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H2%
TLHQ| EAEUIEE A=A &
QM EE

1. SHRIAH]

7.
1) 27t 5 HIZE HA

nl=9] =7 Tl B Ax 2 AFE AA 15 FA4= T BHIH 715 (NOAA: National
Oceanic and Atmospheric Administration) Ak} =-87]4J(NWS: National Weather

Service)°]th

Wamrgs & Farecmts | Grapeics Forscenis bonal Mage Rt | e I A Coiply | Satwiite J Chnts

Rvar Qbasrsrtors Rrvar Fommcart Leng-Rangs Aver Fiood Risk Pracpincn Fiesr Dosminsd Ofhar imlasmasion

[ Fermaiink PR e b e =

Clich =n s maz or sslsct cas ol the deis vies
bow bt

Uriles Sales

MWE Waathar Forecesl Cices
MV Hiver Forecast Cenimrs
WWaler Fasows es Ragans

) Fromtiny arad faecasts. pmg
£ CHRI (il de BB
O Fesirans e kol

10487 1ol paug e
Sherw all locations in Mood [55]

W = Gauges: Mafor Faoding
Bl = Gaugen: Modersts Flooding
B 4% Gasges: Pino Flogding
L] ©3 Gaugms: Muar Fleod Stege
B 6350 Gaupes kg Floglicg
[ 31835 Fiood Catwgory Fiot Dwfined
M 11 & o Below Low Water Thrashald
[ 201 Gauges: Observations Are Mot
LNt
T84 Gauges: Out of Servies

Clajdid

Show il incatione

Z+&: National Weather Service, “Advanced Hydrologic Prediction Service”, ZMY: 2024.3.14.

(A 2-1) U= FE7IHENWS)Q] EXe I HZZAAR(AHPS)
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NWS= ml= A o]l A2 oF 10,46071 AI&719] HlolEE 7|9t ZA% B o3k
AH|A(AHPS; Advanced Hydrologic Prediction Service) A|AES: 2okl JATHLH
2-1 #FAx). AHPS= AE7|EZ 99| w2} Major Flooding, Moderate Flooding,
Minor Flooding, Near Flooding Stage, No Flooding©.2 &5t A AEfE FA|
gt

T dHEE NWSQ shdoEAlE(River Forecast Center)@t 7]/dol A (Water
Forecast Offices)o] ©@332th. NWS= Adshd §9 HAAE 7122 =0l 13719
P EAEE £ glon, 7t Alel= E'8845(Flash Flood Guidance) 5 Thast
71718 B45(flood guidance) R AEAHEE AFolal P AFEES AARI 71439
HAS = U3 (tlash flood) AFE E Z5-t&o=, FH HAE 7He=
122707} A5k 242} 20-5071 7R-El(County)E ©ERICH 7140 EALS opd A
oA A4t EE45(Flash Flood Guidance)S 7|HHO2 EHEof|HAI A (Flash
Flood Monitoring and Prediction)& ©]&3l0] S84 FoyE 4 FRE WHgsly,

g 7heE] 2 Fe) MR YTI Ystel $ue L e S iRk

4) AE4, o5&, =34(2020), p.58.
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Click RFC area for local information

-

A& National Oceanic and Atmospheric Administration, ‘River Forecast Centers’, ZXY: 2024.3.11.
(O3 2-2) ZY7|1ME S0 EME|(River Forecast Center)Q| &g 7Y

NWS9| & A= LuHARl St LTSS FaotH, TA7RA, A4, g9
gl mt (I 2-1>3 o] oBE] FR7F FREH AR TF7Iee] wet 2A
Watch, Advisory, Warning® 2 W=, NWSE E7|5S AeEo]a= =54l
71 b AFES] ofuof sk AR 7IeoR dEstal Qlrh EAEEC]
50-80%%! 4%+ Watcholl afgstH, 80% ol/dd W Advisorytt Warning®] H= St
Advisory®} Warning V%= 542 A2Hd3 H/dol Qs =t tiF-22] 9
BHE T A o AN = Aol WEEH, Flash Flood Warning 71 E444

2804 4:A17F Aol WeEny,
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o]A} © B ! /\E"’/\* Z_].' ;ﬂ
waming | SV 5a0t 2 gl et 49 +
. - Ay Aato] Azt Yol He 4t N
Flood Warning 80% oA+ A% Zo|AL} opat Ao 2 A7~ A

35
s o/ o] AF -

Flood Advisory | 80% oV | 2 oFglo] WS} Warning 42208
AlFsHA] e B

Flash Flood - BUEFE ool & Sle FA AR L | Lo

Watch 0B | g o) shlspit etz grg | TS 1
- R olojd £ Sl w4 AR 4
Flood Watch 50-80% Bz olofd £ 3 E, o FA~FL A
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ojct. &AM 7pg 7| Aol Fa3 FH7F WHAT, WHERE, WHENC & #A|¥o] Qlth
A7 8429 AL(*Minor flooding is occurring”)2t FF HAY(“Minor flooding is
forecast”), 57+ Q0 HE(“Presumpscot River at West Falmouth”), A|7F&Q1 H&
(“Until tomorrow morning”)7F AZH At ERF FA| AS719] 49, Al 24413F 52t
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12 | EAIESERY M0 OE SAES0IEE AMA 715 et

(B 2-2) 012 ZE7IAENWS)2| Flood Warning(0f])

Flood Warning

Flood Warning issued March 10 at 10:49PM EDT until March 11 at 8:34AM EDT by NWS
Gray ME
...The Flood Warning continues for the following rivers in New Hampshire...Maine...

Suncook River At North Chichester affecting Merrimack and Belknap Counties.
Presumpscot River At West Falmouth affecting Cumberland County.

* WHAT...Minor flooding is occurring and minor flooding is forecast.
* WHERE...Presumpscot River at West Falmouth.
* WHEN...Until tomorrow morning.

* IMPACTS...At 16.0 feet, Minor flooding with water encroaching upon East Bridge Street
in Westbrook and Route 302. Riverbank Park in Westbrook floods. Sappi Wastewater
Drive access cut off by floodwaters.

* ADDITIONAL DETAILS...

- At 10:30 PM EDT Sunday the stage was 15.8 feet.

- Recent Activity...The maximum river stage in the 24 hours ending at 10:30 PM EDT
Sunday was 16.2 feet.

- Forecast...The river is expected to fall below flood stage just after midnight tonight and
continue falling to 5.8 feet early Wednesday afternoon.

- Flood stage is 14.0 feet.

Instructions

Be especially cautious at night when it is harder to recognize the dangers of flooding.
Turn around, don't drown when encountering flooded roads. Most flood deaths occur in
vehicles.

Caution is urged when walking near riverbanks.

A& National Weather Service, “Alerts”, HMY: 2024.3.14.

2) LAINE2I0|LIF(North Carolina) 24 GIZE A

ﬂl

E2AEROIUTE SEAQ daPt w2 A F stu= o3l oy B 4ol 2 =82
& ol 19994 271/l &= 0| =(Hurricane Floyd)= A3t msfE Y2 %

71&0
A4 A E=Z 2 TH(NCFMP: North Carolina Floodplain Mapping Program)°| =8 %]
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AL, o]F A FE AlFE ol A D HAEYEQI(FIMAN: Flood Inundation
Mapping and Alert Network)7} =J=Act. & AHof| A ul= AZARARH(USGS: US
Geological Survey)dt F4%50f ol5f| 2k 550712] AlZ71(gauge)”t DA =R 1L, 15~30&
A0 Z Hlo[e7h AJAHETES) o]2gt B TlolHE 7Wo R AAZE mi, o, fE
4, ZHE U 50| o]FolA| 1L Qit}. FIMANS] 5eA = @A AH(Current), AL
(Scenario), NWS o]& tlo]HE 7]4to 2 3t H4of| S| % (Forecast)E AHARITHIHE 2-3
F2). AE= AS7] +87F €38 55 HolAd olvd ¥ ZA= TEE, YE>

=2
g A, A F40) AR, 49, 34 A= HlELA et

_4_4

P Ty
o Current = Scenario  Forecast [ I&¥ 4

Drag to simulate flood severity
Stage (ft) 4. 6. 18.1 20.1 221
Elevation e
(NAVD 88) 56 57 58 59 &0 61 62 63 64

Neuse River near Goldsboro
Last updated: Dec 1, 2015 at 10115 AM.  Gage datum?419ft navoss  Site ID: 02089000
493 ft
1910 cfs 12/4 12:00 AM

No est. damages forecast

Stream Elevation Flow [ 4 Forecasted Peak [3Z

Zt&: Dorman and Banerjee(2016), p.18.

(O3 2-3) FIMAN AARIS| THAHEMA|LIE|R )

La7fERtolu= FIMANS 7|Hte g =2 W& 5 kA7fEao|yu-gF(NCDOT:
NC Department of Transportation)2] AbAkol| T3E AA7E Ha= J3F HJH A= sl
FIMAN-T(Flood Inundation Mapping and Alert Network for Transportation)= 7
sttt FIMAN-T+ FIMANO] Al-86k= Current/Scenario/Forecast 7|50l gl &g
AR 5 71 e Fa AE A 7]s(Historicks 7101301, AlS7|7F AA1dE AH99]
T=e} W] it T4 JFE AR

5) Dorman and Banerjee(2016), p.16.
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5-Level Warning System

Must take measures | .. . \ :
. Emergency warnin
to protect lives Disaster information gency g
Evacuation order Landslide alert info.
n Must evacuate advisory ot
3 Elderly people Evacuation preparation | Rain /flood_ [ storm surge
must evacuate information warnings etc.

2 Should check y sln Rain / flood / storm surge
evacuation procedures advisories etc.

1 Should be on alert -
for disasters

ZAt&: NHK World, “5-Level Warning System”, FAY: 2024.1.13.
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SEEPTRED HITRA LA ZH 0T LIS FARIZ7 MBI -MiE
ggujg‘hg\ SESL R KL D SUER T LKA FHETKIETOBNBFHTE HHEP
i EUL FADEEY ET BRSSO EFILEER
e
G- L
[>I
<

L,
L
LI@

St C mhM At ikl

]

__]J@

— EE
[P Y

HHEECIHU LBl =y -
i
e A2UGMHE x WRRAIERS = REMEEN
L. _Q _____ - TOBORERBROBRS TERITHIZHEKRNE EDISTIE D IZMIC L BIRKEIRE

Zt&: Japan Meteorological Agency, “EWRHAIL", AML: 2024.1.13.

(28 2-5) HHRK| MY HE:

250m AARE o3l EAAHS ST AFRYARY, HIEAIAHE A ho] ThE 557
3¢ FARF o Atk AQ 7e71E WFs] A8 AGEAATE 8o, 2HF
HZEE 250m AAY] gk ol&dl 1km ZAAE #EJITE FHLFAFE o8t
oEfgt A2 AX G Fxlgt pE|eEery A4 B0l Aol ot AT

72 w2A ABE 4 e Aol Utk

I eoLL _E 655K
Il 5512 605
B s50LL _E555K:E
0 4510 505K
401 _E 45557
351 _E 405573
BN 301 355k
2511 _E305K5#
B 20LL E255K
B 205
I BRSMET

SF06 4 5 H23HIRTE

Zt&: Japan Meteorological Agency, “HHSA|G 7|1S£4]", AAY: 2024.1.15.

(O3 2-6) SRELZE(FeaM0 018 EHREXIS: 7IEX|
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Wednesday 12 August 2020

Ca hness and

) oibariand In Area B, there is a very low likelihood

of significant flooding impacts from
surface water and small, fast responding

N,
¥ watercourses on Wednesday due to
A > heavy thundery showers This brings a
[ .
Rossani . Naim, Morsy ‘;ﬁ’[‘m ) LOW flood risk overall.
Great G+ and Speyside cy |

The areas at greatest risk are the north
eastand Norther Isles early Wednesday

3

B il morning.
Toke NS The greatestrisk is if the heaviest
A showers fall over built up areas prone to
Cuntral s flooding, small watercourses or on major
g T APN roads. Possible impacts include
A 2 E":‘;‘;’::_"" M~ significant travel disruption, flooding
oAl r affecting properties, communities and key
) mc infrastructure.

Flood Risk Matrix

Potential impacts

Ukelihood
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(a8 2-9) 20204 82 11Xt Flood Guidance Statement®| Area of Concern X|&

SEPAE 89 10¥0ll ofzfiel FARE Flood AlertE B2 Aol HHIFTE 2F 24|
45%2°] oA (Aberdeenshire) 3 o A|(Aberdeen City)oll '€ Flood Alert?]
82 oot &t

oL IS Food Alerto] WSSIgiLI S1RS ofaiac] S
7HA] el ”—}OT i]‘:* 277} ald=an, A et Al wlEA ¥RE5k= 2ofA
BT P 2o 5 AUsUh 5o Yt 22 AR “IE.\:!]—?:]L]q. 940
M= —’F 31*‘4‘:} E 00| 2Z]Z0] EA wjiLo] RE 9Jx|7} 3k v
AS = AUsUTh FRAYL T4 2 oFF 5 A=A TS 5= dsYh

9) SEPA(2020), p.12.



