0.2  -1.5£53.9 1.0£0.6 0.9+0.4 0.9+0.3 0.9+£7.9 1.0+£0.6
HANY  0.9+£0.04 1.2+1.0 1.1+£0.3 1.0£51.6  1.2+0.6  1.1+0.3 1.0+£0.2 1.7£7.9 1.2+0.6
JIGE 0.6+0.03 0.7+0.9 0.6+£0.3  -0.3+43.3 0.740.7 0.6+0.3 0.6+0.2 0.6+8.7 0.7+£0.7
JYAN  0.7+0.05 1.0+1.3 0.8+0.2  0.6£66.2 1.0£0.6 0.9+0.3 0.9+0.3 1.6+5.7 1.0+0.6
KMIN  2.54£0.05 2.4+1.4 2.540.3  -0.2+67.9 2.4+0.7 2.4+0.6 2.5+0.4 2.1+6.8 2.4+0.7
LESH 0.9+0.04 1.2+1.1 1.1+£0.2 0.7£539 1.2+0.6 1.1+0.3 1.1+£0.2 1.6+5.6 1.2+0.6
LINS 1.3+0.05 1.5+1.4 1.4+0.2 1.2+473.1  1.6+0.5 1.4+0.3 1.4+0.2 2.0+4.4 1.6£0.5
LUZH 1.3+0.05 1.3£1.2 1.3+0.3  -0.74£59.3 1.4+0.8 1.3+0.3 1.3+0.3 1.2+8.4 1.4+0.8
MOXI  3.1£0.05 3.3£1.3 32404  3.0£63.4 3.3+0.8 3.2+04 3.2+0.4 3.7+11.2 3.3+0.8
MYAN  0.2+0.04 0.4+1.2 0.3£0.2  -0.5+62.3 0.4+0.6 0.3+0.3 0.3+£0.2 0.8+5.2 0.4+0.6
NANB  0.9+0.04 1.1£1.0 1.0£0.2  0.3+50.7 1.1£0.6  1.0+0.2 1.0+0.2 1.1+6.4 1.1+0.6
NANJ  1.3£0.04  1.4+1.1 1.3+0.2  0.4+54.8 1.440.6 1.3+0.2 1.3+0.1 1.4+6.1 1.4+0.6
NEIJ  0.5£0.04  0.8%1.1 0.7£0.2  0.5£56.5 0.8£0.7 0.7+0.2 0.7+0.2 1.3+£7.7 0.8+0.7
PENX  1.9+0.04 2.0+1.0 2.0+0.2 1.6£49.8 2.1+0.6  2.0+0.2 2.0+0.1 2.1+6.1 2.1+£0.6
PIXI  -1.3+0.07 -0.7+1.6  -0.9+0.5 -1.0+80.0 -0.7+1.0 -0.70.9  -1.0+0.6 0.3+£12.2 -0.7£1.0
QHBM  0.6+0.03  0.7+0.9 0.7£0.2  -0.4441.5 0.7£0.6  0.7+0.2 0.7+0.2 1.0+6.2 0.7+0.6

QLAI  -1.7+0.03 -1.5£0.9 -1.6+0.2 -1.6+429 -1.5£0.6 -1.6+0.2  -1.6+0.2 -1.0£6.7 -1.5+0.6
RENS -0.4+0.03 -0.2£0.9  -0.3+0.2 -0.4+458 -0.2+0.5 -0.3+0.2  -0.3£0.2 0.1+6.7 -0.2+0.5
ROXI  0.4+0.04 0.6£1.1 0.5£0.3  -0.2+54.8 0.6£0.6  0.5+0.3 0.5+0.3 1.1£7.1 0.6£0.6
SCBZ  2.1£0.04  2.1£1.0 2.1£0.2 1.0£51.5 2.2+0.6 2.1+0.2 2.140.2 2.0+6.3 2.240.6
SCGZ  1.1+0.03 1.3+0.8 1.2+0.3 1.0£39.5 1.3+0.6 1.2+0.3 1.2+0.2 1.8£7.4 1.3+£0.6

