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Abstract

Due to recent global climate change, the scale of flood damage is increasing as rainfall is concentrated and its intensity increases. Rain on a scale
that has not been observed in the past may fall, and long-term rainy seasons that have not been recorded may occur. These damages are also
concentrated in ASEAN countries, and many people in ASEAN countries are affected, along with frequent occurrences of flooding due to typhoons
and torrential rains. In particular, the Bandung region which is located in the Upper Chitarum River basin in Indonesia has topographical
characteristics in the form of a basin, making it very vulnerable to flooding. Accordingly, through the Official Development Assistance (ODA),
a flood forecasting and warning system was established for the Upper Citarium River basin in 2017 and is currently in operation. Nevertheless,
the Upper Citarium River basin is still exposed to the risk of human and property damage in the event of a flood, so efforts to reduce damage through
fast and accurate flood forecasting are continuously needed. Therefore, in this study an artificial intelligence-based river flood water level
forecasting model for Dayeu Kolot as a target station was developed by using 10-minute hydrological data from 4 rainfall stations and 1 water level
station. Using 10-minute hydrological observation data from 6 stations from January 2017 to January 2021, learning, verification, and testing were
performed for lead time such as 0.5, 1,2, 3,4, 5 and 6 hour and LSTM was applied as an artificial intelligence algorithm. As a result of the study,
good results were shown in model fit and error for all lead times, and as a result of reviewing the prediction accuracy according to the learning
dataset conditions, it is expected to be used to build an efficient artificial intelligence-based model as it secures prediction accuracy similar to that
of using all observation stations even when there are few reference stations.
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Fig. 1. Schematic of RNN and LSTM (Olah, 2015)
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Table 1. Fit Indicators and equations for validating prediction accuracy

Fit indicator Equations Ranges of value Notation
NSE g1 2@ w010
(Nash-Sutcliffe model efficiency coefficient) M@ -q,)? '
B . I 2(@-@)g,~q,) } L0
(Coefficient of determination) \/Z(Qr: -Q)r \/E(an -Q,) @}, : Model value at time ¢
RMSE , 1 Q! : Observed value at time ¢
(Root Mean Squared Error) RMSE= ZE(Q:” -Q) 0~ 0
q @, : Average of model value
Maximum error B, =MAX(|Q, - Q) 0~0c0 Q, : Average of observed value
Epeak E _| ( t)_ . ( t) 0~00
(Error of peak value) pear = [max (@, )~ max(@, -
MAPE 1
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Table 2. Period of flood and simulation conditions for original and preprocessed data

Precipitation (mm)

985

Classification

Original data

Preprocessed data

Period of flood

2016-07-01 00:00~2023-06-15 14:40

2017-01-11 15:00~2021-01-02 14:10

Number of data

336,919

81,594
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Table 3. Structure of input dataset for 8 cases

X Y
Training Lead-time (h)
Case Water Level Rainfall
os|1[2]3]4]s5]s
1 Dayeuh Kolot | Majalaya | Dayeuh Kolot Sapan Paseh-Cipaku Kertasari
2 Dayeuh Kolot | Majalaya - - - -
3 Dayeuh Kolot - Dayeuh Kolot - - -
4 Dayeuh Kolot - - Sapan - -
Water Level of Dayeuh Kolot
5 Dayeuh Kolot - - - Paseh- Cipaku -
6 Dayeuh Kolot - - - - Kertasari
7 Dayeuh Kolot - Dayeuh Kolot Sapan - -
8 Dayeuh Kolot - - - Paseh-Cipaku Kertasari
Table 4. Training parameters
Parameter Value Parameter Value
Activation Function ReLU Optimization algorithm Adam optimizer
Loss Function Mean squared error Hidden layer 3
Sequence Length 18 Learning rate 0.0001
Epochs 300 Batch size 36
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Fig. 4. Results of water level prediction at Dayeuh Kolot for case 1
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Table 5. Analysis of prediction results for each lead time and case

