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We previously developed “Hyper KANAKO,” a system using the debris flow simulator Kanako 2D 
equipped with a GUI, in which a user can easily produce landform data appropriate for simulation using 
standard laser profiler (LP) data. In this study, we applied the Hyper KANAKO system to several sites. Two 
different data formats of landform data can be used in Hyper KANAKO: LP data, which is the standard 
format for sabo works in Japan, and 10-m mesh digital elevation data provided by the Geospatial 
Information Authority of Japan, which has a wide field of application. As two scenarios of debris flow 
initiation, we considered debris flow occurring from unstable (movable) sediment and from a landslide dam 
collapse caused by landslides. A major objective of the Hyper KANAKO system is the simulation of debris 
flow in steep areas of mountainous rivers. However, the Hyper KANAKO system can also simulate aspects 
of mild-slope areas of mountainous rivers, such as the bed load area. We applied the system to a mild-slope 
area to describe flooding processes. We ran several conditions of debris flow and sabo dams in the 
simulations to determine differences in the results and discuss effective mitigation works. Objectives for 
future work include developing tools for inputting mild-slope area real river bed elevation data, determining 
the proper grid size for the two-dimensional (2D) area, determining the best method of setting the 1D and 
2D areas, and being able to set several debris flow torrents or inflow points of the 2D area. 
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1. BACKGROUND 
 

Laser profilers (LPs) with a standard data format 
have been applied widely to survey sabo works in 
Japan. The LP data provide detailed topographic 
information on areas prone to sediment-related 
disasters. Therefore, the widespread use of these 
data is expected in crisis management situations and 
sabo research work [Horiuchi, 2010; Horiuchi and 
Iwanami, 2010]. 

We previously developed “Hyper KANAKO,” 
[Nakatani et al., 2012] a system using the debris 
flow simulator Kanako 2D [Nakatani et al., 2008] 
equipped with a graphical user interface (GUI), in 
which a user can easily produce appropriate 
landform data for simulation using standard LP data. 

The system also uses a geographical information 
system (GIS) to visualize results.  

In this study, we applied the Hyper KANAKO 
system to several sites and situations. To assist with 
disaster prevention and management efforts, we 
simulated several cases of sediment disaster 
scenarios (e.g. debris flows, landslide dams) and 
also flooding in mild slope area. 
 
2. OUTLINE OF HYPER KANAKO 

 
2.1 Hyper KANAKO system 
 In the Hyper KANAKO system, shown in Fig. 1, 
the range of the simulation target is first chosen in a 
GIS, then the user runs the simulation, and the 
results are finally returned to the GIS as an image. 
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When running the simulation, the user performs the 
following steps: search for the steepest gradient line 
using GIS and LP data; create one-dimensional (1D) 
landform data from the LP data along the steepest 
gradient line; create two-dimensional (2D) landform 
data suitable for Kanako 2D using the LP data by 
setting the one-dimensional downstream endpoint as 
a joint; run the simulation on Kanako 2D; create the 
simulation result image; register and manage the 
resultant image for each time in the GIS. 
 

 
Fig. 1 Outline of the Hyper KANAKO system 

 
2.2 Landform data formats 

Hyper KANAKO can use two different data 
formats of landform data: LP data, which is the 
standard format for sabo works in Japan, and 10-m 
mesh digital elevation data provided by the 

Geospatial Information Authority of Japan (GSI), 
which has a wide field of application. 

To use GSI elevation data, we developed a new 
conversion tool. 
2.2.1 Conversion tool for using GSI elevation 

data 
Hyper KANAKO initially had specifications such 

that the topography binary data were converted from 
the 1-m mesh LP data of the sabo standard format. 
Therefore, the mesh size was fixed to 1 m2, and it 
was not able to inflect out of the LP measurement 
range. 

To make the Hyper KANAKO system more 
useful, we developed the program to convert 
base-map information 10-m mesh data, which is 
easily obtained from GSI, into topography binary 
data. 

The mesh size for simulation can be changed in 
the program, and the mesh size information is 
applied with the resolution field of a world file data, 
which is generated with topography binary data. The 
mesh data used in Hyper KANAKO are JPGIS 
(GML) format base-map information 10-m mesh 
data that the user can obtain from the “base map 
information downloading service” site 
(http://fgd.gsi.go.jp/download/) of GSI. 

Base-map information 10-m mesh data are 
provided with latitude/longitude coordinates. 
Therefore, to use the data for simulations, it is 
necessary to change these into a Japan plane 
rectangular coordinates.  

