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ABSTRACT

Presenting the impact of meteorological disasters departs from the traditional weather forecasting approach for meteorological
phenomena. It is important to provide impact forecasts so that precautions against disruption and damage can be taken. Countries
such as the United States, the U.K., and France already conduct impact forecasting for heavy rain, heavy snow, and cold weather.
This study improves and applies forecasts of the impact of heavy rain among various weather phenomena in accordance with
domestic conditions. A total of 33 impact factors for heavy rain were constructed per 1 km grids, and four impact levels (minimal,
minor, significant, and severe) were calculated using standard normal distribution. Estimated criteria were used as indicators to
estimate heavy rain risk impacts for 6 categories (residential, commercial, utility, community, agriculture, and transport) centered
on people, facilities, and traffic.

Key words : Heavy rain, Impact level criteria, Impact library, Receptor, Risk matrix

2]
= Il

i

AL ALl TR 71 7VdelR 4014 Bl Z1Rlek ALSISt Q1Y el 7R Jeke AT =A APl Gl Tk 3]
ey 2 BB A% 5 s JYARE AT o] Basieh o)F 913 1), G, TP 5 A AT 55, B4, Bt 5

o] FFAHE AB3taL o, Brt BEH QA o it thal avlskar ik £ AFtA = o] 7138 5 590 sk YR E U
o] Ao e 2 F| sk, 2-8317] Y8) 33719 59 F& K Impact Library)E ZAA¢H(1 km) 2 -&814L, EEATEEHS 0]-&3l

471¢] 918 5F(Minimal, minor, significant, severe)<] 75 AHA5dk AR H 7122 5893k tdAQl A A4, Y, 252 4
o 2 3 6709 74| ae](Residential, commercial, utility, community, agriculture, transport)e]] that 59233 Heavy rain risk
impact)E AFg317] $J3k A B2 SgHr)

2O : 5.9, FPTE/NE, FFAA, A, SRS

LME

AAZPE71-HWorld Meteorologlcal Organization, WMO):= 2015\ W53l XS Ea A7} n)xj= oFdk]] tigh ol B0 2
Aol A o SRS WEITL STk H 83 thgo] REaje] v A AAHeR I B ATap) wst sl

* (A)FA A EA A TATI R A7 (ICUH - seungwoonlee90@gmail.com)

** 39 - sk WA ARtk w4 (Kangwon National University - hydrokbs@kangwon.ac.kr)
*k 59 - AAAAL - (A)FA EAEA B AT 799 (Corresponding Author - ICUH - skjung6779@gmail.com)
Received May 15, 2020/ revised June 28, 2020/ accepted September 22, 2020

Copyright © 2020 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




A 7IE 2

(Kim, 2017). o]2fgh 2A15-S 7IXsp] Slsirls ke 7hdeld
o] tigk o Erk2lelA] Bloful 7Pt ARslel Q1ZHEE
NAE FFE ATToZA AP G o) ik slsolrd
2 P tS FF 5 o= FPRE AlFshe o] Fasith

WMO(Q2015)= JFRE S5 Alsle] 7FsA, Aol
F1oPg, Al e H=ES E/\]Oﬂ Aefslelol il ekl
ATk Yeh(2017)= Al 71Vdalde] Aks]- ARl vzl d3ke
U2 7RI 7o) JFelEe] Fage of= ufEt) AlgEit)
I ohEskar Qlck

