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Abstract; [ Objective ] The Heihe River Basin (HRB) is the second-largest inland river basin in the arid to semi-arid region of
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northwest China. Existing studies have mostly focused on its ecological environment, while research on surface deformation
related to groundwater extraction for dryland agriculture and mineral resource exploitation remains insufficient. [ Methods ] In
response to the need for surface stability monitoring in the HRB, an improved IPTA-InSAR technique was employed to process a
total of 101 Sentinel-1 SAR images from two orbital tracks covering the study area from 2019 to 2020, generating a time series of
surface deformation. The reliability of the result was verified using independently processed data from overlapping adjacent
tracks. Furthermore, high-resolution optical remote sensing data were integrated to comprehensively analyze deformation
characteristics. [ Results ] The result showed that the root mean square error between adjacent track result was 0. 2 mm/year, and
six significant deformation zones were identified within the basin. The maximum annual average subsidence rate reached
56 mm/year, and the maximum seasonal subsidence and uplift along the satellite line of sight were =70 mm and 60 mm,
respectively. [ Conclusion ] The spatiotemporal distribution characteristics indicate significant heterogeneity in deformation
mechanisms: (1) periodic subsidence due to seasonal over-extraction of groundwater in midstream oasis irrigation areas; (2)
seasonal rebound influenced by groundwater rise during the rainy season in the saline-alkali lands along the Great Wall in eastern
Jiuquan; and (3) continuous subsidence caused by mining activities in the Jinchang open-pit mine and Shandan coal mining
areas. The findings of this study can provide a scientific basis for the optimized allocation of water resources in river basins,
dynamic regulation of mining operations in mining areas, and protection of ecologically vulnerable zones, and offer important
references for the coordinated development of human-land systems in the inland river basins of Northwest China.
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Fig. 1  Geographical features and landforms of Heihe River Basin and its surroundings
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Fig. 8 Optical image and deformation results of surface uplift

area in eastern Suzhou District, Jiuquan City

DUREIG H 25 W3 . S0 X B B0 2= W Uik /36
FEANIE], X SEIRE e A 4E R 2 S5 R R G
IR HIRFEEE | ARZRMERRIE . FERMEES TR 23
FITR LOS [al i KIE AR i R 1 - 25 mm/a, AR7K SRR
IR FE I K AR R IRF - 12 mm/a, 455 W
M IHRFERAGE, FTLUE W, S KB AR R
TR BB AN 6] 5 A0 B 48 SR ™= B 2 B 179 1
MR 6(k)—K 6(1) ], R, W TE=Z4 I
SERR B SEOR EAR R TARTRAG S, FRATE AT
P H IR TR A — 25 10 2 1 0 B F S U
BARNIL, ABFTT R AT b r= B R 5 3R
T M AR O Y A AR PR VAT S O BRI 57
4 4 ©

AHFFEIE i HE 2019—2020 4E Sentinel-1 TR 5
QP ERSE, R AR IPTA-InSAR Hb3 ) BUE
AR It R 5 v A R R S BT B 3 3
M FRIE AR B Z ARG 5 A, IR Es R R, ST
TR AR B B 0 2 (R S . 6 Ak i E AR
XAEF AR F oAy | Eh ik S BE X R 7= I &
X, IR TR BERSh A AR | 7K SCHb S K
TEAR FIRAT 15 i 2 RUE AR =2 F S IEARHLH]

KN S 2 PN S T e = B2 | NG SR K 8
F b FIE AR 2 B, MR R E . BT IX
B FARO HEEA R SR TRl ke . ok
T A A M | B R T O 0 5 e B ] 3 3

199



BIE, Z// 275 2019—2020 FEHFRFA InSAR W05 A4 SRz

TS A Al btz 25 R A8 SO Jz A7
P fl A TR AR T A A 25 25 A PR AR AR
PA) it ] Y Jel N s 2R G 1) ] R4k

PASCHEEPGAL
K,

£ % 3Lk ( References) :

(1]

200

250, DIE, T, . AU e i [R5
BEEEAR SR TR [)]. BB 29k R, 2008, 23(9): 897-
914.

LI X, MA M G, WANG J,

et al. Simultaneous remote sensing and

ground-based experiment in the Heihe River Basin; Scientific
objectives and experiment design[ J]. Advances in Earth Science,
2008, 23(9) : 897-914.

CHE T, LI X, LIU S M, et al. Integrated hydrometeorological, snow
and frozen-ground observations in the alpine region of the Heihe River
Basin, ChinalJ]. 1483-
1499.

