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of Runoff in Small Mountain Catchment
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ABSTRACT : In Korea, torrential rain frequency and intensity have surged over the past five years (2019-2023), breaking rainfall
records. Due to insufficient observation facilities for rainfall and runoff data in small mountainous catchments, preparing for
unexpected floods is challenging. This study examines the Bidogyo catchment in Goesan-gun, Chungcheongbuk-do, comparing
design flood discharge calculated with optimized parameters versus standard guidelines. Using HEC-HMS and Q-GIS for model
construction, five rainfall events were analyzed with data from the National Water Resources Management Information System.
The time of concentration (Tc) and storage constant (K) were calculated using the Seokyeongdae formula and model optimization.
Results showed that optimized parameters produced higher objective function values for flood events. The design flood discharge
varied by -10.7% to 17.3% from the standard guidelines when using optimized parameters. Moreover, optimized parameters yielded
flood discharges closer to observed values, highlighting limitations of the Seokyeongdae formula for all catchments. Further research
aims to develop suitable parameter estimation methods for small mountainous catchments in Korea.
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Table 1. Catchment characteristics in Bidogyo

Area L Mean width of | FF SCS-CN TC K
[km’ | [km] |catchment [km]| [-] | (AMC-IID[-] | [hr] | [hr]
167.14 | 28.40 5.88 0.21 78.3 2.28 | 2.65
2.2 99 S4OIX} 23 +EXRTS
ool A FFS vjAE SHIAERE 9 231 REX=
A, F2A%, T8-S, AT, FA97HEAE 5ol Atk A-FAolA SE3t oIS E THEE i A
Bo-520E AHS AT fo] SHAAE ARLEY W uEeld] XSk gl NAREIEmoelu, BAR &
(DEM)2 u}gto 2 Q-GIS(Quantum GIS)E E85}o] 54 g BAzol A Belel ok IAFROIED)S] 493
2 Ak&3FgcH(Kang et al., 2001; Kim et al., 2006). =4 A|YL Table 22} 7).
e A BEAOIAE A Seleao] 250knt o) 2 Aol 49l A0 ERJSHS HEL §
o ASols £GoS BASES ANSIT Qe T B 9% YOR o] e3RGO moAne} UEGT

a4 =
=3 §oo] foHA e 167.14km’0]7]o] HEo] &G B
gglo] @Y o2 EARIAE At 34E AFEs)
Ak 2 AN E83F 9 540 79 2 (Area),
- Coordinate
AR

A2 AZHL), 59 FE(Mean width of catchment), Catchment —— : Observation | Competent
Latitude | Longitude | start date authority

Table 2. Water—level observatory in Bidogyo

S

3 A4=(Form Factor, FF), 0] EQfH &S 0234 HE

(Soil conservation service-curve number, SCS-CN)o|c}.

Meteorological

Bid 36-47-24 | 127-52-41 | 2011-12-14
1008Y0 Administration
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(HIE3) eIHEAe] 5903 BAZAALS Table 30} AUAL AFHE o g3 BIRY ARE A&k
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Table 3. Rating curve equation in Bidogyo
Year Application level (m) Rating curve equation Note
091<h<1.15 62.937*(h-0.910)*2.950 0.98m B.E.
14.01.01. 00:10 ~
15<h<1. .474*(h-0.990)"2.
2014 1.15<h<1.54 186.474*(h-0.990)*2.890 14.01.01. 00:00
1.54<h<5.93 63.207%(h-0.800)"2.145 1.96m A.E.
0.62<h<0.90 58.312%(h-0.620)"2.425 0.64m B.E. 18.01.01. 00:10 ~
0.90<h<1.43 117.058*(h-0.700)"2.351 18.07.21. 16:40
0.58<h<0.90 32.568*(h-0.580)"2.198 0.63m B.E. 18.07.21. 16:50 ~
0.90<h<1.43 117.058*(h-0.700)"2.351 18.08.10. 09:40
2018 0.62<h<0.90 58.312*(h-0.620)"2.425 0.64m B.E. 18.08.10. 9:50 ~
0.90<h<1.43 117.058*(h-0.700)"2.351 18.09.04. 02:40
0.68<h<0.97 180.151*(h-0.680)"2.835 0.80m B.E. 18.09.04. 02:50 ~
0.97<h<1.43 117.058*(h-0.700)"2.351 19.01.01. 00:00
1.43<h<1.95 157.905%(h-0.770)*2.501 18.01.01. 00:10 ~
1.95<h<5.57 201.510%(h-0.830)"1.501 2.96m A.E. 19.01.01. 00:00
0.56<h<0.83 290.711*(h-0.560)"4.496 0.67m B.E.
0.83<h<1.01 54.352%(h-0.680)*2.219 19,0101, 00:10
<h< *(h- A ULUL. N ~
2019 1.01<h<1.43 144.638%*(h-0.720)"2.778 20.01.01. 00:00
1.43<h<1.95 157.905*(h-0.770)"2.501
1.95<h<5.57 201.510*(h-0.830)"1.501 2.96m A.E.
0.55<h<0.84 70.274*(h-0.550)"3.493 0.66m B.E.
0.84<h<1.01 54.352*(h-0.680)"2.219
22.01.01. 00:10 ~
0Ol<h<]1. .638%*(h-0.720)"2.
2022 1.01<h<1.43 144.638*(h-0.720)*2.778 23.01.01. 00:00
1.43<h<1.95 157.905%(h-0.770)*2.501
1.95<h<5.57 201.510*(h-0.830)*1.501 2.96m A.E.

