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Abstract: This paper is the result of geological hazard survey engineering.

[Objective] The Yunnan section of Nujiang River mainstream (YNR) experiences the most serious debris flow disasters in Yunnan
Province. Historical events have caused serious casualties and property losses, highlighting the need to clarify their spatiotemporal
patterns, controlling factors, and future evolution. [Methods] Based on data collection, remote sensing interpretation, field
investigations, and community interviews, a more detailed database of debris flow events was established, updating the historical
records from 86 to 134 events. Statistical analysis and the Geodetector method were applied to assess the spatiotemporal
differentiation and dominant factors. [Results] (1) Debris flows are stronger in the north and weaker in the south, with Shangjiang
Town, Lushui City as the dividing line. Temporally, debris flows show an overall increasing trend on the annual scale and significant
differentiation on the monthly scale. (2) Climatic conditions, fault structures, and topography/geomorphology dominate the spatial
pattern, while rainfall and earthquakes control temporal variations. (3) Since 2000, debris flows have exhibited an activity cycle of
about three years and a rising trend of concentrated outbreaks induced by extreme rainfall and strong earthquakes. [Conclusions]
Historical debris flow records in the Yunnan Nujiang were updated from 86 to 134 events, which provide basic and essential data for
the research on the Spatiotemporal patterns, controlling factors, and evolutionary trends of debris flows. These findings improve
understanding of debris flow activity in the Yunnan section of the Nujiang River and provide scientific support for disaster

prevention in towns, settlements, and critical transportation corridors.

Key words: spatiotemporal patterns; controlling factors; evolutionary trends; debris flow; geological hazard survey engineering; the
Yunnan section of the Nujiang River mainstream

Highlights: Historical debris flow records in the Yunnan Nujiang were updated from 86 to 134 events. The spatiotemporal patterns
and controlling factor of debris flows have been revealed, and the future evolutionary trend of debris flows has been analyzed and
assessed.
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Fig.1 Location of the Yunnan section of the Nujiang River (YNR) mainstream and distribution of debris flows
a—Main faults and terrain; b—Distribution of major debris flows
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Fig.5 Statistical results on the annual frequency of debris flows
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The limited data on debris flow events from 1950 to 2000 may be due
to the long—standing time
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Fig.6 Statistical results on the monthly frequency of debris
flows in YNR from 1950 to 2021

R Sh il Er R LIS PR ES
6.1 WHEENELR

I FH O BEAR I 32 , B S R TR S0 . M)
FVE L WA R R R
BL6 AN, TEFHIA M SV WA 1 6 44
fiE At (P 2) , 3 ok 0 B 2 537 K T 3 P

BT U A i 2 (0] 40 A () o Mk B . 45 A BN [
WL WA R g (R K AR (£ 3), X
SN A A G R T AR AR WA i L b
e 5 .
6.2 FIEEEH
6.2.1 AR FAF

I 3R BT T 2 m B e A i A iR e 3
b B 559 1Y 25 0] 2 SRR, B RN R A T Y & AR
H5EMAMEYIMSE, S5, R X 24T
R (R R R AR o A AL A SEAREAE (1B 2e) .
DAZS R AL, 75 B AL IR 2T 38 X 35k g e 7K B 4
KFRNFELIR X, 75 B DAL Z 53 1l Ry 3 1
# TTINAR YRR i K, 5 2] 1800 mm/a, 75 LA
B I VR A SRR B SR IR 35, HLAE I v T 4
JEHL ik B ER AR, 29 700 mm/a( 8] 2¢) . B, 1E R
S A B K A R, BT o B B S &5
RKAREE (I PLRE T VA1 A0 A 25 (143 545 1E o
6.2.2 B L%

AL B R AW, A £ T W 2T
Wi SR Al R R 24 (TR 1), F IR 75 3
PE ) S 3 25 5, ST 0] W S e JR 3 X3y
Fr R RBREE | M IR M S G 5 e R T R T At DB
24, BT WL 95 Y L W 24 9% B KRB A B
HAZRHIE (B 2d) o VT IBr AL EAE ) Sy 3 B AL 1],
H5RITTJ mmia 4 HA AR R 2 [ 2 VI C R,
XA — 5 TR S e T W e A K AR Y BT R
B A B R B I &, BT W ARV
T A JR A, PN A7 i A B0 . BRI 2 %
WFRARRT R (B 1) o VS £ g 2 95K BT
BAR AT AN B A AR T R IR B AL R %A W) 4y
SERRIE T RRAR AR B ph AV T 44531 (141 7) 6
6.2.3 X8 35,

