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Discharge Estimation at Ungauged Catchment Using Distributed
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Abstract

Generally, river discharge is measured at flood forecasting points, upstream dam points, large rivers, and
important points over a basin, and it is hard to estimate discharge of medium or small stream and small
catchment. Physically based rainfall-runoff model with geographical parameters can simulate discharge at
all the points within a basin with optimized parameters for a point in the basin. In this study, GRM (Grid
based Rainfall-runoff Model) calibrated at the outlet is applied. The discharge at upstream point is
estimated and the possibility of model regionalisation is examined for ungauged catchment of small or
medium stream within a river system. Wicheon and Boksu watershed in Nakdonggang (Riv.) and
Yudeungcheon (Riv.) respectively are selected. The discharge at Miseong and Sindae station is simulated
with the parameters estimated at Museong and Boksu station. The results of Miseong and Sindae station
show good agreement with observed hydrographs in peak discharge and peak time and consistently linear
relationships with high correlations in discharge volume, peak discharge, and peak time. And it shows
GRM could be applied to estimate discharge at ungauged catchments along a river system.

Keywords : GRM, ungauged catchment, distributed rainfall-runoff model, regionalisation
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At (Ajami et al, 2004, Merz, R. and Bloschl, 2004;

Young, 2006).

BEXy SRRy g 2 3 T shveE s 2
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(#H&4, 2010).

e

|

oh  oq _ 4 §))
ot Tow T I

Ampt Z&A = Eq. 3)3} 2o 7S Alitsia
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(Chow et al., 1983).
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F(t) = Kt+ Ay ln(1+A—9¢) 3
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Hyoryeong

. LS
(b) Wicheon

@ : Rainfall gage

{a) Boksu
V : Water level gage

Fig. 1. Study Area

Table 1. Characteristics of Study Area

Outlet Area (MLTM, | Basin Upstream Water Levgl Station
) Area (MLTM, | Basin |Stream length to
Watershed | (Water level| 2007; MOC, | slope )
<tation) 1990 k] | [m/m] Name 2007, MOZC, slope o.ut.let (1/25,000
1994)[km"] [m/m] | digital map)[m]
Boksu Boksu 162 0.24 Sindae 112 0.25 12,451
Wicheon Museong 472 0.22 Miseong 171 0.25 12,165
MLTM : Ministery of Land, Transport and Maritime Affairs.
MOC : Ministery of Construction.
Table 2. Land Cover and Soil Features
Boksu Wicheon
WeiErsiied Value Coveragel %] Value Coverage[%]
Water 0.1 Water 0.2
Urban 1.5 Urban 0.7
Land cover Bare 0.2 Bare 0.1
Grass 2.2 Grass 0.8
Forest 80.7 Forest 89.8
Agricultural Area 15.3 Agricultural Area 8.4
Loam 545 Loam 33.5
Sandy Loam 31.8 Sandy Loam 23.8
Soil texture Silt Loam 11.2 Silt Loam 39.4
Sand 05 Sand 1.5
Clay 1.8 Clay 0.6
Sandy Clay Loam 0.2 Loamy Sand 1.2
Deep 6.9 Deep 13.6
Moderately Deep or 193 Moderately Deep or 98 4
Soil depth Moderately Shallow ' Moderately Shallow ’
Shallow 69.1 Shallow 42.7
Very Shallow 47 Very Shallow 15.3
A9 (flow accumulation)ol] €184 1 el Zol7} 7 100 x 100m =719] 12 = #ojojE Attt ofwf Y
Moltk 1 ATME VB0 FAAZNA FE5 3 EFwS] EA3} Green-Ampt SR Chow et al., 1989)
Aok g AR FAAL0IE SR SAYS FF 9 “Sal dlass”®] ThE R P AT o] e BRESE

{0

bom (1, 1998 A8 5, 209), °lF 3] 57
PSR 162 HEIHGh EATREE YR R
EA|REg olgsigon, AN elF A% E

B dlolol FYFARINN FUEFES o] §3}

[¢]
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Table 3. GRM Parameters for Soil Texture