M2 =UQ EAESOIEE ARIZAL & Q7MY EE | 21

the 4ol 8Y 11Y 2% 124] 358 l 95 Flood Alert 9A] SARGH U182 @17

=
54 GUS Ao 4 Yauich 53] AW 2L A AdH wEFIUL &
Aol olzigo] U % YEHIth 29 T B4 W] BE I} FFL
ML ke 4 YU BHATE B4 IS AR B AAEA BT &

T 7H 2 93 Shad AU 2 AU R Ko

7, olE 3 7[HA o] g Ao ¢k & sy

S dlHof 3gdl= Flood Guidance Statement= "jQ ZP= FJ& 5U7H] AT

T qlo] vl dtETIEe] AR 1] H g8 D & e AYshe QTS Tk o=

A| o] Trgsk= 550 7igo] o, whA ARl Moy o WA de

SHA] gh=th. B lsf A%t g3kl ‘?z”‘@ﬁa} 7,19@,_ A=l B SR Aol
&

==
>,
ol
o
A,
2
F
_Or,
N
El
_r‘
o,
a8
>,
I
[eXn
A,
o)
-,
o
_‘_4
olt
(¢}
T
T
[o
P
0,
r
R
8
filo
¢
r']I‘.
iy
b

o= ©t&a

Flood Alert+= Flood Guidance Statement®} H|W 5l & T FA414Q1 JHE HITIT.
QA g EE ERO] £220] Alert?A] Warning A2} $HA 571 ¥, A17H4 HYE
HAGH} 27 HYE Flood Guidance StatementEUths LA Aol x|uk A E4
13o] obd AT A= AlFshH, AlRHA Wl S5 el adE= 7Ite=E A4

. ESE olZRt B Qs WY & Qe YA A9 5, A olEE, olF
7R SHE IAFO 2N S F5S FETE R eE ESAA(EAAL

& FF2 AR 2 7he)e BAste] FoAE vt

1 %= N e |
iz

o
0

10) SEPA(2020), p.12.



22 | EAESEAY A0 OE EAES0IEE AMA 7 e

2. LA

7k S B ZoF a3 HAI2E dR

& Boe FHEAROB AL Al A B AR A FgAt Hee B3 =ARS
APE A= a4 e Ak A fet A5 ¥ =& 9 EAIRSOR

AANA Tejshor & AAES =53] 5] e Bof dFuAsde] the A 2AE

X,
=

1) M20E

AFEOE= oo o] I E SR, A32z00 ATt AR Qs A1

A3 R WY B 2X) O AR A ] 712N Ai3sE
A% 2ol wt AREAd 7191713 E(o]st “AFEF e JIthE ¥R T &
AT}, o] A AT IS ded o= it @ AEE, ATAA
e A, AR &% 7189 B e SHTEsE % SR 2 A
Rt IR EE feg g R Fohs AedEE 2AVIEC] wE At SA 5
a3t 2AE stofof .

ARARE B, Fo|, A, Azte] 42z A ARgRAL} i 1|
shito] weh weETh B9 7 AR O Q1d W 9 217158 A8 FAsk
ol

11) S7PBAEAE, “dgE e,



M2 =UQ EAIESOIEE ARIZAL & Q7MY EE | 23

M= a5 SFH-AEY| M=
3= ECHES Ll FOFK| BX| E= eSS
= Y| Q1 71E

CARE TN S5 st

| A o] B o] e - QUEBAITY 5 AL
SE L Aem 2o 4w w7z FopR|o] A

o 39 s ’
AR Y B W ABIEA | g ammngas
190 W2 ABFATE ST | o | g wp sokdo] st
obel Aol 70% opgelt | ] ;_frqlf};‘i@qu ;‘fj ey

AFE 9] 91go] ot 2 . ZEe g A A
o= ofgxlo] S Fop} crE RS e

Basihn AFHE 2

: Ak 3Rl Be - UEEAIPS 5 A B
- 0] A1 F ARREASTE =T % 2
66 oV3el 7lo] 70% ofgo] | el 64l 1 FoRA o A Y

o . ;oojo] Tt} z|od & 93]
A7 AL} BAYSH AKEo] T AR VC} *}j—j-i;] S o];']__ ‘i\i;UEOLX: s 294

g et ol S8 7

3%_'—94 1 oVZ

o L o : /1\1—\3]3 ! A}E]O];Sz]oﬂoﬂk]"]
A7t dasiehal Qs A8 27| E =7 371 &4
o as zEaws - EIZRAREE 2 ARG T
A AR B AR | S0 T o 7)2e] AFE s Fol
86 o132 A0l 70% OF3Ol | iz - R0 ﬂwl%% 43
A | ARSI BAIESR W | smegge | opy o ER naus
ol i e e 229 1 ol - R A Z}Zﬂ
gol sl Ags= 3¢ %)t 7] - QAT st EA

Am: 7P A EAE, PRy ARET, [EE199], [ER2)
e AY, W, 7V AES olgd) ARAVEFE 4BAGTLE, BE ¥
ougIct, F7HHRSIEA AL AR, ARIHEE, PR
ZABYFAR, RIS, AYARSE 5ol o YR E Ao
A2 ATIL G HAYS AT ST, SBLYA 98, Do) 338



24 | EAESEAY A0 OE EAES0IEE AA P et

ol

> [esa v

HHAREE(AH2Y)

> 2ARIAE K| > dHE|AE HT|

Az F7REE AR EAILR, “FHolx] RSk, AMA: 2024.2.16.

(2 2-10) MY I7TRIZFEALH NS Y2
2) stiEs0E

g He (Ao 2ARAIE B ol #et MEL(ofst, ARIR)el oAt
S eAlRgl Astel SR AARIY FeEAIRE SR AGI Al it
7t o o shH ==, HE B FeAE0 e HE, sPTg | I wiE

AG9| S A, A F9d B, 1 vl FHsiE AgsAY E°17]
Pte] "agt JH 5 AEdhe SRS AR Et SR QIR Ajito] gt
St Toi7t oldE wolls 83 FoE 8otHAU HRE ofe 55 RE U
th12) 3EREE (B 2-7)3} o] ZFEEAHY 95 7elr S47ouet &
Rz FEE

Ol

12) SPEARRANE, SR AR



2-7) AR

Ofol

M2 =UQ EAESCIEE AR

=52 23 Ve
Wy JiE

23K

At 2 QFAS & | 25

93 B4 RAH
o] s B9

-

e

3) 1) 2 2] He
7Y 9

Ee A8

SHAS] 917t Al AdSotel T 7 ARl mE 91 arEiste] %
715l “FEA9Y " Fhol TR A olF

1) A”Z3F2 100:29] 5001 sigshe 730l S5 o] ]
2) 2T 549 Bt AeARREH ALEFAA 10029 600 33s

SP7] ZRe Aeole FHR 9 A ARdHEE

o FHERA)
o] sl A

zo Aa

3 1) L 20 BE 7128 =8
T 9

", EEIL

310] 2907} A4 A5 ato] The: 7 Aol mHE 4]
ACTaE “Anaer et Yol AAYAZAY olg 2k
Ao g0l 52

]'\_.
1) Aggs7e] 100£9] 7000 Hgahe

2) A2 539 BF AR RE AAZ2A7A 10
3] et A9l

o A B

Az AR RAE, AL AR

19749 2147

A WPFLEAL 414

sh4e] 59 4EAR A5 U BAU V1%

dE|T 9t SHRESolE (18 2-11)3} 2ol Ansd, BAue), A7 9, 53
o] gojc}.

o), 23 4E, qrHIYe AE F

BT

- FEAE BUES

- aemEE @asE

- N2 BEy

- BHAR MW BY
o2

g BAR EA

T
' EEEEED |

ECEEE
2] 7)urst 54 FpolA|ago] 75
Eﬂ’ 22X

[ emtm ety | |

ok

[ 2oy geen
2y

A1787%) olF 4 |39 d=,

ey o —
FERRIR
HRR SR

ag 2-11)

P ThS7198(2023.11)% ol83tel A4 24
|2 o= 52

oHEs

Bm s BEA )
BasE T
AEHALA R

.'l.\‘
i B0IX AN |
el |
T SEIELN)
Seoizs | |
T

PRI R
AT RHEEHIN R

J




ig
O

26 | TAIESYXY HZ TOE ZAIESOEE MA A= ot

0.
r

3) 702

718 1ol GASH 713 el gt R 9 ERE ARG TS
QHE 713 HS 23, FA9S 2, 7SR 55 712E T oldS EHsks AToR
gostal glom, EXE VAR Qloto] FHigt A7t I Aol )
tisto] FoE lstAY FE she AE"E FostaL Qlrh1d)

DFAQ e} FThgt Afsfrt WA Zo] allidE Ae- Aol Ao Wtk &
Tkl 9&2 , = ZF 7V el 3t F3] Aol wt FojHet AR FEgith
ojgfet FoH 9l FH WS 9% FFH 7IES BAISHL JloH,

AIZE, APAIZE S Tdsal Qo =] HiRk FolE B FH

o
N
e}
o
i
40
ro
odk
th )

T
Ly

(& 2-8) TIY ABQ 52 S& wy 7|

U
M

0 o2 L

o | 3ARE TRl 60mm oM AEAY | 3ARE FAARFO] 90mm o AE AL
N 12 {Ed: } Aol 110mm oV g o | 124 +279-3o] 180mm oV Ve o

A S7PIBAEAE, 713 AET, [EE

for

713l oS Alte] wet 2Y]o|E, SYGE, F7|5, FTIGE, 7R
TEEn 2V EE 7L, A, AH S AR AR H, dF S R
40 tiste] 6AIZE ofufe] 71VHRE TR AolH, o] & AT AOIARE
12ARPHA] 10 S92 EERdh @Y]dEe 2 39714 olEsiH, S7]d|Ee 97]oH
oF ¥ 10W/IHIE dlEsiet. =3t A7|dlEe 7194, 712, ZJ=gel ol 171 g+t
3 A AEsh, 71592 A7 S-G9 A71edge s FEEHE 2-9 D).

13) S7PHBAEAE, 718



M2 =UQ EAIESOIEE ARIZAL & Q7MY BEE | 27

(H 2-9) 7|02 EF

TE o7zt
AR AGoIMRE GAZE ol L 1412t (HE 08 HH(AAZ: 108)
sl | 1S A AR, Gk, B9 34 5 ool 7Ppaan 4aye, 2459 st
Bo, e, 712, S5 B FS 5 S0 HEAS BE
¥ e APIARE 1A 108 S92 SR 109)
) AA7L, HI-HA7|L, A, 7&4@% Tk A ofoAE EaF 2 &%
o) | T 1270 848 142 9912 29 397 e
(Y 83] W 02, 05, 08, 11, 14, 17, 20, 23A))
Z7]d]8 %{]@]E o]% g5 107 9] 7|AFAT, SAREIAL B, AT AL, BiE oA/
LI E roi(8~1092 SHE ) AE(Y 23] W 06, 184))
| VAR | 4Fgiel 8 VIRbA A, J1e 9 gee el 529 9
i 3HE A | 3] 9 1A A, 71 2 35 R 239 0w
gy | VVEAY | R o Al Bavlent 4, Aui/ohy o 4R 49 4
U0 Ay | 2wd oL o) gelew 35, Ayk/u A 18] wE)

A& 71483, V18R, AL 2024.1.15.

RS SRS FAp gl that T, ArE RS S Rel- 2ok 71
HUEN, B ATS BHNE 02, oue] A4 L Atk 5o ZAS ALY 1%
QR 9ot AR 44 W B4 2 SASI (29 2129 2k 7AelE 2de
HARZIo] Zolu4E shmet Jehmi Yolick. whetd ofeiet SAne] Aute] TANS
QS ez, Frjo] ofnae] FEAQ M} AHE TNOR AR A,

A& 71479(2020), pp.12-13.
(O3 2-12) 7|M0E SF SET



28 | EAIESUAY MO OE EAES0IEE A 75 Y

[ P IR K e [ R R B B o

U EARGABEAIAE A2 EARAL HHE/SHHERAL AHEAR RS 53]
Jgsigon, TP EA-TIGEALTE 7529 $9 FFg9A, g £

HERALE, M2SEAE T AURARE 283130t o] 2o ZFAl9] Haolld i Al2H),
THAG PRI AR RUEE AL Aol diside H AR (IEILA,
=59, d=24E 52 B AWEYT

v O-ZEAAR X FEd)

v N-BUN ALY 2AE

g AR A,
(28 2-13) 2 TARSOZEAAL HYEA HQ

2L IOl YT ZARS ASAIAE GRE FHcHe AR FAe HERARE
AA| BRNA L] AR mel(eAI e AISAIAT B84 o, 7529 IHoIA A=A
7€ M 5)& 7hssH sl A Hete] AaAd AlE 9%t 71xARE 85t
it o2l 2AF HAS aEsl] ARl =018 T TR 2ARIE AASHL,
APl B FEAOA S RAAIE iRt 5 ST



M2 =UQ EAIESOIEE ARIZAL & Q7MY EE | 29

1) NS, Uels o7 53 H20E AAY

7h ZARS dESAAY - dF
AE&AlE 20104, 20119 FESLE QIS A4 molig HPFOR 347049 A5 A
FoF A9 sk, g A tWFo® stptA g, 3o 454, ARE A4
3YRE YPolgir.14) 12t 20184 7|HELE 19
S G5 B o] AFEE AR szt sttt
ol2igt oo FHS HIF R AeAls WAXAEE &5 59 124 tiFzt I I5A
of tigt & 59 BT i $HY SRS XA, A=A AT HIALE /Y
2 AL9PE & £9(2018~2019%) A 8 Foff Hlolug o83t A4
| 4% AdlE, AAUE L 718 AeAFAS 374 7]&o] AL AEA] A
JZA|AES St AAE 2, 2020, p.341). SAolo] ‘ALA] Y54 IR A
7t AlE71%E 71EH2019~20204) AFAS Bl gemjsfio] AA1H tie-& skt dlEA|
AEE JRASITHAAE 9, 2021, p.481).

