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Threshold Runoff Computation for Flash Flood Forecast
on Small Catchment Scale
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Abstract

The objectives of this study are to introduce flash flood forecasting system in Korea and to
develop a system for computing threshold runoff on very fine catchment scale. The developed
GUI system composed of 9 steps starting from input data preparation to input file creation for
flash flood forecasting compute basin subdivision, hydrologic subbasin characteristics, bankfull
flows, unit peak flows and threshold runoffs on about 5 km® scale. When the developed system
was applied on Pyungchang IHP basin, the computed 1-hour threshold runoffs ranged 18.72~
81.96mm with average value of 46.39mm. Judging from the comparison of the computed
threshold runoffs between this study area and three other basins in United States, the
computed results in this study were reasonable. It can be concluded that the developed system
on ArcView/Avenue are useful for computing threshold runoff on small catchment and can be
used as a component of flash flood forecasting system.
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2 X
2 ohpel 518 SuEran Aaslel e Tl mek vage Rel AGERE 44T -
e AoeE ehen) v YHAR Ao el A8 A 5 S 9wl PAR e

€
. B A 7ER ArcView/

* AFUsty EEFA ety AAlay
Graduate Student, Dept. of Civil and Environmental Engrg., Sejong Univ, Seoul 143-747, Korea
(E-mail : syriwoos@intizen.com)

% AFUEn BAYATA  EERA T Hug
Associate Prof,, Dept. of Civil and Environmental Engrg., Sejong Univ, Seoul 143-747, Korea
(E-mail : dhbae@sejong.ac.kr)

e 7] 4AT L o BATH, A
Director, Forecast Research Lab., Meteorological Research Institute, Seoul 156~720, Korea

&

B

7308 Mo 20021 104 553



Avenue 71¥+e] SHARES A GUI Ao =il B gl Ag 7hsst Ao gdro] &3 il 2

FFodn Axde] drz 88 £ 9lg Ao yrhdct
#AB0| - BAREY, SUES GUI Al2E, GIS

M= runoff model)oll SHAGETS sl A As)

A fololl Tt dAlskEd] 8orEl AR A

o Arevksl dun 2 v 5o XEE sl BUESTS AreR Kot s BUE

Wsle) wer 7|Edsle] ko r xFAke] off AY S AR AlxEle] ZSA]] B Vel SRR

A AFTe= A8k B At AaulsiE Ao o) 8, dojy W AFHA o mRE -1, 3, 6A%

k. 193, '95, '99'de] #¥ gl '93vde] viE v
AN G i 198 B A frofel ol
7 AR, el (90l Bt
ool digret 196, ‘98 ﬂ7]”H x| o] 57}
stk 53] r90de FRlole el £A40]
galEEy TR A FFE9) % BUESvE v
3] dAgska Qlrk 2
ek Al 68, A% 27‘11 L xnﬂu 8 1,186 °1919]
E4E zeg Fo] dEAY oIt = wEAIT A

oleldt BUESE Qe W3 Hislr] sl

1998).

Ae R A Y S TR A Frade
Nzl P& e vl PEE gEe Wasle) 3718t
2k gehd FolA AT e A-vE B
Foll o5k Boelm A2EE B9 AUEAE v
= %}E‘Z}Lfn' 3%0}71 HHE— l 2 "C%* ARkl B

Nald, @34 eles elg ru Hae) 4
mol che WTEA dhalel sl SEEFARN

A 28l(flash flood forecast and warning system)
o] o] ofi: wiRTh Fo3kA ATk
u)ate] S+8)7)AH(National Weather Service) &
ol g8l gy BUTFIAE AlLERE A
o] _,_E_ILH nrgl sAkelAe BRow - FAE]o]
o] BEL 1 3 6AIF 5 A WAk
3 %‘?‘?91 5\3}‘401 255 oplshedl 8ty
s{flash flood guidance)& 71]
AmA - YA} EnehHe)
e 54T dAle] B
Aol wl deiach weh BEEgsd EYol ¢
A EapPduol)x] Ashde] WS ofr|sikav m:ll&k:
G598 352K threshold runoff)& AFdskiL,
EorRS molgt 4+ e AS{-ERE 3 (continuous

