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Abstract 

1 

The differences of sediment movements between placid and torrential stream 
channels are reflected in shapes and age distributions of sediment. The bars formed 
as islands in placid streams show the gently convex shapes cross sectionally and 
the ages of the vegetation on the bar change sequentially from down to upstream 
tip. On the contrary, the deposits formed in torrential streams show the stepped 
shapes and even -aged forests. Based on the field researches three kinds of wavy 
movements, which show alternate scouring and deposition, were found in torren
tial streams. These wavy movements cause the stepped shapes and each wave 
has different wave length. 

The shapes of channel bed in torrents are classified into three types which 
are named fixed, divergent and stable channels. The actual field measurements 
show that fixed channels are formed in topographically narrow places and divergent 
channels develop in wide places where active movements of debris have occur
red. The stable channels develop where the debris movements occur at chrono
logically long intervals. Consequently these configurations of torrential channel 
beds were found to be complex shapes which are formed by topographical and 
chronological characteristics. 
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Introduction 

The debris movement in torrential stream is so dramatic that the shape of 
channel bed is suddenly changed. This characteristic reflects to the shape of 
channel bed and the configuration different from placid stream is formed. The 
purposes of this study, however, are: 

1) To clarify the morphorogical characteristics of torrential channel bed 
2) To analyze the wavy movements of debris in relation to the configuration 

of channel bed 
3) To explain the process of the debris movement in each storage (retardation 

area of debris) characterized by the shape of channel bed. 

Because the age distribution of vegetation which are established on the deposits 
shows the history of sediment movement, tree rings are used for dating. 

I. Investigated watersheds and study methods 

Investigated watersheds of Mt. Tokachi are shown in Fig. 1. Furano River 
and Nukkakushi-furano River rise in Mt. Tokachi (2077 m) and Mt. Furano (1912 
m). In this district, the hourly and daily maximum precipitation registered so far 
are 39 mm and 211 mm, respectively and annual average ranges from 900 to 1,200 
mm. The main stream length of Furano River is 40 km, watershed area is 292 km2 

and the mean slope is 1/200. Nukkakushi-furano River is 32 km, 74 km2 and 
1/180 respectively2). These two rivers are typical volcanic torrential rivers and the 
debris movements have occurred frequently. 

Geomorphological and dendrochronological survey were carried out in this 
study. Details are as follows. 
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Fig. 1. Investigated watersheds. 
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1) Geomorphological survey 
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After the close observation of channel bed, the longitudinal and cross sectional 
features were measured by field surveying at each river. As regards the deposits 
on the channel bed, the site, length, width, depth and volume were measured. 
These measurements were related to chronological data to know the morpholo
gical change of channel bed in time. 

2) Dendrochronological survey 

The tree rings, the scars remained mostly lower part of the stems, compression 
wood, adventitious roots etc. gave us the chronological information on the debris 
movements~,7). The age of vegetation on the deposits shows when deposition had 
occurred and the age distribution shows how deposits had been changed. Therefore 
the dendrochronological survey was carried out on each deposit. 

II. The shape of deposit in torrent in comparison to placid river 

1. The differences of shapes on profile and cross section 

The deposits formed in placid and torrential streams have substantially different 
shapes. Furano River, where the researches were carried out, is the volcanic 
torrential river where debris movements have occurred frequently. Accordingly, 
deposits observed in this river are actually different from other placid rivers. The 
generalized shapes of sediment in both streams are described in Fig. 2. This figure 
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Fig. 2. Longitudinal profile and cross sectional shapes of channel 
bed at placid and torrential stream. 
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shows the longitudinal profile and cross sectional shapes of deposits formed as 
island in the channel. The clear differences between placid and torrential streams 
appear in the cross sectional shapes. The cross sectional shapes of deposits in the 
placid rivers are gently convex as bars but the deposits observed in the torrents 
are carved as steps. Some deposits in the torrents have several steps which were 
formed by corresponding number of past debris movements. 

