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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
characteristic

Fill missing data
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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 61} 22t

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
Skl ARAI7T Bt 0.350]0, BlAY g HEA
© 0342 BAEo] 2 o]} otk SR B
Ul Lo

2745 HEHg oY, Y
"t 0.452 UERc
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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

AUC(Area

Under the  Curve)-ROC(Receiver

o o =0 S| = o 5 1 1ot H ]9 AIx]3
0] e J1E SESES! HE oSt A  Operating Characteristic) 242 AIA|SHCH
E-D il regressi ysi I-D li i lysi
600
e Actual Data
. . . = Nonlinear Fit
. . = — y=-0.905-x°2% 40,919
500 . W 8 [ R? = 0456
3 “ . LD L LU === Lower Y Threshold: 0.973 (10%)
e - ‘. . o . . a5 ,’ === Upper Y Threshold: 1.470 (30%)
w0 "5' ° % o * . g. » g 6 5
.’- e
T * £
£ o £
T E.
200
100 . Nonlinear Fit
by —— y=0753 X"+ = 0.080
R? = 0437
0 ==~ Lower Y Threshold: 68.530 (10%) 0
=== Upper Y Threshold: 132,500 (30%)
o 50 100 150 200 250 300 350 400 o 50 100 150 200 250 300 350 400
Dhr) D(hr)
(a) (b)
RWA-D li regr ly RM-D lii regr ly
600 e  Actual Data 100 e Actual Data
— y=0737- X 4 ~0.069 . . . —— y=0.356x%9% 4+ 0.040
R? = 0438 b . . R = 0,031
=== Lower ¥ Threshold; 81.660 (10%) === Lower Y Threshold: 17.500 (10%)
=== Upper Y Threshold: 151144 (30%) § ==~ Upper Y Threshold: 26.500 (30%)
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Dihr) D(hr)
(c) (d)
E-D lii regr i ysi I-D non-linear regression analysis
600
®  Actual Data e Actual Data
o Law Fi . 5 P Low it
— y= 18359 ¢ x*.0514 - - —— y = 18363 * xA0.486
500 RA2 = 0453 - of 8 e - R*2 = 0425
=== Lower ¥ Threshold: 68.530 (10%) " . . v . #lgec e ==~ Lower Y Threshold: 0.973 (10%)
=== Upper ¥ Threshald: 132.500 (30%) , . » il LY . === Upper ¥ Threshold: 1.470 (30%)
” o4 .
Fy 6
3
= £
E £
o Ea
2
0
0 50 100 150 200 250 300 350 400 o 50 100 150 200 250 300 350 400
Dihr) D(hr)
(e) (f)
RWA-D li g v RM-D . giesal tyst
600 ®  Actual Data 100 & Actual Data
P Lot it .
— y = 24331 ¢ xA-0473 2 3 —_ yﬂu:iglza;ré f“x" 0.131
At I 250
500 === Lower ¥ Threshold: 81.660 (10%) . === Lower Y Threshold: 17.500 (10%)
=== Upper Y Threshold: |s|144:30‘m,! '_ === Upper Y Threshold: 26.500 (30%)
J
T
400 ‘?,o S
_ -
g i, .
Z 30 1‘ o Cae RO
K . TR % T
x g ] ¢
200
wol
o
L % w 150 a0 250 Eod E =« o S0 100 150 200 250 300 350 400
Dihr) Dthr)
Fig. 5. Results of non-linear regression and power law regression analysis. (a): non-linear E-D curve, (b): non-linear

non-linear RWA-D, (d): non-linear RM-D, (e):
power law RWA-D curve, (h):

I-D curve, (c): power law E-D

curve , (f): power law I-D curve, (9):

power law RM-D curve



Development of an Automated Algorithm for Analyzing Rainfall

Thresholds Triggering Landslide Based on AWS and AMOS

133

£ Aol BRL004 Ae) Y S = )

2 7Pte ¥542 MO0, Aok Table 7.3 2ck

7]=&A17F 0hF-2]=]H matplotliby}  xlsx W= A|
SE= JEE o]&sto] @ FAGILAL o= Ui
dHstr, @ AFS AN REs AEE 4 LS