DU E H, TIAN Y, CAI X M, et al. Exploring spatial heterogeneity

Earth System Science Data, 2019, 11(3):

and temporal dynamics of human-hydrological interactions in large

river basins with intensive agriculture; A tightly coupled, fully
integrated modeling approach[ J]. Journal of Hydrology, 2020, 591 .
125313.

HAN F, ZHENG Y, TIAN Y, et al. Accounting for field-scale
heterogeneity in the ecohydrological modeling of large arid river
basins: Strategies and relevance [ J]. Journal of Hydrology, 2021,
595: 126045.

KANG J, JIN R, LI X, et al. Mapping high spatiotemporal-resolution
soil moisture by upscaling sparse ground-based observations using a
Bayesian linear regression method for comparison with microwave
remotely sensed soil moisture products[ J].

13(2) . 228.
RUEHR S, LEE X H, SMITH R, et al.

Remote Sensing, 2021,

A mechanistic investigation
of the oasis effect in the Zhangye cropland in semiarid western China
[J]. Journal of Arid Environments, 2020, 176: 104120.

WANG H B, LI X, XIAO J F, et al. Carbon fluxes across alpine,
oasis, and desert ecosystems in northwestern China:

The importance

of water availability[ ]]. Science of The Total Environment, 2019,
697 133978.

0, HBL, AR, AF SR G RUSE L RS 3
SHEL]. IR, 2016, 20(5) ; 921-932.

LIX, JINR, LIU S M, Upscaling research in HiIWATER

et al.
Progress and prospects [ J]. Journal of Remote Sensing, 2016, 20
(5):921-932.

Zh, AN, BT, 4R TG 5 IR B 5T U
MEAR[)]. BIEREAR SR, 2012, 27(5) : 637-649.
LIX,LIXW, LLZY,

ST T
et al. Progresses on the watershed allied
telemelry experimental research ( WATER ) [ J].

Remote Sensing

Technology and Application, 2012, 27(5) : 637-649.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

YL, WRABWIVE L4 09 ORI FLIEHE SR B BaK R
it & . FE 2023 4R 4 E KR TAE S LR PRELT]. FE K
Fl, 2023(2); 1-10

LI G Y. Implementing the agenda of the 20th CPC National Congress
and boosting high-quality water development in the new stage: The
speech at 2023 National Working Conference on Water Resources[ J 7.
2023(2) ; 1-10

ZEE Y. Oy DArp I AR A 4 T R R RS 24
AE J IR 2 RRE . 7E 2024 4F 4 UK A TAE S E kg
[1]. KFIEEMISE, 2024, 24(1) : 1-10

LI G Y. Improved water security for China’ s efforts to build itself into

China Water Resources,

a stronger country and rejuvenate the Chinese nation on all fronts by
pursuing Chinese modernization: Speech at the 2024 National Water
Conservancy Work Conference [ J]. Water Resources Development
Research, 2024, 24(1): 1-10

MASSONNET D, ROSSI M, CARMONA C, et al. The displacement
field of the Landers earthquake mapped by radar interferometry[ J].
1993, 364(6433) :

MA ZF, ZENG HY, LUO H P, et al. Slow rupture in a fluid-rich

Nature, 138-142.

fault zone initiated the 2024 M 7.5 Noto earthquake[ J]. Science,
2024, 385(6711) . 866-871.

XU W B, XIE L, AOKI Y, et al. Volcano-wide deformation after the
2017 erta ale dike intrusion, Ethiopia, observed with radar
interferometry [ J .
2020, 125(8) :

WANG J H, LU Z, BEKAERT D, et al. Along-arc volcanism in the

Journal of Geophysical Research: Solid Earth,
€2020JB019562.

western and central aleutian from 2015 to 2021 revealed by cloud-
based InSAR processing[ J]. Geophysical Research Letters, 2023, 50
(23):
MA P F, LIN H, WANG W X, et al. Toward Fine Surveillance: A

€2023GL106323.

review of multitemporal interferometric synthetic aperture radar for
infrastructure health monitoring [ J ]. IEEE Geoscience and Remote
Sensing Magazine, 2022, 10( 1) : 207-230.

LI, Ak, BT IR TN ORIk = A MR AR AR
WM]. &V PR, 2019.

FENG G C, LI Z W. InSAR Technology and Its Application in
Topography Mapping and Deformation Monitoring over the Pearl River
Delta[ M]. 2019.

