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Abstract: Objectives: Accurately identifying the optimal noise model of global navigation satellite system
(GNSS) vertical coordinate time series is vital to obtain reliable uplift or subsidence deformation velocity
fields and assess the associated uncertainties. Methods: In this paper, we collect data from 9 noise models
including white noise (WN), flicker noise (FN), power-law noise (PL.), random walk noise(RW), WN-+
FN, WN+PL, WN+generalized Gauss-Markov noise, WN+RW, WN-+RW-+FN.These data and

noise models are used to analyze the noise characteristics of GNSS vertical coordinate time series before
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and after environmental loading correction at 94 stations spanning from January 2011 to December 2022 in
the southeastern Tibet Plateau. Results: The results show the root mean squares reduction is — 1.3% -
22%,—1.4%-17.4%, and —0.1%-1.3%, with a mean value of 8.7%, 6.7% and 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 Xianshuithe-Anninghe-Zemuhe fault zone, and the atmospheric load has a greater impact in east side
of this fault zone. The optimal noise model at all stations was mainly represented by P1., a combination of
WN, PL, and FN before and after environmental loading correction. The value of velocity and its uncer-
tainty before and after environmental loading correction based on optimal noise model vary from —0.11-
0.26 mm/a and from —0.33-0.16 mm/a. We analyze the stability of GNSS stations through the linear rela-
tionship between GNSS vertical velocity uncertainty and elevation, average annual rainfall, longitude, lati-
tude. The results of correlations coefficient are 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: This research suggest that the optimal noise model at most

stations in the southeastern Tibet Plateau is PL.. The results provide a reference for subsequent reasonable

