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The derivation of GIUH by means of the lag time of Nash model
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Abstract

The lag time is one of the most important factors for estimating a flood runoff from streams. It is
well known to be under the influence of the morphometric properties of basins which could be
expressed by catchment shape descriptors. In this paper, the notion of the geometric characteristics of
an equivalent ellipse proposed by Moussa(2003) is applied for calculating the lag time of
geomorphological instantaneous unit hydrograph(GIUH) at the basin outlet. The lag time is obtained
from the observed data of rainfall and runoff by using the method of moments suggested by
Nash(1957), and the procedure based on geomorphology is used for GIUH. The relationships between
the basin morphometric properties and the hydrological response are discussed as applied to 3
catchments in Korea. Additionally, the shapes of equivalent ellipse are examined how they are
transformed from upstream area to downstream one. As a result, the relationship between the
hydrological response and descriptors is shown to be comparatively good, and the shape of ellipse is
presented to approach a circle along the river downwards. These results may be expanded to the
estimation of hydrological response of ungauged catchment.

keywords : lag time, equivalent ellipse, catchment shape descriptor, GIUH

e EjEiol & F8% AAE Fo shve AA ARl XA

(GIUR) 8] AAAZE el A8t 973
&to] A5l m, GIUH §5o= X8t} 7]23h
2
4

EEERCE

s FgYSELE WA EATFE AL
Researcher, Industrial Technology Research Institute, Chungnam National Univ., Daejeon 305-764, Korea
(e-mail: kjc@cnu.ac.kr)

wx AFUGL EENLA IR 2as
Assistant Professor, Dept. of Civil System Engrg., Konyang Univ., Chungnam Nonsan, 320-711, Korea
(e-mail: yyj0806@konyang.ac.kr)

wex UG EEFY} B
Professor, Dept. of Civil Engrg., Chungnam National Univ., Daejeon 305-764, Korea
(e-mail: kjh@cnu.ac.kr)

#38% H109% 20054 104 80t



1. M 8

R F7A] FEEE Bopo s AAMdl st §4
2% 57 1:1%01 Frge] AAddde|y ws)
¥ THo] gt skA| T EfsiA
gt BAlo 3 s o} AR HESA A A
stx ok 2= E ety FEUE A
= 55 FHol 4 9t} 4
, Horton(1945), Strahler(1952) % Smart(1968)
ol g JHZA Pst M9 7|28
8l 9lth Shumm(1956) #83 U3 HHS
o) A7 FEAGALole] B2 FoHE A
ol g3le] HEgAS BARIEAF s o]
o230 HT Moussa003)E= 99 F§
S EAESE] g5t RS FeHe JrEd
E A3 uf 9ok F49 FyH 547
Atole] BAE ATFEr] Yok, 1= Al
2M 99 F5Eadg g 71k
Zhe BUERRE A RS T

Moussa(2003)8] Aul7de 2 AA)1zF 3 GIUHS}

©“

il
(B

Z N e o mjn
¢
o

¥ Bk

)
HU%_EJ?L'_VE

_|>4 Ho Mo

Gy o i
I @ oo nZi wa o o

olo
EE

)

e fogue FRGH B 7)xd R 2

ofoll A &5 TEEA|(scale problem)ell 3 sh=
glol7} 198243, 1984:del ZHzt 7iE |t lrh(Klemes,
1983; Gupta et al,, 1986). °|&|3 AT FFoLZHY
oo He|d Ao g AT FEHAEY T

A7HA Fo S 9 &+ ok
Chutha and Dooge(1900)E SAE s Hwlol
w2} Rodriguez-Iturbe and Valdes(1979)ol &]3te] 7
¥ GIUH 23S BHEH dstels As2ste bt
Aot A7 2B F99 AFEH Fxol| 7z
GIUH 239 g2o] /g4 A E] Nash ©F
2 Fo

=
=
A

AR o224 A EE GIUH 289 5A4H50 o
& EAE HAFIYT2A-E S

2} sl= Aeo)th Rosso(1984) ¥ Chutha and Dooge
(1990)2] ZAse] uwe} £ AFo|AE Nash 27
G 51ys F5os 7]' gt ol g Alxe F

