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Model Construction of InSAR-based Rainfall Thresholds for Landslide
Hazards in Yanhe Basin, Chinese Loess Plateau
WANG Zhenliang, CHEN Manyu, ZHAO Jianlin, YUAN Ke, YANG Jie, ZHANG Chen

(College of Geological Engineering and Surveying and Mapping » Chang’an University» Xi’an 710054, China)
Abstract: [Objective] Empirical rainfall thresholds have geographical limitations, it is of great significance to
carry out a rainfall threshold modeling study for landslide hazard on the Chinese Loess Plateau. [ Methods ]
Taking the Yanhe River Basin on the Loess Plateau as the research area, the landslide identification of the
Yanhe River Basin based on InSAR was carried out by integrating Sentinel-1A, DEM, GPM rainfall and
other multi-source data. Then the correlations between rainfall factors and landslide shape variables were
calculated to determine the rainfall days and effective rainfall attenuation coefficient in the early period.
Finally, the effective rainfall (E), rainfall intensity (I) and rainfall duration (D) were calculated, and the
E-D, I-D and E-I rainfall threshold models were established by combining the power function. [Results] (1) A total
of 107 landslides from 2017 to 2021 were identified, including the specific location and accelerated deformation time of
landslides. (2) With the increase of rainfall days in the early period, the correlations between cumulative rainfall and
landslide shape variables showed a trend of first increasing and then decreasing. When the attenuation coefficient of
effective rainfall in the current period (K) was equal to 1, the correlation between the effective cumulative rainfall in
nine days (the rainfall on the day of landslide occurrence and the rainfall in the previous eight days) and the
landslide shape variable was the strongest. (3) The expressions corresponding to the E-D, I-D and E-I
rainfall threshold models are E=12.19D"*", T=10.66D **° and E = 3.84I""", respectively. [ Conclusion ] The
rainfall threshold model can provide a scientific basis and reference for meteorological early warning of

landslide hazards in the Yanhe Basin of the Chinese Loess Plateau.
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Fig.11  The relationship between rainfall on the day of landslide

occurrence and cumulative rainfall in the previous 10 days
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Fig.12 Correlation between cumulative rainfall and landslide deformation
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Fig.14 Verification of the landslide rainfall threshold model

5 &

(D FT I F InSAR AR, %} 115 5 Sentinel-1A
1 7 B0 Ak B AR B 20172021 4F 8 5% 0F 58 X
LOS [ AR AR M4, 388 B A8 SR B H 4 10 mm/
aRHECERE (R Dy 5THEAT I S ny w0 25 00 O 5 2
FHOG 2 38 B GEAR AT B N s 40 A7 S AL T 33 %55 10 1) b I
b SR AR AR R AT I SR 2R . R SBAS ik it
T B ) P 40 R S T 0 R O B ]

()R YO 2 B 5 SRR TR i (9 A DG 1 L 45
FEH, Bl A T R W R B B, SRR RN S 1 MO
7B A DGR 2 A T I I A e s Y i I A SR T
R K =1 B, 9 KA %052 R R CRD I B & A Y
H MHT 8 H R D 5 P A8 1 i AH G PR f o .

(3) A3 JE I A Sk 30 A ) AT I A R I A (B LR
AR EE (D FIRE TN DT (D) , 45 & R R ST E-D |\ I-
D Fl E-T R [ (EA Y, X 1 Ay (3 A5 78 32 58 =043 1) oy
E=12.19D"" .1=10.66D **°fil E=3.841"""
eS8
[1] HU X, WANG T, PIERSON T C, et al. Detecting sea-

sonal landslide movement within the Cascade landslide

complex (Washington) using time-series SAR imagery

[J].Remote Sensing of Environment,2016,187:49-61.
(2] XUEIE BRFR ). A I 5T 9 5 Bl 16 a8 5 1] x5 L ].

TR R 2% 3R . 2020, 28(2) : 375-383.

LIU C Z, CHEN C L. Achievements and countermeas-

ures in risk reduction of geological disasters in Chinal J .

Journal of Engineering Geology,2020,28(2) :375-383.

(3] ok, BB, hE 2. £ I8 B B R 3 0 U0 H R
5 e R H [T ] 22 2441, 2022, 51(6) - 885-896.
ZHANG Q, ZHAO C Y, CHEN X R. Technical progress
and development trend of geological hazards early identifica-
tion with multi-source remote sensing[ J]. Acta Geodaetica et
Cartographica Sinica»2022.51(6) :885-896.

[4] HUANG F M. ZHANG J, ZHOU C B, et al. A deep
learning algorithm using a fully connected sparse autoencod-
er neural network for landslide susceptibility prediction
[J].Landslides.2020,17(1):217-229.

(5] Z4Rilt. R, RER, 5. DR T K8 B 1 k&

D r B O - PR RS 0 R LT ] DO 2 (R B R
2R ,2019.44(7) :967-979.
L1 Z H. SONG C, YU C. et al. Application of satellite
radar remote sensing to landslide detection and monitoring:
Challenges and solutions[ ] ].Geomatics and Information Sci-
ence of Wuhan University,2019,44(7) :967-979.

