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ABSTRACT

Forest conservation is one of the essential tasks in the environmental and ecological balance. The role of plants and topography in assessing

the landslide potential in the forest is essential. We use the computer program TRIGRS to analyze the safety factor of a large-area forested
slope. This manuscript focuses on the effect of topographic information on the landslide potential of large-area slopes in forests. The ac-
curacy of topographic data considerably affects the assessment of the unstable forest area. The failed area in the slopes increases with the
accuracy of the topographic data. Moreover, using thicker topsoils in the landslide potential assessment of large area forest slopes results

in more significant unstable areas.

INTRODUCTION

Forest conservation is one of the vital tasks in the protection of the environment and ecological balance. Plants are essential elements in the
forest and play a crucial role in preserving the life of the woods. Plant root systems protect the shallow soils from erosion and instability in
the forest. Forest conservation correlates closely with slope stability in the forest. Assessment of the landslide potential in forests needs lots
of information, e.g., topographic, geological, and hydrological information, and data, e.g., soil parameters and vegetation contribution, and
is considered a sophisticated work. This research aims to investigate the effect of topographic data accuracy and topsoil thickness on the

landslide potential of forests.

METHODS

The study site is close to the Duona forest route at an 800- to 900-meter altitude in Kaohsiung, Taiwan. Figure 1 shows the environment
of the study site. The area of the study site in the analysis covers 100 hectares. The coordinates of the Duona site are 22.887433 and
120.738309. Figure 2 shows the distribution of the slope gradient in the 100-hectare site. The percentage of the area with a slope gradient
more significant than 55% (29°) is about 66.3%. The slope at the study site collapsed in 2009 following typhoon Morakat, with accumulated
precipitation of 2,500 mm in 3 days. After ten years of natural rehabilitation, it is covered with bare, grassy, and restored forest landscapes.
Mallotus paniculatus and Trema orientalis are the major plant species in this area, with a population of 51.5% and 19.3%, respectively. These

two plant species' root systems are primarily superficial and develop tap roots. The spacing between trees is about 1 m to 3 m at the site.

Figure 1 The study site
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Figure 2 Topography at the study site

o :;e;di-:nl g;wnl:!:l:l
|5 0.9
B |5-15 %7
£ |15-30 6.9
1 [30-40 7.3

| |[40-55 14.9
B |55-104 479
|- 18.4

We used the LiDar DTM data with 1 m, 5 m, 10 m, and 20 m accuracy to generate the topography for the study site, and the 100 ha (1 km

2) area at the study site was divided into 1 m, 5 m, 10 m, and 20 m grid units. We used the TRIGRS computer program (Baum et al., 2010)

to analyze the safety factor for each slope's grid unit. The safety factor (FS) of each unit is based on the principle of an infinite slope and

is defined as
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where Y(Z,)=water pressure head at a given depth at time t; d=slope gradient; Ys=soil unit weight; Yw=water unit weight; Z=soil depth;

c'=effective soil cohesion; ¢'=effective soil friction angle.

The behavior of the rainfall infiltration in the unsaturated topsoil infiltration is considered using the soil-water characteristic curve proposed

by Gardner (1958). We conducted the slope stability analysis for a moderate rainfall intensity of 30 mm/hr, a frequently seen rainfall inten-

sity in summer in Taiwan. We conducted the analyses at various elapsed times and presented the results in the paper at the 8th hour of the

rainfall. The manuscript presented the spatial distribution of the safety factor in the study area. The analysis took into account the following

features: (1) rainfall infiltration and surface runoff; (2) the topsoil thickness; (3) the tree root reinforcement; and (4) the presentation of the

spatial distribution of the safety factor using the GIS software. Table 1 shows the input parameters of TRIGRS program in this study.

