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Development of Runoff Hydrograph Model for the Derivation of Optimal

Design Flood of Agricultural Hydraulic Structures(1)
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Lee, soon Hyuk - Park, Myeong Keun - Maeng, Sung Jin

Summary

It is experienced fact as a regular annual event that the structure to be designed on
unreasonable flood for the agricultural structures including reservoirs have been brought
not only loss of lives, but also enormous property damage. For the solution of this prob-
lem at issue, this study was conducted to develop an optimal runoff hydrograph model by
comparison of the peak flows and time to peak between observed and simulated flows de-
rived by linear time-invariant and linear time-variant models under the condition of
having a short duration of heavy rainfall with uniform rainfall intensity at nine small wa-
tersheds which are within the range of 55.9 to 140.7 square kilometers in area in Han,
Geum, Nagdong and Yeongsan Rivers.

The resulits obtained through this study can be summarized as follows.

1. Storage constants and Gamma function arguments were calculated within the range
of 1.2 to 6.42 and of 1.28 to 8.05 respectively by the moment method as the parameters
for the analysis of runoff hydrograph based on linear time-invariant model.

2. Parameters for both linear time-invariant and linear time-variant models were cali-
brated with nine gaged watershed data, using a trial and error method. The resulting pa-
rameters including Gamma function argument, N and storage constant, K for linear
time-invariant model were related statistically to watershed characteristic variables such
as area, slope, length of main stream and the centroid length of the basin.

3. Average relative errors of the simulated peak discharge of calibrated runoff
hydrographs by using linear time-variant and hinear time-invariant models were shown
to be 0.75 and 5.42 percent respectively to the peak of observed runoff hydrographs. Cor-
relation coefficients for the statistical analysis in the same condition were shown to be
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0.999 and 0.978 with a high significance respectively. Therefore, it can be concluded that
the accuracy of a linear time-variant model is approaching more closely to the observed
runoff hydrograph than that of a linear time-invariant model in the applied watersheds.

4. Average relative errors of the time to peak of calibrated runoff hydrographs by using
linear time-variant and linear time-invariant models were shown to be 16.44 and 19.89

percent respectively to the time to peak of observed runoff hydrographs. Correlation coef-
ficients in the same condition were also shown to be 0.999 and 0.886 with a high signifi-

cance respectively.

5. It can be seen that the shape of simulated hydrograph based on a linear time- vari-

ant model 1s getting closer to the observed runoff hydrograph than that of a linear time-
invariant model in the applied watersheds.

6. Two different models were verified with different rainfall-runoff events from data

for the calibration by relative error and correlation analysis. Consequently, it can be gen-

erally concluded that verification results for the peak discharge and time to peak of simu-

lated runoff hydrographs were in good agreement with those of calibrated runoff

hydrographs.
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Table-1. Physical characteristics for the applied watersheds of main river system and gauging

