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Tab.1 List of Landslides in Bailong River Basin from 2004 to 2019
P i) L HbHE A P ] GHifE Hu A

2004 -8 —13  103.840°E, 33.990°N 3B ELHEJKEE (S313 +93) 2017 -5-14  105.089°E, 33.478°N  iX#bX 24T F LK
2004 -9 =21 104.370°E, 33.779°N  #iHy B4 X # 3k 2017 -6 =21  105.092°E, 33.477°N  ik# X K4

2004 -9 -21 104.450°E, 34.010°N #E B HTkL £ (K325 +900) 2017 -8 -7  104.927°E, 33.395°N  #BX G P % I
2004 -9 -21 104.513°E, 33.741°N  FHlli ELRGIA £ VL0 2017 -8 -7  105.011°E, 33.513°N  ZR#BIX MIbksH

2004 -9 -21 104.790°E, 33.410°N  HABX Pi/KE ] 2017 -8 -7 105.012°E, 33.514°N  #HBXHIMETER G
2005 -5 -28 104.224°E, 34.237°N 75 B ELPA R4 2017 -10 -24  105.010°E, 33.351°N  fR&RIX I F4

2005 -5 -28 104.237°E, 34.209°N 75 B ELPA R4 2018 -4 -25  105.073°E, 33.414°N  iREBIX e A & K H LA
2005 -7 -2 103.569°E, 33.961°N  ¥%:¥BELRMHZ (S313 +121) 2018 =5 -7  104.435°E, 33.099°N  3CH 47 X34 [ - 2L
2006 -5 -6 104.917°E, 33.057°N  SCELIT4EE LIRS 2018 -6 -6  104.470°E, 33.993°N E BT £ hr A
2006 -5 -6  104.935°E, 33.073°N  SCHIfGVTAE 2018 -6 -6 104.452°K, 34.002°N BB & ERIR
2006 -7 =23 103.680°E, 33.947°N 3B B HE UL e Wk i 2018 -6 -6  104.977°E, 33.363°N  iVERIX I FAEAF I
2006 -7 —23  103.139°E, 34.192°N  ¥EFBEL a5 A TV A B 2018 -6 -7  104.343°E, 33.622°N Sl HL BRI AR A,
2006 -7 -23  103.638°E, 33.950°N 3B ELIFE A (S313 48 K114) 2018 -6 -7  104.430°E, 33.748°N  Frili L RE &

2006 -8 =3 103.209°E, 34.060°N 330 H.t Z 44 EfF 2018 -6 -7  104.488°E, 33.972°N B ELIGTT AL A7
2007 -8 —14  103.153°E, 34.242°N  E#FHITEE A MR FLER 2018 -6 -27  104.745°E, 33.576°N  iXH#RIX i £ &2 Tt
2008 -2 -28 105.161°E, 33.339°N  gR#LX SR £ T mibf BHE 2018 -6 -30  104.640°E, 33.103°N  SCELA% T4 T HER
2008 -5 —18  104.244°E, 33.793°N B EIF & Lk 2018 -6 -30  104.974°E, 32.967°N 3¢ HAR T4 R IR
2008 =7 =20 104.999°E, 33.244°N KX BEIN 2018 -6 -30  104.618°E, 32.976°N S HARFHIBER G F
2008 -7 -20 105.003°E, 33.243°N  gR&RIX B & 2018 -6 -30  104.648°E, 33.109°N 3¢ HARF-HUE/\ T b
2009 -10 -8  104.908°F,33.464°N  FREBIX IUbRAL 2018 -6 -30  104.633°E, 33.145°N  SCH AR T Z R
2010 -8 -12  104.934°E, 33.391°N  iH#R X ke85 K 14 2018 -6 -30  104.661°E, 33.160°N ¢ H AT HED i
2010 -8 —12  104.935°E, 33.388°N  ZRERIX W CHUE K1 2018 -7 -3 104.761°E, 33.453°N  RESX A1 14T Ak H
2010 -10 -7  104.366°E, 33.784°N  FHlli L5 W & B A 2018 -7 -9 104.404°F, 34.040°N B HLI R

2010 -10 -7  104.449°E, 34.010°N BHPINT S 2018 -7 -11  105.154°E, 33.360°N  iRERIX Z3i & 2Ryl Lyt
2010 —10 —10 104.194°E, 33.857°N S jilj HLEKHF4F(S313 +69) 2018 -7 -11  104.669°E, 33.688°N 75 B Hpise & i ikt
2011 -7 -9 104.865°E, 33.473°N ﬂﬁmz;ﬂwgm%i 2018 -7 —11  104.658°E, 33.653°N 75 B HpisE £ m Uk
2011 -9 -22  104.530°E, 33.774°N EN:REe2 0PIl 2018 =7 -11  104.674°E, 33.691°N 75 E Lg% 2 TR
2011 -9 -22  104.977°E, 33.363°N ﬁt%ﬁz?XE%ffZa%yﬂ 2018 -7 —11  104.338°E, 34.193°N %E%iﬂ}ll%ﬁ%%ﬂﬁﬁ
2012 -5 -11 104.642°E, 33.529°N  iREBIX ff = S ARER R 2018 -7 —11  104.604°E, 33.682°N 75 B Hyb v U R bt
2012 -8 -8 104.922°E, 33.456°N  iRERIX k4 2018 -8 —16  104.419°E, 33.222°N 3 HLrpigeds

