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ABSTRACT 
 
Debris flows can cause severe loss of human life and economic damage. Effective protection 
from such flows can be provided by sabo dams. Planning and evaluating method estimating 
using numerical simulation are preferable for determining the type and height of sabo dams, 
and the locations where the dams should be built to achieve the most effective solutions. 
However, non-experts involved in sabo engineering often find it difficult to conduct 
simulations and define and measure damage indices to determine the best sabo solution 
because the existing simulation systems do not have efficient GUI. Therefore, a system that 
estimates the best sabo solution based on user-supplied initial conditions would be useful. We 
developed a method to estimate the best sabo solution using the maximum riverbed variation 
as a valid indicator of the damage scale. Several simulated results showed that the effect of a 
sabo dam installation depends on the riverbed slope and whether there is an initial movable 
bed. Locating the dam downstream of the river reduced damage and higher dams were more 
effective. We combined our method with Kanako, a debris flow simulator equipped with GUI. 
The system could simulate the debris flow processes, and semi-automatically suggest the best 
sabo solution. 
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INTRODUCTION 
 
Debris flows often cause tragic loss of human life and economic damage. Sabo facilities such 
as sabo dams provide effective protection against debris flows and decrease the amount of 
damage sustained. Planning and evaluating method estimating using numerical simulation are 
preferable for determining the type and size of sabo dams, and the locations where the dams 
should be built to achieve the most effective solution to prevent and mitigate debris flow 
damage. Researchers have recently proposed a variety of numerical simulation models 
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(Takahashi and Nakagawa, 1991; Takahama et al., 2002), and some have been put to practical 
use in sabo engineering. However, non-experts involved in sabo work or debris flow planning 
often find it difficult to conduct simulations to determine the best sabo solution, such as the 
dam location and size, because the existing simulation systems do not have efficient user 
interfaces. Furthermore, they find it difficult to define and measure damage indices. Therefore, 
a system that estimates the best sabo solution based on a user-supplied set of initial landform 
and debris flow conditions would be useful. Such a system would enable sabo planners and 
engineers to plan highly accurate sabo engineering works simply and easily. 
 
We have been developing a debris flow simulation system called “Kanako” equipped with a 
graphical user interface (GUI) to make debris flow numerical simulation easier and more 
user-friendly to solve these problems (Nakatani et al., 2007; Nakatani et al., 2008). It is based 
on debris flow simulation model developed by Satofuka (Satofuka and Mizuyama, 
2005; Satofuka and Mizuyama, 2006), which can simulate mountainous area and consider 
closed, slit, and grid type sabo dam effect. In this study, we developed a user-friendly debris 
flow simulation system equipped with a semi-automatic sabo solution-suggesting function. 
The study consisted of two parts: 1) developing a method to estimate the best sabo solution, 
and 2) combining our solution method with the existing user-friendly Kanako debris flow 
simulation system. 
 
 
METHOD TO ESTIMATE THE BEST SABO SOLUTION 
 
It is very important to set appropriate indices for the damage scale (Ido et al., 1999; Akanuma 
et al., 2002). In our study, we reviewed debris flow disaster reports and manual of Sabo 
master plan for debris flow in Japan (National Institute for Land and Infrastructure 
Management, 2007) and found that the sediment volume moved can be used as a valid index 
of the debris flow damage scale. To set the damage scale for the most dangerous case, we 
selected the maximum sediment volume calculated by subtracting the initial riverbed 
elevation from the maximum riverbed elevation. We also concluded that the debris flow peak 
discharge and peak arrival time can be used as valid indices. 
 
When changing the solution target, site, or area to prevent and mitigate the debris flow 
damage, the best sabo solution also changes. Users are requested to select the target. 
Furthermore, when planning sabo dams, it is unreasonable to build huge dams or several dams 
in a narrow area. Based on the land conditions, practical use of the land, and access, it is 
difficult to construct a dam or a high dam in some cases. To consider these situations, before 
running the simulation and selecting the best sabo solution, users need to set the number of 
dams, possible area, range of dam height and dam setting area, and dam type. 
 
The system requires users to set the solution target and sabo dam restriction conditions, 
including the landform data and supplied debris flow, when preparing the simulation 
conditions. The method used to estimate the best sabo solution is not completely automatic, 
but semi-automatic. 
 
 
SIMULATION ON RECENT DISASTER 
 
We simulated a debris flow that occurred in Miyajima, a small island in Hiroshima Prefecture, 
Japan, on Sept. 6, 2005. Landslides followed heavy typhoon rain, and the accumulated debris 
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and rock gathered in a debris flow that moved about 2.6 km and destroyed two existing sabo 
dams, causing sediment to overflow downstream. We simulated this event using Kanako, 
after setting the landform conditions from topographic maps and reports (Kaibori et al., 2006). 
We set the river width at a constant 15 m (see Fig. 1.). 
 

