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Comparative Studies on the Simulation for the Monthly Runoff
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Summary

This study was conducted to simulate long series of synthetic monthly flows by multi-
season first order Markov model with selection of best fitting frequency distribution, har-
monic synthetic and harmonic regression models and to make a comparison of statistical
parameters between observed and synthetic flows of five watersheds in Geum river
system.

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

1. Both gamma and two parameter lognormal distributions were found to be suitable
ones for monthly flows in all watersheds by Kolmogorov-Smirnov test.

2. It was found that arithmetic mean values of synthetic monthly flows simulated by
multi-season first order Markov model with gamma distribution are much closer to the
results of the observed data in comparison with those of the other models in the applied
watersheds.

3. The coefficients of variation, index of fluctuation for monthly flows simulated by
multi-season first order Markov model with gamma distribution are appeared closer to
those of the observed data in comparison with those of the other models in Geum river
systerﬁ. '

4. Synthetic monthly flows were simulated over 100 years by multi-season first order
Markov model with gamma distribution which is acknowledged as a suitable simulation

model in this study.
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Table-1. Physical characteristics of the selected watersheds

Length of | Average Observed
. Area ) L Shape ; .
River | Watershed main stream|basin width duration Location
(km?) factor
0 ’
Yongdam | 937 120 7808 | 6507 g7 | Lene. 127732
' Lati. 35% 28
: 28
Geumsan | 1628 35.6 4573 | 1285 27 Long. 1277 34
Lati. 36° 07
0 ’
Geum | Ogcheon | 2943 60.2 4889 | 0812 g7 | Lone- 127739
Lati. 36° 16
0 ’
Gongiu | 7126 305.2 23.35 0.077 27 Long. 1277 08
Lati. 36° 28
0 ’
Gyuam | 8273 338.1 24.47 0.072 27 Long. 1267 04
Lati. 36° 16
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Table-2. Basic statistics of historic streamflow in Geum river
Water- Statistics . Month
shed 1 2 3 4 5 6 7 8 9 10 11 12
5]. 6.93| 12.70| 19.23| 27.76| 18.55| 22.46| 76.93| 45.09| 37.74| 11.98| 11.52| 9.12
Yongdam S; - 4.33| 9.87| 13.96| 17.94| 12.67| 25.76| 45.69| 28.41| 25.89| 8.06] 6.02| 4.16
Cs- 1.24| 1.84| 1.40| 1.68] 0.80| 1.97| 0.09| 0.44| 0.73| 2.22| 0.73| 0.62
C, 0.63| 0.78| 0.72| 0.65| 0.68| 1.15| 0.59| 0.63| 0.69| 0.67| 0.52| 0.46
5,- 10.41| 19.17| 31.92| 46.66| 31.50| 39.17|129.13| 77.27| 61.81| 18.0 | 18.30} 14.44
Geumsan S; 6.44| 12.53 23.5; 30.07| 21.59| 43.23| 76.17| 48.05| 40.69| 11.17| 9.55| 6.32
Cs 1.58; 1.07] 1.61| 1.64| 0.83| -.2.03| 0.06; 0.45 0.68/ 0.94| 0.70| 0.67
C, 0.62| 0.65| 0.74| 0.64| 0.69] 1.10| 0.59 0.62| 0.66; 0.62| 0.52| 0.44
6,- 17.61) 32.33| 48.29| 70.75| 48..03| 59.25(224.27{129.06/123.26| 33.38| 27.13| 22.28
Ogcheon S; 10.11] 25.31| 37.55| 50.99| 32.33| 66.67/138.79| 85.87|104.75| 31.22| 13.81| 9.89
C 1.73| 1.39| 1.89| 1.73|" 0.72| 1.88| 0.29| 0.41| 1.07| 3.72| 0.95 0.97
C, 0.57| 0.78| 0.78| 0.72| 0.67| 1.13| 0.62| 0.67| 0.85| 0.94] 0.51] 0.44
EL 41.02| 68.39| 93.47| 143.3|104.62|124.52(420.25|294.79|272.32| 83.34| 65.64| 54.33
Gongju S; 20.14| 47.96| 59.29 .98.92 76.99(133.08|233.72(174.56|217.15| 43.37| 29.44| 21.13
Cs 1.74| 1.16| 1.24| 1.50| 0.96/ 1.80| -0.13| 0.87| 1.16/ 0.79] 0.66/ 0.78
C, 0.49| 0.70| 0.63| 0.69| 0.74| 1.07| 0.56| 0.59| 0.80| 0.52] 0.45! 0.39
@ 47.62| 79.76| 108.5|166.4 |121.47|144.56|487.91|342.26|316.17| 96.76| 76.25| 63.08
Gyuam S; 23.38| 55.37| 68.84(114.9 | 89.40(154.52(271.29(202.68(252.12| 50.35| 34.24| 24.54
Cs 1.74) 1.18| 1.24| 1.50| 0.96] 1.80| -0.13| 0.87, 1.16| 0.78| 0.66| 0.78
C, 0.49| 0.69, 0.63}] 0.69] 0.74, 1.07| 0.56 0.59 0.80| 0.52| 0.45| 0.39

