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Source Parameter Inversion of Moderate to Strong Earthquakes and
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Based on InSAR Observations
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Abstract: Objectives: Source parameters in earthquake catalogs are commonly derived from inversions of
seismic—wave observations, but their reliability is often limited by the number and spatial distribution of
local seismic stations and uncertainties in crustal velocity models.Interferometry synthetic aperture radar (In-
SAR) provides high—spatial-resolution, centimeter—level coseismic deformation measurements, offering an
effective way to better constrain the source parameters of shallow earthquakes. However, the most existing
InSAR-based studies have focused on larger events (Mw>>6.0), whereas moderate earthquakes, which
occur more frequently, remain comparatively underexplored, and a comprehensive, systematic InSAR
earthquake catalog has not yet been established. The Tibetan Plateau is an ideal region for developing an In-
SAR earthquake catalog, given its limited seismic—station density, commonly low seismic signal-to—noise
ratios, and generally good InNSAR coherence for coseismic deformation monitoring. Here, we develop and
analyze an InNSAR-based catalog of moderate earthquakes across the Tibetan Plateau and evaluate its dif-
ferences from conventional earthquake catalogs. Methods: We constructed a catalog of source parameters
for 42 moderate-to—strong shallow earthquakes (Mw 4.8—6.6) on the Tibetan Plateau from October 2014

to October 2022. We first assessed the quality of coseismic Sentinel-1 interferograms available from the
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Alaska Satellite Facility (ASF) platform. Depending on interferogram quality, we applied two processing
strategies.For high—quality events, we utilize generic atmospheric correction online service for InNSAR (GA -
COS) assisted differential INSAR (D-InSAR) approach. For low—quality events, we adopted a phase-stack-
ing strategy. These procedures yielded coseismic deformation fields for all 42 earthquakes, which were then
used to invert earthquake source parameters within a Bayesian framework. Results: The inverted events
comprise 13 thrust, 10 normal, and 19 strike earthquakes. Overall, the model fits are good, with root
mean square (RMS) misfits below 2 c¢cm for the majority of events. Parameter reliability and uncertainty
were further evaluated through comparisons with published studies and by examining the posterior credible
intervals from the Bayesian inversions. Compare to conventional earthquake catalogs, the InSAR-derived
catalog provides more accurate centroid depths and horizontal locations. Depth discrepancies reported in
conventional catalogs can reach 4 — 11 km. Among the existing catalogs, the China Earthquake Networks
Center (CENC) solutions show higher horizontal location accuracy than United States Geological Survey
(USGS) and Global Centroid Moment Tensor (GCMT), with a mean offset of 7.4 km, whereas the GC-
MT locations exhibit a 11.9 km systematic bias and a distinct spatial pattern that correlates with topogra-
phy, trending from high—elevation regions toward lower elevations. In contrast, fault-geometry parameters
reported by conventional catalogs are broadly consistent with the InSAR solutions. The absolute differences
are 10°—11° in dip and 9°— 10" in strike. This study further integrates the InSAR-based catalog with
previously published source datasets to derive empirical scale relationships for earthquakes over a broader
magnitude range (Mw 4.8 —8.03) on the Tibetan Plateau. Conclusions: The study shows that the InNSAR-
derived catalog significantly supplements the existing global catalog and can improve empirical scale rela-
tionships, facilitating scientific reference for regional seismic risk assessment.

Key words: Tibetan Plateau; shallow moderate to strong earthquake; InSAR source parameter inversion;