2012 -8 -8  105. 104°E, 33.480°N LtV EK(S205 48, K157 +20) || 2018 -8 =16 104.415°F, 33.158°N 3¢ H.rhgefli T f)
2012 -9 -12  104.544°F, 33.860°N 75 ) BB =B IR 2018 -8 =16  104.917°E, 33.415°N  i#R X EEA R ER
2013 -6 -29  104.880°E, 32.848°N  SCHL i fiakt fL 25 4k 2018 -8 —16  104.917°E, 33.415°N  GREBX M A4 KA
2013 -7 -1 105.189°E, 32.771°N S HZ4 (14 Hu kS 2018 -9 =13 104.138°E, 33.874°N  Shllj HLELHF L R A
2013 -7 -8 105.317°E, 32.749°N S E.rf 4 1 K401 2019 -4 -22  105.163°E, 33.313°N k&KX =yl 48 il )
2013 -7 -9 105.419°E, 32.782°N  SCE PR R B 2019 -6 -30  104.632°E, 33.091°N 3¢ HAR 4] 5
2013 -7 -9 105.378°E, 32.772°N  SCH-kH 2019 -8 -9 104.953°E, 33.438°N  GR#RIX hftF4E] |- ikt
2013 -7 -12  104.979°E, 33.361°N  SREBX RILKIBIRS 2019 -8 — 104.435°E, 33.089°N  SCE A7 X MAE AR B A
2013 -7 —12  104.983°E, 32.847°N  SCH B F I/ NE G b 2019 -9 —12  105.308°E, 33.150°N  ZR#BIX EE B i A5
2013 -7 -16 104.997°E, 32.847°N  LHER S 5N 2019 -9 -15  104.772°E, 32.837°N 3¢ EJHBHF oA
2014 -4 —11  105.159°E, 33.300°N  GU#FIX = jif4H 2019 10 -16  104.392°E, 34.087°N B £ 0 2
2014 -7 -31  104.824°E, 33.448°N  REBIX W 7K4H 2019 -10 -16  104.483°E, 33.731°N  FHlli L4 14T Hb)
2016 -8 —10  105.208°E, 32.769°N S HL.28 407 - ikt
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Fig. 11  Rainfall thresholds based on different lithological

hard and soft types under a recent rainfall event
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Fig. 12 Rainfall type division results:
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Rainfall Threshold of Landslides in the Bailong River Basin, China

WU Jie', CHEN Guan'*?" | MENG Xingmin'??, HUANG Fengchun', ZHAO Yingping*

(1. School of Earth Sciences, Lanzhou University, Lanzhou 730000, China; 2. Technology & Innovation Cenire for Environmental
Geology and Geohazards Prevention, Lanzhou 730000, China; 3. Gansu Geohazards Field Observation and Research Station ,
Lanzhou 730000, China; 4. Natural Resources Bureau of Diebu County, Gannan 747000, Gansu, China)

Abstract: The Bailong River Basin has one of the most severe rainfall-induced landslides in China. Geohazards
occur frequently in rainy season, seriously threatening people’s lives and property in the basin. It is quite necessary
to determine the correlation between landslide occurrences and precipitation based on scarce ground-based rainfall
data and remote sensing data for accuracy improvement on landslide predication in the basin. In this study, it
collected landslide inventory of the Bailong River Basin and rainfall data from TRMM satellite from 2004 to 2019,
and then an empirical I-D rainfall threshold was established on optimal time scale, with antecedent rainfall
inclusive. The effects of lithology, rain types and earthquakes on the threshold curve were also discussed.

Following results were obtained. (1) The rainfall threshold 7 =2. 673D"7° (3 h<D <195 h) based on the
recent rainfall event had high accuracy and credibility, which could be used for landslide warning of short-term
continuous rainfall. The threshold 7 =8. 377D " ( 3 h<D < 288 h) based on 12-day cumulative rainfall
duration could be used for landslide warning of long-term intermittent rainfall. (2) The higher the rock strength
was, the higher the slope threshold was, and the slope with weak interlayer was more prone to form landslide. The
deterioration of geo-environment inflicted by large-scale earthquakes caused significant fluctuation of a threshold
curve. Landslides in the basin were mainly driven by long-term moderate and low-intensity rainfall.

The results suggest that based on satellite rainfall data it is feasible to construct a rainfall threshold for
landslides in an area with scarce ground rainfall observation data. This study provides a reference for meteorological
early warning and risk management of landslides in the Bailong River Basin and similar areas where meteorological

data are scarce.

Key words: TRMM ; landslide; rainfall threshold; meteorological warning; the Bailong River Basin