Soil texture Porosity Effect%ve . Residual Wetti'ng Front Soil Hyfir.aulic
Porosity | Moisture Content | Suction Headlcm] | Conductivity[cm/hr]

Sand 0.437 0.417 0.020 4.95 11.78
Loamy Sand 0.437 0.401 0.036 6.13 2.99
Sandy Loam 0.453 0.412 0.0410 11.01 1.09
Loam 0.463 0.434 0.029 8.89 0.34
Silt Loam 0.501 0.486 0.015 16.68 0.65
Sandy Clay Loam 0.398 0.330 0.068 21.85 0.15
Clay 0.475 0.385 0.090 31.63 0.03

Table 4. GRM Parameters for Soil Depth

oA SFEAHZ lF)A
b =LA Ao, whebA B gl Al

2007

Soil Depth Class Depthlcm] ol A8t
Deep 195 TS0l i) 27485A4 (http://www.geunriver.
Moderately Deep or 75 gokr/)ellA] AlgE = AARE FEAbR 2007 o] -9
Moderately Shallow 82 AstaL ~20061d9] 3zt A5 E ©]8-3)
Shallow 25 ATt olef o] 7} {9l s 3d Bt #SH T
Very Shallow 10 AR 2= QA el A9 uA SoEEao)A 100 mYs
ode] FHs 7 FEAMIS R g FEE B
Table 5. GRM Parameters for Land Cover Attribute F frool e A FHBRS20A 150mYs o] F
Land Cover Rougf.lr}ess Impgrvious F5 7k -—)F:EF‘/\VE} F Al o] WEkgk 11709
Coefficient Ratio[%] TAPEE FEIH e, o] & TS VIl F FHE
Water 0.030 1.000 YER A, o] o oA Wsrt gle A4
Urban 0.015 0.853 T VER = 4]0 APES A9 e T SFEAMES
Bare 0.020 0.442 A3t Table 6 £ ATolA 483k 7} f-99 5=
Grass 0.150 0.440 FEAAFS vhER Aolt)

Forest 0.100 0.050 B %O—Iﬂoﬂfﬂ“ 2 AgellA A8 379 A=
Agricultural Area 0.035 0.391 2ol tlek B4l Zv e s, 7F Ze)e] x|l
ool thalA] g ASARTE S AE BEAT
4. £2XE MA T o]E AAIE 2= Yolo® BAst] FERE T
sttt Tk 91 Frol tiaiA= 10719] A9-A54
2 ATeAE i el disk A —fiE AMEE 129 o tisliA B4l 7FeS 2-8-ste] AlLkd o A5

s7] fsiA 91 ool A, v RS < o]&3le] FERE FHATE
1070 79252 (4, v, &9, dig, 2Hd, sk, A% FEAES} PRI R f-9 9] FAEE Al wa)
ol%, v, A9 9= AR E o] gskth S B A 21 BAdo] WiglehH, o) 199 el Yk v
Frolxe e 2 Al 3540 §39 370 e A A #r) wEb G741 s Bojshe A5
Z2 Q1% A, F)9] 97 AEE o] 8351 Yol A= ARt webA Wskele S7HA S-S vadE
AR Frodes T v FoESAe] daiA T ofof gtk Tt SAREE] g AR 714”1
=7} E 2 A 4 (httpy//www.nakdongriver.go.kr/) ol 4] A Tt vsA #-e 7|7kl WA E Y o3k 79—
T = AA FEAESD 2007 ~2009d 9] 3zt =} & APEE Bojsl] 98k BaoA= Ao s F3t
55 ol&sidlrh 911 99 74 IHP (International Age] MalE welslx gka ok Bl v)uke] By
Hydrological Program) E3A& &34 1980 t#H = RHo|A= TFee @ 52 AP oA S4E s &

/\}E Aas d83 4 9)
é
A=
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Table 6. Hydrologic Events