earthquake catalogs; empirical scaling relationship
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Fig.1 Schematic Diagram of Seismic Cataloging Process Using InSAR Data
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Table 1 InSAR-Based Earthquake Catalog Constructed in This Study
F5 H % b G o WEE/km SER/C) ifA/C) /) MR
1 2019-01-03 e 104.85°E 28.22°N 1.47 169.1 58.9 47.3 4.8
2 2018-05-06 % 96.59°E 34.55°N 3.41 156.4 78.4 172.0 5.0
3 2019-09-07 AL 104.81°E 29.58°N 3.61 206.0 18.8 44.2 5.0
4 2017-02-01 e 83.41°E 30.68°N 4.66 347.6 28.9 —65.3 5.1
5 2016-12-04 T 92.18°E 32.36°N 5.58 238.5 76.4 167.2 5.2
6 2020-01-16 JE 7 83.65°E 41.22°N 2.86 254.0 42.1 —8.2 5.2
7 2020-03-09 HEE 85.57°E 32.84°N 6.46 49.6 77.1 —6.2 5.2
8 2021-03-20 KL 98.91°E 33.04°N 3.63 28.1 51.0 —74.1 5.2
9 2021-03-23 FEIR 81.06°E 41.78°N 1.57 74.5 83.6 —164.3 5.3
10 2016-05-22 S L 87.63°E 28.47°N 4.21 11.4 60.6 —56.0 5.4
11 2017-05-10 B IR T 75.29°E 37.65°N 6.86 138.7 33.1 —100.3 5.4
12 2019-09-24 s KR 73.76°E 33.10°N 6.59 104.0 87.7 45.2 5.4
13 2020-04-01 VEg 87.71°E 34.38°N 4.70 34.7 76.5 0.3 5.4
14 2021-08-13 % 97.54°E 34.56°N 4.03 287.3 89.8 5.9 5.4
15 2021-09-15 AL 93.91°E 38.07°N 4.35 312.2 47.5 75.4 5.4
16 2021-03-29 P i 83.50°E 34.74°N 5.58 219.9 47.1 —62.1 5.5
17 2021-06-16 Tl 105.35°E 29.20°N 1.98 135.0 64.1 82.2 5.5
18 2021-11-30 Je ¥ 87.99°E 31.78°N 7.95 359.0 49.9 —89.5 5.5
19 2022-01-23 TH g 97.36°E 38.46°N 5.08 350.0 62.9 —176.2 5.6
20 2015-04-25 L 87.43°E 28.42°N 9.20 354.2 74.4 —125.8 5.7
21 2018-09-08 BT 101.58°E 23.28°N 5.85 53.1 73.2 —20.8 5.7
22 2020-03-20 S 4 87.41°E 28.67°N 3.80 142.1 58.8 —92.9 5.7
23 2021-03-19 T i 92.87°E 31.92°N 8.21 57.0 63.5 —42.3 5.7
24 2022-03-25 g 97.35°E 38.49°N 6.06 180.9 89.4 —14.1 5.7
25 2022-08-14 AR it 92.88°E 33.24°N 4.19 157.0 81.8 11.3 5.7
26 2018-12-23 i 87.72°E 30.32°N 6.31 360.0 51.0 —71.6 5.8
27 2019-06-17 K 104.89°E 28.40°N 2.55 121.8 8.8 —5.6 5.8
28 2014-11-22 e 101.68°E 30.28°N 8.80 323.6 69.8 —14 5.9
29 2016-01-20 I 101.61°E 37.66°N 8.95 154.3 45.6 114.0 5.9
30 2016-12-08 I ] R 86.32°E 43.81°N 10.98 89.0 57.9 124.3 6.0
31 2020-01-19 A 77.26°E 39.89°N 7.56 95.7 11.6 103.4 6.0
32 2021-05-21 TR 99.92°E 25.64°N 4.17 312.4 87.6 9.5 6.1
33 2017-08-08 K 82.68°E 44.29°N 14.56 250.2 23.1 61.9 6.3
34 2020-06-25 Fm 82.45°E 35.61°N 6.14 6.9 66.6 —95.2 6.3
35 2020-07-22 Je s 86.89°E 33.19°N 7.24 211.6 51.1 —69.4 6.3
36 2015-07-03 Bl 78.03°E 37.57°N 9.94 292.0 22.9 87.8 6.4
37 2016-06-26 AR 73.62°E 39.44°N 10.60 268.5 17.7 83.9 6.4
38 2017-11-17 e 95.11°E 29.74°N 5.49 98.7 11.5 60.5 6.4
39 2017-08-08 JLFE 103.85°E 33.22°N 6.01 328.8 59.2 —15.7 6.5
40 2016-11-25 BT 5 g 74.24°E 39.22°N 5.73 285.0 80.3 —12.2 6.6
41 2022-01-07 I 101.28°E 37.78°N 6.13 287.1 84.0 1.8 6.6
42 2022-09-05 WiE 102.16°E 29.55°N 6.08 167.4 73.7 178.5 6.6
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Fig. 2 Compilation of Coseimic Deformation Maps in Tibetan Plateau
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Fig. 3 Comparison of InSAR Source Parameters in Same Earthquake Cases