o,
i
j)
[l
2

>4

o
I
TR
A
o,
o
o Ly ﬂl‘ﬂ
©
rr
io of
f ot
HT o2

554

Jm

5 =4 UshIgh Bokel B9AS Abdel ofsahs ¥
Folrk. ;ﬂ.mlq dui= FF 54 TARE 53 o
=

, 90 =
z:%‘((ﬂb)ol iﬁﬂ&mﬂ wr}
7FsskAl HAeh Sweeney
19+ BWE4se] BFEANQ A dae]i=s A
81990, Campenter?} Georgakakos(1993)i= GRASS
(Geographic Resources Analysis Support Systerm) 7]‘3}
.,] u]}\ooﬂq 5}74] E]:._ }\]-2461- 2= ol‘— OLJ’\/]
7p+stedct ©=3k Carpenter $(1999)-&- '??‘;‘%%’4’1‘*‘6“%
AHsR=t] 9o F8ek AEE ke ﬂ?ﬂ e A
4717 el thgt 542 B4 AXEIILE el e
wiug =(2001)°] _giOWOP 9] 7} XA 3
d} ¢

SEES sk A vl glon} HAHL FHESS
of o3 =MESE oraly]| ¢ EHH“ L A zz}ﬂ
VafgollA IAREES AT 4 di E
M AeAdS AFEIEe

b B Qe AR WDEN) 45t

AR A AE S o] g3l A 4k
Bo% 9 SAGESS AHHor 4T 4
orS AAEaA Bt HEE ArcView/Avenued &
Bkl GUI Mgy rEsho g niairielAl 84
& Ao HeAE ATst it

Felel A

A}Tlc l:ﬂ-

BEXRE 1 AE AXE



>

I ms

L)

K
o)

3

’l

2 slgl AdElel Askd
9 ﬂ”c}% %%3}71 A&l 348 dod|z) ARt
o Aol ol {97 Ay B4
of wet ek wEp FARERHEE A (DM
2ol TAee] HFFF gpR(cfs/mi2/in)dll F-HA
Ami2)9F FEF Riin)& #3 glo]l §9 &5l
o] AMMEFAF Qplefs)9t Fddlth=t] 75l Ak
4E k. & w9k VEdel B aAzt
frdutell 24 #5aA e
A3 LAl AHFE TR

cE %zs_%% RE A (Dol BAfESe) ageln,

r\r

o

ol T 4 (2)sh 2ol AT

Qp = QDRRA (1)
@y

= i A (2)

o7|M, AL QpE
He] EAlS o83 Manning X225 AAsh=
ok

of APgehE Wgo] Atk WSIEe] HFRF g A
5 2% 2 AR S 4 Vs fusl
o AR & ot YRl 45 HAL vAS A
[e2]

Hole wWHogs Uge aRE ey
(Carpenter} Georgakakos, 1993).

(1) Manning9] &7+% & GIUH

(2) Manning?] &% & Snyder A=

(3) 2J99E &% & GIUH

(4) 299% 253 & Snyder FHHEEH

a7l 12 $AREES AREe AN 7Y
875 ARd U Aotk olf sl &
A AMSE 7IHE Aeyd ogs) 2

2.1 Manning2] o

32,
£

2 o)
A7

ETR
e ddet e ~
A dR7t AR de] §
st} Henderson(1966) ¢l 910
A 29 A4} Manning
Yejo] =2 Manning 342 FjFos AR
shAgAolele AL & 4 Qo wlebd A
52 Manning F025E Abdo] 7Psah,
FAY), BB, SI=AAKS) 2 g4
2RE] A (3)7 o] T}

o
2
=
o
o
S
o
i
®
Rl oZ

tomy o

= o
I

9
=1
l%
m)E

5/3

1.486 S.5B, 1V, } 3)

@ = n m+1

Qu =

9714, ne Manning®) FZ=Ao)H, n=0.035 o
W ZEAFE A (4)eF Zo] AL N 2 A
Age] g,z THHH Jarrett, 1934).