Table 7. Number and distance of the second
closest station by landslide location
Type 2020 2021 2022 2023
o N (ea) 437 52 136 260
g Min. 0.93 2.7 0.9 13
o D
5 Max. 19.8 17.5 19.0 18.3
3| km [ X
Avg. 7.9 8.8 8.7 8.0
AEE HEAL AAFE] v FE 542 b U
1 L5 FEsI9iTE A5 A e AR VI
oA AUC=0.50=2 A ¢ 7|&0] AAs] APEA] &
of & d&s°l BojXl& oz FAEQIHFig. 6.)
AUC-ROC Curve
1.0 !ﬁ‘
/,_.;?/
0.8 -~ '4,-’,
e o
34 y ’;’
g 0.6 - s -":z’
z
a Fris”
o 0.4 P
= A
= ,”;'
024 ,;r
A
,4/
7 ROC curve (AUC = 0.50)
0.0 ¥— . ' :
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Fig. 6. Verification result of rainfall threshold value using
AUC-ROC curve

3. Performance of the GUI

st

Data Preparation

©am

5 parameters

Threshold

3

Station data
cleaning

Data Analysis

Descriptive statistics
)

Selection
of rain gauge

Classify the
rainfall event

 Statistics models

Fig. 7. GUI developed based on class diagram.
page is for preparing and cleaning data. (b):

Davsbefore

A KAFET RAIN PROGRAM

1
file path

Halfiife

Calculate the
Rainfall
Characteristics

(a): This
This page is

u2l5e] AR Helds
wjet 13iE GUI= Fig. 7.3} 7t

Fig. T(a)t Aata 2 A2 HA) 7152 4t

Hold, O Al=s

@ A7t 39 WA A,

gta sty 9Jste] Fig. 3.9

fo

FHske ol Eagt 7|2 =,

@ A= ‘*Kﬂé %’4% %711%

for performing descriptive statistics and analyzing landslide
triggering thresholds using various statistical models.

© A= [ETDE 48AIRE, ¥l7]= 292 475t
=]

of BAMslS mjo] AdnelE AL-o Table 83} 2T},

Table 8. Processing time of the Algorithm

4948 4 SIF} @& ool
@M= A
4HE= siol

Fig. 7(b)= 7
£ 4 o

=8/ 715X s 22

Type Processing Time(s)
BLOCK 1 300
BLOCK 2(®) 240
BLOCK 2(Q) 900
BLOCK 2(®) 300
BLOCK 3 60
Total 1,800




134  Journal of The Korea Society of Computer and Information

79,201KB9] 3712 A 2020~20235 =oto] AWSe}
AMOS?] 743 Atr g BAlsto] A7 7 e
St A% B ARRZ 3070= ’“71154%} Vg B
Aol A Q&= 72 IETD Ao g FAMd= &
&35H= BLOCK 2(@)& <F 15%0] AQE|9ich

2 gue|EoA= IETDE 48417 BHI7|E 2
Asto] BAst9d oL, IETDE} ¥h7t7]e] 248 W7E
& 2QARR 24 4 Qo
4. Discussion

2 Aol ZidEt due]ES o8t dA A% 7]
= AR A, 7] AAREJE A - 71z vlsh

O

. RWAE =7 AR o=

2113
F7IIITH 212 AT 2 9k 5, & APl A%
o W7 79 7170l et e ke ool RWAVH
S1 9100, e RMt E AIoL= ALK EAMRS7H 2y

=

sto2 Rjsf F|eFdo] =ofxl Z oz sAlgh & Qlct

oA =Et YA z
AUC-ROC &A1& AlA|
AUC=0.52 eI}

MR Lo A= ZA3t HEALS EH’BPQE J/\}EH by
A& 71& 6, 12, 24Xt
uk 7o 2 SAISgIC)

o] 7%, TP(True Positive)?] &
2 AUC 3te 258 4 9lout, w&m A7 749 7]

ﬁ47}7} ojfct. oo met & A

! rksﬁ
O.u.4

B~
il rul

Amo}oq /\]'/\}EH u]om

>
c
(@)
o EY
L r
i
II.
3:
i
_\'n.,
_a
2
1'9.l~‘
11

AR } L% 0]%6}04 *JKIE*HHOH% ol &k
SHAPE ERfeItt. ™o E Skl AFEAIH A
Y= A} Akl 2 HPo] Hez 2
Hol olsto] 7w ojof qict. iRl WARE=
HARo]odof st & iz
= &7 Alste sARAS 4
d R

'
d A A 71=A gt A

N
P rlo

4 0

)

o ¥ 12
o
i)