B Ak B R RERY R 25 o A SRS I R R
AN B E PE R EAT T s, T T IR WA 2R S 3 Y
FIREPE o 7R TR L E R E O L 42 WO R R Y
S 2 AN B E R A ARV R AL IR 0 0.7
kmeo 37 B 2 BB E PR BRI M R S S TR
I B TE A O OC R T 5 R 4 T W] B R S L T
JIE S0 14 3 52 0 S RO W A R DX B R (R 1
Bl A(f) ~4(g)), X % B InSAR WL X F 8 b 7%
SRR 2E . W T WHR P IRS R A 2 1k
22 BB R 2 14 R e/ N ) 3 (15T 4(d)~4(e) )
EBR R MR F AR R AT S (50—
o AN TR IR AL R 64 W7 )2 IR S W E T 25

BN 3k TE T L Y ML G R S 43
1 8.2°.6.2° 6.4 0 £ AN E k43 R 5.8°.6.97,
6.9°, SCHR[ 231/ InSAR Hi 5% H 5% 7w 5 18 L
B4 T JZ2 77 R A 2 P A EE T 386 b R I AL A Y
W7 2% 7 bR BN R RE R R SR Y T R R
A HRR G K AR SCAIF A P A B A 2 R /N
1) W R, BN T L BN E
23 InSAREFRHHBERSEAMEBR R
1) o0 VR BE 22 S b b o o Al vk S 1B
— Ak Y B0 T BE 3 P = S AT X A
X F InSAR 28 P i 3845 51 ) ¥ 50 W sh A j, mf
W 2 LA A5 B (T 20 f 98 i L) Kk )2 |



266 BOK W (F B R 2D 2026 4£2
5, £ :
= 5 4
T Ote I:AAI IOIAI oI EEZ8244 w0 A OI 7y 2E8g8
- Tl I o) § oo it clatlsaanels2
k%74 K-8
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
il FS il FS
(a) TIEAHE (b) P A E T
g8 = 24
=4 <12 I
= H
Tl °iI=ﬂI:“II:II“ ‘IMI"‘III‘ﬂ“"‘“ﬁ o :I I III&I.IA :II: y; :::III.:Inmnh
=4 E-12
K-8 K24
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
HFS H RS
(c) KIEAHE M (d) 1 Ffs AN s 1k
£ 24 £ 4
= =
312 L & 2
W0 .I II:IIA: IIII:. II::IA.HI« mEed8AMAR| Iy O &I:tI:I»IImnIAIL:gA:.I:l.:I-mmh
E-12 Z)
K24 K4
0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
e FitkFS
() AE AT E M (D) V5 FANH & P
g4
< 2
ol
5o -:II::I:AAI:::I-SIAPA:IAI-IIPI-I::&MI
g
]é
“H 6 12 24 30 36 42
FlhFS
() Bdb I AHf E 1
TR ZE AR S HOIH M 0 B 15 X 10), 35 (-0 LA 20 €a- IE WML S - Y WL
K4 BIESEORTE M
Fig.4 Uncertainty of Inverted Source Parameters
2 EERESHEHTHEM
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Table 5 Mean Absolute Differences in Fault Strike and
Dip Angles/(*)
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Table 6 Empirical Scaling Relations Based on

Original Data

FEVEHL KFR b a R* STD
IgW=a+bM 114 —6.16 0.92  0.26

3 lgl=a+bM 048 —1.77 075  0.16
lgA=a+b6M 152 —7.38 098  0.20
IgW=a+bM  0.66 —3.20 0.66  0.23

iF W lgL=a+b6M  0.60 —257 0.61  0.23
IgA=a+b6M 148 —7.03 093  0.27
IgW=a+bM  0.67 —3.19 0.67 028

& lglL=a+bM 072 —330 087 017
lgA=a+b6M 145 —6.84 096  0.25
IgW=a+bM 088 —448 079 027

R lgl=a+bM  0.64 —276 078  0.19
lgA=a+bM 148 —7.06 096  0.24
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Table 7 Empirical Scaling Relations with Additional
Rupture Models

A UE L KFEA b a R* STD
IgW=a+bM 073 —3.82 095 027
SURLY lgL=a+b6M  0.64 —2.70 0.98  0.15
IgA=a+b6M 134  —6.32 1.00  0.20
IgW=a+bM 070 —3.43 093  0.20
iF W lgL=a+b6M 065 —286 092  0.19
IgA=a+b6M 137 —6.44 099  0.23
IgW=a+bM 054 —247 084  0.26
i lgL=a+bM 079 —3.72 098  0.16
lgA=a+bM 132  —6.12 099  0.22
lgW=a+bM 0.65 —3.17 092  0.26
AR lgL=a+b6M 071 —3.16 0.97 0.17
IgA=a+6M 133 —6.17 1.00  0.21
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