T T Watee I T Mam | Average . | | T T T
. i Length of , Length of | A i Control |
River | Water- | shed T | Stream - Basin y Shape 1 Gauge ] .
Mam 5 Centraid = 7, L L + Autort- | Location
System | shed ‘ Area | ‘ Slope -~ Wodth | Factor | Type .
' oo stream{km)l (km) ) | ties
Mﬂ_A,_L_va,@LLg o fm key o (ko) A 4 ) L
Teem- . i - oS- | Long.128° 28" 30"
55.9 5 |17 3381 0201 : . e
okjung | 559 1635, 685 1738 3'38f 020 econting | Law 3737 00
Haba: | l L J o |Selt ‘ Lnog.128° 26° 30"
Han Jnjung 82.0 ‘ 19.3 8.65 l 12.36 ‘ 4251 022 ‘ Recording | Lat. 37'97° 10"
River  |Jang- ‘ | | | Self- 5 ' Long.128°24" 55"
Dyung } 105.1 | 25.95 J 14.3 1 1741 ‘ 4.05 0.16 / Recording , MOC I Lat. 37°35° 60"
! i o
‘ i ; g 1oelf- i Long.127° 26" 20"
B el T T I e o
Tabe | 801l 132] 11! sz, anr| oz oc | Lonel2T 44
Geun o o B AT 02 peconding | MOC | L a7 267 00"
R' : 3 _ 0 TR
Y Koeun 853 1765 91| 66z 483 g7 L yge | Lengl27’3sss
_ T Ty Recording | 77 | Lat. 367347157
Nag | | . ‘ e 10"
Dong |00 84.3 19.4, 7ol 1asol a3 ozt Dwoe | Long 12818 107
River |18 | ‘ ‘ ] Recording ( Lat. 36°42° 50
e L S S — —
[Hwa | ] ’ Self- | | Long.126"58" 407
‘ : \ , , \
Yeong |sun T 4] 2003 50 6‘83i 4'88} 0.24 Recording ( Lati. 37702 40"
San ‘ i Self- : . Long.126°59" 20”
7 : -, ; | \ |
N T AT W L e
MOC : Ministry of Construction, RDC : Rural Development Corporation
# ReZ pebal vl lEael Auda. KO o2RE fasds Agasgel Ang ¢
g o slden A folol 27 KAESEH AH
gl MYEAH H MEANH FESESH &2 7zt 3.31~93.07mn, 77.6~2895.5m%/
Bgel vlm sec®] H9)E vEh i Utk
Azte) sy waol oa QrrR Wi o
=] = {w=]
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IvVv. &z} g« 33 dutH o FERY HWAHVIYHL Al
eR= /:j}ﬂ (A 2R A) Lok
1- %‘H*’gﬁ-g—?—%ﬁ - T '“IEO(EO» ]’053—0)—0 E-b]'
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FTAE 9MA Fod WE FAHTGSF A A 27 289 w7l 1~2709
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a7e] nefelnt Qe YRKS A4 of HIBAMEE oldE wmEwe
0 2854 vhol glo) aldfdelae) - olete] R Aulged A, N AR,
Fe RolATAILOR sl BT K& w72 sl 9ia Ng ngsin 7
. g7 K& Z71AE &o] 23 o8 &3
oyl XMEBIO 2 N
> RETYH AAREIA 7 Aol @ P HFRYD ABERIA Y
478 FA 97 el g 2570 AR 4R AFRE sjud 2 HT 85 ds

stations for water stage measurement
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Table-2. Parameters for Linear, Time-Invariant Model of applied watersheds

River
System

QOccurence period

Watershed of rainfall event

. '87. 6. 7.09:00- 6. 8.17:00
Habanjung (1. “87. 6. 7.10:00- 6. 8.20:00

leemokjung

Gamma | Effective
function | rainfall
N, ' (N)| R(10mm)
" 1.947 | 2173
1.545 1.499

Han Jangpyung |1. "87. 6. 7.08:00- 6. 9.05.00

1.475 3.836

1
1
1
River 1. '74. 5.14.06:00- 5.15.07:00
2
3

5575.321 1.819

Yeong  (Hwasun
San [ [1. 774. 6.17.03:00-10.17.20:00

7.757

1.698

Maesan .74, 7. 8.20:00- 7.10.04:00 3.675 | 9.307

i . '75. 8. 6.06:00- 8. 7.11:00 0.955 | 1.167

Geum |T2nbu 1. °87. 6. 7.16:00- 6. 8.23:00 545 | 2472
River  [Kooun 1. °73. 7. 2.08:00- 7. 3.06:00 1.174 l 1.148
\ 2. '73. 7.30.04:00- 7.31.05:00 4.638 | 0.409

Neg [ 1. '73. 7.30.07:00- 7.31.03:00 9.731 0.331
Dong  (Supyung 2. 74. 4. 7.07:00- 4. 8.18:00 0988 | 2077
River l "3. '75. 4.26.11:00- 4.27.08:00 8.396 | 1.026
4, '75. 6.29.18:00- 6.30.11:00 0.901 1.081

1. 774.10. 1.22:00-10. 2.13:00 | 1139 | 0864

River  |P&Y° 2.775. 4.26.13:00- 4.27.12:00

7.11 1.2 885.53 4.028
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Table-3. Comparison of simulated peak discharge and time to peak between LTIM and