[6] KIMSW, CHUNK W, KIM M, et al. Effect of ante-
cedent rainfall conditions and their variations on shallow
landslide-triggering rainfall thresholds in South Korea
[J].Landslides,2021,18(2) :569-582.

(7] SBFIE, Bk, X BTN , 5. 5 T A0 8 LA R Y = ik 22
DX 75 FH Bl pAy 75 2 72 94 35 e W P00 [T ). s 3R B2, 2020,
45(2) :672-684.

GUO ZZ. YINK L, LIU Q L, et al. Rainfall warning
of creeping landslide in Yunyang County of Three Gor-

ges Reservoir Region based on displacement ratio model

http: // stbexb.alljournal.com.cn



150 K PR FE R %38 %
[J].Earth Science,2020,45(2) :672-684. [18] FLEMN.FETF InSAR 1 H il TR JBE 2 4F v £ X s I A5

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[ RAII e I ¢ S N i B 1 S TR e
FEHEREL 0 U527 A1, 2019,30(2) : 142-153.
CHEN Y L, ZHAO L N, WANG Y, et al. Review on
forecast methods of rainfall-induced geo-hazards [ ] J.
Journal of Applied Meteorological Science,2019,30(2):
142-153.
I3 5 BLASE F  50 194 A I e o o AR A S (D7 L
HE =k, 2019,
LIU C. Study on dangerous rainfall process in landslide
physical model test[ D]. Yichang, Hhubei: China Three
Gorges University,2019.
Pe 4% o R e Al TR T A5 IR T BRI OB 1) R TR
FALFRAF 57 E R 5 BT ). 2 ma U K 2= ik (A SRR
2R ,2023,43(4) : 71-78,
TAO Y, JIAO Y M, DING Y P, et al. Research progress
and prospect on rainfall threshold and mechanism of rain-
fall-induced landslides[ ] ]. Journal of Yunnan Normal Uni-
versity (Natural Sciences Edition) ,2023,43(4) :71-78.
SALCIARINI D, FANELLI G, TAMAGNINI C. A
probabilistic model for rainfall-induced shallow landslide
prediction at the regional scale[]J]. Landslides, 2017, 14
(5):1731-1746.
XL BB L 1 R B S T DR AR R Y W B
AL IRFL,2024,49(3) 110391051,
LIU X P, YIN K L, XIAO C G, et al. Meteorological
early warning of landslide based on I-D-R threshold
model[ J].Earth Science,2024,49(3):1039-1051.
CAMPBELL R H. Debris flows originating from soil slips
during rainstorms in Southern Californial J ].Quarterly Journal
of Engineering Geology,1974,7(4) :339-349.
CAINE N. The rainfall intensity - duration control of shallow
landslides and debris flows [ ] ]. Geografiska Annaler
A, Physical Geography,1980,62(1/2):23-27.
CROZIER M ]. Landslides: Causes, Consequences, and

. Series

Environment] M ].London: Croom Helm,1986.

JE &, 7 B R VRS AR T DR T R 3 R T I (R T AR AL
[J 0.1l Hb 242 ,2022,40(6) : 847-858.

ZHOU J, TANG M G, XU Q, et al. Early warning
model of rainfall-induced landslide in Chongqing of Chi-
na based on rainfall threshold[J]. Mountain Research,
2022,40(6) :847-858.

FAME A IR SR, B, 55 R T /K S 52 o {1 DXl e oy 2
BT )24 . 2022, 51(10) : 2216-2225.
ZHAO B R, CHEN E Z, DAI Q, et al. Study on pre-
diction of regional rainfall-induced landslides based on
hydro-meteorological threshold [J]. Acta Geodaetica et
Cartographica Sinica,2022,51(10) :2216-2225.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

W R R P R 2T LT ] N 45244, 2024,53(7) 1 e1463.
DU Q S. InSAR-based study for surface deformation
monitoring and stability evaluation in permafrost areas
of Qinghai-Tibet Engineering Corridor in the Qinghai-
Tibet Plateau, China[ J].Acta Geodaetica et Cartograph-
ica Sinica,2024,53(7) :e1463.

T HRIL B3t B4R 25, A R R AR B T U S AL
BULT LIERRL A 53R A4, 2023,45(3) 474-484.

MENG ZJ, CAO Y D, KANG C Y, et al. Simulation
of the initiation mechanism of loess landslide promoted
by rainfall[J]. Journal of Earth Sciences and Environ-
ment,2023,45(3) :474-484.

Th JELITE . b 7% I TR 22 37 55 T ik 1 M 43 A R R R f B
BEARAFAG B 5E (DAL 5% - o 3t 22 J5) b S5 F 5 97, 2022.
MA S Y. Study on distribution law and risk probability
evaluation of triggered landslide under multi-scenarios of
earthquake and rainfall[ D]. Beijing: Institute of Geology,
China Earthquake Administration,2022.