Because the base-map information 10-m mesh 
data are not strictly 10-m mesh for all data and 
because converting the data causes tilt, the 
converted mesh data will have a gap if they are 
rearranged simply with no treatment. Therefore, in 
this program, a triangulated irregular network (TIN) 
is created for every downloaded file (figure of 
1/25,000 area) to calculate and fix the altitudes of 
grid points and make the binary mesh data. 
2.2.2 Landform data setting 

For the situation in which LP data exist for a 
limited part of the target area, but not for the whole 
target area, the system can use both LP data and GSI 
elevation data, and the data type that should have 
priority can be specified. Of course, LP data are 
detailed 1-m mesh data, so if LP data exist, they 
should be applied first. In this study, every site had 
acquired LP data; therefore, we applied LP data for 
the simulation. 
 
2.3 Scenarios for applying Hyper KANAKO 

For scenarios of debris flow initiation, we 
considered debris flow from an unstable soil mass 
(Himekawa basin) and debris flow from a landslide 
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dam collapse caused by landslides (Tenryugawa 
basin). A major objective of the Hyper KANAKO 
system is the simulation of debris flow and sediment 
sheet flow (or immature debris flow) in steep areas 
of mountainous rivers. However, the Hyper 
KANAKO system can also simulate aspects of 
mild-slope areas of mountainous rivers, such as the 
bed load area. We applied the system to a 
mild-slope area to check flooding processes. 
 
3. STUDY OF THE HIMEKAWA BASIN 
 

We applied the Hyper KANAKO system to the 
Kanayama-sawa in the Himekawa basin area, where 
debris flows have occurred in the past. Some 
unstable soil masses, as shown in Fig. 2, occured 
here, and soil movement can be observed by on-site 
inspection and from LP data. If large rainfall or 
snowmelt runoff occurs, large debris flows may be 
triggered. 
 

 
Fig. 2 Bird’s-eye view from orthophotos of Kanayama-sawa 
and unstable soil masses 
 
3.1 Simulation conditions 

We simulated three scenarios of debris flow 
occurring from a soil mass by varying the soil 
volume: small (110,000 m3), medium (430,000 m3), 
and large (720,000 m3), as shown in Table 1. We 
established these three soil volumes by considering 
the movement condition of the soil mass. The 
largest, Case 3, is the case in which the entire soil 
mass becomes a debris flow. 

 
Table 1 Simulation cases for Himekawa basin 
Case Soil volume (m3) 

Case1 
Case2 
Case3 

110,000 (small) 
430,000 (medium) 
720,000 (large ) 

 

A hydrograph was developed from the largest 
recorded debris flow in this area, and peak discharge 
was set as 354m3/s for each case (Table 2). The 
hydrograph pattern applied had a triangle shape, as 
shown in Fig. 3. The total volume of the debris flow 
and the concentration were then calculated. We 
obtained a debris flow concentration of 48% by 
applying Takahashi equations [Takahashi et al., 
2001]. Then, we calculated the peak debris flow 
discharge using the method of the Sabo Master Plan 
for Debris Flow [NILIM Japan, 2007]. The particle 
diameter D90 of 0.485 m, from the particle-diameter 
accumulation curve for the riverbed, was applied in 
the simulation. Other simulation parameters were 
set as in Table 3. 
 
Table 2 Supplied hydrograph for the Himekawa basin 
simulation 

 Peak 
discharge 

(m3/s) [Qp]

Duration 
time (s) 

[ts] 

Debris flow 
total volume 
(104 m3) [V] 

Sediment 
concentration

Case1
Case2
Case3

354 (the 
largest 

recorded ) 

900 
3300 
5520 

14.9 
54.2 
97.5 

0.48 

 

 
Fig. 3 Outline of the supplied hydrograph 

 
Table 3 Other parameters for the Kanayama-sawa simulation 
Parameters/Variables Value Unit
Simulation time  (Case1)

(Case2)  
(Case3) 
 

Time step 
Diameter of material 
Mass density of bed material   
Mass density of fluid 
 (water and mud, silt) phase   
Concentration of movable bed   
Internal friction angle  
Acceleration of gravity 
Coefficient of erosion rate 
Coefficient of deposition rate 
Manning's roughness coefficient 
Number of calculation points 
Interval of 1-D calculation points 
Number of 2-D calculation points 
Interval of 2-D calculation points  