2
e}

2
ot
i)
el
=

'xm
wok
4>

Mo o% o

o2 Eblsh] e BEA 41
hdQst 7102 oatsict.

oA 7HAdol

(22} AAE] QIX|ZRE] Skm W3 71F0 A2
Bt V542 YA 3, 8, nE AYY 52 vl
of AT WALES HASH YAS A v} U @
ARANHE Aol 3t 7390] I LI S42 Ao
& yielalixt AWSSH AMOSE Waato] wAlet 2t
F 7217} 4.9kmol o), AFAFE vls) 2747}

WA et
olefat ol g2 AMIE) sl YRIet AT VS

7b 11 sl Zto] ofd N:12 ujlE|of Abkjel ¢1%

2 BUG BEAT} AEEo} i F9EHS WS

A Roto] WA 7 L}i o Areict.
ANt A2l 71 T

A
u
=

_
—_

w5 A0fA]

ARSEREE 0%1-731 WA 7 7% oeio] 2t
L 7le ARl 9lg 4 Yt

ago) Fjat B 4 et
90l ﬂm e sl A0
IDW),

Regression on
B2 o]

Oloﬂ fﬂrﬂ} 3
+ 9AYHE
PRISM(Parameter-elevation
Independent Slopes Model), Z2]7)3} 722
golo] 2492 ol &atnolch2s, 26).

SUINEE 52 Y9 A2E A5siol el 4%

£4o] FuEC 2 Ape}
g 553 4 91 o= Wokah

H(Inverse Distance Weighting,

V. Conclusions

2 ATE AREARRIE ok vPAeA O
% SHQl AR o AR AlARIO) 9 29 7152 of
Asp] gqoﬁ 2020~20239 =0ko] AWS @ AMOSC] 732
ARE AFOR AASL $A BAS 2%t BT
2]=at GUIZ 7§uksict.

N ATEIE T2 B ARG EE]
A SES BE B9 Aa R g, 48Rt HT
uppz] ;

\:]
l_.
R T S

'_.

AP0 AN F, 7155 o
Nye $AREe A AAE F. 24T & Ut
® AT AT FUE BYLD AR

Al Qi mnﬂaol welshe @
o AWS B4rRE JRIeE 1D B



Development of an Automated Algorithm for Analyzing Rainfall
Thresholds Triggering Landslide Based on AWS and AMOS 135

gL 2502 BHS AUt B ATME
AMOSS| Z4AHR9F AWSS SAl0] Hgele] 39542
& 4 9lm, ofe] ZIAl Aol WA 58 of

}ﬂl = LI =

& SARNS 2T 4 9ok gt 2 479 At
o]

S

ACKNOWLEDGEMENT

This work was “Advanced
Landslide Risk Assessment Using Machine
Learning (FE0400-2023-01-2024)" grant funded
by National

supported by

Institute of Forest Science the
Republic of Korea.

This study was carried out with the support of
“R&D Program for Forest Science Technology
(Project No. RS-2024-00404816)" provided by
Korea Forest Service (Korea Forestry Promotion
Institute).

REFERENCES

[1] R. M. Iverson, “Landslide Triggering by Rain Infiltraion.” Water
Resources Research, Vol. 36, No. 7, pp.1897-1910, Jul. 2000. DOL:
10.1029/2000WR900090

[2] R. M. Iverson, and J. J. Major, “Rainfall, Ground-water Flow,
and Seasonal Movement at Minor Creek Landslide, Northwestern
California: Physical Interpretation of Empirical Relations,”
Geological Society of America Bulletin, Vol. 99, No. 4,
pp.579-594, Oct. 1987. DOIL: 10.1130/0016-7606(1987)99<579:
RGFASM>2.0.CO;2

[3] J. A. Coe, W. L. Ellis, J. W. Godt, W. Z. Savage, J. E. Savage,
J. A. Michael, J. D. Kibler, P. S. Powers, D. J. Lidke, and S.
Debray, “Seasonal Movement of the Slumgullion Landslide
Determined from Global Positioning System Surveys and Field
Instrumentation, July 1998-March 2002,” Engineering Geology,
Vol. 68, No. 1-2, pp. 67-101, Feb. 2003. DOI: 10.1016/S0013-
7952(02)00199-0

[4] Trading Economics, “South Korea Average Precipitation,” https://
tradingeconomics.comy/south-korea/precipitation

[5] Korea Meteorological Administration, “Seoul Annual Weather
Data,” http://www.weather.go.kr/weather/climate/annual jsp?

