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SEDIMENT GENERATION FROM NUMEROUS SHALLOW LANDSLIDES
RELATED WITH CLEAR CUTTING AT GRANITE MOUNTAIN,
MT. ICHIFUSA, JAPAN

Tomomi Marutani', Mio Kasai’, Nobuhiro Ebisu’, and Noel A. Trustrum’

ABSTRACT

A large number of shallow landslides occurred on Mount Ichifusa (Granite,
catchment area: 223.7 ha and averaged slope: 36°), Kyushu Island, Japan, due to the clear-
cutting of broad-leaf forest between 1960 and 1970. We measured the expansion of the
landslide area and determined the volume of sediment generated since clear-cutting began
25 years ago. Measurement of landslide area and averaged depth of landslide scar were
used to calculate the gross volume of sediment generated from landslides. Temporal
changes in landslide areas were determined by interpretation of aerial photographs taken in
1976, 1979, 1984, 1989 and 1994, and the average depth of landslide scars was measured
by field survey. The landslide area was 21 ha in 1979, cumulatively increasing to 47 ha
(1984), and 96 ha (1994), which accounts for about 60% of the entire hill slope area. The
average depth of Iandsllde scars was 1.12 m. Since 1973, the rate of sediment generation
was 300-490 m’ha’! y"!, with interruptions between 1984 and 1989. The volumetric change
of sediment generated from 1976 to 1994 was 1.13x10°m’

INTRODUCTION

The influence of vegetation change on sediment production from hill slopes has
been given recent attention. Field measurements of stream bank erosion have been
conducted to assess the volume of sediment production linked to vegetation change in
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forested areas(Zimmerman et al. 1967, Newson 1980, Murgatroyd er al. 1983). However,
the volume of stream bank erosion only represented a small proportion sediment generated
from a whole catchment over a long period. If land-use change occurs on a catchment
scale, it becomes important to develop sediment budgeting techniques that provide
estimates of the volume of sediment supplied by an entire catchment, so long as the
precision of the estimates can be stated.

Recently, geomorphologists have successively attempted to estimate the sediment
generation related to large-scale vegetation change caused by European settlers in large
catchments in New Zealand. Results showed that storm-related sediment generation and
transport were strongly related to clear-cutting of native forest (Page ef al. 1994, DeRose et
al. 1998, Gomez et al. 1998, Marutani ef al.1999, Trustrum ef al. 1999). Historical records
of rainfall, sequential aerial photos, and field measuring data for large-scale changes in
catchment vegetation were important.

Marutani et al.(1999) estimated the amount of sediment delivery volume from a
tributary, and Trustrum er al., (1999) used representative tributary catchments within
eroding land types (the WINDOW approach), in which the results from each land type are
used to characterize the sediment production and storage throughout the rest of the land
type. Thus calculated sediment budgets of each tributary catchment is extended to
determine the budget for an entire catchment. Employing the sediment delivery and the
WINDOW approaches developed in New Zealand, we estimated the amount of sediment
generated over 25 years for the Mount Ichifusa landslide area.

Since 1976 shallow landslides have been occurred on Mount Ichifusa due to clear-
cutting of the northern slope and recently become to be a large number of them. We
employed sequential aerial photos, Spot satellite data, field measurements of landslide scar
depth, and historical records of clear-cutting to investigate the increase in landslide areas,
and to estimate the volume of sediment generated over 18 years. Sediment delivery ratio
(SDR) was also calculated by considering the rate of sediment storage in sediment
detention dams located in small tributaries at the base of the eroding hillslopes on the
northern slopes of the mountain.

RESEARCH SITE

Located in the mid-Kyushu mountain range, Kyushu Island, in southwestern Japan
(Figurel), Mount Ichifusa consists of thickly weathered granites crop out in the headwaters
of catchments on the Nobeoka-Shibisan tectonic line. The northern hill slopes of the
mountain were covered by broad-leaf forest until 1960. Between 1960 and 1970 a private
company conducted clear-cutting of the forest, and by 1970 this had triggered large areas of
shallow landslide erosion.