2] - AFA7ET0 % oo, UA] 30 %= =ASEE
&l QFaE s Qb sl JEla 191 7o) St o'
F AL 2] el E RIS gl W of/[8kEe) Tt
0= 97 7Pl wE 7P dFS oplshes Uole®
3}%6‘}5’— Atk 71 7PdelEE 7Pda o] AHRAR] vlofE vt
S AFsRe] APt FWIEe] 71PAIEN L AR ojuldt FS
XA OgE ARE F58R vlolls 37} AL tlgo)
7VP3AEN o] wet =R ARS), A o] gk AR
H=0 2 AH|E o she ANFA 2 AR oA 88 S
3 Sl Aro] A|go] o] FoR|A] ke Alo] Falolrk thA
W, A7) ofudt Floleh= Q1A glony 1 g} iR
Fol] dfgt olslle FE3ch= Slolch Ee] g3kl digh ofsfle)
Jol& 3171 SeAE AF7PHE SR(FYR 2 HR) o5
Fiol XA ¢l Sl o= Ak H1F 84} o] = QIgH
Fl ol27PhA] FHAR] ARE Algehs Zlo] Basth ot
oJ7le]l Qlrk 53] 20124 Al Wl A= Q18] AlF-ado]

E

re
=

O
Oft

ﬂ

N

mtﬂ

Flood Risk Matrix

(river, tidal/coastal & surface water flooding)

48 A= EPIHEE 7]

Ab

ox,

A

X

R E= AFE sk S gl e G3lRe] Hade]

TFEfs APgele o] Slal 7ol 20199 697 %
o el FFeE AT Bl glom B G7E 59 59 Hople

Pl AFA ek ] B APt 599F ol
7 PSSR E99199%e W 5 gl SIS SA

e BE3te] A4, AN
. PLYSYHIEA 1Y

=t 7P (Met office)2 2011 3HE 371 mjEgAE
299 452 RO SIUES Aushs SR IR
W22 (NSWWS)E dshat itk 1971 wEeat 7hes
SRR el A= (FARY, A2F A B e A
(=) BASRCS, 217 4T Lprol ek 2%
ne] 3ol 72Ee Agcle] 590 Goht FekAS,
AREE A9 s8S tepa,
2FENE 37 HE=(SEPA)S CREW 2012 03 RaLA]
(Moore et al., 2015)E &3l S MIAE 93 =7187913
7511: uHEE]/\ X-L‘:L}:ﬂ—/\] g_ xﬂ /‘]O]'%]ﬂ:]' Jung(2019)—— E-M‘G]"ﬂ
Sk jE 2] AL 98] 3xF) o 2 FAIE Risk Impact Matrix
CubeZE 2x31 0 2 WP A7 ZZ2] Threshold Rainfall¥} XZ2]
Impact LevelS Z33}e] Potential Risk Impact2 &5},
YZ& 7F$7152432] Likelihood 2 2-881R= WekS: AAEISIE
V\]Q WER 2= Fig 13 2o, Sk Hojlx] A5gh vie}
o] XZ2I1 Potential Impacts= 35JFE FLshk= AR

Overall Flood Risk

High HIGH
3
2 Medium MEDIUM
= Low Low
- |
Very Low VERY LOW
Minimal Minor Significant Severe

Potential Impacts

Fig. 1. The National Flood Risk Matrix Used by SEPA (Scottish Environment Protection Agency) in their Flood Guidance Statement (SEPA, 2014)

Table 1. Impact Descriptions Using 1 km Grid-Cell Impact Thresholds (Moore et al., 2015)

Impact Category Residential Properties Commercial Utilities Community Service Road
Minimal - - - - -
Minor 1-100 1-20 1-2 1-2 -
L <5 m Road
- < < <
Significant 1-100 20 2 2 <5 m Railway
Severe 100< - - - -
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Table 2. Impact Library for Estimating Impact Level Criteria

3. D2YYH T (Heavy rain impact level) JIE A%

3.1 Impact Library 514
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Library'd A=+ DBE Table 2¢} o] =33lal, 7= A5E
NS 7o 2 e 1 km x 1 km Zxje] IDE Fofsle]

