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ABSTRACT

The demand for climate and meteorological information prediction is increasing
due to climate change. However, there are many difficulties in predicting extreme
rainfall, which is concentrated in the summer or in the rainy season. Extreme rainfall
characterized by a large amount of rainfall in a short period of time is a major cause
of various water disasters, such as embankment failures, overflows, landslides,
inundation of agricultural areas, and urban inundation due to sewer system overflow.

To date, disaster mitigation and management have focused mainly on building
dikes or designing sewers to minimize maximum flood damage by probability rainfall
through frequency analysis. Recently, however, the frequency of rainfall has been
increasing, and the development of rainfall forecasting and precautions technology
that predicts rainfall is urgently needed.

This study developed a method for a precipitation retrieval algorithm consisting
of combined COMS rainfall and radar rainfall (Rain-1), COMS brightness temperature
(TBB), and radar reflectivity (dBz) with a database of co-located Global Precipitation
Mission (GPM) Dual Precipitation Radar (DPR) Level 2 precipitation, rain flag,
precipitation type flag, land/ocean flag, convective/stratiform flag, and cloud top
height flag. The Rain—1 and Rain—2 algorithms were compared with the COMS rainfall
algorithm and radar algorithm for the case of the Busan city flood of August 25,
2014. The results showed that the rainfall of the Rain—-2 algorithm based on blended
TBB and radar reflectivity was more accurate than the rainfall of the Rain-1, COMS,
and radar rainfall retrieval algorithms.

Rainfall data obtained from satellite data were used as input data for the 1D-2D



Coupled Urban iNundation Analysis model (CUNA) to evaluate the applicability for
urban flood analysis. For a test case, the rainfall incident that caused inundation
damage in the Oncheon River basin of Busan on August 25, 2014, was selected.
As a result, it was determined that the rainfall data using the satellite data showed
sufficient accuracy to analyze the cause of inundation through urban flood analysis.
It also showed potential for use in inundation vulnerability analysis as well as in
flood analysis. The results of this study can contribute to the development of a
real-time urban inundation forecasting system through the combination of predicted

rainfall data using satellite rainfall and an urban inundation model.
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2.1.1 GPM (Global Precipitation Mission)

GPM 91442 20149 2 28U 24 34| 378, A& tj|7HAat SFAlE oA A543
O F ¥R} EQitt 2005\HE ARE7] ARRSE 75]]4701”-}?*‘7:]’—5‘%“(G10ba1 Precipitation

Measurement, GPM)& A|9] & HE, < H 5 I5ok= o= v=
FEF=HNASA9] 94 7|« i_‘%lioﬂ whe} YR 92T IIAXA)S] FHo R TE

W= ATt GPM Y439 A4 AlAlQl DPR(Dua recipitation Radar)= E59 +
ZETE ofy e}, AZEY f1A]o] whet Holshe HieS AAIY o oW, A 3DE
W&ot A 7hssttt. misolA ZidE vlo]Z=w) o] u|E(GPM Microwave
Imager, GMD+= 7t A7) BEg IS5 4= 9oH, F AAE A8 GPM
4 HEEY 7129 Aade 15T 7 e o 7V EARETE g E A
AA] oF 90%= SPE= 22 At FEFE W 3020t B 4 A

(Figure.1).

GPM Microwave Imager (GMI)
(10-183 GHz)

Dual-Frequency -

Percipitation Radar (DPR): —/

KuPf: Ku-band (13.6 GHz)

KaPR: Ka-band (35.5 GHz)

/Range
Resolution:

Flight Direction
407 km Altitude
65 deg Inclination

Figure.1. GPM 94



GPM #o] £ Foll 7FF 83t AA F9] sl FH#olE(Dual-frequency
Precipitation Radar, DPR)}= KufiE #o]5(KuPR), Ka¥i= #o]t(KaPR)Z 4
g0 lom, KuPR A= 13.6GHzZ ©]3 TRMM 91439 AlAet gow, 52 4
L= 250m, FEMA e Skmo|thFigure. 2). KaPR AlAlE GPMIo] YAl A&
A "@AE AXZ 35GHzY] FoE 7AW, 2] s 250/500me ™, 884t
T KaPR AlAeF 22 Skmolt.

