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Analysis on the development law of active geological hazards in the Loess Plateau based on
InSAR identification

Abstract. Active geological disasters induced by earthquakes, rainfalls and human engineering activities occur
frequently in the Loess Plateau. However, there is a lack of systematic understanding of the development and
distribution of active geological disasters in the Loess Plateau due to the wide area, active structure, diverse
landforms and great difference in loess characteristics. InSAR technology can observe surface deformation in a wide
range. Based on 40 sentinal-1 SAR data from January 1, 2019 to March 31, 2020, a total of 3286 active geological
disasters in the Loess Plateau of 624, 600 km® were interpreted by InSAR, including 1135 landslides, 1691
mining collapses, 368 subsidences and 92 landfills. Combined with geomorphological and optical image
characteristics, four types of active geological hazards were interpreted, which reveals that they are mainly
distributed in eight regions, including four landslide areas, three mining collapse areas and one subsidence area.
The spatial distribution of active landslides is obviously regional and clustered, concentrating in the middle and west
of China; while that of mining collapse and land subsidence densely developed in groups in the middle and west of
China. There is a relationship between landslide development density and topography. The development of these
geological disasters has an obvious spatio-temporal regularity. Regionally, the development intensity of geological
disasters is controlled by topography and mineral resources; and in terms of scale, disasters identified by InSAR are
all above medium size, which is different from traditional statistical methods. InSAR identification results
objectively reflect the distribution of geological disasters in the Loess Plateau, and deepened our understanding on
that as well. InSAR technique, meanwhile, can effectively detect the surface damage induced by underground coal
mining, including its distribution, scope, strength, and monitor the depth and scope of opencast coal mine, and
then infer the intensity of coal production activities.

Key words: active geological hazards; Loess Plateau; InSAR ; landslide; coal mining collapse

HEEWB . WEMFEHAERBFEFEATNEH (DD20190717) ; FH R E &8 & 2R E (2018YFC1505002) ; =k H A I EH YMJ (XLD)
(19) 110)

This research is financially supported by the Geological Survey Project of China Geological Survey ( Grant No. DD20190717) , the National Key Research
and Development Project ( Grant No. 2018YFC1505002) and the Project of Three Gorges Corporation ( Grant No. YMJ (XLD) (19) 110)
E—EEEN: WkEE (1996—), B, HEEBAL, NFEHFEKES mSAR #1585 T4E, E-mail; 2393894121@ qq. com

BIEE: k& (1978—), I, ﬁi WFoE 0, MG B K E 5 InSAR WF5 T4E . E-mail: yaoxinphd@ 163. com

Wi BHEE: 2021-07-16; fEE BHF: 2021-12-15; REHKE: =5



258 W FFR https ; //journal. geomech. ac. c¢n 2022

W OE. wE OBW.AXIEFIFANTIMNRAXREAETLSERN, Eh FTHHE E, B
B, XA SN ZHELHEZRRA, " EUXBRZFIRBAREFRLRFTLAN R R IAR,
InSAR B A B A ATEAMMK TR Wa H, XEFA 2019 F 1 A 1 HE 2020 4 3 A 31 B #H 40 #
Sentinal-1 SAR ##E, WHE T EANH L HH 62.46x10° km” WM K T, #HB A L3 B G m, BiF
T4XFFHEHFERE, HEFHEHMEH TR E 32864, EFER 11354, X7 8B 1691 &, A%
368 4, HHEEAMK 2L, R MHEFHATAERTTON, ELBREIRMAKREEZELS A LN
AR, GHFNARBAELETR, ZAXKT BB L2 AR -—ANBEXRELARX, FHEBAREZH 2 H L
EARENRAEAAENE, TELTETES, BREANATEESH PR A 2K R; X7 BB
FMENEIPTEFAS, FEIRBAT, HAKFAFEAVENH SR AENE, RERE L,
FRENAXBEEERE MM Ay FRIBHESF; KEHAK L, InSAR R K FHAZL A+ & DL
b, EEGGUHFREA - EZH, MSARWRAERENRB T HELHEHM AKX EW A AE, F o,
InSAR A% AR EME 3 T REF X N XU A, BEMEEURERKES UK E A5 B W

