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Ecological risk assessment of landslide hazards in the upper reaches of the Yangtze
River region
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Abstract: Landslide hazards pose a significant and persistent threat to ecosystem health, making the ecological risk
assessment of such hazards essential for effective ecosystem management and proactive risk prevention strategies. This study
proposes a comprehensive framework for assessing the ecological risks associated with landslide hazards, grounded in the
“probability-loss” theory. This framework synthesizes three critical components: landslide hazard, ecological vulnerability,
and potential loss. To demonstrate the applicability of this framework , we conducted an empirical study focused on the upper
Yangtze River region, an area characterized by diverse topography and significant ecological value. The landslide hazard
assessment was conducted using a random forest model, effectively capturing the complex interactions between various
environmental factors contributing to landslide occurrence. Ecological vulnerability was analyzed using a landscape index,
providing insights into the susceptibility of different ecosystems within the study area. Additionally, spatial data on
ecosystem services and population density were employed to characterize the potential losses resulting from landslide events.

The results were as follows; (1) The study area exhibits a predominance of low and very low landslide hazard levels,
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encompassing 44% and 14% of the total area, respectively. Areas with moderate hazard susceptibility account for 17% of
the total area and are mainly located in the northern part of Guizhou Province. High and very high hazard zones constitute
17% and 8% of the total area, respectively, and are primarily concentrated in regions such as Ya'an, Bazhong, and Dazhou
in Sichuan Province and the Three Gorges Reservoir area. (2) Ecological vulnerability is pronounced in the study region,
with high and very high vulnerability levels covering 40% of the total area. These vulnerable areas are primarily situated in
the plains and hills of the Sichuan Basin, the Yunnan-Guizhou Plateau, the Three Gorges Reservoir Area, and the Loess
Plateau. Notably, potential losses are heavily concentrated in the Three Gorges Reservoir Area and the Hengduan Mountain
Area, both of which are regions of substantial ecosystem services but are also areas where landslide-induced losses could be
severe. (3) Areas of higher ecological risk are observed to be locally clustered, accounting for 3.21% of the total area.
These clusters are predominantly located in the basins of the Min River, Dadu River, and Yangtze River. The causes and
mechanisms underlying the elevated ecological risk in the upper Yangtze River region exhibit significant spatial
heterogeneity. Human activities, such as land use changes and infrastructure development, have been found to exert a

substantial influence on the ecological risks associated with landslide hazards in this region.

Key Words: landslides; ecosystems; risk assessment; the upper reaches of the Yangtze River region
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Fig.1 Overview of the upper Yangtze River region
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Table 1 Data used in this study

K e ZN K pig ES RN
Data type Name Source Resolution or scale
DEM Copernicus DEM GLO-30 https ;/'/spac.e(.iata.coper.mcus.eu/collectmns/ 30 m
copernicus-digital-elevation-model
+ i P 1985—2022 FZ4F 30m i FHEHE
S: i.org 7 [26]
Land use (CLCD) https://doi.org/10.5281/zenodo.4417809 30 m
e . ; A48 Hb SIS
H g E W 2x —
Landslides inventory WO w22 R A 0 o [ Bl 2 B 9 TR B 5 Bl S T
NDVI Terra FRFEE 16 KA B i https://Ipdaac.usgs.gov/products/mod13a2v061/ 1 km
Sy LR _
ok IS o AP BEAE H B R 1901 — o oo -
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A . e e
o 1425 75 % LRI AL AT MO L VE U SR 55 R 12257
g 1:100 J7 A N IR 3 00 ] 450 i 5 1] 25 (1) -
e 2:(29] :
Lithology R b BRR 2RO R R S 1:100 77
Hi )2 12100 J7 Fr A N R E R [ 5 s J 1 25 [
W)= ' T3 e N B A T b 5 R = [ TR R g ) 1:100
Faults Bt
A I Population Worldpop A 11545 https : //www.worldpop.org/methods/populations/ 1 km
NPP BWIFATE ST GPP 8 KA ™ i https ://lpdaac.usgs. gov/products/mod17a2hv061/ 500 m
ET MOD16A2GF.061 https ://1Ipdaac.usgs. gov/ products/ mod 16a2¢gfv061/ 500 m
A3 Soil A R E (HWSD) 35 v1.2 hitps://gaez.fao.org/ pages/hwsd 1:100 J7

