ISSN 1004-2903
CN 11-2982/P

HERY) PR~ JE B Progress in Geophysics
http ; / www.progeophys.cn

& 2006 4F 45 41 % 510
‘ 2026,41(1) :0095-0103

LEXY $H

B DL, AR RS, 5K UK, 4. 2026. i Kz GNSS A BCIE (1) i Bk 31 77 InSAR T A48 W I F 5% . b BR 4 3 2% )k J§2 ,41 (1) :0095-0103 , doi: 10. 6038/
pg2026]J0046.

ZHONG ChuHan,REN ZhiPeng, ZHANG ShuangCheng, et al. 2026. InSAR deformation monitoring of carbon sequestration areas considering GNSS
atmospheric correction. Progress in Geophysics (in Chinese) , 41 (1) :0095-0103,doi:10.6038/pg2026JJ0046.

I ke GNSS XS B 1E /Y Bili 3t B 3 77 InSAR 2 35 85 0 f 35

InSAR deformation monitoring of carbon sequestration areas considering GNSS
atmospheric correction
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Abstract Carbon Capture, Utilization, and Storage
(CCUS) has emerged as a effective strategy for mitigating
atmospheric CO, emissions. However, the large-scale
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subsurface injection of CO, may induce ground surface
deformation, potentially compromising the long-term
integrity of CO, storage. To investigate surface
displacement patterns in CCUS project areas following CO,
injection, this study employed the Small Baseline Subset
Interferometric Synthetic Aperture Radar ( SBAS-InSAR)
technique to analyze 45 ascending Sentinel-1A images
acquired between January 2022 and August 2024, enabling
comprehensive deformation monitoring over a 2.5-year
period in a Chinese CCUS geological storage site.
Recognizing the impact of tropospheric delay errors on
InSAR  measurements, we developed an enhanced
atmospheric delay correction approach synergizing Global
Navigation Satellite System ( GNSS) data and ERAS
reanalysis data, specifically optimized for small-scale
regional applications. Analysis of the phase-unwrapped
interferograms  confirms  that our GNSS-constrained
atmospheric  correction approach significantly reduces
tropospheric delay artifacts in localized interferometric
observations. The derived InSAR deformation field reveals
distinct surface displacement patterns in the CO, injection
zone, with measured vertical deformation rates ranging
from 0 to 10 mm/a. Deformation time series analysis at
monitoring points adjacent to injection wells reveals a
consistent response: initial surface uplift immediately
following CO, injection, followed by gradual subsidence
after several months. This pattern was confirmed through
comparative  analysis  of  InSAR-derived  vertical
displacements ( converted from LOS measurements) and
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independent GNSS observations. This study demonstrates
that the synergistic use of GNSS and InSAR technologies
enables precise monitoring of millimeter-scale surface
deformation in CCUS operational areas. The GNSS
infrastructure serves dual purposes: (1) enhancing InSAR
measurement  accuracy through  tropospheric  delay
correction, and (2) providing independent validation of
InSAR-derived  deformation results.  These findings
underscore the critical importance of integrated geodetic
monitoring for ensuring the safety and efficacy of CO,
geological storage operations.

Keywords Carbon sequestration; Time-series InSAR;
GNSS; Atmospheric correction; Surface monitoring
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Fig.1 Geometric principles of differential interferometry
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Table 2 Interpolation accuracy analysis
i RMSE
K701 0.0179
GPO1 0.0163
GP02 0.0178
GPO3 0.0168
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Fig.3 Temporal-spatial baseline graph of Sentinel-1A satellite
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Fig.4 Data processing workflow
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Fig.5 Comparison of interferogram phase before and after correction

(a) Interferogram before correction; (b) Interferogram after correction.
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Hob d i opponn NIEETT RS, d oo R IKIELTT
2R , 0 O 23 A S . X5 T GNSS %46 A 3Ciz
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T IS A 55 /N AR A 2 G B TR 1) T 9 R s (]
J7 B R AT 118 T A Mg Ak L, 5T ) D e BB 2R AT 4 i
1338 24~ IMF 233, 4 @ 00 00 IMF 43 5 306 77 /N AR
8 DT A5 30 /0N i IR, Gy T A3 TMF 43 34 i
ZIN R 1 {1 4 M b L, X6 IR Y IME 3 4 D g 47 R
BB JE B MR 1 S S S S R B AR S
HEAT EE A A5 B B Al FE AR S (5 A RO B g,
2020 ; XI5+ F, 2021).

¥ InSAR Z5 5 GNSS fif 545 R k47 b8, oJ
DL ) InSAR 2584 5 GNSS fE 15 5 ) | HA — 34
AR T . 2023 4R R R AE IR AR i 00 H 3 A B
iEH CO, MR B, 1l b T 25 M FE A CO, it i 35 4
T, AFL b & X6 12 A8 47 VAT ST 20 A e R, #2024
42 HZ )5, HFl InSAR £5 5L 24 /R 15 BT 60
TV A% A B AR Ak ) I R S 1 T A A 3 ¥ 1
GNSS ¥4l 5z FR, HL 3 2024 4F 3 J Z J5 iR A iE
SRHCHR BT 1) GNSS B 50 UE T b SCHT IR AT
FE2024 2 AZ )G I RIB AR, 57 AZ
Joi LB )R [

48

A K T 45 5t Sentinel-1A FF L% #i5, i2 H
SBAS-InSAR i A& %t [ N %= CO, #7752 5 E4T 2022
A1 3 2024 4 8 JAIE AR I T4E, iz H GNSS
454 ERAS B4 %t InSAR 95 [ wp st i 2 8 3R 5 22
HEATWCIE , 35 i AR A% X 38 1) T A8 SR I 3 BT
O HIE AR A5 R 5 R A RO MR i GNSS
LI 3285 JUT A B0 2 5 % b R T AE CO, AT IR
g1 1 AR AR A5 R (1) B X B9 X I
ZAEARIAEE N, A ST I Kz GNSS 1 /)y IX 3 %)
L2 A8 3R BRCIE J7 AT DAAE — 8 B BE 58 InSAR
TV B R R Z R 2 . (2) 7E 2022 4 1 #)
2024 47 8 F ], XA R B W & LOS [n] HE i
AL R A AT S 1B M 3R 0 TR AR i R R A
GNSS Fdis 475 b 5k, % B b 76 2024 45 2 A
Ja T R, 7E 2024 27 A 2 J5 Mg F R

SA E L iE FI B P InSAR 254 GNSS £ R X}
HE CO, HHAF S50 I AT () Hb 22 T8 A2 W I, W] LSO
FIIZ X I M 26 & A BN 1 ) AR T AR AR BE A
H R g iE X — A8 A 7 B3k — 3 B Bt & 2B )
1R 38 I 7 T il B d AT X 8T R A S 56 R A
HER, GNSS Wil st v DL T 4% 1E InSAR [ th
AR AL IR B 2, 38 AT DL F 50 0E InSAR ) 45
I 25 B X T CO, H7E X S8k 1) Hh 35 T8 A5

I A A 0 SR, I 2 oK 35 22 0 32 X it A7
TR 40 A ) s I A

B O BRHTRERREGEEKENHERYG
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