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Abstract

Predicting debris floods is important in reducing their
damages. The aim of this study is the prediction of sediment
concentration of debris floods and ordinary floods in
Ammameh, Navrood and Casilian basins which are located in
Tehran, Gilan and Mazandaran provinces, respectively, using
bayesian network (BN) and artificial neural network (ANN)
models. Accordingly, average basin elevation (EL), average
basin slope (S), watershed area (A), current day rainfall (R),
antecedent rainfall for the last 3 days (AR) and previous day
discharge were selected as input variables. Then, 32 scenarios
were tested to determine the most effective factors on the
sediment concentration of flood. For the scenario derived from
all selected factors, indices R? and MAPE in the test stage were
obtained as 0.97 and 8.55%, respectively. Assessment of the
effect of different factors showed that the the accuracy of the
BN model’s prediction are most affected by EL, R, PQ, A and
1-day AR. Indices R? and MAPE for this scenario were
obtained 0.916 and 11.01%, respectively. It was selected as the
best scenario due to the least number of predictors and the
highest accuracy. The most effective factors identified in this
study can be used to predict debris flood in similar basins.
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Basin area A 2-day Antecedent rainfall for station E PRE1

Average basin slope S 2-day Antecedent rainfall for station A PRA2

Average basin elevation EL 2-day Antecedent rainfall for station B PRB2

Discharge-one day ago PQ 2-day Antecedent rainfall for station C PRC2

Current day rainfall for station A RA 2-day Antecedent rainfall for station D PRD2

Current day rainfall for station B RB 2-day Antecedent rainfall for station E PRE2

Current day rainfall for station C RC 3-day Antecedent rainfall for station A PRA3

Current day rainfall for station D RD 3-day Antecedent rainfall ago for station B PRB3

Current day rainfall for station E RE 3-day Antecedent rainfall for station C PRC3

1-day Antecedent rainfall for station A PRA1 3-day Antecedent rainfall for station D PRD3

1-day Antecedent for station B PRB1 3-day Antecedent rainfall for station E PRE3
1-day Antecedent rainfall for station C PRC1 Sediment concentration C

1-day Antecedent rainfall for station D PRD1
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Table 2- Bayesian network results for different scenarios in the test and train stages (Part 1)

(Jg! Ceomd) (39031 9 93901 Ul po 5> LiliSeo (gdgs U (812 (32 jar S b5 - Y Jgoor

Train Test
NO Variable/Variables deleted Diff- Diff-
2 2
R RMSE MAPE MAPE R RMSE MAPE MAPE
1 - 0.984  0.001 7.23 - 0.973  0.001 8.55 -
2 0.81 0.005 215 1427 0.801 0.005 22.24 13.7
3 S 0.89 0.003 10.34 311 0.886  0.003 11.64 3.09
4 PQ 0.85 0.003 30.8 23,57 0.839 0.004 32.44 23.89
5 EL 0.75 0.005 40.5 33.27 0.743  0.005 41.44 32.89
6 RA 0.8 0.005 24.12 16.89 0.800 0.005 24.36 15.81
7 RB 0.83 0.004 23.73 16.5 0.813  0.005 24.85 16.3
8 RC 0.84 0.005 21.54 1431 0.826  0.005 23.96 1541
9 RD 0.85 0.004 24.8 1757 0.838 0.005 26.89 18.34
10 RE 0.81 0.005 23.16 1593 0.800 0.005 24.33 15.78
11 PRA1 0.90 0.003 10.6 3.37 0.894  0.003 11.40 2.85
12 PRB1 0.92 0.003 9.33 2.1 0.918  0.003 10.29 1.74
13 PRC1 0.90 0.003 10.5 3.2 0.897  0.003 11.38 2.83
14 PRD1 0.90 0.003 10.2 2.97 0.902 0.003 11.25 2.7
15 PRE1 0.9 0.003 10.52 3.29 0.894  0.003 11.38 2.83
16 PRA2 0.92 0.003 10.35 3.12 0.911  0.003 11.25 2.7
Table 3- Bayesian network results for different scenarios in the test and train stages (Part 2)
(95 coomnd) (33031 9 (93901 Ul po p3 llismo (§Uoga sliww (g0 (32 K Jdo gl Y Jgo
Train Test
NO Variable/Variables deleted ) Diff- 5 Diff-
R RMSE MAPE MAPE R RMSE MAPE MAPE
17 PRB2 0.92 0.003 11.92 4.69 0.919 0.003 12.07 3.52
18 PRC2 0.93 0.003 10.3 3.07 0.920 0.003 11.9 3.35
19 PRD2 0.925 0.003 9.78 2.55 0.923 0.003 10.44 1.89
20 PRE2 0.91 0.003 10.1 2.87 0.919 0.003 10.14 1.59
21 PRA3 0.926  0.003 10.35 3.12 0.923 0.003 10.84 2.29
22 PRB3 0.95 0.002 941 2.18 0.947  0.002 10.06 151
23 PRC3 0.94 0.002 10.07 2.84 0.930  0.002 10.88 2.33
24 PRD3 0.95 0.002 9.43 2.2 0.945 0.002 10.11 1.56
25 PRE3 0.94 0.003 10.41 3.18 0.923  0.003 11.05 25
26 RA, RB, RC, RD, RE 0.79 0.006 36.2 2897 0.772 0.007 37.77 29.22
27 PRAL, PRB1, PRC1,PRD1,PRE1  0.88  0.002 12.45 522 0865 0.003 13.77 5.22
28 PRA2, PRB2, PRC2, PRD2, PRE2  0.90 0.003 11.23 4 0.898  0.003 11.87 3.32
29 PRA3, PRB3, PRC3, PRD3, PRE3  0.93 0.003 10.18 2.95 0.927  0.003 10.69 2.14
PRAL, PRB1, PRC1, PRD1, PREL1,
PRAZ2, PRB2, PRC2, PRD2, PRE2,
30 PRA3, PRB3, PRC3, PRD3, 0.88 0.004 35.47 28.24 0.872 0.004 36.29 27.74
PRE3
RA, RB, RC, RD, RE, PRAL,
PRB1, PRC1, PRD1, PRE1, PRA2,
31 PRB2 PRC2. PRD2. PRE2. PRA3, 0.72 0.005 45.12 37.89 0.711  0.006 46.90 38.35
PRB3, PRC3, PRD3, PRE3
32 PRAZPRB2 PRC2 PRD2,PRE2, 45 003 1085 362 0916 0003 1101 246

PRA3, PRB3, PRC3, PRD3, PRE3
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Fig. 4- Observational sediment concentration versus predicted values in a) Train stage b) Test stage
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Table 4- Comparison of BN model's performance with ANN model for scenarios 1 and 32
YY 93 g b 1 ANN Juo U oy 50 a0l Jito 3,008 dus o —F Jous

Train Test
NO Model R? RMSE MAPE MD:;'E R? RMSE MAPE MD:;'E
ANN 0.768 0.007  25.22 - 0.723 0.008  27.39 -
BN 0.984  0.001 7.23 . 0.973  0.001 8.55 -
32 ANN 071 0009 3548 1026 0.680 0.009  38.69 11.3
32 BN 092 0003 10.85 362 0916 0003 11.01 2.46
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1- Conditional Probability Table (CPT)
2- Estimation Maximization (EM)

3- Necessary Path Condition (NPC)

4- Artificial Neural Network (ANN)

5- Feed-Forward Network

6- Recurrent Networks

7- MultiLayer Perceptron (MLP)
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