. - 0.39 $°%
AH8-8h= x]ffé@ﬁ ERA A (Rodngu@zgr Valdes, =Ty, 7® 4)
1979% ol43h= Wgo] ok webd dAESS A [ m+1]
SHHREH
R=Qp/(qer * A)
ngase HYESY
Qo QR
Manni A gl
Ul - Snyder®] EEE
< o 2202
Qo Qe BEUT =tHAT
| | | |
St& el AQ © Snyder H 4 ot&l ol
P =9, RELE Co, Ct gopge
a8 1. RS2 M4 J|EXig
FAE T5EE 20024 10H 555



2 (3)ol4 & 4= 9= AAY Manning 3ol 2jal

AERES AHge] ek 4, g e

T8 Agrt el aEu 2 del a9 2ol

] 4EA(0~12km*) M2 Manning®] E5-53S AH4

shaal & A9 7F AR sk A9 ARs £4)

= 97t difdelrh o] A§- shedt 3hud

M REZHE Manning® 5% 33 £

AHAY} Manning®] E5-f# Afold] 4 (5)9F 2
A& TEdle] Agsh ¢ Qo

2.2 Snyder Mk

Snydere AEARE 3 AAARE 940 @A
t,=1,/5.57F 2 W] QARF=F F=8t7] lsiA

0 2e dEede Adeit

t,=Cl L-L.% (6)
A71A, AFARE e ASARE ) FESE T
o] FAH TR LA Zo|E ekl L&

FAETANTE ERE wat fAAANR 54
A)mi), L= o] FAo 7FE 7ke Bgat
AollA FreET7RIe] Almi)old, G FEAd
BASE Az duwow 03~1.29 HYolt ©
3t AEAE (B¢ 1 inchel 297 @iulgidel

e

p_

556

2=y

Z -2 1.
AT glcfs/miniz

("N

A7IM, G FE540 28l AAEE ArR vy

o2 04~089] WPl 7Sk ek Al 9o A%
AR £, Aoldt rel Aol ol sNshe Wl
WA AT8F glcfs/mdE 2 (8)3 o] FHE
W, 4] (9)3 AEAZF 19 75 tHﬂ fole] AAA
7 LS XA ol wekd 4] (6)7 HOE A
@) tlstel Belwe] BEaEe L}EMU* 4 (10)
3
g = 2052 ®)
PR

t'y'_ tR

te = t,— | £
e [ 4 ] ©)

=0.955¢,+ 0.2514

600 C, (10)

R = "0 955 CLL - L.1° + 0.25¢,
3. o|ARFdel

TolA= SAFEES
sl 93] ArcView/Avenue® o838k GUI
(Geographic User Interface) A|A®S -f&a)dck

o

A2 A GUI Al2-

2 a ERENELESEE

i U

A GUI Al2H



O 3. ol&7Ye
15 ESRL AlellA] sk GIS S3EEY o] Arc-

Viewiz v4f99] 3AEHE RS g8l arske
WO FbERl ARgde] 5498 Eeta Akt
g7 Z&Ho, Avenuer ArcView?] mjHaE <lo
=4 a9 2011*%9} 7ol AR Qgiga 5l 49
Astar EE 71eE Ags 7t 8ol

Al e-Eako g HAS ] EWess
ARZ ARSEY) 9Jet o) KASCH)
Emuadiod

?.J_

el

O

o
ol
® rio

i3 o&i‘, m‘ﬁ
=L — of :10

=
Yy, oF
el
EY

\
b

35 FOHW 20024 104

Group 1
Group 2
Iil'ét% %* &’S
Group 3
Group 4
%%‘%—’.‘— QJE‘.H}% 44

)]

X}, shape S

Snyderd St4HATY

ARYS SHHAREY MF
AREHL ANZOEW UHat
ASCII Il M4
HeEzr A4 =it
S AR A7 IS A Al s
Hakm glek R Askhel A 4Y FeBSA
Aol frewEe 52783k, BHAEE 51.85km,
BERel A8 ¥ & I3 o 71277 kmEAM o
TAA SR {9 &3t 1¥ 49 2o] ool
IR Ea o)%4, P WSE, Aok, shg
T F oY FnEse WEl v, AlE dish Al
o, 3, s, 8, ArY, 2 T 1A SEEEa
7} $1AlskaL ek 771, 1991)
If N TN,
e 3
¢ i
/ {
¢ b
3 ;
=/ //
L
y
S
L 7
{ v
3 ?
I i
: \
4
!
1
P
.
\
v
f
\.
——m segAs RNy
o FYUEL b '
. PO IEPY
O8 4. "HEZ 795
557



