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Table 1 Data requirements and sources

A FEhr Py HAERIR
LiCSAR 2014-2022 0.0001°- (~100 m) https://comet.nerc.ac.uk/COMET-LiCS-portal/
DEM 2000 30 https://earthexplorer.usgs.gov/
GACOS 2014-2022 0.1° http://www.gacos.net/
FERh Hb B A P 2021 1:100 /i https://www.webmap.cn/commres.do?method=result]1 00 W

K PAL B BRSSO BOE R — L AT AR %, B T R HE SR B A A
TR DL SIS e 4, WoE PR AR (WGS 1984) Fil#sZ 72 (Albers equal area) , RF42HX ) 45 S A
PIEIATH (PERME-%2) « GrhX (B 20 km) « Gepf X &SR0, 15 3] TREE R s 7
JuH (polygon) #idli. FTEARHMZ, St XAIEM PALRIE T 4PN MBS KB AL (km) , 1M
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DA TR 76 JER S Bl A LICSAR 77 i ()25 (A1 28 5, 18 75 B AT 2000 AL BEIK) LICSAR 77 il () ME — B iR A

(Frame ID, & 2) , HEETIHHFIFEYL LICSAR H4fE 4578 55 (1 B & 15 HLHf T InSAR VR, JLit 4
AMFXI (B 1D, Hd Frame ID #1, 78 “A” REAPHET X, “D” AERHEHB TR,
PREUEF X3 25 A G F E  LICSBAS AbFE 2 s B P BRINI NS (R 2) , & IXIm3857a
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Figure 1 Geographical location of the Qinghai Tibet Engineering Corridor and InSAR processing sub-areas (DEM from

32°0'0"N

SRTM V4.1, highways, railways, and geographical names from the National Catalogue Service for Geographic

Information)

#2 InSAR HFEAE S X FLHEL

Table 2 Detailed information of InSAR processing for sub-areas

JEE FramelD BRI
070A_05479 131313

X4 1 92.8758/95.2205/34.4533/36.2267
077D 05487 141313
143A 05452 131313

X1, 2 92.2345/93.5616/34.3276/35.6077
150D _05404 252525

X1 3 143A 05651 131313 91.8624/93.1465/33.7313/34.7647
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# (Frame ID A& FEE “A” ) MEEHF*F (Frame ID hEEFE “D” ) 85 2017 45 2023 4£4F
AN DX AO0] R 7 7 X T, L LOS i 7 REUR AR AL AR R AR K], 2 [E] 4 HE% N 100 mo 4%
DX IAL B ) 285 SRR AT B AN BT, BT 45 3 78 o 5 LA E R 2 R R X i T, BB LOS M AR 4
R, R % DX B 2 R FH T BB SR AT X 3R 1 72 DA R & 285 SR F iR 72

LiCSBAS T A ab Pt F2 + BASE TS S . IR 40T R 25 S n] WAL = AN R RS R0, -3 (R 3
TNEARMES I B, EEEXT LICSAR. GACOS H#i 7= i 1) N 8k U %%, B LTSI (0-1
B FHL 0-2 Bl g i) F=AmiE D1 (0-3 fH GACOS 3T KA M LBR. 0-4 T3 B IEAN
0-5 HHE By , Hoh 0-3 £ 0-5 M nl g0 B o] AT R EEIUT o« B 7 20 A 2 BEALHE 1-1 DUk &, 1-2
T AH AL P B g AR A . 13 N R R E . 14 18 1 Bootstrap & VE [ 2 7 72 Al iF

(https://github.com/dbekaert/StaMPS )  1-5 Bf J7 25 F Mg FEHEE . 1-6 B 7 45 B = 983 55 6 N EED IR

W 2. IR SIENSE (SUER GRS RSHORE) n el E0 B IR RS R . 4R
B KRG kB, FIH GDAL. QGIS. GMT 1 ArcGISD 24 T ot 45 B HEAT 73 B Al o] 404k o