The central bars in placid streams are sometimes sink in high water surface, 
that is at the time of flood or snow melting season, and emerge at low flow. On 
the other hand, the steps in the torential streams are covered with flood from low 
to high steps, and those deposits below the water surface are sometimes removed 
and sometimes covered with further deposition. Sudden change of channel bed 
caused by large deposition or scouring that force the channel to another direction 
are frequently observed in active torrents. The main differences of channel beds 
in both placid and torrential streams, such as convex shape or stepped shape and 
formation on the changes of stream direction, suggest the differences of water and 
sediment movement occurred in each river. 

2. The age distribution of vegetation growing on the deposits 

After a debris movement occours in the stream, a lot of bare lands are 
formed by deposition and scouring. Vegetation invades these bare lands in first 
year or next year and the vegetation grows up if the deposits are stable. Such 
vegetation growing on the deposits are observed both in placid and torrential river 
but the age distributions of vegetation are different. The age of vegetation 
indicate not only the absolute time when the bare lands were formed but the 
relative stability of the deposits. 

The bars formed in placid stream tend to be covered with high flow several 
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times a year as it was mentioned before. Sometimes due to the impact of ordinary 
water flow the bars are gradually moved or extended to downstream, and by 
strong flow such as flood they tend to disappear. Because the higher parts of 
bars are relatively stable, grasses and trees such as Salix, Alnus, Populus and 
Betula spp., which are dominantly observed along the channel sides, are growing 
on that part but lower parts submerged frequently are bare. In natural placid 
stream the vegetation is established at the upstream tip of bars because the bars 
grow by successive addition at its downstream end, which are relatively unstable, 
except the channels where some control works are carried out. The sequence of 
age of vegetation on the bars, which is sometimes observed in the field, shows that 
the bars are extended downstream with time and this means the sediment move
ment is more successive in placid river than torrent1S). 

Ay 

\v._ ........ . ................ .. .. --- ................ .. 

Natural even. aged Storied Terrac!td 

Fig. 3. Typical forests on the stepped deposits (ARAYA, 1982). 
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Fig. 4. The relationship between age and height of deposit. 
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As it is refered before, the cross sectional shapes of deposits in torrential 
stream are stepped and even-aged forests tend to be established on each step. 
Even in placid stream the bars attached to river banks, which were formed by 
past big floods, are sometimes stepped and even-aged forests are formed. ARAYA 
(1971) studied this kind of forest in torrential channels and confirmed that the 
forests on deposits are even -aged and furthermore used their ages to determine the 
date when these steps were formed1,2) He classified them into three types shown 
in Fig. 3. The left figure shows the type of natural even-aged forest formed after 
one deposition. The middle figure is the storied forest formed with new deposition 
on the old one. The right figure is the forest formed on three steps of recent, 
new and old deposition2). Generally the older the forest age is, the higher the height 
of step from the lowest base tend to become. This relation was investigated in 
Furano River (Fig. 4). The evenness of forest age on each step shows that many 
bare lands are created suddenly by the strong impact of water flow on the 
deposits and the seeds of vegetation invade these lands subsequently. 

3. Differences of sediment movement 

The differences of channel bed shape and the age distribution of vegetation 
show the characteristics of sediment movement in placid and torrential stream. In 
placid river bars isolated as islands have convex shape cross sectionally and sequen
tial change of vegetation age. On the other hand in torrent deposits are step
ped and even-aged forests are established on these steps. This contrast reflects 
the differences of sediment movement occurred in both streams. 

That is, in torrent, debris movement caused by high water is discrete and cause 
sudden change of channel bed. Usually there is very less water or no water in 
these channels, but at the period of flood the high water surface suddenly rises 
up and moves the debris to downstream all at once. The channel direction is 
mostly changed by large deposition and many of former courses are remained as 
abandoned channels which are commonly found in wide places. 

