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State-of-the-art on development and operation of landslide early warning system
for climate change response
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ABSTRACT: As the risk of landslides due to climate change increases and the need for a landslide early warning
system expands, the landslide early warning system in domestic and foreign regions was investigated and analyzed.
In Korea, the Korea Forest Service is currently operating an early warning system in the whole country, and the
Korea Institute of Geoscience and Mineral Resources is developing and managing a web-based early warning
system for the National Park area of Mt. Jiri. Meanwhile, Japan, USA, Hong Kong, Taiwan and Italy, which are
advanced countries for disaster prevention in the field of landslide, have developed and operated a web-based early
warning system for landslide in the whole country under the supervision of meteorological administration and
disaster management agencies. The landslide early warning system should secure the golden time to reduce the
damage of landslide by predicting occurrence time, location and damage range and issuing early warning alert
in advance based on the rainfall forecast information. This state-of-the-art can be used as basic information for
studying and analyzing R&D trends for landslide early warning system to find the improvement and upgrade
directions of the current system in the future.
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Fig. 1. Trends of damage area and recovery cost from landslides in Korea by year (1976-2019).
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Fig. 2. A panoramic view of the landslide at Mt.
(Courtesy of Chosun I1bo).
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Fig. 3. Comparison between the global I-D curve
(Guzzetti et al., 2008). 1. Caine (1980); 2. Innes (1983); 3.
Clarizia et al. (1996); 4. Crosta and Frattini (2001); 5.
Cannon and Gartner (2005); 6 and 7. Guzzetti et al. (2008).
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Fig. 4. Shallow landslide occurrence mechanism in a natural slope (Song et al., 2012).
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Table 1. Physically-based landslide prediction model.
Country Model Description Researcher Date
UK CHASM Combined Hydrology And Stability Model Anderson and Lloyd 1991
USA LISA Level I Stability Analysis Hammond et al. 1992
USA SHALSTAB Shallow Landsliding Stability Model Montgomery and Dietrich 1994
USA SMORPH Slope Morphology Shaw and Johnson 1995
dSLAM/ Distributed Shallow Landslide Model / Integrated .
USA IDSSM  Dynamic Slope Stability Shallow Landslide Model Wuand Sidle 1995
Canada SINMAP Stability Index Mapping Pack et al. 1998
USA TRIGRS Transient Ralnfall Infiltration a_n_d Grid based Baum ef al. 2008
Regional Slope-stability
PROBAability of STABility

Netherlands PROBSTAB PCRasterGIS package van Beek 2002
USA PISA Probabilistic Infinite Slope Analysis. Haneberg 2004

hydrological model GEOtop combined with

Ttaly GEOtop-FS an infinite slope stability model Simoni et al. 2008
Infinite slope stability model combined with .
Korea YS-SLOPE YSGWF model using Green and Ampt equation Kim et al. 2014
Korea CRevirea Crltlcal. Coqtlnuous Raln.fe}ll model based on Park et al. 2019
infinite slope stability analysis
Infinite slope stability analysis considering
Korea KIGAM  suction stress combined with surface water flow KIGAM 2019

and fluid flow in subsurface
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Table 2. Analysis and comparison of physically-based landslide prediction models.
. . . ; Determination
Consideration of rainfall factor Diti?);monfla Application Consider  criteria of Slope
- landslide ~ °F3D -ation  landslide stability
Model Estimation Approxima- Numerical  hazard ground-  of runoff Safety analysis
name ted simulation o7 water flow flow on ) arety .
. simulation . considering in ound Rainfall factor by soil
saturation . of rainfall rea] time er depth
depth ratio oframfall e subsurface surface amount — of p
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Table 3. Development of landslide early warning system in Korea and aboard.

Country 82;3221% Prediction area Analysis data Method to issue
. Web service and text message
KFS Nationwide R?t{grf:(l:laggta from local government
(https://sansatai.forest.go.kr/)
Korea -
Rainfall data Web servi
KIGAM Mt. Jiri area (forecast) and (eclc§see d)ce
soil properties
. . Rainfall data Web service
IMA Nationwide (forecast) (https://www.jma.go.jp/bosai/en_risk/)
Japan Rainfall data Web service
Kobe Mt. Rokko area (forecast) and (closed)
soil properties
6 states Rainfall data Web service
USA USGS (forecast/ (https://www.usgs.gov/programs/
(CA, WA, CO etc) measurement) landslide-hazards)
Hong GEO Nationwide Rainfall data TV, Radio etc.
Kong (measurement)
Rainfall data Web service
Taiwan NCDR Nationwide me(:(s)lrligrit:/nt) (https://246.swcb.gov.tw/)
Rainfall data Web service
Italy IRPI Nationwide (forecast/ hito: Firpi it/
measurement) (http://sanf.irpi.cnr.it/)

KFS: Korea Forest Service

KIGAM: Korea Institute of Geoscience and Mineral Resources
JMA: Japan Meteorological Agency

USGS: The United States Geological Survey
GEO: Geotechnical Engineering Office
NCDR: National Science and Technology Center for Disaster Reduction

IRPI: Istituto di Ricerca per la Protezione Idrogeologica (Research institute for geo-hydrological protection)
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Table 4. Comparison of domestic and foreign technologies on landslide early warning system.

Country Operating Landslide prediction model Clas.51ﬁcat Features
nstitution -10n
KMA ~ Tank model using rainfall forecast Statistical - Classification into 11 districts
information model considering geological conditions
- Rainfall prediction using rainfall - Assessment of landslide hazard linked
Korea radar data Physically- with predicted rainfall information
KIGAM - Physically-based model for basZ d mogel - Considering rainfall infiltration and
unsaturated infinite slope stability runoff, unsaturated characteristics in
analysis soil layer
- Tank model using rainfall forecast
IMA information Statistical - Integrated analysis of tank model
- Statistical analysis on landslide model result and landslide occurrence data
occurrence area
Japan CRai ot : :
iag;ﬁg;tzredlcuon using rainfall - Rainfall prediction using X-band radar
Kobe - Physically-based model for Physically- ~ data
Y y-b . ... based model - Calculation of safety factor of slope
unsaturated infinite slope stability . hysicallv-based model
analysis using physically-based mode
- Rainfall prediction using rainfall - Rainfall prediction using rainfall radar
radar data Statistical data from NOAA
USA USGS - Statistical model of debris flow model Comparative verification of
prediction using previous inventory prediction results through field
data monitoring
) s;zgisctlicgi ?;ielrzﬁ?;?ﬂ;?; - Utilization of data from more than 400
Hong GEO - %s timation of tl%reshol d usin Statistical  rainfall observatory stations
Kong . . X Sing model - Utilization of measured rainfall and
rainfall information (IDF) in case of weather radar data
landslide
) iz:;;fe:il;tgredlctlon using rainfall - Suggestion and utilization of ID curve
. S . Statistical ~ for the whole area of Taiwan
Taiwan  NCDR - Estimation of threshold using model Operation of mobile debris flow
rainfall information (ID) in case of ) mgni torine center
landslide g
- Optimal rainfall p?edictiop using - Landslide prediction using ED curve
I megurecll and predicted ralr}fall Statistical ~ for the whole ared of Italy
taly IRPI - Estimation of threshold using model - Development of physically-based

rainfall information (ED) in case of

landslide

model through rainfall prediction
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Fig. 16. Landslide early warning system of Italy.
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