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A1l WEEFRERINAMETER (FEhikk, 2021)
Fig. 1

point mass source (according to Shen, 2021)

A sketch of the gravitational position of a surface
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Fig.2 A sketch of the vertical surface movement due to ground loading for a disk radius

of 7 kilometers and an equivalent water depth of 4 meters
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i [R]FP 1) v %) b 3k R e o £ S B0 1k AR Ak 32 R
Rl KAt 3B 7% . KA, AR W 1V 67 £ 45
MR ZLEAERSBUW, JE5E T LUE o KBk
HE ks —Fh g i 52, Heki (2004)
P H AR ZE M B AR AR R A R, )
FH GNSS e [a] Hisf 18] F 81) 7 LA A 2580t A 90 i s 7 SC £
fr i 295 A8 b, JF AT LA GRACE 2 21 #b 7T 1
. Bevis & (2005) #F5EIAA GNSS MR E 4% XF

YR /mm

S W N O =
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BB B AR A, Argus 55 (2014) FJH
2 [ N Hb X 85 4R 1 GINSS 3 25 W) 1) 28 B 4 F 5
TIZH DX Bl b A A A R AR Ak, K2 X i b
KA R 45 5 5 GRACE FI4BR K SCAS B 2% B 53F
TITXE, B = FH AR H— 8k, PR
GNSS et 25 i m S [ 3 HE4E (VNVT 50 km) ARl
HuK A AR Ak, T LS A 2 ST A B b K A o AR b
WEF-B (#3),

B3 GNSSULal 2|4 % B An M 3 K s K 369 (a) Fofl A GNSS 4245 R 0
ZH R FHORERE (b) (3 Argus 55, 2014)
Fig. 3 The average uplift (a) observed with GNSS compared with the inferred

average increase (b) in equivalent water thickness in California, USA

(according to Argus et al, 2014)

2.1.2  GNSS S i i by 7K figf 2 1) 107 FH

K[ Argus 1 LK A% BB 5 U R4
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Fok, Liu, 2019; Hsu 5§, 2020; Jiang %, 2021;
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2021, Silverii %, 2016;
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2023), Borsa % (2014) F&F 36 B 75 56y X 19
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e T B AR B, SRS B O 25 4 M BLAT B 1 )
FREE S, SIS ER Y HLME BT LR & GNSS
AR TN, PR R, GNSS KR
B F10 el 7 i A L R 3K 30 A 1 2 R 0 R
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GRACE J& 3% [5] [& St 25 it K Jmy A 1 25 A
KT 20024E3 A 17 HESWEHTE, W
S DX K it AR A W I A T, REA U M g
R EICE TR RUBE Bt M K i i AR A A RRAE (Rodell,
Famiglietti, 2002; Swenson et al, 2006; #% JC fi
452009, BREEAE, 2009; WA, 2012), B
%6, GNSS 1 GRACE Bt -4 #F 5% Al LA ] ] GRACE
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S, AT R Ay o 0 b ) B 52 R ELAE Sl
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Fl GRACE 75 Bl 0 BERARAEAN 2, SEI PR By
PSRN, FE RS I 25 23 3 R 0 5 (1% i b 7K it
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AL €1 i A B 0 i R ) A T A a8
I GRACE Frig i 8K fifi it 5 GNSS Ak A5 37 #% B[]
FEHAT Bom AR G . R e FE W UER T GNSS 5
GRACE {5 5 7E 2 B3R 224~ LAY X I 34 47 0 9 4 G
£ ( Kusche, Scharma, 2005; X|{T #J4F, 2013;
AL T, 20145 HREISE, 2017) . ATTR& AT LUA]
FH 38 55 5 0 R 6 13X — R o ifE — 2B TR R IR
U Wang 4% (2017) FIJH GNSS T LA B £ i ) 4
J6F b X AT 5T, IFFIH GRACE £l K
AR S B A2 RS, A T EH RN —E
{14 BEBIL 1 A A AR A S A% 21 P K B A iz
S5 IE A B BIEN R . Pan % (2019) iF—
FIH GRACE B[] 541 v 45 BV BE T K L X
GNSS i hfafur AR AL = A L A8 . BlE BF9E B9 AN
WIR A, o243 TR R GNSS #il GRACE %4
AW R K i (R, 20175 Su, Zhan,
2022), XEEHFGYFRIH T H A RO M Mo R AR B
AR s —E0rE, R LA kR B S T
Hifif /K 87254k, Carlson 58 (2022) T /N4
P —FP BT A ROTBAE SR, 3 2N D AR 4
¥ GNSS I GRACE s [i] J7 8] 43~ Ay 1< 91 0 e 40
S B AT RO, A T AN TR AR
BRAEAE S, 53T 2003—2016 4F 35 FE i
Rl K At e, B IRAE R KW, GNSS A1 GRACE
B S [ GRACE Bt Jz 7 45 SR if 25 43 2 T

