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Studies on the Stochastic Generation of Long Term Runoff (II)
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Lee, Soon Hyuk - Maeng, Sung Jin - Park, Jong Kuk

Summary

This study was conducted to get reasonable and abundant hydrological time series of
monthly flows simulated by a best fitting stochastic simulation model for the establishment
of rational design and the rationalization of management for agricultural hydraulic structures
including reservoirs.

Comparative analysis carried out for both statistical characteristics and synthetic monthly
flows. simulated by the multi-season first order Markov model based on Gamma distribution
which is confirmed as good one in the first report of this study and by Harmonic synthetic
model analyzed in this report for the six watersheds of Yeong San and Seom Jin river
systems.

1. Arithmetic mean values of synthetic monthly flows simulated by Gamma distribution
are much closer to the results of the observed data than those of Harmonic synthetic model
in the applied watersheds.

2. In comparison with the coefficients of variation, index of fluctuation for monthly flows
simulated by two kinds of synthetic models, those based on Gamma distribution are appeared
closer to the observed data than those of Harmonic synthetic model both in Yeong San
and Seom Jin river systems.

3. It was found that synthetic monthly flows based on Gamma distribution are considered
to give better results than those of Harmonic synthetic model in the applied watersheds.

4. Continuation studies by comparison with other simulation techniques are to be desired
for getting reasonable generation technique of synthetic monthly flows for the various river

systems in Korea.
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Table-1. Main and subroutine program and their functions

QD Observed data

Z, SD Monthly mean and standard deviation

HM, HSD Monthly harmonic mean and standard deviation
wQ(D) A work store to hold adjusted flows

Y, SY Mean and standard deviation for the adjusted flows
EM, ESD Mean and standard deviation of residuals

ANS Generation of residuals

EZ ES Mean and standard deviation for the synthetic flows
MEANSD Subroutine for the mean and standard deviation
HARMS Subroutine for the harmonic mean and standard deviation
SERCORR Subroutine for serial correlation

RANDOM Sobroutine for the generation of random number
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Table-2. Statistical parameters for the harmonic synthetic model in the applied watersheds

Ri Water- | Para- Month
T
Y ched |meter] 1 ] 2 | 3 | 4 | 5 | 6 | 7 8 9 | 10| 11 | 12
Na | m% | 705| 2777 1731] 4827| 3746| 8283| 16882] 11009 s8362| 3437| 1237] 2329
. Ju | S% | 539| 1486| 2258] 3358] 37.10| 11343] 12229] 7937| 72.66] 2021] 1330 11.87
eon; T
8 Ma | m* | 827] 1167] 976| 19.13| 1521| 2785| 4492] 3314 28.12] 1329| 832| 953
o | Reve | Sn | 798| 879] 31| 1330[ 1657) 3142 3129] 2860] 3096| 1321 72| 932
Nam | m% | 075 588 2389 1384| 1441 2482] 4329 3591| 27.80| 637] 088] 270
Pyeong| S% | 147| 1147| 1137 1142| 1421] 3097| 3012 2266 2401] 584 322| 204
Song | m* | 1406 3517| 2950| 9350| 86.15| 127.02| 28154| 25164| 15809] 57.63| 26.02| 3050
ooy |Jeone | S | 1016] 2535[ 3545] 77.81] 9861 15301] 19931] 18849] 14876| 4935| 2398 2226
Ap | m* | 1131| 3380| 2552| 6141| 4377| 8573| 18392( 12567 87.18| 3582| 15.22| 2449
i | Rog | s | 1ana] 251] pa78] a620] 77| 1679| 12936 204 9338] 2530] 1611 1691
m
Jeog | m% | 618 936 902 1777 1370] 2783] 4683] 3673| 2097| 1167 682 917
Seong | S% | 278] 718| 540 1158 1120 3181] 3497] 2410 3476] 9.65| 375 854
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Table-3. Simulated equations of January for
the first year in the applied water-
sheds

Model | River {Watershed| Simulated equation
Na Ju |q%=7.05+5.39X7Z*%
San Ma Reug |q*,=8.27+7.98XZ*,
Sim Nam Pyeong q*= —0.75+1.47 X Z*,
(HS) Seom Song Jeong q*1=14.06+10.16 X Z*,
Ap Rog [q*1=11.31+14.14XZ*
Jeog Seong q*1=6.18+2.78 X Z*
Sim(HS) : Simulated equations derived by harmo-

