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Stochastic Simulation of Monthly Streamflow by Gamma Distribution Model
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ABSTRACT

The purposes of this study are the theoretical examination of Gamma distribution function and
its application to hydraulic engineering, that is, studying the simulation of monthly streamflow by the
Gamma distribution function model (Gamma Model) based on Monte Carlo technique.

In the analysis, monthly streamflow data in the Nak Dong River, the Han River, and the Keum
River were used and the data were changed to modular coefficient in order to make the analysis con-
venient.

At first, the fitness of monthly streamflow to 2-Parameter Gamma distribution was tested by
Chi-square and Kolmogrov-Smironaov test, by which it was found the monthly streamflow were fit well
to this Gamma distribution function,

Then, the Gamma Model based on the Gamma distribution and Monte Carlo Method was used
in the simulation of monthly st;eamﬂow, and simulated data showed that all their stastical characteri-
stics were preserved well in the simulation.

Consequently, it can be concluded that the Gamma Model is suitable for the simulation of
monthly streamflow series directly by using the Mote Carlo technique.
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Fig. 1 One-Parameter Gamma Probability Density Curvies
for six Values of@(0.5, 1, 1.5,2, 3 and 6).
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Clas by | men | mer| | | Ber|Pe | ATe | 3K
0.0 ~0.5 12 0.333 0.333 | 0.655 | 0.293 | 0.293 | 10.548| 0.200 0.040
0.5 ~ 1.0 9 0.250 0.583 | 1.310 | 0.603 | 0.310 | 11.160] 0.418 0.020
1.0 ~ 1.5 5 0.139 0.722 | 1966 | 0.794 | 0.191 | 6.876| 0.512 0.072
1.5 ~2.0 7 0.194 0916 | 2.621 | 0.897 | 0.103 | 3.708| 2.923 0.019
2.0 ~25 1 0.028 0.944 | 3276 | 0951 | 0.054 | 1.944| 0.458 0.007
2.5 ~3.0 2 0.056 1.000 3.931 0.977 0.026 0.026| 1.210 0.023

= 36 5.721
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0.5 ~ 1.0 6 0.167 0667 | 0.820 |[0.665 |0.250 | 9.000| 1.000 0.002
1.0 ~ 15 3 0.083 0750 | 1.230 |0.781 |o.116 | 4.176| 0.331 0.031
1.5 ~2.0 1 0.028 0.778 | 1.641 |0.583 {0.072 | 2592| 0978 0.075
2.0 ~2.5 2 0.056 0.834 |20s5t |0900 |0.047 | 1.692| 0.056 0.066
2.5 ~3.0 3 0.083 0.917 2461 |0931 0.031 1.116 | 3.181 0.014
3.0 ~5.0 3 0.083 1.000 |4.101 |0.984 [0.053 | 1.908| 0.625 0.017
