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Abstract: Longde County in southern Ningxia is located at the western foot of Liupan mountain. Geological conditions is
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complicated. Affected by seasonal heavy rainfall, landslides and geological disasters occur frequently in the area, which poses a

serious threat to local people's lives and property. In consideration of the high fractional vegetation in study area, integrated

remote sensing technologies combined of Synthetic Aperture Radar Difference Interferometry technology and high spatial

resolution optical remote sensing have been used in early detection of Landslides in the Longde county. Stacking technology has

been used to calculate the rate of deformation from 2019.01 to 2021.05, in the direction of ascending and descending orbit.

Combining high spatial resolution optical remote sensing images and digital elevation model (DEM), the interpretation key of

landslide in the area deformation has been established. Then the early detection of landslides and ground survey in Longde

county have been done. Through the integrated remote sensing technologies, 47 landslides were detected. 21 landslides were

surveyed by field, of which 16 were verified, with an accuracy rate of 71.4%. The results of field survey demonstrated the

applicability and feasibility of integrated remote sensing technology in the detection of landslides in southern Ningxia.

Meanwhile, and the accuracy of the results in Longde county has been testified. The results of the early detection through

integrated remote sensing technology provided significant scientific bases for the landslide protection and emergency response

to sudden geological disasters in southern Ningxia.

Keywords: Longde County; early detection of landslide; combined ascending and descending; synthetic aperture radar

difference interferometry technology; high spatial resolution optical remote sensing
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Fig.1 Location of study area and coverage of radar satellite image
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Fig.2 Geomorphic map in study area
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Fig. 3 Working pattern of radar satellite from ascending and descending satellite orbits
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U7 VA A T IR, G2 W 32 v R A, Sy MY

AW, Mg E HREFZH G (K 6e), iTZA
WARLK L 5524 50 cm, R #2430 em, [RIAS3EAR N B3

Ay N R T TR
5.2 JRIERTH IR

MK 2T )2 P B DX AR BT, KBS DU, 43 T BEIR
AL BE, SRR DR B2 R I, Lt S @ R
TRFAZ™ ] WL, A2 RS R A VAL AR A,
SR A, TR R 18.7x10° m?, 424528 500 m, ek
SRR LY 600 m, i ABERE R R, 22 A7 Wi vk W, H
UL QA R IR R 5 By, S Bk, T 7
K EE . 1E BRI THRR L InSAR AR 45 i 3 R BN
B e (121 8), JE 78 oy S o DX S 4 PP 7 30 3 U, T
BUR KA B AR #5573 mm/a, HWZ 8 I e B ol
BT

(a) KR IR B2 i A AIE

(d) KB RS (e
JEFEHL InSAR
AR AR A

[FEHUIE AR HR (mmea ") THIUEASHER/(mmea ')
High: 52.649 1 High: 61.208 5
i Low: —46.066 7 = Low: —73.522
B 8 JKEEFEHEREIEBHER

Fig. 8 Remote sensing feature of landslide in Shuimo Village

B A KB, I AT A Z R B B, Ja R
PR, e MRS 29 2m, BTG . ik 4y
Aii 22 25 A, e B AU o 224> B A, 3 B R A7 ] 2
A& o MR S B AT TR D T ) 5 IRV,
G A 15 35 M e 21, Jey S 1 B N B AT I
53 BARZG

TR0 i B A T A TR BT 1] InSAR AR S S
R T A S Bk, G T A T SR PR AN i 3 (AT 7 A
P 8) 5 T T 3 e AR A B — LI U7 1] InSAR £ R
AR RS R, N R T (K5 &
M HRE | Sea)  TA TAT 5 1] R TR s IR G O 1] ) 2
Wi, T 3¢ FL S AR TE AN ) U A I8 AT 1] 552 B AN,
S ECAN TRV BIUE 5 15 8 (7] — T i s A ) T2 72 40 S ke
ANTF] o B AR SE PR B S TAR A, 75 200 TR LB AL
— 7 10 B E IR AL S W AT LR G T

RO TR TR Tk TR R AR R 2 2R,
TR RATT W BB . ASA S B 455 DEM

.t 0 400 800

L+ m
75 50 25 0 -25-50-75



2021 4 W98, 45 BA THEL InSAR 5 8 23 FEA it 2 KB i) 8 s AR R RO —— LT B Ry 451 ©79 -

ot 2 18] = ) R K0HS T8 IR TR LB P A AT 1)
WAL R BRI M Y AR SR WA T 3 B A
I ARE T 5 B R A B, e R A A e A R R R 1)
(P 9) o Jr s A S e R0 L IS R 38 B R TR
ANTT AT 0] BRI AR SR W, 55 ) [ PR A AL AR
FEAE W 22 5, (R THBEIIE TR R D A T AR 45 SRAE o
I AL B EMKORAFAERER 22 5