Changsha: Central South University Press,

WANG Y D, YANG Z F, LI Z W, et al. Fusing adjacent-track
InSAR datasets to densify the temporal resolution of time-series 3-D
displacement estimation over mining areas with a prior deformation
model and a generalized weighting least-squares method[ J]. Journal
of Geodesy, 2020, 94(5) . 47.

YANG ZF, LIZ W, ZHU J ], et al. Use of SAR/InSAR in mining
deformation monitoring, parameter inversion, and forward predictions
A review [ J .

IEEE Geoscience and Remote Sensing Magazine,

2020, 8(1): 71-90.

KFKEBEAR(PHRL) $E56%5 2025 F% 10 #



[20]

[22]

[24]

[25]

[27]

[28]

[29]

IRFKEBBA (FEEL)

REZE, WAR, B, . InSAR W IR SRR )], e
4%, 2022, 51(10) ; 2001-2019.

ZHU J J, HU J, LI Z W, et al. Recent progress in landslide
monitoring with InNSAR[J]. Acta Geodaetica et Cartographica Sinica,
2022, 51(10) : 2001-2019.

XIONG Z Q, ZHANG M Z, MA ], et al. InSAR-based landslide
detection method with the assistance of C-index [ J]. Landslides,
2023, 20(12) : 2709-2723.

TgH, IR, WEE, 45, InSAR WL T IS IR A Al i
R FIEAS R A A AL LA [ D). 8 J =i, 2020, 24(10) -
1233-1242.

WANG H Y, FENG G C, MIAO L, et al. The characteristics and
evolution of surface deformation induced by agricultural irrigation in
the Junggar Basin from the perspective of InSAR[ J]. Journal of
Remote Sensing, 2020, 24(10) ; 1233-1242.

WANG Y D, FENG G C, LI Z W, et al. Estimating the long-term
deformation and permanent loss of aquifer in the southern Junggar
Basin, China, using InSAR[J]. Journal of Hydrology, 2022, 614
128604.

LRI, 8R4, GG, 4. BRIk InSAR Hdi Ak BB T 0E JiE |
PRI T]. MZx2A4, 2024, 53(6) : 1037-1056.

JIANG L M, SHAO Y, ZHOU Z W, et al. A review of intelligent
InSAR data processing: Recent advancements, challenges and
prospects[ J]. Acta Geodaetica et Cartographica Sinica, 2024, 53
(6): 1037-1056.

EBRAR. )7 InSAR AR W Or b s B I [ D], Kb
K, 2023.

WANG Y D. Research and Application of the Methods for Wide Area

T

InSAR Deformation Monitoring [ D ]. Changsha; Central South
University, 2023.

WANG Y D, FENG G C, LI Z W, et al. A multi-frame deformation
velocity splicing method for wide-area InSAR measurement based on
uncontrolled block adjustment: A case study of long-term deformation
China [ J ].
Environment, 2024, 301. 113929.

SRHIE, BEHEE, E A 2000—2014 £ L TE B 8 12 5
AONERZEIRT ). WK+, 2017, 39(4) ; 733-740.

ZHANG Q B, KANG S C, WANG J. Elevation change of the

monitoring in Guangdong, Remote Sensing of

laohugou glacier No. 12 in the western Qilian Mountains from 2000 to
2014[J]. Journal of Glaciology and Geocryology, 2017, 39 (4) .
733-740.

CHEN J, LIU L, ZHANG T J, et al. Using persistent scatterer
interferometry to map and quantify permafrost thaw subsidence: A
case study of eboling mountain on the Qinghai-Tibet Plateau [ J].
Journal of Geophysical Research: Earth Surface, 2018, 123 (10):
2663-2676.

FE T4, VTR, MK, 25, BT Sentinel-1 SAR 3 i 250 _E

¥56% 2025 FF10H

B E, %//25RE 2019—2020 EHFRIZAS InSAR M0 5 4 72500 24047

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

WeR LIRS IF InSAR W[ J]. BRI 2R, 2019, 62(7)
2441-2454.

CHEN Y X, JIANG L M, LIANG L L, et al. Monitoring permafrost
deformation in the upstream Heihe River, Qilian Mountain by using
multi-temporal Sentinel-1 InSAR dataset [ J ]. Chinese Journal of
Geophysics, 2019, 62(7) : 2441-2454.