900 
3300 
5520 
 
0.01 
0.485 
2650 
1200 
 
0.6 
35 
9.8 
0.0007 
0.05 
0.03 
254 
5 
303 x 572 
10 x 10 

s
s 
s 
 
s 
m 
kg/m3

kg/m3

 
 
deg 
m/s2 

 

 
s/m1/3 

 
m 

 
m x m 
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Landform data from the LPs were applied, and 
the simulation area is shown in Fig. 4 and Fig.5. To 
observe the effects of the debris flow on the 
downstream area, we set the simulation area from 
the unstable mass for the upstream, and the region 
around the Otari Bridge along the Himekawa main 
stream, where villages that would require protection 
from landslide hazards exist, for the downstream.  

 
Fig. 4 Kanayama-sawa simulation area on topographic map 

 
Fig. 5 Longitudinal profile of simulation area stream 

 
3.2 Results 

The simulation results are shown in Figs. 6 and 7. 
The results of the small and medium sediment 
volume cases (Case 1 and Case 2) showed flooding 
within the Urakawa basin area, whereas the result of 
the large sediment volume case, Case 3, indicated 
longer debris flow extent in the downstream 
direction to the Otari Bridge. In Case 3, the flooding  
area was confined along the present river path and 
did not outflow to the houses. 

When a debris flow occurred in 1992, a small 
landslide dam formed at the Karamatsu-sawa 
confluence point downstream of the basin (Fig.8, 
left). In the Case 3 simulation, a significant 
deposition of 6 m was observed at this point, 
therefore Case3 describe the 1992 debris flow.  
Furthermore, a debris flow also occurred in 2009, 
and a remarkable deposition was observed here 
from LP data (Fig.8, center), comparing with 
simulation result of case Case3 (Fig.8, right), this 
result seems reasonable. 

 
Fig. 6 Result of the Kanayama-sawa simulation (max. flow depth and deposition thickness) (left: Case1, middle: Case2, right: Case3) 
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Fig. 7 Result of the Kanayama-sawa simulation (deposition thickness) (left: Case1, middle: Case2, right: Case3) 

 

 
Fig.8 Deposition near the Karamatsu-sawa confluence point( left: site condition on 1992 debris flow (orthophoto), middle: height 
difference before and after 2009 debris flow from LP, right: simulation result (Case3)) 
 
 

4.STUDY OF THE TENRYUGAWA BASIN  
 

We also applied the Hyper KANAKO system to 
the Tenryugawa basin. Deep-seated landslides have 
occurred near this area; therefore, we considered a 
scenario of debris flow originating from a landslide 
dam collapse caused by a deep-seated landslide. 
 
4.1 Simulation conditions 

The height of the landslide dam was set at 70 m. 
Considering the recorded volumes of deep-seated 
landslides, the upstream and downstream slopes of 
the landslide dam were set at 20°. The length of the 
simulation area was approximately 11 km, and the 
slope of the riverbed ranged from 2–4°, as shown in 
Fig. 9. The supplied hydrograph from the upstream 
was set considering the case of landslide dam 
collapse using a 2D riverbed variation calculation 
[Satofuka, 2006], as shown in Fig. 10. We set a 
debris flow concentration of 30% using the method 
of the Sabo Master Plan for Debris Flow [NILIM 
Japan, 2007].  

 
Fig.9 Simulation area of the Tenryugawa basin 

 

 
Fig.10 Supplied hydrograph for the Tenryugawa simulation 
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Table 4 Simulation cases for the Tenryugawa basin 
Case Sabo dam condition 

Case4 
Case5 

With sabo dams 
Without sabo dams 

 
Table 5 Other parameters for the Tenryugawa simulation 

Parameters/Variables Value Unit
Simulation time  
Time step 
Diameter of material 
Mass density of bed material   
Mass density of fluid 
 (water and mud, silt) phase   
Concentration of movable bed   
Internal friction angle  
Acceleration of gravity 
Coefficient of erosion rate 
Coefficient of deposition rate 
Manning's roughness coefficient 
Number of calculation points 
Interval of 1-D calculation points
Number of 2-D calculation points
Interval of 2-D calculation points  

4000 
0.01 
0.035 
2750 
1200 
 
0.6 
35 
9.8 
0.0007 
0.05 
0.04 
44 
5 
1002 x 502 
10 x 10 

s
s 
m 
kg/m3 
kg/m3 
 
 
deg 
m/s2 

 

 
s/m1/3 

 
m 
 

m x m 

 
Landform data were acquired from LPs. Sabo 

dams have been constructed in the basin, so we 
simulated two cases, one with sabo dams and one 
without, in Table 4. The particle diameter of 0.035 
m, the density of bed material of 2,750 kg/m3, and 
the Manning's roughness coefficient of 0.04 
s/m1/3were set from field survey results. Other 

simulation parameters were set as in Table 5. 
 
