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Abstract: Aspect-dependent landslide initiation is an interesting finding, and previous studies have attributed this
ebservation-to the mechanical effects of plant roots. In the preisent studywerk, an overwhelming landslide probability
on a south-facing slope over a north-facing slope was found in a localized area with onmerely granite underneath
and high cover of Larix kkaemphferi-speeies. TheseSueh observations cannot benet attributed to plant roots; but
may result from factors related to hillslope hydrologythe—hillslope-hydrelogy—relatedfactors. DThedifferential

weathering -associated_with hillslope hydrology behaviors; such as rainfall water storage and leakage, pore water

pressure, particle component, and hillslope stability fluctuation; were used to elucidate these sueh-observations.
Remote sensing interpretation using the high-resolution GeoEye-1 image and digitalized topography
showedrevealefound that-the landslides on south-facing slopes have a higher probability, larger basal area, and

shallower depth than those on a north-facing slope. The lower limits of the upslope contributing area and slope

gradient condition for south-facing landslides wereis less than those for north-facing landslides. The higher basal
areas of south-facing landslides than those of theever north-facing landslides may be attributed to the high peak
values and slow dissipation of pore water pressure. The absorbed and drained water flow in a given time interval,
together with the calculated water storage and leakage during the measured rainy season_measured, demonstrate;

sufficiently-prove-that the soil mass above the failure zone for the-south-facing slopes isare more prone to fors-pore-

water pressure, whichane results in slope failures. In comparison, the two stability fluctuation results from the finite

and infinite models further verified that landslides on south-facing slopes may fail underes conditions of prolonged

antecedent precipitation and intensive rainfall ; Meanwhile.whereaswhile those on north-facing slopes may fail

onmerely in response to intensive rainfall. The results of this study will deepen our knowledge ofwerk provide-an
instghtfulview-efn-the-aspect-dependent landslide initiation from both classical mechanics and the state of stress.

Keywords: Landslide; Pore pressure; suction stress; Hydraulic conductivity; Slope stability

1 Introduction

In some semi-arid environments of the Northern Hhemisphere, aspect-dependent landslide initiation weuld
provides valuable insights into the relative importance of different factors in developing accurate landslide
susceptibility models (Ebel, 2015; Rengers et al., 2016; Li et al., 2021; Deng et al., 2022). These events provide a
thoroughtfis} understanding ofabeut the amount of direct sunlight that translates into differences in vegetation
communitiesy, bedrock weathering, and soil development processes (Fu, 1983; Wang, 2008; Bierman and
Montgomery, 2014). These typieal-earth surface processes indirectly affect hillslope hydrology and landscape
dissection aten the hillslope scale. hmpertantly,—Rrainfall-induced shallow landslides are ene-ef-the-geomorphic
agents ate# the hillslope scale and are governed by multiple factors, including hydrology, hillslope materials, bedrock
underneath, and the-vegetation (Birkeland, 1999; Geroy et al., 2011; Lu and Godt, 2013). Currently, the ebserved

aspect-dependent landslide initiation_observed has been predominantlyis mainty-attributeds to the mechanical effect

of plant roots. This is; because the differences inef vegetation on the south- and north-facing slopes are easier to
examine and more_pronounced ebvieus-than other factors (Li et al., 2021; Timilsina et al., 2021; Dai et al., 2022;
Deng et al., 2022). However, it-is—ne-denyingthat-vegetation succession takes place over substantially longer
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timescalesis farslewly-than_—the-soil development and bedrock weathering (Watakabe and Matsushi, 2019).;

In most cases.and the plantir roots arein mesteases-is-not deep enough to penetrate into the bedrock (Schwinning,

2010). Hypothesizing forin a_relatively localized area with the same ecosystem or plant species, aspect-
dependent landslide initiation cannot benet attributed to plant roots; butwhile may result from the-differences
in the properties of hillslope materials due to long-term differential weathering.

AThe-aspect-dependent landslides in the-Frontal Colorado, USA and the Loess Plateau, China, have attracted

interest because vegetation hasinterestingfoeus-that-vegetation-generates a_considerable influence on the-landslide
distribution. Theln—faet,—the strong everwhelmingpropensity for shallow landslide initiation on south-facing

hillslopes in the two regions is closely relateds to the present -day tree density, regardless of the hillslope aspect
(Ebel, 2015; Rengers et al., 2016; Deng et al., 2022). In the Colorado Frontal Range, ficld observations have
shownpreved that south-facing slopes lack thick tree cover and have an abundance of rock outcrops compared to
north-facing slopes.; In addition.ané the soil layer isweuld-be thinner on south-facing slopes (Coe et al., 2014; Ebel
et al., 2015). The apparent-cohesion supplied by the roots iwas responsible for the ebserved-connection_observed
between landslide distribution and slope aspect (McGuire et al., 2016). Onla the Loess Plateau-China, vegetation
recovery is_one of the main athe-major-ecological measures for mitigatingte-mitisate-the sediment loss (Fu et al.,
2009). IncreasedPremeted soil strength and hydraulic conductivity due to strong root networks may enhance the the
topographic initiation conditions (Montgomery and Dietrich, 1994; Wang et al., 2020). Anetherpessibilityis-that

the-Nnorth- and west-ward moving storms may potentially produce predueed-more intense rainfall on the south- and

cast-—facing slopes. Sueh—an-This assumption may be invalid if an aspect-dependent landslide distribution is
presentexists in a localized catchment with a specificgiven vegetation communityies. Theln—fact—the—-above-
mentioned-This study highlights the effect of the mechanical function of plants on landslides. If anthe aspect-

dependent landslide exists in a localized area that-are-with vegetation cover comprisingeevered by-the same plant

species alongside a high level ofand high-vegetation coverage, the ebserved-aspect-dependent landslide initiation

observed cannot beret attributed to the mechanical effect offres plant roots.

To determine elueidate-the ebserved-relationship_observed among vegetation, landslides. and slope aspect, the
effects offrem the physical properties and strength of hillslope materials cannot be excludedignered. Onka the
nNorthern part of the Loess Plateau, China, as well as in many other semi-arid environments, different types and

densities of vegetation and soils develop on north-facing versus south-facing convergent slopes. This is; because

systematic differences in the amount of direct sunlight translate into differences in the—physical and chemical
weathering. North-facing convergent slopes have lower evaporation rates, retain snow cover longer in spring, and
tend to hold soil moisture longer duringte the summer growing season. TheseSueh differences may result in localized
ecosystem communities in the presence of trees or shrubs onever grasses. South-facing slopes experience heavier
and more frequent hydration, thermal expansion, or freeze-thaw cycles due toby-the day warming and night cooling;
and tend to havefaver stronger weathering throughout the year. Sueh-These differences can eeuld-result in local
differences in the grain component, soil strength, and soil profile.; This has indirect effects atwhich indireetly-atfeet

the landslide scale throughby the mechanics of excessive pore water pressure dissipation and sliding surface
liquefaction (Terzaghi, 1950; Sassa, 1984), and the-hillslope hydrology behavior (Godt et al., 2009; Lee and Kim,
2019). Therefore, the physical properties of the-hillslope materials may be attributed to the ebserved-aspect-
dependent landslide initiation_observed.