N AR AEA] 9] 39 JHe} A4 FHE Ao, BE 113,2867H(AA]
385,7687M), W 106,09770(RA] 272,1337Y), BEHEA; 1177044 121704)7} §HY
=lo] ATHAAH 2], 2021, p.481). TS A&A] 257] AXHE o=z AgtdlE 735
E, 73T Bl tigt ol s AR EE, AluE] e W AAZE ILAHRE AlFStaL Sl
ZFOARE 102 9 147 &9 AWS AggHel 108 &Y ojFwd 7t a&4=, 1A1ZH
9] LDAPS 714t & BE ARgsict. gl golt] AR S Baf whdd gt vl7go]
sl 1082 &9 1A7E SHZE AlFich AegEe F 3%, RS gl
T8 AL 9Hede FAUE L 71Hke) 6m ISAE AR ASAUE Q. FEeL A
T ARFHEE AlFot, Holt] dESHRE o]goto] HAZE H¢ dESFHE AT
SHHAARE 9], 2021, p.481).

A FgolE AL 20239 109 SFH AL, T3 717 Al o= AR

SR e HESIL e Foltt. AEIA Sdllo= AldeY o=, AT

e

(

u!
iy

1

fr

14) MEHBAEFR(2022.3.31), 3470 HeHLEA

8
:(é
P~
>,
jin°
N
2
el
g
sy
2
e
(3]
S
[N}
o
R
N
N



30 | =AY AZ ME =AESOIEE AMA 75 e

SEA

o
r L

0.9,

o= FEL Qot1d

ok

Neerk Qpinfzion

Flood
Analysis |

UrbentenalRverrioodls muato . System /M

ot

S ',-fu — f =

A= A9, HA4(2019), p.33.

(T 2-14) MBS, U2 o7 S8t A40I5 AAY

W) ZARS gEAAE ey 9 28 7da
A e FeaS ALEE 7I9E0R 20239 Fdl A & Ssiglon, X4
AFEAE Al Folrt. Ag AQo] dAE FgAIt =2 A 3 7I= ol
et ol SAHEE Mg AFEI TREY. O fAE w2 AR, B, A,

3 ERBTHEY —"F‘ﬂ-‘éﬂr AseRolA EFARE 5=

fr
o
_‘E_L
m
g
Irt
lo
=
~
Yad
re,
AL
E
ﬂllﬂl
oj

5, A2Al xﬁ o 2ol Al

BERoMEs A HEEg e

u&',L Flf

iqu% 2-15 #=x).

15) ASEHA] AHZRAH2024.3.18).



M2 =UQ EAESOIEE ARIZAL & Q7MY EE | 31

Glo|E BLIE XlAos uey AAZH
7298 EE Hal e AYHE
@ 29% 7IE N2t 55mm e il LR
@ 158 793 20mm Wy MR MRy | wE | AT AR |
RSl ey A4 | D (augn, 2294 5)
.......... R _  THSHRE 713 4= | 9547 [yt #13 F5400, 91, OFF)

VO OIRIYY | & 2, 3919 (71 521 e, UDFIHEUEHEE B
® QIZZAI 1 CHAIZIA YUY ASE Bl EE5E L] AZF0

|V ZIEQIS | CBAI RISHOIRE 71 S, Bl AATHT] Xjgd

wesewes | |/ KA | SEE20| ZHSI Tl FLEY 74
A U 910 A2(2023.6.26), ‘A= 2z A5 AARA EY---ALA] B8] QPR AMY: 2024.4.3.

(O8 2-15) MSEEA, E+ ZE HA

B2 MA EAIR —’Foﬂ H A 52 2ARS dSAAEL] dadde Bojent,
Y A2Al HlolE HUE e B e, 22 e, g 9, Floly Y8 5 5
ARE F2 ZJokL 3lor, dqEE AT APARI Higt 7]&e] Eghdsit. Iy
AE AGe] da B 7S AR diSsh] fiRt HollS HEAILE o] Al 29
Hotd A 7ol Sl A diEe® AAA tigol 7hsst] mizoltt. olA™
A B8-S Bt 1dl] Haslekes A ASAILRe] daide AS5EA 99A
ZAIME g1 4= U

EALDS HUE AR ALK Ro| ohlzt FF o 75t Hote)
B4 RS A ATFORA o 2 WHE Bug} s § 1 8o glon
2, Auie 9] gcka maEch AA0IA 9] Fulo] B4 9L AbHo]
4 w12 ol & 4 sicke WIVORE HUSOPAE YSHE % 4 51
ok, 1 o 59] A=} U ek AgiEe] Lol ARIES} Be 4 glon
o Ao AT §u7} Holof & Holrk”

MESEA ZARS CISAILE AR E87AH2024.3.8), ARHEAL



32 | EAESYRE AME ME =AESOIEE AMA 75 et

) EAAS dEAAE 7529 FHoIN9) T
A2 A EAAS ASALHE TEIIT 2FHe TN 71 oleigd He
A5ol2S Sfat T8 HlolE] AT olT} BoluT EARSL Ak 8] welel
7 Seje] ool Hols £4 IgolA Aldlo] Rorrt Fash AHg3ict Jely
ofu Ax oEdze] YT E FaT aglolt

T A AAREOR g diSsl] Hsiale e HlolEE e4ztel £4
ok 7Fssict. o=t dloly £4 29 AREE Eol= Zo] 9t AlLd 9
A AT E8of T3 Hol, e UA A S o= Ak Fs] 53
€ 7 A=A A5 AR A=t FolE Sas

ALEEA EAAS ofSALY YT FPA2024.3.9), HHEA

Ln‘i
Mo
of

Y F=550] Ue A ZARS dSAAEE 2haRE S| ATEAR

S9UHl ol S HEY AFY SRS et AR AEA gHe dde Y
o= Qe 712 HolEe] £, 24 Z2T3e] Hugo] S83ith 11 FoAE 7oA

AgBHE 745 ol Auo FEHo] Hol2 el Sl ol xS 2
FoIA Qo] ARAT AARE BAR, HPAE U HEEE oS 1 49
NIGE A2E TS oh A B SES B oS Y AN B 20T
SR Al ol SA2H A o] WA PEAHIO

2) BRYAN, ORI ERTHE TAES ADIE U AAY

DR NP T E
RN 20204 8Y, $4 Uh B9 st W, B W WSk, B
BRPIAE B2, 78 Y4 59| AU o) 87 vk 412739 olAfR WA, £,
Fe A5 5 A4u8) 793700] WS B3] Wi/t Weka AT SR HE
16) ASEHA] AHRAN2024.3.18).

17) $59X(2020.8.8), ‘500mm &% A AN 89 FF £ Aol A= 57, FAY: 2024.4.3.



M2 =UQ EAIESOIEE ARIZAL & Q7MY & | 33

25k, 20229 "TA|
B

B, YEYGA,

Apg 27, A% 17oleb Qsa|e} bl oF 1,4009] Yolehs ALl wAysloich
A o) EAHSeAR Bao] A9 el A=) A
W 2ntE thAIAT ABAL o] AAEo] Hobl&HHEA
BB, BgdErt UAE Ve B EAES BE0S B A12S At ol
B BATo) £AYS AntE S Mé‘fé!Ol FHEL, 20244 712 HAE £
2R 92 Ao Yt A% AU )] A Folh19)

A ALDS A% BHAY o BLske Haskp] Ast U4 £ A
AAHE oZ3t AFRGALYOR, ST S FEEAEL FEle] 2 AR A2
3} oA 7251 WAlow 2AHAT 9 BAES FEEASO OAY EY Ju
AL EAIS St B AREo)d, EA4 T AR Hlolel 43lo] o]olAm),
o BA ATk g AR AT AR LTl s Ao 7R, AAE
loT dlo]8 7 2e), AARF AAASAT BUE, 20 SYAR|A(aas)7t 758
20 5, FEERES 2B FLEALY A4 LG BEH EAAS
g 7l Sate] Bold, BE A5 FHOR st djirEgio] ZKsslet.2)

(1Y 2167 ol BATE 3G A2 FE3he] AFA

A Fo) mUHPo] 7Rsa B7H1 Mol BA Ao o
ok Al2E e9e 9% T A
R BT e AP EREY]

719}

¢

18) FFFHA HHRAH2024.3.13).
19) 348 HEx7(2023.4.12), p.5.
20) HE B E2}15(2023.4.12), p.5.
21) 4% Hex8(2023.4.12), p.5.
22) BFFGA] EEAH2024.3.13).



34 | EAESYRY AMZ ME =AESOEE AMA 75 et

R AR 29

(2 2-16) IFZOIN FMT, CIXIY ERT EAES ATIE (SAIAY

W) ZARS dSALE dadd 3 28 7day

A ASALHE 7545 SOl 3o EAE Al2Ee] dae] fisf FA12 o=
S0 RAE ASITE. TR Al AL B2 E1t 7T EdE 34| 3V,
FE AA O ARddE], EARS B0 QIR tin] 2ARts EE, AJAF B8-S
¢ A7 284 SHolth. 53] =ARS Tor FU diuaolA dA IFAT
A 712 ARA Y e ZYEF ZIRE 4= Hdo] ARFH o] AdPdHER 74
=9 oA AL Adaedo] ALt AddisZ 7FssHAl 3171 mizelth. ot
AR 7Tt |ERA A ElEH.

@) - o] ARl EHE U Aol o] B el 9 A
3 A90] 48] hB slols Fald 19 w1 olgA g Asle AeTkER
Aot oiiE P2 v T ARESo] AL - A oA L iuE & BAVH
AEL. APt ) B2 S A7) ol Zat Bage] 2] o Hit
ule] ofal 49 &3 Aol Lold & Gorst 24|12 ek LA A3t o)A
£ 24 Aaz 2% AYYUL

FFFGA =AR-S AISALE AR §8AH2024.3.13), tiERA



MR RSl CAIEAOIAE AMHZA U QT 5 | 35

olfet 7Idavt § =AM TR QI din] ZAXE S = Y ARG T

Al dEAIAS] A AAES. FAE AR ARAES A R B,
(H34z2205) SAR & 4170 AdFFE 718 virds 2/dshor stH, olef Al
e Al AFE Pk 718 Fe2A BAE FAHLE Atk FHRA FE
S 2Rt TE|al A A 2y A wjs) T, He] 52 aLefste] Ao Aderd
HHEFIE AL, Aol AA-2FHH, AllH) A A277E A= A1)
AP E R = T2 AA]-2GE ook .23 AdRgHER = 3 9 Aids
T2, BRRA(APE &Y, 5997, HHEE SE ol =Hed,

1o
EARGAAE R 4 B F T A9 FUE) ug IR FHANOR Ha
lo] 2

1Az10] Basteh et @A) AolE ArS0] 1417 o] A Fprlo] @olA
N4 T3S 9 TANE BEBHOR TANS AfEAAH ARY HFBE /5

Aot 22 AaE AlLES AYETE 70~80%2 A=l ASHEE AlSE FF-
SH Uigolth

i)
ol
=
ik
o
B
1o
o)
d
2
u)
ol
0
&
D)
1o

Ce (FE) - tiHETE AR 2HIE VIR 2 A Zote. AR EH obF U
EREAE il vlF] EHE St “%ﬂi 1o Folsom A7t Hi=
Al oYL o EEE FHIE foF HA=L. - (FF) - AR A o O
oAl & AAE WAL 25 X‘Hlﬁ}%ﬂ ol 2 mlg] ¥AY o] FH|
HAR sl &4 AR Bo] & A Zopa”

BN EAAS o EAAE AR TR 2024.3.13), ERAL

By £APS hSAAY AP RE HARE AR A A7 Ak SolA A
s} o] AR EARSTL AT A B e TAoIN SRS ASARe} CCTV
BUHY A2 /MOR 4wy o de] £ HAE FRUSY BY 4T A

Mo i
ARE B AAEAS Sl 2 ole FHO| B8 FHS st AR

23) 7PARAEAE, A 9 ki)



36 | TAIESERY HEO TOE DARSEE XA = Yot

B 6}71011
o2 At golsts, £ 71kl ol A3 AnE BRI AV} niise] YA glot
Aol 240) FAZ AAD 5ol 7] uhzolct. ol B At o] Mol A%

W B g2 wselt ShpE 2 gl mAIEA0 EAS TeEsge 1§ Eagn
i

o (B - A AY I AT A BAE 2. B A7) glela.
AFAL oA A1 2 @ BAUZF of7] AL CCTVZE A3 el of7] 12087 IAE
2. A3 Bu7} Holx|ul B 7|Hel A HF JRE 1] X*Oﬂ 3] o]
S HolE2 A A2 BA FAS 5] thEe] - (52 - 158 A, 208
Aol = e ofn] Aol FRE|T A wa. Aol g zuﬂ Rl
R A, 718 ol 2 wol B8, I o] dols A4 £F YR kol
2 A3t ol4 B 2EASO) S sjof ST A4 Belshs SRRSOl
£ Q2g sjolsp] whEe] A7) B7le] ke BAS B 9 AR glofe.”