4.2 Results 

The longitudinal profile of the simulation area 
stream and the post-simulation result of deposition 
are shown in Fig. 11.  

 

 
Fig. 11 Longitudinal profile of simulation area stream and 
post-simulation result of deposition 

 

 
Fig. 12 Deposition result for the Tenryugawa basin (left: with sabo dams; right: without sabo dams) 

231



 

At the point of sabo dam 1, the case without the 
sabo dam (Case 5) showed a larger deposition, and 
deposition occurring at the downstream area, than 
Case 4 with the sabo dam. In the area downstream 
from branch stream 1, deposition did not appear 
clearly. 

Deposition thickness results are shown on a 
plan-view map in Fig.12. The areas shown are 
upstream from the landslide dam and downstream 
from the sabo dam 3 location. The results indicated 
that deposition occurs at the foot of the slope, 
mainly 1–2 km downstream of the landslide dam, 
because the inclination of the slope changes 
drastically from 20° to an average of 3°. The 
landform condition also had an effect on the 
deposition process. The results showed that the area 
and thickness of deposition were smaller 
downstream of the sabo dams, especially 
downstream of sabo dam 1, in the case with sabo 
dams than in the case without sabo dams. Therefore, 
these sabo dams will be effective if large-scale 
debris flows initiate upstream. On the other hand, 
the sabo dams set downstream, sabo dams 2 and 3, 
are less effective compared with upstream sabo dam 
1. 
 
5. MILD-SLOPE AREA CASE 
 

Recently, torrential rains have been increasing in 
various parts of Japan, and severe flooding disasters 
and sediment disasters have consequently been 
increasing. Therefore, we assumed an overtopping 
scenario caused by torrential rain for the mild-slope 
area, which we here call “basin A,” when we 
applied Hyper KANAKO. Table 6 shows the basin 
A specifications. 

 
Table 6 Basin A specifications 

Basin area 
River length 
Bed slope (upstream)  

(middle reaches) 
(downstream) 

Disaster situation 
 
Recent rainfall records 

About 180 km2 
20 km 
1/50 (hilly area) 
1/400 (low-lying area) 
1/850 (low-lying area) 
Flood damage has occurred 
several times  
100mm/h,  200mm (3hours) 

 
5.1 Simulation conditions 

We set the hydrograph using a rainfall intensity 
formula for basin A. The average rainfall rate is 44 
mm/h.  

We applied the rainfall intensity formula suggested 
by the local government, using rainfall, and set the 
travelling time of flood at 180 min, the recorded 
value in this area. Using these values, we applied 

rational runoff Equation (1): 
 

)1(6.3/1 AifQp   

 
where Qp is the peak discharge(m3/s), f is the 
coefficient of runoff (here 0.25), i is the rainfall 
intensity(mm), and A(km2) is the basin area. Peak 
discharge was calculated from Equation (1) as 755 
m3/s. The supplied hydrograph is shown as Fig.13. 
The sediment concentration and sediment diameter 
were set at 0.1% and 2 mm, respectively, from river 
bed conditions. Other simulation parameters were 
set as shown in Table 7. 
 

 
Fig.13 Supplied hydrograph for the basin A simulation 

 
Table 7 Other parameters for the basin A simulation 

Parameters/Variables Value Unit
Simulation time  
Time step 
Diameter of material 
Mass density of bed material   
Mass density of fluid 
 (water and mud, silt) phase   
Concentration of movable bed   
Internal friction angle  
Acceleration of gravity 
Coefficient of erosion rate 
Coefficient of deposition rate 
Manning's roughness coefficient 
Number of calculation points 
Interval of 1-D calculation points 
Number of 2-D calculation points 
Interval of 2-D calculation points  

10800 (3h) 
0.01 
0.002 
2650 
1000 
 
0.65 
0.7 
9.8 
0.0007 
0.05 
0.03 
13 
5 
1152 x 1454 
1 x 1 

s
s 
m 

kg/m3

kg/m3

 
 

m/s2 

 

 

 
s/m1/3 

 
m 
 

m x m 

 
5.2 Results 
 From the 1.5-hour result shown in Fig.14, 
overtopping is occurring. Fig.15 shows a zoomed 
view of the overtopping area at 2 hours. 

