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[Abstract]

This study presents an automated Python algorithm for analyzing rainfall characteristics to establish
critical rainfall thresholds as part of a landslide early waming system. Rainfall data were sourced from
the Korea Meteorological Administration's Automatic Weather System (AWS) and the Korea Forest
Service's Automatic Mountain Observation System (AMOS), while landslide data from 2020 to 2023
were gathered via the Life Safety Map. The algorithm involves three main steps: 1) processing rainfall
data to correct inconsistencies and fill data gaps, 2) identifying the nearest observation station to each
landslide location, and 3) conducting statistical analysis of rainfall characteristics. The analysis utilized
power law and nonlinear regression, yielding an average R? of 0.45 for the relationships between
rainfall intensity-duration, effective rainfall-duration, antecedent rainfall-duration, and maximum hourly
rainfall-duration. The critical thresholds identified were 0.9-1.4 mm/hr for rainfall intensity, 68.5-132.5
mm for effective rainfall, 81.6-151.1 mm for antecedent rainfall, and 17.5-26.5 mm for maximum
hourly rainfall. Validation using AUC-ROC analysis showed a low AUC value of 0.5, highlighting the
limitations of wusing rainfall data alone to predict landslides. Additionally, the algorithm's speed
performance evaluation revealed a total processing time of 30 minutes, further emphasizing the
limitations of relying solely on rainfall data for disaster prediction. However, to mitigate loss of life
and property damage due to disasters, it is crucial to establish criteria using quantitative and easily
interpretable methods. Thus, the algorithm developed in this study is expected to contribute to reducing

damage by providing a quantitative evaluation of critical rainfall thresholds that trigger landslides.
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II. Preliminaries

1. Definition of the rainfall characteristic
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Fig. 1. Concept of a series of rainfall characteristic

2. Related works
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III. The Proposed Scheme

1. Data sets and Environment

1.1 Data sets
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Table 1. Characteristics of input data for rainfall
analysis

Contents Format Source
» AWS rainfall data Csv
« AMOS rainfall data .Zip KMA®
* AWS location data Ccsv
+ Landslide data Csv MOIS™
» AMOS location data Csv NIFoS™"

*. Korea Meteorological Administration
=+ Ministry of the Interior and Safety
=xx. National Institute of Forest Science

1.2 Development environment
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Table 2. Algorithm development environment

0S IDE P.LS API

os, glob, csv,

. Python pandas, numpy,
Window 10 VSCode 3.9.13. statsmodels,
matplotlib
*! Programming Language
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Fig. 2. Logical framework of the algorithm
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+ Read, join, create [~ <
+ haversine T~

+ Extract landslide
triggering rainfall

+ Calculate rainfall
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Statistic
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Fig. 3. Class diagram for design the GUI
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IV. Performance Study

1. Results
1.1 Searching for the nearest station
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Table 3. Number and distance of the first closest
station by landslide location

Type 2020 | 2021 | 2022 | 2023

N (ea) 238 42 89 138

> Min. 0.2 1.2 0.2 0.1
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Avg. 7.9 6.4 7.7 8.5
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1.2 Data filtering
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Table 4. Results of rainfall data missing rate by
combined station data

Type 2020 2021 2022 2023

Total 14 2.1 2.7 04
May. 0.3 0 0 0
Jun. 0.3 0.2 0 0
Jul. 0 0.1 0.5 0
Aug. 0.1 0.3 0.2 0.1
Sep. 0 0 2.0 0.1
Oct. 0.7 1.5 0 0.2
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1.3 Calculate the rainfall characteristics
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1.4 Statistical analysis of landslide triggering
rainfall thresholds
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Table 5. Results of rainfall characteristics each by year
- RWA (mm) E (mm) D (hr) I (mm/hr) RM (mm)
e
P Min. | Max. Avg. Min. | Max. Avg. Min. | Max. | Avg. Min. | Max. | Avg. | Min. | Max. | Avg.
2020 15.9 | 931.9 | 326.8 8.8 915 | 304.7 2 558 | 1375 04| 369 4.4 58 | 4348 | 62.8
2021 30.4 | 680.4 | 2823 9.4 | 680.4 | 2778 3 388 | 105.6 0.6 8 3.2 47 | 268.6 | 59.4
2022 153 | 940.4 | 304.8 5.1 | 934.6 288 2 268 79.7 0.1| 288 43 3| 2035 | 629
2023 10 | 581.3 | 256.3 10 549 | 228.3 2 277 | 115.7 0.6 | 327 3.2 55| 1473 | 359
Results of 0-Q plot WAL Al Al (5)9F Zon], ujHY &7)EAe]
RM({mm)
THALL Al (6)it 2ot
y=axXzx B e (5)

I(mm/hr)

(a)

Results of correlation(p-value: 0.05)

- ) - "

b - -
- - -
RM(mm) E(mm) D(hr) I{mm/hr)

RM(mm)

E(mm)

0.63 02

D(hr)

-0.029

I(mm/hr)

a
o2
Im

Fig. 4. Results of basic statistical. (a): Normality check
results for each parameter, (b): Correlation analysis
results for each parameter.

RWA(mm)

RWA(mm)

(b)

1.5 Results of non-linear and power law
regression analysis

Al 94 79 71E ulRiS Slah 43E MR
Me HgAl(power law)e °]-&et
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Table 6. Results of non-linear and power-law
regression analysis
Type Equation R?
£ non-linear | y=10.7532"* —0.080 0.44
power-law | E=18.359 x D 0514 0.45
D non-linear | y=—0.9052"*+0.919 0.46
power-law | J=18.363 x D456 0.43
RWAD non-linear | y=0.7372"** —0.069 0.44
power-law | RWA=24.331x D %7 | 0.46
AM-D non-linear | y=0.3562"%%—0.040 0.03
power-law | RM =18.276 x D~ *13! 0.06
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© 0342 BAEo] 2 o]} otk SR B
Ul Lo
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[ 0.9~1.4mm/hr, RWA: 81.6~151.lmm, RM:
17.5~26.5mm2 FAEQIct 7]E0f] B8 78 4% 71
Zo] "Jaf RM: 2.5~3.5mm, E: 31.5~67.5mm 2gQtoLt,
RWAE 1.1~1.6mm =7 YepJct
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2. Verification
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