' = T

THE I ASE S/ (mmea™) PRI TR AR H R (mmea ) 0 00 T000m
wew F5125597 g 1525978 [ | mdipaE |
B T-116819 M 502013

E9 EEFFKERBHIREEEEETE
Fig. 9 Deformation in slope direction(Houhai Village and
Shuimo Village)

6 g

(1) THFE BB InSAR BEA &4 55 B2 )y [ ) Hh 26
T AE R, A Yol 2D B — T 3K 5 ) 1) b T2 308 4 X35 1 )
i, 2 X AN [ B ) W 3 o B T AR R R

(2) {43 PR3O B AR RE A A5 BT 31 B B
AR ERHE, AREUT M OB A O B YE R B4
G RIE A RHIE UK T ARAFAE . 454 DEM /= i, A
RCHERR I | RS N2 TR I 3 % 22 R R 2 3 A
(1) InSAR PRI AR X ¥ Bl B R TR A1) e B P 52 )

(3) XCFERHEGEBIBEAR, ST 7 H o s
B e e B i A B . AR TR S
FARAG T BB A 2019 4F 1 H—2020 4E 5 A BT+
B2 A7 ) T AR 58, T T B PR X T i
SRV P 255 28 S PR bR AR, 3 AR TR IR 51 X ek
Gy BERICAFEAR I S W Ve SO SRR AE, SR RO T %8
oL 3 3 B iR 47 Ab I A B B X 42, B A1 9 A 5 R
21 4ib, Horp S 16 Ab, HERG R A 71.4%, FEUE R 545
SRR VE BRI 1 [ R B0 IE T 25 A 2 TR B AR AR i X
SIS R AT, SR RIS FH AR S 1

2% ik ( References) :

(1] F Bk, RVLGE, K42, 4. 2 F GISH R K ik 78 7
B K By R MV B R AT [T L B KR B

[8]

% ,2017,19(4): 8-15. [ GAO Liyan, YU Jiangkuan,
ZHANG Youying, et al. Application of GIS-based analytic
hierarchy process in geological hazards assessment in Ningxia
region [ J] . Journal of Institute of Disaster Prevention, 2017,
19(4): 8 — 15. (iin Chinese with English abstract) |
ER, 7, 2O, T R AR A XX B[R] AR
Jil -7 B A IR X B A B, 2013: 23-30. [ WANG
Cheng, MENG Fang, LI Tianbin. Regional geology of the
Ningxia Hui Autonomous Region [R]. Yinchuan: Geology
Survey Institute of Ningxia, 2013: 23—30. (in Chinese) ]
SR, R, AN, L TR BEER TR E R E R
fE R Sk or B [I] . KR 5 4 50 1R 24 i, 2015,
13(6): 42—47. [ LYU Shimin, WU Kai, DU Guangbo, et al.
Development characteristics and formation conditions of
geological hazards in Longde County of Ningxia [ J ] . Journal
of Water Resources and Architectural Engineering, 2015,
13(6) : 42 —47. (in Chinese with English abstract) ]
VPSR, T A, 2O IR BT R A - — R AL Y TR K BT
RERBERELPG G ENHE [J] . RNRFERE
BBl 2 ) , 2019, 44(7): 957 —-966. [ XU Qiang, DONG
Xiujun, LI Weile. Integrated space-air-ground early detection,
monitoring and warning system for portential catastrophic
geohazards [ J ] . Geomatics and Information Science of Wuhan
University, 2019, 44(7): 957 —966. (in Chinese with English
abstract) |
VF R 0T 3t B R R R TR A G 1) A B AR S B
(] BOBUR 2 2 40 (B B2 i), 2020, 45(11): 1651 —
1659. [ XU Qiang. Understanding and consideration of related
issues in early identification of potential geohazards [ J] .
Geomatics and Information Science of Wuhan University, 2020,
45(11): 1651 —1659. (in Chinese with English abstract) |
BRI T RLUTIRU S S R £ R
AOLI] .3 5 w9k, 2018(6): 53—60. [ GE Daging.
Comprehensive application of remote sensing in early
identification, monitoring and early warning in geological
disasters [ J] . City and Disaster Reduction, 2018(6) : 53 — 60.
(in Chinese with English abstract) |
BORPE, BTN, IR, SF L EE R Hh B K K B R R TR
Bl GEIEN B S & (1] R K%
e 15 BR2E ML, 2019, 44(7): 949 - 956. [ GE Daging, DAI
Keren, GUO Zhaocheng, et al. Integrated space-air-ground early
detection, monitoringand warning system for potential
catastrophic  geohazards [J] . Geomatics and Information
Science of Wuhan University, 2019, 44(7): 949 —956. (in
Chinese with English abstract) ]
BRPE, FIC . I H B KK B R R RN P 2R S R