802

D X[HMAZL, S7tER, a2 38E, GIUH

2] Fagol g A= A2 Horton®] vl
2S 7190 F FrHSmart, 1972). Hortone A}
HS Zorek vl gl o] Strahlerel] 93] o
ZA g9,

4

ki
=
=

do
:i ML o

Zo

—_

Hop ARAQ FE=

O FHo=RE TYTF F2E 1A b (stream) &
2 e

@ =t 3hd 2707F v i+ 1 A BRde B R

@ M= g Ao shao] whid 27 Ak 7k

2 A5E fAE,

A7)4 SR FRFS FHRE NERARN, TR
Hluncton) Apole) FUE eIshs 27U

%m SP

sich. web A

awes g 4 am Strahlers] ZFel

o} rEge TS RE SEEY A4t 3499,
# B

7 A5 ahalel 7H%“~, ATae] 220a FEAe
2

A7) N= i3 akel A5 L= id spde 3
v iz AleRe) Foudeltt. Ry, Ry,
Ry 2we) 942 RA}%}% gaagusEEs 4
Zh &), Aol 9 wiA A o]ty Smart(1972)F
AAFAoANA LA T RB, R;, R,°] H9I=A
Z}z} 3~5, 1.5~35, 3~69] & A B ik

L

o

BEKERESHLE



2.2 ™xd2(catchment plan-form)2l aat
Hedde F9 A4S $3H9 9o 59 39
o2 Ao HiEagleson, 1970). Eq. (2)
© ArEde] 45 BARP] 98k AdE 7)E9
Uxade g2 F, (12 Z+7F Hortonol] 95te] A
okl ¥AW|(form  factor) 9}
factor), Gy Miller®] 94&(basin circularity), 1]
i B Schumm®] 4171 (basin elongation) & +}ed

Y 34] (compactness

HGregory et Walling, 1973; o938k 1999),
A P 47 A
F= ; G = ; G = ;
RN WAy P
_ Alx
F= 7 (2)

WM Av #99E, L2 f2dd, A S f99 F
*

2.3 23 x(compactness)

AATFN et Ad/AE 3 (gerrymandering)$] 3
e R AHEreE dfgcE
united or packed together” & “packed into or
arranged within a small space”?t #&& AMHA 9jn&
Z+=tHThe American Heritage Dictionary). & %3
(dispersionyoiit} FHA o] FelE o] &8le] MAF9 9
FAe Hrlshs 93EE 949 Agsor zhE Oy
o7 Qe o] 7HA] AHeEo] AAH ol o]
%O] HE )\}iggy;ﬂ o o]_g. I o)
(1990)& IR = g 2 Hgs
gk Bk QlEd] ofriA FEHE Al

“closely or firmly

.
_ﬂ,
£
=

el
=

FO Nﬂ

H2aAgeE ERe] FAHdelth 538 Eq. 29 F, ¢,
CG= A9 593 AYE gerrymandering B71o] &
BRI Jdon, o5 EXEA FEIAEY AT A
7t AAE T Y-S %lo}a F At 2= Eq. )¢9
YAIAHEES 25 JAeEue niste] 2 5498 )
F dFe] dIERAN AT ¢ vk Eq. (2) ols]
of BR=e e AHoj2A BEq Q)1 e SBAXE
2] v] Mo) dHNiemi et al., 1990).

H38% 109 20054 104

A
= —_—
M= amd ©

A71M Je WY SEAYHEITHEEY, 19%).
Moussa(2003)= BHe] B4
& E 22 A UAA vt
Zoll 29 BA4E /1S A ub vk whebd
< AelM= Eq (2), Q& A5HAe dist ¥4 3
7ol A48 RaA Hek |

3.1 B7tetd

Moussa(2003)9ll ¢jste] 7jubd AR AT AaY
B 3rRud 599 7)aed S4e 2 g8
e ZrlEdE sjHto 2 dto] AelEn)

O B9 T2 Jgue S ARk

@ EHle] AEa G52 Ry Bt o

A g,
© BHlat Hegue] WAL Yt
@ steda Hgae LB HET AR E

ook ox, GY%— Dol ByFzole ¥ A%,
We) sskerg a0 mek By WE B9 242
G, Gy cznEle 47 wet Agul RBE e
WA 5, 2004 A, 2006)

¥ y

1
]
.. I
v dx A

Y /& PTY

)

)

!