FFFAA AR dISAIAE AR HEAH2024.3.13), HERAL

SARRAE ALEEE FAEe] gk B4 1 el g SWNE Ao RA
A% g IO A4 AL ) TEseT ES WEAoE BeHd A4
B JRE AUSOlA AN AFTFORA A5 the AA ¥H] ABHS vhstas
st

(1Y 217014 B ot o] s Alagols

2]~
— wuT
ABSL U, WA TS IRE SRS, FFES, 29, 1A B9ARE BT

24) FFFFA] JEFRAH2024.3.13).



M2 =UQ EAIESOIEE ARIZAL & Q7MY BEE | 37

% glom, A2 F4A S ARE Ae) AR, EREANES A=l 29l
T 4 ok, ERE @A 9K EE A AN WHE TR BABS JBANE o

SHL itk 71 9ol A, 5P, shote] WEES) W2 A4 9 A% AF % W4 Y
A% 3042 59 HRE AT k. ol FAAE 7529 FU BARS BHER
NESENCE

o 9Iak Alsglo] ofd JRAZES SIat Alzso]s] o),

FHuAN v v o Ay Lt~ B
B EAYS . GRS - o
BEAEAAR \AaEa e ‘ = / o T i — 2

"
\\
ol | + 9

A BAM] EARSG BRERAIAY SuolA], ISk, AN 202443,
(T8 2-17) BUEIA, EAES SEYEAILH

WP EAHS ASALY 7529 oINS WA

BA BAAZE 25t Qs BUARALHNA AISHRE A ofefE o9
7R9epol) W A4Al, B4l W4] il ofZo] WA o Boksst] welck
7R3 o)l sl EAES BRHARAA IR 37H9E AN 3R, B4
3ol 2] B4R 4550 Aejd FEoltk WA A4UAY) S 48 WA
HuA3S 9o Bast A4 18770 ol oF 1/4 Szolch B4, W5elE uelZol
487k5 3 ISk B7o] HlElo] QIrhe oItk AU, $4bA] Mojo] B4 %)
e} AAHFo] Bot H4 2] ojeigol Yrks Holths), olo] s AAge @A



38 | EAIETYXY AMY ME =AFSOIEE AMA 75 et

4) 1 9 EAFES GIEAAH 7= At

7h AFA, EARS Aol AlAE

s 20179 74 162 AFSSE Asf ArgHish 247, oA 87571 2,158%5°]
st 9 a9 F Sleg SHEA G o A EH. ol skeE
Zo] o] R, AAAE A SEAS U A
Aol A AlgHold AlLEE FSSITHA 8 9, 2022, p.72).

#1849 9)(2022) £ B3 AR FFAI ZAIRS AlEdlold A2l By Sk
o] SHATA T I AT SEAL U A A ez FSEAH. o
FEE A g v 585 7H413P71 et Ao, AR
wAsP7] 91k 12H ZE(1D), AR g ASsh] 9%t 23
ZHQRD)Z A9t 54 5% Lot ol A *H w29, 7V A5
glol8E ARt AAIZE AlEdlold 4= S8l Hat =l MAE dsstd dd
A9g Hefste o 28 Lﬂ(ﬂ%% 9], 2022, p.72).

TFAHCR A, HFANM FE ALFE 71 6ARE 297] AEe} AS

:‘?:
)
[
lrll

oﬁ.
OI'

(

25) FARGIA] HEHEMHRAK2024.2.15).
26) AFA1(2018), pp.595-596.



M2 =UQ EAIESOIEE ARIZAL & Q7MY =& | 39

735l e AARRE AlEEold &4 7IRE AARE i 3dlE FRE AlStith &9
713 297] AE Hlo|EE EFsto] 25 DB, Al A4, A3 AR 5= AAZE
oz AZS] A8 ICM Live T2 13- E-golo] 44 29| ImfoWorks ICMI}
AZsta, ICM LiveZHH Uee 4 21 fde 33 SWFET A4eth= FolA
B RUEY AIA"D APESE FHst JrHARY, FA8, 2023, p.78).

EAE4 M Bfo]4 A=

¥ o~ " # CPE 2D
B 9
¥ m |_ Q
L CRANETR L R LR TR [ Lot
el EA e AR AR

Scheduled] o &

ALY MRS B QUKL R gt

: : -ﬂ- ! :
RS TN e i
E[AI B 0 E B8
) B R prt

L3104 THE THE 29

NE29 AWERY

A& A8 9)(2022), p.72.
(O 2-18) HFA|, ZAIRS AIZ20[H AAH THQE

E3 TAH4 Ao AATS Aderd B3 ST} dAsle] BstiA sk,
b B3 BRELS HFAV FAY AFLS, B4 Fo] 7ol wet AAHo|
RS TS 98] 201895E 202197K) FESIGeE. olo] EAIRS ABold 24
At 7] SRR Y A Aol FUEAET AT ABAEE B 29
4

B 4907 g2o| 7l53tHALY 9], 2022, p.72).

>



40 | =AY AE ME =AESOIEE AMA 7 et

AICMLive Alert

Actions generated from

Manfest: Man
Run 2uz1om mas AF

1.0 Zolg we FEF AN DOHUAIR
2 8% CCTVE ROt Ro) 912 HAGL Ve 1S +HE FRLLAS

A= A, B28(2023), p.78.
(a3 2-19) HFA(Q0mm/hr) ZL HPUSE(

2z AP, B21842023), p.79.
(13 2-20y 202314 8Y 15Y &=

W) FUAIAATY, EARS BUEY A2F
SFAAAPAAT A B3 Bel2 oo B491F 7122 sk, 43wy
A SRS AYTA GIS 719 OSM So] AT B2 % 7%
She EAES RUHY AAES ST S ALE 28 7%



M2 =UQ EAESOIEE ARIZAL & 2T EE | 41

O P45 A 7152 Aot 3 J5 AR AlF, @ 45 9% mYH, AAZE
FHHE B 75 Alg, © A o] w2 A-AIY i AU Agaid e
A TGOt} aA 9], 2022, pp.36-37).

HoWRXY AT LR TRy
2022.07.14(8}
5878 27 ol N2 B.Omm &.amm S4,0mm
1560 BHE 0 ¥TE 2715 B NET WIE B AET Haus fua 14:05:45
BEHFIA T LIS 1400 WZHT14 140 M4 400
s xa EmiE o[ Eae] s e (G

el e

o

| Dt S

i =3

| EEEN S
! ]
I =5

SHTE 4ew
B

B v

e

s

e

W

EBB

L

s

s

HE

nE

= ZAE 2(2022), p.39.
(T8 2-21) FTLOMATY, TAES DLERY ALY

G AAES A= oF 63097 719 713 BE4(ASOS, AWS)OIM ASHE 1& T
ARl E Akl 15%, 302, 14K 341, 19 2] 74 dee Ao
AgRtct. B3t PHFE BHE FALBES, BA, ) A A TEe S Y <

=H3=ZA 9, 2023, p.462) oM M A V&2 AAEAE=R
AT vl 9 vlES A8t A



42 | SN AE ME =AESOIEE AMA 7 et

EAEUEE ViE H EXt EE

1. EAESUBE 7 EE

7L S ZARSOEE Ve 2R

2 dFoie Ul AR 71Ee AES] A8 AeAl BARSAE AR,
=X SRR 7IE, dEIR e EATAKISTD, /AR, Aldbd d-dolA
Z8HI Sl AR 71 He wd 710 dit ARRARE s¥erer 1 Ak
& 3-D¥ 2t

AR AT A MZATRA 2931 e Aol gl AACIAE EA
dEel FEE FESIACH, dEGAME AN A9-Fel 55mmE 2Hdh= B,
1589 7930] 20mmE ZI6k= 49 181 =2 94 A E330] 15emES
23l 9ol disiA dlEE sk 3lew
SAE AL Qe ACE TefE Q).

EHH SRR VIE2 AR SRR FEH Ao A EE F2, diy]
S 2PAR FEE0] on, FeEEY AF 7o, FE, ¥y 5 3R #AHC §
5| 715 7HIAL Sl AoE TREIeh AR A9 SPAEA] Uloll Sl AlRIES
P JIO= o377 ffet 71l S sRdHHEel I A=l ot 2AE
AE2A AHFYEE AlFolL e 2oz debHn. KISTIONA A Hedd 7182

N

=

27) A&EEA2023.3.10), A= Hx Mg A BEA AY-- FYGEYT AT AT, FAU:
2024.3.5.



H3E CARL0ZE 7|E 2 Hi HE | 43

10cm ol Ha7t dVd=EE B HeelA #d JRE SHlL, 30cmE 7|[Ee2
e 75 TEske 2oz mefE Ry ey Xﬂ/‘l e Aol "igt 7]Eo] ofd WA o®
APEIREA High 2= AAISHA] skt PR E 2 B sofEe] A%
AR 9] AR B 71E 0= 30cmE AAISHL o A T ZA=
AABIAL A et AdRbd Aol A AARE 7182 A A A i =
A f1gel Hiet RE AlEshe AT 84 A
9 5 3R 28 ¢Ee ATl e,
-85l

20cmE A-&stal QU

(& 3-1) U ZAER0ET|IE

e i ol
A 795 S5mm 3
. A | - 1589 4T 20mm 23 - 4 dAEA(2023.3.10)
e L ERAO Z1E B4 15em 20 | . ap ) AA0] et 27 Bl

AR - 9% 9l & Y ojiof ule} gy
£4 | - 1) s o ol .

- 2HA(E): kA dF o™ -
— AR 22 A (H=): sk g o= - EXARLE 51 Z7F olg Fhle it
B | sRAG): A o=, H7RE S e 1 9
S | - AEAGR): R s
- SEA(E): 1 iy

4 $4e TR0z 44

- 10cm oW} T BH A 7= A = X

KISTL | 0o O o gera 71% AAe] g 24 ulRA
e - B4 9 ol FA A A

obay | 30 i

34 C AGAZRE AL A8
Aderd | - A - A5 AR R 57 712
avy | - A8

AL wg - 20em(TE2 A4 o] 7|F)

A 294 2l014): FAF, WA, HFH2021), p.17; 18P, FEH2023), p.19; F7PEFHRATE,
AHAZ A4 71% S B AW 8ol A% A,



& oM =ARSAETIEY BAS TARSR IS 1422 Hj3) ik = A
EAR| ] B5ske=

LRt AR} ARG O] ARl 3 Ul ASAE 7IES R 77 Ve ARSI

_0|L
kl
E i
jail
>4
8
o
i
i)
ot
o
Q.
N,
WN
filo
o
Tt
21'4
El
by
e
i)
-,
o mn
)
%

95 F5o] AL obEel Tyt /12 FESV0] YA A4 WA Tdo] 7H5T
522 mofely] o) AYATE EASIGON 1 AU (E 309 2ok
Suga et L1992 oFESH SUE HPOR WA U4 e e 2

<t

@741% ujots}y] Js] 4ol whE AlejE gt o] mE i £58 welsis A7E

3ot vt Qck. A7 Ak *;JOUr ofglo] W S:4lo] FE7HA] Q4= A9 tiult 7RO
- u‘°l FES 2R 49 BEAS L0 mRt )t S5t AslEls A3E Husigk
FFE003)S BFAY l74crn, BAF 65kg, 200 S5 & 307 Zuke] 491 T
om AR 94 1T HPSEES mots ATE SABATHAALE, 2003,

p.564). 1 23} Fpalo] 75 A0.55m) Y mf ZAHRI &2 1%101] Aok ot ez



T4l A7t BRIS Hotelgon] §4o] 0.9m/s2) B9 1

HBE ZAESUEE JiE H EX HE | 45

Fo] E7tseS Bt

vl QoH7dE, 2003, p.564). Ishigaki et al.(2005) o4 169, 94 33%¥< tiAfo=
AJokg7t A4 thu] AR Sg613lom, 11 At At tiu7} 7Ks3t AR 0.3m, EUE
e Al Q% ] 412 0.4mYE E 8t HIshigaki et al.,, 2005, pp.1118-1122).
T, (2015 919 Bt AY71ES 7180 He4lo] WE(0.17m), 730l

(0.35m) 1213l F5(0.45m) o] & wo] AJRE 7Pgste] Askeit tin ddE 3%

vt AHFAlS, A, 2015, p.192). 1 23 H71o] gl ¢ di]

A2 0.35m,

ESUE ML Al &5 AP 4 0.5m, o4 0.4mUS EASIITHTAS, HEHE,

2015, p.195).
(B 3-2) X% It ZaM0| et 67 AL
ALKt I|= H|1
- 4JQ1T} ofzlo] BE o] B2/
Suga et al. | - ofST} 4ol tpjoE WAG Fh | o= AL g ks
(1994) A3} §40] M2 By 3] mep | - S4o] BHEg zilels A9 Furton
o &% Ajst
- BYEES} A5, 84 Aol B
348 - WP 174em, BIAE 65kg, | o L
(2003 200 T4 31 300 At . gjﬁq o}f%néﬁ NY o Az 7
- 84 0.9m/s9 AL B Bl
Ishigaki et al. | - o4 16, ¥4 338 o2 | - Ak dimA @A 0.3m
(2005) AskEz A5 din AY 59 - 28 A A] 9% WARA: 0.4m
- Q0] WF ATIE HEO.17m), | - Wkl Q= A AT i) shAA:
A%, 28% | A7010.35m) Te)T B20.45m) | 0.35m
(2015) o] A A shAstel MFRET | - ZUD A A 9% @ASA: 0.5m
gAY %9 (F4), 0.4m(e4)

A& Suga et al.(1994); 73A3(2003); Ishigaki et al.(2005); FA4%, AE18(2015) &H&3to] A=} ZH4].