https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1671-0495.2018.06.011
https://doi.org/10.3969/j.issn.1671-0495.2018.06.011
https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1673-8047.2017.04.002
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1672-1144.2015.06.008
https://doi.org/10.3969/j.issn.1671-0495.2018.06.011
https://doi.org/10.3969/j.issn.1671-0495.2018.06.011

modelling of the Saint-Etienne-de-Tinée landslide using SAR
interferometry [ J] . Tectonophysics, 1996, 265(3/4): 181 —

190.

- 80 - I BT K E 5 By IR o R 5% 6
Bep HmEE [J]. N2 BBz, 2019(1): 10— [18] RAUCOULES D, MAISONS C, CARNEC C, et al. Monitoring
[ GE Daging, GUO Zhaocheng. Thoughts of early identification of slow ground deformation by ERS radar interferometry on the
of serious geological hazards with integrated remote sensing Vauvert salt mine (France) [ J] . Remote Sensing of
technologies [ J ] . China Emergency Rescue, 2019(1): 10— Environment, 2003, 88(4): 468 — 478.
14. (iin Chinese with English abstract) ] [19] T4, JuE M, i, & g% L X i %K E & A
[9] ZEBKER H A, ROSEN P A. Atmospheric artifacts in s (1] SR 24 (fF B R 22 ) L 2020,
interferometric SAR surface deformation and topographic maps 45(11): 1771 = 1781. [ WANG Xuan, FAN Xuanmei, YANG
[J]. Department of Electrical Engineering and Geophysics, Fan, et al. Remote sensing interpretation method of geological
University of Stanford, Stanford, CA. 1996. hazards in lush mountainous area [ J] . Geomatics and
[10] FERRETTI A, PRATI C, ROCCA F. Permanent scatterers in Information Science of Wuhan University, 2020, 45(11):
SAR interferometry [ J | . IEEE Transactions on Geoscience and 1771 — 1781. (in Chinese with English abstract) ]
Remote Sensing, 2001, 39(1): 8 — 20. [20] sk#h=, RILTE, B, & @9 DEEE LR
[11] COLESANTI C, FERRETTI A, NOVALI F, et al. SAR SCEMET AN OIS (1] M s e AR R
monitoring of progressive and seasonal ground deformation using 2017, 40(11): 31 -34. [ ZHANG Youying, YU Jiangkuan,
the permanent scatterers technique [ J | . IEEE Transactions on BU Fan, et al. Application of GF-2Satellite to geological hazard
Geoscience and Remote Sensing, 2003, 41(7): 1685 —1701. interpretation in loess plateau [ J] . Geomatics & Spatial
[12] FERRETTI A, PRATI C, ROCCA F. Nonlinear subsidence rate Information Technology, 2017, 40( 11): 31 —34. (in Chinese
estimation using permanent scatterers in differential SAR with English abstract) ]
interferometry [ J] . IEEE Transactions on Geoscience and [21] 24, HRET,MEE, S HERE &SI FREBE R
Remote Sensing, 2000, 38(5): 2202 — 2212. W [T] . & R iR, 2017, 21(4): 509 —-518. [ PENG
[13] LANARI R, MORA O, MANUNTA M, et al. A small-baseline Ling, XU Suning, MEI Junjun, et al. Earthquake-induced
approach for investigating deformations on full-resolution landslide recognition using high-resolution remote sensing
differential SAR interferograms [ J] . IEEE Transactions on images [ J] . Journal of Remote Sensing, 2017, 21(4): 509 —
Geoscience and Remote Sensing, 2004, 42(7) : 1377 — 1386. 518. (iin Chinese with English abstract) |
[14] WERNER C, WEGMULLER U, STROZZI T, et al [22] Blisxalie, 28O0 2K, VF 3k, 45 2 18 B 15 InSARZE 5 1) & ¥
Interferometric ~ point target analysis for deformation VLMY R B R (1] R
mapping[C]/IGARSS 2003.2003 IEEE International Geoscience 2 (f5 B B2 ) L 2019, 44(9): 13421354, [ LU
and Remote Sensing Symposium. Proceedings (IEEE Cat. No. Huiyan, LI Weile, XU Qiang, et al. Early detection of landslides
03CH37477). July 21-25, 2003, Toulouse, France. IEEE, 2003: in the upstream and downstream areas of the Baige landslide, the
4362—-4364. Jinsha River based on optical remote sensing and InSAR
[15] FERRETTI A, FUMAGALLI A, NOVALI F, et al. A new technologies [ J ] . Geomatics and Information Science of
algorithm  for  processing interferometric  data-stacks: Wuhan University, 2019, 44(9): 1342 — 1354. (in Chinese with
SqueeSAR [ J] . IEEE Transactions on Geoscience and Remote English abstract) |
Sensing, 2011, 49(9) : 3460 — 3470. [23] CARLA T, INTRIERI E, RASPINI F, et al. Perspectives on the
[16] ZE4Rdt, R, KB, 5. TR TF I8 TR IR EHEN prediction of catastrophic slope failures from satellite
NI e g R RS xR [T] . IR % %M dE InSAR [ J] . Scientific Reports, 2019, 9: 14137.
BBl 2 BT, 2019, 44(7): 967 —979. [ LI Zhenhong, SONG [24] DIAO X P, WU K, HU D H, et al. Combining differential SAR
Chuang, YU Chen, et al. Application of satellite remote sensing interferometry and the probability integral method for three-
to landslide detection and mornitoring: Challenges and dimensional deformation monitoring of mining areas [ J ] .
solutions [ J ] . Geomatics and Information Science of Wuhan International Journal of Remote Sensing, 2016, 37(21): 5196 —
University, 2019, 44(7): 967 —979. (in Chinese with English 5212.
abstract) | [25] X Eut, k%, FIRDL, % . ¥ ¥ K F InSARR 2 HEAr £ R
[17] FRUNEAU B, ACHACHE J, DELACOURT C. Observation and JPE BTG (1] . BT Jy % 22 4, 2018, 24(2) - 229 - 237.

