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Abstract

Comprehensive assessment of debris flow hazards is a
challenging issue due to its complex and uncertain nature. In
this paper, the effect of antecedent rainfall (AR) on the debris
flow occurrence in Alborz Zone, Iran, was assessed using
Bayesian networks (BN). In this model, the effect of factors
such as average basin height, average basin slope, watershed
area, the current rainfall, AR (three days preceding the event),
and discharge for one-day ahead have been used as the model’s
input. Six scenarios were considered including the amounts of
AR three days preceding separately, AR two days preceding
separately, AR one day preceding, cumulative rainfall of AR
three days preceding, cumulative rainfall of AR two days
preceding, and the effect of excluding AR. The results
indicated that the performance of BN model in the first
scenario is %13 better than in the second scenario. The highest
accuracy of the model was obtained for the scenario of AR 3
days preceding separately, with a forecasting accuracy of %91.
Furthermore, excluding the effect of any of the AR events from
the model declined its performance. The proposed model is
able to provide reliable results in warning systems for debris
flow hazards in watersheds.
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Fig. 1- Location of the studied basins and the corresponding stations
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Table 1- Debris flow events in the study areas

Date State River Hydromet Mean basin Mean basin Discharge Sediment
ric station  slope (degrees) height (Km?) (md/s) concentr-ation

1971/11/17  Mazandaran Neka Ablu 24.76 1933.67 1.22 0.02
1971/12/9 Mazandaran Neka Ablu 24.76 1933.67 1.22 0.04
1972/5/21  Mazandaran Talar Talar-Shirgah 33.99 2337.08 106.18 0.026
1983/5/14 Gilan Polrod Derazlat 35.61 1586.47 54.8 0.041
1986/8/26 Mazandaran Neka Ablu 24.76 1933.67 3.73 0.034

1987/4/4 Golestan Gharechai Ramian 18.69 7664.13 19.98 0.022
1987/4/19 Mazandaran Chalus Pole-Zoghal 44.72 1544.07 107.07 0.022
1996/10/2  Mazandaran  Babollrood Koshtargah 21.91 1506.61 82.34 0.028
1996/10/7 Mazandaran  Babollrood Koshtargah 21.91 1506.61 165.36 0.037
1996/10/14 Gilan Gorganrood Mashinkhane 37.99 589.096 11.55 0.057
1996/10/16  Mazandaran  Babollrood Koshtargah 21.91 1506.61 328.64 0.079
2001/8/12 Semnan Hablerood Bonku 27.13 3237.17 10.79 0.058
2002/7/23 Gilan Navrood Asalem 41.53 265.23 25.3 0.17
2002/7/26 Gilan Navrood Asalem 41.53 265.23 19.6 0.22
2003/5/25 Mazandaran Neka Ablu 24.76 1933.67 159.648 0.024
2004/7/13 Semnan Hablerood Bonku 27.13 3237.17 20.91 0.023

2008/9/7 Gilan Navrood Asalem 41.53 265.23 1.68 0.042
2008/9/12 Gilan Navrood Asalem 41.53 265.23 3.54 0.078
2008/9/29 Golestan Gharechai Ramian 18.69 7664.13 0.486 0.021

2012/9/3 Mazandaran Neka Ablu 24.76 1933.67 92.09 0.032
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Table 3- The range and category of the parameters
SR a9 b ol )by (olul -V Joa

parameters Symbol Range of category
Non-occurrence debris flow: C < 0.02
Sediment concentration C Occurrence with low intensity :0.02 < C <0.05
Occurrence with high intensity: C > 0.05
Low: A<1340
Watershed area (Km?) A Average:1340 < A <2700
High: A> 2700
Low: S< 22°
Average basin slope (degrees) S Average: 22° < S< 36°
High: S > 36°
Low: P <13.5
Current rainfall (mm) P Average:13.5< P <27
High: P > 27
Low: EL <1440
Average basin elevation (m) EL Average: 1440 < EL <2100
High: EL > 2100
Low: PQ <20
Discharge 1 day preceding (m?3/s) PQ Average: 20 < PQ <40
High: PQ > 40
) ) Low: AR1<10
Antecedent rainfall 1 days preceding AR1 Average: 10 < AR1< 20
(mm) High: AR1> 20
Low: AR2<3.5
Antecedent rainfall 2 days preceding AR2 Average: 3.5~< AR2 < 6.5
(mm) High: AR2 > 6.5
Low: AR3<3
Antecedent rainfall 3 days preceding AR3 Average: 3< AR3 < 20
(mm) High: AR3 > 20
Low: AR123<18
Cumulative rainfall of antecedent AR123 Average: 18 < AR123< 36

rainfall three days preceding High: AR123 > 36
1gn: >~

Low: AR12 <18
Cumulative rainfall of antecedent Average: 18 < AR12 < 36

- . AR12
rainfall two days preceding High: ARL2 - 36
1gn:

Table 4- Evaluated scenarios
L 2590 SWRgy L glgil =¥ Jgua

Scenario No. Inputs

1 the amounts of AR 3-days preceding separately
AR 2-days preceding separately
AR 1-day ago
cumulative rainfall of AR 3-days preceding
cumulative rainfall of AR 2-days preceding
excluding the effect of AR

[op BN &2 BN SN ¢S I NS
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Table 5- The performance accuracy of the Bayesian
model for each scenario

92 by S @ 0w 3w Je 3,S0os CE3 -0 Jous

Scenario inputs Accuracy
1 the amounts of AR three 91%
days preceding separately
2 AR two days preceding 87%
separately

AR one day preceding 4%

cumulative rainfall of AR 78%
three days preceding

5 cumulative rainfall of AR 78%
two days preceding

6 excluding the effect of AR 69%
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