1

1 X
i

|

3

O (Outlet)

A . X
Fig. 1. Catchment plane and equivalent ellipse
{Moussa, 2003)

803



3|
4
Line 83 ANBYAS L, & o3 2ol 4

BRI

A - Wab m1n e ; [max,e e <5)

AN b 77 Be] AE% wEe] ZolnA
9 Eelo) BAFET $UD WS 2t g
eh9le) A4S Eg 67 2ol Yed 4 ok

Fig. 1614 X 9135& S & F S7EdS
A3k Aeolo wel Yo} BYE Ay BE 7 =
o}, whebaA Stk el A3 gl dolE Eg. (D

1

2
] (7
g AHel

48 7|wte g Moussa(2003) &
2ok O Atole] HuAE BAsE = JE &

e AR5 2aYEE AFHoR AdEch

atb ; atb+eOM (8)

714 OMe &7t S7terlel AAxlele Aol
7 c& 07 B ol HAY ASAE 41,
$o YA ZelE — 2
@91 5 AYFYEI=agell o Xé«l” A

804

D WA % ¢t =2.68(a+b) ©)
2) 2AW 5 ¢ t; =2.09(a+b)"" (10)
3 9& §9  :t,=175(a+b)"% 1y

B 1 i n—1 -
h{t) —W(k) e (12
71 ne APAFAY g, ke AFAFAY A
A= ag)w I - )= Gamma @5°lt}h Eq. (12)9]
£ 0 kS AU Sl 85 Aman

Strahler®) AFEFHES 7jbto g 3 GIUH 289
ARkAl e Eq. (13)3 2tk

hit) =Y Pslfrlt a3)

sES

A7)0 S A=z so Bidol: Ps

~n
N
=
rir
N

7 sol U@ ARARTEY AFAD] FEYEGF
24 the3 2ol Aol

Pls} =6,(0) X p,; XX prg (14)

Ffr ] (15)

*

= convolution A4kzteltt. 8,(0) p;;= Eq. (16)
1438 2 NY=2HH vlwd FostA FAE

KoX
=
G ggel & gelA qnh

O

BEKERETRNE



]Vi
OZ(O) = 7 y Py = ]VZ 16)

(e

71N A e xS APuSan an N
JA Sz FRekE i3 g9l slolth GIUH 23
2] 7)Ao A Rodriguez-Tturbe and Valdes(1979)=

frlt] 24 Ba (7% 2o A5E% 28dsds

=88kt

il

Frlth=xe ™ )
71N N 1A e FEAFALe Holk Eq
(ANE FEZAFA /M3 R AZ8AFA @9
4 SHEret dAskE FEEA o)ZRE Eq. (13)
< 24E 9 WER 49 APAFA T U 372
4 FASEA "ok (Chutha and Dooge, 1990; Franchinia
and O'Connell, 1996). A|#E &Y EAS
283}e] Rodriguez-Iturbe and Valdes(1979)= & 1.3}
T S F N FEH MFATARZ Yo BYe

AT 5 ek,

42 X|HAIZk2 0|88 GIUH =&e EM /%

Azialgel Ag AT 14 48R Aelse
AAAZE tp& Bq. (18)3 Zo] vpebd 4= 9ltk(Nash,
1960).

t, =@ _[£ (18)

T AHCheng, 1982; ©]44], 1987).

I
t,= EP{ ZL_ 19)

V ses

A7A v %‘F%%O] B 717 B9 79 A
3| = GIUH 239 FAu)7)a
frol D}(Rodnguez—lmrbe and Valdes, 1979).