AYAT ARIZAIA I3 4 glEo] W4t
o

opyet HdgolA A=A A

A SR Holubr] St o)

_?_
ofo} she 22490 & 4 SIk. ofol wek A4 WA AL B4 S} obd Akl

B2 o|e] Fugo] ofsh el Seo] F23] A5k ¢ 4 ek WebH £ Aol



46 | TAIEYRY N0 M2 DA-R0EE A 715

o
&)

9JREEo] AGRE ofelo]d] £kolE FlEow AR 71Eg AN 98 7
Z1SBEAQ015)014 AT T AL Al0] A, A AAASE o8
253H9) FEkolz sk 1 Anks AAskaA

e (TN @ B FE=0I(cm) @ Bt (em) ® HIE(@/@)
16 45.1 173.68 0.259673
=2
17 45.2 161.39 0.280067
16 41.7 174 0.239655
o2}
17 41.5 161.5 0.256966

Az FISEEUQ015), p.141; BAY, A= SPIEE AAG) 4 BF, AU 20242158
Zgstel Az 2y,

2) NSk 2Wks VIE HE

A4 R B2 918 egeka gl SR eudl Y4 9B = 4
oIk, B ATOIAE 1 5 7H A ek v A0 X sk o] ooz Ervt
W] A Qro i WiZo] sl 4 olF W4yo] H Bobd AEA AR

Sl=o] FUE 0] AEAE] AlEel ARl = *J%"a}‘ii‘l}. olF IO HTAYA
=2 AF 7Y 7 w0l AFeA AFEL 2] HlE Y WE AEAF Al HA

e Bt & e VIS AESA S
A 9 ASAREES] At 7ol Bt 2L AR E SAMIEY ARsAtolA
HARE 9]o] FE2 AW Atojofl 10cm o9 7H4o] Qlofof 3k 7gstar 3l
t}.28)
ES AV PRSI Ao e AL B AR AMEA A U #0lE
A3 71 H917F 0.55~0.8mA2 AAIRE HE ATh29). =AI-S WA 0.1m o3l B¢

A Bl ol AR = AL 0.5m ol B¢ AREAE INEL R BlEo] FUE o

A

)

28) Z7PHBARANE, e 9 ABAEES] o) 71Eo] Bet F
29) I=LE(2019.7.14), At AW FUT FE5F AeAa A AL, FANY: 2024.2.15.



MBS SAEROAR JIE U A 2E | 47

Aol s 918 Aol e 2 9le FoR WEE, ofE Tt 71T} EA} 29
s 7% AE Anel AL A5l Aefsheict

A% | No | S

80.0 1 55.0

(24) (BMWS)
79.0 9 61.0
(&1 el) (BMWT)
74.5 3 72.0
(K5) (C200)

i e i T

57.0 4 68.0
(=5 (A4)

Max:80.0 / Min:57.0 72.6 | T | 65.8

™
ot
i)
-
AT
rlo
g
e}
s
>~
B
4o
ool
B
O
sy
12
ne

A& HYEF0](2019.7.14), “BMWHELH 13047 <l
2024.2.15.

(O 3-1) SA/LAMRE AT YT =0| BE 2t



48 | EAESYXNY AZ ME =AEOIEE AMA 75 et

2. SAIRIR0AE| A|-27HH He| 7|F HE

o
7
&
mlm
)
r&"

She AAAe FAL 47t BT Aol olo] B4 X224
B9 712QDE ANl B AR Al SRolA A WA A A%, A
5o fstod AR} G} ol S TAloNA AktTA S wAIELO) AR A2
74 W9 712Che] AaA e s, St Adwe A AL

TEiR EARSAAR AA 75 Sdet xAEE B8E 4 U Aol

-~

7L EARSOIEE A AR Y Ve 2R

Selehe A 9 QPR I, AB4ESE AR & 417) A 93 9%

RS A4ste] AT Qor, Slate] e 24 et 74 5o et 37z
TR0

WA 9] B L A 79190 o] AT FHrRATo] 59
SR Zlo®, /0] Telh Wash Aol el A0 QIRe} olge Fyske
8-S B Slck. ofuf A FUTE A SHEL o), o, TS, BT Ho

o|r

AF-E FHslo] FYII=S She WA SYFF718S vttt vzl = §7|dis AF
i 2 AldE] SR A Ee WA ol 2t Aldde] Sl
gol sdske Aoz, BAVIHS 7IsH AT IR Al tis 24 AR EA 59
TS ZdRtt. ARt e AFRA P 2 A 4F-E sYske 71 FE
ZA AAE FAF SR AABkE WS Bl lor, dFiinde AT 718 Aol
APt 71e] o] Adslal Aide] FH7IEe] o] SRUeitt. o A=A FEiTEe
F2 Aol 25t A=A A SRlske, 20224 124 7IE Edl A
H7EE Wwe 5 BE WwE VN, A5 uiwd 2270, ¥s viwd 642707 2Ad

ZEATE, A 8 ke lli*ﬂq :
A 2024.3.28.



HBE EAESOEE JiE H 2R AEE | 49

(E 3-4) 27122 Hwe g

TE HE g7 S

A71EE | =S7EEE EeE g8 Ad — AN

B2 | 9T 9% 14

At FEIHe g | Ao

e | AR 715, 9 24 — AdHS | Adae s & At
AR EE | 2AARE, A 34 A 7)) = z317|3}0] =}
2 | A AFE F¥chs 7189 Fe2A] | AR 2718 At
Pl | AAE FARCE AA o] NSt 7)o & | FTTol F

A FAPAR, 971 viwd”, A 2024.3.28.

Aot 22 miwdS 2%, ARAE Ad B Al w3) i, w5 e 52 Leste]

C_l_ﬂl
Ade 5ol At 224 AT oA At RAE ojYst=r AFE €F, 54
Y, d % 5ol ZIEHIH 3-2 I=2). ALE, AHE HS DAk LR Aot
Ao, ARHARI AR HS AAre] 4% (O™ 3-3)3 &t Aol e At 24
352 dAlshd 27H8-2 fls) AAFAS 2Ystal Fo &ssto] HSshe 1
oA FolR= HHE 7|Ntew AR we s ot olF Al msirt g-2itEE
3T AREEE S8l v tet o B DA IEOIA SRR, A AP

0l F83H Ao ske Tl A% dd
Sl B = Hol7ke GACIH. ol BARE el mairt 45 EAtEe AR

% Folle 1l&Rt B30l ofFoiAor HiE et o= 97| o
ojtt. olofl ARG E AZHA ¥ 7S Adske APl A e A A
ARA A GRS wstal, AQAGIANAZRS 49-2F5to] AP E Lt Hiv

¥Y 59 JA2HS o)

fifo

Mg 1o

=



50 | EAIESUAY M0 TE EAES0IEE A 75 et

g —
BERIY o

tetEA HSZHIM
(G117 12| HE) | (A ANUIMEH)

SyAT A2
ez 3Rz

YRRy
QR E YIRS (T2 Tt Al
Y : YOI 273 yEete gu

R : YRR Ko =

(HH SBITHS Tt Al)
=Ry 3052

Y oS N
(=RA)) MR e
X BT R ofgt
Hals
EWUSTFASHCHAY) USSR ﬁ;dfxﬂji
=o oy Rty YR o gl
SYAXERED) 2R AR e F SO AR )
AlE/A-22 Al THAQHHIN = B i
JZTEEHCHAE) |- A2t TP MRS | XA E2E i QUSRI
o i Bo ALERA 22N E4ERT0| XY &t 2RI Y QT
‘ég./xlg-_r‘?ﬁ_E-.—(OH%‘) HEEb Al REE
SIRETISIA #u3= %t =si1e PO
dERRE L1 x| WY SEREEe | FEXIHE
@2sA) szt 28T AT Y L S EN0| X2E A}

A& PAAR(2021), “hehl=r Aderdse)”, p.10.
(a8 3-2) 22Li2} 2] MA|




H3Y EAESOIEE 71E % ERt HE | 61

H TS L ki
LT TERN
Y ypunywn ! K-
X agpd ey g

g ‘ '
A I | ! ®
5 T : szesUE
4 e« i

yype |

Hoh- S A
o
o
o
g 21/8¥ua%
I
- ErEeY X0 2%
& :
g
3 AR /R

8

A AFA12020), p.33.
(J2 3-3) XIYRX[HH XA S ERHHEIZFEA)




52 | EAIESUAY M0 TE EAES0IEE AMA 75 Wet

__Crl_
Ak A jutt Qo] T ek olo] XA|e] theHl ol A
ARE S B2 WY V12 Al oA el WP AuIR S

oA et o} o] EAHSE WARZE ol FAsH ws £
49l B A3 M4t et & 4 9k oje} waiste] 20059 iﬂJﬂJxH%%

=

A, By, A 2 71 A9 52 YuREE AAsk, Agus] gas st
At oiy] 302 WAL S =051 A diE] 308 A A"l(e-30, Evacuation-

30minutes)> Hu} 9] 413 thuf Al o] HS et Alagle R, SREY & oY
Ao = FHEC] 302 ool dAAGo R g & =S Trt32)

TAAQ B2 HY, (A" 3-4H2% go] 7IHE 2 HE, 719%;—?‘ o= QR M
Y Al 158 ool 7VIERE LA SAlol FEE THAT FH I ofF =ARE
AR AR Bl A1 Aol A AEEi, 29
5 oldl AEAPOI, Huh HE, AFEALES 52 B30 AT A FHSolA €d

O Z28aL 25& oyl R Aol Hud 4 U= i

ot

oM,

i)
%
ofl
X,
19
)
L
r o]
2
)
)
:
T
rir

71 R ggze 05 R2 g A%
E W3 Mo etz SHA|
RN 258 | s |
S A|ZH 158 208 455 60

A= gkl FHEEP(2005.2.15), A, ATSHE] 307 qEAAE 5T, AL 2024.3.28.
(O3 3-4) Xt CHH| 302 CHIJA|AR 7HE

32) tiehel=r A HE]P(2005.2.15), ‘A%, AdiE] 302 HoAAE 757, AN 2024.3.28.



M3y EAESOIEE 71E % EAt HE | 63

A diB] 308 HTAARLS Qo] HAsehs S
Adloleti B 4 otk Thet BAMSOIARE ot B W9 /1% eSS o
Qe HABHE g At oBe] oA T B 290 BEA E T =olulolo}

S, oSt S JTL%H AR qEE AuE 2y, AR - FUsE
190

.ll}l'

AT 7IEe® 0.825m° 5B 667m ©Hi(H=] Azt 71 539 Hixf7t 7hsdt
o] A= 7/4\_& AATSIAL et EJF AZAE A ol 2] ALt jmle}
A

wol A7 BHOR AHEE ARIRAEY A9 {EE SR B £,
5

W3z, ¥ 2% 59 JE7t Aled(d 3-

A 7é7lE «W‘:’AI(ZOM) p.50: ﬂ&%%](zou 1.9), EAI%J A AR, Z8L: 2024328,
(O3 3-5) MoHYEXE F71= AFRAIE), R SHR)

St =AY HAILE AR RARE B3 A viet Zo], AP o=
EARe AEAA AEekE Adl s V1€ FEFAE I A w3 ol wie
S0l 7ot AT AR 71ES NESIATHERY 9, 2018, p.5). 53] EA
Mo FHE Sl St tEARE et Y- At w5 A flste] SHE 2

A

QFEE(2020), p.235.

33) P
34) PHLHE(2020), p.237.

o o2t
oL,

el

L



ig
O

54 | TAESYXY M TOE ZAI-SOEE MA 1= ot

0.
r

B 715 AeteiE 9, 2018, p.108) AlAHAA 39S, A, )2 B
¢S 8 2ARSAPEE Sk ok

AR gAY A9 BuEd et S GUA RS B W45 04 A BN 5
QT N} BB FRYUSo] AdOEIS] A S H6H e AwS EY3A

%sauz | BRI SR sk ekl Aol B Ae] S e

FH, 7h AT A 5o IS At AF mEh w2 vieE At d 52

DARNGE W) EASOARE S B w2 WO thdt Wt BRFL Hof
Zr}. chil EARSOIAES 97 BA TYolA B J1E Hust 24 o] 54,
A0

AHAE F7H2R1 Hd/del ks S aEste] 714 R 71Dl el Atstait

N,
&

3. ZAIEHEE HMA R Bt HE

7t shaEs om A4 9 8% A

SUAE 19749 AR 2% FFEFAE AL(HETT A17872) olF +4d
k] A5, sPdd] 59 + AR A H F4TE Ve S0 7IHt sl ol
A2EE F55t0] 29 Folh Wb 2 AFtollie BAIRSAEE AA 3 A HE
s7] il P oR SdES AR AAE AESI EARSAEE Al EAF i
8ot gttt

SRETE (O™ 3-8 2] FEA —~ AR A — S92 — dldet Zdas
7, SERAL GACAE TR0 Dagt A, s, A ©99) 4
dlojd A=, ¥ 9 4 ¥ fY-3FF ARE St 2" ARs pEAR AF
ALEE Bofl 858A14t f7|Eo s At o)F S5EA gAML 41

oA, A 2024.4.3.
A7, MY 2024.4.3.