Figure.2. GPM FZ2{0IC(DPR) MIA

GPM Atz Level 0, Level 1A, Level 1B, Level 1C, Level 2, Level 3 &9
FHE AFEHt Level 0 A== 712421 HEL} HoJH missing®l e FE=A
At FANAE ATEHA A= FHo|t}h Level 1A AE= AlAfof tieh JH, Ik,
A, AA, 4 AdE 59 FE=H o] FH EIF vt FA A= AFEHA b=t
Level 1B, Level 1CA&R+= 7]5H4Q1 B A= WHAME g A== g2 A5t
t}. Level 2 A WA g1 e oA o 4Hy] dare}go] wet o=

e ke AlSR. Level 3 AArE SAIZQ] S o]8sto AlSiHA Aoz A%
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ot | A=2E AT Level 3 A= S04 GPM A4 Apantoz Hilslo] )
St A=7F 9lo™, GPM Fof 143t of 2] mola gy} HH A, FAAE F1/d00A]
AREEE e AFoto] AEIAE 308 10kme] 33t SIAERE NASACA] 7
3lo] AlFE= AEE GPM IMERG Ak&oltt. Level 2914 GPM 94 o]573-9-dlo] T
(DPR)OIIA] KuPR AllAoll Algdhs 75, KaPR AlA A Algdk= o] 9o,
KuPR, KaPRY| 5% gk A= BA 0}04 AlEst= DPR 25 b= Xﬂ%ﬁi L

QUAsk A dlolelel 5blston], DBS Folel COMS-elold 29 345 AH3
ez A3t

2.1.2 Mefet 2y

=71 gAE ] =2 et $4d(Communication, Ocean and Meteorological
Satellite, COMS)2 AFALEAE 36,000km 1%, 574 128.2%00 YA|sto] 714t
IS SAMHIA YRS che vt 2] BAAE Ed91/dolH. o
/42 20039 FE =7F SN S7] A" wiEh 713, asel s, SR
5 58AHY8] SEARI e R S50 s Aol SEF A
o= NS YA, ZFAC] EDAS AstriumAtet Ul=2] ITT7} 319 F3|At=
o, 20109 6¢¥ 27 HH| ZFAY 7ol = SFAE oA 54 0= ARSI
of 19 AR WS BIRESto] M55 2748 o|ske] ARF Ao = WSSkl
/9] AlYE S0l 2,497kg & 7H0] YATH R WAL 71/ FHSAA, §f
FHSAA, T4 FAA(Ka-band)E EASHL 1o, o] fIHLo =& <l 15t 42
O gRE 30& 7HEH0E FAlSHL I 71 AtREE BAAl 158 1H, A71AA

2t 82 714e] o] A5t

718 A= vl GOES-85 ~ GOES 135 4 Y& MTSAT-20] FAE 7|/3AlA
oF FURL AAE HAISIL tHTable. 1). & 5712 AlAE EA=0] 1o, 7HAIAl
(VIS : visible) A= 2] 7FARA] 99U 0.5 ~ 0.9m o] A=
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U FEolMe] 2EE S5t 584, B, A9 E, s 2k 59
18 Eeigtoz Hesto] ol gHnt. AlMo] ZF Ade] JH= Table. 291 2|5kt

A

Table. 1. COMS MA{ E%
A I ) S 2850}
NN 0.67 1km tFEGY, EAlE-CIREE O [2SHE
prtlpStol 3.7 4km ORIPN & 5IER, A=dX| AHRE F=
57| 6.7 4km SAE 7| £371E, &30P 2y
el 10.8 4km TEEE, oflrH 2 SRS
Hep 12.0 4km TEEE, oflrH 2 SRS
Table. 2. X FXRIE 2 MM
2 HS N IR (um) AT
1 VIS 0.55-0.75 Tkm
|:||;1l GOES-13 2 IR 3.8-4.0 4dkm
(=GOES N) 3 VW 6.5-7.0 4km
2006.5.24 4 IR 102-112 4km
5 IR 13.0-13.7 8km
1 High.Res. VIS 0.6-0.9 Tkm
2 VIS 0.6 0.56-0.71 3km
3 VIS 0.8 0.74-0.88 3km
4 IR 1.6 1.50-1.78 3km
o2y 5 IR 3.9 3.48-4.36 3km
MSG-2 6 IR 8.7 8.30-9.10 3km
(=MATEOSAT-9) 7 IR 10.8 9.80-11.80 3km
2005.12.21 8 R 12.0 11.00-13.00 3km
9 VW 6.2 5.35-7.15 3km
10 VW 7.3 6.85-7.85 3km
1 IR 9.7 9.38-9.94 3km
12 IR 13.4 12.40-14.40 3km
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Table. 2. FAH A= 2kd MM E(HS)