F T DXl T 3 R AU Y 25 5, i T IR
T RN ) 4 bR Bl SR RR AR R L 2 R G W 2
So FA R, RN HUESE (& 2a), W AEHXT
ZEHIE AR T BR T 2R m At 2= 5k, X
B B T RV e G A i U SR AR R R

R 3 ETHIEERNRREHERARZMETF q &

Table 3 Impact facor g-values based on the Geodetector

HAE WE NDVI BN B LRI A
gfH  0.026 0.020 0.058 0.036 0.019 0.010

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(6)


http://geochina.cgs.gov.cn

H524% 5 6 SRS JVT T = B B A N 25 43 S AReAiE . SRSl R 3R Rt a4 o3 #r 2251
98°40'0"E 99°0'0"E
1 I
Z
o
ok
Q
o
Q
Z
o
Sk
o
Q
o AR , T
Z Watershed of debris flow &
o 1= oINS
gor [~ == Nujiang fault
& IR R
Mainstream of Nujiang rivcr’{'
0 5 10 20 {\;, 7
km =7

P 7 T EE A IS AR VIR R 25 ) 23 A1 56 2R

Fig.7 Spatial distribution relationship between major debris flows and Nujiang fault zone

], AR 2SR VE AT I 10 A3 it BT S5 30 o A L AR v
2B R Tle A &4 . BTt Edixs
b A BT 9E IX 103 2516 A Ui A9 H TP M SR RRAIE 22 5,
SR R KRB, LVTE R, DX B 73 &0
A L P D ST B4 3 R R X R 25 34 B KT e R
XIS (E 8), RIL T s B A MM B RS
i A S5 2 DA G
7 Vet E g RS R R
7.1 &R

T IX BN BRI A3, XN Te A i B &

SRR VIR G, 2T 1950—2021 4
Y AF B T R A TS R R I e T4 51, 15 AT

35001 RN Ve (A SR N
Northern Shangjiang :Soulhem Shangjiangl- 4()
A 1
4 o 1 L
3000 O@Ao Lloo o & ! o 38
o202 ®a 002 | N 36
25004 o %AA% Qoo Oé&Ao@{@@t
© G A AER O £ F34
£ AOEOO& p8TAN A o 1 o ;S
92000 02 L0 o 2% Taa o 32
I L PN SIS O/é;: CA%AOO
’ N oY ~n 30 &
' 15004 4 A , &0 o
A ] Ay LN L
E R o 2@ AO 28 H—
1 0
1000 o % Ao 2 lag
o B %
Rl © e 2
i PN A O L
° Kelat clevation® Ayerage stope | 4 i
0 T 20

NOl N20 N40 N60 N80 NI100
PTG

8 VLT ra B ra AL e A it i HU SR S 800 L
Fig.8 Comparison of geomorphologic parameters of northern
and southern debris flows in YNR

http://geochina.cgs.gov.cn H1E LT, 2025, 52(6)


http://geochina.cgs.gov.cn

2252 il

[X 1980 4F LAFG I T 1952 4F A1 1979 4 f1 1 £
K, FLR AR BRUE A i 2% B AR 8D . 1980 4F LU
[ 1980 4FEAX AT 1990 4F QA5 X e A1 I K 3 5 &
ARG, 2000 4F LA 300k 7% 2 10, HL2 R AR i 2
BT ZRTAE . 2001—2003 AF 1 8] Ve A TR &
BRI AL, 2004—2006 31X 3 4[], Je A1 i 9 45 %
1R 3 2007—2009 4, Je £ i i sl 3k 2010—
2012 4, BF9E XU A K 35 2 R B A, il
LI A, R 2010 4R A I K E AR
e, I R RN A TR P 2K 2013 4R e
A1 T FE AT URA XS B, 7E 2014—2016 4F B 3%
Fhie, 2017—2019 AU A i ORISR, 15 2020 45
MR LW, AEAIE SRR R A TIER 14 45,
FH T A5 AT IR 2w B L A XUl A I
SRR Iy 7 0 R A A, A X IR B B R
TG 2 A S (B RN (o] B, 20125 X1 sk
4F,2017; Yang et al., 2021) , {H Az s B w9 S5 424F J2 52 0H
b BT (] 9) . 1T 2000 LIk B A i &
BA—E W EANE, FRIBIRECK 3 4F. Mty
T T 7 MUl R B ARV T I Y AR R e A —
H XA SE, 2017)

