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Accurate and rapid monitoring of sediment transport is one of the most important aspects of Sabo planning. We 

calculated the sediment discharge volume and the volume of sediment caught by check dams using airborne light 

detection and ranging (LiDAR) data in the Hayakawa River basin. We determined the change in the collapse of a large 

area using aerial photographs, and found this method was effective for estimating the sediment discharge volume. 
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1. INTRODUCTION 

 
Accurate and timely monitoring of sediment 

transport is an most important aspect of Sabo 

engineering. The principal conventional monitoring 

method of longitudinal and cross-sectional 

surveying has been shown to be ineffective for 

determining wide-area changes in a streambed, and 

in particular for the transport of sediment at 

large-scale landslide sites. Here we focus on the 

drainage basin of the Hayakawa River, a right-bank 

tributary of the Fujikawa River system, and carry 

out quantitative calculations of the sediment budget 

of an area from the source to the transportation area 

of the basin, to determine the quantity of sediment 

discharged from the basin and the amount of 

sediment trapped in check dams. This work differed 

from conventional methods because we used both 

airborne light detection and ranging (LiDAR) data 

and aerial photographs to determine changes in 

landslide sites using a difference analysis. The 

movement of sediment in the Hayakawa River basin 

was then determined using these data. 

 

2. STUDY AREA 
 

The Hayakawa River, shown in Fig. 1, originates 

in the area of Mount Kitadake (E.L. 3,193 m), the 

second-highest mountain in Japan, and Mount 

Ainodake (E.L. 3,190 m). It then follows the 

Itoigawa-Shizuoka tectonic line, located in the east 

of the Southern Alps of Japan, and joins the 

Fujikawa River. The Hayakawa River has a rapid 

stream, with an average bed slope of 1:25, and 

covers a basin area of 509.1 km
2
. The bedrock in the 

basin has a large number of cracks and is extremely 

brittle because of weathering, with many scars due 

to large-scale landslides, including the great 

landslide of Mount Shichimenzan and the landslide 

of Oikenosawa. Sediment transport in the basin is 

therefore particularly active, and large-scale 

sediment disasters occurred in 1959, 1985, and 

2011. 

In 1960, the Fujikawa Sabo Office initiated 

erosion and sediment control works to prevent 

disasters, implementing both structural and 

non-structural measures. 

 

3. STUDY METHODS 
 

3.1 Study period 
This work covers the period November 2009 to 

August 2012, when the airborne LiDAR surveys 

were carried out. During this period, four typhoons 

struck the Hayakawa River basin, and all delivered 
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rainfall in excess of 250 mm/day (recorded at the 

Shichimenzan observation station). The rainfall that 

occurred during each typhoon is plotted in Fig. 2, 

and Table 1 shows a summary of these data. During 

Typhoon No. 12 in 2011, the maximum hourly 

rainfall was 47 mm, the maximum daily rainfall was 

490 mm, and a total of 1,228 mm fell during the 

course of the rainfall event. 

 

3.2 Study methods 
Changes in the streambed and at landslide sites 

were determined using difference analysis of data 

from 1-m digital elevation models (DEMs) obtained 

from airborne LiDAR. In difference analysis of data 

from DEMs, we summed the data into the tributaries 

to determine the total volume of transported 

sediment. The landslide conditions at the site were 

investigated separately based on aerial photographs 

taken during the same period, and were classified as 

either “newly generated,” “expanded,” 

“continuing,” “reduced,” or “disappeared.” The area 

of each landslide was measured using geographical 

information systems (GIS) methods. 

To calculate the sediment budget, the Hayakawa 

River basin was divided into 19 tributaries, and the 

quantity of sediment produced by landslides, 

produced in river channels, accumulated in river 

channels, and the total discharged sediment were 

calculated for each tributary. 

For the Haruki River, which produced the 

largest quantity of sediment during the study period, 

a comparison of the cross-sectional profiles of the 

great landslide in Mount Shichimenzan (a major 

sediment source) and an area-wide estimate of the 

amount of sediment produced in that area was 

carried out. The sediment-trapping effect of erosion 

and sediment control facilities was then 

investigated. 