FESEPRAC BT FE A, T LICSAR 7= it ST (W I 25, A 1= S T eI A 40 GACOS 72 i £ Bk
SAEAL. KT IX 4> LICSAR 724, @i F3I N4 GACOS 7= (http://www.gacos.net/) HE47#h75l12141,
F3 T 1) GACOS HHfa 1136 FEl el 130w T8 B X ) 3 BY Y L, 258 A 7 H T e o s G A8 8
BEARMEE metadata.txt) HEF . HREERE H @S R A 0-3 SSEATHI E . E PR EE FE R,
TER € R GACOS %4l 1) LICSAR 7= ity H 3B, Rd#bRE 0-2 3 R e 240 n AR NG EE (i n
W12, BESFPER , UHEtRHREEG, ERATGIR P o R 1 IR 45 3R 25 )
IR N~100m) .

122 % UD/EW iR E

REEF—4ETH9 LOS Bif#5 LOS MEBEE, fE—EfEE Bl DRI RIZAR, (H5 fE ]3R5
PR 2 2 REVEAT SAR T BASES s (ZE R EAT L), LOS 18] FE A — 5E A % B0 5 S i iy 36 2 A8 Sz BR s o 014191,
A BB ATH SIS B RS 45 B FT 4T, ML LOS MEAESE R, Bkt
TEA R 0 BN B ZBE AT, FIFA (1) ATfRE SR TR E B R — 4E AR (5 B 0719201,
I e | g
X, . v~ s A B RMREEFL InSAR B LOS M 45 AR | RS InSAR
Wi LOS 45 8. THoL SAR FiE NS . 8L SAR THIE NS . THEL SAR Tk i f. BEHL SAR &
BN EE ARG BAARAREEGEL. @BEARX (D WTHEEFE—FREBA S Rt
EHEMPEREE, RPELER.

o ERHEHEE, 2025, 104) |5



Cs 20172022 SEFRTEE MEFEHF X MR RN HEL

DEFZ5HIE
FUH AR 43 4t
COMET-LIiCS k%5
i I / 1-1. BogG 2
/ﬁﬁi?iﬁ@ /*EJF,%%IIE//
0-1. 535 T #k .
1-2. HALHER
A4
0-2. 554 (AP v
——
3 BT
Ll L 4//
0-3.GACOS [ — —»| il

0-4. 3 I i

A
|
|

0-5. THEHEI - — —»
1-4.Bootstrap

Y Y
B

: ; frra
T SRR R
/ S 07T // i //
e Tesmo

1-6. 15 FF

[::j K /ﬁﬁ/ > gk it
ﬁ y

[ ] wonn v

A

B2 LiCSBAS TAGRIERFREELERER

Figure 2 Workflow of the LICBCAS toolkit for InSAR time-series deformation inversion
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Table 3 Temporal nodes used for 2D deformation computation

X% 1 X3 2. 3. 4 X% 1 X 2. 3. 4 X3 1 X 2. 3. 4
2017-02-20 2017-02-25 2019-08-21 2019-08-26 2020-10-02 2020-10-07
2017-03-04 2017-03-09 2019-09-02 2019-09-07 2020-10-14 2020-10-19
2017-04-09 2017-04-14 2019-12-31 2020-01-05 2020-10-26 2020-10-31
2017-04-21 2017-04-26 2020-01-12 2020-01-17 2021-02-11 2021-02-16
2017-09-24 2017-09-29 2020-01-24 2020-01-29 2021-08-22 2021-08-27
2018-03-11 2018-03-16 2020-02-05 2020-02-10 2021-09-03 2021-09-08
2018-04-28 2018-05-03 2020-02-17 2020-02-22 2021-10-09 2021-10-14
2018-06-27 2018-07-02 2020-03-24 2020-03-29 2021-10-21 2021-10-26
2018-07-21 2018-07-26 2020-04-05 2020-04-10 2021-11-02 2021-11-07
2018-09-07 2018-09-12 2020-05-11 2020-05-16 2021-11-26 2021-12-01
2018-10-13 2018-10-18 2020-05-23 2020-05-28 2021-12-08 2021-12-13
2018-12-12 2018-12-17 2020-06-16 2020-06-21 2022-01-01 2022-01-06
2019-01-29 2019-02-03 2020-06-28 2020-07-03 2022-01-25 2022-01-30
2019-03-30 2019-04-04 2020-08-15 2020-08-20 2022-02-06 2022-02-11
2019-04-11 2019-04-16 2020-08-27 2020-09-01 2022-02-18 2022-02-23
2019-07-16 2019-07-21 2020-09-08 2020-09-13 2022-03-14 2022-03-19
2019-07-28 2019-08-02 2020-09-20 2020-09-25 2022-03-26 2022-03-31

