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Development of Runoff Hydrograph Model for the Derivation of
Optimal Design Flood of Agricultural Hydraulic Structures(Il)

I L A Bt

Lee, Soon Hyuk - Park, Myeong Keun - Maeng, Sung Jin
Summary

This study was conducted to develop an optimal runoff hydrograph model by compari-
son of the peak discharge and time to peak between observed and simulated flows de-
rived by four different models, that is, linear time-invariant, linear time-variant,
nonlinear time-invariant and nonlinear time-variant models under the conditions of
heavy rainfalls with regionally uniform rainfall intensity in short durations at nine small
watersheds.

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

1. Parameters for four models including linear time-invariant, linear time-variant,
nonlinear time-invariant and nonlinear time-variant models were calibrated using a trial
and error method with rainfall and runoff data for the applied watersheds. Regression
analysis among parameters, rainfall and watershed characteristics were established for
both linear time-invariant and nonlinear time-invariant models.

2. Correlation coefficients of the simulated peak discharge of calibrated runoff hydro-
graphs by using four models were shown to be a high significant to the peak of observed
runoff hydrographs. Especially, it can be concluded that the simulated peak discharge of
a linear time-variant model is approaching more closely to the observed runoff
hydrograph in comparison with those of three models in the applied watersheds.

3. Correlation coefficients of the simulated time to peak of calibrated runoff

hydrographs by using a linear time-variant model were shown to be a high significant to
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the time to peak of observed runoff hydrographs than those of the other models.

4. The peak discharge and time to peak of simulated runoff hydrographs by using lin-
ear time-variant model are verified to be approached more closely to those of observed
runoff hydrographs than those of three models in the applied watersheds.

5. It can be generally concluded that the shape of simulated hydrograph based on a lin-
ear time-variant model is getting closer to the observed runoff hydrograph than those of
three models in the applied watersheds.

6. Simulated hydrographs using the nonlinear time-variant model which is based on
more closely to the theoritical background of the natural runoff process are not closer to
the observed runoff hydrographs in comparison with those of three models in the applied
watersheds. Consequently, it is to be desired that further study for the nonlinear time-
variant model should be continued with verification using rainfall-runoff data of the

other watersheds in addition to the review of analytical techniques.
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il

Read storage constants, exponential constants, in-
itial value of runoff discharge and it’s derivative
with respect to time, effective rainfall intensity

Calculate runoff discharge and the derivative of

runoff discharge with respect to time

Calculate runoff discharge by Runge-Kutta
method

Calculate the derivative of runoff discharge
with respect to time by Runge-Kutta method

Print effective rainfall intensity, runoff discharge
and the derivative of runoff discharge with
respect to time

C ELd D)

Fig. 1. Flow Chart of Nonlinear, Time-Inva-
riant Model( NLTIM)

C StTrt )

Read storage constants, exponential constants,
viriate for the rainfall duration, effective rainfall
intensity, initial value of runoff discharge and it's
derivative with respect to time

Calculate runoff discharge and the derivative of
runoff discharge with respect to time

Calculate runoff discharge and the derviative
of runoff discharge with respect to time of
rising limb by Runge-Kutta method for 2nd
order nonlinear differential equation

Calculate runoff discharge of falling limb by
Runge-Kutta method for first order
nonlinear differential equation

Print effective rainfall intensity, runoff discharge
of rising and falling limb

C End D)

Fig. 2. Flow Chart of Nonlinear, Time-Vari-
ant Model(NLTVM)
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Table-1. Calibrated parameters and initial conditions for Nonlinear, Time-Invariant Model