> 36 6.235
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Table 2. 9 X?-Test ¥ SK.-Test A HF
AR 5 oA 2|9 Fi 9 R Y] % ¥ 1 % A + G |4 ) d £ &
x2 | sK | x* | sk | x® [sk | x* | sk |x* | sk |x*{sk|[x*]| sk |[x?]|SK
5 Critical | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test | Test
$ Valwe of | o siwa| w {maa| £ |aan| & |sd9a| @ |swa| 5 [#aa] 5 |#aa) £ |san
129 | 0.054] 8.14 | 0.200] 6.38 | 0.052] 7.58 | 0.056 | 1.13 | 0.053 ] 18.53] 0.195| 7.86 | 0.107] 8.42 | 0.103
AN 0.05 7.81 |0232] 9949] 0.232] 7.81 | 0.236| 9.49 | 0.232] 599 | 0.218 [ 5.99 | 0.218] 7.81 | 0.232[11.07 | 0.232
0.01 11.34 | 0.28813.28 | 0.274 J11.34 | 0.288] 9.21 [13.28 [ 9.21 | 0.258 ] 9.21 | 0.258{11.34 | 0.288]15.09 | 0.288
2.54 | 0.058(12.51 | 0.107] 1.45 | 0.103[ 3.63 | 0.043] 9.78 | 0129 ] 4.24 | 0.088] 7.37 | 0.088( 6.12 [ 0.048]
FEB 0.05 599 | 0232(18.31 | 0.232| 3.84 | 0.236| 5.99 | 0.232] 5.99 | 0.218 | 599 | 0.218 7.81 | 0.232{11.07 | 0.232
0.01 9.21 | 0.288 [21.70 | 0.274 | 6.630| 0.288( 9.21 | 0.288] 9.21 | 0.258 | 9.21 | 0.258 | 9.21 | 0.288[15.09 | 0.288
2.96 | 0.090 | 4.08 | 0.048 [11.25 | 0.126] 4.75 | 0.037 [14.92 | 0.118 | 4.67 | 0.100] 4.46 | 0.048[ 1.790] 0.054
MAR 0.05 949 | 0232|1259 | 0.232] 7.81 | 0.236 5.99 | 0.232] 5.99 | 0.218 | 9.49 | 0.218]11.07 | 0.232] 5.99 | 0.232
0.01 13.28 | 0.288 [16.81 | 0.274 |11.34 | 0.288] 9.21 | 0.288 [ 9.21 | 0.258 [13.28 | 0.25815.09 | 0.288{ 9.21 | o0.288
2.60 | 0.031| 1.86 | 0.036) 7.14 | 0,122 5.18 | 0.019 | 4.15 | 0.094 | 3.82 | 0.082] 6.71 | 0.091] 1.323] 0.059
APR 0.05 599 | 0.232[11.07 | 0.232]11.07 | 0.236| 9.49 | 0.332] 5.99 | 0.218 | 3.84 | 0.218] 949 | 0.232] 7.81 | 0.232
0.01 9.21 | 0.288{15.09 | 0.274 [15.09 | 0.274 |13.09 | 0.288| 9.21 | 0.258 | 6.63 | 0.258[13.28 | 0.288]11.34 | 0.288
691 | 0.057] 2.20 | 0.033] 6.33 | 0.083| 3.70 | 0.058 ] 4.52 | 0.098 | 0.805 | 0.047] 2.02 | 0.050] 4.06 | 0.051
MAY 0.05 T1.07 | 0.232] 949 | 0.232| 5.99 | 0.236| 949 | 0.232| 7.81 | 0.218 | 9.49 | 0.218| 7.81 | 0.234| 5.99 | 0.232
0.01 15.09 | 0.288 |13.280| 0.274 | 9.21 | 0.288 |13.28 | 0.288 [11.34 | 0.258 [13.28 | 0.258[11.34 | 0.288] 9.21 | 0.288
118 | 0.034] 2.61 | 0083 6.71 | 0.092] 0.56 | 0.032] 5.56 | 0.047 | 1.189] 0.075|11.89 | 0.113]10.27 | 0.075
JUNE 0.05 949 [ 0.232] 949 | 0.23Z| 3.84 | 0.236| 949 | 0.232| 7.81 | 0.218 | 599 | 0.218( 599 | 0.232] 3.94 | 0.232