Tiswell knewn-thatAs knewn-te-Aall; shallow landslides are anene-ofthe-examples of debris flow initiation,

which often enlarges their scale by multiple mechanics (Hungr et al. 2005; Iverson et al. 2011). When the slope fails,
the pore water pressure abruptly increases within the shear zone (Iverson and LaHusen, 1989; Wang and Sassa, 2003).
If the-excessive pore water pressure persists high-over the static pressure for a relatively long duration, the displaced

masses witl-enlarge their volume by widespread liquefaction; and transform into debris flows (Bogaard and Greco,
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2016). In-ether-words-Tthe magnitude of the pore water pressure is closely relateds to the scale of the shallow
landslide. Therefore, the scale of the-shallow landslides caneeuld be determined elueidated-by the role of excessive
pore water pressure during the failure process. However, the aspect-dependent landslide distribution in_these the-two
abeve-mentioned-areas merely-refers to the differences in landslide probability rather than and;netthe landslide
scale.

In the preisent studywerk, we used a combination of field soil moisture observation, strength measurement.-ane
hydraulic conductivity analysis of hillslope materials, and numerical modeling of slope stability to explain the high
potential for the-everwhelming-landslide initiation on south-facing slopes relative to north-facing slopes with the
same; where-the-vegetation communities—are-the-same. In—addition—the-Ddifferences in landslide geometry and
initiation conditions, in the form of the contributing area above the scar area and the landslide gradient, were_shown
using —exhibited-by-the-field_studies investigations-and high-resolution GeoEye-1 images. Then-Tthe differential
weathering-related physical properties and strength of the soil mass, including the dry unit weights, porosity.-ane
grain size, effective cohesion, and inner friction angle; were examined. kmpertanthy-Wswe have also highlighted the
importance of the-excessive pore water pressure, hillslope hydrology. and stability inte explaining the ebserved
aspect-dependent landslide initiation_observed. The results of this work will deepen our may-previde-an-insightful

understanding of the—aspect-dependent landslide distribution in some mountainous areas of the Northern

Hhemisphere.

105°52'40"F. 105°52'50"E 105°53'0"E 105°53'10"E 105°5320"E

@ Study arca [ state [ Granite

- North-facing landslide A Volumetric water content monitor

= River :l Mudstone === Fault |:| Last-facing landslide Site investigation e 1Tigh: 2300 m
D Gansu province - Schist |:| Study watcrshed South-facing landslide Y Sampling point Low: 1329 m
- Loess Plateau - ‘Sandstone Contour line |:| West-facing landslide

Fig. 1. Location, topography, and simplified lithology of the study area. {All maps are created by the authors. The
graph of Majiaba was taken usingby an Unmanned Aerial Vehicle. The territorial domain of China and

simplified lithology map are from China Geological survey.)
2 Study area
The study area is in the mountainous region of Majiaba village-in.-the northeast of Niangniangba town, Tianshui
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City, Gansu Province, Central China. It is also close to the dividing crest of the Yellow River-and Yangtze Rivers;
and onin the eastern part of the Loess Plateau. The-mMajority-Most of the hillslope isare underlain by slate.; and the

stratigraphic units of granite, sandstone, and mudstone account for a relatively-smaller area. This area in-semi-humid
elimate—region—and—has four distinctive seasons_andin a semi-humid climate. The annual precipitation is

approximately 491.6 mm and predominantly falls mesthyfalls-during June and August. One branch fault of the
Tianshui—Lanzhou fault system runs through the area and has had no rupture records for the last few decades.

The shallow landslides in the study area and nearby surroundings were triggered by the prolonged antecedent
precipitation during July 1-241++te-24-July and the intensive rainstorm on 25-July 25. 2013 (Yu et al., 2014; Guo et
al., 2015). Previeus-studiesfound-that-majority-of-Most shallow landslides in the entirewhele storm_-spanned_the
mountain area with ahave gradient of 20-25_°, located on south-facing slopes and in areas with relatively sparse
vegetation (Li et al., 2021). In-additionBesides; Tthehe strong root network may promote the-hydraulic conductivity
of the soil——root composite and the landslide initiation condition of the upslope contributing area—slope gradient,
according to the landslide case_studiess fromin the Larix kaemphferi and Pinus tabuleaformis forests (Dai et al.,

2022). hn-thisstadywerk:Tthe three small catchment areas in the Majiaba Wswatershed areweare underlain by granite

units. The total area is 0.88 km? with vegetation_cover eeveragerate-of over 90% (Fig. 1). The relative relief wais
approximatelyabeut 200 m, and the mean hillslope gradient wais 37°. The reasons why eheese-the three catchments

le-in_the area were chosen is that the main plant species on the south- and north-facing slope is Larix kaemphferi,

which commonly have highly-developedhighly developed lateral roots with depth < 0.4 m. However, landslides in
the three catchments still have a higher exhibit-overwhelm-propensity for occurrence onesn south-facing slopes in

comparison with the evernorth-facing slopes. ThisSueh-a finding differentiates from the results fromin the-Frontal
Colorado, USA, and the Central Loess Plateau.; where landslides commonly occur in sparsely vegetated areas.
Furthermore-the-works-ef Li et al. (2021) only merely-addressed the relationship between landslide probability and
vegetation_cover at the eeverage-oin-aregional scale, while excluding negleetinged-the importance of the properties

of hillslope materials atin a more localized scale. Therefore, we hypothesize that such observations in the study area

may not be the result of-from the mechanical effect of plant roots; but may be from the distinctive physical properties

and strength of hillslope materials due to differential weathering.
3 Materials and methods

3.1 Landslide information interpretation

The high_-resolution (0.5 m x 0.5 m); on October 8, 2013). The GeoEye-1 image was orthorectified and the
landslide boundary was visually interpreted usingby ENVI 5.1 and e-Cognition 8. An unmanned aerial vehicle (UAV
for-abbreviation) was used to obtain athe digital elevation model (DEM) with a 5 m resolution. The GeoEye-1
orthographic image and DEM were spatially registered in the-ArcGIS 10.2 as aby standard layer of orthoimage. The
landslide initiation condition is represented by the competition between the slope gradient and the—upslope
contribution area (4—-S):

S=kA=? _
(1)

where S is the local slope (m/m); A4 is the contribution area above the landslide head -scar (m?); k is an empirical
constant;-whieh-is related to lithology, vegetation, and climate; and b is an empirically defined index.