 
Fig. 1 Miyajima simulation area showed in Kanako 
 
We calculated the sediment concentration from the slope after applying the Takahashi 
equation (Takahashi et al., 2001) as in Eq. (1) for the equilibrium concentration of debris 
flow. 

)tan)(tan(
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=Cd                                                   (1) 

 
σ : Mass density of bed material (=2550 kg/m3 ρ) , : Mass density of fluid phase [water and 
mud, silt] (=1180 kg/m3 φ) , : Internal friction angle (=35 deg.) , θ : Downer 100 m area 

slope (=4.93deg.), Cd : Concentration of debris flow ( *9.03.0 CCd ≤≤ ),  *C : 

Concentration of moveable bed （=0.6） 
 

The total discharge volume of sediment resulting from the failure was 18,000 m3

 
: 

From the Eq. (1), we obtained a debris flow concentration of 30%. Then, the peak debris flow 
discharge was calculated from equation written in manual of Sabo master plan for debris flow 
as in Eq. (2) and Eq. (3): 

∑= QQsp 01.0                                                              (2) 

∑ ⋅
=

Cd
CVdqpQ *

                                                            (3) 

spQ : Peak debris flow discharge (m3 ∑Q/s), : Whole debris flow discharge (m3 Vdqp),  : 

Sediment volume (m3

 
) 

The total calculated debris flow discharge was 36,000 m3 and the peak debris flow discharge 
was 360 m3/s. We show the supplied debris flow as Qin1 and Qin2 (see Fig. 2. and Fig. 3). 
Here, the peak existing time and peak discharge differ, but the total discharge and total 
sediment volume supplied as debris flow are similar. In Kanako, you can prescribe two sizes 
of sediment. In the Miyajima simulation, we used 20% coarse sediment 1.0 m in diameter and 
20% fine sediment 0.1 m in diameter. 
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It was reported that 13,000 m3 of sediment moved from the riverbed in the erosion process 
and flowed downstream. Therefore, we placed 13,000 m3

 

 (including void) of sediment evenly 
distributed along the riverbed. Using the landform data, the calculated thickness was 0.7 m. 
We also simulated a situation in which there was no movable sediment on the riverbed. 
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Fig. 2 Supplied hydrograph for Miyajima simulation (Qin1) 
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Fig. 3 Supplied hydrograph for Miyajima simulation (Qin2) 
 

 

Table 1 Simulation parameters 
Parameters/Variables  Value Unit 

Simulation time 
Time step 
Diameter of coarse material 
Diameter of fine material 
Mass density of bed material  σ 
Mass density of fluid (water and mud, silt) phase  ρ 
Concentration of movable bed  C
Internal friction angle          tanφ 

* 

Volumetric ratio of coarse material in the movable bed 
Volumetric ratio of fine material in the movable bed  
Acceleration of gravity 
Coefficient of erosion rate 
Coefficient of accumulation rate 
Minimum flow depth 
Manning's roughness coefficient 
Number of calculation points 
Interval of calculation points 

 1800 
0.01 
1 
0.1 
2550 
1180 
0.6 
0.7 
0.5 
0.5 
9.8 
0.0007 
0.05 
0.01 
0.03 
62 
20 

s 
s 
m 
m 
kg/m
kg/m

3 

 

3 

 
 
 
m/s
 

2 

 

m 
s/m
 

1/3 

m 
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To estimate the best location and height for a sabo dam, we simulated the 20 cases listed 
in Table 2. These consisted of four different moveable bed and peak debris flow shape 
conditions, each with five different dam heights.  
 
Table 2 Simulation cases 

 
For each case, we considered 60 installation points for a sabo dam, ranging from 20 m 
upstream to 1200 m downstream of the river at 20-m intervals. We also ran a simulation 
without countermeasures for each condition. 
 
For each of the 20 cases and the cases without countermeasures, we considered the maximum 
sediment variation at the point farthest downstream. We calculated the maximum sediment 
variation using the following equation as in Eq. (4): initial m riverbed elevation 
{ } *)elevation riverbed m initial()elevation riverbed maximum( CBd ××−               (4) 

Bd : River width, *C : Concentration of movable bed.  

 
Next, we show the results for the 20 cases. These results (see Fig. 4.) indicate the maximum 
sediment variation at downstream end point for the different dam locations. Installing the sabo 
dam on the lower reaches of the river reduced the amount of damage. Higher dams were more 
effective, but only up to a certain height. Placing dams on the upper reaches of the river had 
very little effect in reducing the amount of damage. When there was a movable bed, the cases 
with countermeasures always had less damage than those without countermeasures. However, 
when there was no movable bed on the riverbed, i.e., when the riverbed surface was covered 
by coarse material and sediment could not be transported even if there was flow in the river, 
some points for cases with countermeasures gave higher damage values than the cases without 
countermeasures. These trends were visible when the dam was placed in a steep slope area. In 
addition, when there was no movable sediment in the river, the maximum sediment variation 
showed similar trends as the initial (rigid) riverbed slope. 
 