acquisition of GNSS velocity and its uncertainy in the southeastern Tibet Plateau.
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Fig. 1 Spatial Distribution of GNSS Stations in the
Southeastern Tibet Plateau
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ANYU 1.8+0.05 2.2+1.2 2.1+0.4 1.24-57.8 2.240.8 2.14+0.4 2.1+0.4 2.6+10.4 2.2+0.8
BEIC —0.8+£0.04 —0.7+1.1 —0.840.3 —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 1.240.04 1.0+1.2 1.1+0.2 —0.5459.1 1.04+0.6 1.14+0.3 1.14+0.3 1.04+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 2.64+0.04 2.7+1.1 2.64+0.2 2.24+56.4 2.74+0.6 2.64+0.2 2.64+0.2 2.6+6.6 2.74+0.6
GANL 0.4+0.04 0.6+1.1 0.5£0.2 —0.2£51.8 0.64+0.6 0.5+£0.2 0.5+0.2 0.945.3 0.6+0.6
GZGY 0.4+0.04 0.6+1.0 0.5£0.3 —0.7£50.0 0.6£0.6 0.5+£0.3 0.5+0.3 0.7£7.1 0.6+0.6
GZSC 0.840.04 1.0+1.1 0.9+0.2 —1.5£53.9 1.04+0.6 0.9+0.4 0.9+0.3 0.9£7.9 1.04+0.6
HANY 0.94+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 0.64+8.7 0.7+0.7
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KMIN 2.5+0.05 24+14 2.5+0.3 —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 0.940.04 1.2+1.1 1.1£0.2 0.7453.9 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+14 1.4+0.2 1.2+73.1 1.6+£0.5 1.4+0.3 1.4+0.2 2.0+4.4 1.64+0.5
LUZH 1.340.05 1.3+1.2 1.3+0.3 —0.7459.3 1.440.8 1.34+0.3 1.34+0.3 1.24+84 1.44+0.8
MOXI 3.1+£0.05 3.3+1.3 3.2+04 3.0£63.4 3.3+0.8 3.2+0.4 3.2+0.4 3.7+t11.2 3.3+0.8
MYAN 0.24+0.04 0.4+1.2 0.3+0.2 —0.5£62.3 0.440.6 0.340.3 0.34+0.2 0.84+5.2 0.44+0.6
NANB 0.940.04 1.1+1.0 1.0£0.2 0.3£50.7 1.1£0.6 1.0+£0.2 1.040.2 1.1+6.4 1.14+0.6
NANIJ 1.340.04 14+1.1 1.34+0.2 0.4+54.8 1.440.6 1.34+0.2 1.34+0.1 1.44+6.1 1.440.6
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 2.04+0.2 1.6+49.8 2.14+0.6 2.04+0.2 2.04+0.1 2.1+6.1 2.14+0.6
PIXI —1.3+0.07 —0.7+1.6 —0.9+05 —1.0£80.0 —0.7+1.0 —0.7£0.9 —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 —0.4+41.5 0.740.6 0.7£0.2 0.7£0.2 1.0£6.2 0.7£0.6
QLAI —1.7+0.03 —1.54+09 —1.6+0.2 —1.6+429 —15+06 —16+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 —04+458 —0.2+£0.5 —0.3+£0.2 —0.3+0.2 0.1£6.7 —0.2+£0.5
ROXI 0.44+0.04 0.6+1.1 0.5+0.3 —0.2+54.8 0.64+0.6 0.54+0.3 0.54+0.3 1.1+7.1 0.64+0.6
SCBZ 2.1+0.04 2.1+1.0 2.1+0.2 1.04+51.5 2.240.6 2.1+0.2 2.1+0.2 2.0+6.3 2.2+0.6
SCGZ 1.14+0.03 1.3+0.8 1.240.3 1.0439.5 1.34+0.6 1.240.3 1.2+0.2 1.84+74 1.34+0.6
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SCIL.  —0.3#0.05 —0.1&14 —0.240.3 —.0%69.1 —0.1%09 —0.2%+0.3 —0.2%+0.3  0.3+104 —0.1%0.9
SCJU 1.14:0.04 1.341.0 1.24:0.3  0.3%50.0 1.320.7 1.240.3 1.24:0.2 1.548.5 1.340.7
SCLH 0.47+0.03  0.740.8  0.640.3  0.4%39.9 0.740.6  0.640.3  0.6+=0.3 1.346.7 0.740.6
SCLT 0.240.03  04+1.0 03402  0.4%475 0.4+0.5  0.34+02  0.3%£02  0.8%5.3 0.470.5
SCMB ~ —1.1£0.05 —0.6+1.2 —0.7404 —1.5%56.7 —0.540.9 —0.7+£04 —07+04 —02%11.2 —0.5%0.9
SCML  —2.940.05 —2.64+1.2 —274£0.3 —28%580 —25+08 —27+0.3 —274+03 —23+7.2 —25408
SCMN  —0.140.04  0.2%1.1 0.140.3 —0.3%51.9 0.240.7  0.1+0.3  0.1£03  0.8%6.7 0.240.7
SCMX 6.4+-0.04  6.7+£1.0 6.6-0.3  6.2450.2 6.740.7 6.640.3 6.540.2  7.14+9.3 6.740.7
SCNC 1.940.04 22410 21403 144508 2.240.6 2.140.3 21403 22479 2.240.6
SCNN 0.340.05  0.4+1.3 0.4+0.3 —0.5+63.4 04+08  04+0.3  04+03  04+87 0.4+0.8
SCPZ 0.240.04  0.5+1.1 0.4+0.3  0.3+53.3 0.5+0.7  04+0.3  04+03  0.7+74 0.5+0.7
SCSM 5.6+0.05  5.8+1.4 57404  4.6+65.9 5.8+0.9 5.7+0.4 57+0.2  6.0+12.1 5.8+0.9
SCSP 1.440.03 1.6+0.9 1.54+0.3  1.5+424 1.6+0.6 1.54+0.3 1.54+0.2  2.1+7.7 1.6+0.6
SCTQ 0.7-0.04 1.0+1.1 0.940.2 —0.1+52.9 1.0+£0.7  0.9+0.2  0.9+0.2 1.1+8.0 1.04+0.7
SCXC 0.80.04 1.1+1.1 1.0+0.3 —0.3%+51.9 1.14+0.6 1.040.3 1.040.2 1.547.3 1.140.6
SCXD 0.040.04  0.3+1.0 02403 —0.7+47.0 0.3+0.7  0.24+0.3  0.2+0.3  0.5+84 0.340.7
SCXJ  —0.740.03 —0.54+0.9 —0.5%+0.3 —0.8443.0 —0.5%+0.7 —05+0.3 —0.6+02 —0.1+8.9 —0.5%+0.7
SCYX  —7.840.06 —7.1%1.3 —74+04 —56+650 —7.1+07 —7.1%£07 —7.1%£07 —57%+71 —6.6%1.5
SCYY —0.240.04  0.240.9 0.00.2 —0.6+46.4 0.240.6  0.0%0.2  0.0%£02  0.9%59 0.240.6
TONJ 1.34:0.04 1.74+1.3 1.540.2  2.1%63.8 1.740.5 1.640.3 1.640.3  24+4.4 1.740.5
WANY 2.840.04  29+1.1 29402  24+545 2.940.5 2.940.2 2.940.2  3.0%£52 2.940.5
WENC  —3.4740.04 —3.3+1.0 —3.340.3 —3.7£49.2 —3.3208 —3.3£0.3 —3.3%0.3 —29+9.3 —3.3+0.8
XIAG 2.140.05  2.0%15 20203 2.9%73.2 2.00.7 2.040.4 20504  2.1%6.9 2.00.7
XYON 4.540.05  4.3+1.2 44404  2.6+56.6 43408  4.3%0.5 44405  3.8+104  4.3108
