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Observation of superconducting gravimeter at Jiufeng seismic station
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Abstract The relationship between the mass transfer beneath the earth surface and the vertical
deformation could be studied using continuous relative gravimetry and continuous GPS
observation. Compared to mobile relative gravimetry and absolute gravimetry, continuous
relative gravimetry could be used to monitor the whole process of gravity changes and mass
transfer, avoiding low measurement precision and temporal resolution. In this paper, more than
13000 hours gravity data recorded at Jiufeng seismic station using superconducting gravimetry
(SGC053) are analyzed along with co-located absolute gravimetry data, air pressure, vertical
displacement of surrounding GPS stations, WUHN IGS site and WHJF site, GRACE monthly
time-variable gravity and two global continental water storage models (GLDAS, CPC). Gravity

variations induced by solid earth tide, air pressure, pole tide and continental water loading are
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corrected using harmonic analysis method, atmospheric pressure admittance model, pole tide
model and the correlation analysis with GRACE results and/or water storage models, then
instrument drift is also corrected using co-located absolute gravity measurements. Based on the
above processing, the relationship between the residual gravity time series and GPS vertical
deformation is addressed. The harmonic analysis result for SGC053 gravity records, spanning
about one and half years, shows that the white noise is about 1. 14~1,40X10 ®m ¢« s~ ? and the
tidal factor errors of dominant tidal groups reach about 0. 1%,. Compared to ocean tide loading (3 X
107 *m « s?) , the gravity due to air pressure (12X10 *m ¢ s ?) and pole tide (10X10 *m * s %) is
much larger. The drift of SGC053, about 2. 18 X10 ®*(m -

gravity co-located records of FG5-232. The result shows that the residual gravity caused by

s ?)/a, is estimated using 4 absolute
continental water loading in summer and autumn is about (6~8) X 10 *m « s °, by comparing
residual gravity variations with both GARCE result and global continental water loading
(GLDAS, CPC). Gravity variations corrected for water loading show perfect negative correlation
with the vertical deformation of the GPS station, about 15km away from SGC053, so as to data in

spring and winter. And the long-term vertical crustal deformation is subsidence and the gravity

change rate is about 1. 79X 107%*(m -

related to the local vertical crustal movement is about —354 X107 %(m «
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Harmonic analytical results and their comparison of tidal gravity parameters between VAV03 and ETERNA33

VAVO03 ¥ Fil 4 b7 45 5

ETERNAS33 i H1 4> 7 45

o St MHG /) it 22/ () SR/ () REALHE IS /) i 2/ ()
Ql 1. 18854 0. 00082 —0.2040. 040 1.188950. 002 89 —0.133+0. 139
01 1.1829640. 00015 —0.48340.007 1. 18189=0. 000 56 —0.46040. 037
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Table 2 The eight main tidal gravity parameters after ocean tidal model Nao99 derived from the theoretical ones

TAE 31 B AE T 4R i BT 5 Dehant 81 37 #5080 B8 (5 A9 LU AR

§§ Dehant VAVO03 ETERNA33 VAV03 ETERNA33 VAV03 ETERNA33
& o' o K K K’ K’
Q1 1.154 18 1.16190 1.157 50 —2.96 —3.01 —0.67 —0.29
01 1.154 18 1.16010 1.155 20 —2.47 —2.40 —0.51 —0.09
Pl 1.149 23 1.15410 1.153 80 —1.67 —1.07 —0.42 —0.40
K1 1.135 31 1.142 40 1.140 20 —1.85 —1.79 —0.62 —0.43
N2 1.161 79 1.167 00 1.163 30 —1.80 —1.72 —0.45 —0.13
M2 1.161 79 1.165 60 1.163 10 —1.50 —1.50 —0.33 —0.11
S2 1.161 79 1.166 90 1.166 10 —1.00 —1.04 —0. 44 —0.37
K2 1.161 79 1.165 50 1.166 20 —1.05 —1.24 —0.32 —0.38
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Fig. 1 The SGC053 datum of preprocess, ocean tidal loading, polar tide, air pressure correction and

the residual gravity from 2009-02-16 to 2010-07-24

(a) The preprocessing data of SGC053; (b) The ocean load by Nao99 ocean model in Jiufeng seismic station; (c¢)Pole tide;

(d) Atmospheric loading effects; (e) The residual gravity corrected by solid earth tides, atmospheric loading effects and pole tide.
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Fig. 2 The drift correction of residual gravity in SGC053 observed by FG5-232

The black solid line represents the gravity residual of SGC053; the black dotted trend line represents the linear fitting of the gravity residual

SGC053 (ggues3) 3 the gray solid line represents the gravity residual corrected by drift; the gray dotted trend represents the linear fitting

from the four times absolute gravity observations (gpgs 55,0 5 the red circle represents the absolute gravity observations; the unit of ¢ is hour
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Fig. 3 The comparison between gravity variation and GRACE, CPC, GLDAS before and after the time lag correction
The magenta line is the GRACE time-variable gravity field filtering by 1000km; the gray line is the gravity residuals of SGC053; the blue

line is the hydrology loading from GLDAS; the red line is the hydrology loading from CPC; the black line is the monthly mean of the

gravity residuals of SGC053; the red circle is the absolute gravity observations.
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Table 3 The correlation analysis amount the gravity

residual, global continental water storage and GRACE

time-variable gravity data

SIS MOCHRE hiR2E/0 fmesTH)  HE KB/
S_GLDAS 0.910 0. 606 37
S_CPC 0.912 0. 875 52
S_G_1000 0. 839 0.911 42
S_G_0900 0. 832 0.985 47
S_G_0800 0. 819 1. 050 47
S_G_0700 0. 815 1.083 47

£ : S_GLDAS J& Hl i SG i & 5 Jj 43 A 4x BRooK fiff 2 1
(GLDAS) Z il f#y X & . S_CPC 2 I 1] SG ## 5 5 1 {{UR 42 BROK fff &2t
FERY(CPC) 22 [A] [ 3¢ % - S_G_1000,S_G_0900.S_G_0800.S_G_0700
JEFIT SG 5 E ORI 433 R T 1000,900,800,700 km i I 2 42
) GRACE 722 5 J1 5 2 [a] 19 G .