Field studies investigations-werewere conductedmainty to measure the depth of the head -scar and sidewall area

usingby tape, and the failure depth wais taken as their average-of-them. Then;—the landslide volume could thenan
then-be calculated usingby the interpreted scar area and the—measured-the depth: measured. Finaly—Ddetailed
landside information; including the landslide number and area probability, landslide volume and width, head -scar

and sidewall depth, andas—well-as the upslope contributing area—slope gradient condition for the south- and north-

4



153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

192

193

facing slopes were compared.
3.2 Field monitoring and soil sampling
To investigate the hillslope hydrology on the—south- and north-facing slopes, the—Frequency Domain

Reflectometry (FDR) soil moisture sensors were used in this work to record the volumetric water content. To avoid

the randomness of data caused by natural factors such as terrain and vegetation, a total of 16 shallow landslides were
investigated; to excavate soil profiles and take undisturbed soil samplesing. Then,—the-Ssensors were_installed
implemented-at depths of 30_cm, 70_cm, and 110_cm on the south- and north-facing slopes; to monitor the volumetric

water content during the rainy season of 2021. SThe-soil moisture monitoring was implemented atwerks—were

implemented-en two concave sites on the south- and north-facing slopes. The meteorological station wais_less re
more-than 3 km away from the study area to record the rainfall on a 30 min basis. During the sensor_installations
implementation, the-undisturbed soil sampleings near the sensor location were taken for indoor tests, including the
dry unit weight, porosity, grain size, shear strength, and hydraulic conductivity. The grain size was analyzed using
aby Malvern MS 3000 instrument (Malvern, England). In each layer, at least four4 samples weare collected for the
consolidated undrained triaxial compression test (CU).; Tand-two2 samples were collected for unsaturated hydraulic
conductivity measurement usingby transient release and imbibition methed-tests (Lu and Godt, 2013). Saturated
hydraulic conductivity was determined using the constant water head method (Table 1).
3.3 Pore water pressure dissipation

CU tests werWe performed €U-tests-to obtain the effective cohesion, effective internal friction angle, and the
pore pressure water dissipation curves. SThesoil samplesing; with a diameter of 50 mm and height of 100 mm; were
firstly saturated in a vacuum pump. They wereand; then consolidated in the chamber of the GDS apparatus atby 50,
100, 150, and 200 kPa confining pressures and 10 kPa backpressure. During each test, the shearing rate was set toas
0.1 mm/min, and the device automatically recordedrecords—ene data every 10_s. Owing to the varied particle
components and soil texture, the increasing and dissipation ratios varicdyies. Furthermere-Ththis ratio is closely
relatedsueh-ratio-closelyrelates to the widespread generation of excessive pore--water pressure, which increaseswit

enlarge the landslide scale. A hHigh excessive pore water pressure, rapid increase ratio, and slow dissipation ratio
could cause widespread Ceoulomb failure within the sliding zone. To demonstrate thatshew the pore water pressure

increases or dissipates, the ratio is:

. __ Pt+at— Dt
== 2)

where i is the increase or dissipation ratio of the excessive pore water pressure, and p: and peac are the measured

pore water pressures measured during the time interval of At.
3.3 Water storage and drainage

The unsaturated permeability of soil mass (diameter 61.8_mm, height 25.4_ mm) was measured usingby the
Transient Release and Imbibition method (TRIM) (Lu and Godt, 2013). In this test, the water outflow mass was
measured on a 10 minutes basis. In each test, the-air pressures of 250 kPa and 0 kPa corresponded to the drying and
wetting processes, respectively. Thusthe Soil Water Characteristic Curve (SWCC) and the-Hydraulic Conductivity
Function (HCF) werewseuld-be obtained by-usingthe Hydrus 1-D (Wayllace and Lu, 2012). Using the models
proposed by Mualem (1976) and van Genuchten (1980), the constitutive relations between the suction head (h),
water content (), and hydraulic conductivity (K) under drying and wetting states cancould be represented by the
following equation:

1_1
n

G—HT_[ 1 ]
0s— 6, L1+ (alnD"

3)

and
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[1+ (alh))]2 2

where 6, is the residual moisture content_(%)-%.: 65 is the saturated moisture content (%);%.: @ and n are
empirical fitting parameters,—with a isbeing the inverse of the air-entry pressure head.-and n is the pore size
distribution parameter, and: K; is the saturated hydraulic conductivity (cm/s);-ems.

The soil water storage (S,) and drainage (S;) during a rainfall event can be evaluated by the soil depth and the

difference between the maximum soil moisture and the-antecedent soil moisture:

o= 0O (5)
e 95 - g'r

Ss = S¥Ah ©)

Sq =P — S4AR ™

where S, is the degree of saturation-degree; 0 is the measured-volumetric moisture content_measured (%);%.;
Ah is the average soil thickness; s (400 mm in this studywerk).; S¥ and S¢ are the residual soil moisture in the
wetting and drying processes (%);%. and: P is the accumulated rainfall (mm);+m.
3.4 Stability fluctuation

In this studywesk, we applied a finite and infinite stability model to assess the the-slope stability fluctuation
during the rainy seasons; as an attempt to examine the-aspect-dependent landslide initiation fromby the perspective
of classical mechanics and the state of stress (Schmidt et al., 2001). The finite--slope model evaluates the stability
Fs:

R = Sor _ A, + cpAp + Ay (ps — poSe) gzcos? B tan ¢’ @
T Appsgzsinf cos B

where f is the topographic slope angle (°)-2.; A, is the lateral area, m?; A, is the basal area, m?;;: z is the sliding

depth (m);#.: ¢; isthe sum of the effective soil cohesion and the root additional cohesion along the perimeter (kPa);
kPa: ¢, is the basal soil cohesion (kPa);kPa.: p, is the soil particle density, g/cm’, and: p,, is the water density,
g/em?.
The infinite slope stability model in this studywerk provides insight into the stress variation resulting from
changes in the soil suction and water content during infiltration (Lu and Likos, 2006):
/ / s
S=znT(Z+yzszi7cnm—;—Z(tanﬁ+cotﬁ)tan<p’ 9

’

where ¢’ is the effective friction angle, °; B is the topographic slope angle, °; ¢’ is the effective cohesion, kPa; y

is the unit weight of the soil, KN/m?; and &5 is the suction stress (kPa).-and expressed as:

S 1/n
s _ _2efcn/(0-n) _
0f == (s: 1) (10)