XZCD 0.970.05 1.241.3 1.140.3  0.3%63.8 1.240.9 1.140.3 1.040.3 1.4411.2 1.240.9
XZCY 2.240.05  25+14 24404  1.6468.2 2.5+1.1 2.4+0.4 2.3+04  3.1+£158  25+1.1
YAAN 1.14£0.04 1.3+1.0 1.240.3  0.7+£47.0 1.340.7 1.24+0.3 1.240.2 1.6+8.5 1.34+0.7
YANT 0.940.04 1.1+1.1 1.04+0.2  0.3+51.8 1.1+0.6 1.0+0.2 1.00.2 1.247.6 1.14+0.6
YBIN 0.4+0.04  06+1.0  05+03 0.2+484 0.6+0.6  0.5+0.3  05+02  0.8+8.3 0.6+0.6
YNCX 1.540.05 1.8+1.1 1.7+0.3  2.5+52.7 1.84+0.6 1.7+0.4 1.7+04  2.3+6.3 1.84+0.6
YNDC 0.74+0.05  09+14  0.8+03  0.0+68.9 0.9+0.8  0.8+0.3  0.8+0.3 1.54+7.2 0.9+0.8
YNGM 0.4+0.05  0.5+1.3 0.4+0.2 —0.1%66.0 0.5+0.7 04402  047+0.2 1.1+6.7 0.5+0.7
YNHZ 1.140.05  0.7+14  0.9+03 —1.8+69.9 0.8+0.8  0.94+04 1.0+0.3 —0.6+-9.4 0.8+0.8
YNID 1.340.05 1.54+1.5 14402 054753 1.54+0.6 1.540.4 15404  2.0%4.0 1.540.6
YNJP 0.6+0.05  0.8%+1.3 0.740.3  0.9+66.4 0.8+0.7  0.8%+0.5  0.8%+05  0.6+7.3 0.8+0.7
YNLA 0.840.06  0.7+14  0.84+04  0.8%=68.8 0.8+£0.9  0.8%0.6 0.840.6  0.6%9.5 0.840.9
YNLC 0.340.05  0.4%+1.2 0.4+0.3 —0.8+60.5 04+0.7 04404  04+04 0571 0.47+0.7
YNLJ 0.340.04  0.6%1.0  0.640.3 —1.3%49.7 0.740.6 06404  0.6%=04 04372 0.740.6
YNMH —1.240.04 —1.0&1.1 —1.1%£0.2 —08%53.6 —1.0%£0.6 —1.1+02 —1.2+02 —04%+60 —1.0%=06
YNMJ 2.0£0.05  2.1%1.2 21404  1.1£57.8 2.1+0.8 2.140.4 21404 23294 2.1£0.8
YNML  —0.240.05  0.0%1.2 —0.140.2 —1.7%61.5 0.0£0.6  0.0+04  0.0%£04  0.1%65 0.00.6
YNMZ 0.60.05  0.5%+1.2 0.60.3 —0.7460.7 0.5+0.8  0.64+0.3  0.6%+03  0.0%+88 0.5+0.8
YNRL 1.14:0.05 1.241.1 1.140.3  1.0456.3 1.240.6 1.240.4 1.24-0.4 1.74+5.6 1.240.6
YNSD 1.140.04 1.441.1 1.340.3  0.5451.5 1.440.7 1.340.3 1.340.3 1.74+6.8 1.440.7
YNSM  —0.7+0.04 —0.6+1.1 —0.6+03 —1.5+514 —0.6+07 —0.6+03 —0.6+0.2 —04+75 —0.6+0.7
YNTC 2.940.06  29+1.8  2.94+03  2.1+887 2.9+1.0 2.9+0.3 29+0.3  3.0+88 2.9+1.0
YNTH 1.44-0.05 1.641.2 1.540.3  0.24:58.2 1.620.7 1.540.3 1.540.3 1.74+6.7 1.640.7
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YNWS 1.1+£0.04 1.4+1.1 1.3£0.2 0.6456.1 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 1.24£0.04 1.5+1.0 1.4-+0.2 0.2451.7 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+14 —05+05 —2.54+69.9 —044+1.0 —05£05 —0.5+0.4 0.0+11.0 —0.4+1.0
YNYM 0.740.04 0.9+1.1 0.84+0.3 0.0452.2 0.940.7 0.84+0.3 0.840.3 1.0£7.1 0.94+0.7
YNYS 0.740.04 0.9+1.1 0.84+0.2 0.0454.0 1.0:£0.6 0.84+0.3 0.84+0.3 1.4-+6.7 1.0£0.6
YNZD —0.94+0.05 —0.7+14 —0.7+0.3 —2.24+70.1 —0.64+0.8 —0.7£04 —0.7+0.3 —0.84+8.4 —0.6+0.8
ZHIT 0.14+0.03 0.3+0.8 0.240.2 —0.4+40.7 0.3+0.6 0.24+0.2 0.2+0.2 0.4+7.2 0.3+0.6
ZTON 0.34+0.05 0.7+1.3 0.5+0.2 —0.2465.0 0.74+0.6 0.6+0.4 0.6+0.4 1.0£6.2 0.7+0.6
LDHC 3.240.07 3.1+1.6 3.14+0.3 1.5£58.1 3.14+0.8 3.1+0.3 3.1+0.3 2.6+5.9 3.1+0.8
LDKY 6.04+0.12 6.2+2.4 6.240.7 6.0£89.6 6.34+1.5 6.24+0.9 6.2+£0.8 6.1+13.6 6.3£1.5
LDTD 7.54+0.08 7.3£1.7 7.44+0.4 6.0£60.4 7.3+1.0 7.4+0.4 7.4+0.4 6.94+5.7 7.3£1.0
YNBC 4.440.08 4.2+1.7 4.3+0.3 2.8+£62.2 4.2+0.9 4.3+0.3 4.34+0.2 3.4+6.1 4.240.9
YNDZ 3.5+0.09 29+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 6.24+0.9 6.3+0.4 6.4+0.3 4.7+6.1 6.2+0.9
YNLP —0.44+0.10 —1.2+1.7 —09+06 —3.54+61.0 —1.24+1.0 —1.1+0.8 —1.0£0.8 —3.3+74 —1.24+1.0
YNSP 4.940.08 45+1.8 4.7+0.4 2.8+64.3 46+1.1 4.7+0.4 4.84+0.3 2.94+10.0 46+1.1
YNZT 4.3+0.15 3.7+t3.2 4.1+0.6 3.0+121.4 3.7t1.5 3.9+1.0 4.04+0.7 0.3+11.9 3.7t15
YNZY 4.440.07 4.1+1.5 4.2+0.4 2.24+55.9 4.14+0.9 4.2+0.4 4.3+0.3 2.8+7.4 4.1+0.9
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Table 2 Optimal Noise Models Before and After Environmental Loading Correction
W3l BOE T B SR W3l T HIESE W3l I Hi HIE SR
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-+EN
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-+FEN SCXD PL PL YNWS PL WN-PL
LESH PL WN-PL SCXJ 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
NANJ PL PL XIAG WN+PL WN-+PL ZHJI PL PL
NEIJ PL PL XYON PL WN-+EN ZTON WN-+FEN WN-+FEN
PENX PL PL X7ZCD 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 YNJC 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-+EN WN-+EN
SCJu PL PL YNJD WN-+EN WN-+EN YNZY PL PL
SCLH PL PL YNJP WN+PL WN-+EN
SCLT PL PL YNLA WN+PL WN-+PL
81% 71% I, o T HER A GNSS 34 25 3 T 1) A A I ]
B 1) B K AN o T S 0, T O3 i S v o
p 127 o R 57 AR I 0 e R B
et S ——— 32 ARG E B M ik K 4 SR IR A
F g R [0 WN+FN [ PL Bl WN+PL L 5 47
P64 FR 8 G A (1 B Ol R 7 A 4 A GNSS e ] A b I [8] F7 51 v 2 2 A7 75 3 LA