YA iR & W ZE T MR e, o X AR
MR8 U v Do 2 XU, 52 B RE A 118 I 1 A S i
TR IR H B, WF 8 X 2= ] 4k 9 S A, (BT
DX 38 R R e R A O — 30 DABIF 5% IX e A i e
ZRWIZSEE AR TT . ST, 75 ) R RR ok 5
VTS, RN 2R 5—10 H, A o3 A 5T 1L ) 30 Sk XL
R, RN NERRAE 2 A ih AR R R 2,3 AF
A 2245 10 K e KARL, MR B s>, 6—9 H Gk
— TR, LT R FE W R B R T RPN RS
A, AR AR R S AR LG T e A T
F s [) RUBE Y 2% R A e A — 3 (18] 6, 51 10) .
JIT LA, AR5 X8 A 0 A2 A AR IR (R R A 2 5 4w R TR
MM —2, BAHEMENE, —RELE
3—10 A Z W, Jef I FE 24 5% X 43
TA K ER 80% LU L (K 6),

T BRI, BARMER XA T RS
JI B e R e A — 3, (R e P AW B oo R AT A 2 fh
KA SR Bilan: 1989 4F 10 A1)
e i B TN 1 BN R B VR A R R A, wh % s R
1397 [A], 58405 17 N, EAEZLTHJ 3600 J1 03k 2;

S Jit 2025 4
_ MewmbEmE HMH

180 Extreme precipitation Mean value
160 £y ¥ (R b A )

E 140 | Regression line of Extreme precipitation

=120

i y=0.5725x-1066.2

iz 100

 sof!

£ 60F

X 40
20

O 1 1 1 1 J
1960 1970 1980 1990 2000 2010
R

Kl 9 VLI Ik 2 v B o o A A (AT S 38 Al 4,
2019)
Fig.9 Trend in rainstorm in the Yunnan section of Nujiang
River Basin (after Hong Meiling and He Shihua, 2019)

250

BN ofETT el
Liuku Fugong Gongshan
200+
g
E 50}
il
& 100
50F
0

1 2 3 4 5 6 7 8 9
H b

10 11 12

10 TR SRS S AR 2 A B A
Fig.10 Comparison of average monthly rainfall in typical
towns in YNR

1 R, 2003) . 20204E 5 1 24 HE 27 Hi%
S 4 KPR E] 348.2 mm, &I BN A SRS
057 LI SRt R IR R A8 i o T R A R, B v i R T
T 20T 1L B TG T 208 Ak, T R e
137 65 £5(F8 2; Hokik4, 2021) .
7.2 #E

FERE TN AL A 22 &1 X35, B 22 R &
A E A I AR R A R )T RN 5 ¥, 20085 48 1555,
2013; iRAEMESE, 2023) o RRVLHIE 2 fE BV T
VG5 ph—Je B HLRZAT , 1950 4F 25X 5T X 5%
M 5 K ) PR O ML 2 A 4 301 A 1950 4F (1) 55 15 Hh 7%
F11976 S0 = B v L B VU MRS, PR bR 5 Ao
X3k T Ve A i i 2 A . 1952 AR IX 1y Ui
AR B T R RELW, B TETTE . Tl
A E AR R P X8, 11976 4E 8 5—7 H =
s R P AL 5 IR 6 UL HIRR, B KRR Ms6.6
(P E R M, 2023), HIRE 3 45 1Y 1979 4E R0
TR AR T2 &M, A IC R E KA

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(6)


http://geochina.cgs.gov.cn

5552 % 5 o i

TRAESE: VLT 2 g BEIR A I 25 73 SRR | B PR 3R M A a3 A 2253

TR 9 R, 3R T R BN DA TR R
(5,58 1) P, Mo 2mtos X U6 A k& i 2
P[] il A R 2R, 9 Z S 5 IX 1 25l R e A i
A R
8 4R

(1) I = g By U A it SRR 3 Ao
B 55 A 25 8] 43 SRARRAE, DAY KT BV 5, Db
2 o7 11 BN & B IEE S oA e A N 2k IX B,
[ R | S A 2 K IX B, 25 0] 53 S/
FHER TR WS Wi | P A