42 sHREY ME

X
&
e

~

=
hw = | [e]
FE Y RS

pis

Wa] Aais dpgRlee) el
Ao AKE, B9IES] FEHY

AR
AR s

3
AT 459 AR A SR AFAGY @
71] Z]

o g

o HAIAE Yel Zo
o A {oEAQ)
1991)8] FA5HARE
o= 258%, fea
SR EEIRE

4.2.2 A9y dAGEE A
a9 APTEFH

HEARIAL AtolollA] T A& o
It Carpenter®t Georgakakos, 1993). ¥ ¢
a7 9 3=
AES Ay /9

FAEHIAE

o fos
P
T

LRERE

5 o &

Wy, fad
g5gelAe] B 4L

L

Fe 7))

[

[e]
w954

RARe olge B Al Uni
e AgelE s7IAe) Wekerl AXS s 2
of W47 oo ABLFAZE A (1D 3] 9

A% e Uehlle] ARgSIACh
Qy = 9.6717 A9

of

1

aFO

A2k 28
=

A}AE

S
-

A
)

=

=

?.

-

>

du, SlEe] WERFES Snyders] FHUAEY
FEFE W] fgte] MUK VIARAE IS o) o) agslua @ A9 frole) B4 Bgsks
SNA She] 28 W PlaRGE AT, & gk ¢, G ez dnh B ATl A3
o oAl 2 gl vafee FEEAEAR 2mo001)dM HAY 599 SEE x)He o=
HlafAE A AR ARG SANE 3 gy wex Ak, shid 2 W Qe 3%
BEITL W 1L AE 7 ARl BAUA TR gowr w skomnE 299l X771, 3, 6A1%
sy ¥ d
f9Ed Akm?) 524.73
f=29% L(km) 1842 26.63 2693 48.15 18.71 52.60
9549 L(km) 9.06 16.57 13.73 2304 8.60 2268
Bl%7A} Sc(radian) 0.05 0.04 0.02 0.02 0.04 0.02
HgEE B(m) 30.80 54.50 56.60 124.50 34.20 124.0()_
54l Y(m) 3.15 2.68 3.03 2.965 4.26 3.45
2. MWARUD oelxe MERY
249 | " S
2% o e d
ol O gk
AL 114.283 163.228 179.858 385.795 175.349 457.453
Qor (cms)
lhr 0.347 0.406 0.333 0.448 0.447 0.465
“ﬂid%%? GoR Shr 0.244 0.282 0.219 0.290 0.217 0.300
(cms/km”/cm) - - -
6hr 0.169 0.201 0.167 0.199 0.194 0.211
BEKERRERE

558



M HEE BHES olgal) WA WS G,
Co ak& olgshgon, 7t Selxdel AfAeil v
Fol thlE G, G @0l 2 S Sl
£ sl nlaRels wels ATRae e,
28 7h S9N AMERel BeEs] A
FHES AP verd golok AMYRGRe &

Q9 sFE APHRA R Q@ & Jon, e
o Ag7igie] FHEE Usle] BEREke pash

+ Aoz Yepdrh

TY 5E vaRYe] Edie] ¢l E3bieiy
e AREFS AT AuE ARE Jeh Ro)
o 28 5(a)E A9 AEAR) 1A W) B3

8 Pt FAREFS =M e, 24 5b)

= lkmxlkm =7je] 3984 ZARIQIEY 18
S 2HE el A dARERS e
Zolck Ao} s IARERY g Yo
o, A2

bt A URE PFFUe Jehiw

A BARERS ol I3 & M2 A7 FRAH
T eFo] ol S HE-S JEhEA dAG
Fge] Fol YAz 2o Aoz et B
TN FAGEDS] Hulhe 81.96mm, H2gke
1872 mmeJ3l FHEke 46.39 mmE AR E A

