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Determination of vertical surface displacements in Sichuan
using GPS and GRACE measurements
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Abstract  Seasonal variations of terrestrial water storage (TWS) mainly result in periodical
fluctuations of crustal deformation, eliminating the effects from TWS on surface displacement is
accordingly conducive to highlight regional tectonic movements. Sichuan Province lies close to the
eastern margin of the Qinghai-Tibetan Plateau and has a rising terrain feature from its east to the
west. Moreover, abundant river systems, such as Yangtze River system, provide Sichuan with
adequate water resource. We combine GPS-derived and GRACE-derived vertical displacement
time series to explore the spatial-temporal distribution characteristics of TWS and the crustal
tectonic movements in Sichuan. The result shows that the amplitudes of vertical displacements

derived by those two ways are accorded very well, but there exist phase delays. The GPS-
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determined amplitudes show a maximum of 12. 7 mm at station HANY and minimum of 1. 5 mm
at station SCMX, respectively. Due to a low spatial resolution, GRACE-derived amplitudes
present comparable magnitude of 3~4 mm and the largest displacements are in between July and
September. However, the time when the largest displacements of GPS happen correspond with
topography, the eastern basin and hills, northwestern plateau and southern mountains possess its
own largest displacement in July to August, October to November and October, separately.
Seasonal TWS changes are relevant to GPS-derived vertical displacement variations. So, in order
to illustrate the effect of TWS changes on GPS sites’ movements, we use the Modified Ensemble
Empirical Mode Decomposition (MEEMD) to extract annual term and a 2-year periodic signal
from GPS vertical displacement time series. Consequently, we find that when using MEEMD-
derived annual terms to correct GPS time series, the WRMS (Weight Root Mean Square) reduction can
decrease roughly 26%, which is superior to least square method, suggesting that the MEEMD

method is feasible in dealing with GPS time series.
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GPS A5 I 8] 77 41 4, 55 il b K G B 51 19
WivE M 52 1 ) B AE {5 5 (Wahr et al., 1998;
Tesmer et al. , 2011D). Wfaf ] A GRACE H} 28 & Jy
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Fig.1 Distribution of Sichuan CORS sites
SCB, SGB and SYR are Sichuan Basin, Songpan-Garze Block and Sichuan-Yunnan Region, respectively.
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Fig. 2 Vertical displacement time series of CHDU

(a) The detrended time series; (b) The detrended time series with jumps removed.
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Fig. 3 Comparison between GPS-derived and GRACE-derived vertical and horizontal displacements

(a) and (c¢) Denotes the comparison of the annual amplitudes between GPS and GRACE vertical displacement time series. The length of

arrows shows the value of annual amplitudes (mm) and the arrows point to the month when the largest displacements appear (clockwise from

the right); (b) Presents the trends of the vertical displacements of GPS sites, Green and white annotation indicates the location of sites with

large velocities; (d) Denotes the GPS measured horizontal velocity field.
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F1 WM& CORSEHEER
Table 1 Relevant information of Sichuan CORS sites

P M / (mm) AR/ (mm-a~!)  GPSHEME/(mm) GPS#AE/(mm-a~!)
Wi RECE 4ECN) isf 1] B
GPS/GRACE GPS/GRACE East/North East/North