5; : Observed mean monthly discharge
S; : Standard deviation

Table-3. Result of goodness of fit of proba-
bility distribution by Kolmogorov-
Smirnov test in selected water-

sheds.
River Water- Do D,(Max)
sheds " |T.P.L.| Test |T.P.G.| Test
Yongdam| 0.076 | 0.072| O |[0.052| O
Geumsan| 0.076 |0.071| O |[0.050| O
Geum|Ogcheon |0.076 [0.072| O [0.059| O
Gongju [0.0760.052| O |[0.057| O
Gyuam |0.07610.055, O |0.058| O

Dn(Max) : Maximum deviation
O': Significance level can’t be acknowledged
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Table-4. Simulation equations of February for the first year in the selected watersheds

Water-

Model Ri
ode iver sheds

Simulation equations

Yongdam |g15=2.30+(0.34 X 0.70/0.61) X (2.49 — 1.76) + £, ,X 0.70_/1—0.34"

Geumsan |q1,=2.72+(0.39x0.75/0.57) X (2.98 ~2.18) +#,, X 0.75 /1 —0.39°

Sim(LN) |Geum

Ogcheon |g12=3.17+(0.41 X 0.85/0.53) X (3.64—2.73) + £, , X 0.85 /1 —0.41°

Gongju |a12=3.98+(0.58x0.75/0.45) X (4.20—3.62) + £, , X 0.75 /1 —0.58°

Gyuam  |@1,=4.14+(0.59 X 0.75/0.45) X (4.35—3.76) + £, , X 0.75_/1—0.59°

Sim(LN) : Simulation equations derived by multi-season first-order Markov model with two parameter

lognormal distribution.

@i - gi; should be transformed into §);; which is equalized to exp(g; ;)

¢;; - Standard normal random variate of month j for the 7th year

Table-5. Simulation equations of February for the first year in the selected watersheds

Water-

Model [ Ri
ode Ver | eds

Simulation equations

Yongdam |Q1,=12.70+(0.28 X 9.87/4.33) X (12.1—6.93) +#, ,,, X 9.87 /1 —0.28"

Geumsan |€;=19.17+(0.29x12.53/6.44) x (19.6—10.41)+¢#,,,%x12.53 /1 —0.29°

Sim(G) |Geum |Ogcheon |@Q,=32.33+(0.18x25.31/10.11) X (38.1—17.61)+ 1, ,,x 25.31 /1—0.18"

Gongju  |Q1,=68.39+(0.38 X 47.96/20.14) X (67.0—41.01) + 1, ., X 47.96 /1 —0.38"

Gyuam  |Q1=79.76+(0.38 X 55.37/23.38) X (117.8—47.62) + 1, ,, X 55.37 /1—0.38"

Sim(G) : Simulation equations derived by multi-season first-order Markov model with Gamma distribution.
ti»; - Random in Gamma distribution of month j for the jth year
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Table;ﬁ. Estimated parameters of the harmonic synthetic model in the selected watersheds