35) U 491o] AH2(2023.6.26), 1 Az 0% o - ARA £Y-A2A] F49) o
36) FrAI22024.3.14), "R, AlH HH HOA - 5P BIEA] W4 S

r-{o]r rN



H3Y EAESOIEE 71E % EAt HE | 65

A=E o8l S HEE AIS3IL ofF 7o s a2 dE Mt ¥ WRe AEY
o ojnf oS Fatiol wEk SO AHe HeR SoE EE RS 48
et FollE &l tisiAl 71 FFel 2 MAY 237t = B¢ STAE
PARAEHFY, A2t FF5-AES B3 AEE Hupsiet

BB T TRECEED

=g, +4 UELE HE . Srid OlE S
ad=0ld REIIEAE @i%’%‘% 4E =8

o =2, u E02 Y (BY, 1)
SUET oz 4E A=A}

g G858 AL AEEATH2024. )E ol8ste] At 24
(d¥ 3-6) stz O Xt

SHZr dlE FAE ok AESRE s Al AAle (O™ 3-7)3 Er



yot

A 7=

oz %

=
(=]

56 | EAIETURIY HE T2 Al

S sRRbRBANSY
{ Rlcits [ B2
[ EREhRBR RS

(RERR)
Ivlk Ixlolns

kel &l ~~=kle {/L-€ RBRL)

(2 RIS |

(B¥IV)BR @2

Belz dxbr boleBlo

vkTE Iie

RO

F=+E Fisl+

B¥ivAEl+s

S aideyy)

2y (11¢200REcShLR

SizElo

L}
e Rep
1
1

ez
BE R Shid
[eRESE Sy~
PRRE B+l
hha =3+

=R Bl

BRI




HBE EAESOEE JiE H ER EE | 67

S}a8 AL 4oln Augl 5l Baw) 349 A e S0 74
Ho] 9let. 51 B4oln AANAE BHBE ol&sl] 98] SESH Foid Re,

$591% olZ3b] Slo) 425k B4 B AGAUCh SHIH FHEAE 5]
oA Bow, (BHDSS, dolel B9, W/E WRFE B4F 9 59 BEAEe}

WA VI ARSI 79 AR Bastt 349 5 AT Sty 8%
FHS FAFE GHDRS, W/H PR WA SR SR By 23R S5
At west, Bad ARES 299 YARE B8EY] W FLuNLTS 5o
oA Y £ T WYY YRR AGET, B £R4H TR

2JF} ek S5 B3 Bt dlS 33 Al S A3E =E0P] 918

Pas
H
<
N
Ofol

+58 Y |

MHA

e wz Iz
7h gasreln we: S0 2917t A% g5stel the 2 Aol 2 4912 Tefste] 4%
FHEBAR] 7|25l olst TRl e Sl A AL o] 23K Aol o]
L A9

1) AgE5eo] 10029] 500 sfdsts {ako] 52 wo] 429

ot

o 2) 2 549 Bt AeARRE AL 10022 600 sfFste

3) 1,20 T TlEe H8sl] Lakt A9ols AT 9 A AuHE e 4
U Bgoln WANE: $R7 B AW 297t A spgete] Are) olstz
Welz Aol aiEs A




58 | EAIESUAY MM TE =AES0IBE AMA 75 Wet

(B 3-5)9 7%

e R
7t FA W SPH0] S Ald ASdle] the 2 Aol WE 5918 Teisle] A
BLERAH 7)E5gClsh ARG 2 Dol AAYAAY ol 234 Ho] sk
A3

2| D ARERe] 10080] 700 Sl 0] 55 we] 9]
S0 | 2 B sl g AsmRE A%ERA 10089 80 A 4

3) 1,20l W 7S A3 2T Aol T 8 A Al Teie 49
U E4AE WA 4ol welEl A0 4917t Folnae)E Yol A% Agstol
BuZgle] AAAAAL ol 234 Aol oAHE A
7 BFol S ol weE A0 S97t A% sPsle] Folnsg ol
3. | ez Aol s A
A | U B4R A B5Aut S A0 S97 A% shdste] Folnag) ofske e
7 o] cyEe 4%

A R, Ay AR, [EE]]

FoEnL Folne} ARe FRER Y] tet S5 WA, WA,
HALHA 5 F 372 FEI,

ESRE(EBSFAR, E4YE) WM E4RE(E4FUR, E4YE) HIWIAN E4RE(EFTAR, $4YR) HALUYN

A PR, A AR, BA A1~35 A4,

(g 3-8) 5L LEAE, HEE), HHLIM(R)



HBE EAESOEE JiE H ERHE |59

42X 54 AR

EARSAEE AlA B GRS vislol] A sdE ol AA EAj] i A
Hrom & Aojlie shd84 ol Al mAee] S48 Higsl AR EARSEE

AARD wigo] Egstaiat gtk oS Y3l mAIRe] TAY S0 dish AR thao]
(a9 3-9%% £

AR A 2 902 Tty A WAl £l 2t Aot EAlsRdo R
FEO dRE 72T = Ut WA £ A%t e vlEido], iRl 5
F=, ol EHY 85 55 SollA 7IRlst 11 At X EHe] g TR EABE
—E‘:‘EH M2 ARAIG0IA frEd Bl AFE 0] worl skl 97t AaLE

[¢)

73% 9] 97 SR B SRR 545l 9% UWEE
SR E 5% Wi dd sPae] Alolodle e WA oAkl

EeH glEo] AARsHE B3l sHez HirE7] of# 2 A Fole SlEHTge A5
BAE AWARNY BlEs sPde® wigA7]7| = St webd =AIRSE d5sh] s
e FA e 9450] Ao T Folof itk

37) AQIA9] WheEke A oR AP B3] HoEls Tolg ofujtich SHAS T1E0R S RS A9
A Bo) shdgo 2N HoEE A RS At s



60 | =AY A ME =AESOIEE AMA 75 et

-

A 0]%4 9)(2022), p.708.
(O3 3-9) AR 28 2AX

B AT AESe) AL FUSE e AL YA Bow a4
W EASAY oligro R TRAlglon Sune} S EIAS B B
Bio] B nEow olg AruAT EAGH 59 4502 olgh Seud B
qE3] g BEAR P2 (T 3-10)7 2o At

SAES oEAAE 7 Nko 2 EANS0] S4o] wralEl EARLEAA DT A4}
Ae A5l Belsioict



M3y EAESOIEE 7IE 2 OER HE | 61

TAIES
I ]
IECE o
. BEE 49 - BHEAS
. BEE QY . BHESY
¢ HiSEIE 49
. % S
PE: 4 EIESY
g AR A4
(27 3-10) TAIES 2A 0 2ol 2 TUERIS Y5t Fo8e



ig
O

62 | TAESYXY M TE ZAI-SEE MA = ot

0.
r

EAESUHES
ASHE oEEY] 2

£ ol 94 E28 EAASAERE 913 A3 3
T '3]'111' OJZH E/\]Fq_},\— ]ﬁol:]._oﬂ %]‘—g- 7]33‘-7;71‘ X]—E J‘_q‘-“ﬂ}:_ /q%/\] E]E]ja %9391
W 9] 5 SHASe) Azl el 9] 53K SEE HES
stk AE o ARlE 1X7 B 39 141.5mmeo] 2AS) A
71 20224 8¥ 8~9Y AHIE AA O}Oﬂ on TFHoTL LY

|

¢

e A §9g st
o A% oS AR APATE Fuo) M 2 FFL vIAE o2 sF Are

W2 SIS S A2 59 A el A B o A
sl

d

1. BEKE 78 NS olmHe ZE
7t WE W SHASS BEAR 8

AEAOAE 12 SRR skl € B50kal o JIEUe $338) A=E
S7WSIAL ATt @A 2570 ARAIH 245719 stttz AT A= O] 9lom T djke
& 4-DI} gt ASA] skt oA A 2 ASA] E-dlolE oA AlssiaL

NE SR 9 ¥ ARE T4 st

38) A& @ddolE FAH2024.1.15), “ASA] si-TE 9 3, FAY: 2024.3.22.



HAY ZAIEOEE et ASZHY GI2™Y ZE | 63

(B 4-1) M2A| S22 204 X 1=
IS KER| KI=(H) IRHS AR[F XIE(H)
01 2 4 14 o} 19
02 5 5 15 Pl 12
03 24t 9 16 A 14
04 = 11 17 T2 13
05 Sy 12 18 =l 8
06 & 14 19 FSE 12
07 e 8 20 TR 21
08 A8 5 21 Tho} 7
09 35 2 22 Az 14
10 L= 3 23 Ty 14
11 o) 11 24 <} 2
12 oy 8 25 I 6
13 A& 11 ot 245

F D) TRAC SWAA Ao i AR 4
D) RIS 2087 gont e A 3.
3) RS 2791A SLot 210 AR 4.
§ =LA 2007 ot 1408 Az 23
A A1 dEbols BAH2024.1.15), “A1A] STz 2] A, N 2024322, TEafo] A 2,

TEAS B, FA TR, IET T 419 ol 2R AASHL /e B
A2 A=l Sl shrEE —rHﬂl A 3 FokRel ZHa 2o fAEkL U=
A3 =k AL Aol ARSI A 4] & & 5719 s oA AHE
Agetios AE Wd2 (& 4-2)9 £t

ol
ofl

el

H 4-2) TYM 92 WE 49| BEXY ¥

XEs 92 £0i(m) 218! 0l(m) e e
19-0004 1.7 0.85 5.9
19-0001 1.5 0.75 18.0
21-0002 2.4 1.2 6.7
21-0007 1.9 0.95 5.8
21-0003 2.5 1.25 4.4

A= Ae5EAI2023.4.18), S A@RT, AN 2023.4.228 85t AR 2.



64 | EAEAURY N0l M2 SAZ0IZE JA 75 wet

SUH 59 455 S5 AES IR AHORE B ASAIN 912 B2
o= o) el Hoke TAL AHE Agelgon, BEARE BE 5919 5L
3 g GelElole] el AFIIL e HLA SHEIEY AHES Open APIE
o8] 4 TheRE vio} BEAT. (1 4-1)2 £ ATo|N] BLT BE4Y] VEX
A3t s BEAHS ki ek

CEEX

T HESL HEXH
(E4+EY
CRYEA

AL H%ﬂ#%hxﬂ‘dﬂijﬂﬂﬂ(zozs); ALEEA(2023.4.18), ‘S @sY, AL 2023.4.22;
OAEE(2024.2.13), “BABARDT), AHMLD: 2024.3.245 E-8sto] Az 24,

O 4-1) N +AHENEE2Y) ¥ WE 2SS X-EAY) AX=



HAT CAESOHE 93t AIZZI ofEHel ZE | 65

U BE 49 45 S5 AR
1) 7= X ZE

W 99 55 S8 AUt A8l ARE a9 B2 F 4 &0] oM
oz A7 s Bl HsiAtt 248 #s] fs B £olE TIELeE 30%
oV ot st s A AdEA R EAeH, 1 dAls (O™ 4-2)9F
2k (A9 4-2)014% WE A 2017k 1.5m(100%)%1 7B-9- Xt =019] 30%1 0.45met
50%21 0.75mE EA[SIALH, o] F 0.45m oV 917 STt 3Kt 730l st
W 9] ok S=E AES ARl tiel] AISIAL JIT. 01714 9t 7HA] 2 A2
W22 917 100% 504l tsol= &, WEo] ARSHA kb= g A9

H47h BARTH AHdolct.

L

19-0001

1.0

% (m)

J[— R TS -
by 'MLI'W'JMMW!& (Y by L...lzl TP—

N
Y
e
e

A2t

Az AZ dYdolE F32024.1.15), “AEA] SteE 9] A%, AAY: 2024.3.22.5 2851
;(«]z]. H/H.X]-/ké.

R

(O3 4-2) ME 9 gt

a»

T OJIE M7 CflA|

39) sk ARe ALEEA g FRHESTMET A4tdat A+ 17 |e9)E B A= EEg
olof T EX+ ASEEA AFAEIIEH YRARE B8 WE 49 A7E ASA] SdolHFt
(https://data.seoul.go.kr/dataList/443/S/2/datasetView.do)ol Al 129 A2 S a3



66 | TAIEEXE HH0 OE ZARSMHZEE HA 75

2) ™

Mo

29 Bat 4T M W

Y 4-3)0IE BE 5919 4551 S22 AdsH WAl del EAsec
WE 5910 4531 SES 2] G5 SAHOR B2 pmoh WEe) st
RS WA SAR F B WA ol 2917 455h] Aele He EASA, olF
7F97 It AR O oA 5 WEY] St SIS Fo] the) FAIRI, ol %S
7wo) wislo] wetd WE49] Wk Te] WAk BAS § 3 7]7]0] wet
AT} SR BRste] S8 AMGHIY 439 95 Fp)
o] Al YA QT WE 49 BEAY 53] el BUsPA A8stgion 1 Ak
L (AR 4-4) ~ (TF 4-8)3 2ok, BE 9] 45577 S0 A= Arjol AR
A5l Helstacs.