¥ &, HET AR ETE & R E SRR

KEEWR: FHMHRIRKE; BLHE; InSAR; BH,; RERB

RESESE. P694; P237 X ERERIRAD . A
DOI: 10.12090/j. issn. 1006-6616. 2021083

0 3%

B R R EE A 6.5%, R
ZFE, WPGRMR ZERE K, R A ARFES SN
Hi U E JE A 5 IR T AR, B 4w R X
MR 72% , TR BORARL b R B L e (2
45, 2004) , HEgeit, HEA I 30% 1 Ok R
TEH T HIX (Zhou et al. , 2002), 1920 4F 12 H 16
H, 7HE HIA KRS kA4 20 VI A DL )
X 380375 & ) B W A O 10000 Ak, K 443 A 1
TR R E O (YF A, 2018); 1968 4E LK,
WERNWEEFBRTAHXEHET (Xu et
al. , 2014; Peng et al. , 2018); 1985—1988 4,
Bt Hh X AT R 3N ) I A (AR L
2001) LT 78 Ab I, 400 Z LA B, 2K
fili 339 ASET, BELEEBES MR E, KL
B, UL A7 o+ JF b X K E R F AR
GE W ST By IR 2 H

F&FE (2004) , tREKESE (2007) BT H
B WA o A L T 2 R L B2
L4 (2014, 2020) . Peng et al. (2019) 8 i1 #
- v Tl DX 5 U 27 B IR i N ) i A
TN S A K = kon B, E AL
(2020) ARPE ¥ W B XA M A . HBARE .t
PEFE Y S N, AT E MBS K

XEHS. 1006-6616 (2022) 02-0257-11

X, ST DU R L, (H X 2 5 kD R T
P Je F 0 43 AT 43T, R R e = % B 4 R B
P T 9 1 A3 A IR

InSAR BEREA 2R, R0, KH &R
BRORE AR B Ak M LG UL b R T AR B
(R PESE, 2018), S W 0 b 3 25 9% TR 8l o 1
PR A s T B (Bk#ESE, 2020), #ArEH @ T
InSAR #¢ AR X # + & J5 B B4R 0 B (T 8,
2016) A7 IX (ERILIEE, 2017) F1/IN X 50 5T K
FO(FIES, 2008; REBUE, 2019; HiFEFE,
2020) #EATWFIE AT, BOAS TOAR G A 00 I s 2R
P, LEIEX (2017) )20 B9 8 4 w5 5 6 [ A
X, AT InSAR R | Ot 27 38 R il A A
SR A A T B, R AT R RIS o i U AR
I B 0 N = i W TS/ S O s o = 0 B
KER BB A TR L,

1 BrHRERYF

B SR T E R A, AT X R R s 7
AN HIRX, MUY RAT LA . HOH L
DIAR, Z#W LI B LA, Ab7E TR ) N B
M i e i B G A (AR RE, 2008) o BFSEIX
PR, B B E A 1a Bras, Hif
K 60~5000 m, HbEH LA ZEHE | Ll M RN VD Hb R
F, RMEZ A AL BN HOE H S R Rk, R



2 3]

Bk, 4. BT InSAR U A9 B e SR Sl b 5K R B LA A AT 259

RN il T W T ) & g = N T i S
Wik, AR IRE K B AE 100~ 800 mm Z[A], FHZE
ZHEPHET~9H, MR EEWN,

WEIE X B W B AR R 2R, M2 A M)
R IS BUH A IS H A, BRREY, A
41, RMAH, RERARK, WMERASTHRT
R A2 (& 1b) o Z A& WA 52, Y 88
RS ERIEE TS Bl 11 o PO N e o =05
ANE, AU A 7w LA P —RE AR 1
ANEIE BRI, BN ECA AR ES A AL,

MEZE L PLAR R 8 e 5 X, w407 ) BLdE
AR—m VI, A HCE A E AR
WHR (Q) MW -URZE, AF+. b+
KEiER, UHEFy 5 B RRE, &L
. BRAE A RE A £ Bt R A T RS
S P 46 T T RE L M A DA PR K T R R AR ]
PEFE T Ry 32 09 5 4 1 52 2y, i L D A T B R M
SEZEA W T U0, B 4w J5 X — % K H P 37 Al
TG W ) AR G2 B (RN A, 19775 X RE Hi
1984; KIS, 1992),