Rivef Watershes E:e:m 1 ]2 ]3] 4]5 6Month7 8 | 9 | 10 11 | 12
Yongdam || 34| 16.19] 16.83] 31.24] 15.06| 25.95| 73.44] 48.58] 34.25] 1547 802/ 1260
s 3.3 11.07| 12.76| 19.14| 11.47| 26.95| 44.50| 29.61] 24.69| 9.26| 4.82| 5.35
m? | 4.71] 24.86] 26.22| 52.36( 25.81| 44.86[123.43| 82.96] 56.11| 23.70| 12.60] 20.14
Geumsan ™o 4.22| 14.74] 21.29] 32.29] 19.37| 45.44| 73.96] 50.27| 38.47] 13.38] 7.33] 853
Goum|0geheon m! | 5.81| 44.12| 36.49 82.54| 36.23| 71.04{212.48(140.85(111.46| 45.17| 15.33| 34.07
S 451/ 30.91| 31.94] 56.60| 26.61| 72.27[133.84| 91.48| 99.14| 36.83] 8.20 15.49
_ m! | 21.95| 87.43| 74.41|162.4 | 85.56(143.57}401.19313.84(253.26(102.4 | 46.58| 73.38
Gonglu ™ os ™1 032] 57.76| 49.481108.7 | 67.19]142.881223.91/182.36[207.33| 53.17| 19.62| 30.94
Gyiam m? | 25521019 | 86.43[188.5 | 99.37|166.64]465.78364.35/204.07(118.8 | 54.15] 85.17
s* | 11.96] 66.78] 57.43(126.3 | 77.99[165.92]259.82[214.08[240.71| 61.75| 22.82] 35.94
Table-7. Simulation equations of January ¥, Gamma 2X¥, 3PP % 233
for the first year in the selected AR o& moudsE 9422 EAE
watersheds XA F AEN, EEUA 2 ASASE %
Model | River |Watershed ?imulation equations gods BA njuslgon 1 FE o £
Yongdam qi=3.44+3.13-a" 9 @ Forsde Ue AW Table9 =
Geumsan |gf =4.714+4.22- 2}
Sim(HS)| Geum |Ogcheon |gf =5.81-+4.51-Z Table—lQE'—} 2.
Gongju |gr =21.95+10.32- Z' zZk FAE dARdd oA E@EZXH] 9
Gyuam  |gf =25.52+11.96-Z' Hax e}t 2t B 93 meoRAx e 9

Sim(HS) : Simulation equations derived by harmonic
synthetic model
Z; . Standardized variate of January

FXE vud] ¥H Gamma E¥X ¥4 wWaE
oA A 13 Markov 238 0] 0.68~29.13%,

Table-8. Simulation equations of January for the first year in the selected watershes

Model River |Watershed Simulation equations
Yongdam | ¢,=1.19—0.27 X COS( ) 0.14x SIN( )+O 37t
Geumsan ¢=1.40—0.31% COS( ) 0.14x SIN( )+0 364
Sim(HR) |Geum Ogcheon ,=1.60—0.29 % COS( ) 0.17 x SIN( )+O 384
Gongiu | @ =1.96—0.25x COS(3Z)—0.20x SIM2Z) +0.35t,
Gyuam =2.03—0.25X COS( ) 0.20 x SIN( )+0 354

Sim(HR) : Simulation equations derived by harmonic regression model

¢, . Standard normal random variate of January

@ . @ should be transformed into @, which is equalized to 10%
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Table-9. Relative error for the basic statis-
tics of observed and synthetic
streamflows at Yongdam watershed
in Geum river

Basic

Statistics 9 Si G

M Obs&Sm | CV { RE| CV | RE | CV | RE
obs 6.93 4.33 0.63
sim(LN) 10.83| 56.28] 7.80( 80.14| 0.73| 15.87