SCJL  -0.3+0.05 -0.1£1.4 -0.2+0.3 -2.0#69.1 -0.1£0.9 -0.2+0.3 -0.24+0.3 0.3£10.4 -0.1£0.9
SCJU 1.1£0.04 1.3+1.0 1.240.3 0.3+50.0 1.3+0.7 1.240.3 1.24+0.2 1.548.5 1.3+0.7



SCLH
SCLT
SCMB
SCML
SCMN
SCMX
SCNC
SCNN
SCPZ
SCSM
SCSP
SCTQ
SCXC
SCXD
SCXJ
SCYX
SCYY
TONJ
WANY
WENC
XIAG
XYON
XZCD
XZCY
YAAN
YANT
YBIN
YNCX
YNDC
YNGM
YNHZ
YNJD
YNJP
YNLA
YNLC
YNLJ
YNMH
YNMJ
YNML
YNMZ
YNRL
YNSD
YNSM
YNTC
YNTH

0.4+0.03
0.2+0.03
-1.1+£0.05
-2.9+0.05
-0.1+£0.04
6.4+0.04
1.94+0.04
0.3£0.05
0.2+£0.04
5.6+0.05
1.4+0.03
0.7+0.04
0.8+£0.04
0.0+0.04
-0.7+0.03
-7.8+0.06
-0.2+0.04
1.3£0.04
2.840.04
-3.4+0.04
2.1£0.05
4.540.05
0.9+0.05
2.2+0.05
1.1+£0.04
0.9+0.04
0.4+0.04
1.5£0.05
0.7+£0.05
0.4+0.05
1.1+£0.05
1.3£0.05
0.6+£0.05
0.8+0.06
0.34+0.05
0.34+0.04
-1.2+0.04
2.0+0.05
-0.2+0.05
0.6+0.05
1.1+£0.05
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-0.7+0.04
2.94+0.06
1.4+0.05
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-0.6+1.2
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6.7£1.0
2.2£1.0
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1.6+0.9
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0.3£1.0
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0.3+£0.2
-0.7+£0.4
-2.7£0.3
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0.2+£0.3
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1.5£0.2
2.9+0.2
-3.3+0.3
2.0£0.3
4.4+0.4
1.1+£0.3
2.4+0.4
1.240.3
1.0+0.2
0.5+0.3
1.7+0.3
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0.7£0.3
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6.2+50.2
1.4+£50.8
-0.5+63.4
0.3+£53.3
4.6+65.9
1.5+42 .4
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2.5+£52.7
0.0+£68.9
-0.1+66.0
-1.8+69.9
0.5£75.3
-0.9+66.4
-0.8+68.8
-0.8+60.5
-1.3+49.7
-0.8+£53.6
1.1£57.8
-1.7+61.5
-0.7+60.7
1.0+£56.3
0.5+£51.5
-1.5+£51.4
2.1+£88.7
0.2+£58.2

0.7+0.6
0.4+0.5
-0.5+0.9
-2.54£0.8
0.2+0.7
6.7£0.7
2.240.6
0.4+0.8
0.5+0.7
5.8+0.9
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1.1+0.6
0.3+0.7
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0.0£0.6
0.5+0.8
1.240.6
1.4+0.7
-0.6+0.7
2.9+1.0
1.6+0.7

0.6+0.3
0.3+£0.2
-0.7+£0.4
-2.7+0.3
0.1+0.3
6.6+£0.3
2.1£0.3
0.4+0.3
0.4+0.3
5.7£0.4
1.5£0.3
0.9+0.2
1.0+0.3
0.2+0.3
-0.5+0.3
-7.1£0.7
0.0+£0.2
1.6+0.3
2.9+0.2
-3.3+0.3
2.0+0.4
4.3+0.5
1.1+£0.3
2.4+0.4
1.2+0.3
1.0+0.2
0.5+0.3
1.7+0.4
0.8+0.3
0.4+0.2
0.9+0.4
1.5+0.4
0.8+0.5
0.8+0.6
0.4+0.4
0.6+0.4
-1.1£0.2
2.1+0.4
0.0+0.4
0.6+0.3
1.240.4
1.3+0.3
-0.6+0.3
2.9+0.3
1.5+£0.3