3
pal
<

. . Total Time Peak
Wiegrerelites] | Byt izl e Rainfalllmm] | Intervallmin] | Discharge[m®/s]
Event 1 2004/06/22/20:00 - 06/23/05:00 76.5 30 274.7
Event 2 2004/07/16/01:00 - 07/16/14:30 784 30 419.6
Event 3 2004/07/17/05:00 - 07/17/19:00 81.0 30 359.4
Boksu Event 4 2004/08/18/08:00 - 08/19/13:00 130.7 30 224.8
Event 5 2005/07/11/01:00 - 07/12/01:00 120.7 30 432.4
Event 6 2005/08/19/21:00 - 08/20/09:00 82.2 30 2335
Event 7 2006/07/09/06:00 - 07/09/13:30 57.4 30 271.7
Event 1 2007/08/31/20:00 - 09/02/21:00 99.6 60 980.9
Event 2 2007/09/04/10:00 - 09/08/03:00 100.8 60 735.3
Wicheon Event 3 2007/09/15/05:00 - 09/18/02:00 127.0 60 1080.5
Event 4 2008/08/15/14:00 - 08/17/06:00 108.4 60 585.0
Event 5 2009/07/15/00:00 - 07/15/08:00 60.0 60 266.0
W oA 2] FAR] Wsls FAR dHE 23 T4 FHSAd gleid FAE v wiigeT
w7 AAS e dHK A Hoh < A oluf XSt FEAMSS BE A
wheba] G v eTS o] 8-s E7]% 7|Hke] Harg Aol A 7| ARES oA o, 23] RAL
E2&o] X3l M= 7|t AHA ARl FEAlR A AFAzke] Ads F4ow s
geiM A5S 538 49 48d ok uyigatol osh 2) DollA FA4E 7t 799 g v HeTS o] 8-3)
wojAguel AERake] QA AXE Hlle] | 4 itk o AE BE AP A fEEYE
Ty FRkES] et AR Bejdl wx|E &k oo, B¢ g A S #SF FHE o
2 79 2 WAE IR BA 58 Esle] B3kHo L3A wiZfHSE A5s
2 1 e]of shH, o]of] tigk 7141 AF7F Bast Al 3 F4 L ASE 7 F99 3 wiEsT S o)
o= AlzHt) F =S 29 &9 Ao Al
3l

& AellM= FFAREl o
sfaL glom, g3kkge] Wl o5k vi7laaEe] M7
2labx] @aL qlek ofoll Zh 2] 3d7ke] Alsol
A g w7 olgate] FERLE TSI )
E= APl A Ak fERedE mEeklen,
uhebA 2 Aol A 285 3dzke] Abne g wsEs
T ol 87 Bl ATl A8 7t Aow ddtH:

o fp
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CAGe) AR S AA W glom, GRMeA &

o] 2= A9 Chow (1959) ¢} Chaudhry (1993)°1 2]
A Aot Stmol A el ZEAG WLl 0.04~0.052] 3
T 00455 7127302 A9ksta vk T8k DEM X
4 H4  flat area A 7Gx A== vl 2H
ArE 5T B ogh frEANAl SAke] jle] &
o™, GRMo|A= stee] HAaZARE 0.008S 718
o= Aokslar Qo ufebr S AEE A=
ATHEHEA 5, 2008 SH=rad7]Ed T4 5, 2009).
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Table 7. Simulation Results for Model Calibration

. Total Volume Peak Discharge Peak Time

Watershed Il’li. Mll’l. R 1 R 1 R 1

(Event) Saturation SlCha[n;;l] Obs. | Sim. Elfc;r Obs. | Sim. Erjo'r Obs. | Sim. Elfc;r

opelm/m 3 3 3 3

[m’] [m"] (9] [m”/s] | [m”/s] (%] [hr] | [hr] (9]

Before 1.00 0008 | 5028 | 6207 | 234 | 2747|5299 | 929 | 65 | 55 | 154
Boksu |Calibration
(Event 1) After

er 0.55 0010 | 5028 | 3735 | 258 |2747|2653 | 34 | 65| 65| 00
Calibration

_ Before 1.00 0008 |14,633 14047 40 [9809|9916| 1.1 | 27 | 27 | 00
‘Wicheon Calibration
(Event 1) After

er 0.94 0009 |14,633|12431| 150 [9809|9713| 1.0 | 27 | 27 | 00
Calibration

Table 8. GRM Parameters for Each Watershed

Boksu

Wicheon

Parameter
Applied Value

Selection Method

Applied Value Selection Method

Estimate for Each

Estimate for Each

Coefficient

Initial Saturation Hydrologic Event Estimation Hydrologic Event Estimation
Minimum Channel Bed 0.01 Estimation 0.009 Estimation
Slope
Channel Roughness 0.045 GRM Default 0.045 GRM Default