Yeong

Jin

nic synthetic model
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Table-4. Relative error for the statistics of historic and synthetic streamflow sequences at
Na Ju watershed in Yeong San River

Basic —
Statistics Q 5 -G <

M | H&Sim AV RE AV RE AV RE AV RE
hist 15.02 8.00 0.53 0.92

1 sim(g) 13.94 7.19 6.58 17.75 047 11.32 1.22 3261
sim(hs) 747 50.27 493 38.38 0.66 24.53 0.24 7391
hist 19.81 12.26 0.62 0.81

2 | sim(g) 19.29 2.62 10.84 1158 0.56 9.68 1.85 | 12840
sim(hs) 26.00 31.25 14.42 17.62 0.55 11.29 0.65 19.75
hist 25.27 25.19 1.00 2.55

3 sim(g) 28.65 13.38 22.88 9.17 0.80 20.00 1.10 56.86
sim(hs) 20.90 17.29 18.35 27.15 0.88 12.00 114 55.29
hist 40.31 30.98 0.77 1.63

4 sim(g) 33.77 16.22 24.13 2211 0.71 7.79 143 12.27
sim(hs) 41.76 3.60 32.81 591 0.79 2.60 0.71 56.44
hist 4543 39.71 0.87 1.20

5 sim(g) 42.09 7.35 2548 35.83 0.61 2989 | 079 19.17
sim(hs) 45.60 0.37 29.48 25.76 0.65 25.29 0.24 80.00
hist 74.87 110.8 148 3.16

6 sim(g) 7144 4.58 111.89 0.89 157 6.08 in 158
sim(hs) 99.99 33.55 70.15 36.69 0.70 52.70 0.56 82.28
hist 176.78 124.89 0.71 047

7 sim(g) 218.93 23.84 126.86 1.58 0.58 1831 —0.15 131.91
sim(hs) 192.16 8.70 125.74 0.68 0.65 845 0.56 19.15
hist 102.12 76.77 0.75 1.17

8 sim(g) 85.74 16.04 53.58 30.21 0.62 17.33 0.21 82.05
sim(hs) 105.55 3.36 61.35 20.09 0.58 22.67 0.25 78.03
hist 91.58 75.26 0.82 139

9 sim(g) 82.72 9.69 76.30 1.38 0.92 12.20 1.39 0.00
sim(hs) 76.23 16.76 44.51 40.86 0.58 29.27 0.26 81.29
hist 26.40 17.61 0.67 176

10 | sim(g) 28.23 6.93 15.40 12.55 0.55 1791 143 18.75
sim(hs) 3841 4549 16.34 7.21 0.43 35.82 0.33 81.25
hist 20.34 1591 0.78 2.37

11 | sim(g 18.57 8.70 10.16 36.14 0.55 29.49 0.64 73.00
sim(hs) 15.56 23.50 9.99 37.21 0.64 17.95 0.90 62.03
hist 15.33 9.27 0.60 135

12 | sim(g) 11.63 24.14 498 46.28 0.43 28.33 2.24 65.93
sim(hs) 22.14 44.36 10.52 13.48 0.48 20.00 0.21 84.44

H & Sim ;5 Historical & simulated flows.
hist s Historical flows.

sim(g) : Simulated by Gamma distribution.
sim(hs) ; Simulated by Harmonic. synthetic model.
AV ; Absolute value RE ; Relative error
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Table-5. Relative error for the statistics of historic and synthetic streamflow sequences at
Nam Pyeong watershed in Yeong San River

Basic —
Statistics Q S C G

M | H&Sim AV RE AV RE AV RE AV RE
“hist 1.23 2.87 223 4.79

1 | sim(g) 262 | 11301 2.10 26.83 0.80 65.67 1.03 78.50
sim(hs) 140 13.8 121 57.84 0.86 63.09 146 59.52
hist 3.80 10.14 2.67 444

2 | sim(g) 4.25 11.84 2.76 72.78 0.65 75.66 0.66 85.14
sim(hs) 998 | 162.63 8.79 13.31 0.88 67.04 0.77 82.66
hist 6.03 12.80 212 3.69

3 | sim(g) 1458 | 14179 8.40 34.38 0.58 72.64 0.40 89.16
sim(hs) 9.18 52.24 6.61 48.36 0.72 66.04 0.78 78.86
hist 11.83 10.05 0.85 1.58

4 | sim(g) 11.68 127 741 26.27 0.63 2588 | —0.08 | 10549
sim(hs) 13.32 12.60 7.04 29.95 053 3765 | —015| 10949
hist 16.57 15.61 0.94 1.09