 

4. RESULT 
 

4.1 Sediment transport in the Hayakawa River 

basin 

The sediment budget in the Hayakawa River  

Itoigawa-Shizuoka 

Tectonic Line 

Hayakawa Riv. 
Haruki Riv． 

Fujikawa Riv. 

Itoigawa 

Toyama 

Matsumoto 

Kofu 

Mt.Fuji 

Shizuoka 

Mt.Kitadake 

Mt.Ainodake 

Fig. 1 The geographical region considered in this work 

Fig. 2 Daily rainfall at the Shichimenzan observation station 
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Table 1 Rainfall during the four typhoons 
unit:mm

Total

rainfall

Maximu

m hourly

rainfall

Maximu

m daily

rainfall

Total

rainfall

Maximu

m hourly

rainfall

Maximu

m daily

rainfall

Total

rainfall

Maximu

m hourly

rainfall

Maximu

m daily

rainfall

Total

rainfall

Maximu

m hourly

rainfall

Maximu

m daily

rainfall

Narada 364 31 278 583 31 255 236 31 203 188 37 185

Hayakawa 434 36 314 885 44 378 398 62 355 241 54 239

Nagahata 580 54 321 945 36 293 470 67 413 309 68 308

Shichimenzan 711 43 432 1,228 47 490 617 69 502 290 51 290

Harukigawa 638 44 415 901 41 249 573 77 489 328 77 328

Observation

station

Typhoon No. 6, 2011 Typhoon No. 12, 2011 Typhoon No. 15, 2011 Typhoon No. 4, 2012
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basin was calculated using difference analysis of 

DEM data obtained from airborne LiDAR surveys. 

Approximately 4.47 million m
3
 of sediment were 

produced and, of this, approximately 3.58 million 

m
3
 was discharged into the Fujikawa River, as 

shown in Fig. 3. 

A comparison of the quantity of sediment 

produced by landslides within the tributaries shows 

that the three greatest contributing tributaries were 

the Amahata River, Haruki River, and Arakawa 

River, which had large-scale landslide scars at their 

heads, followed by the right tributaries the 

Kurokouchi River, Tsuduragouchi River, and 

Hokawa River. A comparison of the quantities of 

sediment produced by the landslides per unit area, 

obtained by dividing the total sediment produced 

from the landslides in the basin area, shows that the 

sediment produced from the right tributaries of the 

Hayakawa River basin was greater than from the left 

tributaries, as shown in Fig. 4.  

The Amahata River produced notably more 

sediment than the other tributaries. The Haruki 

River and Arakawa River produced the greatest 

amount of sediment in a river channel per unit area, 

and we found a small quantity of sediment from the 

tributaries in the middle course. 

The Arakawa River, Haruki River, and 

Hirokouchi River discharged the largest quantities 

of sediment into the Hayakawa River. The quantity 

of sediment discharged downstream from the 

Amahata River was small because, in spite of 

frequent landslides and the river producing the 

largest amount of sediment of any river channel, a 

large quantity of the sediment was trapped due to a 

hydroelectric dam in the lower part of the tributary. 

An inspection of the changes at landslide sites 

using aerial photographs showed that, during the 

study period, there were 2,058 newly generated or 

expanded landslides in the Hayakawa River basin, 

and 390 sites out of the 2,058 sites (i.e., 19%) were 

within the Amahata River (see Table 2). The 

number of landslides per unit area was largest in the 

Kurokouchi River (13.6 sites/km
2
) and the 

Harimasawa River (11.0 sites/km
2
). Sediment 

discharged from the right streams of the Hayakawa 

River was greater than that from the left streams 

(except from the Harimasawa River); this result is 

consistent with the airborne LiDAR survey data. 

In the Haruki River, which showed a large 

amount of sediment production (from the difference 

analysis of the airborne LiDAR survey data), there 

were few newly generated or expanded landslides. 

This may be because erosion was dominant in the 

vertical direction, which is difficult to discriminate 

using the aerial photographs. 

Figure 5 shows Red Relief Image Maps (1-m 

DEMs obtained from the airborne LiDAR survey 

data). Although terrain such as taluses formed by 

accumulated sediment was observed within the 

region of the great landslide in Mount 

Shichimenzan, as of November 2009 these taluses 

※No laser profile

570,671 313,482

345,096 181,747

302,012 387,865

132,117 84,678

160,345 100,779 50,109 80,764

46,788 47,003 13,309 15,345

121,961 185,363 16,441 29,021

129,908 205,365 18,802 29,337

174,878 224,602 9,683 19,501

1,417,203 5,208,604 29,604 36,522

488,954 1,194,304

15,914 20,612 21,510 16,243

987,730 2,100,690

1,294,133

Noro Riv.

