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Developing a Prediction Model (Heavy Rain Damage
Occurrence Probability] Based on Machine Learning
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Abstract

In this study, a prediction model (heavy rain damage occurrence probability or PM-HDOP) was developed for a metropolitan area.
The heavy rain damage and rainfall data were collected as dependent and independent variables, respectively. The dataset was
divided into training (2005-2016) and test sections (2017). We developed the PM-HDOP using machine learning methods such
as logistic regression, artificial neural network, bagging, random forest, and boosting to predict the occurrence of nonlinear natural
disasters. An architectural model with the best performance was selected, and the PM-HDOP was subsequently used to predict
the probability of occurrence. As a result, a boosting scheme showed the best performance in Gyeonggi-do and Seoul, and a bagging
scheme showed the best performance in Incheon. If the results of this study are used to predict the occurrence of heavy rain damage.
which is not currently being serviced in Korea, it is possible to effectively reduce the damages.
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Fig. 1. Procedure to Develop PM-PHD
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Fig. 2. Concept of Artificial Neural Network
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Fig. 3. Concept of Bagging
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Fig. 4. Concept of Random Forest
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Table 1. Confusion Matrix

Predicted(pred.)
Total Damage
0 1
0 TN FP
Observed(obs.)
1 FN TP
- TP : pred. is 1 and obs. is 1

- TN : pred. is 0 and obs. is 0
- FP : pred. is 1 and obs. is 0

- FN : pred. is 0 and obs. is 1
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Table 2. Equation of Each Evaluation Index

Evaluation index Equation
R TP+ TN
ceuracy TP+ TN+ FP+ FN
FN+ FP
Error Rate TP+ TNt FP+ FN
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Precisi P
recision 77?‘1’ P
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7VASEE 713H(KMA), 5 EFF(Ministry of Land,
Infrastructure and Transport, MOLIT), $+=<=AFd 3-AHK-
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= e S $HS7d0](Automated Surface Observing
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System, ASOS)2} FQ10 2 Y= = A57 4=
(Automatic Weather System, Automatic Weather Station,
AWS)E F 71| 77} AUt ASOSS] 73-%- 1970 th 76
A2 Al Ao BATIRo] ke o] YT,
Z 101747} AX| =)o) 2dslA] fvhe Blo] EAgith
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Sh= A 95AS A% Bt 5 e AWSE ARSShE
o] I EF B AT A A9ARE IHE
AMEBR= 0] ik Thiessen THIHS: 2310 AlET-
) W 92 BNSHCE AT WA BIARE 205
ARE 201737H] 1A S92 =810 o8 1Y 99
2 HYFIHOL1Y 19 FF ALARPE Hoh)
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Table 3. Number of Damage Data Each Region

Number of data
Total
1 0
Gyeonggi-do 2,658 144,530
Seoul-city 737 117,963
Incheon-city 573 46,907

FTHLongadge et al., 2013). <& 5°] 02] Bl&°] 90%Y
o RE o228 002 h= B3] BT 90]7] whEo)
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sh7] 9% o2 Tt AET 7S] A=Ak
B AFollxe Svafsl HAES Uehdi= 190 thale] 2-dst
Al A5 = e BES Mds] 8] Ee9& 7 F2
ol 7|31l WAsk=A1E Hetslal, sfjdsk= 7k A=
S FE319 &89k Fig. 739 2] 3998= 2
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Table 4. Number of Damage Data After Sampling

Rainy season & Number of data

Rainy days 1 0

Gyeonggi-do 2,597 19,988
Seoul-city 737 15,900

Incheon-city 570 5,706

B dAFeie a9 dASE dF 23S s
sle, kA FE53 AA=E F 27FR(Training section, Test
section) 2 T3} T} Training section (2005%3~2016%)<]]
A 7+ Byl tiste] wivivir 9 SEAAIE RSk
37, Test section (20179)0l= 45871 53l HSEES