River | Watershed Oceurence period M T K, K, Q | dQo/dt
System of rainfall event
leemogjung | 87. 6. 7. 09:00— 6. 8. 17:00 | 1.079 | 1.602 | 5497 | 1.330 | 0.215
Habanjung | 87. 6. 7. 10:00— 6. 8. 20:00 | 1.079 | 1.212 | 4.601 | 0.447 | 0.896
Han Jangpyung | 87. 6. 7. 08:00— 6. 9. 05:00 1.079 1.330 | 3.978 | 0.046 0.009 )
River 74. 5.14. 06:00— 5.15. 07:00 | 1.028 | 2.163 | 6.039 | 0.400 | 0.100
Maesan | 74. 7. 8. 20:00— 7.10. 04:00 | 1.028 | 1.621 | 4.015 | 5.000 | 9.700
75. 8. 6. 06:00— 6. 8. 23:00 | 1.028 | 1719 | 5676 | 3.300 | 5200
G Tanbu | 87.6. 7. 16:00— 6. 8. 23:00 | 0.658 | 11.129 | 9.014 | 0.015 | 1.343
€ —
sum 73. 7. 2. 08:00— 7. 3. 06:00 | 0.901 | 2.910 | 5500 | 1.000 | 2.700
River Koeun
73. 7.30. 04:00— 7.31. 05:00 | 0.901 | 2.473 | 3.090 | 0.400 | 0.600
N 73. 7.30. 07:00— 7.31, 03:00 | 0.255 | 11.099 | 3.280 | 0.200 | 0.200
a,
g 74. 4. 7. 07:00— 4. 8. 18:00 | 0.255 | 78.050 | 5417 | 1.100 | 1.600
Dong Supyung
A 75. 4.26. 11:00— 4.27. 08:00 | 0.255 | 38.817 | 4.215 | 0.300 | 0.600
ver
75. 6.29. 18:00~ 6.30. 11:00 | 0.255 | 12.106 | 1.420 | 35.40 | 7.000
Yeong | Hwasun | 74.10. 1. 22:00—10. 2. 13:00 | 0.991 | 1485 | 3582 | 1.800 | 3.800
San 1 74. 6.17. 03:00— 6.17. 20:00 | 0.991 | 0.934 | 1575 | 0500 | 2.000
River PEyo 75. 4.26. 13:00— 4.27. 12:00 | 0.991 | 1.369 | 1.824 | 0.800 | 0.200

M : Exponential constant

K : The first storage constant

Q:

K, : The second storage constant

Initial value of runoff discharge(m?3/s)

dQq/dt : The derivative of initial runoff discharge with respect to time
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Table-2. Calibrated parameters and initial conditions for Nonlinear, Time-variant Model

River Watershed Occurtence period W N; N, Ky T K l Qo EQO/ dt
System of rainfall event
leemogjung | 87. 6. 7. 09:00— 6. 8. 17:00 | 1.894.| 1.147 | 0.060 | 17.722| 1.330 | 0.215
Habanjung | 87. 6. 7. 10:00— 6. 8. 20:00 | 1.391 | 3.289 | 2.850 1.258) 0.447 | 0.896
Han Jangpyung | 87. 6. 7. 08:00— 6. 9. 05:00 | 1.669 | 0.941 | 1.040 | 25.786] 0.046 | 0.009
River 74. 5.14. 06:00— 5.15. 07:00 | 1.811 | 0.513 | 0.250 |112.945] 0.400 | 0.100
Maesan 74. 7. 8. 20:00— 7.10. 04:00 | 1.270 | 0.897 | 1.060 1113.766 5.000 | 9.700
L 75. 8. 6. 06:00— 6. 8. 23:00 | 1.689 | 0.980 | 0.250 | 3.710} 3.300 | 5.200
Geum Tanbu 87. 6. 7. 16:00— 6. 8. 23:00 | 1.503 ] 0.283 | 1.210 |224.752| 0.015 | 1.343
River Koeun 73. 7. 2. 08:00— 7. 3. 06:00 | 1.228 | 0.019 | 2.100 {153.200| 1.000 | 2.700
73. 7.30. 04:00— 7.31. 05:00 | 1.648 | 0.642 | 1.580 6.209| 0.400 | 0.600
Neg 73. 7.30. 07:00— 7.31. 03:00 | 1.707 | 1.629 | 1.010 | 38.896| 0.200 | 0.200
Dong Supyung 74. 4. 7. 07:00— 4. 8. 18:00 | 1.639 | 1.504 | 1.05 20.706| 1.100 | 1.600
River 75. 4.26. 11:00— 4.27. 08:00 | 2.224 | 0.045 | 0.090 |198.843| 0.300 | 0.600
75. 6.29. 18:00— 6.30. 11:00 | 1.688 | 0.680 | 0.680 1.133( 35.40 | 7.000
Yeong Hwasun 74.10. 1. 22:00—10. 2. 13:00 | 1.642 | 2.234 | 0.300 | 3.296] 1.800 | 3.800
San 74. 6.17. 03:00— 6.17. 20:00 | 1.850 | 0.781 | 0.070 | 34.116| 0.500 | 2.200
River Ipgyo 75. 4.26. 13:00— 4.27. 12:00 L1.178 1.059 1.195110.175 0.800 | 0.200

N; : The first exponential constant
Nj : The second exponential constant
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Table-3. Comparison of peak discharge and time to peak between the simulated and the ob-
served for calibration