5 | sim(g) 19.17 15.69 13.09 16.14 0.68 27.66 0.40 63.30
sim(hs) 15.27 7.85 13.13 15.89 0.86 851 0.99 9.17
hist 22.76 29.58 1.30 225

6 | sim(g 26.88 18.10 32.52 6.96 1.02 21.53 0.75 66.67
sim(hs) 3349 47.14 26.18 11.49 0.78 40.00 0.83 63.11
hist 4541 | . 3145 0.69 0.63

7 | sim(g) 47.75 5.15 23.97 23.78 0.50 2754 | —029 | 146.03
sim(hs) 35.46 2191 26.87 14.56 0.76 10.14 043 31.75
hist 33.89 21.23 0.63 044

8 | sim(g) 26.72 21.15 13.64 33.75 0.51 19.05 0.50 13.64
sim(hs) 3181 6.14 22.27 4.90 0.70 1111 0.46 455
hist 30.00 25.30 0.84 0.88

9 | sim(g 29.70 1.00 17.38 31.30 0.59 29.76 1.07 21,59
sim(hs) 28.20 6.00 19.23 23.99 0.68 19.05 0.23 73.86
hist 433 4.63 1.07 1.64

10 | sim(g) 456 5.31 3.62 21.81 0.79 26.17 1.29 21.34
sim(hs) 5.97 37.88 445 3.89 0.75 29.91 0.64 60.98
hist 2.90 4.78 1.65 3.05

11 | sim(g) 5.59 92.76 291 39.12 0.52 68.48 0.10 96.72
sim(hs) 2.82 2.76 2.55 46.65 0.90 4545 0.98 67.87
hist 0.67 0.49 0.73 3.12

12 | sim(g) 0.63 597 042 14.29 0.67 8.22 0.86 72.44
sim(hs) 272 | 31194 1.96 95.92 0.71 2.74 0.77 75.32

H & Sim ; Historical & simulated flows.
hist ; Historical flows.

sim(g) : Simulated by Gamma distribution.
sim(hs) ; Simulated by Harmonic synthetic model.
AV ; Absolute value RE : Relative error
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Table-6. Relative error for the statistics of historic and synthetic streamflow sequences at
Song Jeong watershed in Seom Jin River

Basic —
Statistics @ S C G

M | H&Sim AV RE AV RE AV RE AV RE
hist 19.81 12.56 0.63 0.99

1 | sim(g) 19.95 0.71 1145 8.84 0.57 9.52 0.43 56.57
sim(hs) 1441 27.26 8.36 33.44 0.58 7.94 0.23 76.77
hist 28.84 21.89 0.76 0.81

2 | sim(g © 2904 0.69 18.37 16.08 0.63 17.11 1.28 58.02
sim(hs) 3346 16.02 20.98 4.16 0.63 17.11 0.03 96.30
hist 35.23 38.25 1.09 2.22

3 | sim(g) 46.95 33.27 37.24 2.64 0.79 2752 0.84 62.16
sim(hs) 34.50 2.07 26.87 29.75 0.78 28.44 0.90. 59.46
hist 87.38 75.00 0.86 1.22

4 | sim(g) 71.60 18.06 53.03 29.27 0.74 13.95 043 64.75
sim(hs) 88.52 1.30 67.09 10.55 0.76 11.63 0.77 36.89
hist 91.71 101.7 111 1.76

5 | sim(g) 77.81 15.16 71.56 29.64 0.92 17.12 3.39 92.61
sim(hs) 89.50 241 63.90 37.17 0.71 36.04 0.56 68.18
hist 121.1 150.1 1.24 2.27

6 | sim(g) 122.47 113 | 133.96 10.75 1.09 12.10 1.81 20.26
sim(hs) 127.19 5.03 83.32 44.49 0.66 46.77 0.44 80.62
hist 287.43 202.22 0.70 0.17

7 | sim(g) 314.48 941 | 18542 831 0.59 1571 | —023 | 23529
sim(hs) 264.60 794 | 17745 12.25 0.67 4.29 0.03 82.35
hist 245.60 . 185.78 0.76 143

8 | sim(g) 150.57 3869 | 11022 40.67 0.73 3.95 2.38 66.43
sim(hs) 208.38 15.15 | 114.24 3851 0.55 27.63 0.62 56.64
hist 163.6 1520 0.93 1.02