A

3.3 B3 sk St iviHs 2 2E ZA|
=Xt
Training section (2005'3~2016'3)2] AFZ o]-&3le 7z}

1st stage

.
Training fold
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=S dHlolE e 7t AL A= AF volHE AA
A< Wrletd A% 4% AR =rt gojd 4 1A,
A% dlolE & =89 g<58 tlolE7}F HJojx]7] wfZo
AR slsgo| o] FolA|A] eketh ol wAIE s As)
7] $13F W o] K-fold-Cross Validation®|T}. 10-Fold-Cross
Validation }55-8 HIOJE1E 10%2 AXA| ¢ 1071<]
2102 Feat, 90%2] HloJElE ol-83t 10%ell sHd
k= HlolHE dS3ste] A5 ASshe Wlolth(Fig. 8).

3.3.1 OHHE SEFEA = X3t

H A4 PMHDOPS 7/Witsl] el % 571] =3
(ALY 2E(RF), ZA2E] 3)9 2 & (Logistic), 15417
"HANN), ¥l7)(Bagging), LI TIAE F- 2B (Boosting)) S
2833t

BE BPAA 12 BT SES 5T T IS A
sted ByE Shgelditth. 2t BEES] viziRlae] tiste]
uH 10-fold-CVE T3t HA 9| FEAA(peu)yS =
39, A2 &E AAS =55 HIIAEEHN Area
Under the Curve (AUC)E &35t 2189 23S 10%9]
54 dlolg 27l Hgate] 1(&9-T3] EA)l gk
& ASeke Akkela, 54 gE AR viaste] 59
T3 WYARE Asle] =S} |-Eo| =2 THEojR=
221 T4d-& AAd3HH ©]E Reciever Operating Characteristic
(ROC)FAdole}ar it} o] 3Ale] ol |&& AuCEaL
SHCK(Fig. 9).

Validation fold

Fig. 8. Concept of 10-Cross-Validation
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AUCO| 3k 05~19] # 7KW, 19 7722 o=
go] ¢ myo|gta AT F Utk AUCE &&
ZAAel BAIgle] o3} 7 BE ko] AtiEQl d5Es
u]—yal— 2= 011:]__ x]-x«l ;q]l:",__o]] EHYL;HO] Hh H]—7 agj
A gl ARET ok 78 HolHY A gE AAE
mE AAeA] ot FbekA|R, B AFtllA] 85t
A9} o] B3 Ak5.20] 7% % AE FHoR
AAsloF gt} Fig. 10014 dAIZH] 7715 X Hof tigh
A9 7 2y o] vy gE ﬁﬁ](Pcut)TE: 4%
A= ERITE ROC FA12 2} vl7i4s vltt 10-fold-CV
2 B3| =5 1079 2458 gEstozy O 5
Atk 2A 2= IARY] Aol v/iHTE 1HE
e} §l7] wEol 1] ROC FAS vehi o, U=
BYPSL BT F gHA BHS FHATE B ATolA

it

3.3.2 ZYE Oi/H £ NSt

B9 mpiHTE AR % WHREEE 1(H
albal)ol| thste] HsAl AES = = <] Fl-Score
= stk 2 E upyiiarit K49 gE AAE
0|83} F1-ScoreE AHF3lal, HFH o2 MAd =gl
w7 2 F-EAE Tables 6, 7, 8014] 7@ ANE,
A&, 1%l thiste] Aefsisitt 7= A9 79 g
dl2Eo| A ui7iHar} 450 Wl 7P B2 A5S HYo
™, Peut 0.1733Y o 7H H2 A5S Bt =R 2-E
3AREL Peuto] 0.1037¥ o) 7K & AHBS Hylom,
ANN° = 57 12709 Peuto] 0.1464Y W) 71 =&
Ei’it} 70 nbagg7} 501, Peuto] 0012 W 713

O E
o A%5S BTk BBl 49 mfinal®] 250]H, Peut©]
0.2956 HH =2 e Bt

Table 6. Optimum Pcut and Parameter of Each Model in
Gyeonggi-do Province

Model AUC OpIt,chE:lm F1-score IE)a I;:;l;r;
Logistic 84.59% 0.1037 47.35% 0
ANN 84.64% 0.1464 50.28% 12
Bagging 74.70% 0.0100 52.37% 5
RF 88.70% 0.1733 55.80% 450
Boosting 87.62% 0.2956 48.73% 25