It is estimated that these discrete movements of water and debris in size and 
frequency make carved steps and even-aged forests at torrent, and the gently 
continuous movements of sediment in placid river, however, create the convex 
shape and the sequential change of vegetation age on the bars. 

III. Three diffetent shapes of channel bed 
observed in Furano River 

Shape of channel bed and the age distribution of vegetation on the deposits 
have changed relating to the surrounding topography. Three typical shapes of bed 
configuration were found in Furano River. They were named "fixed", "divergent", 
and "stable" stream channel. 

1. Fixed stream channel 

This shape was observed where the course of stream channel is confined to
pographically. The plane and cross sectional shape of fixed stream channel are 
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shown in Fig. 5, and Fig. 6 is three dimensional view (3DV) of surrounding topo
graphy. The vertical height of all 3DV in this paper is exaggerated three times 
of horizontal length and the dip angle is 40°. As Fig. 5 and 6 shows the sur
rouning topography of this channel shape has been steepened and hard rock was 
appeared at some places of channel bed. The deep V -shape gully has been formed 

} 

Cross 
Section 

!" •• ~ 
I 
I 0 100 m 

"' ! 

Fig. 5. Plain and cross sectional shape of "fixed" stream channel (The number 
marked on the deposit shows the age of vegetation). 
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Fig. 6. Three dimensional view of topography where 
fixed channel is formed. 
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a'S a result of accelerated erosion with relatively narrow bed where few deposits 
were formed. 

The numbers marked on deposits in Fig. 5 show the passage years after the 
deposits were formed. The passage years were estimated by dendrochronological 
survey, but the mark of "I" year is exceptional. In this paper, 1 year means 
within one year and the deposits without vegetation cover were also included in 
this group. Because the debr,is movements are confined into the deep V-shape 
gully and the deposits are removed easily, generally the ages of deposits are young. 
Considering'the ages and small amount of deposits, this section is thought to 
be the transporting zone of debris without large deposition and scouring. 

2. Divergent stream channel 

In relatively wide places of channel, a lot of deposits were observed and form 
complex shape of channel bed9). This complex shape shown in Fig. 7 was named 
"divergent" stream channel, because many stram courses were found iq the river. 
This kind of the 'configuration of channel bed has been 'known as "braided" 
stream in river morphology. River braiding is characteri~ed b~ channel division 
around alluvial islands during low flow and form single stream during high flow 
when islands are submerged into water IS, IS) • But divergent stream channel is different 
from above definition of braided river because usually there are no water flow in 
most of channel courses. Those abandoned channels were cleary recognized in 
the field and reason why those channels were formed was found to be the large 
deposition at the entrance of the channel courses. 

Field observation clarified the fact that the divergent channel appears at the 
wide place, as Fig. 8 shows, and this characteristic is similar to braided river. 
It is considered that, at wide place of river width, the deposition has occourred by 
the sudden decreasing of flow depth following increase of width. This deposition 

o 
I 

Cross 
Section 

Fig. 7. Plain and cross sectional shape of "divergent" 
stream channel. 
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Fig. 8. Three dimensional view of topography where 
divergent channels develop. 
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interrupt the stream course and the water flow losing the way is forced to change 
its course and make new course at the sides of deposition. Due to this movement 
the new course sometimes locate at upper level than former course. As a result 
of these lateral movements, former courses are remained as abandoned channels 
and complex divergent channel of which cross section is alternating U-shape is 
formed .. In this area many kinds of even-aged forests which were formed in 
different years were established on deposits separated by channel courses. The 
variety of vegetation ages shows the frequency of debris movements, therefore, it 
is estimated that the lateral changes of channel courses have constantly occurred 
in this area. The frequent changes of channel courses sometimes cause the erosion 
of channel banks and widen the channel bed. 

3. Stable stream channel 

At the section of stable channel, the banks were stabilized with relatively old
aged forests and a single stream course was formed and no abandoned channels 
were observed (Fig. 9, 10). The cross sectional shape of this channel bed is step
ped and some of higher steps are used for afforestation at Furano River. The 
plane shape of this stream is sinuous as it is shown in Fig. 9. 