GHIEAEIA S 5 DRGSO 1A pdf SO, i ST A R AR B 45 R VA, 353t 1.76 GB,
pdf U ATEAR S R R &, SCIFRIAH G . AR I LR 4 .

R4 FBRIEERZEL L XMRBEBEE MG EHENE
Table 4 File structure and contents of the dataset of InNSAR-derived ground deformation in permafrost zone of the

Qinghai-Tibet Engineering Corridor

X4 R UL
/Ascending.7z Tz FRYESCAE | FHELLOS MR BARG RIEgE A, @l RSt
/Ascending/fasc YYYYMM | . THEL LOS [ BAEARLE B, 351 81, RSN ArcGIS, Qgis £
; if AR E
DD.tif FHETIT
/Decending.7z Tz R4S | B LOS My RARG R R4, I8 AR AT
/Descending/dec_YYYYM | . W H 4 FEEL LOS [l 7 2R ARZER, JL 51 8, ATEES A ArcGIS, Qgis 253K
MDD.tif H T TF
/EW.7z Tz FRYESCAE | RV R R R, iR T
/EW/ew_YYYYMMDD.tif | .tf fHgEds | Reme 5 R2RmARZR, 51, "E#ES AN ArcGIS, Qgis FH 4TI
/UD.7z Tz A | EEMET RARG REAEG, @RI
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Figure 3 Vertical deformation rate (in mm/yr) in the Qinghai-Tibetan Engineering Corridor from 2017 to 2022 (highways,

railways, and geographical names from the National Catalogue Service for Geographic Information)
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A dataset of InSAR-derived ground deformation in permafrost zone
of the Qinghai-Tibet Engineering Corridor, China (2017-2022)

DU Qingsong!?34*, LI Guoyu'***, CHE Tao'* MU Yanhu'2?3# Ma Wei'->*

1. State Key Laboratory of Cryospheric Science and Frozen Soil Engineering, Northwest Institute of

Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, P.R. China
2. International Research Center for China-Mongolia-Russia Cold and Arid Regions Environment and
Engineering, Chinese Academy of Sciences, Lanzhou 730000, P.R. China
3. Da Xing’an ling Observation and Research Station of Frozen-Ground Engineering and Environment,
Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Jiagedaqi 165000, P.R.
China
4. University of Chinese Academy of Sciences, Beijing 100049, P.R. China
*Email: guoyuli@lzb.ac.cn
Abstract: Under the dual effect of global warming and human activities, permafrost degradation in the
Qinghai-Tibet Engineering Corridor (QTEC), located in the hinterland of Qinghai-Tibet Plateau (QTP), has been
intense, triggering a series of geohazards and posing significant challenges to the maintenance and safety of
linear engineering infrastructures such as the Qinghai-Tibet Highway (QTH) and Qinghai-Tibet Railway (QTR).
Ground deformation, as the primary indicator of common embankment and pavement distresses as well as
related environmental geological hazards, can be as an effective proxy for engineering problems. While until
now, there is no relevant ground deformation dataset covering the whole QTEC permafrost section, especially in
the vertical (up and down, UD) deformation. In this study, LICSAR (Looking Into Continents from Space with
Synthetic Aperture Radar) products were firstly processed using time-series InNSAR (Synthetic Aperture Radar
Interferometry) via the LICSBAS toolkit (an open-source InSAR time-series analysis package developed by the
Looking inside the Continents from Space project) to obtain one-dimensional line-of-sight (LOS) deformation
results of the surface ascending and descending orbits in the permafrost zone of the QTEC. Then, using SAR
image acquisition dates as a constraint, we filtered out the ascending and descending orbit time-series InSAR
deformation datasets with the same or similar acquisition dates for two-dimensional surface deformation,
namely surface east-west (EW) and vertical (UD) directions, while ignoring north-south deformation. As a result,
both one-dimensional (ascending and descending LOS) and two-dimensional (EW and UD) deformation
velocities and cumulative time-series deformation for 51 periods from 2017 to 2022 were obtained. Comparison
with field-based monitoring indicates that the vertical deformation results show an accuracy mostly within 10
mm, with a maximum error not exceeding 30 mm. This dataset can not only be used as a benchmark for
subsequent InSAR deformation monitoring, but also provide data support and effective suggestions for the
normal operation and maintenance of transportation linear projects, such as QTH and QTR. In addition, it can be
used as input for the inversion of permafrost active layer thickness and other related geotechnical analyses.
Keywords: Qinghai-Tibet Engineering Corridor; permafrost; ground deformation; InSAR; cold regions