© =21 <
F3 2t 2yE0] vyiaSE Aelske] Table 500 AAISH Table 7. Optimum Pcut and Parameter of Each Model in Seoul
Atk City
L Model AUC Optimum Fl-score Optimum
Table 5. Parameter Combination of Each Model Pcut Parameter
- - Logistic 87.92% 0.0332 27.40% 0
p . ANN Bagging RF Boosting
arameter
(ize) | (nbage) | (ntree) | (mfinal) ANN | 87.68% | 00669 | 3574% 21
1 3 5 150 5 Bagging 77.58% 0.0100 49.26% 5
2 6 10 200 10 RF 93.34% 0.0750 43.76% 200
3 9 15 250 15 Boosting | 93.80% 0.2899 36.75% 30
4 12 20 300 20
5 15 25 350 25 . .
Table 8. Optimum Pcut and Parameter of Each Model in Incheon
6 18 30 400 30 City
7 21 35 450 35
8 24 40 500 40 Model | Auc | OPUMUM | gy (oo | OPtmum
Pcut Parameter
Logistic 82.49% 0.0840 39.15% 0
- F mEso S A7 o] BE
Fig 10914 2 85| w7fsisrict #22] 28737 ANN | 8429% | 00675 | 35.57% 18
R o tiated AR UERg o, T3
(Pcut) E5hs gl diste] OﬂL] HEReH, o Bagging | 79.93% | 0.0200 | 45.09% 5
B AUCTH 80% oldel B 4¢ ez glgi 0 u
of) B! T} ROC FH A1 Aol ofet 2k S L L s T S L
o]t} Boosting 88.13% 0.3344 45.50% 30

122 S=2EAsts|=2E], M19& 65 201949 11
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Fig. 10. ROC Plot to Optimize Pcut for Each Parameter of Models in Gyeonggi-do Province
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32
N

7SS 0] 831e] 2005FHE] 20163744 F 5702 =
(RF, Logistic, ANN, Bagging, Boosting)< A 8H<53}53 T}

3.4 Ol=3 Wyt U FE D5 MY

Ay X]Odu}‘:]' -42 BEE AAs] S8l Ay AAHES
AZl 5719 REES Test section AEE A3l H5e
B3 T) o Test sectionol A= AA|= Oﬂzi‘rﬁ# Y
SHA A8k Hokﬂ $7IAEH A 7} Ll i —% &
312 elth 20179 1€ 195E] 124 319714 1Y B2
A Suict 57 2ol AmE 283t ET-L]OH WSk E-S
AZ3HR L GEAAC} g B8l S9uart wAo R
E B3ty 1 A= Tables 9 ~ 113 722©] Confusion
MatrixE &3l g5tk

4

n‘A

Table 9. Confusion Matrix Each Model in Gyeonggi-do Province

Logisti Predict ANN Predict Bagei Predict
ogistic aggin,
g 0 1 0 1 geme 0 1
0 10353 627 10647 333 0 10869 111
Obs. Obs. Obs.
127 208 149 186 235 100
Predict . Predict
RF Boosting
0 1 0 1
0 10666 314 0 10621 359
Obs. Obs.
1 143 192 118 217
Table 10. Confusion Matrix Each Model in Seoul City
Logisti Predict ANN Predict Bagei Predict
ogistic aggin,
g 0 1 0 1 geme 0 1
0 5188 3893 7532 1549 0 9032 49
Obs. Obs. Obs.
16 28 27 17 39 5
Predict . Predict
RF Boosting
0 1 0 1
0 8822 259 0 8824 257
Obs. Obs.
22 22 20 24
Table 11. Confusion Matrix Each Model in Incheon City
Logisti Predict ANN Predict Bagei Predict
ogistic aggin,
g 0 1 0 1 geme 0 1
0 2234 1343 3287 290 0 3531 46
Obs. Obs. Obs.
40 33 46 27 46 27
Predict . Predict
RF Boosting
0 1 0 1
0 3452 125 0 3492 85
Obs. Obs.
1 46 27 52 21
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AAZ 7 B F oSS SukEA] g AIKTP)
£ FA 37I8ITE 75, AE, 1xdelA e AaE A
HH 2228 3AREYEL BE A HollA HA=Z It
A o2 Eel = Taf7t dAgtkal d S Ay
(FP)7} t+2 &S0l gl @At B2 As IR
Atk ol A 2B S Aol A2 Peute] HA3HA XA
HA] s 7FsAo] o, oE =y gl des|
ol Adso] oAl Ao g AdHTh 3 7|59
Aol TE Aol vls) PATHo] wo| Fastal A4
2 7} TR @ ©7) e, thite] 239 Ad50]
AR v £ A5s Yehue As 1T +
ATk AT A&2] 7 TRE A Hel| visl] Tjs)7} WS
2 g iy] Fsl7} @AYt dol T AA| Bxslr] wiZol,
A Aol vy oA As g1 + Uth