The stepped deposits which were formed by past debris movements have 
remained in this area and most of deposits were occuppied by old-aged forest. 
From the age distribution it is found that the large debris movements, which flow 
into or out of this area, have not occurred during past 15 years and recent move
ments were small enough to be confined into stream course. The sinuous channel 
bank has been stabilized with growth of vegetation and dee ping process of channel 
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Fig. 9. Plain and cross sectional shape of "stable" 
stream channel. 

Fig. 10. Three dimensional view of topography where 
stable channel is formed. 

man-made 
forest 

bed. In comparison to divergent channel, it is found that the deepening process 
is more dominant in this area than widening process. 

IV. CharacteFistics of wavy movements 

Three representative characteristics of wavy movements were found at Furano 
River. One of those is alternate deposits that are regularly formed on channel 
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bed and considered to be the smallest unit of bed configuration. Other two char
acteristics are difficult to recognize by field observation because those are not 
formed as a shape, but recognized as the differences of in- and outflow volume of 
debris movement. 

1. Alternate deposits 

KINOSHITA (1957, 1958) has discovered the formation of alternate bars and 
developed his idea to apply for mechanism of meandering11,12). The similar shape 
as he discovered was also found in Furano River. Fig. 11 shows the plane shape 
of this pattern. From the vagetation age (three-year-old trees) on the deposits it 
is estimated that the alternate deposits were formed at same time and remained 
until now. These deposits had been formed on one side and then on the other 
side of channel alternately and they force the water to take a sinuous path at low 
flow. The alternate deposits were seen at the relatively narrow section where 
divergent channel would not develop. The smallest unit of bed configuration is 
thought to be alternate deposits and the distribution of this pattern makes larger 
unit of debris movement that are refered III next section. 

2. Alternate scouring and deposition in 
time and space 

The alternate bars didn't always 
develop in all of channel courses but 
undeveloped bars, which are difficult to be 
recognized as bars for their unclear shape, 

were formed in some areas. KINOSHIT A 

(1955) reported about this phenomenon 

and concluded that developed bars are 
formed where the channel bed rises up by 
cumulative deposition and undeveloped bars 

are formed where scouring is dominant. 
Moreover, he found the wavy movement 
of scouring and deposition and from his 
explanation 4-7 bars were included within 

a wave length10). This phenomenon re
fered above could not be clearly found in 
Furano River because very complex con
figuration of channel bed developed in 

torrential stream. But the unit larger 
than alternate deposits was found by field 

measurements. 

The measurements were carried out 
at upper reaches of Furano River from 
1980 to 1981 and the debris movement 
had occurred two times, on July 1980 

29 

50 

20 
o 

20 

Fig. 11. Plain view of alternate deposits 
formed in Furano River. 
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and August 1981. The distribution of deposited and scoured areas and the stream 
course at low flow are shown in Fig. 12. Alternate scouring and deposition in 
space were recognized in 1980 and 1981 movement respectively. In 1980 the 
deposition had occurred at the section 16.75-17.0 km and 17.1-17.2 km, while 
scouring occurred from 16.95 to 17.1 km. In 1981 the deposition occurred from 

_ _ _ 17.2 k!:" __ ___ 

\'r.i~-- deposited 

/.V/~t--scoured 

July,1980 Aug.,1981 

Fig. 12. Alternate scouring and deposition in time and space 
observed in Furano River. 
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16.75 to 16.85 km and 17.05-17.15 km, while scouring occurred from 16.8 to 
17.0 km and 17.1-17.2 km. This figure also shows the stream course at low 
flow by sequential arrows. The stream course from 16.75 to 17.0 km in 1980 
showed the sinuous pattern from one bank to the other but no alternate deposits 
were formed except very obscure alternate deposits observed from 16.9 to 17.0 km. 
Cross sectional deformation of channel bed are shown in Fig. 13 where the alternate 
scouring and deposition in space can be seen clearly .. 