1 |sim(G) 7.32| 563 3.78| 12.70| 0.52| 17.46
“ 1sim(HS) 3.55( 48.77| 2.7 | 37.64| 0.76| 20.63
sim(HR) | 812} 17.17| 4.99) 15.24| 0.62] 1.59
obs 12.70 9.87 0.78
sim(LN) 12.24| 362/ 9.24| 638 0.76) 2.56
2 (sim(G) 10.21] 19.61) 4.80) 51.37] 0.47| 39.74
sim(HS) 16.91] .33.15| 106 | 7.29] 0.63| 19.23
sim(HR) | 1594] 25.51| 1221 23.71) 0.77) 1.28

obs 19.33 13.96 1072
sim(LN) 2305) 19.24 18.31| 31.16| 079 9.72
3 lsim(G) 24.21| 25.25| 14.31| 251 0.59| 18.06
sim(HS) 180 | 6.88] 10.2 | 27.15] 0.57| 20.83
sim(HR) 12.22( 36.78| 7.58| 45.70| 0.62( 13.89

obs 21.76 17.94 0.65
sim(LN) 26.32] 5.19| 13.97| 22.13| 053 18.46
4 (sim(G) 23.24 16.28| 11.79/ 33.28| 0.51) 21.54
sim(HS) 32.22] 16.07| 12.8 | 28.71| 0.4 | 38.46
sim(HR) 21.63) 22.08| 21.36) 19.06] 0.99) 52.31
obs 18,55 12.67 0.68
sim(LN) 14.93| 19.51) 11.29| 10.89] 0.76| 11.76
5 [sim(G) 18.26| = 1.56{ 12.16| 4.03] 0.67| 147
sim(HS) 16.42| 1148 7.7 | 39.38| 0.47( 30.88
sim(HR) 32.4 | 74.66( 26.06(105.68] 0.81 19.12

obs 22.46 25.76 115
sim(LN) 18.77| 16.43| 23.66| 815 1.26| 9.57
6 (sim(G) 21.44| 4.54) 20.72| 1957 0.97| 15.65
sim(HS) 29.06| 29.39| 19.7 | 2345 0.68| 40.87
sim(HR) 385 | 7142| 24.84| 3.57] 0.65] 4348

obs 76.93 45.69 0.59
sim(LN) 84.59| 9.96] 55.48| 21.43| 0.66| 11.86
7 |sim(G) 85.03| 11.26| 42.44| 7.11| 050 15.25
sim(HS) 71.02| 7.68| 43.0 | 5.80| 061 3.39
sim(HR) 28.07| 63.51| 17.62| 61.44| 0.63] 6.78
obs 45,09 2841 0.63
sim(LN) 35.44( 21.40| 27.86| 0.94| 0.79| 25.39
8 [sim(G) 34.07) 23.62| 17.58| 38.12| 052| 17.46
sim(HS) 43.17) 4.26] 275 | 3.10[ 0.64] 159
sim(HR) 32.17| 28.43] 30.26] 6.51] 0.94] 48.21

obs 37.74 25.89 0.69
sim(LN) 29.99| 20.54] 22.59| 12.75{ 0.75| 8.70
9lsim(G) 34.67| 8.13] 19.74| 23.75( 0.57| 17.39
sim(HS) 31.85{ 15.60) 24.9 | 3.82; 0.78| 13.04
sim(HR) 28.19{ 25.30| 23.25| 10.20{ 0.83| 20.29
obs 11.98 8.06 0.67
sim(LN) 11.62| 3.01| 8.68; 7.69| 0.75| 11.94
10(sim(G) 10.22| 14.69 5.88| 27.05| 0.58| 13.43
sim(HS) 1291 7.76| 7.8 | 2.85| 0.61| 8.96
sim(HR) 21.81| 82.05| 18.49/129.40| 0.85] 26.87
obs 11.52 6.02 0.52
sim{LN) 12.71) 10.33| 11.65| 93.52| 0.92| 76.92
11|sim(G) 1244 7.99| 6.27| 4.15( 05| 345
sim(HS) 7.53) 34.64) 4.6 | 23.26) 0.61) 17.31
sim(HR) 11.49] 0.26] 9.39/ 55.98| 0.82| 57.69
" iobs 8.12 4.16 0.46
sim(LN) 10.88| 19.3; 13.58|226.44| 1.25(171.74
12]sim(G) 847| 7.3 2.19| 47.36| 0.26{ 43.48
sim(HS) 119 | 30.48] 5.1 | 22.84| 043] 652
sim(HR) 11.67J 27.96| 9.4 [125.96{ 0.81| 76.09
M : Month