Channel Width Using Channel Width

User Selected

Using Channel Width | User Selected

Equation (MOCT, 2005) Option Equation (MOCT, 2005) Option
Dry Stream Order 0 GRM Default 0 GRM Default
Parameter Calibration 1 GRM Default 1 GRM Default
Coefficient

Soil Parameter Table 3 and 4

GRM Default

Table 3 and 4 GRM Default

Table 5

Land Cover Parameter

GRM Default

Table 5 GRM Default

MOCT : Ministry of Construction and Transportation.

6.2 7=l AZE

g S P4 F88 25 W AW 499
Bvent I AVE A% 85 799] 670 ALt 9131 &
o] 47} APl a4 Table 83} o] AAH Bl wl)
WETS o g3l FERIE FATOEA vhp

AT =, 27128k e= ZF ool tiaiA Ak

[e)

i

oy i

e
fru
"
ol
ol
TR
=
_O‘L
=
i F
[N
o,
2:,
rlr
fl _11.3:
W, i
4
12
=2
>,

(03]

2

|

fru
oo

FejolMe] 2y nAel] 4
FEAA A A 2

0520 §Ewe] Aok ek Aolth Table 904

17H 0.0~11.8%9] “ddl&
welhs o vehie.
MelolA] Aol mels= A

A 1.3~74%, H5FA
= io "/ﬂ 57,}2_%)\-_0_ Z)-
L, %%% w2 21.2~347%

Table 9014 ¢] 7} 3F=W =713} wo|zkS
2 U, A3 o] FAI AGAGE EASH
49} 2}, Fig, 40149 AHL v A

19, webA 718717} 10 7hesE BEGS
S om|ghe}, mEdk =AM 718717 17
F=3pol] n)E|A 2o Fko] FHAl AFA E|
1, 18T & 9= mojgho] 34 4k
Al Frk Fig. 4904 A58 AFA
o] 71471 747 0999} 1042 ek

w2
o y
& ®

Pk
o

=

)

fr 4

ol
o
N

o | )

o, I

2
= ﬂﬂ

o ol

S
o
)

o L

2

o lﬁ R
5Y Oﬁ
O

BEKBARBEERNE



Table 9. Simulation Results (Boksu)

.. Min. Total Volume Peak Discharge Peak Time
Initial
Event | o i ration | Chamel [TOps T'Sim [ Rel. | Obs. | Sim. | Rel. | Obs. | Sim. | Rel.
Slopelm/ml| [m* | [m"] |Error [%]| [m?/s] | [m*/s] |Error [%]| [hr] | [hrl |Error [%]
Event 1 0.55 0.01 5028 | 3732 | 258 | 2747 | 2653 3.4 65| 65 0.0
Event 2 0.85 0.01 6,544 | 4550 | 305 | 419.6 | 4288 2.2 80 | 80 0.0
Event 3 0.65 0.01 5400 | 4044 | 252 | 3594 | 371.2 33 95 | 105 | 105
Event 4 0.10 0.01 6,018 | 3929 | 347 | 2248 | 2276 1.3 14.0 | 135 36
Event 5 0.60 0.01 8708 | 6,028 | 30.8 | 4324 | 4005 7.4 110 | 120 9.1
Event 6 0.45 0.01 4933 | 3806 | 228 | 2335 | 225.2 3.6 85| 95| 118
Event 7 0.87 0.01 4099 | 3231 | 212 | 2717 | 2828 4.1 10.0 | 105 5.0

Discharge volume - Boksu

;
(=]
=]

7,000 |

Peak discharge - Boksu

y=099x

/RV |
|

6,000 y=0T1x 400 -
5000 | R*=092 x
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T 4,
2 2
‘g 3,000 | .ig 200 |
= E
® 2,000 |