The deforma,tion in time are shown by comparing 1980 and 1981 movement 
which are marked" 'by solid and dashed waveiiriesirY'Fig.13: These two waves 
had just opposite phase which means deposited and scoured area were replaced 
between two movements. Alternate characteristics of debris movement which are 
different from·-alternate bars were analized by ARAYA (1971) and he explained 
them relating to topographic factors like c4annel width. But in this measurement 
section there were not so much change of channel width and slope that alternate 
characteristics are thought to be difficult to connect with topographic conditions. 
Therefore these phenomenon were found to be one of the characteristics of debris 
movement itself rather than influence of topographic factors. Although the explana
tion of this mechanism is not t4e aim of this study, it is however clear that the 
wavy movement, which is .difficult to explain based on ,the theory of tractive force, 
IS recognized in the debris movementso,14,17). 

2 
m 

July. 1980 CJ 

16.8 16.9 17.0 17.1 17.2 sp.( km) 

Fig. 13. Cross sectional deformation of channel bed on 
July 1980 and August 1981 
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3. Retardation of debris movement in wide places of stream channel 

It is natural that debris movements are affected by topographic conditions. 
Fig. 14 shows the distribution, of volumes per 100 m unit of deposition and scouring 
(A), slope of channel bed (B) 'and width of debris flow (C), on July 1980. To 
compare (A), (B) and (C) in Fig. 14" it was found that the large deposition or 
scouring occurred at the relatively wide places of channel and small change at 
narrow places. But the relation between the bed slope and debris movement 
was not recognized. The same trend was shown in Fig. 15 which shows the 
debris flow on August 1981. Assuming the debris movements have paticular several 
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waves of deposition and scouring as it were refered previous section, larger wave 
unit of debris movement is thought to be the distance from one wide place to 
another, which are topographically fixedS). The units determined by visual division 
of width were 13.8-15.0 km, 15.0-16.4 km and 16.4-17.8 km section at Furano 

Fig. 14. The distribution of volumes per 100 m unit of deposition 
and scouring (A), slope of channel bed (B) and width of 
debris flow (C) on July 1980. 

m3 

5000 
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Fig. 15. The distribution of volumes per 100 m unit of deposition 
and scouring and width of debris flow on August 1981. 
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The relation between channel width and the shape of 
channel bed at upper reaches of Furano River. 
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River. Such wavy movements, which are divided by change of channel width, are 
thought to be similar to alternate movement which was reported by ARAYA (1971)1l. 

Fig. 16 shows the relation between channel width and the shape of channel 
bed at upper reaches of Furano River. As it is clear seen in this figure, the 
divergent stream channels develop at relatively wide places and those places 
become large deposition areas. Consequently the wide places of channel are thought 
to be the storages of debris and retard the outflow of debris to downstream. 
The influences of such wide areas on the debris movements are thought to be 
reflected in the configuration of channel bed as "divergent" and the age distribu
tion of vegetation on deposits, which . are discussed in following chapter. 

V. The age distribution of deposits 

The storages of debris in torrent are formed at the relatively wide places; the 
area where tributaries join the main river a~d artificial storages such as check 
dams and retardation works. Especially, under natural conditions, stream junc
tions are thought to be important' as storages in the river where channel width does 
not change so much. The check dams in the gully not only hold the debris in 
their pockets but also create the wide area at their upper reaches. 