DEM : U7 = A2 A Digital elevation model ; NDVI; I3 — k41 #% 48 50 Normalized difference vegetation index; NPP ; i+ 2% 4 7= 1 Net primary
production ; ET : #{# 28 % Evapotranspiration
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Table 2 Interpretation of landslide hazard, ecological vulnerability and potential damage
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Fig.2 Ecological risk assessment framework
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Fig.3 Spatial distribution and density of landslide geological hazards in the upper Yangtze River area
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http ; //www.ecologica.cn



11444 JAE = 44 %

TEMHEFE B P D T, PR O R A U BE 050 R RO B MR R E S BE G026 1 2
HUSEATISERE . SRR IR F 2 IR ERE 6T T HARHMIE RO HT . 1S S 746 P T IO C M B
AR5 A, B AT 5 DRI SR/ T 0.8, KB 4M B F IO RO T 0.3, B ML) 9 -
T2 AT BRI, 3 T R eI

=]
I = o
=S & M &=
= ES = = il
F o® E 9® = z ¥ B =B
H E = £ £ 2 & £ =
1.0
TAEH A ‘ #k ok #k B ok #k ok #k
0.8

*k k% kK ‘ 3k k3
0.6

R AT B -0.03 0.14 ‘ *% *% % *% sk
- 0.4
YefE | -020 -002 000 ‘ o o *x wox o Lo
| | -0.03 | -0.02 | 0.00 0.03 ‘ o o L o
NDVI | -026 | -048 | 000 | 034 | 005 ‘ o ok - - =02
L -0.4

Mk | -024 | -084 | -0.04 0.05 0.02 0.46 ‘ o *o
-0.6

Yl h 2 0.00 = -0.02  -0.01 0.00 0.00 0.00 0.01

-0.8

LT 2 B 0.03 -0.05 0.01 -0.08 0.00 -0.02 0.07 0.00 ‘
-1.0

B 5 RO EFE R R /REE X RE
Fig.5 Pearson correlation coefficients between factors

xRN KA REUD EHEE P<0.01

[E2:

o
)
G
*
*

R R

TEE WA RAEPEAL SR A SR W 2K 1 S RURR A 48 5080 73 D A 85 9 ARG B 1 RS R b s
Rtk R fa Rt s R (B 6) o Hoh, m AR S e R XS BN AR Y 25% , T8 P e )1 A kL2 T )]
AT BN T DA e R IR, T fE R X 17% , E2E A AE SN A JEER AR AE R IX 5 14% , 1)
TSGR X Y 44% , BRI E) 2Pk REE 2 ROC HIZRITAG ), i<k B Hi AL ( Area Under the Curve, AUC) 47 0.86,
EfE T 0.5, BT B A TR & i R P
2.2 AEASTHESS PRIV TR R A W] o3 A RPAE
221 AZSHESS RS [ RAE

MR 1.3.3 B2 LR ASME 59 PEPPAR 5 i X 4 BROTHEAT T I SS MR AT . SRUE BT A AR R i
SHVEAERI 53R FA G ARAR AR B, ARSI S5 R 1 2 TR) 43 A an 18 7 s, B R e A 55 X
SHR 409% , rP ARG IE S X L S AR 289% AR AR ARG DX o5 SRR Y 32% i A 2 M 58 i X = 2
AR TR DU 2 ) - DR e B B IX | 25 Bt e D, 0 IX DA R e i X 4 X b ) P R B v | UL
b B RGREMZ R A, FBUES RGNS

http ; //www.ecologica.cn



24 4 B AR RV I DX B A S AU DA 11445

.. 1.00

Z 075 WS s

g 050 - A

» 0. (s

e ROC i 4 i

gﬁ 023 AUC =0.86 .
__FiTE

0 & . . . .
0 025 050 0.75 1.00

1- 45 Fk 1-specificity

6 BEERMEITFNERE
Fig.6 Results of landslide hazard assessment
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Fig.7 Characteristics of the spatial distribution of ecological vulnerability
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Fig.9 Results of the ecological risk assessment of the study area
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Table 3 Area statistics of ecological risk level in the upper Yangtze River area

