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Temporal and spatial characteristics of landslide, rockfall and
debris flow disasters in Qinghai Province during the period

WEI Zhengfa', CAO Xiaoyan', ZHANG Juncai', YING Zhongmin®, YAN Huijun', WEI Sailajia'
(1. Qinghai Institute of Geo-Environmental Monitoring , Xining, Qinghai ~ 810008,China; ;
2. Jianzha Meterological Bureau of Qinghai Province, Jianzha, Qinghai  811200,China)

Abstract: In recent years, under the influence of human social and economic activities in the process of global warming and
urban expansion, the frequency of sudden and local geological disasters have increased significantly in Qinghai Province. In
order to actively respond to the severe situation of geological disasters, guarantee the safety of people's lives and production,
consolidate the results of disaster reduction and scientific and reasonable response measures are proposed. This paper takes the
landslide and debris flow disasters in Qinghai Province from 1990 to 2019 as the research object. Through mathematical
statistics, the development characteristics, temporal and spatial distribution patterns and main triggering factors of landslides
and debris flows in Qinghai Province in the past 30 years are analyzed and studied. The results show that: MDThe scale of
disasters is mostly small, and the disaster types are mainly landslides. @In terms of time, it mostly occurred from May to
October; in terms of space, it mainly occurred in Xining City and Haidong City in the Qingdong region with complex terrain.
(3Rainfall and excavation slopes are the main triggers. @In recent years, the increase trend of landslide, rockfall and debris
flow disasters is obvious. The results of the research will provide guidance and reference for the geological disaster prevention
work in Qinghai Province for a period of time in the future.
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*1 SHEABEHEBRARRERBEGITE (1990—2019)
Table 1 Statistical table of landslide, rockfall and debris flow disasters in Qinghai Province ( 1990—2019 )
AR )3 b &
TAEEHR
sk BUROTIT FETUN AN BaEsR BUROTIT TN OGN BuRk  BROToT BTN ZOiIA
FERTY 2 6328 11 16 3 322232 0 2 10 32278.19 28 22
KA 1 865.2 6 6 4 2 600 7 2 6 40732 14 2
rhRl 5 1056 7 29 3995.7 41 15 13 2773 9
INEY 164 472.423 20 20 620 28352172 33 26 91 1266.195 5 3
At 172 8 721.623 44 2 656 12 653.237 81 45 120 40390.585 56 36
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Table 2 Catastrophic landslide, rockfall and debris flow disasters events with more than 3 death
5 HoF v REHH H B /m? BT RGBS @vmidTin RIESR
1 [ R N AN T 1994-07-05 201 000 9 1 2250 LSUN
2 R RRES TRINEN e 1994-07-26 81 000 7 0 38 Gy
3 HEPRH TS A 1994-06-14 1107 000 12 0 750 K
4 HERWE) & AR 1994-07-17 310 600 6 6 865.2 K
5 PR LM R B A0LE S KBRS P 1994-08-29 3360 3 5 185 w
6 FGE B KE 283 1995-09-06 900 3 1 7 L3
7 B BB S ke b g 1995-06-02 1 800 3 1 2 w
8 TR BT i B 5 1995-09-06 11 700 3 5 2828 LSUN
9 RS S A 1995-09-06 2244 000 10 0 1850 LSUN
10 SREBEL I S P = e 1996-11-01 1 600 6 5 5 L3
11 FHELIALE S STk e s 1997-08-05 9430 3 0 1053.19 LSUN
12 TRE B T S N AR i 1998-04-18 80 5 0 0.2 L3
13 JGHE B bR S WIARRERT Jiaks! 1999-04-19 303 3 0 2 L3
14 PO AL X 451 e 1999-07-02 12 000 4 2 20 L3
15 RAEEMN S A 1999-08-05 900 4 0 40 L3
16 K ELple & =4 iz 2000-04-26 567 4 1 1.4 w
17 JGE BTN S 22k e 2000-06-29 270 3 0 0.2 L3
18 PO AR X R KL i) 2004-11-17 480 4 0 3 i
19 S BRI FUK L Jiake! 2007-07-20 800 8 11 3500 (PN
20 R BIFLME & BT ok 2007-10-29 1403 4 2 3 h
21 P X RSB C AR TR iz 2016-07-24 110 4 3 2.5 h
22 PO AR X ERESR Y X T 2017-08-08 46 800 4 0 81 h
23 F 0 BRI A R b8 2017-08-30 45000 7 2 800 N
700 , = £3 BEBSEERRELRMLEITE (1990—2019)
# 600 e i o Table 3 Statistical table of landslide, rockfall and
= —e— TS 3518 . .
<2 500 i 30 R debris flow disasters by scale ( 1990—2019 )
5 00 25 % g B Pm o kB BB Al
< pal 300 2.0 &:‘3 T
| X e ¥R 155 11 3 3 172
L2500} 15 T 485 97 57 17 656
% 100 (1):2 . T 78 31 11 0 120
0 0 At 718 139 71 20 948
Jilie Y P i He/% 75.7 14.7 75 2.1 100