4 Results

4.1 Shallow landslides on south- and north-facing slope

In the study area, the south-facing slope wais between 157.5 © and 247.5 °_and; the north-facing slope rangeds
from 0 ° to 67.5 °, and 292.5 ° to 360 ° (0 ° is the due north). There were 71 shallow landslides on the south-facing
slope; andwhile enmerely—20 landslides on the north-facing slope. Figure 2a showsindicates that the-shallow
landslides on south-facing slopes have exhibitlarger spatial areas than those on north-facing slopes. TheMeanwhile;
majority-of-Most of the shallow landslides occurredweare on the south-facing slope (Fig. 2b). Eurthermere-Tthe

volume of landslides on the south-facing slope wasis gareat-ever than thatese on the north-facing slope. For

landslides on the south-facing slope, the basal area wais 372.64 m? and the width wais 14.9 m on average. For
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landslides on the north-facing slope, the averaged basal area was-is merely-157.28 m? and the width wasis 7.7 m
(Fig. 2¢). AltFhough the landslides on the south-facing slope hadve a larger volume and greaterwider width, the
depth of the head-scar and-the sidewall area are no greater than those on the mere-than-the landslides-ennorth-facing
slope. Field studies showed investigation—reveals-that the averaged depth for landslides on the north-facing slope

wasis 1.02 m, which wasis deeper than the depth of 0.83 m for landslides on south-facing slope (Fig. 2d). The [E£ks

all-landslides on the south-facing slope exhibited an overwhelming propensity_for occurrence in_terms of number

and area.; Meanwhile, the failure depth wasis no more than that of the landslides on the north-facing slope.
Shallow landslides can be modetled as occurring when sufficient through-flow converges from the upslope
contribution area to the hollow area and triggers slope instability (Montgomery and Dietrich, 1994). Their
topographic initiation conditions areeendition-is controlled by the spatial competition between the slope and upslope
contribution being area dependent (Stock and Dietrich 2003 and 2006; Horton et al., 2008). For the shallow
landslides in the study area, the averaged upslope contributing area and the-slope gradient did not differsignificantly
differde-net-differentiate-alot (Fig. 3a).; Meanwhile while the lower limit line representing the minimum initiation

condition foref landslides on south-facing slopes wais lower than that on the north-facing slopes (Fig. 3b). This
indicates that a higher upslope contributioneentributing area wasis required to provide sufficient through-flow
conditions and trigger slope failures on the north-facing slope. Given thatAs the landslides in the study area were
triggered by the—prolonged antecedent precipitation and intensive rainfall (Li et al., 2021), sufficient rainfall
infiltration could result in a high soil water content within the displaced mass, leading to a decrease inef the-matricx
suction and soil strength. The generation of pore pressure-generation in response to intense rainfall also plays an
important role in shallow landslides. Therefore, we have proposed two assumptions to elucidate the distribution and
scale of the-aspect-dependent landslides-distribution—-and-seale. The first assumption is that the basal area of the
landslide may be related to the soil strength and the-high pore-water pressure. This assumption can be tested by the
pore water properties, including the pore water generation potential and dissipation ratio; during the failurcing
process. The second assumption is that the south-facing slope may have a relatively-higher failure potential than the
north-facing slope in a given rainfall process.; whieh-This can be determined ehlseidated-fromby the stability
comparison using the-metheds-ofequations (8) and (9).
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Fig. 2. Spatial distribution and geometric characteristics of the landslide: (a) Landslide area probability vs slope

aspect:; (b) landslide number probability vs slope aspect:; (c¢) landslide volume and width vs slope aspect:; (d)

scar depth and sidewall depth vs slope aspect. T¢the edge line of ““box™ in the box chart shows the 75%

quantile, median and 25™ quantile from top to bottom. The length of the box is referred to asealled the inter-

quartile distance. The crossed square inside the box is the average value. The whiskers extend to the maximum

and minimum values except the outliers. The circles areis the outliers, and the cross symbol is the maximum

and minimum values foref all the data).
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icons are the average value with the radius size proportional to the number of landslides. The small icons

represent all the individual data values).

4.2 Differences in soil physical properties

To showrewveal the differences in the physical properties of the hillslope materials, the dry unit weights, porosity,
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and grain size distribution of the soil mass inat the three layers onef each slope were firsthy-compared (Fig. 4). Then;
the effective cohesion and inner friction angle were then examined with respect to the particle component (Table 1
and Ffig. 5).

Table 1 Physical properties and strength parameters of the soil mass

South-facing slope North-facing slope
Parameters
Layer1  Layer2 Layer3 Layerl Layer2 Layer3
Unit weight of soil (kN/m?) 14.8 15.6 17.2 14 16.6 17.1
Porosity (%) 43.0 43.1 36.2 425 373 36.4
Effective cohesion (kPa) 6.5 17.5 21.2 53 9.1 7.9
Effective inner friction angle (°) 29.8 25 31 27.1 352 41

Saturated hydraulic conductivity (cm/s)  6.4x10°  6.2x10*  4.4x10*  8.8x107 1.2x103 4.3x1073

(a) South-facing slope Dry unit weight (kN/m?) Porosity (%) Gain size distribution (%)
0 12 14 16 18 32 36 40 44 48 0 20 40 60 80 100
204
------ ———— Layer 1
40
E
£ 604
=
T T - Layer 2
2 80
Slip layer
100
"""""""""""""""" B ~ Layer 3
1204
‘—.— Dry unit wcighl| I—A— Porosity| ||:| Clay[ Silt Sand
(b) North-facing slope Dry unit weight (kN/m?) Porosity (%) Gain size distribution (%)
14 16 36 20 40 60 80
Layer 1
Layer 2
Layer 3
i

|—~@— Dry unit weight| |—A—Porosity| [Iclay

Fig. 4. Differences in the soil properties; including dry unit weights, porosity, and grain size in sand, silt, and clay.:
(a) Pphysical properties of soil mass on the south-facing slope; and; (b) physical properties of soil mass on the

north-facing slope. {The two-soil profile photos were taken by Yanglin Guo during field studies-investigations.)

For the soil mass on the south-facing slope, the dry unit weights increased withas soil depth, whereaswhile the
porosity and saturated hydraulic conductivity decreased (Fig. 4a and Ttable 1). For the-Ssoil layers Ne—1 and 2, the

soil textures wereis similar, becauseas the proportions of sand, silt, and clay did not differ significantlyde—net

differentiate-alot. However, the proportion of silt inat the-Ssoil layer No. 3 wais no more than thate in layers No. 1
and 2, and the sand proportion wais higher. In-additionBesides-Tthe averaged failure depth wasis above the-Ssoil

Liayer No. 3 and is-below-the Soil Liayer No. 2. For the soil mass on the north-facing slope, the dry unit weights
9
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also increased withas soil depth. Unlike the south-facing slope, the porosity of the soil mass for the three soil layers
wais approximatelyabeut 38% and didees not differentiate among them. For the the-soil texture, the proportion of
sand inat Soil Llayer No. 1 wais no more than thate in Soil Ltayers No. 2 and 3 (Fig. 4b). MereoverBesides;-Tthe
depth of the failure plane wais close to thate of Ssoil Liayer-Ne- 3.