“ 100 |
1,000 |
0 ! i L . J 0! .
0 2000 4000 6000 8000 10,000 0 100

Obssr\rsd[m’]

200

300

Obsenrsd[m’h;]

Fig. 4. Validation Results (Boksu)
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59} 2t} Fig. 5elA49] F414d-2 Fig. 4049} 2ol y 4 Aol gigt 7VsAdS Fristazt g
Table 10. Simulation Results (Museong)
Min. Total Volume Peak Discharge Peak Time
Initial X X R
Event SaiumEiien Channel Obs. Sim. Rel. Obs. Sim. Rel. Obs. Sim. |Rel. Error
Slopelm/m]| [m®] [m®] | Error[%]| [m%s] | [m%s] |Error[%]| [hr] [hr] [%]
Event 1 0.92 0.009 14,633 | 12,431 15.0 980.9 934.8 4.7 27 27 0.0
Event 2 0.93 0.009 10,890 9,124 16.2 735.3 696.8 5.2 26 26 0.0
Event 3 0.90 0.009 17,154 | 13,945 18.7 1080.5 | 1037.9 3.9 45 45 0.0
Event 4 0.60 0.009 10,668 8,739 18.1 585.0 589.1 0.7 15 15 0.0
Event 5 0.40 0.009 3,282 2,830 13.8 266.0 253.8 4.6 9 9 0.0
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Fig. 5. Validation Results (Museong)
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Table 11. Simulation Results (Sindae)
M Total Volume Peak Discharge Peak Time
Initial - Rel Rel Rel
Event ion| _channel Obs. Sim. ¢ | Obs. | Sim. " | Obs. | Sim. '
Saturation E E E
Slope[m/ml | [m"] [m’] o | m%s] | m¥s] | "0 | el | [he] | ol
Event 1 0.55 0.01 3,863 2,718 29.6 2295 | 239.6 44 5.0 45 10.0
Event 2 0.85 0.01 5,440 3,551 34.7 380.9 | 383.6 0.7 7.0 6.0 14.3
Event 3 0.65 0.01 5,087 3,222 36.7 356.0 | 350.9 14 8.5 85 0.0
Event 4 0.10 0.01 4,558 2,889 36.6 186.7 | 177.7 4.8 125 | 115 8.0
Event 5 0.60 0.01 5,807 4,201 21.7 2082 | 317.7 6.6 105 | 105 0.0
Event 6 0.45 0.01 3,262 2,318 29.0 177.3 1875 5.7 75 7.0 6.7
Event 7 0.87 0.01 4,068 2,569 36.9 3156 | 277.0 12.2 85 85 0.0
Discharge volume - Sindae Peak discharge - Sindae Peak time - Sindae
6,000 500 | 15
5000 200 | y=089x y=095%
s ¥ R'=094 i | Ri=086 |
Eeoo i Eam | . E0 |
£ 3,000 g | 2
3 S 200 | 3
Ez.uou £ | Es|
1.000 | 100 |
U - u | i i i i D 1
0 2000 4,000 6,000 8,000 0 100 200 300 400 500 0 5 10 15
Observed[m’] Observed[m’/s] Observed[hr]
Fig. 6. Simulation Results (Sindae)
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Table 12. Simulation Results (Miseong)
— Min Total Volume Peak Discharge Peak Time
Bt nitia) el . Rel. . Rel. . Rel.
Saturation| gl | [od | padt o i | o 7 W | Tl 7
Event 1 0.92 0.009 3,957 4,547 14.9 333.1 | 367.0 10.2 26 27 3.8
Event 2 0.93 0.009 2,866 3,410 19.0 199.1 | 280.1 40.7 25 26 4.0
Event 3 0.90 0.009 4,726 5,223 10.5 410.0 | 474.8 15.8 46 46 0.0
Event 4 0.60 0.009 3,606 3,556 1.4 233.2 | 251.7 8.0 13 13 0.0
Event 5 0.40 0.009 1,198 1,163 2.9 125.0 | 1355 8.4 8 10 25.0
Discharge volume - Miseong Peak discharge - Miseong Peak time - Miseong
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Fig. 7. Simulation Results (Miseong)
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