J—, P ¢19-0004 X|E)» J—, P
= T Dk A I o LA Dk R o
| | 10 | 10
25 | I 25
| 20 ! 20
20 . o = 20 ! % E
oy E o) E
= E||E g
EAL 40 g Fs 13:06,0.31m 40 g
4+ o &+ &
— W 50 g *
12 \ E £
&0
05 i \\I
) =T 70
o B0
12:00 13:00 1400 15:00

Mz

A A4S AElolE WH2024.1.15), LA TR 59 FY, ANY: 20243.228 TL3to] A7}
Hk] Z]—A—]

(2 4-3) M2 29 45512 AT A Ol



HAT EASOIRE 93t AZZH ol HE | 67

<1 9-0001 Ingl) 2 B{mm/min)  — &84%/(m)
3.0 0.0
| ‘||'III i 1 | 1 ! I
- 1.0
2.0
2.0 =
. 3.0 "E.
E £
oF 18 13:11,1.17m el
<F 50 %
14 12:38,0.75m 60 RO
os TG 15:02,0.47m
’ 7.0
12:17,0.23m
0.0 8.0
12:10 12:38 13:07 13:36 14:05 14:34 15:02
Azt

Az A4S GuvolE WAQ024.1.15), “AEA] S4B 9] FY, ANY: 2024.3.228 BB31]
AR} B2,

(T 4-4) 19-0001 XIE WE 9| 45517 S AMS 9ist HaH
(1 9-0004 xl’é) 25 B(mm/min)  ——A%SSm)
3.0 0.0
I IIIIIHIII ||III I 1 I | |
1.0
25
2.0
2.0 =
3.0 '
£ g
ofF 1-° 13:06,0.31m 40 g
<+ o
5.0
1.0 ;;'5
6.0
05
7.0
0.0 12:13,0.11m -
"12:00 13:00 14:00 15:00 '

AlZt

A& A& drolE B7H2024.1.15), “A2A] oslH=2 9] %7, AAD: 2024.3.228 &85
AR} B2,

(d3 4-5) 19-0004 XY ME 2| 450t &= Akt

fjo
ol

] ral
Qs #2H



68 | EAIETYXY MY ME =AFFOIEE AMA 75 et

(21 -0002 IH‘J) s 244 2H(mm/min) — 834:2/(m)
25 0
III | II L

1

2 2
i
,é‘ 1.5 20:14,1.33m = “E
= 20:33,1.28m s E
oF £
<+, 6 O
<k
7 N0

0.5 20:290.54m 8

19:55,0.48m

9

0 20:18,0.01m 10

19:12 19:26 19:40 19:55 Azt 20:09 20:24 20:38 20:52

AR A GAOlE FH2024.1.15), “ALA SRR 59 B, AAY: 2024.3.228 B3]
AR B2,

(a8 4-6) 21-0002 X|H ME +2 45 518 S AMS Yot HEH
{21-0003 X|&) T SEHmmfmin) — SHEF(m)
25 0.0
] Iirrni I
1.0
2.0
2.0
1=
3.0
- 1.5
£ E
3}'5 4.0 %
1.0 5.0 <k
NO
6.0
0.5
19:16,0.23m
e 7.0
17:38,0.15m
0.0 8.0
17:16 17:31 17:45 18:00 18:14 18:28 18:43 18:67 19:12

AlZH

A A Sedold FH024.1.15), A SR 59 BY, FNY: 20243.222 F8lo]
AR B A,

(2 4-7) 21-0003 XY WE 49| 4B-5Y &

X

)

—

fjo
ol

] i
Qs #2H



HAE EARISCEE Qe AZZHE K2 ZE | 69

<2‘| -0007 Il?g) - mm/min)  — & 42im)
1.6 0.0
||||| || ||||||||||| I

1.4 1.0

1.2 20
; £
ot 17:49,0.95m 30 E
E €
F 0.8 40 €
0.6 50 0
no

0.4 6.0

T— 19:09,0.14m
0.2 / “‘“—\-a._ 7.0
17:38,0.12m
0.0 8.0
17:30 17:40 1750 18:00 18110 1820 18:30 1840 18:650 19:00
Azt

g A GUHIE WHQ0241.15), A B 59 B, ANY: 2024.3.228 B3]
AHAE B2,

(38 4-8) 21-0007 XM WE 2| 45-51F

o

a»

= At

mjo
ror

oIzt BTy

ol

o} B4 49 A58 S5 AR

EYA ARl e kst shrol $Xe EPmeIA ZHH el A5k
5 7] SIh WE 0] A% S AERAE SABA Sael] 183
Hoby S8 AESIE. ofF o) AL V2T Ut =9 49 BEAES
Open API %4& 0]83] CeRE We 5 022238 dEalgon SolAgel gt
A BT SAES SES ANSIATE. thik, Y Asle] 12 S9usk PIS
Hr} 7] 8otoE Wk 4 =S B 95} WE 9SS AEPA
A Wslol S0 29 WMok BUY THLR EASEON, AT (1T 4-9)
U (19 41000 2eh 359 B SE9) AR At AAFEE ASel Bt
et

5



70 | EAIESEAY A0 OE EAES0IEE AMA 7 e

500 22:30 34
450
400
350
300
250
200
150

ZHmm)

SHE

[
T

31
100

50

0 30
2022-08-08 0:00 2022-08-08 12:00 2022-08-09 0:00 2022-08-09 12:00

Azt
S HUSB(mm)  —— YR 29I(m)

Az AEEEA AFHE7IE™(2024), sPASS B5AtR E8sto] AR 2424

(O3 4-9) YUl 9| Hat £ AMS 2l HEH

500
450
400
350
300
250
200

i
o

12:40

HZ+H{mm)
81#=:2(m)

150

|-
o
N WA OO N B ©O

100
50

-

" 12:14 5
2022-08-08 0:00 2022-08-08 12:00 2022-08-09 0:00 2022-08-09 12:00

AR
— XA mm) — E-D44(m)

AR ALEEA ASRRIIEE020), A5 BEAE Bglel A%t B2,

(ad 4-10) =3 9| Hat £ ALS 2l HEH



HAT EASOIRE 93t A7 ojwe) ZE | 71

2. 6IE BT 718 AN EE F HE

7 dold 534 A 454 AE

FFETEALOMNE EARSAEE A3l EHA S doR EARSOEE ft
EAIRS G571 A8 AA A BN B8 Ths/de HESH] A AT
AAE 20234900 A AHARICIAE = S 719 &fr9er £
4-11 F)stal 7 il digt =ARS dlE +32 A8f 6ARE AP 7=
2] olH AEAIRMAPLEFOE o850t & dtolde 7E afel tigt 227
golg A9 A& B7HE S Fold &A= A54de 7] AsiA
APAZE 0RY W] ARE AR TSRS 7P oH AgAgte] 7Rt w2t

B 4y 242 B9 A2 We Sustc

S
(¢

Az SAR(2024), p.24.

a™ 4-11) =8 AR9 74

40) DAESEAL REATZ ALEE 42T o83 BAHGL.



72 | EAESEAY A0 OE EAESOIEE AA P e

1) ZCH7| YO|E GIEXIE 2AluH

7N AL Sl MAPLE A Tkm 2% SWES 7HAe, o) 1080tc 43
AZF GAIZIe] s 108 149) At AT 2, (19 4-12)9 2ol hwd Az
222 AAARIolek e v SHEIES] Wt o] 108 7H02 6AIKto] i ol
A 36717k A

oA st uiot ol R WA AR ARl 0RO BSAae ATt o]
ARRE AAZI0] 1084 F7RIT B ATelAE AgAie] mE 297 ol o
A0 AEAE AP ) FY HYAREES T RS A shio) Bedta
Jelz wee) BEAa} ol SAE Aolo] 4TS BASIGTh AT B 99
A8 AL 417 e,

BAIZt, 102 2+4(367H)

4AIZ}, 108 24%(2471)

g AR A,

(A 4-12) ZH7| 0| ZLUSKHR(MAPLE)

41) A4 BA49) A9 QuEoE 05 olAel A T A= Alolo] AHgo] rkn et 0.7 0149l
29 Ao] Erh BARIT T3 Albo] 80] £ A Alolo] Arigte] $AREE Ot Al
ohym % A= Alo]o] EAo] 9IS olmjgit



HAg EAFSOEE oot ASTH o2Yel HE | 73

szn:l(xl _;)(yl - 5)

= — —
\/Zl'nzl(xi_x)z ° Z?:l(yi_y)z

A(4-1)

7], r& ABASGcorrelation coefficient), 1= A&9] g, 2= A= 29 @ HA|

g e AR 29 B, v AR v (WA & v v B v AR Aot

Correlation coefficient

400

HYAZHE)
+-2023-07-11 -+-2023-07-13 =-2023-07-30 -w-H3
Am: PFeEAL AREATH2024.2)F LEot] AR A2,

(23 4-13) 712 ARFUM ZH7| ZRUEAES datrAls

O



74 | EAESUAY A0 OGE EAES0IEE AMA P e

1.00

0.75

0.50

0.25

0.00

Correlation coefficient

400

-0.25

-0.50
HHAIZHE)

--2023-07-11 --2023-07-13 —=-2023-07-30 -=-EHZ

A AL JEEATH2024.2)F E8oto] AR HA-AA.

(O8 4-14) HE ARF0ML Z=HY| ZRUEXES datrAls

0.00

Correlation coefficient
(o]
(%]
w

400

=0:26

-0.50

HYAIZHE)

--2023-07-11 -=-2023-07-13 —=-2023-07-30 -=-Tz7

Az BHEREAL AREAT0242)F BRI AR 4T,

(d8 4-15) =8 ARFUML ZHY| ZRUEXFS datrAls



MK SAEAOIRE 93t AR Ojse) ZE | 75

0.00

Correlation coefficient
o
("]
(4]

400

-0.25

-0.50
VYAIZHE)

--2023-07-11 —-2023-07-13 —--2023-07-30 -=%d

A BAELEAL REATN024.2)E B8] A BT,

(2 4-16) 22 AQ20MO| ZEt7| BRUEXIRO| AEe
1.00
0.75
0.50
0.25

0.00

Correlation coefficient

400

-0.25

-0.50

HHARZKE)
--2023-07-11  ---2023-07-13 —-2023-07-30 -wH7

AR WPFEAL REATH024.2)E T8Il Azt 2444,
(T3 4-17) BFH AQSAINS| ZE0| BLUSKIRY HEAL



76 | AR MO OE EAES0IEE AMA P e

€
2
Q
3
o
c
Xe]
&
L
8 400

-0.50

HYAIZHE)
--2023-07-11 --2023-07-13 —=-2023-07-30 -=-TZ
A BPTREAL ARBAT024.2)E BRIl AR HH2Y,
(O 4-18) MU ARLHNAML =HY| LR0SKIR| HEtA S

1.00

0.75
£
S 0.560
b=
©
8
S 025
o
o
B o0
O 400

-0.25

-0.50

MEAIZHE)
--2023-07-11 —-2023-07-13 —=-2023-07-30 -==-TZ
Az PFZLEA|A HEATH2024.2)5 B-&3to] ARF 2424,

(O8 4-19) M ARFUML =HY| ZRUEXFS datrAls



HAY EAELO02E I3t ABE el HE | 77

AR B4 A 40R(42A) o1F 0.5 I E= ofskE "ofRle AF9o] ST,
e, 3344, Aed, ARz vehsten, =8 &FH2 8 ghol 70& o5 7HX
0.75 oVd= =4l O}U% 7P £ AdE HolFth Bk AR 2oEA T ARR S
A57el ekt

A



78 | EAIESHUAY MO TE EAESOIEE AMA 7 et

2t 3 AAE

1. oHfA Zap 3 AN

B 5-1) SHQAR QOF

= | UM EH | A Ee 1= HA H 2xt
5 - Sl HAE oA AT =4
R I I (I RECEIE ) T e =
- Y7 - BASFATE ol8et SR
2 | (lkm Hp) | FE~1ARE | -584 )
-S4 AY - SEAAARAA)
- B8
AFE | (Flood risk - AT 7oA FEog B
— AL A7+~ Q] o feige) H O S
ae | CETA ) SRR A ol Au)2 2]
- ARG EA)

At&: Met Office(2014); 4184, o5&, =8144(2020); National Weather Service, “Advanced Hydrologic
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I Executive Summary

I. Necessity and Purpose of Research
1. Research background

O With the enactment of the Urban Inundation Prevention Act, implementing
urban inundation forecasts has become necessary. However, there is

currently no plan in place to implement these forecasts.

o There is a need to establish standards, spatial and temporal scopes,

procedures and systems for urban inundation forecasting.

2. Purpose and scope of research

QO The purpose of this study is to develop an urban inundation forecast plan

to prevent human and material damage caused by urban inundation. The

scope of the research is as follows:

o Proposal of the spatial and temporal scope for urban inundation forecast
o Proposal of quantitative standards for urban inundation forecasting

o Proposal of the urban inundation forecast system and procedures

II. Case Study on the Forecasting and Warning of Urban Flooding

1. Overseas cases

QO The National Weather Service oversees national flood forecasting in the
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o

United States, with the River Forecasting Centers responsible for river

floods and the Weather Forecast Offices handling flash floods.

o Flood forecasts are classified into Watch, Advisory, and Warning based

on the probability, severity, and urgency of flooding.

o Forecasts include impacts and instructions related to flooding, along with

updates on the current situation and outlook, and spatial and temporal

information.