In comparison, one of the main neticeable-differences wasis the higher saturated hydraulic conductivity for the
soil mass above the failure plane on the north-facing slope.; Thiswhieh may have resulted from the high porosity and
sand proportion. This indicates that the rainfall infiltration on efthe north-facing slope could penetrate faster than
that of the south-facing slope. Indeed;-Tthe soil mass of the three layers on the south-facing slope hadwve a relatively
higher proportion of fine particles-propertion than those on the north-facing slope; if the-gravel wais considered (Fig.
5). Asneted-above;Tthe saturated hydraulic conductivity for the soil masses from Soil efLtayers No. 2 and 3 on the
south-facing slope wais lower than that on the north-facing slope. This is_expected reasenable-because the porosity
and proportions of fines on the south-facing slope wereis relatively-higher.

“ Gravel Silt &z
- S ¢ M | F cC 1 M| F e
—— South-facing slope: layer 1
20 | —A— South-facing slope: layer 2
80 —o— South-facing slope: layer 3
§ 70 | - * - North-facing slope: layer 1
= - - A - North-facing slope: layer 2
§ et 2.2mm - @ -North-facing slope: layer 3
g 50 r
8
8 40 |
Q
5
A~ 30 }
20 |
10 f
100 10 1 0.1 0.01 0.001

Grain diameter (mm)
Fig. 5. Soil particle component curves
According to the results of the triaxial shear test (Table 1), the soil mass in each layer on the nNorth-facing
slope hads a smaller effective cohesion than that oneemparingte the south-facing slope. h-partienlar-Tthe effective
cohesion on the failure plane for landslides on the the-south-facing slopes may be twicetwe-times-ofthan that on_the
north-facing slopes. However, the effective inner friction angles for the soil masses of Soil Llayers Ne-2 and 3 on
the north-facing slope weare far greatermere than those on the south-facing slope. TheseSueh differences in effective

cohesion and inner frictional angle may be attributed to the higher clay and silt and fewerless coarse grains within

the soil mass on the south-facing slope.
4.3 Pore -water pressure propertiesy

The consolidation module of the triaxial shear test wais used to measure the generation and dissipation process
of the pore water pressure. The principle is to consolidate and drain the-soil from the initial saturated state. H-wais
found-that Uunder the same confining pressure, there are pronounced ebwvieus-differences in the consolidation rate,
consolidation time, and peak rise inef pore water pressure foref different soil properties-efseoil. The results of the

pore water pressure during the consolidation process under 200 _kPa effective confining pressure were taken here
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(Fig. 6). Theltwas-found-that-the peak value of pore water pressure within the soil mass on the south-facing slope
was higher than that on the north-facing slope. The peak value of the pore water pressure within the soil mass on the
south-facing slope increasedeeuldrise to 150—~200 kPa. However, the peak value of pore water pressure within the
soil mass on the north-facing slope was below 150 kPa. Impertantly-Bboth efthe rising and decaying rates of pore
water pressure for Ssoil Msrass layers Ne-1 and 2 on the south-facing slope were lower than thoseat on the north-
facing slope. —tn-detail-Tthe risingrate and decaying rates for the-Ssoil Mmass layer No. 2 on the south-facing slope
were 1.2 kPa/10 s and —0.031 kPa/10 s, respectively. However, they are-werewere 9.6 kPa/10_s and —0.765 kPa/10

s for the soil mass on the north-facing slope.

210 3.6 South-facing slope: layer 1
South-facing slope: layer 2
180 - South-facing slope: layer 3
— — - North-facing slope: layer 1
150 | — — -North-facing slope: layer 2
— — - North-facing slope: layer 3

120

-0.054

Pore pressure (kPa)
O
(el

D
o

(O8]
jen)

10°

10°

10°

107

0 AT | T L
10° 10 10°
Time (10-sec)

Fig. 6. Variation inef pore water pressure under effective confining pressure of 200 kPa by GDS triaxial shear tests.

In-faet-Tthhee relatively-lower peak pore water pressure demonstrates ean-iHustrates-the effect of fine particles
on the pore water pressure, which directly affects the-landslide mobility and the-scale. His-generally-believed-that
the-Rrainfall-induced landslides results from an increase inef positive pore water pressure within the failure plane,

which reduces the effective stress andin-theseil-and-the shear strength of the soil (Terzaghi, 1950). This often occurs

in the undrained soil layer, which can easilyis-easyte cause slope liquefaction (Sassa, 1984). The increase inef pore
water pressure predominantly mainbydepends_mainty-on the speed of landslide movement, soil deformation, and
soil permeability. If the shear rate is the-given, the dissipation rate of pore water pressure for high--permeability soil

is faster, and therefore-thus.se the increase inef pore pressure is smaller (Iverson and LaHusen, 1989; Iverson et al.,

1997). As shown in Ttable 1, the saturated hydraulic conductivity for Ssoil Msrass Llayers No. 2 and 3 on the north-
facing slope wasnerth-facingslope—are—commenty 10 times that of theat en—south-facing slope. Therefore, the
meastred-peak pore water pressure_measured during the test for the soil mass on the south-facing slope wasweuld
be smaller. In-additionBesides-Tthe soil mass on the north-facing slope hads relativelyhigher sand and gravels
contents than that on the south-facing slope (Fig. 5). A hHigh clay content on the south-facing slope weuld-filled the
macropores within the soil mass and reduced the pore water discharge rate-of pore-water. Wang and Sassa (2003)
found that fine particles play the most important role in the dissipation of pore pressure. The pore water pressure
within the saturated sand will-increased with the-shear rate. The soil mass with high coarse particles wit-produced
less pore water pressure than the soil with high fine particles during the shear process. Therefore, the high

permeability offer the soil mass on the south-facing slope may result in relatively-low peak pore water pressure. The
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relatively-higher fine particles may result in a slow increaserising and dissipation of the pore water pressure.