0.01 13.28 | 0.288 13.28 | 0.274 | 6.63 | 0.288 |13.28 | 0.288 {11.34 | 0.258 | 921 | 0.258| 9.21 | 0.288) 6.63 | 0.288
5.69 | 0.043] 474 | 0.088] 6.92 | 0.069( 572 | 0.072| 2.02 | 0.021 ] 1.64 | 0.042| 4.04 | 0.048] 1.54 | 0.023
JULY 0.05 781 | 0.232| 7.81 | 0.232] 7.81 | 0.236| 7.81 | 0.232| 949 | 0.218 | 7.81 | 0.218| 9.49 | 0.232(11.07 | 0.232
0.01 11.34 [ 0.288[11.34 | 0.274 {11.34 | 0.288 {11.34 | 0.288 {13.28 | 0.258 | 1.34 | 0.258 (11.34 | 0.288 [15.09 | 0.283
5.78 | 0.062| 3.039| 0.052| 3.90 | 0.069| 4.42 | 0.064 |11.188] 0.107 | 8.48 | 0.117| 1.68 | 0.058] 1.91 | 0.061
AUG 0.0 781 | 0.232| 7.81 | 0.232[11.07 | 0.236] 9.49 | 0.232| 9.49 | 0.218 | 5.99 | 0.218 [11.07 | 0.232] 9.49 | 0.232
0.01 11.34 | 0.288 (11.34 | 0.274[15.09 | 0.288 [13.3 | 0.288 [13.28 | 0.258 [ 9.21 [ 0.258 [15.09 | 0.288{13.28 | o0.288
488 | 0.069 | 3.903| 0.051| 1.35 | 0.048 | 0.140] 0.022| 4.203] 0.071 | 7.56 | 0.097 [15.06 | 0.028|12.35 | 0.0m
SEP. 0.05 949 | 0.232| 7.81 | 0.232| 7.81 | 0.236] 5.99 | 0.232] 9.49 | 0.218 | 947 | 0.218| 7.81 | 0.232] 7.81 | 0.232
0.01 13.28 | 0.288 11.34 | 0.274 (1134 | 0.288 | 9.21 | 0.288 [13.28 | 0.258 [13.28 | 0.258 1134 | 0.288|11.34 | 0.288
2.80 | 0.044 | 430 | 0.085] 3.84 | 0.074| 6.24 | 0.085 | 9.80 | 0.152 | 8.54 | 0.142]| 4.43 | 0.070] 1.33 | 0.071
OCT. 0.05 1107 | 0.232] 9.49 | 0.232( 9.49 | 0.236| 9.49 | 0.232 ] 7.91 | 0.218 [ 5.99 | 0.218 [11.07 | 0.232] 5.99 | 0.232
0.01 15.09 | 0.288 [13.28 | 0.274[13.28 | 0.288 [13.28 | 0.288 [11.34 | 0.258 | 9.21 | 0.258 {15.09 | 0.288| 9.21 | 0.288
734 | 0.083 | .01 | 0.082|12.81 | 0.137 | 2.32 | 0.057 [19.85 | 0.198 | 6.07 | 0.109 | 7.69 | 0.095| 7.05 | 0.046
NOV 0.05 11.07 | 0.232| 7.81 | 0.232] 3.84 | 0.236| 3.84 | 0.232| 5.99 | 0.218 | 7.81 | 0.218| 7.81 | 0.232]| 949 | 0.232
0.01 15.09 | 0.288 |11.34 | 0.274| 6.63 | 0.288 | 6.63 | 0.288 | 9.21 | 0.258 11.3¢ | 0.258 [11.34 | 0.288[13.28 | 0.288
198 | 0.080 [26.98 | 0.245]20.22 | 0.122[18.05 | 0.143] 7.667] 0.103 [ 6.09 [ 0.121] 3.32 | 0.064 | 2.640{ 0.043
DEC. 0.05 11.07 [ 0232599 | 0.232] 9.49 | 0.236 [11.07 | 0.232 3.84 | 0.218 | 599 | 0.218| 599 | 0.232] 5.99 | 0.232
0.01 15.09 | 0.288 | 9.21 | 0.274[13.28 | 0.288 {15.09 | 0.288 | 6.63 | 0.258 | 9.21 | 0.288| 9.21 | 0.288| 9.21 | 0.288
Accepted 12345 12345 1,24,78, 12345, 14,56, 2,345, 23.4.5, 1,2,34.,5,
X2 Month 6.7,89,10,11,12{6,7,8,9,10,11,1 2 9, 10 6,7,8,9,10,11, | 7,9 6,7,9,11, 7,8,10,11,12 | 7,8,10,11,12