ANYU 105.3304  30.1038 2010. 88-—2015. 81 5.3/3.79 0.66/—0.26 1.22/0.75 35.71/—8. 36
BEIC 104. 439 31. 7895 2010. 80—2015. 63 1.63/3.25 —4.85/—0.21 0.84/1.99 39.4/—8.88
CAXI 105.9252 31.7396 2010. 90—2015. 81 5.47/3.15 —0.51/—0.23 0.96/0. 89 34.19/—9.48
CHDU 104.0645 30.6394 2006.00—2015. 74 5.45/3.73 —0.23/—0.22 3.06/0.78 35.25/—8.72
GANL 102. 77 28.9591 2010. 84-—2015. 80 5.82/4.63 0.47/—0.17 1.36/0.74 37.12/—10.13
GYAO 102.2666 27.7962 2007. 83—2009. 99 7.51/5.29 6.64/—0.14 0.83/0. 69 36.24/—17.42
HANY 102.6324 29.3492 2010. 88-—2015. 77 12.73/4.47 3.51/—0.17 0.66/3.06 36.97/—9.4
HONY 102.5482 32.7924 2010. 70-—2015. 80 3.24/2.98 3.51/—0.17 1.32/1.32 44,37/—8.22
JIGE  105.5595  32.2054 2010. 74—2015. 81 5.15/3.01 0.40/—0.22 0.85/0.77 33.44/—8.97
JYAN 104.5448 30.3885 2006.00—2015. 74 4,18/3.78 0.36/—0.23 0.71/0.35 34.37/—9.1
KATY 102. 112 27.8821 2007.83-—2010. 9 9.63/5.28 —14.32/—0.13 0.69/0. 50 45.8/—17.11
LESH 103.7553 29.5648 2006. 25—2015. 74 4.28/4.21 —0.21/—0.21 1.13/0.62 35.34/—8.8
LUZH 105.4136 28.8724 2006. 25-—2015. 74 3.37/4.23 —0.04/—0.27 0.76/0.92 35.62/—9.43
MAEK 102.2287 31.8991 2010.70-—2015. 84 5.15/3.37 1.88/—0.16 1.14/0.75 42.45/—10. 68
MEIG  103.134 28. 335 2008.27—2015.72 4.95/4. 86 —0.75/—0.18 1.13/0.91 37.13/—9.69
MNIU 101. 7445 30.5999 2006. 67—2012. 83 6.30/3.99 —1.15/—0.13 1.05/0. 27 38.56/—9.41
MOXI 102.1151 29.6497 2010. 88—2015. 77 6.21/4.40 3.27/—0.14 0.96/1.59 39.51/—10. 87
MYAN 104, 7264 31.4399 2006. 25—2015. 74 3.74/3. 36 —0.55/—0.22 1.14/0. 64 35.03/—8.8
NEIJ 105. 1186 29.62 2006. 25—2015. 74 4.23/4.00 0.35/—0.26 0.84/0.29 34.7/—8.67
PIWU 104.5471 32.4142 2010. 88-—2013. 88 4.06/3.01 —2.68/—0.20 1.53/1.33 39.37/—17.31
PIXI 103. 757 30.9102 2006.00—2015. 74 3.29/3.66 —0.66/—0.21 0.71/0. 84 35.27/—9.94
QICH 105.2275 32.5939 2010. 88—2015. 77 5.55/2.89 —0.61/—0.20 0.60/0. 54 37.02/—5.15
QIME 101.185 31.0229 2006. 74-—2012. 83 5.10/3.83 —1.33/—0.12 0.94/0. 67 40.31/—10. 66
QLAI 103. 306 30. 3544 2006. 00—2015. 74 4,06/3. 94 —2.88/—0.19 1.47/0. 62 35.04/—9.25
RENS 104.1029 30. 2004 2006.00—2015. 74 4.56/3.91 —0.32/—0.22 1.05/0.71 35.09/—8.9
ROXI 104.4338 29.4579 2007.37—2015. 74 3.95/4.16 —0.91/—0.24 1.16/0. 40 34.53/—8.23
SCBZ 106.7446  31.8408 2012.09-—2015. 87 5.11/3.05 0.81/—0.24 1.20/0. 43 34.21/—9. 37
SCDF  101.1227 30.9779 2012.00—2015. 87 4.26/3.86 0.72/—0.12 0.76/1.13 43.14/—12. 23
SCGU 105.8997 32.4248 2014.96—2015. 87 7.30/2.91 1.97/—0. 21 2.26/0.65 35.93/—11.46
SCGY 105.8523 32.4389 2012.00-—2014. 96 4.55/2.91 —1.15/—0.21 1.28/0. 10 34.0/—8.04
SCGZ 100.0188 31.6103  2012.00—2015. 87 3.88/3.62 —0.51/—0.09 0.80/0.59 47.64/—9.59
SCJL.  101.5004  29.0081 2012.00—2015. 87 5.47/4.82 0.19/—0.11 1.35/1.12 39.63/—17.83
SCJU  104.5157  28.1792 2012.00—2015. 87 4.45/4. 65 —1.06/—0.24 1.18/1.32 34.23/—8.03
SCLH 100. 672 31. 3878 2012.00—2015. 87 5.08/3.69 0.2/—0.11 0.71/0.57 45.76/—10. 9576
SCLT 100.2181 29.9916 2012.36—2015. 87 5.47/4. 45 1.00/—0. 06 1.11/1.23 44,11/—15.0
SCMB 103.5336  28. 8404 2012.00—2015. 87 6.24/4.56 —0.68/—0.2 1.30/0.53 35.28/—9.35
SCML 101.2753 27.9294 2012.00—2015. 87 9.41/5. 44 —6.07/—0.1 1.85/0. 82 49.44/—19.3
SCMN 102.1738 28.3328 2012.00—2015. 87 5.73/5.04 —1.14/—0.14 1.36/0. 34 38.84/—16. 20