AN HS WS TP (um) A=

1 VIS 0.55-0.75 1km

oz 2 IR 1 3.8-40 4km
MTSAT-1R 3 IR 2 6.5-7.0 Skm
2005.2.26 4 IR 3 (W) 10.2-11.2 4km
5 IR 4 (Near IR) 13.0-13.7 4km

1 VIS 0.55-0.90 1.25km
=2 2 IR3 35-4.0 Bkm
FY-2C 3 W 6.3-7.6 Bkm
2004.12.24 4 IR1 103-113 Bkm
5 IR2 11.5-12.5 Bkm
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o] B BE BFchE 17 Wo| Wi Agiieiel BZo] o] Aok s, g A%
2l BEsle di oF 127]%0] 2880 tehy MAF BYREL o 27120] 4
a8, ke FoAT YR Hol 187150l B3] ZFsdiet. ARE Y
ﬁwx—:ﬁ e ARES vlo|Ue] Aag S4lslo] H9] AYL TBE 25 ko2

B ATolAlE Babgel heth, BT, QAT BT, 470l AH giXsh
o= A7 o] ete] JHARES 8] 24E REY FOARE o]83to]
A S Sgah LA 9O FRAA 14.13km=2A FABAL 56.28km?]

o 97 2R FAEAY oF 28.2%F HSHT 0P §99 B Figure. 3° 2



ABZHA], 2004). £999] FETo= F79AHEL. 801.5m) Al B(EL. 601.5m)°] ¢
Aokl glom AEFCEi= FHE(EL. 387m), =-84HEL. 152.3m), THAKEL.
427.9m), FAAHEL. 400m), HIAHEL. 254.9m)0 & ETiKjo] Qa1 SZ o gL ULt
(EL. 317.4m)e] YAIskaL Ut

29l e HE Fsigo] Y|5ka 9lo] HEe] AFNHgo]

Figure. 3. H-ICHA XIS
2.3 1D-2D Zg TAlEs oM 2

& AFoA= Lee et al.(2016)°0 <f3l 7€ 1D-2D A ZA-S 34 2=
g-goto] LAIZS 34 (1D-2D Coupled Urban iNundation Analysis model, ©]3}
CUNA)E 433ttt CUNA 22 Figure. 40429} Zo] H<E(storm drain)ofl A
22H A 553 12K skt Aol 9] R mgto] ZHs e s A I =]
oA ZAGZE sfAT s de] o] €& &= Storm Water Management

Model(°]st SWMM)2 W& 7|02 3 &f-oA TS fEFo] g HaEs
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(water head)*

A HFE FAlO AL

CUNA 232 2% )42 915) Bast dlofeo] o] g AH 2o Arhaio.
B gL m | AREE BHE 7T QAT AEE 527 B 552 )

S

W58k LAdEo] Qlo] AlA| l:._*] Oﬂ/ﬂ Ay 0}“ 0 ST FARSH 2o &
T Atk S 7HA AL QUoh TR ARGARS] WOl gl F-9 9] A4 wEt AR
AR} B2 AXE AEsto] A EH AL FAT 4 9o L2722 uat IA5H
HEE o] Qe FarollA AJATY Sked Abo]o] fEugo] Zhsole s A E o]
Hop AAIe} fARE 55 sf4lo] 7hsshe A=l ottt ARH FE9 ¥ 1T
T o= S 7HA AL IeKlee et al., 2013; Lee et al., 2017). sfgo] o4
e} S Alo]9] TRE AA F7]|9] AARE U+0] Preissmann slot 2&o] 7|8+

Fo] 595t WA Al(Dynamic equation)2& 3J415ka] B4 J7A] 15T 4= 9
U= s 7HRAL s
NeF &8
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inflow .> overflow
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manhole
Sewer pipe
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CUNA 2L 3319 HH4Al(Shallow Water Equation)S 498K z-direction)
O 7 AT 22 ASWHATY LEFIHAE o&sto] fA 5 sS4 Sa¥shH