[ LIU Xinghong, YAO Xin, ZHOU Zhenkai, et al. Study of the
technique for landslide rapid recognition by InSAR [J] .
Journal of Geomechanics, 2018, 24(2): 229 —237. (iin Chinese


https://doi.org/10.3969/j.issn.1673-5579.2019.01.002
https://doi.org/10.3969/j.issn.1673-5579.2019.01.002
https://doi.org/10.1109/36.898661
https://doi.org/10.1109/36.898661
https://doi.org/10.1109/TGRS.2003.813278
https://doi.org/10.1109/TGRS.2003.813278
https://doi.org/10.1109/36.868878
https://doi.org/10.1109/36.868878
https://doi.org/10.1109/TGRS.2004.828196
https://doi.org/10.1109/TGRS.2004.828196
https://doi.org/10.1109/TGRS.2011.2124465
https://doi.org/10.1109/TGRS.2011.2124465
https://doi.org/10.1016/j.rse.2003.09.005
https://doi.org/10.1016/j.rse.2003.09.005
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.1038/s41598-019-50792-y
https://doi.org/10.1080/01431161.2016.1230284
https://doi.org/10.12090/j.issn.1006-6616.2018.24.02.024
https://doi.org/10.12090/j.issn.1006-6616.2018.24.02.024
https://doi.org/10.3969/j.issn.1673-5579.2019.01.002
https://doi.org/10.3969/j.issn.1673-5579.2019.01.002
https://doi.org/10.1109/36.898661
https://doi.org/10.1109/36.898661
https://doi.org/10.1109/TGRS.2003.813278
https://doi.org/10.1109/TGRS.2003.813278
https://doi.org/10.1109/36.868878
https://doi.org/10.1109/36.868878
https://doi.org/10.1109/TGRS.2004.828196
https://doi.org/10.1109/TGRS.2004.828196
https://doi.org/10.1109/TGRS.2011.2124465
https://doi.org/10.1109/TGRS.2011.2124465
https://doi.org/10.1016/j.rse.2003.09.005
https://doi.org/10.1016/j.rse.2003.09.005
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.3969/j.issn.1672-5867.2017.11.009
https://doi.org/10.1038/s41598-019-50792-y
https://doi.org/10.1080/01431161.2016.1230284
https://doi.org/10.12090/j.issn.1006-6616.2018.24.02.024
https://doi.org/10.12090/j.issn.1006-6616.2018.24.02.024

2021 4¢

58

6, 4 A THFERL InSAR 5 i 43 BRSO E R T R R —— LA T L R S 151 - 81-

[26]

[28]

[29]

[30]

[31]

with English abstract) ]
HU J, LI Z W, DING X L, et al. Resolving three-dimensional
surface  displacements from InSAR measurements: a
review [ J ] . Earth-Science Reviews, 2014, 133: 1 —17.