SCMX 103.8496 31.6712 2012.00—2015. 87 1.55/3.34 7.98/—0.2 1.63/0.68 44.46/—6.91
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PR IE / (mm) HE/(mmea ') GPSHRIF/(mm) GPS#ZE/(mm-a ')
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GPS/GRACE GPS/GRACE East/North East/North
SCNC 105.8822 30.9793 2012.00—2015. 87 5.58/3.42 0.77/—0.25 1.17/0. 83 34.76/—9.73
SCNN  102. 7164 27.057 2012.00—2015. 87 7.5/5.54 —0.59/—0.16 0.96/0. 68 37.30/—16.83
SCPZ 101.7439 26.5032 2012.00—2015. 87 6.26/6.08 —0.95/—0.13 0.63/0.89 35.71/—17. 64
SCSM  102.3537 29.2294 2012.00—2015. 87 7.0/4.57 1.18/—0.15 1.67/0.63 38.25/—12.05
SCSN  105.5621  30.5076 2012.00—2015. 87 5.36/3.62 0.38/—0.26 1.59/0. 30 33.97/—8.94
SCSP  103.5824  32.6484 2012.00—2015. 87 2.59/2.89 0.23/—0.19 1.35/1. 20 41.23/—9.85
SCTQ 102.765 30.0736 2012.00—2015. 87 3.76/4.12 —0.32/—0.17 1.35/1.73 35.63/—9.4
SCXC  99.8032 28.9374 2012.00—2015. 87 6.15/5.12 0.9/—0.03 1.02/0.55 41.35/—16.88
SCXD  102. 437 28.3004 2012.00-—2015. 87 5.97/5.01 —1.32/—0.15 0.80/0. 96 38.58/—14.11
SCXJ 102.3721  31.0004 2012.00—2015. 87 4.37/3.75 —0.04/—0.16 1.25/0.70 40.67/—5.2
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Fig. 4 Decomposition results of GPS vertical displacement time series in CHDU by using MEEMD
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Fig. 6 Comparison of WRMS, uion 0f the GPS's vertical displacement annual terms derived

by MEEMD method and conventional fitting method

(a) The WRMS after removing the annual term derived by MEEMD from GPS vertical displacement time series;

(b) The result with the annual term removed, which is derived by least square method.
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Fig. 7 Multi-linear fitting results from the residual of vertical displacement time series of CHDU
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Fig. 8 Partial sites' rates before and after Wenchuan earthquake

(a) and (b) denote the rates before and after the earthquake. separately. Red arrows are the sites whose rates changed.
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