Fifteen storages were selected in surveying areas of Furano River as Table 1 
shows. Among the selected storages, the storages of stream junction are No. 11, 
12 and 14 and the artificial storages formed by check dams are No. 8 and 12. 
The volume of sediment in the storages shows the differences between in- and 
outflow volume and the age of vegetation on the deposits indicates the stability 
of deposits as well as the dates when movements had occurred. As a result, the 
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Table 1. The age distribution of sediment in selected 15 storage~ 
which are formed in wide places .oJ£h_'!nnel 
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Section A:rea 

1 1
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- 1
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- 1
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- 1
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-

(m) (m2) (%) 
1-5y 6-10y . 15y 20y 25~ 30y 

sp. sp. 
700- 1400 16800 2.1 2340 1790 930 4410 0 120 

1400- 2100 10600 1.7 320 1060 2170 670 0 0 

2100- 2800 11800 2.4 320 120 880 2890 8~0 .. 0 

2800~ 3500 15600 2.6 220 260 240, 7300 0 630 

4200- 5200 22500 2.7 5550 0 150 890 1220 600 

5800- 6200 4700 2.8 110 30 .0 1770 0 ·0 

6200- 6700 7000 2.5 170 30 60 1120 0 1180 

8 (dam) 7000- 7900 54300 2.7 11920 0 500 37060 0 6140 
. __ ....... -

9 9600-10400 19800 4.2 

10 10500-11500 37000 5.6 

11 12300-13000 31100 7.1 

12 (dam) 13000-14300 55900 6.9 
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14700-16000 40300 11.5 

16000-16500 9300 13.3 
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Fig. 17. The relation between the area of channel bed 
and the volume of sediment. 
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distribution of volume of each age shows quantity and quality aspects of storage. 
The total volume of sediment in each storage was thought to be related to the area 
of storage because the large deposits were clearly observed in wide places. 
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Fig. 18. Three kinds of distribution between volume (V), 

cumulative curve (Ve) and age (T). 
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The relation between the area and total volume is shown in Fig. 17 and IS 

expressed as the power function, 

V.=aAb 

where V. is the total- volume of sediment, A is the area of the wide place, a is 
coefficient and b is exponent. The volume of sediment in this study were mea
sured on the upper part above the lowest bed level of stream channel. 

The total volume of sediment could be estimated by the area but the age 
distribution of deposits is difficult to be estimated only by the absolute criteria like 
width, area, slope etc. To analize the age distribution, the relation among storages 
should be taken into consideration". The deposits made as an object of this study 
were from one to thirty-five years old and the volume of each every five years 
are shown in Table 1. Three kinds of distribution between volume (V) and age 

(T) of sediment are shown in upper part of Fig. 18. Left one shows a kind of 
distribution which most of the storages are occupied by young age deposits and 
the right one shows the old deposits are dominant. While in middle one young 
and old age deposits exist more or less equally. The cumulative volume (V.) and 
the age of sediment are shown in lower part of Fig. 18. The cumulative curves 
are calculated by integrating upper curves. If the cumulative volume of each age 
can be expressed as the power function of age (V.=KTB), three kinds of distribu
tion are determined by exp~nent B value and the sizes of storages are determined 
by coefficient K value. Left, middle and right distribution are determined by 0< 
B<l, B=1 and B>l, respectively. 

No. 15, 9 and 4 section in Table 1 are corresponding to above three kinds 
of distribution and are shown in Fig. 19. No. 15 is located at upper reaches 
where the "fixed" stream channel shown in Fig. 5 is formed. No.9 is the section 
where the "divergent" stream channel shown in Fig. 7 is developing and a lot of 
even-aged forests are existed in the channel. No. 4 is the section where the 
"stable" stream channel shown in Fig. 9 is formed. SHIMIZU (1983) used this 

cumulative curve as "potential curve" to express the characteristics of basin 16). 

From his analysis, three kinds of distribution were characterized as follows: Type 
No. 15 is formed after the large debris flow. The deposits in these channels are 
unstable so that debris movements have been frequently occurring. Type No.9 is 
dominant form in torrent. Type No.4 is formed at the channels approaching a 
stable condition. These estimation by SHIMIZU (1983) are almost same as the 
result analized by the shape of channel bed in this study. 