* B.E. : Below extrapolation, A.E. : Above extrapolation

Table 4. Rainfall staion

) ) Coordinate ) ) ) )
Rainfall station - - Observation start date | Thiessen coefficient Competent authority
Latitude Longitude
M :
uneyeonsst 128-04-55 36-44-33 1984-04-01 0.0540 Ministry of Environment
(Jinanri)
G
oesangun 127-52-29 36-39-36 1996-12-01 0.0683 Ministry of Environment
(Songmyeonjoonggyo)
Goesangun 127-59-51 36-45-43 1962-07-01 0.4869 Ministry of Environment
(Yeonpungchogyo)
G .
?g?;iun 127-57-13 36-48-37 1991-07-01 0.3514 Korea Water Resources Corporation
Chungjusi .. .
127-59-39 36-50-50 1962-07-01 0.0394 Ministry of Environment
(Suanbomyeonsamuso)
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Table 5. Rainfall characteristics for storm events of Bidogyo

Events Period Du(r};art)lon R(?:]f;“
El 2019-07-25 ~ 2019-07-26 48 105
E2 2019-11-17 ~ 2019-11-20 96 552
E3 2020-02-25 ~ 2020-02-27 72 39.2
E4 2020-05-18 ~ 2020-05-20 72 41.2
ES5 2020-06-29 ~ 2020-07-02 96 68.4
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Fig. 2. HEC-HMS Model construction in Bidogyo
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Table 6. Results of flood simulation by seokyeong parameter

Observation flow Simulation flow
Peak | Peak
Events Peak Peak Peak Peak flow rate| time
flow flow o
3 Occurrence 3 Occurrence (%0) (hr)
(m/s) (m/s)
2019-07-25 2019.07.25.
El 178.40 19:00 228.60 18:00 28.1 -1
2019-11-18 2019.11.18.
E2 53.70 06:00 65.30 04:00 21.6 -2
2020-02-26 2020.02.25.
E3 67.05 18:00 79.70 18:00 18.9 0
2020-05-19 2020.05.19.
E4 43.71 04:00 56.80 03:00 30.0 -1
2020-06-30 2020.06.30.
ES5 58.00 10:00 70.90 09:00 222 -1

Table 7. Results of objective function by seokyeong parameter

Events RMSE NSE VE
El 29.0676 0.6253 0.5901
E2 13.1040 0.1162 0.1844
E3 17.7424 0.0178 0.2884
E4 8.2286 0.4229 0.3825
E5 15.6168 0.3062 0.3835
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Fig. 3. Comparison of calculated and observed results
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Table 8. Results of flood simulation by optimization parameter

Observation flow Simulation flow
Peak | Peak
Events Eeak Peak Eeak Peak flow rate| time
(mo3>:) Occurrence (m(;Z) Occurrence (%) (hr)
2019-07-25 2019.07.25.
El 178.40 19:00 178.20 19:00 -0.1 0
2019-11-18 2019.11.18.
E2 53.70 06:00 56.10 05:00 4.5 -1
2020-02-25 2020.02.25.
E . . 2. 1
3 67.05 18:00 68.90 19:00 8
2020-05-19 2020.05.19.
E4 43.71 04:00 43.50 04:00 -0.5 0
2020-06-30 2020.06.30.
E5 58.00 10:00 60.50 09:00 43 -1
Table 9. Results of objective function
RMSE NSE VE
Events - - -
sim opt sim opt sim opt

El 29.0676 | 17.6904 | 0.6253 | 0.8612 | 0.5901 | 0.7687

E2 13.1040 | 10.5971 | 0.1162 | 0.4220 | 0.1844 | 0.3132

E3 17.7424 | 14.9818 | 0.0178 | 0.2996 | 0.2884 | 0.3990

E4 8.2286 | 6.3142 | 0.4229 | 0.6602 | 0.3825 | 0.4906

ES 15.6168 | 13.1702 | 0.3062 | 0.5065 | 0.3835 | 0.4788
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Table 10. Parameter calculated after optimization

Events Tc K
El 2.7350 4.7340
E2 2.7297 4.7396
E3 2.7330 4.7368
E4 2.7358 4.7402
ES 2.7322 4.7346
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Table 11. Design floods calculation result of Bidogyo

Design floods calculated

Design floods calculated

Recur.rence by report parameters by optimization
period (m’ls) parameters (m’/s) (%)
2yr 164.5 146.9 (-10.7)
10yr 284.2 254.9 (-10.3)
30yr 350.2 330.1 (-5.7)
50yr 379.0 368.7 (-2.7)
80yr 404.5 406.6 (0.5)
100yr 416.4 425.6 (2.2)
200yr 452.1 488.8 (8.1)
500yr 497.1 583.3 (17.3)
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