Impossible 35 8,10 8,10,12 1
Mont
Test mjmed 12 6,11,12 12 2,3,11,12 1.9 6,9 6,9
1,234.5, 1,2,34.5, 12345, 1,2,3,4,5 12,34,5, 1,2,34.5, 1,2,34.5, 1,2,3.4,5,
sk | Accepted 6,7,8.9,10 6,7.8,9,10 6.7,8,9,10 678,910, |678910, |6789.10, 67,8910, | 6,7,89,0,
11,12 11,12 11,12 11,12 11,12 11,12 11,12 11,12
Impossible 12
Month
Test
Rejected
Month
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Mean Stdev. CsKw Parameter
Month Histori Gamma Histori Gamma Histori Gamma
cal cal cal A K R
Data Data Data Data Data Data

Jan. 1095.2 19244 1462.7 1726.6 2,202 1.1264 | 0.000510 0.561 1
Feb. 1125.8 1487.7 12142 1509.9 1.847 2.0149 0.000760 0.859 1
Mar. 2634.9 3705.2 3068.8 3619.8 1.989 1.9139 0.000280 0.737 1
apr. 4967.2 5292.9 5469.2 5361.3 1.553 1.9867 0.000170 0.824 1
May 3938.5 4824.9 4009.9 4744.8 1.245 1.4432 0.000240 0.964 1
June 34700 5060.1 4307.4 4915.7 1.827 1.5075 0.000190 0.648 1
July. 20810.0 19992.0 15336.0 11516.0 0.756 0.9144 0.000090 1.841 2
Aug. 15392.0 21454.0 17696.0 23060.0 2.163 1.7508 0.000050 0.756 1
Sep. 11843.0 12839.0 9481.9 9303.5 0.842 0.9366 0.000130 1.560 2
Oct 4024.0 4272.6 4281.9 4755.9 1.170 1.4560 | 0.000220 0.883 1
Nov. 1735.9 1381.3 1664.2 1356.2 1.130 1.1944 0.000670 1.088 1
Dec 1554.6 1518.5 1562.6 1303.0 0.704 1.1505 0.000640 0.989
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Mean Stdev. Cskw Parameter
Month Histori Gamma Histori | Gamma | Histor Gamma
cal cal cal A K R
Data Data Data Data Data Data
Jan. 996.61 1206.1 1088.5 1103.0 2.503 1.3060 | 0.000841 0.838 1
Feb. 1114.6 1405.0 1285.5 14310 2.027 1.6439 0.000703 0.784 1
Mar. 2688.8 3267.8 3236.5 3067.7 1.663 1.5474 | 0.000256 0.690 1
Apr. 4505.4 4073.8 4707.1 3680.3 1.557 1.1184 | 0.000203 0.916 1
May. 3389.7 42184 2611.1 3276.3 0.765 1.1580 | 0.000497 1.685 2
June. 3205.1 6280.5 4612.7 5760.9 2.215 1.1318 | 0.000150 0.482 1
July. 16186.0 17307.0 11952.0 | 11739.0 0.450 1.0434 | 0.000113 1.833 2
Aug. 12889.0 12641.0 12324.0 | 12804.0 1.830 2.1886 | 0.000084 1.093 1
Sep. 10898.0 10841.0 10782.0 | 10553.0 2.198 1.4832 | 0.000093 1.021 1
Oct. 2845.9 3069.9 2159.5 2057.8 1.364 1.0093 | 0.000610 1.736 2
Nov. 1480.8 1781.8 1149.8 1438.7 1.820 1.8061 0.001119 1.657 2
Dec. 1490.2 3189.7 2161.7 3600.3 4.381 1.8262 | 0.000319 0475 1
Table 4. Statistics of Historical and Synthetic Streamflow at WAEGWAN G.S. in the NAKDONG River.