(2) A 1950 4ELIRASTL I 2 1 Bt g LIRS X
VA I SRR I BUmTE BR 0y k(B4 51
AR e A R R A, BAER 3—10 A A le A
TR T R A RN RN MR SRy e A T B TE] 0 S Y
FEHEER,

(VAT A 2000 4FELSERIN 3 4F A4
HIE Sl I, R KA 5 oK A6 sh R — 3, &2
ISR R RERT . SR YRR 25 A e
MBI, T | E L

Bogt: FAATERET RIMNE A TR
KA. RLUTEAFERAXNE. BREEART
JE A HL R B 9 L+, RapidEye. Planet i & %1% &
B T Planet /A 8, Google Earth ¥ 1% % E T Google
wE, BEMNBEAFEETR. RHEIAFE
. INMEE5THNTHE, FERRFFRE
FIZREMKE BT &R TR AR R
TH#AEEN, El—HF R,

References

Cui Peng, Chen Xiaoqing, Zhang Jianqiang, Yang zongji, You Yong,
Fan Jianrong, Su Fenghuan, Kong Yingde, Zhu Xinghua. 2013.
Activities and tendency of mountain hazards induced by the Ms7.0
Lushan Earthquake, April 20, 2013[J]. Journal of Mountain
Science, 31(3): 257-265 (in Chinese with English abstract).

CEIC. 2023. Chinese historical earthquake catalog[EB/OL]. https://
www.ceic.ac.cn/history (in Chinese).

Fan Hui, He Daming. 2012. Regional climate and its change in the
Nujiang River basion[J]. Acta Geographyca Sinica, 67(5): 621-630
(in Chinese with English abstract).

Feng Qiangian. 2020. The Formation Environment and Disaster Trend
Research with Debris Flow in Bingzhongluo—Pihe of Nujiang
River[D]. Chengdu: Chengdu University of Technology, 1-122 (in

Chinese with English abstract).

Guo Rongfen, Luo Yan, Tang Sheng. 2015. Analysis on the causes of
mudslides in Fugong on May 10, 2014[J]. Journal of
Catastrophology. 30 (1): 102-107 (in Chinese with English
abstract).

Hong Meiling, He Shihua. 2019. Spatial and temporal change of
rainfall in Nujiang basin in recent 50 years[J]. Research of Soil and
Water Conservation, 26(3): 248252 (in Chinese with English
abstract).

Huang J C, Xu HJ, Duan X W, Li X, Wang P J. 2020. Activity patterns
and controlling factors of debris flows in the Upper Salween Alpine
Valley[J]. Natural Hazards, 103: 1367-1383.

Kirschbaum D, Stanley T, Zhou Y P. 2015. Spatial and temporal
analysis of a global landslide catalog[J]. Geomorphology, 249:
4-15.

Kong Yan, Wang Baoyun, Yang Kun, Wei Bao, Zheng Lu, Zhang
Zhuhong. 2018. Analysis on the spatial-temporal distribution and
the typical areas disaster—pregnant features of debris flows in
Yunnan Province[J]. Journal of Yunnan Normal University, 38(6):
55-63 (in Chinese with English abstract).

Kong Yan, Wang Baoyun, Wang Naiqiang, Wei Bao. 2019. Debris
flow risk assessment in the alpine canyon of western Yunnan: A
case study in Nujiang Lisu autonomous prefecture[J]. Journal of
Yunnan Normal University, 39(3): 63—70 (in Chinese with English
abstract).

Li Guangtao. 2008. Tectonics Activity of the Nujiang Fault Zone in
Quaternary in the Southern Yunnan[D]. Beijing: Institute of
Earthquake forecasting, CEA, 1-74 (in Chinese with English
abstract).

Li S, Yin C Q, Guilmette C, Ding L, Zhang J. 2019. Birth and demise
of the Bangong—Nujiang Tethyan Ocean: A review from the Gerze
area of Central Tibet[J]. Earth—Science Reviews 198: 102907.

Liu C X, Wang B Y. 2024. Gully—type debris flow susceptibility
assessment based on a multi-channel multi—scale residual network
fusing multi-source data: A case study of Nujiang Prefecture[J]. All
Earth, 36: 1-18.