LT VM to the observed peak discharge for calibration

Fig. 83} gt}

T

River Watershed Occurence period Qr RE Tp RE ]
System of rainfall event Obs. |[LTIMLTVMLTIMLTVM Obs. |LTIMLTVMLTIMLTVM
leemokjung1. '87. 6. 7.09;00- 6. 8.17:00 | 27.4]27.78/27.83| 1.39| 1.57| 6.0/ 6.5/ 7.0/ 8.33|16.67
Habanjung|1. "87. 6. 7.10:00- 6. 8.20:00 | 23.9]23.53| 23.3| 1.55| 2.511 8.0 7.2/ 9.0/10.0 {125

Han |Jangpyung|l. ‘87. 6. 7.08:00- 6. 9.05:00 | 60.9/60.20|61.9 | 1.15| 1.64. 8.0 91| 9.0/13.75/125
River 1. '74. 5.14.06:00- 5.15.07:00 | 59.6|55.68|59.53| 6.58| 0.12; 12.0{ 10.7| 13.0/10.83 8.33
Maesan  |2. "74. 7. 8.20:00- 7.10.04:00 2465 117569 |246.12|28.73 | 0.15! 13.0{ 10.3| 14.0|20.77| 7.69
3.75. 8. 6.06:00- 8. 7.11:00 | 26.9123.67|26.71|12.01| 0.71} 6.0 5.2| 7.0/13.33/16.67

Tanbu 1. ’87. 6. 7.16:00- 6. 8.23:00 | 42.4)38.64|42.08/ 8.87| 0.75 11.0{ 9.5/ 12.0|13.64| 9.09

CR}:};T Koeun 1.773. 7. 2.08:00- 7. 3.06:00 | 35.9/33.65|35.47| 6.27| 1.20; 4.0 3.5 5.0/125 |25.0
2. '73. 7.30.04:00- 7.31.05:00 | 10.8/10.75]10.86| 0.46| 0.56; 6.0/ 5.8 7.0| 3.33]16.67

1. 73. 7.30.07:00~ 7.31.03:00 | 13.7/12.48/13.83| 8.91! 0.95 5.0{ 4.5 6.0/10.0 |20.0

gzig Supyung 2.'74. 4. 7.07:00- 4. 8.18:00 | 28.5|28.25|28.34| 0.88] 0.56| 10.0| 6.2| 11.0]38.0 le.O
River 3.775. 4.26.11:00- 4.27.08:00 | 23.9| 24.42)23.89| 2.18] 0.04| 7.0 6.9 8.0 1.43;14.29
4. '75. 6.29.18:00~ 6.30.11:00 | 42.4|42.16|42.28/ 0.57 0.28| 2.0/ 1.0 3.0/50.0 ;50.0

Yeong |[Hwasun 1. "74.10. 1.22:00-10. 2.13:00 | 38.0| 36.02 38.17| 5.211 045/ 5.0 2.7 6.0/46.0 |20.0
San oo 1. '74. 6.17.03:00- 6.17.20:00 | 111.5] 1104111125 | 0.98] 0.22] 80| 42| 9.0[475 125
River 2.75. 4.26.13:00- 4.27.12:00 ,210.9] 20901 |21036 | 0.90{ 0.90| S.0| 7.3| 10.0/18.89|11.11
Mean 5.42{ 0.75 19.89| 16.44

Obs. : Observed,
RE : Relative Error

—4]—

LTIM : Linear Time Invariant Model
LTVE : Linear Time Variant Model
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Fig. 1. Comparison of peak discharge by dif-
ferent models of applied watersheds
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Fig. 2. Comparison of time to peak by dif-
ferent models of applied watersheds

Table-4. Correlation analysis of simulated
peak discharge and time to peak
calculated by different models for
calibration

Correlation coefficient
Qp T

LTIM 0.978** 0.886**

LTVM 0.999** 0.999**

Model

K= 0.419<L) e (14)