Q Japan's flood forecasting system provides risk information at the

administrative level, using the Surface Rainfall Index based on forecasted

rainfall data.

o Although it has limitations in fully capturing complex hydraulic and
hydrological phenomena in urban areas, it offers the advantage of quickly

indicating the presence or absence of flooding.
o Additionally, a special alert water level for the public sewer system is set
to facilitate the evacuation of underground spaces, and when this level

is reached, information is disseminated to flood control organizations and

the general public.

O Scotland operates both flood forecasts to support the preparations and
decision-making of emergency responders and flood warnings to provide
information to emergency responders and the general public.

o The flood forecast assesses the risk based on the impact and likelihood
of occurrence of a flood, and issues a Flood Guidance Statement

containing flood risk information for the next five days to emergency

responders daily.

o Flood warnings are divided into alerts and warnings, spatially presented
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by administrative districts, and temporally defined by the periods during

which flood impacts are expected.

o Additionally, it prompts response actions by notifying the possible effects
of flooding and draws attention by emphasizing the uncertainty of

flooding.

2. Domestic cases

O Porecasting and warning system in other fields such as forest fire

forecasting, river flood forecasting, and weather forecasting are reviewed.

o The Korea Forest Service calculates and predicts the risk level of forest
fires in four stages using topographic, clinical, and weather data. It places

an emphasis on monitoring, responding to, and extinguishing forest fires.

o The Flood Control Office conducts a flood forecast when damage to
human and property is expected due to flooding, and issues a special
flood report when serious damage is expected. Flood warnings are
classified into a flood watch and a flood warning, based on the level at

the flood warning point.
o The Korea Meteorological Administration issues daily forecasts of weather

phenomena and a special report for the purpose of warning when serious

disasters are expected to occur.

Q The status of the domestic urban inundation forecasting and warning
system has been investigated through literature reviews and interviews.
o Many local governments in the country are currently developing and

operating urban inundation forecasting and warning systems, as well as

integrated information systems.
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o The purpose of urban inundation forecasting and warning systems is to
identify potential flooding information in advance to prevent and prepare
for damages. Therefore, the accuracy and promptness of prediction data

are crucial.

- Although conditions and situations vary by region, it is necessary to
establish equipment for generating predictive information, develop and
advance analytical methods to enhance data usability, ensure the
sophistication of analysis programs, and establish legal and

institutional foundations for system construction.

o From the practical perspective of local government officials, it is
important to provide predictive information that considers the rapid
spread of damage by urban inundation and regional characteristics.

- Considering the utility and efficacy of this information, it becomes
imperative to establish both temporal and spatial criteria for urban

inundation forecasting and warning systems.

Ill. Review of Urban Flooding Forecast and Warning Standards and

Procedures

1. Review of urban inundation forecast and warning standards

O Review of domestic urban inundation forecast and warning standards

o The review of Seoul City’s flood forecast and warning system, the
Dorimcheon inundation warning standards, and the inundation
determination and forecast standards of the Korea Institute of Science
and Technology Information (KISTI), the Ministry of Public Administration
and Security, and the Disaster and Safety Research Institute revealed that

not only do the standards vary depending on the purpose, but there is
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also a lack of clear basis. Consequently, there is a need for a nationwide
forecast and warning standard, as the current standards are judged to

be difficult to use.

o The assumed purpose of the urban inundation forecast is the
‘minimization of human and material damage due to inundation.’
Quantitative standards are reviewed based on the damage levels to
children and vehicles, which are the most difficult to evacuate from risky

areas in the event of inundation.

2. Review of spatial and temporal scope standards for urban

inundation forecasts and warnings

O To meet its purpose, the urban inundation forecasting and warning
system must usable for on-site response when urban inundation is

expected.

o To this end, we investigated the requirements through interviews with
public officials in charge, identified local governments’ disaster response
systems, and reviewed the ‘Crisis Management Manual,” the disaster

management system, and 30-minute disaster evacuation system.’

3. Review of urban inundation forecasting and warning systems and

procedures

O This study reviewed the river flood forecasting system and procedures
to examine the basic requirements for urban inundation forecasting.
It also examined additional factors that reflect the characteristics of

urban inundation.
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o We observed inundation caused by the inadequate conveyance capacity
of the sewerage system and flooding by urban rivers and identified factors

that could be used as forecast data.

IV. Review of the Spatial and Temporal Forecast Scope for Urban

Inundation Forecasting

1. Review of the spatial and temporal forecast range based on

observation data

O Review of the spatiotemporal scope using manhole and river water level

observation data

o To determine whether manhole and river water level data observed in
the Dorimcheon basin, where urban inundation damage occurred on
August 8-9, 2022, can be used for urban inundation forecasting, this study

reviewed the level of advance time secured from the observation data.

2. Review of secured advance time based on predicted precipitation

O Review of the predictability of radar forecasted precipitation data

o Predictability was assessed by calculating the correlation coefficient using
the 10-minute forecast data from the very short-term rainfall forecast
system (MAPLE), which has the greatest impact on securing the advance

time and accuracy of the forecast data for urban inundation forecasting.
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V. Results and Implications

1. Overseas case results and implications

QO In overseas countries, the spatial scope for urban inundation forecasts
covers administrative districts, and the temporal scope varies from several

minutes to two days.

o This suggests that information meeting the purpose of urban inundation
forecasting is provided, taking into consideration the accuracy of the
forecasting data.

o The fact that the standards for urban inundation forecasting are also
classified according to the target and purpose of forecast data usage

suggests that the purpose and usability of Korea's urban inundation

forecasting system need to be clarified.

2. Domestic case results and implications

Q Other forecasting and warning systems have different purposes depending
on the cause and mechanism of the phenomena being forecasted, and they

have quantitative standards for forecasting and warning.

o This suggests the need to establish spatiotemporal scope, quantitative
standards, and forecasting procedures that meet the purposes of urban

inundation forecasting, similar to the findings in overseas case studies.

0 According to the case study on domestic urban inundation forecasting and
warning systems, the approach can be divided into providing information
on real-time risk levels using observation data (nowcasting), and providing

information on potential inundation risks (forecasting).
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o However, the current domestic urban inundation forecast and warning
system mixes purposes, spatiotemporal scopes, forecasting techniques,
and forecast and warning standards, suggesting a need for a more

structured method for the forecast and warning system.

O An interview with the person in charge of operating the urban inundation
prediction system revealed that although a large amount of observational
information has been accumulated, the system to analyze and utilize it is
inadequate.

o This suggests the need for an Al system that can utilize a variety of

observed information in real-time situations, along with the development

of a system for analyzing and utilizing the accumulated data.

3. Results and implications of reviewing urban inundation forecasting

and warning standards, and spatiotemporal scope

QO The purpose of urban inundation forecasting is assumed to be the
minimization of human and material damage due to urban inundation.
This study reviewed the standards for urban inundation forecasting and
warning.

o It was found that at a minimum flood depth of 0.3 m, children experience
fear and encounter difficulties evacuating on their own. Rainwater flows
into a car at a minimum depth of 0.1 m, while at 0.5 m, it penetrates

the car engine, causing disruptions to driving.

QO The review of the on-site response manual indicated that urban inundation

forecast information is needed during the transition from disaster
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management stage to situation management.

o It suggests the necessity of securing advance time for situation
management, while also emphasizing the need for forecasts tailored to

the spatial scope of administrative system units.

4. Results and implications of reviewing the spatiotemporal forecast

range based on observation water levels

Q The review of water level rising velocity for five manholes revealed a large

deviation, but it confirmed that the water level rising velocity was very fast.

o Analysis revealed that it takes a maximum of 62 minutes and a minimum
of 10 minutes to rise 1 m, but the average time required to rise 1 m at
the remaining 4 points under review (excluding point 19-0001) was

approximately 18 minutes.

o This suggests that it is difficult to secure sufficient advance warning time

to use manhole observed water levels as forecast data.

0O Changes in river water level can secure a relatively long advance warning

time compared to the manhole water level.

o The water level rose after 16 minutes at Yangsan Bridge and 36 minutes
at Dorim Bridge. In Case 1, it took 1 hour and 6 minutes at Yangsan
Bridge and 1 hour and 46 minutes at Dorim Bridge to reach the highest
water level after rainfall. In Case 2, Yangsan Bridge Gyo-ga took 3 hours

and 7 minutes, and Dorim-gyo took 1 hour and 17 minutes.

o This suggests that spot-based forecasts and warnings are possible if the

speed of calculation for river water level prediction is secured.
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o

5. Results and implications of reviewing advance warning time security levels
based on predicted precipitation

QO The Dorim sub-basin showed a correlation coefficient of more than 0.75
up to 70 minutes in advance, but in five other sub-basins, the correlation

coefficient decreased to below 0.5 after 40 minutes in advance.

o In the Bongcheoncheon sub-basin, the correlation coefficient was below
0.5 after 30 minutes, and in the Seoul National University sub-basin, it

decreased to below 0.5 after 20 minutes.

o This suggests that the prediction performance of ultra-short-term rainfall
forecast data needs to be improved to secure the accuracy of urban

inundation forecasts and to provide sufficient advance warning time.

VI. Policy Suggestions

1. Spatiotemporal scope for urban inundation forecast

QO To establish local governments’ urban inundation response procedures
and ensure their efficiency, it is necessary to produce urban inundation
forecast data at the administrative unit level with at least one hour of

advance warning secured.

o This study proposes a plan to combine forecasting and real-time status
information sharing (nowcasting) to achieve the goal of urban inundation

forecasting.

2. Quantitative criteria for urban inundation forecasting

O To minimize human and material damage caused by urban inundation, the

following quantitative urban flooding forecast standards are proposed.
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(Table 1) Quantitative standards for urban inundation forecast (draft)

Level Standard Note
Caution | Expected to exceed 0.1 m | Minimum ground clearance of a car
Advisory ;
Alert Expected to exceed 0.3 m | Children’s evacuation range
Warning | Severe Expected to exceed 0.5 m | Car engine stop

Source: The authors.

3. Urban inundation forecasting system and procedures (draft)

O Based on the river flood forecast system, the ‘Urban Inundation Forecast
System (draft) that reflects the characteristics of urban inundation is

presented as follows:

o Considering the characteristics of urban inundation, where it is difficult
to secure advance warning time, nowcasting, which shares real-time
status data, and forecasting with advance warning time secured are

combined.

o Observation data is set to take into account both inland water inundation

and river flooding.



AR M ME =AFSHEE MA 7=

ot

[l

DB Az 00 ME(AAH)

HEna 2y
== —
Cr g +
=T
wnacy |
SR ;
| ‘AI JIEIE
T \Hrass
mﬁ—« ~
hY ) = =
L= =
% H i

Source: The authors.

(Figure 1) Proposed procedure of urban inundation forecasting (draft)

4. Presentation of urban inundation forecast (special warning) issuance

statement (draft) and enforcement ordinance amendments

O Considering the uncertainty of forecast data, we propose that the order
provide information on the scope and timing of inundation, as well as
information on the scope of impact due to inundation, rather than

specifying the exact forecast point and time.

5. Enforcement decree amendment (draft)

O The review of the velocity of change in river and manhole water level data
revealed that the velocity of change in manhole water levels was very fast,
resulting in not only the production of forecast data but also the usability
of the information being judged as very low. Therefore, an amendment

to the enforcement ordinance was proposed as follows.
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(Table 2) Amendment to the Enforcement Decree of the Urban Inundation
Prevention Act (draft)

Before Revision

Article 11 (Implementation of Urban Flood Forecast, etc) @ If the Minister of Environment
intends to conduct an urban flood forecast (hereinafter referred to as “urban inundation
forecast”) pursuant to Article 15 (1) of the Act, the measurement points for the urban
inundation forecast and the standard water levels, etc. must be determined and announced
in advance. The same applies when changes are made to the announced matters.

@ The information provided through urban inundation forecasts is as follows:

1. Information on actual measurement and predicted water levels of rivers and sewers

2. Information on the risk of flooding and the extent of flooding due to flooding of rivers

and sewers, etc.

After Revision

Article 11 (Implementation of Urban Flood Forecast, etc) @ If the Minister of Environment
intends to conduct an urban flood forecast (hereinafter referred to as “urban inundation
forecast”) pursuant to Article 15 (1) of the Act, the measurement points for the urban
inundation forecast and the standard water levels, etc. must be determined and announced
in advance. The same applies when changes are made to the announced matters.

@ The information provided through urban inundation forecasts is as follows:

1. Information on actual measured water level of sewage

2. Information on actual measured and predicted water levels of rivers

3. Information on the risk of flooding and the extent of flooding due to flooding of rivers

and sewers, etc.

6. Proposal for future research projects

0O Based on the matters investigated and reviewed through this study, the
following four future research tasks are proposed to establish an effective
urban flood inundation system.

o Research on ‘developing a technique for selecting representative urban
inundation points’ that can effectively monitor urban flooding in advance
and use it for prediction

o Research on ‘developing a Korean version of urban inundation prediction

model’ by applying relatively simple techniques such as the tank model
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to secure sufficient advance warning time

o Research on ‘developing an Al-based urban inundation response and
management system’ that can provide refined information by selecting
data that can be used to reduce inundation damage among observational
data collected in real time

o Research on ‘improving the prediction performance of ultra-short-term
radar rainfall forecast information’ to produce high-accuracy forecast
rainfall data, which has the greatest impact on securing the accuracy and

advance warning time of urban inundation forecasts

Keywords: Urban Flooding Forecast, Forecast and Warning Standards,

Spatiotemporal Scope, System and Procedure
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