Main Category

Category

Sub-Category

Source Base Year

People

Population

Residential population

Statistical Geographic 2017

Working population

Information Service 2016

Vulnerable class

(Statistics Korea) 2017

Facility

House

General house

Apartment

Factory

Factory

Commercial
district

General store

Large shopping mall

Accommodation facility

School

Universities

High school

Middle school

Elementary school

Kindergarten /Daycare

Kindergarten/Daycare

Road Name Address Developer Center

Medical facility

Hospital

201
(Ministry of the Interior and Safety) 019

Local clinic

Other medical facility

Infrastructure

Airport

Harbor

Bus terminal

Train/Subway station

Power plant

Broadcasting/Communication

facility

Public facility

Administrative facility

Agriculture

Agriculture

Paddy

Field

Farm Map

Orchard

(Ministry of Agriculture, Foresty and 2019

Greenhouse

Fisheries)

Transportation

Road

General road

Expressway

Road facility

Overpass

Underground roadway

Road Name Address Developer Center

Bridges

(Ministry of the Interior and Safety) 2019

Tunnel

Railroad

Train track

Subway track
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Table 3. Calculation of Impact Level - Population I
Impact Receptor x
Impact Category — - — u
Residential (Population Count) Distribution e
Minimal (1) 0~119 0~5%
Minor (2) 120~973 5~50 % TE3FITh
Significant (3) 974~7,907 50~95 %
Severe (4) 7,907< 95~100 %
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Fig. 2. Standard Normal Distribution Graph - Population

Table 4. Calculation of Impact Level - Facilities

3.4 Facility QST P = APY
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Impact Receptor
Impact Category Facility (Object Count)
Commercial Utilities Community Distribution
House | Commercial District | Factory Social Infra School Kindergarten | Hospital

Minimal (1) 0-2 0~1 0~1 0~5 %

Minor (2) 3~30 2~4 23 5~50 %
Significant (3) 31~413 5~70 4~37 50~95 %
Severe (4) 413< 70< 37< 95~100 %
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Fig. 3. Standard Normal

Table 5. Calculation of Impact Level - Transport

Distribution Graph - Facilities

Table 6. Calculation of Impact Level - Agriculture

Impact Impact Receptor Impact Receptor
L Impact Category - - o
Category  |Road Length (Km) x No. Lanes (Count)| Distribution Agriculture (Area ratio) Distribution
Minimal (1) 0~1.655 0~5% Minimal (1) 0~0.003 0~5%
Minor (2) 1.656~ 7.639 5~50 % Minor (2) 0.003~0.07 5~50 %
Significant (3) 7.640~28.619 50~95 % Significant (3) 0.07~0.56 50~95 %
Severe (4) 28.619< 95~100 % Severe (4) 0.56< 95~100 %
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Fig. 4. Standard Normal Distribution Graph - Transport
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Table 7. Criteria for Calculating the Degree of Heavy Rain Impact Level in Korea
Impact Receptor
Peopl .. . .
cople Facility (Count) Agriculture (%) Transportation
(Count)
fmpact C ial Utiliti C i Agricul Road
Category . ommercia tilities ommunity griculture oa Distribution
Population Com- Social Kinder Green Road Length
House | mercial | Factory School Hospital | Paddy | Field | Orchard (km) x No.
. Infra garten house
District Lanes (Count)
Minimal (1) | 0~119 0~2 0~1 0~1 0~0.003 0~1.655 0~5%
Minor (2) | 120~973 3~30 2~4 2~3 0.003~0.07 1.656~7.639 | 5~50%
Significant (3) |974~7,907 31~413 5~70 4~37 0.07~0.56 7.640~28.619 | 50~95 %
Severe (4) 7,907< 413< 70< 37< 0.56< 28.619< 95~100 %
@ PRI R
23] - 13- 2|3
2 2 2 + 2 1 2 + 2 4 1
4| - s - - | 4| - | WeightValue(e,8,r,5.€,6)
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Fig. 6. Calculation Method of Comprehensive Heavy Rain Impact Level
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Fig. 7. Grid-Based Heavy Rain Impact Level Distribution Map
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