PENG S J, PENG X Q, FRAUENFELD O W, et al. Using InSAR
for surface deformation monitoring and active layer thickness retrieval
in the Heihe River Basin on the northeast Qinghai-Tibet Plateau[ J].
Journal of Geophysical Research: Earth Surface, 2023, 128 (4):
€2022JF006782.

BN, %, Karwg, 5. Wl Kbk =402 InSAR i
MLI]. ASRBIER, 2022, 34(1) ; 177-188.

YANG W, HE Y, ZHANG L F, et al. InSAR monitoring of 3D
surface deformation in Jinchuan mining area, Gansu Province[ ] ].
Remote Sensing for Natural Resources, 2022, 34(1) . 177-188.
REE. REKMATS Qe 5B, PSS RE[T].
KRR ERIFE, 2023, 23(12) : 1-8.

WU F C. Effectiveness, scientific and technological support, and
prospects for water pollution control and management in China[ J].
Water Resources Development Research, 2023, 23(12): 1-8.

B, AW, ETY%, FOARE NS GO LE, NG
SMEL)]. Bleemdi, 2019, 64(27) : 2928-2937.

LI X, GOU X H, WANG N L, et al. Qilian Moutains’ green
development: From ecological governance to ecological restoration
[J]. Chinese Science Bulletin, 2019, 64(27) . 2928-2937.
S, 2R, WAR, A SRR TR IE R R G AE 4K
HIR RG], HERELE IR, 2014, 29(2) : 285-294.

GEY C, LI X, TIAN W, et al. The impacts of water delivery on
artificial hydrological circulation system of the middle reaches of the
Heihe River Basin[ J]. Advances in Earth Science, 2014, 29(2) .
285-294.

TrEMg, XIS, (R0, 55, FET IR B A S R AR AL
FHIE SR AT [J]. h EEREERRY, 2020, 40(9) @ 3962-3971.
QIAO X M, LIU P X, REN Y, et al. Analysis of the characteristics
and driving factors of ecological environment changes in Heihe river
basin based on remote sensing data [ J]. China Environmental
Science, 2020, 40(9) : 3962-3971.

XUB, LIZW, ZHU Y, et al. Kinematic coregistration of sentinel-1
TOPSAR images based on sequential least squares adjustment [ J].
IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 2020, 13 3083-3093.

XIONG Z Q, FENG G C, FENG Z X, et al. Pre-and post-failure
spatial-temporal deformation pattern of the Baige landslide retrieved
from multiple radar and optical satellite images [ J ]. Engineering
Geology, 2020, 279 105880.

WANG Y D, FENG G C, LI Z W,

et al. Retrieving the

201



BIE, Z// 275 2019—2020 FEHFRFA InSAR W05 A4 SRz

[39]

[40]

[41]

202

displacements of the Hutubi ( China) underground gas storage during
2003—2020 from multi-track InSAR [ J ]. Remote Sensing of
Environment, 2022, 268: 112768.

BERARDINO P, FORNARO G, LANARI R, et al. A new algorithm
for surface deformation monitoring based on small baseline differential
SAR interferograms [ J ]. TEEE Transactions on Geoscience and
Remote Sensing, 2002, 40(11) . 2375-2383.

WERNER C, U. WEGMULLER, T. STROZZI, A. WIESMANN.
Gamma SAR and interferometric processing software [ J]. In:
Proceedings of the Ers-envisat Symposium, Gothenburg, Sweden,
2000, 461. 211-219.

DONG J, ZHANG L, LIAO M S, et al. Improved correction of

seasonal tropospheric delay in InSAR observations for landslide

deformation monitoring[ J]. Remote Sensing of Environment, 2019,

[42]

[43]

233; 111370.

FRARTH AN RBURFINVA . SRR 7 55 I AR %) (2008—2015
Y[ 2], SR ST ARBUR A%, 2010.

Office of the People’ s Government of Zhangye City. Master Plan of
Mineral Resources in Zhangye City (2008—2015) [Z]. Zhangye:
Office of the People’s Government of Zhangye City, 2010.

WP B R BUR. WP B 7= 38 ISR B R (2016—2020 4F)
[Z]. 3. \WFHR NRBUR, 2018.

The People’ s Government of Shandan County. Master Plan of Mineral
Resources of Shandan County (2016—2020) [Z]. Zhangye: The

People’ s Government of Shandan County, 2018.

(RfEHRE ZH%)

KFKEBEAR(PHRL) $E56%5 2025 F% 10 #