Obs -& Sim : Observed & simulated flows.
obs : Observed flows.

sim(LN) : Simulated by lognormal distribution.

sim(G) : Simulated by Gamma distribution.
sim{HS) : Simulated by Harmonic synthetic model.
sim(HR) : Simulated by Harmonic regression model.
CV : Calculated value
RE : Relative error

Table-10. Relative error for the basic statis-
tics of observed and synthetic

streamflows at Gyuam watershed

in Geum river

Basic -
Statistics 9 Si Co
M{Obs &Sm | CV | RE | CV [ RE | CV | RE
obs 47.62( 23.38 0.49
sim(LN) 60.53| 27.11| 39.72| 69.89| 0.66| 34.69
1 [sim(G) 49.01| 2.92) 20.51| 12.28] 0.42| 14.29
sim(HS) 24.51| 48.53| 10.8 | 53.89] 0.44| 10.2
sim(HR) 464 | 2.56| 21.81] 6.72] 047 4.08
obs 79.76 55.37 0.69
sim(LN) 60.38| 24.3 | 22.09| 60.1 | 0.37; 46.38
2 {sim(G) 58.59| 26.54| 22.54| 59.29| 0.39] 43.48
sim(HS) 109.78| 37.64| 75.1 | 35.58| 0.68| 145
sim(HR) 86.84| 8.88) 66.51| 20.12| 0.77| 11.59
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obs 1085 68.84 0.63 obs 63.08 2454 0.39
sm(LN)  [112.23| 3.44| 53.92| 21.67| 048] 23.81 sim(LN) | 64.52| 2.28| 37.29| 51.96| 058| 40.27
3 [sim(G) 132.061 21.71| 70.76| 279 0.54| 14.29 12{sim(G) 5743| 8.96| 16.62! 32.27| 0.29| 25.64
sm(HS) | 96.48 11.08] 56.3 | 18.16| 058| 7.94 sim(HS) | 82.39] 30.61| 383 | 559 | 0.47| 2051
sim(HR)  |.723 | 33.36] 53.43| 22.39) 0.74| 17.46 sim(HR) | 81.25| 28.8 | 78.35/221.31| 0.97| 48.72
obs 166.4 1149 0.69 M : Month
sim(LN) 138.9 | 16.53| 84.96| 26.06| 0.61| 11.59 Obs & Sim . Observed & simulated flows.
4 1sm(G) 145.0 | 12.86| 87.23| 24.08| 0.6 | 13.04 obs : Observed flows.
sim(HS) 197.01| 184 | 976 | 15.03| 05 ) 27.54 sim(LN) : Simulated by lognormal distribution.
sim(HR)  [1314 | 21.03|123.14| 7.17| 0.94| 36.23 sim(G)  Simulated by Gamma distribution.
obs 12147 | 89.4 0.74 sim(HS) : Simulated by Harmonic synthetic model.
sim(LN) 94.52| 22.19| 74.76{ 16.38| 0.79| 6.76 sim{HR) : Simulated by Harmonic regression model.
5 |sim(G) 118.83| 2.17| 63.34| 29.15| 053] 28.38 CV : Calculated value
sim(HS) * |1169 | 3.76) 59.0 | 33.96] 051| 31.08 RE : Relative error
sm(HR)  [188.06| 54.82(150.27| 68.09| 0.8 | 8.1
obs 144.56 154.52 1.07 285 g$AFREHY g% tAH 13
Sfm(LN) 147.63| 2.12(184.74| 1956| 1.25| 16.82 Markov 280] 011~120.64%, ZHG4L
6 |sim(G) 136.12| 5.84[137.19| 11.22] 1.01] 561 ol 029~73.00% 9 ZEAZHAA 0
sm(HS)  1192.79| 33.86(137.4 | 11.09| 0.71| 33.64 . VI R o= :
sm(HR)  (290.59|101.02|186.32] 20.58| 0.64| 40.19 26~150.22% wWslel FexeE Hepdge
obs 48756 271.29 0.56 2 RBo} o]F Gamma ¥ mE A 1
sim(LN) | 538.2(100.39(335.0 | 23.48| 0.62( 10.71 2} Markov R8o] 713 & ARE Yehy
Tk |ios | i | 1o ose| op Tk IR 1% 41 234 <o) molus
sim : . . . . X o
sm(HR)  |212.32| 56.49|136.31| 40.75 0.64| 1429 € 2 de) BANE dfeEe 4 434
Tobs 34226] (20268 | 059 8 A =AE BHE Fig. 1~Fig. 59 2
sim(LN)  |225.12| 34.23| 85.72] 57.71] 0.38| 35.59 . A7) A 53] eyl 6, 799 7 =¥