River |Water-| Occurence period Qrp(m?/s) RE(%) Tp(hrs) RE(%)
System | shed of rainfall event | Obs. INLTIMNLTVMNLTIMNLTVM Obs. |NLTIMNLTVMNLTIMNLTVM
leem- |1.°87.6. 7. 09:00
, 27.4| 265| 33.1| 3.28 2080 6.0| 11.0] 7.0| 83.33| 1667
ogjung - 6. 8. 17:00
Haba- |1.°876. 7. 10:00 239| 265! 252| 10.88| 544| 80| 110 7.0 375| 125
njung — 6. 8.20:00| ) ) ) ) ) ' ’ ’ )
Jang- 1. '876.7.08:00) o | eorl 81| s4z| 413 80| 120 50| s00| 375
Han |pyung — 6.9.05:00 ) ) ) ) ) ) ) ) ’
River 1.'745.14. 06:00 59.6| 60.8| 50.6| 201| 1510/ 12.0! 150 10.0| 250 16.67
— 515, 07:00| ’ ' ) ' ) ) ' ) '
M 2.774.7. 8. 20:00 246.5| 247.8| 274.6| 053] 11.39| 13.0| 15.0| 17.0| 15.38] 30.77
36 _ 7,10, 04:00
3.75.8. 6. 06:00 26.9| 286| 24.6| 6.32| 855 6.0 10.0| 100! 66.67| 66.67
8 7 11:00| % . . ) . . X | . .
Tanbu 1.787.6. 7. 16:00 42.4| 446] 472 5.19| 11.32] 11.0| 15.0| 11.0| 36.36, 0.00
"6 8 2300 . : . . . ! : . )
Geum L7872 08:00 1 o0 ol 000l 406l 752 1309 40| 90| 60| 1250/ 500
River — 7.8.06:00| ' ) ) ) ' ) ' ' )
Koeun ,
2. 73.1.30. 04:00 10.8] 10.1| 11.5| 6.48| 6.48| 6.0 9.0 2.0| 50.0| 66.66
— 7.31. 05:00] ’ ’ ‘ ) ) ’ ) ) )
1.'78.7:30. 07:00 13.7| 136 12.7| 0.73] 7.29| 50 9.0 2.0| 80.0| 60.0
— 7.31.03:00| ) ) ) ' ' ’ ' ) '
2.°74.4. 7. 07:00
Nag 285] 31.2| 326] 947| 14.38) 10.0| 15.0| 120 500| 200
D Supy- — 4. 8. 18:00
on
Ri § |me |3 75426 11500 239 277| 288| 15.89| 2050 7.0 11.0| 11.0] 57.14| 57.14
er . . X R . . R . . .
v — 4.27. 08:00
4775629, 18:00 42.4| 44.8| 498| 5.66] 1745 20| 20 20| 000 000
— 6.30. 11:00| ’ ’ ’ ' ' ) ) ) '
1.°74.10.1. 22:00
Hwasun 38.0| 388/ 395 210/ 395/ 50/ 80! 90| 600/ 800
—10. 2. 13:00
Yeong .
1.774.6.17. 03:00
San 1115 112.8| 100.3; 1.17| 10.04| 80 9.0 80| 125 0.00
, — 6.17. 20:00
River |Ipgyo ,
2.7754.26. 13:00 210.0| 211.5| 285.7| 0.28| 11.76] 9.0{ 10.0 70| 1111 22.22
— 4.27.12:00, ‘ ' ’ ) ' ’ ) ’ ’
Mean 5.37| 11.35 47.49| 33.54

NLTIM : Nonlinear Time-Invariant Model
NLTVM : Nonlinear Time-Variant Model
Qp . Peak discharge

Tp: Time to peak

Obs : Observed discharge
RE : Relative Error
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Table-4. Correlation analysis of simulated
peak discharge and time to peak
calculated by different models for

calibration
Correlation coefficient
Model QA | T Remarks
NLTIM 0.998** | 0.893**
NLTVM 0.995** 0.735**
LTIM 0.978** 0.886** B The first
LTVM | 0.999** | 0.999** | report!®
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Fig. 3. Comparison of peak discharge by dif-
ferent models of applied watersheds
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Fig. 4. Comparison of time to peak by dif-
ferent models of applied watersheds
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Fig. 5. Comparison of runoff hydrographs
derived by different models for cali-
bration at leemokjung watershed of
Han river
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Fig. 6. Comparison of runoff hydrographs
derived by different models for cali-
bration at Tanbu watershed of Geum

river
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Fig. 7. Comparison of runoff hydrographs
derived by different models for cali-

bration at Supyung watershed of

Nag Dong river
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Fig. 8. Comparison of runoff hydrographs
derived by different models for cali-
bration at Ipgyo watershed of Yeong
San river