[6] V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan,
and S. Berger, “Climate Change 2021: The Physical Science
Basis,” IPCC, pp. 1-219, 2021.

[71 M. K. Park, “Landslide Vulnerable Areas in Korea, Increasing
Every Year!,” https://www.hidonmin.com/news/article View.html?
1dxno=519220

[8] D. H. Ham, and S. H. Hwang, “Review of Landslide Forecast
Standard Suitability by Analysing Landslide-inducing Rainfall,”
Journal of the Korean Society of Hazard Mitigation, Vol. 14, No.
3, Jun. 2014, pp. 299-310, DOI: 10.9798/KOSHAM.2014.14.3.299

[9] W. Y. Lee, and H. H. Sung, “Analysis of Rainfall Thresholds
for Landslide Occurrence in Chuncheon Gangwon Province,
Korea,” Journal of the Korean Geographical Society, Vol. 53, No.
5, Oct. 2018, pp. 669-689.

[10] J. Oh, and H. J. Park, “Analysis of Landslide Triggering Rainfall
Threshold for Prediction of Landslide Occurrence,” Journal of
the Korean Society of Hazard Mitigation, Vol. 14, No. 2, Apr.
2014, pp. 115-129, DOL: 10.9798/KOSHAM.2014.14.2.115

[11] M. H. Hong, J. H. Kim, G. J. Jung, and S. S. Jeong, “Rainfall
Threshold (ID curve) for Landslide Initiation and Prediction
Considering Antecedent Rainfall,” Journal of the Korean
Geotechnical Society, Vol. 32, No. 4, Apr. 2016, pp. 15-27, DOL:

10.7843/kgs.2016.32.4.15

[12] J. S. Lee, and Y. T. Kim, “Development of Optimum Rainfall
Threshold to Predict of Rainfall-Induced Landslides Occurrence,”
Journal of the Korean Society of Hazard Mitigation, Vol. 17,
No. 6, Dec. 2017, pp. 333-340, DOL: 10.9798/KOSHAM.2017.
17.6.333

[13] J. Lee, and G, Chung, “Estimation of InterEvent Time Definition
Using in Urban Areas,” Journal of the Korean Society of Hazard
Mitigation, No. 17., No. 4, Aug. 2017, pp. 287-294, DOL: 10.
9798/KOSHAM.2017.17.4.287

[14] J. Y. Park, S. R. Lee, D. H. Lee, Y. T. Kim, S. Oh, and H,
J. Park, “Development of Continuous Rainfall-Based Citywide
Landslide Early Warning Model,” Journal of the Korean Society
of Hazard Mitigation, Vol. 18, Np. 1, Jan. 2018, pp. 99-111,
DOI: 10.9798/KOSHAM.2018.18.1.99

[15] J. S. Lee, H. S, Kang, J. W. Suk, and Y, T. Kim, “Development
of Hazard Level-based Rainfall Threshold for Prediction of
Rainfall-induced Landslide Occurrence in Korea,” Journal of the
Korean Society of Hazard Mitigation, Vol. 19, No. 5, Oct. 2019,
pp. 225-236. DOIL: 10.9798/KOSHAM.2019.19.5.225

[16] B. G. Chae, W. Y. Kim, Y. C. Cho, K. S. Kim, C. O. Lee,
and Y. S. Choi, “Development of a Logistic Regression Model
for Probabilistic Prediction of Debris Flow,” The Journal of
Engineering Geology, Vol. 14, No. 2, Jun. 2004, pp. 211-222.

[17] D. G. Park, T. H. Kim, J. R. Oh, and J. H. Park, “A Study
on the Monitoring & Detection of Slope Failure (II) - Focusing
on the Application of Rainfall Data -,” NDMRI, pp. 163-207,



136  Journal of The Korea Society of Computer and Information

2005.

[18] S. W. Kim, G. W. Chun, J. H. Kim, M. S. Kim, and M. S.
Kim, “Characteristics of Heavy Rainfall for Landslide-triggering
in 2011,” Journal of Korean Society fo Forest Science, Vol. 101,
No, 1, Jan. 2012, pp. 28-35.