HU X, WANG T, PIERSON T C, et al. Detecting seasonal
landslide movement within the Cascade landslide complex
(Washington) using time-series SAR imagery [ J] . Remote
Sensing of Environment, 2016, 187: 49 — 61.

ERIKSEN H @, LAUKNES T R, LARSEN Y, et al. Visualizing
and interpreting surface displacement patterns on unstable slopes
using multi-geometry satellite SAR

InSAR) [J] .
297 - 312.

interferometry (2D

Remote Sensing of Environment, 2017, 191:

PRICE E J, SANDWELL D T. Small-scale deformations
associated with the 1992 Landers, California, earthquake mapped
by synthetic aperture radar interferometry phase gradients [ J ] .
Journal of Geophysical Research:Solid Earth, 1998, 103(B11):
27001 —27016.

STROZZI T, WEGMULLER U, WERNER C, et al
Measurement of slow uniform surface displacement with
mm/year accuracy[C]/IGARSS 2000. IEEE 2000 International
Geoscience and Remote Sensing Symposium. Taking the Pulse of
the Planet: The Role of Remote Sensing in Managing the
Environment. Proceedings (Cat. No. 00CH37120). July 24-28,
2000, Honolulu, HI, USA. IEEE, 2000: 2239-2241.

SRR T, MR, F RE =5 DRI EX
e e U g B RS [T] . BRI R SR,
2018, 33(1): 185—192. [ PENG Ling, XU Suning, MEI

Junjun, et al. Research on Wenchuan earthquake-induced

[32]

[33]

[34]

[35]

[36]

landslides rapid recognition from ZY-3 imagery [ J] . Remote
Sensing Technology and Application, 2018, 33(1): 185—192.
(in Chinese with English abstract) |

CASCINI L, FORNARO G, PEDUTO D. Advanced low- and
full-resolution DInSAR map generation for

landslide

slow-moving

analysis at different scales [ J] . Engineering
Geology, 2010, 112(1/2/3/4) : 29 — 42.
HOC, W AT, IR T, 55 4 5 TR B A s B K
T A Ry R DU T M XA [ . b g T K
* 5 Bi ¥ % 4t ,2019,30(1): 106 - 111. [ DONG Wen,
PAN lJianping, YANG Zhenyu, et al. Application of GF-2
satellite data in geological hazard survey: A case study in
Wanzhou district of Chongging City [ J ] . The Chinese Journal
of Geological Hazard and Control, 2019, 30(1): 106 — 111. (in
Chinese with English abstract) ]
W . S s DREMEARRS [T b ERK,
2015(1): 3—9. [ PAN Teng. The technology characteristics of
Gaofen-2 satellite [ J ] . Aerospace China, 2015(1): 3 —-9. (in
Chinese with English abstract) ]
TR DT, SO, 2R AN R, A T 4R B 5] A AR A R
BT REMS (1] . P EW 2, 2019(10): 28 - 30.
[ WANG Zhiyong, WEN Qiang, LI Jingjing, et al. From
pioneering to leading: Enabling domestic commercial remote
sensing satellite operation services [ J] . China Surveying and
Mapping, 2019(10): 28 =30. (in Chinese with English
abstract) |
ZHANG Y, MENG X M, JORDAN C, et al. Investigating slow-
moving landslides in the Zhouqu region of China using InSAR

time series [ J | . Landslides, 2018, 15(7): 1299 — 1315.


https://doi.org/10.1016/j.earscirev.2014.02.005
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.12.024
https://doi.org/10.1029/98JB01821
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.1007/s10346-018-0954-8
https://doi.org/10.1016/j.earscirev.2014.02.005
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.12.024
https://doi.org/10.1029/98JB01821
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.1007/s10346-018-0954-8
https://doi.org/10.1016/j.earscirev.2014.02.005
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.12.024
https://doi.org/10.1029/98JB01821
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.1007/s10346-018-0954-8
https://doi.org/10.1016/j.earscirev.2014.02.005
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.10.006
https://doi.org/10.1016/j.rse.2016.12.024
https://doi.org/10.1029/98JB01821
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.1007/s10346-018-0954-8
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.3969/j.issn.1005-6831.2019.10.008
https://doi.org/10.1007/s10346-018-0954-8