Arakawa Riv

1,036,944

Kurokouchi Riv. Yukawa Riv.

313,141 93,011

372,707 62,356

217,166

Hirokouchi Riv.

437,198

600,547

1,894,680

228,953

2,037,780

Shirokouchi Riv.

169,727

Upper residual basin of the
Hayakawa River

Uchigouchi Riv. Mogura Riv.

250,607 15,573

187,205 2,993

Namerigouchi Riv. Senshirosawa Riv.

235,694 2,238

235,479 202

Hokawa Riv. Iwatono Riv.

329,422 11,848

279,699 2,030

Tsuduragouchi Riv. Niimiya Riv.

291,625 15,423

216,169 4,887

6,609 18,465

4,473,386

223,519

3,583,945

11,308 13,198

Amahata Riv. Harimasawa Riv.

3,883,539 87,525

92,137 80,607

Haruki Riv.

1,362,245

656,896

Komenashi Riv. Akebono Riv.

Lower residual basin of the
Hayakawa River

Fig. 3 Sediment budget in the Hayakawa River basin 

unit：m
3

unit：m
3

Amount of sediment input

Amount of sediment produced by landslides

Amount of sediment

produced in river

channels

Amount of sediment

accumulated in river

channels

Amount of sediment discharged

Amount of sediment produced by landslides

Amount of sediment discharged

Amount of sediment

produced in river

channels

Basin name

Amount of sediment

accumulated in river

channels
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were eroded, and deep gullies had formed by 

August 2012. Fig. 6 shows changes in the gullies 

within the representative cross sections, showing 

that the A-A’ cross section at the center of the 

collapsed slope was eroded by more than 25 m at its 

maximum point, and that the valley bed at the lower 

part of the landslide had also been eroded by more 

than 10 m. 

 

4.2 Effectiveness of check dams in the Haruki 

River basin 

The effectiveness of sediment control due to the 

check dams is often gauged form the difference 

between a normal slope, and a sand-deposition slope 

(e.g., Nishimoto, 2011, and the National Institute for 

Land and Infrastructure Management in Japan, 

2007). This is half of the slope of the bed slope prior 

to the construction of the check dam, and up to that 

of a deposition slope in a flooding situation 

(approximately two thirds of the original bed slope). 

The Fujikawa Sabo Office determined that the 

sediment controlled within the erosion and sediment 

control plan should be 10% of the amount of 

sediment accumulated between the original bed  

Fig. 4 The quantity of sediment produced by landslides (left); the amount of sediment produced by landslides per unit area 

(center); and fraction of collapsed areas (right) in the Hayakawa River basin 

Table 2 Newly generated and expanded landslide sites in the Hayakawa River 

Photointerpretation

area
Number of landslides

Number of landslides

per unit area

Fraction of collapsed

areas

（km
2） （site） （sites/km

2） （%）

Noro  River 86.7 105 1.2 0.05%

Arakawa  River 28.4 93 3.3 0.20%

Hirokouchi River 19.7 177 9.0 0.32%

Shirokouchi River 29.1 139 4.8 0.29%

Upper residual basin of the Hayakawa River 9.1 84 9.2 0.39%

Kurokouchi River 12.9 176 13.6 0.70%

Yukawa River 16.9 91 5.4 0.20%

Namerigouchi River 8.7 43 4.9 0.66%

Senshirosawa River 8.6 16 1.9 0.05%

Uchigouchi River 19.0 160 8.4 0.66%

Mogura River 6.8 32 4.7 0.20%

Tsuduragouchi River 20.2 155 7.7 0.72%

Niimiya River 6.4 33 5.2 0.19%

Iwatono River 5.2 26 5.0 0.26%

Hokawa River 21.4 86 4.0 0.56%

Harimasawa River 4.2 46 11.0 0.95%

Amahata River 104.1 390 3.7 0.23%

Haruki River 20.9 37 1.8 0.18%

Komenashi River 5.3 8 1.5 0.14%

Akebono River 7.3 14 1.9 0.07%

Lower residual basin of the Hayakawa River 68.0 147 2.2 0.11%

Total 509.1 2,058 4.0 0.26%

Basin name
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slope and a normal sand-deposition slope. 