o] ARrs o83l A9 HF BYPS sk lel=
ool Q7] wZoll, =A< B7F AFEEH Fl-Score =
4Fg31e] Table 12014 2+ 230l gl A#E Blwsith

Table 12. Comparison of Quantitative Evaluation Indices

F1-Score
Region ]
Logit. ANN Bagg. RF Boost.
Gyeonggi | 35.6% | 43.6% | 36.6% | 45.6% | 47.6%
Seoul 1.4% 2.1% 102% | 13.5% | 14.7%
Incheon 4.6% 13.8% | 36.9% | 24.0% | 23.4%
37158 A& AYellds F2'e dF Aol 7

| Uepskon, I AHollMs uird el A5 Aol 7
| UeRsit AEAdHe] 735 BE AHellA T3
9] dF g Hole Zte IJAT 5 Uk wiAde] -
2] 79 58 oS sl FA YelsteH, ymA]
AYolMe 3 A= Fee Bt AP ZH=E9)
73-% HlalA 2rs] RS 5 Qe mAled AlEYel=
=781 A5 Ae0] BE Aol F HAR 2 A%E
UERE 2 ATl assid malsd Ad T 7FE
R Bl FaE QRS AR AYellM 2 TP
T2 A%e velt mEbA A28 Ae AYelss
=]

o
2Ee AT 2SI an, dA AGelMe

4
N
Y

]_

b

o oX

B Ao A= Al T]s)7t gshER S 1letslr]
flste] et wAlEY 7S 283 a9vjs) dEE
& E¥(PM-HDOP)& 7NE3ISitt 74 2993 A5E
o8t THUTE THL, FFARE ol8ste] vt

AMERPE THBI, T2 ARE o83l 2EY <
48 Y3, Training section® 4]+ 10-fold-Cross-
Validation- ‘&3l 2+ =8 w7/} Peuts 223} 3151
31, Test sectionol| A= 2+ A uith HF 23S AGsh7]
fste] 2 AgellA g 5709 Al gk o=
‘e vtk & Ao F8 AAE aofsio] ofjet
2ol Aesiith

(1) A71=2} Ao A& Fl-scoreZ} 47.67%, 14.77%=
F2go] HF PO T MAF O, A=
36.99%= Hi7)o] HFE R0 = HAFEHUL

() EA2E 3|HRY] 79 7 dSdse] oAl
Ao RIFGoH, o= The vileid Alge] =
ol Hlaf A= 0%1E] 12 =3 APKEP)] AA8H
A B7] wEolstal ATk

() WA 75 FH tiEo] PE Al walzd
A= B3, IS AL e A Y=

A7 Hs=g AsS UERATH

(4) 217372l 745 Hidden layerE 17012 A7t &
TS 2HT 75 S Aol InHA FA &2
e AT F AT

(5) WHZHZEL] - dE A il d oz
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Bl F7IE Ok 84S JEfEle] oS By LS
87} ok vprEte 2 4177 2o A] Hidden layers
1717} it SFA1A v E EAES 993 Deep
learning 282 7fkgithA o=
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