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RANDOM FOREST CLASSIFICATION FOR LANDSLIDE MAPPING OF HAZARD
CLUSTERS IN WESTERN QUANG NINH AREA, QUANG TRI PROVINCE

Abstract

We developed a straightforward, reproducible landslide - susceptibility mapping workflow for
the western Quang Ninh area of Quang Tri province. The dataset includes a binary landslide -
inventory map and 13 conditioning factors. The Random Forest model, implemented with the
Forest - based Classification and Regression algorithm, used 1,000 trees, a leaf size of 10, three
randomly sampled variables per split, a 150m grid and 30 % of the records for validation. The
validation results were good and fairly balanced with the F1 value of 0.86, MCC is 0.72, sensitivity
from 0.84 to 0.88 and overall accuracy is 0.86. The three strongest predictors were rainfall, the Soil
- Adjusted Vegetation Index (SAVI) and weathering depth. The final susceptibility map shows
high to very high hazard clusters concentrated mainly in the northern and northwestern parts of the
study area. These results can support field checking, road - corridor screening, land - use review
and local disaster - risk reduction for local administrative bodies in the future.

Keywords

Landslide susceptibility, hazard clusters, Random Forest, Quang Tri province

1. Introduction

In tropical mountainous areas such as central Vietnam, landslides are highly uneven in space.
Their occurrence is not controlled only by slope angle or heavy rainfall as it usually reflects the
combined effects of terrain, rock and soil properties, hydrologic conditions, vegetation cover and
human disturbance. Therefore, the use of multivariate methods to analyse the relationship between
landslide events and conditioning parameters is essential. Compared with traditional statistical
models, machine learning methods are more flexible because they can learn nonlinear relationships
between landslide locations and many predictors at the same time. Random Forest, introduced by
Breiman (2001), is one of the most widely used algorithms in landslide studies (Catani et al., 2013;
Merghadi et al., 2020; Nguyen Quoc Phi et al., 2023; Phan Thi Mai Hoa et al., 2026) as it handles
mixed data types, ranks variable importance and is relatively resistant to overfitting (Reichenbach
etal., 2018).

The objectives of this paper are to (i) integrate terrain, geologic, vegetation, soil moisture and
climatic conditioning factors with landslide events by Random Forest model; (ii) identify the most
influential variables and interpret the high - hazard clusters in the final landslide susceptibility map.
The study focuses on western Quang Ninh area in Quang Tri province, where detailed landslide
mapping remains limited.

2. Study Area

The study area is the western Quang Ninh area in Quang Tri province. According to the
administrative layer used in this study, the area mostly belongs to Truong Son commune, covers
about 935.96km?, has a population of 8,484 people and has a population density of roughly 9.06
people / km?. The map extent runs from about 106°18'E to 106°38'E and 17°06'N to 17°24'N.
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The study area is mostly mountainous, with narrow valleys and strongly dissected hillslopes.
Elevation in the dataset ranges from about 3.73m to 1,562.5m and natural slope locally exceeds
70°. In practical terms, this is a rugged and sparsely populated area.

Table 1. Basic administrative and spatial information for the study area.

Item Value
Study area W'estern. Quang Ninh area, Quang
Tri province
Area 935.96 km?
Population 8,484 people
Population )
density 9.06 people / km
Output Landslide - susceptibility map
Figure 1. Map of study area
3. Data and methods

3.1. Landslide inventory

The landslide inventory was converted to a binary response variable, where class 1 indicates
landslide cells and class 0, indicates non - landslide cells. The mapped landslides are clearly dense
in the northern and northwestern parts of the study area, with only scattered features in the south
along streams and hillslopes. Figure 2 shows this pattern.

Figure 2. Maps of elevation and landslide - inventory in study area
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3.2. Conditioning factors

Thirteen conditioning factors were used in the model. They include rainfall, vegetation indices
from remote sensing, DEM - derived terrain variables, lithology, distance to faults and weathering
depth. All layers were prepared on the same 150m grid before modeling.