£ 3L ¥ 199 78 49 A2 RS
- LER o)) Bl ¢kl Zablelld e
W AFoAE 147K 1874 mm, A5AY o)
A A-AME 1417 5832 mm7t Wi A 25
b2 oujaitt ¥ 62 &Y wHua 7
ASAHE SURE3e) BAE TS Aes 5 g
Atololli= whale] #AE e U982 ¢ F gtk
ol AFAFNN IFANCE o)5EUSE Houy
o] Ao} FrlPHA FAFEHE BojET 7499
AlEAte] AoARAFE IARETY] F51Ee) e}
T Re & 7 Uk 1Y, Buge) ek E3bdElel
Aol dAGERE BUTrs gorR Rl

o

g ro

N

¥ 3 4 sAXEY A FEY

| ooma | 29 | ousE | g shirg W9

Threshold lhr 58.32 39.80 42.89 2167 39.15 1874
Runoff 3hr 70.73 4379 51.96 26.75 47.82 23.30
(mm) 6hr 89.35 62.28 65.56 34.38 60.81 30.14

.1 Regiimeshp
o 218

i Ansbyehy
-

(b) AR sHREY

I8 5. sAIREZ (RIHAZE 1A2h

H35% BOY 20024 1041

558



100.0

£ 800 0
£ 4000 §

60.0 £
f'g,p 300.0 7
oE 400 &
= 200.0 B
® 200

0.0

o =
A= AEgaurt AgEoes o] e ZF9RL I Aoz AMgE nadele WA BY 9 AREEH
Al FPsAle] Atk AL o4 $ Qltk AiAel vlwg YsiM FE fd oig freiu
43 BASE Ul - BA aAg-Zake] B 2 olof oig EAXE AHale] A
A3k Zolt}. W= Ao}, olo]est W @ FukEw}
Eofo] ehd¥s} delolA Hdl AEH FEES U fodd 7pRE wagoe BEHAS 7Ht 966,

BiE dARESe A9 FERIRR AFAR 1041, 9.77km” ol EFAE 7t 833, 8.89,
b gl gror, el olto] AE Wbk 78lkm’ Qe Hsl PR

gt webd B ATolat 2 Aol AE A Zuals 372, 258 km' 2 BAW folo] dujdem
O = o T

fEgo] ARSAS HES] sl 71 Feold g9 ARsEe-S & = vk w8k ]}, ofo]
AR ek JriHiel mme AAsict o9} oZelEnl W WWE foie PRE vl
ENES A E Alzge] Aol °3‘51 R vlE gk WEAeE 747 0.86, 0.85, 0.80 % 0.70°0%
o A% SLA v 27014 AT 47 WHe. ent W folel wagolol tie WEFe] vl-4e 3
2 dAFEGE sl vl E‘T”]' ALY l gours Hon AuHon oIwtent foji Hjs
SARE Wl 7P 2 9FE PIAL AHeE g Aow vepdth 9 olE 4790l dial RIS
Bele) ATRFE PPel AL R0 YR yzie] 1AL ) aPgE ANFEGR) NINEESY
(Carpenter 5, 1999). ¥ 7-& Carpenter %{1999) o) W9l i U ZTFEAE Ae¥uol fole] B¢
o] | AjF ol ofojeot B 2T AAE th 420, 945, 1.47mm, ofeles}t FHe) A 4~24,
0300 PyunaChang Data Count = 441 e Pyungchang Data  Count= 141 |
0.250 yunglhang o e 025 Mean = 46.39
g 0200 StDev =2.58 502 St. Dev =15.61
Z 0.150 g o
w I
£ 0.100 - - £ o
S 0.050 I ' I l 2 00 ﬂ
0.000 Rlemns. oo He ~ I
© w ~ =1 — ) $ % $ cr‘f 8 ‘8
o~ < © © ;5_ :\‘.' v & 3 . 8 2 2

Area Bin (sg. km)