0.6+0.3
0.3+£0.2
-0.7+£0.4
-2.7+0.3
0.1+0.3
6.5+0.2
2.1£0.3
0.4+0.3
0.4+0.3
5.7+£0.2
1.5+0.2
0.9+0.2
1.0+0.2
0.2+0.3
-0.6:0.2
-7.1£0.7
0.0+£0.2
1.6+0.3
2.9+0.2
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2.0+0.4
4.4+0.5
1.0+£0.3
2.3+0.4
1.240.2
1.0+0.2
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0.4+0.4
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1.240.4
1.3+0.3
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1.5+0.3

1.346.7
0.8+5.3
-0.2+11.2
-2.3+£7.2
0.8+6.7
7.14£9.3
2.2+7.9
0.4+8.7
0.7+7.4
6.0+12.1
2.1+7.7
1.1+8.0
1.547.3
0.5+8.4
-0.1£8.9
-5.7+7.1
0.9+£5.9
2.4+4 .4
3.0+£5.2
-2.949.3
2.1£6.9
3.8+10.4
1.4+11.2
3.1+15.8
1.6+8.5
1.2£7.6
0.8+8.3
2.3+6.3
1.5+7.2
1.1+6.7
-0.6£9.4
2.0+4.0
0.6+7.3
0.6+9.5
0.5+7.1
0.4+7.2
-0.4+6.0
2.3+9.4
0.1£6.5
0.0+8.8
1.745.6
1.7+6.8
-0.4+7.5
3.0+8.8
1.7+6.7

0.7+0.6
0.4+0.5
-0.5+0.9
-2.5+0.8
0.2+0.7
6.7£0.7
2.2+0.6
0.4+0.8
0.5+0.7
5.8+0.9
1.6+0.6
1.0+0.7
1.1+0.6
0.3+0.7
-0.5+0.7
-6.6%1.5
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1.7+0.5
2.9+£0.5
-3.3£0.8
2.0+0.7
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-1.0£0.6
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0.0+0.6
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1.2+0.6
1.4+0.7
-0.6+0.7
2.9+1.0
1.6+0.7