ThisSueh slow pore water pressure dissipation could result in the liquefaction failure of the sliding mass and a
relatively-larger landslide area.
4.4 Unsaturated hydraulic conductivity

4.4.1 Measured water outflow mass

Figure 7 shows the measured-water outflow mass_measured forin a given 10 min periodminutes during the
drying and wetting processes. The measured-water outflow masses measured for Soil ef-Llayers Ne-2 and 3 on the
north-facing slope weare generally higher than those on the south-facing slope. For the drying tests using the soil
mass of Soil Liayers No. 2 and 3 on the north-facing slope, the given water outflow masses weare 0.102_g/10 -min

and 0.131_g/10_-min, respectively. However, the measured-water outflow masses measured for the soil mass of Soil

Layers No. 2 and 3 weare 0.077_g/10 -min and 0.050_g/10 -min, respectively. on the south-facing slope;+espeetively

(Fig. 7a). For tests using the same layers of the soil mass in the wetting process, the measured-water outflow masses
measured weare 0.051_g/10_-min and 0.094_g/10_-min on the north-facing slope, respectively, andwhile-those-are
0.032_g/10_-min and 0.027_g/10_-min, respectively, on the south-facing slope_—(Fig. 7b). OverallAs-a-whele, the
permeability of the soil mass on the north-facing slope wais higherbetter than that on the south-facing slope. The
same results were alse-obtained when the saturated hydraulic conductivities of the soil layers were measured usingby
the constant water head method (Table 1).

20 20
(a) Drying process (b) Wetting process

0.077

-
% 0.027

Mass of water outflow (g)
=)
T
N
1 .
X
Mass of water outflow (g)
)
T
~

South-facing slope: layer 2 South-facing slope: layer 2
South-facing slope: layer 3 4 South-facing slope: layer 3
4 — — -North-facing slope: layer 2 < — — - North-facing slope: layer 2
— — -North-facing slope: layer 3 — — - North-facing slope: layer 3

0 1 1 0 1 1
10° 10! 10? 10° 10% 10° 10! 10 10° 10*
Time (10-min) Time (10-min)

Fig. 7. Mass of water outflow during the drying and wetting process: (a) drying tests, (b) wetting tests-
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Fig. 8. Soil water eharacteristie-curve obtained using theby TRIM test: (a) Liayer No. 2 on the south-facing slope,
(b) Liayer No. 3 on the south-facing slope, (c) Liayer No. 2 on the north-facing slope, and (d) Ltayer No. 3 on

the north-facing slope.

4.4.2 SWCC and HCF curves
HThe-hydraulic properties; such as the Soil Water Characteristic Curve (SWCC) and Hydraulic Conductivity
Function (HCF), are critical forte the analysis of water flow movement and mechanical behavior of unsaturated soil

material. In this study, the-unsaturated-hydrauvlic property-measurementadopted-the Transient Release and Imbibition
Method (TRIM) for unsaturated hydraulic property measurement. The inteligent-advantage of the TRIM method

isFRIM-method-liesin that it combines physical and numerical experiments. [th-detail-it employs athe relatively
simple and reliable measurement of transient water content using anby electronic balance to record the signature of
transient unsaturated flow.; It alsoand takes advantage of the robust inverse modeling capability to simulate the
physical process. The apparatus couldear accommodate both undisturbed and remolded samples. The results of this
study were obtained by-using the Hydrus-1D code with the reverse modeling option, which-implementedand —the
Levenberg—Marquardt non-linear optimization algorithm,; Thisand minimized the error between the results ofin the
test and the simulation (Wayllace and Lu, 2012). Meanwhile, #n-erderto ensure the uniqueness of the parameters,
the aforementioned-algorithm repeatedly runsuns with different initial parameter estimates; until it always-converges
to_obtain the same or similar results. TheCompare-the prediction results are then compared with the function curves
of water flow and time obtained from the actual experiment; so that they can be basieally-combined to meet certain
accuracy requirements. In this experiment, the R square of the regression between the optimized predicted value and
the observed value wais greater than 0.99. In-additien;-Tthe model constraint effect of the TRIM#riw under two
suction increment steps wais better, and the parameters obtained by the inversion calculation weare more accurate
(Lu and Godt, 2013). Table 2 shows the soil eharaeteristie-parameters obtained usingby the Hydrus 1-D inversion.
Using these parameters, the SWCC and HCF curves of the soil mass at Ssoil LlayersNe- 2 and 3 on the north-
and south-facing slopes can be drawn (Fig. 8). AFhe-air-entry pressures and residual water content are two important
parameters that describeing the hydrological and mechanical characteristics of the hillslope materials. The air-entry
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pressures represents the critical value at whichen air enters the saturated soil and starts to drain. For the-Ssoil Liayer
No. 2, the difference between the air -entry values of the north- and south-facing slopes can reach 14.03 kPa (Figs.
8a and 8c). {n-additionBesides-Tthe residual water contents and air-entry pressures of the south-facing slope weare
higher than those of the north-facing slope. For the-Ssoil Liayer No. 3, the soil mass on the north-facing slope has
the smallest air-entry pressure, which is 0.51 times_that of the air-entry pressure of the south-facing slope (Figs. 8b
and 8d). The saturated hydraulic conductivities of Ssoil Liayers No. 2 and 3 on the south-facing slope weare lower
than those on the north-facing slope in both the drying and wetting processes. +r-partictar-Tthe saturated hydraulic
conductivity of the soil mass on the north-facing slope in the wetting test wais one order of magnitude higher than
that on the south-facing slope. These results suggestimphy that it is more difficult for the soil mass the-seH-mass-on
seuth-facing-slope-is-more-difficult-to absorb water-and drain water than the soil mass on the north-facing slope.
Table 2 Parameters describing the Soil and Water Characteristic Curve (SWCC) and the Hydraulic Conductivity
Function (HCF) fromby Hydrus 1-D

South-facing slope North-facing slope

Parameters Definition

Layer 2 Layer 3 Layer 2 Layer 3
Or Residual moisture 0.0302 0.0278 0.0262 0.0268
0sd 0.39 0.36 0.39 0.41

Saturated moisture
Os™ 0.36 0.38 0.39 0.42
ad (kPa!) 0.0128 0.0117 0.0156 0.0141
The inverse of the air-entry pressure head
av (kPa") 0.78 0.94 1.21 1.86
nd 1.49 1.39 1.57 1.27
The pore size distribution parameter
n¥ 1.63 1.85 1.43 1.18
K4 (cm/s) 1.52x10*  0.64x10*  3.76x10*  4.56x10*
Saturated hydraulic conductivity

KsV (em/s) 9.58x102  4.93x102  4.10x10""  4.68x10"!

Notes: the superscript d and w indicate drying and wetting states.

4.5 Water storage and drainage
To showexhibit the water storage during the rainfall process and the water drainage after the rainfall, the timely
-recorded soil moisture at variouseé soil layers and the rainfall process during June 11 and August 20 were used

(Figs. 9a and 9b). In comparison, thisi is likely the most importantsienifieant finding, as it shows that the soil

becomes nearly saturated on the south slope, butswhile not on the north slope. This implies that the soil water on the
south-facing slope hasis difficulty in te-draining because of the presence of more fine grains and the-slow pore water
pressure dissipation. Jn-additienBesides-Tthe stable soil moisture fromef Soil Liayers No. 2 and 3 for both slopes
may be attributed to the long dry seasons in the study area.; Tand-the daily rainfall amount > 30 mm on July 9 and

23 resulted in an increase in soil moisture-inerease for all the slope layers.