Fig. 6 Optimal Noise Model Distribution Before and

After Combined Environmental Loading Correction
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Table 3 Difference of GNSS Velocity Uncertainty Based on Optimal Noise Model Before and A fter Combined
Environmental Loading Correction/(mm-+a ")

o CWE S REWRR ), BEWRBERERS gy RERE S AERRS

22 AN E 2 2% PEAH E 2 2% JEAN T E 22
ANYU 0.10 0.05 SCMB 0.10 0.05 YNLC 0.05 0.04
BEIC 0.07 0.03 SCML 0.06 0.04 YNLJ 0.07 0.03
CAXI 0.11 —0.02 SCMN 0.06 0.03 YNMH 0.04 0.03
CHDU 0.06 0.03 SCMX 0.07 0.03 YNMJ 0.04 0.06
DAZU 0.06 0.04 SCNC 0.07 —0.03 YNML 0.02 —0.14
GANL 0.05 0.03 SCNN 0.05 0.06 YNMZ 0.02 0.04
GZGY 0.12 0.06 SCPZ 0.06 0.05 YNRL 0.08 0.01
GZSC 0.10 0.03 SCSM 0.05 0.03 YNSD 0.07 0.04
HANY 0.06 0.04 SCSP 0.07 0.05 YNSM 0.04 0.04
JIGE 0.08 0.05 SCTQ 0.06 0.03 YNTC 0.05 0.01
JYAN 0.03 —0.08 SCXC 0.05 0.03 YNTH 0.04 0.04
KMIN 0.09 0.05 SCXD 0.07 0.04 YNWS 0.00 —0.03
LESH 0.04 —0.06 SCXJ 0.06 0.04 YNXP 0.05 0.05
LINS 0.07 —0.17 SCYX 0.11 0.02 YNYA 0.01 —0.03
LUZH 0.10 0.05 SCYY 0.07 0.04 YNYL 0.06 0.03
MOXI 0.06 0.02 TONIJ 0.00 —0.16 YNYM 0.05 0.06
MYAN 0.05 —0.09 WANY 0.04 0.03 YNYS 0.06 0.04
NANB 0.07 0.04 WENC 0.07 0.03 YNZD 0.05 0.03
NANIJ 0.05 0.03 XIAG 0.06 0.02 ZHII 0.08 0.04
NEIJ 0.08 0.03 XYON 0.26 —0.33 ZTON 0.15 0.06
PENX 0.06 0.04 XZCD 0.03 0.02 LDHC —0.02 0.04
PIXI 0.13 0.03 XZCY 0.05 0.02 LDKY —0.02 0.05
QHBM 0.04 0.02 YAAN 0.07 0.04 LDTD —0.03 0.06
QLAIT 0.07 0.04 YANT 0.07 0.04 YNBC 0.01 0.07
RENS 0.08 0.04 YBIN 0.09 0.04 YNDZ 0.03 0.05
ROXI 0.06 —0.05 YNCX 0.06 0.05 YNIJC —0.11 0.11
SCBZ 0.07 —0.04 YNDC 0.06 0.04 YNLP —0.05 0.16
SCGZ 0.05 0.04 YNGM 0.04 0.02 YNSP —0.07 0.14
SCIL 0.05 0.01 YNHZ 0.05 0.03 YNZT 0.19 0.03
SCJU 0.08 0.04 YNJD 0.08 0.06 YNZY —0.01 0.10