Statistics
Month Models Mean Standard Deviation Sekewness
Historical 996.61 % 1,088.50 % 2.5028 %
Model-Gamma 1,010.70 141 924.33 15.08 1.3060 47.82
Jan. Model-A 962.29 344 1,228.60 12.87 5.5048 101.97
Moadel-B 944.56 5.22 1,052.50 3.31 2.8328 13.19
Model-C 751.65 24.57 1,006.70 7.51 4.5964 83.65
Historical 1,114.60 % 1,258.50 % 2.0269 %
Model-Gamma 1,102.40 1.09 1,121.90 10.85 1.6439 18.90
Feb. Model-A 1,096.80 1.60 1,563.60 24.24 4.3821 116.20
Model-B 1,148.60 3.05 1,426.50 13.35 3.4939 72.38
Model-C 1,194.80 7.20 1,193.30 5.02 1.4548 28.22
Historical 2,688.80 % 3,236.80 % 1.6634 %
Model-Gamma 2,254.80 16.14 2,116.70 34.60 1.5474 6.97
Mar. Model-A 3,111.00 15.70 5,015.00 54.95 52134 213.42
Model-B 3,087.90 14.84 4,247.70 31.24 2.5428 52.87
Model-C 3,020.60 12,34 3,759.60 16.16 2.4997 50.28
Historical 4,505.40 % 4,707.10 % 1.5570 %
Model-Gamma 3,731.60 17.17 3,371.10 28.38 1.1184 28.17
Apr. Model-A 4,256.00 5.54 4,606.40 2.14 2,1312 36.94
Model-B 6,032.90 33.90 12,916.00 174.39 7,0252 351.20
Model-C 5,161.20 12.71 4,954.90 5.26 1.8693 20.03
Historical 3,380.70 % 2,661.10 % 0.7655 %
Model-Gamma 3,554.00 485 2,760.30 571 1.1580 51.27
May Model-A 4,437.60 30.91 5,699.50 118.28 3.4363 348.91
Model-B 4,987.90 47.15 6,412.50 145.59 2.3431 260.10
Model-C 3,783.40 11.61 2,834.70 8.50 1.1176 46.10
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Historical 3,205.10 % 4,612.70 % 2.1520 %
Model-Gamma 3,027.20 5.55 2,776.80 39.38 1.1318 47.41
June | Model-A 3,777.50 17.86 11,628.00 152.11 7.9410 258.51
Model-B 4,473,90 39.59 9,612.60 108.39 5.0372 127.41
Model-C 3,650.40 13.89 4,309.40 6.58 1.7160 2253
Historical 16,186.00 % 11,952.00 % 0.4505 %
Model-Gamma 15,862.00 2.00 10,759.00 9.98 1.0434 131.61
Jly | Model-a 20,754.00 28.22 36,099.00 202.03 5.2223 1059.30
Model-B 22,027.00 36.09 45,504.00 280.72 5.7508 1176.62
Model-C 16,033.00 0.95 1,310.70 89.03 2.3964 411.98
Historical 12,889.00 % 12,3243.00 % 1.8295 %
Model-Gamma 13,817.00 7.20 13,995.00 13.56 2.1886 19.63
Aug. | Model-A 16,942.00 31.45 26,190.00 112.51 5.3620 193.09
Model-B 11,440.29 11.24 13,886.00 12.67 3.0174 64.93
Model-C 11,905.00 7.63 9,541.60 22.58 0.7431 59.38
Historical 10,898.00 % 10,782.00 % 2.9183 %
Model-Gamma 11,069.00 1.57 10,775.00 0.00 1.4832 35.23
Sep. | Model-A 9,753.90 10.50 9,243.30 14,27 1.9823 9.83
Model-B 9,873.70 9.40 8,570.90 2051 1.5018 31.68
Model-C 10,324.00 5.27 9,541.00 11.51 1.1645 47.03
Historical 2,845.90 % 2,159.50 % 1.3639 %
Model-Gamma 2,664.70 6.37 1,786.20 17.29 1.0093 26.00
Oct. | Model-A 3,134.00 10.12 2,384.30 10.41 22172 62.59
Model-B 2,785.80 3.06 2,125.50 1.55 17923 31.43
Model-C 2,777.80 2.39 1,925.10 10.85 1.4693 7.74
Historical 1,480.30 % 1,149.80 % 1.8201 %
Model-Gamma 1,476.30 0.27 1,192.20 3.67 1.8062 0.77
Nov. | Model-A 1,426.20 3.65 1,316.50 14.50 3.6917 102.83
Model-B ©1,390.30 6.08 901,25 21.62 17157 5.74
Model-C 1,440.00 2.66 1,009.25 12.20 1.3290 26.98
Historical 1,490.20 % 2,160.75 % 4,3814 %
Model-Gamma 1,515.10 1.67 1,710.10 20.85 1.8262 58.32
Dec. | Model-A 1,468.50 1.46 1,385.50 35.88 3.1479 28.15
Model-B 1,365.00 8.40 980.29 54.63 1.1313 76.18
Model-C 1,589.10 6.60 2,012.10 6.88 2.0724 52.70
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