(a) REBY 2T

a7 7. BEY gelo] RN FAREY BT

560 BEKE FRERYE



1420, 2.94mm, <eZ=kswl §99 A§ 16~76,
3870, 883mm, HA7 99l A 15~85, 46.39,
156lmmE WEPRTL ok 4-791e] SAREES v
3} 7%2} HA7FFod0) sAs-EaRe 1| Zol| A AAE ]
A2k e wsle falehl AgsiRon, A
Hoa oFdhrt folwt ke gom WHIT

5.4 2
B aiol BUgsnn Aasel 7R AN
& Tl =98, BHESE el vl Hi

FAFESS vihfeds Ao a abgdet = Qe
£ AREY A GUL A2 1Esla o 384
& A IHP #9& didez eSS s
A 2Ele ArcVieW/Avenu %73'3]*’11 JEzta HA

O.u

b

B

R
A
o

=

~N,

e

fr AN 4, 2 e
WA, A 0 %é%ﬂ W, 2
WAFES WY, A0Y WREY 44 9 SuEs

] GUI Aladlofld s fodnld =2
2% F FAEAUAE 719 HaMe) vl
7L Addleart 77} 258, 745% =
g4 e ZAE a2 59 S99 va

el AMERRES AR 2§99
(headwater basin)gl °]&7%, WSX shbae zhz}
114.283, 179.858, 175.349 m’/secolu], #oI&
WA= 457453 mY/seco® JEldtL % BAE &
o] wAafed AR 1A SARESS A
gk Ad FAFEES 18.72~81.96mm ) 1945?— Zte.
) Bk 46.39mms) Re2 Jehgrh 3 33
2 e mafad e ARERS ’—%ﬂ«l E}
AR Blagt AR F7Y [l AFgE A
SEZe WY Aow BUEh wEa] B ATl
T2 Archew/Avenue 7]4te] 6174] = A
GUI Alz=ge T EF fdw o 5 ojufje] w

9 A2 AREEE TS 21‘3 Ao o
95101 Tl BUZFAEE Alzgle] ARE 2g¥
Ao vrhect

é

rO

-

Fole
Al 2

A7 7PN Aldeke 71z e L

H354 5% 2002% 10H

o) ARl ol A, A% 9 Al 7147
S35 Folm Aol FAk=gI,

302

ylg

_HJ

FAIA A (1998). X[2|aF 2l S2msf =A}

';lcl B2AM dA2ALR LA, NIDP-98-01

%R (2001). 27IAk ZAL - o5 2 MBS
Z|1& 7he 7144 MROOICI3 N2-02-02-
A-01, pp.123-125.

Wiy #HAd), A5 (2001). “HAY H4
FEF MY BREKANS StBuEs
(1), =293, pp. 286-291.

FIAANEATY (101). BEL oo 48
J

i)
Jﬁd

.\0_12
)

ook

Mo

dm

oo o

M=EAL 77|49 91-WR-111, pp. 4-142.

Carpenter, T.M., and Georgakakos, K.P. (1993).
GIS-based Procedures in Support of Flash
Flood Guidance. IIHR Report No. 366, Iowa
Institute of Hydraulic Research The Uni-
versity of Iowa, Iowa City, pp. 1-27.

Carpenter, T.M., Sperfslage, J.A., Georgakakos,
KP., Sweeney, T. and Fread, D.L. (1999).
“National threshold runoff estimation utiliz~
ing GIS in support of operational flash flood
warning systems.”
Vol. 224, pp. 21-44

Henderson, F.M. (1996).
MacMillan Pub. Co,,
90-101.

RD. (1984). “Hydraulics of High-
Gradient Streams.” Journal of Hydraulic
Engineering, ASCE, Vol. 110, No. 11, pp.
1519-1539.

Rodriguez-Iturbe, 1., Valdes, J. B. (1979). “The

Structure of Hydrologic
Response.” Water Resources Research, Vol.
15, No. 6, pp. 1409~1419.

Sweeney, T.L. (1992). Modernized Areal Flash
Flood Guidance, NOAA Me-
morandum NWS HYDRO44.

Journal of Hydrology,

Open-Channel Flow,
Inc., New York, pp.

Jarrett,

Geomorphologic

Technical

(=81 2:02-53:3 42:12002.8.03/ 4 AF ¢ 3£.:2002.09.16)

561