14



414
415

416

417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

=
=}

60

(a) South-lacing slope: layer 1 (b) — — North-facing slope: layer 1
3 South-facing slope: layer 2 s = = North-facing slope: layer 2
S 50 [— South-facing slope: layer 3 < 50 = = North-facing slope: layer 3
= =
2 £
£ 40 £ 40
3 S
= B
230} g30r
.2 .2
E 20t £20r
2 g
3 =}
s 10 F“‘x_ [, S 107

0 . . . . 0 . . . .
2021/6/11 2021/6/25 2021/7/19 2021/7/23 2021/8/6 2021/8/20  2021/6/11 2021/6/25 2021/7/9 2021/7/23 2021/8/6 2021/8/20
Time (day) Time (day)

Fig. 9. Field monitored volumetric water content: (a) Ssoil moisture on the south-facing slope, and (b) soil moisture

on the north-facing slope.
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Fig. 10. Seepage model of slope water storage and drainage.: (a) soil water storage, (b) soil water drainage

Hean-be-seenfrom-Fig. 10a_shows that the storied water of the north- and south-facing slopes diddees not
synchronously increase with the-accumulated precipitation. When the storied water rapidly increaseds—+apidly, the
increase inef the-soil water storage of the north-facing slope wais greaterlarger than that of the south-facing slope.
On July 26, a rainfall of 30.8_ mm/h was recordedeeeusred, and the water storage of the slope reached the peak.
ean-beseen-that-Tthehe peak of the water storage onef the north-facing slope wasis higher than that of the south-

facing slope. However, when the accumulated rainfall tends to be stable, that is, when the rainfall stops for a period

of time, the decline rate of the soil water storage on the north-facing slope is substantiallymueh higher than that on
the south-facing slope. 1n-general-Tthe soil water storage of the south-facing slope wais always higher than that of
the north-facing slope during the-rainfall-precess. Duringha the proeess-ef-drainage process, the seepage rate of the
north-facing slope wais greater than that of the south-facing slope (Fig. 10b). Therefore, the south-facing slope hads
a better water storage performance, and the north-facing slope hads a higher drainage performance.

4.6 Stability fluctuation
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In this study, the infinite slope model and the finite slope model weare used to characterize the sensitivity of
landslide triggering; inse-orderas-to determine the main mechanism of high everwhelminglandslide probability on
south-facing slopess. The infinite slope model can be used to examinestudies the transient stress changes caused by
water entering the soil, emphasizing the differences inef soil permeability (Lu and Likos, 2006; Lu and Godt, 2013).
The finite slope model focuses on the cohesion of the base surface and lateral periphery of the ground landslide
source body, as well as the influence ofef the lateral-additional _lateral cohesion provided by the vegetation root

system for the landslide (Schmidt et al., 2001; Dai et al., 2022).

35 600 - -
(a) [ Hourly rainfall i (b) South-facing slope: sI!p layer|
30 L Cumulated rainfal!’ - *F North-facing slope: slip layer|
2 CIES
g 25| E <08
g H 400 ; 8
E =
= 20 | € = i
£ H30 8 £
Est / 3 %
>
e ooz 304
2 10 g &b
T s R
o A 02
sk H 100 .
0 I || L | I LAl [T LI 0 0.0 L 1 1 L
2021/6/11  2021/6/25  2021/7/9  2021/7/23  2021/8/6  2021/8/20 2021/6/11  2021/6/25  2021/7/9  2021/7/23  2021/8/6  2021/8/20
5 Time (day) = Time (day)
(c) South-facing slope: slip layer (d) South-facing slope: slip layer|
North-facing slope: slip layer North-facing slope: slip layer]
5 -
29.8mm/h 8
4L
6 30.8mm/h
K3 g
30.8mm/h 4 29.8mm/h
2t |
\—
N T —— 2k T
0 1 1 1 1 0 1 1 1 1
2021/6/11  2021/6/25  2021/7/9  2021/7/23  2021/8/6  2021/8/20 2021/6/11  2021/6/25  2021/7/9  2021/7/23  2021/8/6  2021/8/20
Time (day) Time (day)

Fig. 11. Change inef slope stability fluctuation: (a) rainfall records, (b) degree of saturation, (c) stability of finite
slope model, and (d) stability of infinite slope model.

Figure 11a shows the rainfall records from June 11 to August 20, 2021. In general, tthe degree of saturation
degree-of the sliding layer onf the south-facing slope was higher than that on the north-facing slope (Fig. 11b). In
the finite model, the stability of the south-facing slope was always higher than that of the north-facing slope (Fig.
11c). In the infinite model, the stability of the north-facing slope was generally higher than that of the south-facing
slope, and the stability of the north-facing slope fluctuated substantially significantlyereatly-(Fig. 11d). On July 26,
arainfall event with a maximum intensity of 30.8 mm/h resulted in a sudden decrease inef stability. Mereimportanthy

Tthe estimated stability index of the north-facing slope decreaseds to become lower than that of the south-facing
slope; and thenwhile increased afterwards. Although the soil moisture of the south-facing slope increased
substantially sienificantly-inereased-during the rainfall event on July 16, the stability fluctuation was relativelyveryse
small.; This maywhieh might-be related to the relatively strong effective cohesion and smaller pore structure. s
Overall, the results of the finite slope model have shown reveal-that the south-facing slope has a relatively high
stability.; Thiswhieh is predominantly mainby-attributed to the faet-that-the-effective cohesion of hillslope materials
on the south-facing slope beingis stronger than that ofi the north-facing slope_although; even-though-the basal area
of the landslide is more than doubletwice. However, this result is inconsistent with the high everwhelning landslide

density on the south-facing slopes. The-+Results-of the-infinite slope-model,-Ceonsidering the soil eharaeteristie
parameters of the soil moisture eharacteristie-curve, the results of the infinite slope model have shown revealed-that
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the north-facing slope showeds a higher level of stability. In the analysis of finite and infinite models, the stability

fluctuation amplitude of the south-facing hillslope wais smaller than that of the north-facing hillslope This indicated;
indieating-that the water movement onis the south-facing slope wais less active than that ofin the north-facing slope.
Therefore, in theis study area, the change inef soil stress wais more sensitive to the-slope stability than the change

inef root soil cohesion. H-wais-verified-that Tthe change inef soil permeability caused by the-differential weathering

of the bedrock could be responsible for the-aspect-dependent landslide initiation in the study area.
5 Discussion