8 [sim(G) 269.69) 21.2 [131.95 34.9 | 0.49] 16.95 o 9 moUANE Sy Yezus gAS
sim(HS) (33362 2522282 | 12.61| 0.68 15.25 Ao WENS vme AP Gamma —E—EQ]
sim(HR)  [235.16| 31.3 [21642| 6.78| 0.92 55.93 % DA E 14 Markov 2H0] 319~15.23
obs 316.17 252,12 08 = SR :
sim(LN)  |23181| 26.68/175.96| 30.21| 076 50 %, 295 FATEREA A% oAHE 13
9|sim(G) 284.96| 9.87|252.72] 0.24| 0.89] 11.25 Markov ®3¥o| 2.12~18.76%, 23{ 2 d
sim(HS) 287.34] 9.11(2566 | 18| 0.89] 11.25 2 zaEArdo] ZAz 0.29~61.74% 2
sim(HR)  |195.88| 38.05/177.01| 20.79| 09 | 125 56.49~110.42% M99 4o A4S UEY
obs 96.76 5035 | 052
sm(LN) | 77.4 | 20.01| 383 | 23.33| 05| 3.85 =
10/sim(G) | 9859 189| 38.02( 2449 0.39] 250 °1’4¢] Fig. 1~Fig. 5ol & e wiet
sim(HS)  [108.73| 12.37| 62.8 | 24.83| 0.58| 11.54 Zo] Gammak-¥o o3 oIdyd €/F
sim(HR)  |195.6 |102.15{168.95/235.55| 0.86| 65.38 o] WFX} B TAE o3 mowy A
obs " 7‘?'25 o 3;2‘; . ggj . FFH o) W UFEHe) FFA7 B 2y
@ {7451 1o 7| 13 os 222 EN 1% 2L W4TAA v 4z
sm(HS) | 526 | 31.02| 267 | 21.81| 051| 13.33 BEAd Hot FIA UEE BAFT Y
sim(HR) | 91.02| 20.42| 70.75/106.63| 0.78| 73.33 ot 2¥S WEFFRE 9% dAE 13
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Fig. 1. Comparison between the mean of ob-
served and synthetic streamflows at
Yongdam watershed in Geum river
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Fig. 2. Comparison between the mean of ob-
served and synthetic streamflows at
Geumsan watershed in Geum river
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Fig. 3. Comparison between the mean of ob-
served and synthetic streamflows at
Ogchon watershed in Geum river
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Fig. 4. Comparison between the mean of ob-
served and synthetic streamflows at
Gongju watershed in Geum river
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Fig. 5. Comparison between the mean of ob-

served and synthetic streamflows at
Gyuam watershed in Geum river
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Fig. 6. Comparison between variation of ob-
served and synthetic streamflows at
Yongdam watershed in Geum river
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Fig. 7. Comparison between variation of oh-

served and synthetic streamflows at
Geumsan watershed in Geum river
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Fig. 8. Comparison between variation of ob-
served and synthetic streamflows at
Ogchon watershed in Geum river
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Fig. 9. Comparison between variation of ob-
served and synthetic streamflows at
Gongju watershed in Geum river
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Fig. 10. Comparison between variation of
observed and synthetic streamflows
at Gyuam watershed in Geum river
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