AR S VRO 2R N R A I TR BCHE A B L DX R K
A e T I (O 5 s AR B S I [T/ OL . i BUR 22 2= 4
(fF BB ) » 2024, https://doi.org/10.13203 /. whu-
@is20240075.

LIHY, XUQ, LIP L, et al. Study on rainfall thresh-
olds for geological disasters in rainfall data-scarce moun-
tainous: A case study of Mao County[ ] ].Geomatics and
Information Science of Wuhan University, 2024. https://
doi.org/10.13203/j.whugis20240075.

ZHANG L L, DATI K R, DENG ], et al. Identifying po-
tential landslides by stacking-InSAR in Southwestern
China and its performance comparison with SBAS-In-
SAR[J].Remote Sensing,2021,13(18) :e3662.
SANDWELL D T, SICHOIX L. Topographic phase reco-very
from stacked ERS interferometry and a low-resolution digital
elevation model [ ] ]. Journal of Geophysical Research: Solid
Earth,2000,105(B12) :28211-28222.

X& 4 )7 InSAR H AR H T #4935 T8 28 i g i 58 [ D .
P K% R, 2017.

LIU C J. Study on monitoring tectonic deformation by
time-series InNSAR technology[D].Xi’an: Changan Uni-
versity,2017.

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

BRI FL L 25 8RR L AR B L A RE T RN T R R 5B AR [
IH S 5 T R 9 3 T 0 A A [T ] K S B T AR ML, 2019,

http: // stbexb.alljournal.com.cn



% 6 3

525 JE T InSAR 188 b 55 Ji S T 3 4 38 94 93 6 088 20 g e

151

[27]

[28]

46(1):156-162.

SHENG Y F, LIY Y, XU Y, et al. Prediction of rain-
fall-type landslides based on effective rainfall intensity
and logistic regression[ ] ]. Hydrogeology and Engineer-
ing Geology,2019,46(1):156-162.

TR B e i TR B A 6 P o T R TR TR
Wl 2 BRI ] 1714, 2007, 28(5) :1055-1060.
GAO H X, YIN K L. Discuss on the correlations between
landslides and rainfall and threshold for landslide early-
warning and prediction [ J ]. Rock and Soil Mechanics,
2007,28(5):1055-1060.

SEGONI S, PICIULLO L, GARIANO S L. A review

of the recent literature on rainfall thresholds for land-

(EBEF 141 ™)

[29]

[30]

[31]

E DI/ ey A A N B g e e L
R RO A AR T A B K K U I A me R[] ).
Bz ,2021,52(5):1129-1139.

DONG R Y, PENG Q, HE Y L, et al. Diurnal variation
characteristics of soil respiration and heterotrophic res-
piration in freeze-thaw period of temperate grassland and
its response to water and nitrogen addition[ ] ]. Chinese
Journal of Soil Science,2021,52(5):1129-1139.

LEE M S, NAKANE K, NAKATSUBO T, et al. Effects of
rainfall events on soil CO, flux in a cool temperate deciduous
broad-leaved forest[J]. Ecological Research,2002,17(3):
401-409.

ROCIE  BEHA LT, AR AR, AF S LG I b 2 M R
Bl = RO AERBT T L) 1. AL BT E K A= 22 4 (A 44
B R 52020556 (4) :549-556.

[29]

[30]

[32]

[33]

[34]

slide occurrencel J |.Landslides,2018,15(8) :1483-1501.
ZERL BRI A0 200 45 08 35 03 - B W e 1 43 T OE &R
(1o B o R 3 5 B i 24 2010, 21(1) - 87-93.
LICJ, MA T H, LI W, et al. Fractal relation of land-
slide frequency and rainfall[J]. The Chinese Journal of
Geological Hazard and Control,2010,21(1) :87-93.
HOR ] BR A B, 0 A, SRR T 2R e I AR S 1
B ) A UL B 3 AR R 3 B B A L ] R R 2
2022,47(12) :4609-4628.

HUANG F M, CHEN J W, FAN X M, et al. Logistic
regression fitting of rainfall-induced landslide occurrence
probability and continuous landslide hazard prediction

modelling[ J].Earth Science,2022,47(12) :4609-4628.

ZHUW Y, L1Y H, LI F D, et al. Greenhouse gas emis-
sion from seasonal {rozen-thawed soil in Ebinur Lake wet-
land[ ] ]. Journal of Beijing Normal University ( Natural
Science) ,2020,56(4) :549-556.

RIS 2 T 5 DX b R U R AE e HE R el PR T UL
WMAFF D] 2 22 R, 2022,

ZHANG L H. Observation and study on grassland soil
respiration characteristics and its influencing factors in
semi-arid area[ D].Lanzhou: Lanzhou University,2022.
LUO Y, WAN S, HUI D, et al. Acclimatization of soil
respiration to warming in a tall grass prairie J |.Nature,
2001,413(6856) :622-625.

KIRSCHBAUM M U F. The temperature dependence of
soil organic matter decomposition, and the effect of
global warming on soil organic C storage[ J].Soil Biology

and Biochemistry,1995,27(6) :753-760.

http: // stbexb.alljournal.com.cn