YNWS  1.1+0.04 1.4+1.1 1.3+£0.2 0.6+56.1 1.4£0.6  1.3+£0.3 1.3+£0.3 1.4+7.3 1.4+0.6
YNXP  1.3£0.04 1.6+1.1 1.5+0.3 1.5+53.0 1.6+0.7 1.5+0.3 1.5+0.3 1.7£7.9 1.6+0.7
YNYA 1.2+0.04 1.5+1.0 1.4+0.2  0.2+51.7 1.5£0.6 1.4+0.3 1.4+0.3 1.8+6.1 1.5+0.6
YNYL -0.6£0.06 -0.4+1.4 -0.5£0.5 -2.5£69.9 -0.4+1.0 -0.5£0.5 -0.5+0.4 0.0+11.0 -0.4£1.0
YNYM 0.7£0.04  0.9+1.1 0.8+0.3  0.0+£52.2 0.9+0.7 0.8+0.3 0.8+0.3 1.0+£7.1 0.9+0.7
YNYS  0.7+0.04 0.9+1.1 0.8+0.2 0.0+54.0 1.0£0.6  0.8+0.3 0.8+0.3 1.4+6.7 1.0+£0.6
YNZD -0.9+0.05 -0.7+1.4  -0.7+0.3 -2.2£70.1 -0.6+0.8 -0.7+0.4  -0.7+0.3 -0.8+8.4 -0.6£0.8
ZHII 0.1£0.03  0.3+£0.8 0.2+0.2  -0.4440.7 0.3£0.6 0.2+0.2 0.2+0.2 0.4+7.2 0.3+0.6
ZTON  0.3£0.05 0.7£1.3 0.5£0.2  -0.2+65.0 0.7£0.6 0.6=0.4 0.6£0.4 1.0+6.2 0.7+0.6
LDHC  3.2+0.07 3.1+1.6 3.1+0.3 1.5+58.1  3.1+0.8  3.1+0.3 3.1+0.3 2.6+£5.9 3.1+0.8
LDKY 6.0+0.12 62424 6.2+0.7  6.0+£89.6  6.3+x1.5 6.2+0.9 6.2+0.8 6.1£13.6 6.3+1.5
LDTD 7.5+0.08  7.3%1.7 7.4+04  6.0£60.4  7.3+£1.0 7.440.4 7.4+0.4 6.9+5.7 7.3£1.0
YNBC 4.4+0.08 4.2+1.7 4303  2.84622 42+09 4.3+03 4.3+0.2 3.4+6.1 4.2+0.9
YNDZ  3.5+0.09 2.9+2.0 3.3+04  -0.2£71.5 3.0£1.0 3.3+0.4 3.3+0.4 1.7£5.0 3.0+1.0
YNIJC  6.5+0.08  6.1+1.7 6.4+0.3 3.6£62.7 6.2+09 6.3+0.4 6.4+0.3 4.7+6.1 6.2+0.9
YNLP -04+0.10 -1.2£1.7 -0.9+0.6 -3.5+61.0 -1.2+1.0 -1.1+0.8  -1.0+0.8 -3.3+7.4 -1.2+£1.0
YNSP  4.9+0.08 4.5+1.8 4.7£04  2.84643 4.6+1.1 4.7+04 4.8+0.3 2.9+10.0 4.6x1.1
YNZT  4.3£0.15 3.74£3.2 4.1+0.6  3.0£121.4 3.7¢1.5 3.9£1.0 4.0+0.7 0.3£11.9 3.7+1.5
YNZY  44+0.07 4.1£1.5 42+04  2.2+4559 4.1+09 4.2+04 4.3+0.3 2.8+7.4 4.1+0.9

TR I T B AN (] e AR R T A 0l 0 3 B R AN E B, R AN B I M PR Y 2
GNSS JZELL 3k (138 S H A 2 FE P AR R Al T KO0, KA BRIV IR 7 00 5
o JE AR B 2 1) GNSS Z [a] AR I (8] PP S A AAAE — 58 BIRENA o«  [RIG, AR SCHF 98 40 6 R 6 4k
U GNSS e i) A b B 1] 7 51 T i 6 B P e P A AR i . 3R 2 PR A7 3 i b i 1 e B
I R AR 2L B SR AR AR R TN PL, WN+FN, WN+PL. & 6 A%t FRES i iy
BUERTIG 94 A~ GNSS JELLuh feimg AR 704, B 6 Hmf s, PR AERSGERT, &
Mg FE A PL (81%), WNHPL (12%) ,WN+FN (7%); M IE G, it
AN PL (71%), WN+PL (16%) ,WN+FN (13%), PL ELHJ& /> 10%, WN+PL Al
WN-EN EF 88 0. TR 00E ] WN. WN+EN. WN+RW. WN+PL %5 4 fihlg ps fi
TSt ) OB X B[R] B8 P AE 2010~2013 4R 52 > GNSS JELLE BT B4 ME 0T, 4530 E
B R = R AR P 2% GNSS 38l Fe LM A 1A 2 258 WNHFNL. WN+PL. Hu £ H]
WN. WN+FN. WN+PL. WN+RW. WN+FN-+RW %5 5 Filr i 75 155 7 3o 75 50 7o J5 2% 7 ) (1)
PEFELE 2011.1~2019.8 1 39 /NI GNSS H [m] A A i [] /77 F1 i35 AT e P AR P e A, 75 e SR
TREE SRS (W B e e B T R S50 — B AR 5T S A VR ) B0 PR e s R o B
AL E WNAPL,WN+FN, {H2if77EE PL, 2047 81%. T RS Hu SEHIHT 7T A