1 HEREZEEHSHT AHMEFHRAILE
Fig. 1 Comparison of the number of landslide, rockfall with
debris flow disasters casualties economic losses
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FARIAIRI4Y, 2003—2019 4E 7] 672 AL AT | I U E
A 518 L&A T AAEL AR, L 77.1%, 154 2 kA=
T, 5 22.9%, HhE 4 4 MR E RO &
H. A 61%, BB A MBBBRIE R Z, & sl
19.3%. 16.1%, L if . F A IR A AR LT,
BRI R R ARG )0, IR A A
R 2R AR, AR RS S PR WA, P R AT AR AL
FO AR, 5 AR Ty 2 B BRI, mT A& SRR i 5 Ak
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TILA Lo 3 (36 4)5 3Rl 81 128+ MR IR L 454
Z L AR TR, W 2 Joy R G AR M A A A A B L IR
FL MR A TS A B 26 R AR T, 5
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3.1 ZE[E A A
(1) FEATHIX 35,

HFA NV T AR N B L R
TN VRN L VTSN B RN 2 T 6 M o s I
Ve ik FERAR AR, FZ A T8 7 1 AN
7, 5 A 37.4% . 34.4%, PIANTH (5448 i M 5k
T 72%, I 45 4 )15 5] 4.62 /100 km?* 1 2.47 2/
100 km?, FYRJE G R 85 g MURTEEAL M, o Lo 430
8.8%. 8.5%. 5% , M VG N K& e/l AR 13 3, 4R
RAAL 0.4 8, KESMBETREARGTHHTHZ

R4 FTEXISBREHBRELE (2003—2019)
Table 4 Relationship between soil and rock type and
landslide, rockfall and debris flow disasters
development ( 2003—2019 )

TR B ks i it
RS ARCE W MRS &L kit

/h 5 5 1 39 61 5 116

o i 0 0 0 1 3
PN 0 0 0 1 1

&) 0 0 0 0 0
N4 0 0 34 289 80 407

_— th 3 0 3 35 34 13 88
x 3 0 0 14 21 6 44

&) 0 0 0 6 5 2 13

A1t 15 5 4 130 410 108 672

H: FeNN2003—201 94, R 6758, LLAL T A IR E
RIpkae, Bite72it.

— o AR KA, 2% 15 N A A0 LA 25 5%, BR
VSN 22 K LR VAR AN, e CHD AT SO 35 BR i
AN T AR L WAL RIS N 2 A A, e
AT PR RS T B L T L TG R A H
Z R A VRATIL, A B AR X, U LA w06 P4 ]
S L EAC

*5 BEEBREARRENMEASHEEIT (1990—2019 )
Table 5 Geographical distributiong statistic of landslide, rockfall and debris flow disasters ( 1990—2019 )

o 15 bize )
i MATIBUX. A km?

ol sET Bkt BoEsR seTT BURJIOC Bk BT SiRJi00 Bums KEEE/GE100km™) FETT Bi/JTOT

(SN 7 665 86 26 142.522 240 51 3053.17
AR 13 200 47 7 1386607 244 14 4652972
AL 34700 8 3 324445 34 0 604.16
A M 18 823 0 49.05 62 5 1624.875
SN 76 312 4 0 10 13 7 13201
TN 46 000 13 8  3568.494 43 0 29291
VM 325785 2 0 0 4 2 10006
EHIM 191178 3 0 320.5 16 2 104.45
A1t 713663 172 44 8721.623 656 81 12653.24

e it

28 23 19338.08 354 4.6184 100 22 533.77
35 19 5336.585 326 2.469 7 40 11376.16
5 0 37 47 0.1354 3 3885.61
10 2 1686.75 81 0.430 3 7 3360.675
2 1 150.3 19 0.024 9 8 1480.4
27 10 9656.87 83 0.180 4 18 13518.27
7 0 205 13 0.004 0 2 1205.6
6 1 3980 25 0.013 1 3 440495
120 56 40390.59 948 0.132 8 181 61 765.45

(2)Fie e Hu 3R

MR AS ] 11 b 55 S A K 5 45 500 43k DO A b 55
DI | BT h = N ol o AN BT, N8 A= e | =10 W
DX, 75 P e B L DX UOL ol Vi 33 4 U A 9 I R AL AR T
&, B ETET AR AN L, & HE 82.8%, K E M
J& 2.673 9 #2/100 km?, FURARUCH 7 B SR L X 5L
BRI X SRR AT, & LUARIR R 10.9% . 5.2% . 1.1%,
SRR BIIEARNEE o AR I FhTE K M50 5 X A 43
A A7 AE 22 T, N R A, FALEFEILX, ¥

T v DL DX LA 3 R S T SR R A b U LUl R
F, BRSNS 7R Bl 4 DL 3 Ok 3, TR A A X AR
b, HE MRS X R N AT K R R ZEANZ (3R 6) .