SCLH 0.05 0.03 YNJP 0.02 —0.17
SCLT 0.04 0.03 YNLA 0.05 0.04
¥y 8.6 mm; AL Bl 2~5.4 A, F 4 4.1 Eﬁ%iﬂ%ﬁ%ﬁ,ﬁ E F1°U J7 1] b AR & A A

Ao Gt I EE T A D sk Y SR A 4R R
2 0.8~9 mm, V2428 3.2 mm, JA4FAH A7 22 4k
oA AR L, ) A8 U i B S BRI, 10 B PR 5 B 4
4 1 AR 15 5 R 08 it R 75 L = i R M 4% GNSS i
[ A s B[] 7 910 o 1) 2 1 PR AR 5

33 GNSSﬂUﬁE?%E'Eﬁ*ﬁ

SCHIR [ 13 ]38 i 3 J8E AN 5 B8 R AT 24 [ T 4
AR A 5 2R 23 B 1 o JH A P A2 3K N R S L X 236
A~ GNSS I ol 75 72 1V, 45 R R WIAE NIy 1] L&

o SCHR[29 ]38 1T

1—‘—»

35 7 3 B0IE BT S R AN B
%@iﬁﬁkﬂii\%r“ﬂ%%@aé%%ﬁﬁﬁqﬂl
X3 27 4 GNSS w78 U J7 ] b i Fe e 1k, 45

F W] GNSS M 3 1) 38 B A i i B2 5 48 1 R i
A WAH S, 5 4 B Z A A G M BTk, )
B, A SCE o 20 G P B B30I TS 0 R AN B
RS R AR R R A AR R
oK 43 BT T 9 5 DR AR RS 2k GNSS i 22 3 78 1 7] U
Fm LR EE, EIONEEXRRER., a0



614 ROBK 2 4 (fF B A D

2026 43 H

® O
S O

r O
| A 2 0

~
(=

D
S O

ISk KA
Now A
S & 3
T T

—_
(=]
T

035 025 015 005 005 015 025 035
TR JE R AN 5 S ZE{H/(mm-a ")

F7 45 BRI 7 SO F R e e A AL T A Ay
GNSS % 2 0l i B K HOANf 5 B 228 43 A B 77
Fig. 7 Distribution Histogram of GNSS Velocity and
Its Uncertainty Difference Based on Optimal Noise
Model Before and After Combined Environmental

Loading Correction

(a) SCIEHT 4
A8 24 BRI 1 B BOE FT R e e 5 AR AL T A T Ay
GNSS 3% 22 3 Ji A7 4 i A A 2
Fig. 8 GNSS Annual Amplitude and Phase Based on
Optimal Noise Model Before and After Combined

Environmental Loading Correction

BE 00O, RN E S R AR YRR
W4 E 4 R M OC 4 B 0.08,
0.07.0.11.0.25, I3 7 2 7] U Jy [\ | 8y 3 A
i B 5 R R AR SRR I 2 B AR OGP E N ]
54 A e R R . Zead 41 IR i ak e
Ja AN EE S AR YR &L
JEE A R DG A AR AR /0N | 3 a3k o I PR 28 0ok 21 BR
B B IE 2 05, T4 GNSS ) sl i 5 J& A 1
R JEA B RS O R B BIR M OC R B
AR .

&1 10 Sk 20 85 1 000 1E 10 S5 /9 GNSS il 2 1)
AR ERE . mE 100 LLE AR 2 K
W % AE 0~0.4 mm/a, H %A W &AM,
SCHR [ LI gE 45 R R W), 75 98 = B 2R m 4 19 K F

W Iy b 1) w4 R IR A ) 28 T U 1Y
i SR B, N AR S 25 B R B K] -2 o ] - D)
AT W7 45 -/ NV BT 284 1 3 Sl i s R 2 (F R i
b B 10 o PR B B 28 B IE /S, 7 i K T -2 i -
U N e VAN AN e I SRR TR - N
FEBE RN o 38 A KT B R b I R O B
JE N 34 S B, GNSS 3l 78 3 [ U J7 1] b
FROEME S I SF R CHOR K
1o AR P % b T 45 A 52 2 AR SO A BRI AT 2
Wi A R BRI R A E GNSS I i 7] U
Oy 1) bR M ) SR BEAE b, AT BB R R AR R %
) i BT 28 7RO I S 1 B ik R L B R AR T Pk
Tl b A5 b 2R AR R 1 ) 45 25 Xk GNSS U s
] U [ b B8 PR A7 AE — 2 BRI

4 & iF

AR S 3o X 9 R R A 2% 94 1 GNSS 3%
S il 7 ) A B[] P 90 2R A7 R RS R A T L O %
BT B R S T R U U R R
1140 i A0 M 7P A 0 N GINSS T 3 B L 0 4B 15
IR 458 .