We also ran simulation setting maximum riverbed variation from downstream area from the 
sabo dam, and outflow sediment discharge from the downstream end point as damage index 
(see Fig. 5.). We tried these solution indexes because it seems to show the direct effect of the 
sabo dam. These results also indicated similar trend to the result as setting the maximum 
riverbed variation at downstream end point as damage index. Therefore we reiterate once 
again that setting damage scale as setting the maximum riverbed variation at downstream end 
point is clear, simple and effective method. 
 
 

 

Dam 
Height 
(m) 

 Case1       Case2 Case3 Case4 
Movable bed 
Peak shape 

exist 
Qin1 

none 
Qin1 

exist 
Qin2 

none 
Qin2 

5 
8.5 
10 
12.5 
15 

 Case1-1 
Case1-2 
Case1-3 
Case1-4 
Case1-5 

Case2-1 
Case2-2 
Case2-3 
Case2-4 
Case2-5 

Case3-1 
Case3-2 
Case3-3 
Case3-4 
Case3-5 

Case4-1 
Case4-2 
Case4-3 
Case4-4 
Case4-5 
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Fig. 4 Maximum river variation at downstream point result of simlation and corresponding of dam settable 

number and distance from upstream  
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Fig. 5 Result of maximum river variation at downstream area from sabo dam (left figure) and outflow sediment 

discharge from downstream end (right figure) 
 
Sabo dams installed on the lower reaches of the river reduced damage more than sabo dams 
installed on the upper reaches. This concurs with a recent study of the effects of sabo dams. 
However, when planning and constructing sabo dams on a torrent river, it may be difficult to 
locate a dam just upstream from a residential area because of the residents’ attitudes or 
damage to the landscape.  
 
Higher dams can be more effective, but only up to a certain height. In addition, landform 
conditions, landform use, and access will cause some restrictions and affect the installation 
area and height of each torrent. It is therefore difficult to propose an integrated method for all 
conditions. However, it may be useful to simulate all the possible conditions and indicate the 
effect of various sabo dams, leading users to consider and discuss more effective sabo 
engineering and planning. 
 

From these results, we developed a system that simulates every case for a set of initial 
conditions that the user defines, such as landform conditions, supply of debris flow, dam 
placement sites, dam size, and dam type. The manual of Sabo master plan for debris flow in 
Japan contains notes on debris flow peak discharge, flow depth, and speed. When considering 
debris flow simulations or laboratory experiments, the total flow discharge and time of debris 
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flow arrival are often applied to examine the results. Reducing the peak discharge is directly 
linked to reducing the size of the disaster, and delaying the peak arrival time will buy time for 
people to escape from a potential debris flow disaster. Therefore, we believe that the peak 
discharge and peak arrival time are useful indices of the damage scale. As we have described 
previously, we adopted three damage indices: the maximum riverbed variation, peak 
discharge, and peak arrival time at the target area. The safest solution is when the maximum 
riverbed variation is smallest, the peak discharge is smallest, and the peak arrival time is 
delayed the most. In the following, we consider these three indices individually, and do not 
consider any priority rankings or aggregates of the three indices. 
 

    
Fig. 6 Solution index setting screen in Kanako 

 

 
Fig. 7 Simulation screen searching sabo solution in Kanako 
 

We combined our sabo solution method with the Kanako graphical user interface-equipped 
debris flow simulator, which provides good visualization and simple explanations. The 
system can simulate debris flow processes and determine the best sabo solution simply from 
user-specified initial conditions. The user can easily input the initial conditions using a mouse, 
and see an image of the landform conditions on the monitor. 
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Fig. 8 Solution suggestion screen after simulation 

 
 

 
Fig. 9 Solution visualization screen after simulation 
 

To set the dam conditions and restrictions, the user follows the instructions on the appropriate 
screen (see Fig. 6.). During the simulation, the user can observe the debris flow behavior for 
each case, such as flow depth, riverbed variation, effect of the sabo dam, and discharge 
(see Fig.7.). After the simulation, a graphical output screen shows the safest conditions and 
the results without countermeasures (see Fig.8. and Fig.9.). This enables users to conduct a 
simulation and find the best solutions easily. 
 
 
CONCLUSIONS 
 
In this study, we suggested a simple damage index for debris flow disaster as maximum 
riverbed variation at the downstream end point, and concluded that it is worth to examine the 
sabo dam effect. It also indicates the sabo dam effect trend downstream from the sabo dam 
setting area and also the output sediment discharge. Therefore we equipped this solution index 
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and method to the Kanako system. Both expert and non-expert users should be able to 
conduct sophisticated sabo planning.  
 
However, the system we developed in this study is based on a simplified method and does not 
prioritize or aggregate the various indicators. In a future study, we plan to prioritize the 
indices to give one integrated sabo solution. When ranking the various indices, the ranking 
may change depending on the area, society, sentiments of residents, and costs. We have our 
sights set on constructing an evaluation function for several indices, and hope to develop a 
GUI system to rank them. 
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