AD~B)3 2.

o



| BRI TI5 ATIE EARRS SRR 71 Tl

oh oM  oN
Bt g—"_ Ty rr QSfolﬁl (1)

o o1
oM oludM) o(vM) oH o My (u? +v?)
ot~ ox T oy Iy 9™ pi/3 @
oN (udV) (vN) _ ha—— 2 Ny u? + 02 (5)
ot ox oy Iy 9 B3

oq71A, b (), t 1 A 1_(56'6) M(=uh) : 29 §F ZHA(m?/s), rr 87

Fm/s) Goorm © NIRRT JpTE Abolo] ST WS G (m/s), v Y
FE(m/s), N=oh):yBF 5 25/ s), vy FF 5m/s), g - TH/IMEE
(m*/s), H(=z+h) : Y, 2 : AI(m), n @ AT

221 Auulg Aol Aol Hast 7 W] uix|et BAAE x yuFe &
FEHAM, N), B 55w, v)& AR BAGE S WY FH)elA, ()=
ARLY] Aol A AHOfolal Leap-Frogh& o]-&dt] Akke it L5140 A3t

Bt 24 W8-2 Lee(2016)°] AHAS] 714 0] OB R 2 WA ox= Bt
Eli=g

79 AA=0] 283t FAste] CUNARFL 9] 99 AAo] T 749 AMS 28
oh= W, Thissen'd E-85to] 19] G ol =9 A 719 A5 H8ot=
2 29 gloleu gAY} o] AXFH ] AIAE AR 5 &% & Slrh
Thissend< &8k 42 AP AAE ArE E8ohe FLolle 4% A=
4 AA(x, y ) FE}F F5YY(Thissen ¥ E= T8 I7]) JH T80 19

9] /i ARLe] A He} AR} 77 ARE ) B FY %3

oﬂ gare wx= weoj= Absit

o=

Ju



N
re
-
Pl
T
$a
0 o
i3

2.3.2 1AM ot oM 2

EAAS S WS o] Tk R iSRS VRO TR 5 ot
7 MR pol W4T, WA, i, B, AYAY Bt e X
S4UPL ololF ae} ST, WE, SR 53 Zo] A4 K3lelA A%

8 AT U *—aﬂs}h 42 78 A8 # k. EARI Lol

2
P9 AAY gl 42F]
sto] A4 2] HlolEE &8ste] RS sk Zo] efZo]
CUNAEGofA = floflA Ag3t viel o] Yo, WE, shedtz, viaEHy 5=
2ste] sk WA Rt Sk RtE YoM 9] 90] 5 & siAS
Nz S5 H=2 5F 342 Aol =3 o 3= Preissmann slot 282 °&
skt Preissmann slot 232 742 553 TE 552 A0 AT = A=H
=] Aol S 71 7] &30l A =] Tt 7Hste] =S ER 7H—’F§ 5
S EYS AR AT o Qlrke RS 7L 2o 4] (H)9] 1AM A

AT A (5)9 SEPPHAL §3 AHEsle] mOlS Sy,

.

(AL

%+ %: a= )
kI

S Tam P PR Jf/lgj) ©)

oA7IA, A 1 BHBRAmYs), 1 AZHsed, Q 1 FHm?/s), ¢, : B4} S5
2 Aole] 9] Aol WeGHm?/s), g, : SNGTR} WEAole] T ol wak



| BHAEAL 71 ADIE AR R T1E W

R /), u  FE(m/s), g » FH7NEE(m/s), H, @ FoZEA(m), n @ SR
e 2=ASE, R 155 (m)