Liu Suxia, Ding Wenhao, Mo Xingguo, Wang Sheng, Liu Changming.
Luo Xian, He Daming. 2017. Climate change and its impact on
runoff in Lancang and Nujiang River basin[J]. Climate Change
Research, 13(4): 356—365 (in Chinese with English abstract).

Liu X L, Yu C J, Shi P J, Fang W H. 2012. Debris flow and landslide
hazard mapping and risk analysis in China[J]. Frontiers of Earth
Science, 6(3): 306-313.

Liu Xinyou, Li Zishun, Liu Yongxing, Xie Feifan. 2017. Analysis of
temporal and spatial variation of rainfall in Yunnan Province of
Nujiang River basin[J]. Yangtze River, 46(18): 39—44 (in Chinese
with English abstract).

Simoni A, Mammoliti M, Berti M. 2011. Uncertainty of debris flow
mobility relationships and its influence on the prediction of
inundated areas[J]. Geomorphology. 132(3/4): 249-259.

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(6)


https://www.ceic.ac.cn/history
https://www.ceic.ac.cn/history
https://doi.org/10.1016/j.geomorph.2015.03.016
http://geochina.cgs.gov.cn

2254 il

Hb, Ji 2025 4F

Su Pengcheng, Wei Fanggiang, Xie Tao. 2012. Causal analysis of
debris flow on August 18, 2010 in Gongshan, Yunnan province and
its harm to the development and utilization of mineral resources[J].
Resource Science, 34(7): 1248—1256 (in Chinese with English
abstract).

Tang Chuan, Zhu Jing. 2003. Study on Debris Flow and Landslide in
Yunnan Province[M]. Beijing: The Commercial Press, 14-25 (in
Chinese).

Tang Chuan. 2005. Susceptibility spatial analysis of debris flows in
Nujiang River basin of Yunnan[J]. Geological Research, 24(2):
178-185 (in Chinese with English abstract).

Tang Chuan, Liang Jingtao. 2008. Characteristics of debris flows in
Beichuan epicenter of the Wenchuan earthquake triggered by
rainstorm on September 24 2008[J]. Journal of Engineering
Geology. 16(6): 751-758 (in Chinese with English abstract).

Tang Y J, Xu Z M, Yang T Q, Zhou ZH, Wang K, Ren Z, Yang K,
Tian L. 2018. Impacts of small woody debris on slurrying,
persistence, and propagation in a low—gradient channel of the
Dongyuege debris flow in Nu river, southwest China[J]. Landslides,
15:2279-2293.

Tie Yongbo, Ruan Chongfei, Yang Shun, Zeng Bo, Zhang Hongbing,
Li Fugiang, Sun Jinfeng, He Zhenqiang. 2021. Characteristics and
mechanism of geological disasters induced by “5.25” Rainstorm in
Gongshan County of Yunnan Province[J]. Bulletin of Soil and
Water Conservation, 41(2): 10—-24 (in Chinese with English
abstract).

Wan Feipeng, Yang Weimin, Qiu Zhanlin, Xiang Lingzhi, Qu Jingkai,
Wu Jihuan, Zhang Tiantian. 2023. Disaster mechanism and
evolution of Nagune Gully landslide—debris flow disaster chain in
Minxian County, Gansu Province[J]. Geology in China, 50(3):
911-925 (in Chinese with English abstract).

Wang Gaofeng, Gao Youlong, Yao Yahui, Tian Yuntao, Xu Youning,
Sun Xiujuan, Li Ruidong, He Yuanxiao, Deng Bing, Ye Zhennan,
Chen Zongliang, Guo Ning. 2022. Prediction model of potential
debris flow hazard of rainfall type in Bailong River Basin, Gansu
Province[J]. Geology in China, 49(3): 732—748 (in Chinese with
English abstract).

Wang Jinfeng, Xu Chengdong. 2017. Geodetector: Principle and
prospective[J]. Acta Geographica Sinica, 72(1): 116—134 (in
Chinese with English abstract).

Wang Yanzhao, Wang Enning, Shen Zhengkang, Wang Min, Gan
Weijun, Qiao Xuejun, Meng Guojie, Li Tieming, Tao Wei, Yang
Yonglin, Cheng Jia, Li Peng. 2018. Constrained inversion of
present—day activity rates of major ruptures in Sichuan and Yunnan
based on GPS data[J]. Science China Earth Science, 38(5): 582-597
(in Chinese).