TERD LWL 2 5 A 2235 1 4 4 % 5 g
R (1~3)X10  m « s *ZEA 7210 F WL 4
Xof HE ) N B ) AR A P AR HLAR SGCO53 1Y)
HELEH WL 4 R FEAR — B W AE 2009 4E 7 H R
2010 4F 1 A BBk = SG & 4™ 4 1 i
(6~8)X10 "m«s *MH S W IZH S = 2L
1 GRACE .GLDAS,CPC % 8 118 f) 45 5 B A7 48
it 8096 By — FUE L 3k — At B E (i B T 2, 4
& GRACE.GLDAS #1 CPC B9 4y 3 & L 16 B K £

4 0.04
8 H0.03
A [No.02
®
<1 1001 €
=]
] 1o E
2 &
B 1001 é
2r e 1002
hi-127x10%t+0022 W[V -~ THRENE
i ” WHJF-GPS: 1 fi 75| -0.03
g.= 430x10°t-1306 . EHRBHS

- -0.04
2009-02-16 2009-03-12 2009-04-05 2009-04-29 2009-05-23 2009-06-16

i 5| AT ) 5w AR A AL
3.3 EATHUMMBEEEHINXR

% J& 3] SGC053 143 W ZE 7K 11 faf Xf 5 ) (1) 5%
i) AS B 55 7 45 25, R 2009-02-16 % 2009-06-25 #ll
2010-03-02 & 2010-07-23 PH A& 25 W &= ) 25 & )
HFE(2~3)X10 *m s HMILGEHLE S H T 2
A~ GPS 3 (R IGS 3-WUHN IGS H1#t 7 L
Si-WHIF) i) 35 7 B i A2 o8 R B 5% R 3 22 18] 11 56
i 4.

Bl 4 B, B AR IS I B EE g AR Ak R A A
B 4R 1 00 A5 LR 22 [ 114 LU A A 56 28 B30HB A iy 2R
R Hi) 2 v A A RS RN ) AR A R ) — 302 X
10 m « s */m WA 25 57, SR % 2205 I J 0
T3 78 Ak 0 by e T A R =[] L B 0 B S A 6 AR DG
AR R BEE ML — B 5 R T, F R L b
& W% X F ) A o T B B I AR AL S O E )
Wb F b TR A AL TR TR L B O R S
Y EE AL 22 S E Sl T AP IR B R R T 3

MRl b3 43 7 Bk 5 7 A A o 5 ) v e )
J75% 25 BF 18] 3 41 Y 35 B PR 3RO K BT B s e TR O
FEFNBRE AR 2. 18X 10 *(m = s *)/a J5,
AR SCH F A 26 R B 3T 80 %0 1) GLDAS fil GRACE
HEAT T K AT CIE. R K B7fT BOIE S ) Bk 22 I ]
J7 5 AU b R B A L A AR BE AR B 15 km Y
WUHN ISG P & WUJF 3 i) 3 B A A% i) (1] )3 5] 2
Frieae, anigl 5.

8

7
LG
D
Esl
o
Sat
)
3
a IR _

h=-520x10%¢t+0023  TUUUTTTC EIRENE
v WHJF-GPS i 1 fir#+-0.03

| TGS o
2010-03-02 2010-03-28 2010-04-23 2010-05-19 2010-06-14 2010-07-10

o = N

g = 898x107 t+2631
res 1 I

Bl 4 XFHEZEEIFRZENE ) GPS 3 B AL 2 18] I 8] 75 1) i
() M 2009-02-16 & 2009-06-25 A Bt 1 5% 2% Al GPS T BV B8 Z [0 (1) — TR M BUE S50 DR BT A E— e R R IR S 5 2 M L

435 : — 338X 10 8(m »

B — T A SR DL B AT 2 1m0 S 82 ol 9 LU AR 2 500 — 172X 107 #(m »

s73)/m M —226X10" % (m+ s 2)/m; (b) M 2010-03-03 % 2010-07-23 A} Bt HE J1 5% 25 F1 GPS e F [ #8 2 [A]

s72)/m Al —468X10 8(m -+ s ) /m; A E K P

¢ B HA R b

Fig. 4 The gravity residual derived from vertical displacement of GPS from winter to spring

(a) The one-dimensional linear regression parameter between the gravity residual and the vertical displacement of GPS is about —338 X

107 %(m « s~ %) /m; And the ratio between their one-dimensional linear regression parameter is about —226X10"8(m « s~ 2)/m from 2009-

02-16 to 2009-06-25; (b) The one-dimensional linear regression parameter between the gravity residual and the vertical displacement of

GPSisabout— 172X 107 %(m

(m

s~ 2) /m ; Andtheratio between their one - dimensional linear regression parameterisabout — 468 X 108

s7%)/m from 2010-03-03 to 2010-07-23; the unit of z is hour in this picture.
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