Met MEAtolE AZol= sked=e I
AZte] AAlE Q1= A9 Sl FH(h)S
75t leap-frog”7|™= ©&3to] A4S w3etet. 12y CUNA R oAM= st
= o] 919k A HHO] =915 Hlusto] X HAT sl Alo]9] wehRRRE A
SRR 4] (5)ofl4 AtEs FHHA(4)S TA(h) 2= HEAIAZOF it dREE o
B SlpdEs 9% B A 3
= 9% TR 4T @
characteristic curve)= &3t 4] (6)= °]&5to] BT HAS 402 HEA7|H,

slepze] Gao] A A9 & (1) BEStel BT oR SH0E WEk
71t

o
=
)
9
i=)
Qo
N
o
Ja&
[
gid
E_[:
i)
N
N

h:{f(A) A< A, ©

o714, f(A) 1 FEA FA4A], 4 R 5EY w9 ELTAA(m?), 4, @

A BE skedre @A (n?), D 1 skeRS AY, B €% Em

ho+(A—A)/B, : A> A,

S S5 S

hz{A/W DA< A, )

71X, W otpHREL] E(m), h, : oFHEL] =ol(m)
Preissmann slot 289] A 7l 7] £ 71 slot9] 2 A4 ok= i o 4]

@2 ohgzi.

; ®



A7NA, g @ FE7EEE(m?/s), a @ FEI AoREE (/)

CFTEANNY SAARD

£ QATolA] ol 85 CUNARY 238 AXEW 4 2w 134 S50 814
BYL S5 LERFY e AEAT e Aolo] Festa 2o uet
ulste] 24E Plojot Qefua A M Estol At NEAL] E2o] f1Xs}
QU Wl RFuste] Polhes YAt et s sz S9lot
AR 912 A Hlwole] AFHS A5 B A9 Ao AL Fuol
sET g s o] 44lo] 3K Wsteo] S04 BHS S & 4 e
webr] CUNARBOAE A4 AE57E A7 Hol S4B Rt 3478 19
I 0 Ak AW EAFE AGE QAT S FAU AL AW
oA Berge 3T 5 Y= stk W

o w2 ol 94 99| B4 BEskn G 479 Sl Ak ek
7Hgstal dom Het 59 Fw) 0.5m, Zol(L)= 20m=E 7Hgstal em 11 &
olg ZA3tT Sl WS Figure. 59 2o] W4TE LIS Y= A%t B4} 31
B2 47 34 Aold] AnE ANt P47 S4BES} 0.2m ng P ol
=lo] Itk F4Asto] 1 HuE At $ A4TE] ol(h)2 W 4] (9=
A5TEY 24 A g3t AL Uehdich
i
oo 21 ©
ot Ay
A7NA, hy @ BETEY $9(m), 1 Ased, M: A5TEo] AZH sz

Axjo ABE Ae] & A, Q1 WSTFEON QAW AEAT slB A7} Ao]
o B TS [ F G(m’), 4, 1 AFTEY AEFEAm?)



| BHAEAL 71 ADIE AR R T1E W

distance = J(xgi- ) B V)

= : 2 x distance

h=VIL W)

V= assumed connection pipe volume between storm drain and sewer pipe
2 D = assumed diameter of connection pipe
X

h = height of storm drain box
L = assumed length of storm drain box (=20m)
W = assumed width of storm drain box (0.5m)
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Table. 3. Applied Manning's coefficient (Kalyanapu et al., 2010)

Index Manning's coefficient

Road 0.012
Building 0.0404

River 0.1825
Mountain 0.4
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Table. 4. Applied run-off flow coefficient (Lee et al., 2015)

Index run-off flow coefficient
Road 0.75

Building 0.75
River 1.0
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Table. 5. &aA F8 ZARain-1)

o= SE7:
(x| Flrad

) 0.5 0.6 0.7 0.8 0.9 1.0
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(b 0.15 0.032 0.042 0.0571 0.066 0.079 0.092
© 1.75 1.474 1.526 1.542 1.569 1.612 1.661
(d) 0.55 0.078 0.081 0.111 0.171 0.142 0.180
© 0.15 0.003 0.004 0.014 0.040 0.058 0.068
() 0.90 0.073 0.105 0.164 0.213 0.280 0.352

RMSE 0.43527 0.40461 0.3666 0.3360 0.3238 0.2998
Table. 6. &8 =8 ZKRarin-2)

H = SEA=
N A
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© 1.75 1.454 1.450 1526 1.541 1.580 1.605
@) 0.55 0.073 0.081 0.106 0.123 0.143 0.158
© 0.15 0.004 0.005 0.008 0.020 0.031 0.049
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RMSE 0.4331 0.4073 0.3639 0.3390 0.3119 0.2832
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