To know the relationship among storages about the age distribution, B values 
of selected 15 storages were arranged from lower to upper reaches in Fig. 20. It 
can be roughly said that the age distribution have changed around 7 to 10 km where 
B value change from more than 1.0 to less than 1.0. B values less than 1.0 are 
also found in downstream No. 1 and 5 but, in this section, some of the stabilized 
steps are used for afforestation and the age of those steps could not be estimated. 

If those excluded deposits are taken into consideration, B values in lower reaches 



Chronological Study on the Torrential Channel Bed (NAKAMURA) 19 

would become higher than shown in the figure. The age distribution of deposits in 
a storage is largely affected by the characteristics of near storages in upper reaches. 
At the location of 7.5 km, the check dam was constructed and No.8 storage was 
formed. The divergent stream channel is developing in the No. 8 storage, but 
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Fig. 20. B value of selected 15 storages which shows 
the shape of age distribution. 

~-20 ~f'UlIJ±:E~O):5J-1ri'lfH:ff,;_t BJi:0)~11: 

... 

Stable 

Divergent 

("\ , \ 
I \ A 
, \ /I 

\ 
\ 
I 

I I _ 
, I' 

: I\/~ 
\ .. , '" , 

I I ' \ ~J I 

1 2 3 

Fig. 21. The width and the shape of channel bed in downstream 
section of check dam which formed No. 8 storage. 

~-21 '/if a!ff JII 2 ~;J" A Ti'ilU:' i>vt J., 1PI~1iI0) ~{I: c IPI~M 

4km 



20 Research Bulletins of the College Experiment Forests Vol. 43, No. 1 

downstream of check dam, the stable channels are formed regardless of the 
channel width. Fig. 21 shows the channel width and the shape of channel bed 
in downstream section of No. 8 storage. In contrast with Fig. 16 the stable stream 
channels are formed where channel width are relatively wide. Considering the 
fact that the stable stream channels are formed only downstream of this check 
dam, the influence of No. 8 storage was thought to be very large for the stability 
of downstream deposits. 

VI. Estimation of debris movement in storage 
characterized by the shape of channel bed 

The continuous surveying from 1972 to 1982 were carried out at Nukkakushi
furano River. The surveying section is located at upper reaches of No. 1 check 
dam and the average slope of that section is 9%. Twelve cross sectional lines 
were set for measuring the deformation of cross sectional shape of channel bed 
(Fig. 22). The debris movements were measured nine times in this section during 
the surveying period. This section could be divided into three parts that are wide 
area (Line No. 1-5), middle area (No. 6 - 8) and narrow area (No. 9 -11). The 
representative measured lines are selected from respective parts and the deforma
tion along these lines during ten years are shown in Fig. 23. 

Line No. 1 selected from wide area showed very complex cross section and 
changes of configuration were observed over its width. Corresponding to the com
plex configuration of channel bed, divergent channel developed in this area 
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Fig. 23. The deformation on the representative measured 
lines (No.1, 7, 10) from 1972 to 1982. 

1ilI-23 fI;;~l¥J,:=::j!!IJ~ (No.1, 7, 10) I;:.:toft Q 19721f.t.J, I? 
19821f. i -C'1l) fnJ tt.:12ft 

--1972.8 
73.9 
74.8 
75.8 

-.- 81.8 

21 

and the stream courses were frequently changed laterally. As a whole this line 
tended to rise in time, especially this tendency was prominant at the left bank. 
Line No. 7 selected from middle area showed the nearly stable channel in 1972. 
But the debris movements from 1973 to 1975 filled the stable stream course and, 
as a result, channel bed showed the nearly divergent channel. After that, the 
channel bed was deepened again until 1981 as figure shows. Line No. 10 selected 
from narrow area showed the stable channel in 1972 and have not changed so 
much during surveying period. The deposit on the right bank was stabilized well, 
therefore, the stream course was almost confined to the left bank. 