100° E 104° E 108° E 112°E 116° E 100°E 104°E 108°E 112°E
B CRFERX K& TN ES : : NS
2 P8 mTOst o | WA RERAE% ‘Aé
N o WAL - B E D

; BHREA R s

s BEHA o W 2
[ BEEAL R HRK

Z z

! z

2] 2

z i z

& { 3
250 500 km

b

a— T 9 DXL B RS SRS TR b—MF 9% DXL Ml 35 2 0 % ) W7 24 43 A

B 1 #F% KX InSAR WMl 36 B % T4 H 2 4 50

Fig. 1 InSAR observation range and enigneering geological formation-complexes distribution in the study area

(a) Location and background data; (b) Distribution of engineering geological formation-complexes and active faults
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Fig. 2  InSAR-observed deformation and optical images of geological hazards in the Loess Plateau

(a) InSAR-observed deformation image of landslides; (b) Optical image of landslides; (c¢) InSAR-observed deformation of mining

collapses; (d) Optical image of mining collapses; (e) InSAR-observed deformation of subsidences; (f) Optical image of
subsidences; (g) InSAR-observed deformation of landfills; (h) Optical image of landfills
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Fig. 3 Distribution of active geological hazards in the Loess Plateau

Area | -Landslide development area in the upper and middle reaches of the Yellow River, eastern margin of Qinghai; Area II -

Guyuan-Xiji landslide development area in the southeastern margin of Ningxia; Area Il ~Zhuanglang-Tianshui-Zhangjiachuan landslide

development area in Gansu; Area IV —Wugqi-Zhidan-Yan’ an-Ansai loess landslide development area in northern Shaanxi; Area V —

Mining collapse area in Ningxia; Area VI —Mining collapse area in Ordos, Inner Mongolia and Northern Shaanxi; Area VI —Mining

collapse area in Shanxi; Area Vl[-Subsidence development area in the plain area of Guanzhong-Fenwei-Luoyang

A AER A RS (B 4g), AWBmE, Hhb
5500 ZR R AR A A P2 N InSAR B9 3 3
PA M AR,
3.1.2 TEABHLEAR-BEFRERAFTR (IR)
PR T XA T T —m g R R
B, A T b Rl KB AR R AR B, Pk
= B 2000 m DL, FEREKE 400 ~500 mm, X35
PN b 3 A, &b e b ) R A
ANEIRELZ KX, MR, K8 &R
HEIEW . InSAR i B B BT B &, 5 A v ik IR B
AN, R4 R —RIZSUZ MM, I 2 H Pk
SR AR A A L 3% X I T A R i s
ORE ™ 45 A Yo i e, LR E MK, B E
L KA STy R A QMR

BRI, WHWIESRIA ME R RN (=
AP, 2006), JE7EHEI B AT R, WHa A
TRk A B, DUBE B MK B E R Ch £
RF R
3.1.3 HRER-RAK-KZNERLEFTR (MR)

12 DX S5k 32 B P M 3 o A 1 0 pd i IR
I DX 143 ol 3 ARUTT A8 X, M5 B0 o P — R T R
HR AR L, X P I R 1200 ~2000 m, H X
R AR phE SR 2L, WA Y, hia ks, W
VAR k™, A B R D i B IA A TN 3 RN A
WmER, WHEZMELZNEHME-Js =t
MY, Z 2P E - BRI, 5 RERH B,
WA BIAR B A S0 8, £ % &R A B
R, J&T ANEEShSE RN



. Yo IR ) 3 A

https ; //journal. geomech. ac. c¢n 2022

o Wil
T R
P W ;
' “ InSARZE A RS AR

»/

Bilr315°

a— = R G LRI B b— R Z U 1 c—RIMEBYIE Y 2; d—IHWAME e—BRDRM B (—hrRLE; o— KA RHE

K4 FHEAGETRBREEHERIAG LA R R

Fig. 4 Map and field photos showing the eroded landslides in the Yellow River Basin, eastern margin of Qinghai

(a) Creep deformation landslide of plateau meadow; (b) Eroded multi-stage landslide 1; (c¢) Eroded multi-stage landslide 2; (d)

Distribution of landslides; (e) Armchair-like landslide landform; (f) Tensile fracture; (g) Gneiss slope
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Fig. 5 Statistics of geomorphologic factors of active landslides in the Loess Plateau
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active landslides in the study area
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