(3)FAHOI 53 X

PLH A LA KRR P, 2R 0I5 K S 380RT #0013
BEAHE LR IR PGB, S B AR X, H Ay X R Ol
X, FHEAE RO X AR T AR [l 8 i DX, ol IX
FE A AT A I L X T R e R L DR S R R A
Hu X, gl XN AR, MR BEE, 2T R ITZ P+
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Table 6 Statistics of landslide, rockfall and debris flow disasters according to topography and physiognomy ( 1990—2019 )

PRI HE AR IX AR km?

ANE/N NAEENm® ke 3 A aiF REHE/GE 100 km™) LA ZAOAE &BFHI150

falX  HHRERASH 29358 4043 884 137.74 141 559 85 785 26739 161 99 421414312
SEIAARAHIX 299785 380570 1.27 2 1 7 10 0.003 3 2 0 205.6

Polk X FHAEEFELIX 60700 318824 5.25 8 37 5 50 0.082 4 3 5 4 885.61
HMERELX 323820 1146979 3.54 21 59 23 103 0.0318 15 19 14 532.804
At 713 663 5890257 8.25 172 656 120 948 0.1328 181 123 61 765.4452

b, A T IS B, Bl XN DR, T 4ok ik,
DL SRGICHCH T2, A F AR DX X SR PR 4 52 i 4
K, B AR MY X A Ml DX 39 97 1 U K T, 2
83% M I AR Ve A T K R AL IX (R 6)

(4) 4% TREG shak 5 oy X

AR B A b DX 7 T A 29 358 kmd?, 43 A B TR
16 8 (T, X)), 4043 884 AN {44 9% )+ 4 |
A 36% B (T . X)) M 69% M9 N1, A%
137.74 Nkm?(F 6), B HE XA L HEE 2 AR, A
A PG T e A R N R R L
BT 2 B - X S B A Wl ST N B
6 X PN A 2 28 B R SR e, el iR it A 1R S TORE T Bl
FU, W YRR Ue A IR K 2 Rk, K R R
T HA X LA L E AT, SR T E AR
T-FE R TER, R T- N 248 1 86%, 4
Triik 5 248 1 68%.

(5)F sk o3 X

B IK RT3 NIRRT B 7K R, BB

Ho— G 3B K W ANFE T 1A I, Y8 /K] A — 257
TR TR H 7 S AR, B AR 53 BT v 3 A 2 e A
L 43 A R P K )R R T B g L ] LR IR
A P A A O A TR A e, S
" 596 2, 15 FE 63%, 1N 138 ASET. 75 N340, HiE
2R 2 2954200, R Sy w0 g B, 3k kAR
26432, 1 Fb 36.5%, 1 35 AFETC. 29 N2 45, HiEL
Ve ok 29 2.28 4.7, HAR IR A M X

AL ¢ F SO RS LA 22 A8 2 HIE A 22 5%,
R YT 3 A T O — e U e A B S A [R]; N K

R R RSN LAY A s e R AT

F, A A RIA kA, B RA BT 8 i
R U b FRASE 7 9 Dk T 5 AR A A A 05 A T B Y] i
HLAEA B SO [R] I i BT o L8R, TR Sl = TR
AT, Anrb Y K DL b R 3, A A I ek AR
62 i, ot VAT AL Bl M BB 37 %, AE I K I Bk A
80 &, (HVE /K T M S 19% (3K 7).

F7 BEBEBRARRERKRRESITR (1990—2019)
Table 7 Statistical table of landslide, rockfall and debris flow disasters by drainage basin ( 1990—2019 )
) 4 l(EEe X ap} 7 - .
KECRR TR R A A kB A A b kB A o g RO
KT 2 0o 1 0 3 6 4 2 0 12 2 2 0 0 4 19 3 14 3224.45
R 1 0 0 0 1 4 30 0 7 2 0 0 0 10 0 0 1201.5
Sh B 31 7 1 3 42 107 35 20 9 171 34 15 2 0 51 264 35 29 22 791.098 2
K 114 2 1 0 117 348 43 29 8 428 32 11 8 0 51 596 138 75 29 477.187
JGER 5 1 0 0 6 3 1 1 0 5 2 1 0 0 3 14 3 5 322445
- SR 1 0 0 0 1 13 11 5 0 29 1 1 0 0 2 32 0 641.16
HE 1 1 0 0 2 4 0 0 0 4 5 1 1 0 7 13 2 1205.6
it 155 11 3 3 172 485 97 57 17 65 78 31 11 0 120 948 181 123 61 765.445
3.2 WA S A AR FRAZ AR K o