engineering
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Dataset Profile

Title

Two-dimensional ground deformation dataset in permafrost zone of the Qinghai-Tibet

Engineering Corridor, China (from February 2017 to March 2022)

Data authors

DU Qingsong, LI Guoyu, NIU Fujun, CHEN Dun

Data corresponding author

LI Guoyu (guoyuli@lzb.ac.cn)

Time range

2017-2022

Geographical scope

The entire permafrost section of Qinghai-Tibet Engineering Corridor, from Xidatan to Ando,
including a 20 km-wide buffer zone along both the Qinghai-Tibet Highway and
Qinghai-Tibet Railway (32°09'49.01"-36°13'39.41"N,91°17'49.60"-95°13'15.60"E)

Spatial resolution

0.001° (WGS-84 geographic coordinate system,~100 m)

Data volume

1.76 GB

Data format

GeoTIFF (*.tif)

Data service system

https://doi.org/10.11888/Cryos.tpdc.300400
https://www.scidb.cn/doi/10.11888/cryos.tpdc.300400

Sources of funding

The Second Tibetan Plateau Scientific Expedition and Research (STEP) Program
(2019QZKK0905); the Open Research Project of the Qinghai Provincial Key Laboratory of
Tibet Plateau Highway Construction and Maintenance Technology (2024-JY-D-03); the
Independent Research Project of the State Key Laboratory of Frozen Soils Engineering
(SKLFSE-ZQ-202303); the Major Science and Technology Program of Gansu Province
(23ZDFAO017); the Science and Technology Program of Xizang Autonomous Region (Grant
No. XZ202401Z2Y0040), and the Program of the Gansu Province Science and Technology

Foundation for Youths (25JRRAS515).

Dataset composition

The dataset consists of a total of five compressed files (*.7z) and one pdf file (*.dpf).

(1) Time-series cumulative deformation results are provided in four compressed files:
Ascending.7z, Descending.7z, UD.7z and EW.7z, representing cumulative deformation in
the ascending LOS, descending LOS,, vertical, and east-west direction cumulative
deformation, respectively. Each archive contains 51 period-specific cumulative deformation
files named in the format asc YYYYMMDD.tif, dec YYYYMMDD.tif,
ud YYYYMMDD.tif, and ew YYYYMMDD.tif, where YYYYMMDD denotes the
observation date (e.g., 20170225). (2) Deformation velocity results from 2017 to 2022 are
included in the Velocity.7z archive, containing four files in total: ascending.tif,
descending.tif, ew.tif, and ud.tif, corresponding to deformation rates in the ascending LOS
east-west direction, and vertical direction,

direction, descending LOS direction,

respectively;(3) The pdf file, “Result plotting.pdf” provides visualizations of all the results.
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