far, AT RUAE IE JR &R R 2 X GNSS 2 i 45 SR
7/ 113 £ 1] 5 LW € (£ BT R A
2.2.4 GNSS 523K CHAL | InSAR ¥KG Y

A BROK SCREAY AT DU A 43K e i 25 4 B
R Al . Bz ST i i b 2 AR S FGE
BIAnFEK . 788, MR WM A T R4, 28R
L[] /£ &2 45 ( Global Land Data Assimilation Sys-
tem, GLDAS) 7K 3CH Y 38 1o 45 4 Bl R Ak £ AR |
T3 SRR AR R b TET R ) K A 2 R R, X 4
R b 3 T Y 7K SO B o AR AT SR O, H
Mo AR bl o K Al B 9 BF T, GLDAS 7K SCASE 7Y
AT LA T 58 00F B2 3 45 SR 09 MER 4, B 40 Scanlon
(2019) f#if] GRACE #1 GLDAS PEAS A8 3hxf 4
BROK fith i A A 0 52 i R0 b K i o %) 2 MR i 3
Li % (2023b) f#i Jil GLDAS %i ¥ ¥ 3iF GNSS 0
GRACE 54 5 8 v [ 74 pg i XK VT 37 3R s b 7k
a4 2R, IR H T 07 BB 5 00 s AR
5, GPRRW AR AR B i R KBS A AR A
— 3k, A B K OB RN A e —E R 2, L
4n Jin A1 Zhang (2016) %3 GLDAS Noah %7 it
Z Sy M F K AR Mo T K EHE, A R 57 2L M
DU DX 3 i b K AR Ak, 540 b XA 3 5 28 A SR AN
SR, 3 K SO Y i R AR A i 43 23
NS T TR0 A AR A AT G B 7K A 1 AR Ak T #)
Al

HGALE RSB T W& (Interferometric Syn-
thetic Aperture Radar, InSAR) J&—Ff 3 825 7]
X MR A SRR AR, AT LA R, IR AR A5 B
M RBUE R F R, JFA R4 HE%, InSAR
55 GNSS (% ml A 2 B TR pFsR #405, AT LA
T 501 T T o A BB b T K I SR 1 R A M B
2% (Bui et al, 2021; Sha, 2021),
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Progress in Terrestrial Water Storage Research Based on GNSS Observation

DUAN Tiangi', ZHAN Wei’, SU Guangli’, LIU Xiao’
(1. School of Geology and Geomatics, Tianjin Chengjian University, Tianjin 300384, China)

(2. The First Monitoring and Application Center, China Earthquake Administration, Tianjin 300180, China)

Abstract

The method of inversion of terrestrial water storage using GNSS observation based on mass — loading theory is

introduced, and the progress, application and development trend of using GNSS to study terrestrial water storage,

as well as the joint research of GNSS with GRACE and hydrological models are described. With the continuous im-

provement in the accuracy of GNSS observation and the rapid development of observational network, remarkable

advances have been made in the study of terrestrial water storage by GNSS observation, and GNSS has become an

important means of terrestrial water storage monitoring, and the use of GNSS to study terrestrial water storage in

Chinese mainland has great potential and prospect. But it still needs to be further researched in the aspects of fine i-

dentification of time series signals, optimization of inversion algorithms, and fusion of multi — source data.

Keywords: GNSS; terrestrial water storage; mass — loading theory; inversion



