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Abstract

This article presents the application of genetic programming for forecasting water level and
river discharge, which is the most important task for water resources management. GPdotNET
Version 4 as a free open source software was used in this study. The daily data of rainfall were
collected at TD12 upstream station, located Thung Yai district, Nakhon Si Thammarat province, and
the daily data of rainfall, water level, and river discharge were collected at TDO7 upstream station,
located Phra Saeng district, Surat Thani province for 5 years during 2013 and 2017 in order to
forecast water level and river discharge at TDO7 one day ahead. Those data were divided into two
data sets, i.e. the first 70 % for training and the rest 30 % for testing. To evaluate the model
performance, three statistical indices were analyzed, i.e. correlation coefficient (1), root mean
squared error (RMSE), and mean absolute error (MAE). The study results were found that 1 day
ahead water level forecasting gave the excellent performance with the values of r, RMSE, and MAE
for training and testing processes as 0.988, 0.307 m, 0.127 m and 0.984, 0.321 m, 0.144 m,
respectively. And 1 day ahead river discharge gave the excellent performance with the values of r,
RMSE, and MAE for training and testing processes as 0.986, 22.429 m3/s, 9.927 m?*/s and 0. 982,
21.794 m3/s, 10.514 m?3/s, respectively.

Keywords: forecasting; Thapi river; genetic programming; water level; discharge
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Figure 1 Locations of rainfall and runoff telemetering stations operated by EGAT
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Table 1 The daily data of rainfall, water level, and river discharge in the study area

UT™M Rainfall (mm) Water level (m) River discharge (m%/s)
Stations | Codes
X Y max | min | average | max | min | average | max min | average
Phra saeng | TDO7 | 527,516 | 946,994 | 211 | O 475 | 1116 | 4.1 6.80 |549.82 | 14.17 | 152.68
Thung yai | TD12 | 540,550 | 917,710 | 115 | 0 292 N/A | N/A N/A N/A N/A N/A
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Figure 2 Flow chart of the genetic programming approach (Obiedat et al., 2013)
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Table 2 Testing results of appropriate GP parameters

Mean absolute errors (MAE)
Parameters Water level (m) | Discharge (m3/s) | Optimal values
Training | Testing | Training | Testing
500 0.127 | 0.144 | 9.927 | 10.514
Population
) 1000 0.130 | 0.156 | 9.410 | 10.555 500
size
1500 0.128 | 0.151 | 10.056 | 11.088
0.6 0.127 | 0.152 | 10.478 | 10.795
0.7 0.138 | 0.163 | 9.865 | 10.013
Crossover
0.8 0.131 | 0.153 | 10.251 | 10.760 0.9
probability
0.9 0.127 | 0.144 | 9927 |10.514
0.95 0.131 | 0.152 | 11.074 | 11.648
0.05 0.127 | 0.144 | 9927 |10.514
0.1 0.127 | 0.153 | 10.226 | 11.065
Mutation 0.15 0.128 | 0.150 | 9.567 | 10.301 0.05
probability 0.2 0.134 | 0.163 | 9.473 | 10.441 .
0.25 0.127 | 0.149 | 8.936 | 10.023
0.3 0.137 | 0.163 | 9.673 | 10.632
0.2 0.127 | 0.144 | 9.927 |10.514
Reproduction 0.3 0.139 | 0.162 | 10.747 | 11.339 v
probability 0.4 0.127 | 0.150 | 9.802 | 10.761 .
0.5 0.128 | 0.142 | 9.769 | 10.891
" 3 0.139 | 0.162 | 11.093 | 11.885 | Initialize depth =5
ax
5 0.127 | 0.144 | 9.927 | 10.514 | Operation depth =
tree depth
7 0.136 | 0.162 | 11.600 | 11.590 6
+,5 %/ 0.132 | 0.150 | 9.959 | 11.200
+,-,%,/,sin,cos,tan 0.133 | 0.157 | 12.098 | 12.643
Function set T s
+,-,%/,log 0.139 | 0.164 | 10.253 | 11.022
+,-,¥/,sinh,cosh,tanh| 0.140 | 0.163 | 11.579 | 12.761
500 0.128 | 0.154 | 9.642 | 10.863
1000 0.128 | 0.150 | 9.980 | 11.070
Generation 1500 0.127 | 0.144 | 9.927 |10.514 3000
number 2000 0.128 | 0.153 | 9.378 | 10.409
2500 0.136 | 0.156 | 9.030 | 10.062
3000 0.122 | 0.143 | 9.049 | 10.031
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Inganaunisnuindeyandndudoniswensally

Table 3 Explicit equation for forecasting of 1 day ahead water levels and its performance

Explicit equation

Statistical index

WLL(t+1) = (WLL-(WLL(D)-((2.266+WLLH)(WL1(t-1)-
WLLE-2))+WLLE)*((((9.478-7.150)*(WL 1(t-1)-WL1(1)-
(WL1(t-1)/9.478)%(2.266-3.18®)/(WL1(t-
3)+4.557)+HWL1(t-3)-2.266))+WL1(t-1))))

—

r=10.988

RMSE = 0.307 m
MAE = 0.127 m
r=0.984

RMSE = 0.321 m
MAE = 0.144 m

—

Testing

—

Training

—

WL1(t) = present day water level data at TDO7 station; WL1(t-1) = previous 1 day water level data

at TDO7 station; WL1(t-2) = previous 2 days water level data at TDO7 station; WL1(t-3) = previous 3

days water level data at TDO7 station; WL1(t+1) = 1 day ahead water level data at TDO7 station.
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Table 4 Explicit equation for forecasting of 1-day ahead river discharge and its performance

Explicit equation

Statistical index

Q1(t+1) = (WL1(t)/6.341)*(1.396+(WL1()+(WL1(t)-WL1(t-
DNXA.787+(R1(t-2)+(R2(t-3)/1.396)))))

r=0.986

RMSE = 22.429 m3/s = Training
MAE = 9.927 m*/s |

r=0.982 ]

RMSE = 21.794 m3/s — Testing

MAE = 10.514 m?/s

—

WL1(t) = present day water level data at TDO7 station; WL1(t-1) = previous 1 day water level data
at TDO7 station; WL1(t-2) = previous 2 days water level data at TDO7 station; WL1(t-3) = previous 3

days water level data at TDO7 station; WL1(t+1) = 1 day ahead water level data at TDO7 station.
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Figure 3 Comparison chart between the daily of water level and river discharge of observed and

forecast
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