Parameter (unit) Value [ Parameter (unit) Value

Friction angle,¢’ (°) 45 Residual volumetric water 0.03
content, Or

Cohesion, ¢’ (kPa) 4.1 Hydraulic diffusivity, Do 4.5x10°
(m?/s)

Total unit weight of soil, y (kN/m3) 16.17 | Steady (Initial) surface flux, 0.01Ks
Izt (m/s)

Hydraulic conductivity of saturated soil, 3x10* | Root reinforcement (kPa) 2.4

Ks (m/s)

Saturated volumetric water content, s  0.37 Thickness of shallow soil (m) 3

Table 1 Parameters used in the TRIGRS computer program
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RESULTS AND DISCUSSION

The accuracy of the available Lidar topographic data is 1m, and the slope gradient and sloping direction with higher accuracy can then be
established. Figure 3 shows the distribution of safety factors of slope stability with 1m, 5m, 10m, and 20m Lidar data for the 100-hectare
forested slope during rainfall (rainfall intensity I=30 mm/hr lasting 8 hours). Distributions of safety factors of slope stability show significant
differences with different accuracies of Lidar data. The red area in the figures refers to a safety factor of less than 1.0. The percentages of the
failed area for 1m, 5m, 10m, and 20m Lidar accuracy are 12%, 9%, 7%, and 3%, respectively. The higher the accuracy of the Lidar data is, the
larger the landslide area is. It indicated that the accuracy of the selection of Lidar data had a significant impact on assessing the landslide

potential of slopes.
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Figure 3 The effect of Lidar accuracy on the safety factor of a slope (1 km x 1km). (a) m precision, (b)5m precision, (c) 10m precision, (d) 20m (rainfall intensity=30 mm/hr =30 mm/hr; lasted

for 8 hours).

Generally, the analysis results in the landslide potential is more reliable for the Lidar data with higher accuracy. Nevertheless, slopes
typically fail on a scale of several meters to tens of meters. The high-accuracy topographic data can be used to generate many grid units
in a slope. However, questions may arise regarding whether the safety factor of each grid unit can correspond to the considerable size of
unstable slopes.

Figures 4(a), 4(b), 4(c), and 4(d) show the effect of topsoil thickness on the safety factor (FS) for the study site at topsoil thickness of 1m, 2m,
3m, and 4m. The proportions of the area with FS value less than 1.0 (red area in the figure) are 0%, 1.5%, 12%, and 23%, respectively. The
topsoil thickness greater than 2 m causes a significant increase (>10%) in the failed area in the slope, and for the topsoil thickness less than
2 m, the topsoil thickness effect is minor (<1.5%). The information on the topsoil thickness significantly impacts the safety factor analysis of
the slope in forests. The greater the topsoil thickness in the large area slope, the larger the unstable area (FS<1) is in the landslide potential
assessment. However, the distribution of the topsoil thickness in forests is usually not uniform. The topsoil thickness of the slope in forests
may relate to geological lithology, topography, slope gradient, etc. Thus, reasonable investigation and information on the distribution of the
topsoil thickness in the landslide potential analysis of the slope in forests are necessary to elevate the reliability of the results. Nevertheless,

the canopy of the forest cover may influence the hydrological effect in the topsoil, and it is not included in the analysis.
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Figure 4 The effect of topsoil thickness on the safety factor of a slope (1 km x 1km). (a) topsoil thickness=1m, (b) topsoil thickness=2m, (c) topsoil thickness=3m, (d) topsoil thickness=4m

(rainfall intensity=30 mm/hr; lasted for 8 hours)

CONCLUSIONS

The research concludes that using the high-accuracy Lidar data leads to more significantly unstable areas in the landslide potential analysis.
The selection of the topsoil thickness in the landslide potential analysis of large area forest slopes considerably affects the unstable forest
slope area results. The thicker topsoil in the large area slope in forests leads to the larger unstable area in the landslide potential assessment.

Reliable investigations in the distribution of the topsoil thickness are crucial to ensure the reasonableness of the landslide potential analysis.
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