AT WN FIE 45 s A (WN+EN. WN+RW. WN+PL) X} 35 5 /& J& 45 7 2% (1)
GNSS [ AR bR IS 8] J7 1 BEAT I PSR PR A0 AT o AHF T BR 74 WNL WN+FN. WN+RW,
WN-PL PUFE R AT 2 Ab, 03807 PL. RW. FN HL— R, Brib 2 Ah, AF5R
FITf FH () GNSS AL KR 1] Fp 41 5 15 K B B . g2 iR, SO i R AR
% GNSS F [a] AL RIS (8] F7 51 FF it e R PR e 285 IR S BT ARR . S IR B SRS E AT )
AT TN N SR AR P 2% GNSS Wl K oy B e P A BRIl PL s, X — &
A i Sl FE b R T K o S 2 R sl 1) 3ok B S FOANHf B PR A S

6 AEIMREAEIIER] FHNRMNEEER S
Fig. 6 Optimal noise model distribution before and after combined environmental loading correction
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Tab. 2 Optimal noise model before and after environmental loading correction

Mws SAERT SublE o WS SuBERT SubBE s SubERT Sub)eE

ANYU PL PL SCMB PL PL YNLC PL PL
BEIC PL PL SCML PL PL YNLJ] WN+PL WN+PL
CAXI WN+PL WN+PL SCMN PL PL YNMH PL PL

CHDU PL PL SCMX PL PL YNMJ PL PL

DAZU PL PL SCNC PL WN+PL YNML WN+PL WN+FN

GANL PL PL SCNN PL PL YNMZ PL PL

GZGY PL PL SCPZ PL PL YNRL WN+PL WN+PL
GZSC WN+PL WN+PL SCSM PL PL YNSD PL PL

HANY PL PL SCSP PL PL YNSM PL PL
JIGE PL PL SCTQ PL PL YNTC PL PL
JYAN PL WN+PL  SCXC PL PL YNTH PL PL
KMIN WN+FN WN+FN SCXD PL PL YNWS PL WN+PL
LESH PL WN+PL  SCXIJ PL PL YNXP PL PL
LINS WN+PL WN+FN SCYX WN+FN WN+FN YNYA PL WN+PL
LUZH PL PL SCYY PL PL YNYL PL PL
MOXI PL PL TONJ PLWN WN+FN YNYM PL PL

MYAN PL WN+PL WANY PL PL YNYS PL PL



NANB PL PL WENC PL PL YNZD PL PL

NANIJ PL PL XIAG WN+PL WN+PL  ZHII PL PL
NELIJ PL PL XYON PL WN+FN  ZTON WN+FN WN+FN
PENX PL PL XZCD PL PL LDHC PL PL
PIXI WN+FN WN+FN XZCY PL PL LDKY PL PL
QHBM PL PL YAAN PL PL LDTD PL PL
QLAI PL PL YANT PL PL YNBC PL PL
RENS PL PL YBIN PL PL YNDZ PL PL
ROXI PL WN+PL  YNCX WN+PL WN+PL YNIJC PL PL
SCBZ PL WN+PL  YNDC PL PL YNLP WN+FN WN+FN
SCGZ PL PL YNGM PL PL YNSP PL PL
SCIL PL PL YNHZ PL PL YNZT WN+FN WN+FN
SCJU PL PL YNID WN+FN WN+FN  YNZY PL PL
SCLH PL PL YNJP WN+PL WN+FN
SCLT PL PL YNLA WN+PL WN+PL
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Fig. 7 Distribution histogram of GNSS velocity and its uncertainty difference based on optimal noise model
before and after combined environmental loading correction
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Tab. 3 The difference of GNSS velocity uncertainty based on optimal noise model before and after combined
environmental loading correction
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Fig. 8 GNSS annual amplitude and phase based on optimal noise model before and after combined
environmental loading correction. The length of the arrow present the annual amplitude, and the direction of
the arrow present the phase direction. Pointing to the east, south, west, and north directions present March,
June, September, and December, respectively.
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Fig. 9 The linear relationship between elevation. average annual rainfall. longitude. latitude and GNSS
velocity uncertainty based on optimal noise model before and after environmental loading correction
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Fig. 10 GNSS velocity uncertainty of southeastern Tibet Plateau before and after environmental loading
correction
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