Table 2. Conditioning - factor groups used in the model.
Factor group Variables used
Climate condition | Rainfall (MUA)
Elevation, slope, aspect, Sediment Transport Index (STT)
Topographic (Moore & Burch, 1986), Terrain Ruggedness Index (TRI)
condition (Riley et al., 1999), Terrain Wetness Index (TWI) (Beven
& Kirkby, 1979)

g:;:jiig;ial Lithology, fault buffer, weathering depth (VPH)

Soil - adjusted Vegetation Index (SAVI) (Huete, 1988),
Vegetation Normalized Difference Vegetation Index (NDVI),
condition Normalized Difference Moisture Index (NDMI) (Gao,

1996), Bare Soil Index (BSI)

Figure 3. Maps of topographic condition.
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Figure 4. Maps of geological condition.

Figure 5. Maps of vegetation condition and rainfall.

3.3. Forest - based classification model

We ran the model with the Forest - based classification model. The main settings were 1,000
trees, leaf size is 10, three randomly selected variables per split and 30 % of the data held out for
validation (Table 3).
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Table 3. Forest - based classification model settings.

Parameter Value
Random seed 934,912
Cell size 150m
Number of trees 1,000
Leaf'size 10
Tree depth range / mean 317-629/384
Training available per tree 100 %
Randomly sampled variables 3
per split
Tra.lmr}g data excluded for 30%
validation
Problem records removed 3508 £29’329 records, about

Model performance was evaluated using F1 - score, Matthews correlation coefficient (MCC),
sensitivity and accuracy for each class. We also checked out - of - bag (OOB) error and explanatory
- variable ranges to see whether the prediction domain stayed close to the training and validation
domains.

4. Results

4.1. Variable importance and model diagnostics

Rainfall had the highest importance score (92.23 %) and this is consistent with conditions in
central Vietnam, where seasonal heavy rainfall often triggers slope failures. SAVI ranked second
(90.43 %), followed by weathering depth (87.88 %). STI, slope angle, NDMI, NDVI, TRI, BSI,
lithology and TWI also contributed meaningful information. Fault buffer and slope aspect had
much lower scores, which suggests that their influence was secondary in this model run.

One noteworthy result is that SAVI ranked higher than slope. This may reflect the local setting
in the central part of Vietnam as hillslopes with shrub cover, sparse vegetation or exposed soil may
be more failure - prone than mature forest and SAVI appears to capture that surface condition better
than NDVL

Table 4. Input - variable importance reported by the Random Forest model.

Variable Importance A
Rainfall (MUA) 92.23 10
SAVI 90.43 10
Weathering depth 87.88 9
STI 85.87 9
Slope 85.32 9
NDMI 84.50 9
NDVI 84.38 9
TRI 84.36 9
BSI 81.06 9
Lithology 77.94 8
TWI 74.36 8
Fault buffer 5.54 1
Aspect 5.01 1
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Figure 6. Importance ranking for the 13 input variables.

On the training dataset, the model was nearly perfect with F1 score of 0.98. The validation
scores, however, are more important with F1 score of 0.86, MCC value of 0.72, average sensitivity
is 0.86 and overall accuracy is 0.86. The two classes show very similar scores, so the model does
not appear to be strongly biased toward either landslide or non - landslide cells.

Table 5. Classification diagnostics for the training and validation datasets.

Dataset Class Fl- MCC | Sensitivity | Accuracy
score
Non- 08 1097 | 098 0.98
Training | landslide
Landslide | 098 | 0.97 0.99 0.98
Non -
Validation | landslide 086 | 072 084 086
Landslide | 0.86 | 0.72 0.88 0.86

Figure 7. Comparison of classification diagnostics for the training and validation datasets.
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Figure 8. Out - of - bag error at 500 and 1,000 trees.

OOB error decreased slightly, from 14.201 to 14.103, when the number of trees increased from
500 to 1,000. The improvement is not large, but it indicates that the 1,000 - tree configuration was
marginally more stable. A median accuracy of 0.861 was approximately reached at seed 309890;
for this paper, seed 934912 was retained to keep the workflow reproducible.