From the results, applying 1-m mesh LP data, 
detailed flooding processes such as the overtopping 
situation of the river bank and the effect of the ridge 
of rice fields (the rice field area showed higher flow 
depth than the surrounding area) were described. 

However, we set the river bed landform from 
ground surface LP data, and it was set to uniform 
water surface data rather than to the real river bed 
beneath the water surface. To input real river bed 
data and run this simulation in the mild-slope area, it 
would be necessary to acquire the detailed landform 
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by using regular cross-section surveying of the 
river profile or by using a green-wavelength laser, 
which reflects from the bottom of a river or sea. 
 

 
Fig.14 Flow depth at 1.5 hours in basin A 

 

 
Fig.15 Flow depth at 2 hours in basin A (zoomed view of 
overtopping area) 
 
6. CONCLUSIONS 
 

Hyper KANAKO is a useful tool for simulating 
debris flow, sabo dam effects, and mild-slope area 
flooding processes, and it is easy to check and verify 
the results on the GIS. For setting landform data, LP 
data were the standard format for the system, but we 
developed a conversion tool that allows the use of 
GSI elevation data. Therefore, users can now run a 
simulation for sites at which LP data are not 
available. It is possible to use both data formats in 
the same simulation. 

We applied the Hyper KANAKO system to 
several sites and situations. We first applied it to the 
Himekawa basin area, where debris flows have 
occurred in the past, using LP data and several 
scenarios for debris flow formation from observed 
unstable soil masses. Compared with past debris 
flow situations, the deposition results seemed to be 
reasonable. Then, we applied Hyper KANAKO to 

the Tenryugawa basin area to consider the scenario 
of debris flow occurring as the result of a landslide 
dam collapse caused by a deep-seated landslide. 
Sabo dams exist within this basin; therefore, we 
simulated cases with and without sabo dams. By 
comparing the deposition area and height between 
the cases with and without sabo dams, the results 
indicated that the upstream sabo dam was effective. 
On the other hand, the downstream sabo dams did 
not cause a remarkable difference for the scenario. 
We lastly applied Hyper KANAKO to a mild-slope 
area and for a small mesh size simulation. The 
results showed detailed flooding processes, such as 
overtopping of the river bank, and a small 
topographic influence. However, we could not input 
real river bed data because we used ground surface 
LP data, which are useful for mountainous 
landforms. For simulating mild-slope area river 
flooding and for the riverbed variation calculation, 
we also require accurate information. 

For steep-area debris flow simulation, we applied 
a 10-m mesh in this study, which is substantially 
smaller than that usually applied in studies, and it 
produced good results. To describe more detailed 
landforms or landform uses such as houses or roads, 
it is better to set a smaller mesh size. However, 
many typical studies and simulation models and 
methods have used a mesh size that may be as large 
as tens of square meters due to technical limitations. 
Therefore, we do not have enough information from 
studies setting a smaller mesh size, but we do know 
that mesh size will have an effect particularly on 
debris flow flooding area and flow depth. We need 
to acquire additional information and determine 
appropriate mesh sizes for various situations of 
debris flow scale and landform conditions. 

In this study, we used the common method of 
setting a 1D area for the steep torrent and a 2D area 
for low-slope downstream areas. However, in some 
cases, it might be better to set a 2D area from the 
upstream region when landform data have spatial 
extent from a steep area, such as for volcanic island 
debris flows (e.g., the Izu Oshima debris flow that 
occurred in 2013[Ishikawa et al., 2014]). 
Additionally, at times when heavy rainfall and 
large-scale disasters occur, it is common for 
multiple debris flows and flooding to occur at the 
same time, such as the sediment disasters caused by 
typhoon No. 12 in the Kii Peninsula in 2011[Fujita, 
2012]. However, the current Hyper KANAKO 
system can only apply the form of one torrent, and it 
cannot consider river flow from its beginning. 

For advanced studies, we need to work toward the 
following objectives to obtain highly accurate 
simulation results: 

overtopping  
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1. develop tools to input mild-slope area real river 
bed elevation data; 

2. check the proper mesh size for various scales of 
debris flow and for different landforms; 

3. determine how to set 1D and 2D simulation 
areas for various situations; and 

4. consider multiple input points for the 2D area. 
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