DK SC R AR i 3 17 3k 5 GNSS 1
1] A o B[] 7 57 B A7 AE A — 2 A G M G R 8K
A3 R 0.4.0.4.0.2, M GNSS = [5] A A5 Bif [] ¢
) b A ek 2 K SRR AR 9 i T R B
RMS W20 43 He~F- 2443 53 2 8.7 %6 6.7 %6 .0.6 %0 -
254 AH OGP R RMS 28 4 7 43 LRI, R 1R
FOY AR X GNSS 3 [1] A A B 0] 77 51 v i 215 1
5% H — & sk,

2) % 3k 4 G BR B B IE B Y e R M S
B B LW o8 PLOWN+FN . WN+PL, 2IE
S, doc O W P RS 7R 9 S AR B & GNSS i
Sl Al T 22 HVE D —0.11~0.26 mm/a,
TEFE N E 2B N —0.33~0.16 mm/a; 3
55 0 B 0 IE T, Foe D M PSSR A T A I s i A
I W 9 LS 2 9 8.6 mim, ALY 3 R 4.1 A
28k I8 B SCIE TS A AR A A AR Ak E A AR L
JEECRE i R T i

3) 3 ok 41 A BR B B 4 el IE A S Y R BN B
SESE S R YRR A AR
KA AT GNSS W s 19 A2 7 PE L 76 75 9 e I R Pl 4%
D355 38 1) U 1) b 1) B R B e R AR Y
Ko W B 28 B 4R A G M 4300 R 0.08.,0.07
0.11.0.25, 76 7 8k & J5t 2 P 2 19 A 5 6 1 i L 1
TR LR 28 B X R MR R R A



% 51 &% 31 WY TR 26 - JO5T K B I3 £ 48 B4 7 G ey

1.6
L4F
1.2F
1.0
0.8F
0.6
0.4F
02F

R=0.08

ﬁﬁ%ﬁfn%&”‘/(mm i 1)

0 1 000 2 000 3000 4000
i /m

—_—
N

R=0.07

—_ =
S N B
T T T

S A5 ()
N e
PN e ]

2
[}

0 1 1 1 1 1 1 1 1
800 1200 1 600 2 000 2 400
LR B N B /mm

—_
N

R=0.11

—_ =
S N B
T T T

<=
[o)Ne ]

AN E £/ (mmea )
j=]
=

=
[}

9°F 98°E 100°F 102°F 104°F 106°F 108°F 110°E
1.6
L4F
12}
Lo}
0.8F
0.6F
i 04f
® 02}

R=0.25

AHEE/(mm-a™)

0 . . , , . .
20°N 22°N 24°N 26°N 28°N 30°N 32°N 34°N
(a) BRIERT

9 R AR R T 20 2 S PR G AR W A I R P LA A

JEUAR T 2% GN'SS 3 1] A A 1) 7 e 75 455 70 fF 5% 615
1.6
o R=0.003
1.4}
s 12f
g
g 1.0F .
% 08} | i
“E 06 '. .
%( 04F "oy 2, ® .
: 0.2‘ E 2. g. . o. e "0
0 1000 2000 3000 4000
i RE/m
1.6
. R=0.06
14t
)
g
E 10} .
% 08F ’ @
g 0.6 K 5
™4t o '3
1\%} —"?—ﬁ-’—_.-\
02} 3 b 'Of‘w v @

0 1 1 1 1 1
800 1 200 1 600 2 000 2 400
AE S5 WY /mm

. R=0.02

AN 52 B /(mmea )

0 1 1 1 1 1 1
96°E 98°E 100°E 102°E 104°E 106°E 108°E 110°E

o R=0.19

L ]
02k '.g"'. ’o... ""’J‘

0 L L s .
20°N 22°N 24°N 26°N 28°N 30°N 32°N 34°N
(b) IEJA

JBE O 2 JBE 2 M) A 2 A 56 R

Fig. 9 Linear Relationship Between Elevation, Average Annual Rainfall, Longitude, Latitude and GNSS Velocity

Uncertainty Based on Optimal Noise Model Before and After Environmental Loading Correction