The landslide—strongeverwhelming propensity for landslides in some arid environments in the Northern

Hhemisphere isare scientifically interesting, and some researcherssehelars have highlighted the contribution of plant

roots. ThisSueh-a finding is to weuld-be expected in the future in other mountain regions, where water is a limitinged
factor for local system sustainability. In the Colorado Frontal range, McGuire et al. (2016) found that the apparent
cohesion supplied by roots was responsible for the ebserved-connection observed between landslide distribution and
slope aspect (Ebel, 2015; Rengers et al., 2016). In the study area, Li et al. (2021) also found that the-plant roots may
explain the ebserved-connection_observed between vegetation cover and landslide probability for the entirewhele
study area. Eurthermore-Dai et al. (2022) found that a strong root network and high saturated hydraulic conductivity
may promote the A—-S condition of shallow landslides. Onln the the-Loess Plateau_in China, some scholars
researchers have observed that the strong everwhelmingpropensity for shallow landslide initiation is closely relateds
to the present-day tree density, and plant roots do not penetrate over the failure plane (Guo et al., 2020; Deng et al.,

2022). However, the strong everwhelmingpropensity foref shallow landslides on north- and south-facing slopes

could nota’t be attributed to the-plant roots, becauseas the artificial man-made-vegetation on both slopes isare the
same. Conversely, thesesueh observations could be the result of frem-the soil hydraulic and mechanical properties
from ewingte-differential weathering.

This study haswerk contributeds to the-knowledge ofknew-abeut the effect of differential weathering on the
aspect-dependent landslide initiation fromby the perspective of soil hydraulic properties, in addition toetherthan
frem the mechanical and hydrological effects of plant roots. Except for the strong everwhelmingpropensity for a
high number ofin landslides-rumber, the-shallow landslides on south-facing slopes have exhibited relatively-larger
areas and_greater—wider widths than those on the north-facing slopes (Fig. 2). Theln-—cemparison—the effective
cohesion of the failure zone on the south-facing slope wais stronger than that on the north-facing slope.—t-seems
that Tthe basal area of shallow landslides in the study area may be attributed to the-effective cohesion, becauseas
some statistical results have shown reveal-that incoherent materials favor shallow landslides with no limitation in
size.;; Meanwhile, cohesive materials favor deep landslides and show a limitation for small sizes (Larsen et al., 2010;
Frattini and Crosta, 2013; Milledge et al., 2014). However, a stronger effective cohesion tends to promote the 4A—S
conditions of shallow landslides. ln-otherswerds-Aa relatively-larger up-slope contributing area or steeper gradient
is required to trigger slope failures. Jn—faet;-Ffig. 3_shows illustrates-that some shallow landslides on south-facing
slopes fail ien relatively-lower upslope contributing areas. Therefore, the-soil hydraulic propertyies-related factors,
such as the rising or dissipation of pore water pressure, water storage, and drainage, may contribute to the ebserved
phenomena observed.

The saturated hydraulic conductivities obtained by the by-constant water head method-and TRIM methods
coincide-with-each-ether, which tegether demonstratespreves that the hillslope material on the north-facing slope has
a relatively-larger water infiltration (Tables 1 and 2). However, the results of the stability analysis usingby the finite
and infinite models imply that the failure potential of slides on a north-facing slope is relatively-lower than thate on
a south-facing slope, although the stability index fluctuates more heavily than the north-facing slope. TheseSueh

differences imply that slope failures on a north-facing slope may only occur enly—under intensive rainfall
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conditionsen-condition-efintensiverainfall-merely; or by a combination of prolonged antecedent precipitation and

short_-duration intensive rainfall. For potential failures on south-facing slopes, the combination of prolonged
antecedent precipitation and short -duration intensive rainfall should be a potentialthe pessible-trigger owingdue to
the low hydraulic conductivity and pore water pressure dissipation. Additienally;-Tthis studyweskmainty highlights
the role of hydraulic properties ion the-landslide occurrence. AltThough the south- and north-facing slopes are merely
underlain by granite, the physical properties of hillslope materials; such as the-excessive pore water pressure, strength

of sliding mass, soil water storage, and leakage: are significantly differentdifferentiates-a-let. Sueh-a-This finding

cannot be random because the study area has beenis selected on the condition that it is relatively far from the northern
and eastern areas: where local soils are predominantlymainly frem-1Eoess deposits, and the study areas of Li et al.
(2021) and Dai (2022), where the bedrock underneath differs substantiallyereatly. Finalys-Ttheis main purpose of
this work ismerely to elucidates the reason foref the-aspect-dependent landslide initiation fromby the perspective of
soil hydraulic properties. TheseSueh differences essentiallyresults from the-differential weathering owing to the

amount of direct sunlight. Other mechanics; such as numerical or relative dating methods and; preferential flow in

the macro-pore distribution; could provide new evidences forte such observations.
6 Conclusion

Previous researches onabeut the strong everwhelmingpropensity foref shallow landslides on south-facing

slopes over north-facing slopes has highlighted the role of plant roots. In a localized area with the same vegetation;

including espeeially—the-plant roots, they do-dees not penetrate theever failure layer.;; Thesesueh observations
cannoteeuld ben’t attributed to plant roots and may result from the differential weathering of bedrock under the
influence of hydrothermal conditions. In this studywek, we jointly explained the influence of bedrock weathering
on soil hydraulic properties from physical and mechanical properties, pore water pressure, unsaturated hydraulic
conductivity, water storage and drainage, and slope stability fluctuation during monitoring, and studied the-landslide
initiation related to slope direction. The following conclusions wercean-be drawn:

(1) In terms of soil physical and mechanical properties on both slopes, the soil masses on the south-facing slope

weare rich in clay content, whereaswhile the soil mass on the north-facing slope hads relatively high sand_content.

The effective cohesion ofi the soil mass on the south-facing slope wais higher than that on the north-facing slope,
while the effective frictional angle wais smaller.

(2) The rResults of the GDS tests showed revealed-that the dissipation rate of pore water pressure for soil mass
on the south-facing slope wais substantiallymueh lower than that oin the north-facing slope. Higher effective
cohesion and the-slower pore water pressure dissipation may result in athe larger basal area foref shallow landslides
on south-facing slopes.

(3) The soil mass on the south-facing slope hads a higher residual water content and air -entry pressure, and a
lower saturated hydraulic conductivity than that ofen the north-facing slope. For the-water storage and drainage

performance, the storied water fromef the south-facing slope wais higher than that of the north-facing slope, while

the north-facing slope hads a higher leakage rate. The rResults of the stability analysis based on theen-basis-of finite
and infinite models show iHustrate-that the infinite slope model may be suitable for elucidating the-aspect-dependent

landslide distribution in the study area.
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