Table-5. Analysis of variance for exponen-
tial constant, M

Sum of | Mean F Prob
squares | square | value | >F
Model | 3 3.443 1.148
Error | 13 4.243 0.326 (3.516*(0.0461
Total | 16 7.686

Source | DF

AFAT, KT Kol #9 8 29549
3 AWA = Table-6  Table-7¢4 Hi& u}
& o] n=ef iAol AP

-0.149 , 0.447 -0.489

M=A L ST (10)
[Q:A'O‘%QL 1'41950'652 .................. (11)
K= A—0.769L1A677R;o.344DB.554 ________ (12)

Table-6. Analysis of - variance for storage
constant, KX

Source| D | Sumof | Mean [ F [ Prob
squares | square | value | >F

Model | 3 31.565 10.522

Error | 13 22.309 1.716 |6.131*|0.0079

Total | 16 53.874
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Table-7. Analysis of variance for storage
constant, K;

Sum of | Mean F Prob
Source | DF

squares |square | value | >F

30.865 | 7.716

2.123 | 0.177 |43.616*|0.0001

32.988

F BRG] WAASY BEA

At T ¥

45, Kp7h AR sk Es

1

3 e AN E Ko dEHBER Ay

95

424

el FHE

Aol gﬂz‘s}ﬁﬁ}.

6. 282 A

Tl BIMY A U BlMY AM RES
23N 2Ye| HERUL HTAZL
il

Table-8. Comparison of peak discharge and time
served for verification

O

Table-83} 2}, *"*7;_:]-,—
Ao 1.2%~2280%2 ¥WslE YeRY
AL FEHoze HAE EAY 2o
1115% 24 HHE A¥ 239 295%KTH
AN e A exE BoFn ot 282
AFAIZY] A& ARE Aexts 0~50%
o] HHE RHYF FFHoE o HFAZ
A HAE BAIW wdo] 31.9%2A HA
3 AW 289 171% 8T & A exE
Yehl 3 lch E3, AR Algd A3 &
A 2 AP A 27 RE B B A
AHEE 270 2EYE gaEAd o3 BAE
A58 A= Table-99} 2om 7| £

to peak between the simulated and the ob-

River |Water-| Occurence period Qe m/s) RE(%) T hrs) RE(%)
System [shed | of rainfall event | Obs. [NLTIMNLTVMNLTIMNLTVM Obs. INLTIMNLTVMNLTIMNLTVM
leem- |1.786.10.10. 21:00
een 238| 59.1) 503| 1483] 1113 1L.1] 70! 11.0| 364 0.0
okjung | —10.12. 09:00
H ba- |1.’86.10.11, 01:00
an |Haba 57| 843! 284| 2280, 105! 100! 50/ 80| 5000 200
River ' |njung -10.12. 12:00 l
1,774, 5.19. 17:00
Maesan 1073] 2229| 1357 1077 265|150/ 80| 170| 467] 133
— 5.20. 22:00
.'86. 8.13 13:
Tanbu | & 00 331300 | ool oa00) e7ol sis| 452 70 70l 100 00| 428
Geum — 8.14. 09:00
' 1,773 7.27 14:00
River | oeun |77 1o TETIN00 o0 ob o gl aael azs]  42] 30l 30l 20l 00| 338
— 7.28. 13:00 I
Supy- |1.’74. 5.14. 05:00
Dong | 4 175| 481| 188| 1749 7.4/ 100 50| 110/ 500/ 100
. ung — 5.15. 16:00
River |
Yeong 1.74. 7. 6. 11:00
San  Ipgyo | 0% ™ihoe1| 137.7] 1104] 262 12| 1000 60l 100| 400, 000
4 — 7. 7.07:00
River
Mean 15| 295 R

Qp . Peak discharge
Obs.
RE : Relative Error

. Observed discharge

Tp: Time to peak

NLTIM : Non-Linear Time Invariant Model

NLTVM : Non-Linear Time Variant Model
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Table-9. Correlation analysis of simulated
peak discharge and time to peak
calculated by different models for

verification
Correlation coefficient
Model Ami/S) | Tohrs Remarks
NLTIM 0.813* | 0.766*
NLTVM 0.939** 0.928**
LTIM 0.998** 0.899** The first
LTVM | 0.999%* 0.999** | report!®
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Fig. 9. Comparison of runoff hydrographs
derived by different models for veri-
fication at Ieemokjung watershed of

Han river
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