AR SO e B R AR R A ) A
FEAIE I E GNSS ) il 3 i) U J7 1] b 53 P Y
T EAR bR TER R TAE A 2 BOR LT L5
T 24k 22 T 5% T

DY JE A5 0 L, e 4 A o3 Hr B 22 O T M Tt
AL UL A O B AR DL R b 3R AR A 3 ) A A
R R

2) TRV iX Be (R K 5 GNSS I v #& % Pk = [
(AT REEE 2R, O 24t A 37 0 o0 4 1T A 55 ROk fig B
GNSSMUﬁﬁEFKfﬁ%EE@/}Em

TR N 75 825 960 e J 7R I 2k b IX A b 5T R
ﬁ%ﬁ O3 Hr He X GNSS 0 3 84 2 2k 4 52 i, LA
KX e R 5 & 4 A fk Z 2 S A7 7R A



616 B K ¥ ER (G

ISR Y

2026 43 H

I
HA - u o.'o & I
9 BEANH s /(- g §9 4 BEAH G [/ (mm-a g
(a) BCIEHT (b) BUEJE
FRHE 003 BT 1 I 77 89 5 R 4 GNSS W3 g
R
Fig. 10 GNSS Velocity Uncertainty of Southeastern

& 10

Tibet Plateau Before and After Environmental

Loading Correction

& £ x #

[1] WANG M, SHEN Z K. Present-Day Crustal De-
formation of Continental China Derived from GPS
and Its Tectonic Implications [J]. Jowrnal of Geo-
physical Research: Solid Earth, 2020, 125 (2) :
€2019JB018774.

(2] Wwiss, £, EHEE, 5. A GPS FK

AR R 5T 25 B L X3 ) 2 4 P i ) AR A A s
AR LT]. HbER Wy B 22 4, 2021, 64(8) @ 2613~
2630.
HU Shungiang, WANG Tan, GUAN Yahui, et al.
Analyzing the Seasonal Fluctuation and Vertical De-
formation in Yunnan Province Based on GPS
Measurement and Hydrological L.oading Model [J].
Chinese Journal of Geophysics, 2021, 64(8): 2613~
2630.

[3] ZHU H, CHEN K J, HU S Q, et al. Using the
Global Navigation Satellite System and Precipitation
Data to Establish the Propagation Characteristics of
Meteorological and Hydrological Drought in Yun-
nan, China[J]. Water Resources Research, 2023,
59(4): e2022WR033126.

(4] B, Jrofdn, 25, & . FIT & GNSS WLl
WFFE 2025 4F PG BE H Ms 6. 8 Ml i %8 A8 K 1%
R [T] B (fF BB, 2025, 50
(11): 2176-2186.
XIAO Yisi, FANG Rongxin, LI Yu, et al. Surface
Displacement and Early Warning Magnitude of the
2025 Dingri, Xizang Ms 6.8 Earthquake Using
High-Rate GNSS Observations [J]. Geomatics and
Information Science of Wuhan University, 2025, 50
(11): 2176-2186.

(5] EM, X, XI/NF, 4 GNSS 7 # % i B AT 5

[7]

[9]

[10]

[11]

[12]

[13]

[14]

R IT] BB i (5 BB D), 2024,
49(12): 2159-2180.

WANG Peng, LIU Jing, LIU Xiaoli, et al. Appli-
cation of GNSS in the Study of Earth Surface Pro-
cesses [J]. Geomatics and Information Science of
Wuhan University, 2024, 49(12): 2159-2180.
GAZEAUXJ, WILLIAMS S, KING M, etal. De-
tecting Offsets in GPS Time Series: First Results
from the Detection of Offsets in GPS Experiment
[J]. Journal of Geophysical Research: Solid Earth,
2013, 118(5): 2397-2407.

ZHANG J, BOCK 'Y, JOHNSON H, etal. Southern
California Permanent GPS Geodetic Array: Error
Analysis of Daily Position Estimates and Site Veloci-
ties [J]. Jowrnal of Geophysical Research: Solid
Earth, 1997, 102(B8): 18035-18055.

LTV, EHAE, IR, % . GNSS 2 47 i [ )7 51
AT ERIS 5Tk MR LT]. R (fF B R
AR, 2018, 43(12): 2112-2123.

JIANG Weiping, WANG Kaihua, LI Zhao, et al.
Prospect and Theory of GNSS Coordinate Time
Series Analysis [ J].
Science of Wuhan Universiry, 2018, 43(12): 2112-
2123.

AGNEW D C.

Power-Law Noises [J].

Geomatics and Information

The Time-Domain Behavior of
Geophysical Research Let-
ters, 1992, 19(4): 333-336.

MAO A L, HARRISON C G A, DIXON T H.
Noise in GPS Coordinate Time Series[J].
of Geophysical Research: Solid Earth, 1999, 104
(B2): 2797-2816.

WILLIAMS S D P, BOCK Y, FANG P, et al.

Journal

Error Analysis of Continuous GPS Position Time
Series [J]. Jouwrnal of Geophysical Research: Solid
Earth, 2004, 109(B3): 2003JB002741.

BN, FFFR . GPSIEZL LI B A ME S 3BT [T]. 3
M, 2007, 29(2): 197-202.