To investigate the effectiveness of check dams, 

the quantity of sediment trapped by the check dams 

located in the course of the Haruki River, which 

showed the greatest sediment transport throughout 

the study period, was calculated based on the 

airborne LiDAR survey data. There were 

approximately 40 check dams and groundsel works 

in the course of the Haruki River, as shown in Fig. 

7. 

An example of a comparison of the longitudinal 

riverbed profile taken before and after the study 

period by airborne LiDAR survey is shown in Fig. 

8. In the Nakashima check dam, as of 2011, 

sediment had accumulated to the point of the 

designed sedimentation slope, and had then further 

accumulated to the point of the original bed slope 

due to a series of typhoons. Similarly, sediment had 

accumulated at all dams to a steeper angle than the 

designed sedimentation slopes, due to typhoon 

events throughout the study period. The Nakashima 

check dam trapped the greatest quantity of sediment 

(440,000 m
3
). The total amount of sediment trapped 

by nine check dams (including the series of 

groundsel works) in the course of the main stream 

of the Haruki River was 940,000 m
3
, which is 

2.3–62-fold the quantity of sediment accounted for 

in the design. 

Figure 9 shows variations in the streambed of 

the Haruki River. To obtain these data, the study 

period was divided into three based on the following 

Fig. 5 Red Relief Image Maps of “the great landslide in Mount Shichimenzan” at the head of the Haruki River 
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Fig. 6 Traversal lines by airborne LiDAR 
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Fig. 7 Check dams and groundsel works in the course 

of Haruki River 
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times when data were collected: (i) airborne LiDAR 

survey data before the occurrence of typhoons in 

2011, (ii) data from longitudinal and cross-sectional 

surveys of the streambed after the typhoons had 

occurred in 2011, (iii) airborne LiDAR survey data 

before the typhoon in 2012, and (iv) airborne 

LiDAR survey data obtained after the typhoon in 

2012. We therefore have Term I between (i) and (ii), 

Term II between (ii) and (iii), and Term III between 

(iii) and (iv). 

At the No. 1 check dam in the Haruki River, the 

streambed rose by 1–6 m because of the typhoons in 

2011 during Term I, declined during Term II due to 

thaw, and rose again by approximately 2 m during 

Term III because of the typhoon of 2012. 

Accordingly, sediment was temporarily trapped by 

the check dams during heavy rain, and was then 

discharged downstream.  

5. CONCLUSIONS 
 

We calculated the sediment transport in the 

Hayakawa River basin over a wide area using a 

combination of analyses of airborne LiDAR survey 

data and aerial photographs. Significant sediment 

transport was observed, particularly in the Haruki 

River, despite the small number of newly generated 

landslides. We were able to quantitatively determine 

the quantity of sediment produced and discharged 

during the great landslide in Mount Shichimenzan, 

which is challenging using conventional methods. 

The quantity of sediment discharged from the 

right tributaries was relatively large in the 

Hayakawa River basin. This is because the 

Hayakawa River runs along the Itoigawa-Shizuoka 

tectonic line, and the right bank is composed of 

Mesozoic to Cenozoic sedimentary rocks (sandstone 

and black slate), whereas the left bank is composed 

of Neogene volcanic rocks (volcanic breccia and 

tuff breccia). Furthermore, the three right tributaries 

have large-scale landslide scars, which influence 

sediment production. It follows that erosion and 

sediment control works and measures should be 

prioritized at the right tributaries.  

The effectiveness of the erosion and sediment 

control facilities in the Haruki River was analyzed. 

It is important to consider the details of the behavior 

of such erosion and sediment control facilities using 

continuous long-term monitoring, not only for 

checking dams and their surroundings but also for 

wide areas, including downstream areas. A revised 

erosion and sediment control plan, which is based 

Term I 
(2009-2011) 
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(2011-2012.5) 

Term III 
(2012.5-2012.8)  

Nakashima check dam 
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Fig. 9 Average bed change of the Haruki River 
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on the measured amounts of trapped sediment, 

should be implemented. 
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