%@;1%3:1.74]2 Maad 2 AlEwHgdo=z siAstd o
g3 st SR 71 o] 7le g 2 (Rosso, 1984), ]9}

B

#1384 #1095 20054 10H

N
o~

£ [ oox U
oA o oo oo
o,
=t
N
o

N
ﬁ_,

A3t A Nash 2o TUHS R-VY GIUHE
Ao zrolok st} gkl ZeAAE] AR
AlZEe & FE3 Aol Nash 28|, 3
o] GIUHZA] /\]E‘_/‘JOU]

Frpe ARG S

o o
N
S
2o
(2
ol
o
o
o fin £

=

e o] the otk TEm
HolE 711@@01—5—_ Al FgselA g
=2

el
po o
122 Y

ot

)
o
-
i
r{r
rlo
oz
3 r
i
=2
2
U
o
DY
O

Dooge(1990)94 UTE AN Zolty. a#8A gvid
& 5 shies EdA He A4 28L& 2A €t o
v AE7hA geizl BE Wy Eed og [lUHE 33

2tk web EESAES o

-

3 t, 3 Eq

=t 20)

SHA ARERE (o] 499 4%, vE AR

Ao AHAAE w7 s ste] Eq. 19)EFE 24
& 4 9lth 2% v Eg 00229 thew 2ol ¢

% 1A gk,

v=flts) = (S Al S L) e

tL sES

Eq. CHERE vt 449 A%

&3 o) A4 & glek

Eq. A7Ne A= o

22)

Aol Egs. (9)~(11)2] £, o

F AAFFIT2AYE a+b HALNE Ag o)

805



A= 1/25000 x"*«] FRAALRE 0] 839 A=}
T 20mE ALY £ Al shRAE e
228 Zol7] 418l DEM] @A) fillbun DEM
< A&3Arh A5 449 AE3E dsta] Arc
Viewol| Al &%= Strahler stream order Extensiong
Hg3tdn, Jgue] #4HEL grid¥ F9x9
Az FARES ARZFEH AXNSHATHATE, 2004).
Table 1& o9 FAE T3 FEE FA%
AHE HEAHHERA Ly, L, L,E #7 Hz
dH2AYER] at+be)
at+b+eOMAFTA 5, 2004 AATF, 2006)S ehd
o E§ Table 2 ol4el 2HE viFoR SYE
d Aedyn FUkEd gig 2 g4z 4

A5aadel 3 495y

£
i)
o

AARE e It} Fig. 2, 3& 242 243 §9
o o8 A 4G AP A fois o 5

2% A freel Wgg welel

t Zow BUAY 9 5ol §ae HRG

< uie} o] JelE HIs 7S Table 29 S7Eol
o]

jmd
AT &I 5 S

2t *Wﬂm FAFHOEAN e}, #9972 oA
Fgow AYgdriy & & JYAh BE noh duks}
d 23 g5 fale] doz ¢ B §9 4 28
= ﬂ%ﬂ EAo| o]Folxdof &3t

Hrgdel ozt 5= Aoz Aoldt Y-S
R A= laifz} Aoe Aed vt 2ol Yo Py
sk} % % el 71lsh= A2, gerrymandering &

A R 27) o)4he) MRS

o g %W—i 22 (Niemi et al, 19902 €3 H71}
ZAg o]22] H&(Knight, 1997) o] go & 35
ojo} & Ao 7 Helr}

Table 1. The estimation results of channel network descriptors of control points

Catchments 1] Ry Ry R, Lg(km) Ly (k) Ly (km)
Imokjeong 4 3.58 4.18 243 10.68 9.06 919

Japyeong 4 4.53 5.20 2.96 19.45 12.37 14.64

Baekokpo 5 3.36 3.85 1.83 7.02 1356 15.10
Fyeongehangang i 5 412 a7 253 2862 27,60 o465
Habanjeong 4 425 493 2.29 9.90 10.85 12.23