— * %k
s (r=0.88**)
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Fig. 3. Comparison of runoff hydrographs
derived by different models for cali-

bration at leemokjung watershed of
Han river
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derived by different models for cali-
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Fig. 5. Comparison of runoff hydrographs
derived by different models for cali-
bration at Supyung watershed of
Nag Dong river
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Table-5. Comparison of simulated peak discharge and time to peak between LTIM and LTVM
to the observed peak discharge for verification

River Watershed Occurence period Qp RE Te RE
System of rainfall event Obs. |LTIM [LTVM|LTIM [LTVM| Obs. |LTIM |LTVM LTIM |LTVM
leemokjung | '87.10.10.21:00-10.12.09:00 | 23.8| 2345| 23.92| 147| 05| 110 68| 12.0| 3818 9.09
Han Habanjung |’86.10.11.01:00-10.12.12:00| 25.7| 26.92| 26.49| 4.75| 3.07| 100| 82| 110/ 180 | 16,67
River Jangpyung |87.10.10.22:00-10.12.07:00 | 48.3| 47.12| 49.04| 244| 153| 110| 69| 120| 37.27| 9.09
Maesan 74. 519.17:00- 5.20.22:00 | 107.3|104.23|1106.95| 2.86( 0.33| 150{ 96| 160| 2017} 6.67
Geum Tanbu ‘87. 8.13.13:00- 8.14.09:00 | 158.9|161.52|158.41| 1.65 0.31 701 40| 80| 42.86! 14.29
River Koeun '73. 7.27.14.00- 7.2813:00 | 23.9| 220 | 2356, 7.95| 142| 30| 33} 40| 100 | 3333
gﬁlp"“g Supyung 73. 514.05:00- 5.15.16:00 | 175| 17.89| 17.65| 223| 086| 10.0| 7.8| 11.0| 22.0 | 100
Hwasun ‘74. 7. 417:00- 7. 5.11:00 | 34.1] 62.64| 64.39] 228! 045 30| 47/ 4.0 5667| 33.33
Ipgyo 74, 7. 6.11:00- 7. 7.07:00 | 109.1|101.79/109.88) 6.70 0.71| 10.0{ 7.0/ 11.0| 300 | 100
Mean 359 1.02 30.57] 15.83
s. . Observed LTIM : Linear Time Invariant Model
RE : Relative Error LTVM : Linear Time Variant Model
AYY AR 667~5667% HHE B L. RETEINYYS| BT 24
A1 FHaHoz HYPAEEF] 15.83%=2A WAfEd &3, 24, S5 d 2 J4AET
BAAS] 1644% BTk oha FolE ZL U A 97 fdl o 9 LAY 2SS
BT Ue vhH Ay EAHE3oe) 30.57% E5ETHAN By {FEFEIHAE FIY
2 BGA 19.89% vl thd A JERG oo olg] AZA] 7Y o FAH, 24 ®©
ot oldl HaiA, 4BY B4 o7 HFE 2, 9353 3 9 47y deidd
A3t At Table-6ollA Hi& wiel Zo] H Zt 1 AVl Wd HERETETLT
FHEL AP EAERYo] AdAT 0.998, APEAE 2 HNPAHAZY] FESFELIA
AP AHEFPo] 0.9990) 1 HAHAE= 0.9783% & Yehd Z= Fig 9-Fig. 129 2. o4
099924 % 1= FIHE JHERNA T
HEREFEGAL 94 AP EAPEARY] A ~ 0 S JETT— N
BA S 0.899, AYAMEHO] 0.99924 B %
~ 124
A9 0.8863F 0.9999F Al 1T §o4 ¢
2 RYozA HUNHor 2o HEAF 2
BERPERATY PR AW FERe & ]
T A 3
104
Table-6. Correlation analysis of simulated
peak discharge and time to peak by 01
different models with observed 10.10° Lz T Sz e
Time(hr, month, day)

peak discharge for varification

Model Correlation coefficient
@ | T

LTIM 0.998** 0.899**

LTVM 0.999** 0.999**

Fig. 9. Comparison of runoff hydrographs
derived by different models for veri-
fication at Ieemokjung watershed of
Han river
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