Case Fit indicator 0.5h 1h 2h 3h 4h Sh 6h
NSE 0.9947 0.9914 0.9803 0.9644 0.9448 0.9218 0.8962
R’ 0.9948 0.9916 0.9806 0.9647 0.9452 0.9224 0.8972
1 RMSE 0.0854 0.1088 0.1646 0.2212 0.2754 0.3278 0.3774
MAPE (%) 0.9691 1.2495 1.8764 2.4902 3.1547 3.8357 4.4824
Maximum error 1.6946 1.6779 2.1672 2.5077 2.6972 2.7998 2.8798
Error of Peak value -0.1793 0.0433 -0.1759 -0.1159 -0.1714 -0.5437 -0.4683
NSE 0.9948 0.9920 0.9812 0.9649 0.9442 0.9221 0.8988
R’ 0.9950 0.9921 0.9813 0.9653 0.9450 0.9228 0.8997
) RMSE 0.0848 0.1051 0.1608 0.2198 0.2770 0.3271 0.3728
MAPE (%) 1.0137 1.1852 1.8522 2.6240 3.3556 3.9714 4.5995
Maximum error 1.7066 1.6913 1.8744 2.4169 2.5904 2.9885 3.4719
Error of Peak value -0.0887 -0.0951 0.0245 -0.2426 -0.2137 -0.2714 -0.0907
NSE 0.9932 0.9909 0.9815 0.9678 0.9506 0.9313 09111
R’ 0.9959 0.9936 0.9841 0.9698 0.9520 0.9325 0.9122
3 RMSE 0.0968 0.1116 0.1597 0.2103 0.2607 0.3071 0.3493
MAPE (%) 1.1826 1.2547 1.6534 2.2650 3.0114 3.7194 4.4499
Maximum error 1.9322 1.9734 2.7888 3.6239 4.4190 5.0551 5.7828
Error of Peak value -0.2267 -0.3837 -0.5214 -0.3899 -0.3581 -0.3544 -0.4136
NSE 0.9941 0.9915 0.9804 0.9633 0.9427 0.9209 0.8991
R’ 0.9942 0.9915 0.9805 0.9636 0.9434 0.9220 0.9008
4 RMSE 0.0900 0.1081 0.1640 0.2248 0.2807 0.3297 0.3722
MAPE (%) 0.9000 1.1268 1.7550 2.4674 3.1931 3.8423 44271
Maximum error 1.7133 1.6915 2.0659 2.4456 2.6709 3.0498 3.2163
Error of Peak value 0.2408 0.0540 0.0681 0.1352 -0.0010 -0.0166 0.0354
NSE 0.9928 0.9898 0.9784 0.9613 0.9423 0.9225 0.9021
R’ 0.9962 0.9937 0.9828 0.9661 0.9472 0.9272 0.9072
5 RMSE 0.0997 0.1184 0.1724 0.2308 0.2816 0.3264 0.3666
MAPE (%) 1.1925 1.3397 1.7553 2.3322 2.9818 3.6326 4.2573
Maximum error 2.1009 1.9110 2.5927 4.4186 5.0330 5.5647 6.1333
Error of Peak value -0.3785 -0.3637 -0.2845 -0.4068 -0.4534 -0.4622 -0.4736
NSE 0.9948 0.9923 0.9822 0.9669 0.9485 0.9282 0.9075
R’ 0.9960 0.9935 0.9832 0.9676 0.9488 0.9283 0.9075
6 RMSE 0.0845 0.1028 0.1564 0.2132 0.2661 0.3141 0.3564
MAPE (%) 0.9935 1.1108 1.5539 2.1957 2.9212 3.6477 4.3305
Maximum error 1.6605 1.6397 1.9243 2.4084 2.5799 2.7031 2.7774
Error of Peak value -0.3188 -0.2713 -0.2347 -0.1197 -0.2788 -0.2918 -0.2134
NSE 0.9965 0.9938 0.9837 0.9683 0.9499 0.9301 0.9094
R 0.9966 0.9940 0.9840 0.9690 0.9506 0.9310 0.9106
7 RMSE 0.0697 0.0923 0.1498 0.2088 0.2624 0.3098 0.3526
MAPE (%) 0.6660 0.8687 1.4275 2.0881 2.8237 3.5157 4.1764
Maximum error 1.7245 1.6996 1.8459 2.2771 2.4738 2.5263 2.5814
Error of Peak value -0.2450 -0.3033 -0.2527 -0.3461 -0.5143 -0.4032 -0.4757
NSE 0.9959 0.9932 0.9829 0.9672 0.9486 0.9287 0.9083
R’ 0.9961 0.9933 0.9829 0.9673 0.9488 0.9291 0.9089
g RMSE 0.0752 0.0966 0.1533 0.2125 0.2657 0.3129 0.3549
MAPE (%) 0.7864 0.9913 1.5608 2.2578 2.9505 3.5765 4.2089
Maximum error 1.7525 1.7171 1.9963 2.4212 2.5650 2.6266 2.6636
Error of Peak value -0.0331 0.2023 0.0536 0.0364 -0.1040 -0.1426 -0.0892
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Grade Very good Good Satisfactory Not satisfactory
NSE NSE = 0.80 0.80 > NSE = 0.70 0.70 > NSE = 0.50 0.50 > NSE
R? R® >0.85 0.85> R* >0.75 0.75> R* > 0.60 0.60 > R?

1.00
0.95
0.90
5
=
—s—casel
0.85 case2
——case3
——cased
NSE "Very good"
0.80 —#—case5
—e—caseb
case7
case8
0.75
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Lead time (h)

Fig. 5. Goodness-of-fit (NSE) analysis of prediction model for 8 cases
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