Bangnim 5 4.46 5.07 2.66 36.33 26.46 26.97

Sanseong 4 3.88 4.59 242 9.37 8.46 731

Ipyeong 4 4.49 527 2.67 13.32 10.31 10.83

Bocheongcheon Tanbu 4 4.44 5.35 2.91 13.21 10.19 11.55
Gidae 6 342 3.86 1.23 0.69 21.77 20.35

Sangye 6 3.68 4.03 1.98 19.77 24.86 26.59

Donggok 4 3.69 452 2.25 5.32 6.55 7.40

Gono 5 3.59 4.07 1.99 8.71 11.85 13.30

_ Miseong 5 4.04 4.37 2.32 21.27 15.00 17.60
Wicheon e eheon 5 460 503 2.60 31.26 20.22 2901
Hyoryeong 5 413 472 1.63 2.18 13.95 15.49

Museong 6 394 4.42 1.62 2.47 24.84 25.43
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Table 2. The shape measurements of catchment planes and equivalent ellipses of control points

Catchment plane Equivalent ellipse
Catchments 7 c G 7 Z R c G M
Imokjeong 0.201 1.825 0.300 0.807 0506 | 0213 1112 0.809 0.873
Japyeong 0.163 1.841 0.295 0.828 0.455 | 0.229 1.102 0.823 0.832
Baekokpo 0.220 1.778 0.316 0.966 0530 | 0.783 1.003 0.995 0.996
Pyeongchangang ;
Sanganmi 0.159 1911 0.274 0.906 0.450 | 0562 1.016 0.970 0.980
Habanjeong | 0.248 1.720 0.338 0.892 0562 | 0326 1.059 0.892 0.928
Bangnim 0.160 1.896 0.278 0.906 0.451 0.444 1.031 0.941 0.961
Sanseong 0.182 2.428 0.170 0.725 0.481 0.227 1.103 0.821 0.881
Ipyeong 0.183 2.443 0.168 0.800 0.483 | 0.300 1.068 0.877 0.918
Bocheongcheon Tanbu 0.175 2.252 0.197 0.778 0472 | 0.406 1.038 0.928 0.952
Gidae 0.263 2.392 0.175 0.861 0.579 | 0.408 1.038 0.929 0.952
Sangye 0.156 2.447 0.167 0.898 0.446 | 0.980 1.000 1.000 1.000
Donggok 0.408 1.8%4 0.282 0.903 0.721 0.664 1.008 0.985 0.990
Gono 0.260 1.757 0324 | 0.902 0575 | 0.659 1.008 0.984 0.989
Wicheon Miseong 0.157 1.899 0.277 0.914 0.448 | 0.504 1.022 0.958 0972
Byeongcheon | 0.164 2.301 0.189 0.854 0.456 | 0.378 1.044 0.917 0.945
Hyoryeong | 0.281 1.840 0.295 0.932 0.598 | 0.607 1.012 0.977 0.985
Museong 0.223 2.005 0.249 0.898 0532 | 0528 1.019 0.963 0.975

1st Order Basins in Ipyeong Basin

9 Kitometers

#138% W10%E 20054 10A

IR

U8R

Qutiet

15t Order Streams
Higher Order Streamms
151 Order Basins
Higher Order Basins

Outlet

3rd Order Streams
Higher Order Streams
3rd Order Basins
Higher Order Basins

2nd Order Basins in Ipyeong Basin

Cutlet

2nd Order Streams
Higher Order Streams
2nd Order Basins
Higher Order Basins

ONzze

®  Outlet
/A\/ 4t Order Stream
777 4th Qrder Basin

Fig. 2. The Drainage maps by order of Ipyeong basin
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Imokjeong 9.21 0.39 0.086 5767
Japyeong 10.96 0.56 0.072 6.474
Baekokpo 11.54 0.38 0.070 8.426
Pyeongehangang |~ anmi 15.37 071 0.053 10.381
Habanjeong 10.19 0.35 0.080 6.821
Bangnim 16.78 0.78 0.049 11.030
Sanseong 8.74 0.38 0.093 5.803
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