Xu Huijuan. 2016. Study on Debris—flow Activity Patterns and Hazard
Driving Forces of the Alpine Valley Area in Nujiang River
Basion[D]. Kunming: Yunnan University, 1-112 (in Chinese with

English abstract).

Xu F S, Wang B Y. 2022. Debris flow susceptibility mapping in

mountainous area based on multi source data fusion and CNN
model: Taking Nujiang Prefecture, China as an example[J].
International Journal of Digital Earth, 15: 1,1966—1988.

Yang F, Lu H, Yang K, Huang G W, Li Y S, Wang W, Lu P, Tian F Q,
Huang Y G. 2021. Hydrological characteristics and changes in the
Nu-Salween River basin revealed with model-based reconstructed
data[J]. Journal of Mountain Science, 18: 2982-3002.

Yang Shun, She Tao, Zhang Yong, Liu Jiankang. 2021. The research
on the hazard risk of blocking river in Nujiang great valley, Yunnan
Province[J]. Geological Review, 67(S1): 25—27 (in Chinese).

Yang Yingdong, Tang Pei, Xiao Huazong, Yan Xiangsheng. 2017.
Preliminary analysis on relationships between geo—hazards and
river systems of Yunnan Province[J]. Journal of Catastrophology,
32(3): 3639 (in Chinese with English abstract).

Zhang Jiajia, Chen Long, Li Yuanling, Liu Mingsheng, Shi Shengwei,
Yi Jingsong, Zhang Wen, Zhang Shilin, Sun Jinhui, Yang Dong,
Xian Jieliang, Cai Jiajun. 2023. Development characteristics and
controlling factors of coseismic geohazards triggered by the Luding
MS6.8 earthquake occurred on September 5, 2022[J]. Acta
Seismologica Sinica, 45(2): 167-178 (in Chinese with English
abstract).

Zhang W C, Xiao Z N, Zheng J M, Ren J Z. 2007. Characteristics of
the Nujiang River runoff for a long term and its response to climate
change[J]. Chinese Science Bulletin, 52(2): 156-163.

Zhou Z H, Ren Z, Wang K, Yang K, Tang Y J, Tian L, Xu Z M, 2018.
Effect of excess pore pressure on the long runout of debris flows
over low gradient channels: A case study of the Dongyuege debris
flow in Nu River, China[J]. Geomorphology, 308: 40-53.

Bt 32 225 STk

FEMG, PRIGEVE, TR, B4, WE S, SRR, TR XA, FLIV AR, %
4£.2013. “4-20" /11 7. 0 G R R A LMK F TR SRR S
[J]. thib4, 31(3): 257-265.

BN, (AT 2012, Z8VLIR B SARRANE S I AR (b A FT]. HLBH 24,
67(5): 621-630.

T 5. 2020. VLN H % —TUT £ 07 BEYR A Ak PR R HLi AR #
FBEFE[D]. HCAS: AT A, 1-122.

SRAEIN W, FEAE. 2015, “2014.5. 10 2 BTN AR STV A A
SAHET . REE, 30(1): 102-107.

BEEFY, TH1E. 2019. 1961-2010 4ERITHsk AR 23 A1k 7], /K +
1REEDFSE, 26(3): 248-252.

L, TR =, B, SR, A58, ke, 2018. mRGH R AT K ET
23 AR B IR X B A SR AT D). = DS R4 (A
IRBI2EIR), 38(6): 55-63.

FUH, EAR =, ET95, BUAE. 2019. JE P = LA X 8 A1 G 6 1T
M USRI AR A BII]. s m iR E 4 (A ARk
Ji), 39(3): 63—70.

ZEGHE. 2008, TE PG I R TL I 245 5 DU 28 LR (19 #9 1 1 B M [D]. At
at: P E R R R T S T, 1-74.