9 | sim(g 156.79 416 | 11123 26.82 0.71 23.66 2.05 | 10098
sim(hs) 147.60 9.78 83.14 45.30 0.56 39.78 0.81 20.59
hist 51,51 46.43 0.90 161

10 | sim(g) 49.71 349 40.23 13.35 0.81 10.00 2.90 27.33
sim(hs) 54.32 5.46 34.87 24.90 0.64 28.89 0.96 49.69

| hist 3112 26.20 0.84 1.85

11 | sim(g) 38.04 22.24 27.96 6.72 0.74 11.90 0.80 56.76
sim(hs) 30.07 3.37 18.86 28.02 0.63 25.00 0.98 47.03
hist 2443 19.02 0.78 1.17

12 | sim(g) 20.74 15.10 5.86 69.19 0.28 6410 | —0.72 ] 16154
sim(hs) 32.66 33.69 17.32 8.94 0.53 32.05 0.53 54.70

H & Sim ;5 Historical & simulated flows.
hist s Historical flows.

sim(g) ; Simulated by Gamma distribution.
sim(hs) ; Simulated by Harmonic synthetic model.
AV ; Absolute value RE ; Relative error
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Table-7. Relative error for the statistics of historic and synthetic streamflow sequences at
Ap Rog watershed in Seom Jin River

Basic —
Statistics Q 5 G G
M | H&Sim AV RE AV RE AV RE AV RE
hist 18.57 18.10 0.97 1.85
1 | sim(g) 18.34 1.24 13.43 25.80 0.73 24.74 0.68 20.00
sim(hs) 9.92 46.58 9.62 46.85 0.97 0.00 1.04 22.35
hist 27.06 18.92 0.70 0.29
2 | sim(g) 27.30 0.89 15.01 20.67 0.55 2143 0.75 | 15862
sim(hs) 3113 15.04 22.16 17.12 0.71 143 0.36 24.14
hist 3231 28.65 0.89 2.36
3 | sim(g 39.68 2281 25.38 1141 0.64 28.09 131 44.49
sim(hs) 20.26 37.29 16.44 42.62 0.81 899 1.53 35.17
hist 54.48 42.06 0.77 105
"4 | sim(® 45.53 16.43 31.63 24.80 0.69 10.39 0.24 77.14
sim(hs) 55.24 1.40 35.80 14.88 0.65 15.58 0.61 41.90
hist 50.79 48.78 0.96 1.18
5 | sim(g) 4553 10.36 41.04 15.87 0.90 6.25 201 70.34
sim(hs) 42.99 15.36 28.39 41.80 0.66 31.25 0.59 50.00
hist 79.15 1125 142 2.79
6 | sim(g 84.10 6.25 98.53 12.42 117 17.61 1.81 35.13
sim(hs) 96.64 22.10 76.54 31.96 0.79 44.37 143 48.75
hist 190.88 13343 0.70 0.17
7 | sim(g) 193.14 118 | 11297 15.33 0.58 1714 | —0.16 | 194.12
sim(hs) 166.96 1253 | 109.71 17.78 0.66 5.71 0.77 | 352.94
hist 118.74 88.81 0.75 0.84
8 | sim(g) 83.28 29.86 58.70 33.90 0.70 6.67 147 75.00
sim(hs) 126.79 6.78 77.50 12.74 0.61 18.67 0.37 55.95
hist 94.18 97.46 1.03 1.88
9 | sim(g 75.98 19.32 77.74 20.23 1.02 0.97 2.65 40.96
sim(hs) 98.91 5.02 54.43 44.15 0.55 46.60 0.52 72.34
hist 29.48 20.70 0.70 0.95
10 | sim(g) 29.40 0.27 19.28 6.86 0.66 5.71 173 82.11
sim(hs) 36.03 22.22 18.01 13.00 0.50 28,57 0.55 42.11
hist 22.49 19.05 0.85 177
11 | sim(g) 24.13 7.27 13.08 31.34 0.54 36.47 157 11.30
sim(hs) 15.83 29.61 11.58 39.21 0.73 14.12 0.57 67.80
hist 18.07 12.60 0.70 1.36
12 | sim(g) 14.88 17.65 3.16 74.92 0.21 7000 | —003 | 10221
sim(hs) 20.15 11.51 16.23 28.81 0.81 15.71 0.51 62.50
H & Sim ; Historical & simulated flows.
hist ; Historical flows.

sim(g) ; Simulated by Gamma distribution.
sim(hs) ; Simulated by Harmonic synthetic model.
AV ; Absolute value RE ; Relative error
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