PREDICTING THE CHANGE OF LANDSLIDE DAMAGED AREA
CONSIDERING CLIMATE CHANGE SCENARIOS IN THE CASE
OF THE REPUBLIC OF KOREA
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ABSTRACT

As climate change, landslide hazards in the Republic of Korea continuously increase. For effective landslide hazard mitigation, including
landslide-prone area management and erosion control works, landslide hazard estimation in the long-term perspective should be estimated
considering future climate change. This study evaluated the change in landslide-damaged areas in the Republic of Korea with climate change
scenarios using a multivariate regression model. As a training dataset, we selected landslide-damaged areas and rainfall observation data
from 1981-2010. Seven indices were derived from rainfall data as the model's input data, corresponding to rainfall indices provided from
SSP scenarios. Using climate change scenarios, we estimated landslide-damaged areas in 2030-2100. As a result, the landslide-damaged area

seems to increase continuously. It implies that landslide mitigation strategies should be changed considering the effect of climate change.

INTRODUCTION

A landslide is one of the most fatal disasters in the Republic of Korea (hereafter Korea). Landslides in Korea mainly occur in the summer due
to Asian Monsson, when 60% of annual rainfall is concentrated. As climate change increases, landslide damage increases; the mean annual
damaged area from landslides in 2001-2020 was 527.6 ha/yr, almost twice that in 1981-2000 (Korea Forest Service (KSF), 2023). The longest
monsoon continued for 54 days in 2020, causing the third most severe landslide disasters with nine fatalities (National Institute of Forest
Science, 2021), and local extreme rainfall in 2023 induced 15 fatalities by landslide and debris flow.

Despite lots of efforts to reduce landslide hazards, climate change will continuously drive the increase in landslide hazards in the future.
During the 20th century, annual precipitation increased, but rainy days decreased, resulting in rainfall intensity has become stronger (Korea
Meteorological Administration (KMA), 2021). The frequency of extreme rainfall has dramatically escalated, significantly. Because all climate
change scenarios estimate the increase of rainfall until 2100 (KMA 2021), the frequency and magnitude of landslides seem more severe than
the current status. Thus, to effectively mitigate landslide disasters in the long term, forest management and erosion control works should be
planned based on hazard estimation regarding climate change (Lim and Kim, 2022).

The objective of this study is the estimation of landslide hazards in the future by applying climate change scenarios. We derived the mul-
tivariate model for landslide damaged area estimation using current landslide and rainfall observation data. Then, we estimated landslide

areas in 2030-2100 corresponding to rainfall data from climate change scenarios.

METHODS

We collected landslide-damaged areas and rainfall observation data in 1981-2010 for the training dataset of the regression model (KFS, 2023).
To predict future landslides, we used rainfall-related data from SSP climate change scenarios; we chose SSP1-2.6 and SSP5-8.5 because these
are the only scenarios that provide detailed rainfall indices. We used seven rainfall indices: mean annual precipitation, mean rainfall intensity
of wet days, days exceeding 80mm precipitation, maximum 1- and 5-day precipitation, and Daily precipitation extremes exceeding 95 and
99 percentiles. In terms of mean annual precipitation, we used this parameter due to the lack of data. Because SSP scenarios from KMA
provide only annual data without detailed data, such as monthly or daily rainfall estimation, the mean summer precipitation, closely related
to landslide occurrence, could not be obtained in current SSP scenarios.

Before conducting multivariate regression analysis, we undertook the Variance Inflation Factor (VIF) analysis to remove multicollineari-
ty. Generally, VIF under 10 means that variables are independent. As VIFs of seven rainfall indices exceeded 10, we conducted Principal
Component Analysis (PCA) to reduce multicollinearity. Finally, we derived a multivariate model for landslide damaged area estimation that

consists of the principal component and estimated future landslide area according to SSP scenarios.

RESULTS AND DISCUSSION

As a result of VIF analysis, all seven rainfall indices show VIF values exceeding 10, inferring these are significantly correlated. Thus, we con-
ducted PCA analysis, and finally, two principal components (PC1 and PC2) that can explain 92.85% of the total variance. Although PC1 was
correlated to an increase of every index, PC2 shows a positive correlation to maximum 1- and 5-day precipitation and negative to annual
precipitation and mean rainfall intensity. It means that landslide occurrence is mainly correlated to total rainfall amount, but the frequency of
extreme rainfall during a very short term is not ignorable. In addition, the negative correlation between mean annual rainfall and PC2 hardly

corresponds to the general scientific understanding. This discrepancy might arise from using mean annual precipitation instead of mean
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summer precipitation due to the lack of data, although rainfall data in the summer season could be much more reasonable in explaining
the landslides concentrated in the summer season in Korea.

Using PC1 and PC2, we derived a regression model and estimated landslide-damaged area in 2030-2100. As a result, both SSP scenarios show
an increasing tendency of the landslide area, although some outliers were induced due to extreme values in climate change scenarios. In the
case of SSP1-2.6, the landslide area decreases slightly in 2090-2099, but SSP5-8.5 shows a continuously increasing tendency until 2100. This
result infers that landslide mitigation strategies, including forest management and erosion control works, should be adapted to unexpected

large and frequent landslide disasters in the future.

CONCLUSIONS

This study analyzed the prospect of landslide-damaged areas in Korea considering climate change. As a result, the affected area by landslides
seems to increase continuously according to climate change, meaning that landslide mitigation strategies in Korea should be reinforced in
the long term. Further studies that complement several limitations of this study, such as suggesting only annual value without spatial vari-

ation analysis, would provide a valuable reference to establish the long-term basic plan for forest management and erosion control works.
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