IR S5 2R TR km? R/ % || KUK SR TR km? AR H/ %
Risk level Area Percentage of area || Risk level Area Percentage of area
AR X Very low-risk area 531351.12 54.22 R XU X High-risk area 27778.49 2.83
XU X, Low-risk area 288824.63 29.47 e i AU X, Very-high risk area 3769.13 0.38
XU X Medium-risk area 128277.10 13.09

http ; //www.ecologica.cn



24 4 B AR RV I DX B A S AU DA 11447

2.3.2  ABKEFZ LS AT

TR I T 3 A 25 XIS G R 3 B o T IR B 42 28 DG Hi B, A S AR A A 28 UG 2 1 %) i IX Ry BRI 2 451) 255
AL RS DAL 25 S 0 R %, A3 A O AR S R i s il ML e XU DX (81 9) A difi . (1) D] 4 2 -
VOIS SR T iy 5 (2) SR AT T MM i -Wde 8 B B i

(1) VO A ML T -0 )48 S LU T 7 2 32 DX 7 T 70 )1 235 b5 688 0 L DX 52 S by, MR 52 2 24 1L
MR Fe b o4 =S DX LU KA A 1 5 Bl iR 1, A2 2% A . S5 R 5553 1% ek B B 5 ol e e 0 R 0
KA IR T R, XA B TR S RS R e, SR, i T ORI B 2, B I 2 Fl
A A oA B, anfell, MOl R T E i 5, S 3 XN I AR A R GG R s A ME S . AR TP AL 2
J IR AR | AR A ESS PE RV AE A SR AR L, X = A BRI R R[] S 30T B A S U

(2) BRI TMAT-HILE BB T —F % XA T =0 X, B 2 1 A b, R 4 B 2y, &
P R R RN RS AR R 7K R B KON A R 2 R R 7 A 0 R S O A A R R A
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3.1 WBUEREREY H T H
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AR IR R T 2= ,@ﬁﬁ%{%*ﬂﬁﬁﬂﬁﬁﬂ&¥( Variance inflation factor, VIF) #47 T 547,
7 VIF RTEEET 5 S22/ NP ESE T 0.2 I IZIE PR U FFTE DR 7 22, W3R 4 B | s AR MK Y VIF
{EL53 51K 3.8 F13.6 , Y RIBH 5, RUTX PSP 1 Z R P J5 22 1 AR TR B 257K PRI P & AR AT LA 2 5 fa
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Table 4 Results of covariance test for landslide hazard evaluation factors

. < s FEBKET || | <y eSS
W EF Foy i PN BEF I o
Variance Variance
Assessment factor Tolerances . L. Assessment factor Tolerances . .
inflation factor inflation factor
TR A
X BbRAA 0.884 1.131 W7k Precipitation 0.280 3.566
Engineering geological rock group
eI Aspect 0.997 1.003 T 2R Profile curvature 0.999 1.001
W2 2 Distance to fault 0.985 1.015 TR B Distance to river 0.951 1.051
=2 Elevation 0.262 3.824 BB Slope 0.832 1.202
NDVI 0.644 1.553

3.2 S e

AN T e RS b DX i) i & A %) R R A T AN TR) R Ibt h 198) DRn 4 ol 5 e 1o B et el ok A R b okl o, A
K 1) R ) 2 o7 R B B 22 5% R RAE S R Y, XTIl B fa i A S ME S M B AR R i b X o 42
i WAV, HAE 350 M X Sr A BT R IX % A A e 55 P A e P s DX I i) A E ) PR B et , 4
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