HUANG Liren, FU Yang. Analysis on the Noises
from Continuously Monitoring GPS Sites [J]. Acta
Seismologica Sinica, 2007, 29(2): 197-202.
LANGBEIN J. Noise in GPS Displacement Mea-
surements from Southern California and Southern
NevadalJ]. Journal of Geophysical Research: Solid
Earth, 2008, 113(B5): 2007JB005247.

AL . BRI B 1 R E GNSS B ofi il £k 12 3
HBID] M P E R, 2022,

BAO Zhi. Data-Driven Non-Linear Motion Model-
ling of High - Precision GNSS Reference Stations
[D]. Xuzhou:
Technology, 2022.

China University of Mining and



%551 &5 34

I TR 26 - JO5T K B I35 6 48 B4 74 G ot SR T % GINSS 3 [1) A Ao I o I 75 A6 780 TF

617

S

[15]

[16]

[18]

[19]

[20]

[22]

HE Y F, NIE G G, WU S G, et al. Analysis and
Discussion on the Optimal Noise Model of Global
GNSS Long-Term Coordinate Series Considering
Hydrological Loading [J]. Remote Sensing, 2021,
13(3): 431.

TR, TE, Ak, A I DR A Y 4
e 3l iz 2 Mg FE ALy A [T, MRk 2%, 2014, 39
(12): 56-60.

DING Kaihua, DING Jian, LI Zhicai, et al. Analysis
on Noise Model of GNSS Base Station from
CMONOC in Sichuan-Yunnan Region[J]. Science
of Surveying and Mapping, 2014, 39(12) : 56-60.
HU S Q, CHEN K J, ZHU H, et al. Potential Con-
tributors to CME and Optimal Noise Model Analysis
in the Chinese Region Based on Different HYDL
Models[J]. Remote Sensing, 2023, 15(4): 945.
REPLUMAZ A, TAPPONNIER P. Reconstruc-
tion of the Deformed Collision Zone Between India
and Asia by Backward Motion of Lithospheric Blocks
[J]. Journal of Geophysical Research: Solid Earth,
2003, 108(B6): 2001JB000661.

SHI C, LI M, ZHAO Q, et al. WHU Analysis
Center Technical Report 2015 [R]. IGS Center
Bureau, Bern, Switzerland , 2015.

REICHLE R H, DRAPER C S, LIU Q, et al.
Assessment of MERRA-2 Land Surface Hydrology
Estimates [J]. Jownal of Climate, 2017, 30 (8) :
2937-2960.

GELARO R, MCCARTY W, SUAREZ M J, et
al. The Modern-Era Retrospective Analysis for Re-
search and Applications, Version 2 (MERRA-2)
[J]. Jowrnal of Climate, 2017, 30(14): 5419-5454.
DOBSLAW H, THOMAS M. Simulation and Ob-
servation of Global Ocean Mass Anomalies [J].
Journal of Geophysical Research: Oceans, 2007,
112(C5): 2006JC004035.

[23]

[24]

[26]

[27]

[28]

MONTILLET J P, MELBOURNE T I, SZELI-
GA W M. GPS Vertical Land Motion Corrections
to Sea—Level Rise Estimates in the Pacific Northwest
[J].
2018, 123(2): 1196-1212.

WU S G, NIE G G, MENG X L, et al. Compara-
tive Analysis of the Effect of the Loading Series {rom
GFZ and EOST on Long-Term GPS Height Time
Series[J]. Remote Sensing, 2020, 12(17): 2822.
HE X, BOS M S, MONTILLET J P, et al. Inves-

Journal of Geophysical Research: Oceans,

tigation of the Noise Properties at Low Frequencies
in Long GNSS Time Series [ J]. Jownal of
Geodesy, 2019, 93(9): 1271-1282.

GUY C, YUANL G, FAN D M, et al. Seasonal
Crustal Vertical Deformation Induced by Environ-
mental Mass Loading in Mainland China Derived
from GPS, GRACE and Surface Loading Models
[J]. Advances in Space Research, 2017, 59 (1) :
88-102.

T H, PMVR 4, LA, BF . B A W RRE K
ACH KRR 2 BT (1], = R 2 i (B R Bk
J) , 2009, 31(6): 592-599.

ZHAO Ningkun, SUN Junkui, YOU Weihong, et
al. Regional Characteristics of the Rainy Season Pre-
cipitation in Yunnan[J]. Journal of Yunnan Univer-
sity (Natural Sciences Edition) , 2009, 31 (6) :
592-599.

BOS M S, FERNANDES R M S, WILLIAMS S
D P,
GNSS Observations with Missing Data[J]. Journal
of Geodesy, 2013, 87(4): 351-360.

WU S G, NIE G G, LIU J N, et al. Analysis of
Deterministic and Stochastic Models of GPS Sta-

et al. Fast Error Analysis of Continuous

tions in the Crustal Movement Observation Network
of Chinal[J]. Advances in Space Research, 2019, 64
(2): 335-351.