[19] A. M. Maturidi, N. Kasim, K. A. Taib, and W. N. Azahar,

“Rainfall-Induced Landslide Thresholds Development by

Considering Different Rainfall Parameters: A Review,” Journal

of Ecological Engineering, Vol. 22, No. 10, pp. 85-97, DOL:

10.12911/22998993/142183

M. Melillo, M. T. Brunetti, S. Peruccacci, and S. L. Gariano,

“An Algorithm for the Objective Reconstruction of Rainfall

Events Responsible for Landslides,” Landslides, Vol. 12, Apr.

2014, pp. 311-320, DOL: 10.1007/s10346-014-0471-3

M. Melillo, M. T. Brunetti, S. Peruccacci, S. L. Gariano, A.

Rocaati, and F. Guzzetti, “A Tool for the Automatic Calculation

of Rainfall Thresholds for Landslide Occurrence,” Environmental

Modelling & Software, Vol. 105, Jul. 2018, pp. 230-243. DOL:

10.1016/j.envsoft.2018.03.024

[22] O. F. Al-Thuwaynee, M. Melillo, S. L. Gariano, H. J. Park, S.
W. Kim, L. Lombardo, P. Hader, M. Mohajane, R. P. Quevedo,
F. Catani, and A. Aydda, “ DEWS: A QGIS Tool Pack for the
Automatic  Selection of Reference Rainfall Gauges for
Landslide-Triggering  Rainfall ~ Thresholds,” Environmental
Modelling & Software, Vol 162. Apr. 2023, 105657, DOL:
10.1016/j.envsoft.2023.105657

[23] M. T. Abraham, N. Satyam, A. Rosi, B. Pradhan, and S. Segoni,
“The Selection of Rain Gauges and Rainfall Parameters in

Thresholds  for Landslide
Occurrence: Case Study from Wayanad (India),” Water, Vol. 12,
No. 4, Apr. 2020, pp. 1000, DOIL: 10.3390/w12041000

[24] S. L. Gariano, M. T. Brunetti, G. lovine, M. Melillo, S.
Peruccacci, O. Terranova, C. Vennari, and F. Guzzetti,
“Calibration and validation of rinfall thresholds for shallow
landslide forecasting in Sicily, southern Italy,” Geomorphology,
Vol. 228, Jan. 2015, pp. 653-665, DOIL: 10.1016/j.geomorph.
2014.10.019

[25] J. C. Park, and M. K. Kim, “Comparison of Precipitation
Distributions in Precipitation Data Sets representing 1km Spatial
Resolution over South Korea Produced by PRISM, IDW, and
Cokriging,” Journal of the Korean Association of Geographic
Information Studies, Vol. 16, Sep. 2013, pp. 147-163, DOL
10.11108/kagis.2013.16.3.147

[26] M. J. Um, and C. S. Jeong, “Spatial Analysis of Precipitation
with PRISM in Gangwondo”, Journal of Korea Water Resources
Association, Vol. 44, Mar. 2011, pp. 179-188.

[27] Korea Forest Service, Forestry Statistics Platform, https:/kfss.
forest.go.kr/

120

[}

[21

[

Estimating  Intensity-Duration

[28] National Disaster Management Institute, “A Study on the

Monitoring & Detection of Slope Failure (II) - Focusing on
the Application of Rainfall Data -”, pp.165-167, 2005

Authors

Donghyeon Kim is a Ph.D. in the division of

research technical research institute. His
current research interests include forestry,

landslide, rainfall, and algorithm.

Song Eu 1is a research official at the
Landslide Division, Department of Forest
Disaster and Environment, National Institute
of Forest Science. His current research

interests include landslide, debris-flow,

early-warning, and numerical simulation.

Kwangyoun Lee is a Ph.D. in the division of

research technical research institute. His
interesting subject and area of research is

GIS/RS etc.

Sukhee Yoon holds a Ph.D. in Disaster

Engineering and is currently works as a

D

~

{

- Manager at Korea Association of Forest

\ Enviro-conservation Technology. His expertise
>
includes the development and operation of

information systems, maintenance of landslide monitoring

Y

system and research in disaster meteorology.

Jongseo Lee is a Master in the division of

research technical research institute. His
current research interests include forestry, GIS

simulation, landslide, and algorithm

Donggeun Kim is an full professor at the
department of ecology and protection at
Kyungpook National University. His current
research  interest

include forestry, forest

measurement, forest management, and forest

engineering.