The measured results can be arranged to show the relation between frequency 
and volume. The frequency of occurrence of the largest debris movement is 
thought to be once in ten years. The frequency of occurrence of the second large 
one is estimated two times in ten years because the movements larger than this 
one had occurred two times and can be re·expressed as once in five yearsllil. With 
preceding calculations the relation between volume and frequency of occurrence of 
deposition and socuring were estimated in wide, middle and narrow areas. These 
relations were shown in Fig. 24. The number of absissa means frequency of 
occurrence, for instance, lOy shows once in ten years. In wide area the line of 
deposition located relatively higher than the line of scouring, in other words, the 
deposition was superior than scouring during ten years. In middle area, both lines 
were closely drawn and this means deposition and scouring had occurred in same 
degree. In narrow area the scouring is superior than deposition. To compare three 
figures, it was found that scouring in three areas had more or less same tendency 
but deposition, on the contrary, was different from the areas. 
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The debris movements in three areas characterised by the shape of channel 
bed are concluded as follows. In wide section the deposition was superior and 
deposits were formed over the whole area together with lateral movement of stream 
course. In middle section the deepening and filling process of stream course were 
repeated and, at the same time, the shape of channel bed was changed from stable 
to divergent. In narrow section the channel shape was almost fixed during ten 
years and deeping process was dominant. The field observation in Furano River 
and results of measurement in Nukkakushi-furano River showed that the deposi
tional tendency would be continued for a long period in the area where the diver
gent stream channels develop. And in the stable channel section the bed is 
inclined to be scoured. 

Conclusion 

In the torrent the movement of water and debris are discrete in size and 
frequency. As a result the cross sectional shape of formed deposits are stepped 
and the age of vegetation on the deposit is even, in contrast with convex shape 
and sequential change of age in placid streams. Three types of channel shape as 
fixed, divergent and stable were observed in the torrent and the recent mevements 
in each section were clarified by the age distribution of deposits and field measur
ement. This discrete movement of debris makes alternate scouring and deposition 
like waves. Three kinds of wavy movements, which had different wave lengths, 
were found in Furano River but could not be explained in relation to the channel 
shapes. However, it could be said that the divergent channel developed in 
relatively wide places and the fixed channel were formed in narrow places, and 
these wide or narrow places make a unit of long wave movement. Moreover, as 
a result of several decades of movements, the stable channel developed in 
the area where the debris movements occurred at long time-intervals rather than 
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the divergent channel. This occurrence pattern of debris movement in tim eseries 
was thought to be one of the chronological characteristics of the river and was 
expressed as "active" and "inactive" river by KAKI (1958)8). 

Consequently these configurations of torrential channel bed were found to be 
complex shapes which are formed by topographical and chronological caharacter
istics of the river. The channel shape can be suddenly changed by large move
ment at any time in furture. Therefore, it should be understood as one phase 
in time series. However, it is possible to estimate the present condition and near 
future trends from the channel shape and the growing vegetation on the deposits. 
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F. NAKAMURA Plate I 

Photo. 2 . A depo sit fo rmed in tor
rent. T he trees on the 
deposi t form even-aged 
forest. 

~~ 2 ;j1l.iii»TJIII::;t.;lt:;'IIl!i~Ji:lkJj£ 

:fi'i J1!! , Jft fl'l J1!! H:: :oR r~ ct Ii'! 
II(,)tttJ;r.x::rr. !.-"( t,:;" 

Photo. 1. A bar formed as island 
in placid ri ver. The ve 
getat ion is established at 
upst ream tip of the ba r. 
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Photo. 3. A cha nged stream cou rse 
located at hi gher place 
than former course. 
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Plate II F. NAKAMURA 

Photo. 5. Divergent strea m cha nne l. 
Many s trea m co urses are 
fo rmed co rrespondi ng to 
many k inds of eve n-aged 
fo rest, but most of these 
cou rses are aba ndoned. 
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Photo. 4. F ixed stream cha nnel. 
The deep V-shape gull y 
is formed. 
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Photo. 6. Stable st rea m cha nnel. 
The chan nel banks are 
stab lized with old-aged 
fores t and a singl e 
strea m course is fo r
med. 
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