Overally, most prediction values remained within the training range. A few variables, especially
STI, slope and TRI, had slightly higher maximum values in the prediction domain. This is normal
in spatial extrapolation, but it should still be reported because prediction uncertainty can increase
where the model sees values that are uncommon in the training data.

Table 6. Summary of explanatory - variable range diagnostics.

Variable Training min- Vz'llldatlon Prediction min— Comment
max min—max max
STI 0.00-4.12 0.00-3.72 0.00-4.35 Prediction
1.06+
. 370978 371374~ 371043
Rainfall 418538 118516 185 ¢ Stable
NDVI 020079 | 013080 | -013:078 | e<tOn
Prediction
Slope 000-7013 0006817 |000-7119 | O
Weathering 1) ¢c 1340 | 2551323 2.55-13.40 Stable
depth
BSI 1045008 | -045018 | 045020 | Frediction
1.03+
Prediction
TWI 2652605 |2822599 | 2412701
105+
TRI 0001771 0001589 0001857 | [eton
Aspect -0.87-0.96 -0.87-0.93 -0.90-1.00 Il’rgjf“"“
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Variable Training min— Vi.llldatlon Prediction min— Comment
max min-max max

NDMI -027-061 -0.28-061 -029-0.63 }l)rgjf“"“

SAVI -0.08-0.61 -0.06-0.63 -0.06-0.59 grgglcnon

4.2. Susceptibility zonation of hazard clusters

Using natural breaks, we divided the final map into four susceptibility classes: low, medium,
high and very high (Figure 9). A very high susceptibility zone extends through the northern and
northwestern part of the study area, matching the area where landslide inventory polygons are most
concentrated. This zonation should not be treated as an exact forecast of future landslide locations.
It is more useful as a screening layer, it helps identify places for field checks, road segments that
need closer inspection and areas where local land - use decisions should be made more carefully.

Figure 9. Landslide - susceptibility zonation produced by the Random Forest model.

The northern and northwestern landslide cluster does not look random. The same area combines
high rainfall, greater weathering depth, dissected terrain and several surface - cover conditions that
may reduce slope stability. Together, these factors explain why the Random Forest model classified
this part of the study area as high to very high susceptibility. Compared with recent studies in the
region (Minh Nhut Dao et al., 2026a; Dao Minh Nhut et al., 2026b) or elsewhere in Vietnam (Quoc
Phi Nguyen et al., 2018; Hoa Mai Thi Phan, 2025), including work in northern mountainous
provinces and other tropical settings, rainfall often remains a leading predictor (Bui et al., 2023;
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Nhu et al., 2020). Here, however, SAVI is more influential than NDVI and that is slightly
unexpected. A likely explanation is that the study area landscape includes exposed soil and
disturbed vegetation after logging, shifting cultivation, or road opening; SAVI partially corrects for
soil brightness and may therefore represent those surfaces better than NDVI.

Other parameters such as slope, STI, TRI and TWI still matter. They describe terrain form, flow
convergence and surface roughness. Yet their importance scores are lower than those of rainfall,
SAVI and weathering depth. This suggests that, in this study area, landslide susceptibility is driven
not only by steep terrain but also by the interaction between rainfall, weakened regolith and
degraded surface cover.

A technical limitation is that we could not calculate the exact area of each high - hazard cluster
because the output raster had not yet been exported as a complete attribute table. This is a
processing limitation rather than a conceptual one. Despite that limitation, the model has practical
value with a validation F1 - score of 0.86 and MCC of 0.72, the map can serve as an initial layer for
prioritizing field surveys. We do not recommend using it as a substitute for geotechnical
investigation at the site scale. It is best used for study area - level screening and preliminary risk
reduction.

5. Conclusions

In summary, we built a Random Forest model for landslide - susceptibility mapping in study
area of western Quang Ninh or Quang Tri province, at the central part of Vietnam. The model
performed well on the validation data with F1 score of 0.86). Rainfall, SAVI and weathering depth
were the three most influential predictors. The final map identifies a high to very high susceptibility
cluster in the northern part of the study area, which can guide for futher analysis, road - corridor
review and land - use planning. Before operational use, the area of each susceptibility class should
be calculated and the high - hazard zones should be checked in the field.
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