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(6)


https://doi.org/10.1007/s10346-018-1036-7
https://doi.org/10.13869/j.cnki.rswc.2019.03.036
https://doi.org/10.13869/j.cnki.rswc.2019.03.036
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2018-079
https://doi.org/10.7699/j.ynnu.ns-2019-041
https://doi.org/10.7699/j.ynnu.ns-2019-041
https://doi.org/10.7699/j.ynnu.ns-2019-041
https://doi.org/10.7699/j.ynnu.ns-2019-041
https://doi.org/10.7699/j.ynnu.ns-2019-041
https://doi.org/10.7699/j.ynnu.ns-2019-041
http://geochina.cgs.gov.cn

552 4 5 6 )

TRAESE: VLT 2 g BEIR A I 25 73 SRR | B PR 3R M A a3 A 2255

KR, T30, SO E, FRE, X BB, B, . 2017, IR
AT IR i) A1 A8 T B X 2 i A S M 0], AR AR AR 50k
J&, 13(4): 356-365.

XA, 25 I, X07K 2%, 7RI 2017, BT iRz j X B R i 25
AEATI). NRAKTT, 46(18): 39—44.

FRIGEE, 357, W, 2012. =R 5TIL 8. 18 FFE KU A i A P B Xt
W= I R I fGE ], IERIEE, 34(7): 1248-1256.

FENI, A%, 2003, = 5 W R A B 5T (M), dE st B 45 ED A,
14-25.

FE L. 2005. 2 2 VL R e A1 O S0 s R) 43 A (7). M 3EAE 5,
24(2): 178-185.

JEI, S5, 2008, BUIFEX LN 9.24 W IR A R AFEAFE[T]. T
TEHL TR, 16(6): 751-758.

Bk, BLEs 6, M, Sk, SRAT I, A E R, Fh A, fHRGE. 2021.
A TTILE “5.25" BTN & M 50 EE B ARE S5 AL ).
KA PFRER, 41(2): 10-24.

T3 6MG, #oh R IR AR, R R 2, AL, SRR, Sk L 2023,
RGBT 0 39— A I ¢ T e I AT L) B LT Ak 3. o
5, 50(3): 911-925.

T, mahte, BVRE, Mizds, AT, INEIE, =4, MLy,

ES, M-HRFE, BRSE R, 38T, 2022, H R4 11 0 1137 1 A R 280 7
TEVRA TGRS E R T]. R MR, 49(3): 732-748.

TN, TRINAR. 2017, HOBRERINAS: D3 5 e T]. HhFH 24, 72(1):
116-134.

T, TR, RIERE, T8, B TE, Fe%, & EA, 22800, b
i, Bakobk, TR AE, 2506 2008, 3T GPS WEAh 24 R s 1 [T HiL X
T TR AT SR I]. T ER2E (D s ERERE), 38(5):
582-597.

HRELR. 2016, A8V Lk 23 X8 A i 15 s L A i 3R 36 7
WI5E[D]. B Rk, 1-112.

WL, 455, 3K 55, RUERE. 2021, &892 jE B e 2 X e A7 Pk il
fERFFTT]. MBI, 67 (S1): 25-27.

B4, i, MG, B . 2017, AR R E 5Kk R K EW]
AT REH, 32(3): 36-39.

TRAELE, B, 2200 R, MR, A EHS, B, sk, sk, g
WE, ¥, SEAS B, MR 2023. 2022 4E 9 H 5 B M S6.8 Hi
= B[R] 5% O R AR R B R E A T[], MR AR IR,
45(2): 167-178.

rfE MR B . 2023, [E 5 i R B SR [EB/OL]. hitps:/www.

ceic.ac.cn/history.

http://geochina.cgs.gov.cn FE M1 5T, 2025, 52(6)


https://doi.org/10.3321/j.issn:1000-0585.2005.02.003
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3321/j.issn:1006-9267.2008.05.006
https://doi.org/10.3969/j.issn.1000-811X.2017.03.007
https://www.ceic.ac.cn/history
https://www.ceic.ac.cn/history
http://geochina.cgs.gov.cn

	1 引言
	2 区域地质环境背景
	3 数据和方法
	3.1 数据来源
	3.2 研究方法

	4 泥石流编目
	4.1 泥石流分布
	4.2 泥石流事件

	5 怒江干流泥石流时空分异特征
	5.1 空间分异特征
	5.2 时间分异特征
	5.2.1 多年时间尺度
	5.2.2 月时间尺度


	6 泥石流空间分异的驱动因素
	6.1 驱动因素权重结果
	6.2 主控因素分析
	6.2.1 气候条件
	6.2.2 断裂构造
	6.2.3 地形地貌


	7 泥石流时间分异的驱动因素
	7.1 降雨
	7.2 地震

	8 结论
	参考文献