(1) 4 BEAR AL LA

8 W R T 1990—2019 4E75 14 M WA 19 I 41

S B RN B AR BE AR RS O, T LA H, MR
; ®

RE R AR ERISET R BN BIRA TR AT

e
)

=4

=
=]

e U W A IR U A T O R AR R B, 2018 4F & AR b
JKE 207 2, WA R Z, AR AR 6.6 fif; H
WS 2019 4F | 2007 4F . 1995 4F | 1994 4F , 43 4 K
92 | 542 . S1d Al 4732 ; 1990 4F . 1991 4F |
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Table 8 Annual statistical table of landslide, rockfall and debris flow disasters ( 1990—2019 )
RN B AW A ST AR AR ATHBURATT || AR B W AW A BT OB SEiET
1990 2 4 0 6 2 0 32.025 2005 3 19 2 24 1 4 992
1991 2 4 0 6 0 0 9.94 2006 6 7 7 20 0 1 251.6122
1992 0 2 2 4 2 0 6.975 2007 9 42 3 54 16 16 3 786.055
1993 1 8 1 10 0 0 63.65 2008 6 13 4 23 2 0 253.6
1994 9 19 19 47 37 12 4 635.42 2009 3 22 0 25 1 1 714.3
1995 21 18 12 51 36 15 7261915 2010 4 25 8 37 2 2 1236.5
1996 5 15 3 23 8 8 284.73 2011 6 12 1 19 1 5 77.89
1997 0 7 6 13 9 6 22 671.24 2012 10 18 2 30 3 2 55.08
1998 1 2 2 5 8 1 896.2 2013 10 21 6 37 0 16 668.13
1999 3 8 5 16 13 2 1977.2 2014 5 27 0 32 0 0 42.1
2000 1 4 0 5 8 5 3.386 2015 6 22 7 35 2 1 746.2
2001 0 6 1 7 0 2 0.5 2016 7 31 7 45 6 7 2510.06
2002 4 7 1 12 0 0 428.4 2017 6 22 2 30 12 3 888.5
2003 1 9 3 13 1 13 3906.15 2018 25 172 10 207 4 0 5117.74
2004 4 14 2 20 4 1 571.305 2019 12 76 4 92 3 0 1676.642

1992 4E | 1998 4F . 2000 4F, 2001 4F & A= de Bk w471,
KEHEMT 108, LT, Z 0 ANEL, 1994 4F |
1995 4F [A M 5T K F L1232 Ui M N Bl 2, 47 0
1994 4EFET- 37 A %245 12 A, 1995 4E3ET- 36 A\ . %
15 15 A, 2 2007 4E | 2017 4E, 43508 16 AL 16 A
12 A3 A5 1991 45 1993 4F | 2002 4F | 2014 4F- A i
N BT o FRA PRI, 1997 4F R 3 A 30 8 A1 3
KEE B HEA TR RE, A0 22712, REFF
P25 45 (2 059 J7) YL 11 4%, HRAK Ul 1995 4F
2018 4F. 1994 4F, EIEA TR 52 7 261.915 TG,
5117.74 J7 G 4 635.42 J7 JC; 2001 4F | 1992 4F | 1991
AR EIEA TR BN, AN 10 JT It

MNAFE JBE T 3 A B0 e A I K R A B AT DLE
L 2004 42075 5, 2004 4EZHTER 1994 4F | 1995 4F-R¢5k
ARGy, FOE AR Oy AF BE R IR X B, AN 20 52,
B ERZEN R A ILE, 2004 4F 5 & 9GRBI K T
2058, M\ 1994 4F | 1995 4, 2007 4. 2018 4, 2019 4
&R KEGE Z WM LA, KRR 10 4751
58 25 10 B0 B AR 4 U A T K 2 R A Ay, B Rl RE AL
1~ 34, IS T KM AR T-MZ Tk (G5 8).

(2) Z= 5 PEAE A A

WA K E R R MER IBE R
B, 32RO AE IR R A TR . 4 1996 —
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Fig.3 Monthly average histogram of landslide, rockfall and
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Table 9 Statistical table of average annual landslide, rockfall
and debris flow disasters ( 1990—2019 )
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Table 10 Statistical table of landslide, rockfall and debris flow
disasters by induced factors ( 1990—2019 )
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Fig. 5 The relationship between annual rainfall and landslide, rockfall
and debris flow disasters caused by rainfall from (1996 — 2019)
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Fig. 6 The relationship between the average monthly rainfall over

many years and the rockfall, landslide and debris flow disasters
caused by monthly rainfall from (1996—2019)
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