The Mt Ichifusa area is subject to frequent, large magnitude rainfall events
throughout the year. Annual rainfall averages 3500 mm, as observed at the meteorological
station of Kyushu University Forest close to Mount Ichifusa. During the June rainy season
and the September typhoon storm season, daily rainfall ranges between 400-800 mm, with
intermittent falls of 50 mm an hour over 3 to 4 days. In 1954 and in 1971, 1000 mm and
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600 mm rainfall respectively were recorded at the Kyushu University Forest station over 3
and 4 days. In the 1993 typhoon season, 385 mm daily rainfall was recorded over 2 days.
The summit of Mount Ichifusa is 1721 m, and the hill slope steep and in high relief.
The northern hill slope is 36°, and the channel slope ranges between 10° and 24°.
Landslides began in 1976, after the clear-cutting between 1960-1970. Landslides increased
markedly after 1980, with the Miyazaki prefecture reporting the landslide area as 65 ha in
1988, 61% of the total area of the northern hill slope. Since 1970, many consolidated
disaster prevention dams have been constructed along the channel course of each tributary
catchment of Mount Ichifusa. These dams trapped eroded hill slope sediment and provided
information for the estimation of sediment production and sediment delivery in the area. To
analyze the changes in the landslide area caused by clear-cutting, we used sequential aerial
photographs and GIS analysis to measure the area of landslide scar over the entire northern
hill slope. Sediment volume generated from the hill slope was calculated from a small
catchment, WINDOW (Figure 2), 17.3 ha in catchment area and 25-45° in slope.

METHOD

Changes in landslide areas were clearly shown in sequential aerial photographs
taken at 5-year intervals. The aerial photographs available for measuring scar area date
from 6 October 1976 (h=3240 m); 15 May 1979-27 October 1980 (h=4236 m); 13 October
1984-2 October 1985 (h=4300 m); 9 October 1989 (h=4500 m); and 16 May 1994 (h=4700
m). The distortions of the photographs were compensated for using a Stereo Zoom
Transfer Scope (Bausch & Lamb Co.) (ZTS), and then landslide areas of each revised
photograph were delineated on a topographic map. An auto scanner was used to measure
the landslide areas delineated on the topographic map. The areas were partly cross-
checked by GIS analysis on Spot HRV-XS data.

Landslide area results and the averaged depth of landslides based on field
measurement gave the volume of sediment generation. As it was not possible to measure
the depth of all shallow landslides in the entire 223.7 ha of the northern hill slope, field
measurements were conducted within the 17.3 ha WINDOW catchment. Sediment
generation volume for the entire northern slope was calculated using the relationship
between the gross landslide area and that of the WINDOW on each aerial photograph.

To assess the influence of sediment detention dams on the sediment generated from
hill slopes to the main stream at the foot of the slope, we also calculated the sediment
delivery ratio (SDR) of the northern slope on Mt Ichifusa. The SDR is defined as:
SDR=D/G, where D(m") is the volume of sediment deliveted from catchment to main
stream, and G(m®) is the volume of sediment generated from landslides(Marutani et al.
1999). The equation can then be rearranged to provide the delivery ratio:

SDR=(G-SY/G=1-8/G

, where S(m’) is the volume of sediment stored by the sediment detention dams.
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RESULTS

The increase in the number of shallow landslides was expected to be closely related
to the expansion of the clear-cutting between 1960 and 1970. The earliest landslides began
6 years after clear-cutting finished, and new ones were still occurring 24 years later. Some
were still active in 1999, Landslides densities were averaged at 2,1/ha in 1980 and 6.2/ha
in 1989.

Table 1. Landslide area of the entire northern slope and WINDOW, and sediment
generation volume of Mount Ichifusa

Landslide area of the entire | Landslide area of | Volume of sediment Rate of sediment
northern slope on Mt.Ichifusa,ha WINDOW ha generation ,m3 generation , m3/ha/year
1976 0 0 0 0
1979 21.82 1.36 15232 293.5
1984 47.45 3.75 26768 309.5
1989 46.42 4.03 3136 36.3
1994 95.74 7.8 42224 488.1
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Figure 3. Changes in landsiide area In the northern slope and
WINDOW of Mount Ichifusa
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Table 1 shows the measurements of landslide areas of the entire northern hill slope
and the landslide areas and sediment generation volumes for WINDOW. As shown in the
table, from 1976 the northern hill slope landslide area had increased to 21.8 ha by 1979, to
47.5 ha by 1984, to 46.4 ha by 1989, and to 95.7 ha by 1994. The result of the GIS cross-
check showed that the gross landslide area for 1988 was computed at 50 ha (9% larger than
the 1989 aerial photograph), and that for 1995 at 107 ha (11% larger than the 1994 aerial
photograph).

The graphs in Figure 3 show temporal changes in the landslide area of the northem
hill slope (Figure 3-A) and WINDOW (Figure 3-B). Because these graphs show the same
trend in the growth of the landslide area since 1976 and the suspension of landslide activity
between 1984 and 1989, the landslide area of the entire northern hill slope is in direct
proportion to that of WINDOW, as shown in Figure 4. From the volume of sediment
generated from WINDOW, it is therefore possible to calculate the sediment generated by
the entire northern hill slope. It is likely that the hiatus between 1984 and 1989 was caused
by the regeneration of seedling vegetation.
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Figure 4. Landslide area of the entire northern slope plotted
against landslide area of WINDOW of Mt Ichifusa.

The ratio of gross landslide area to catchment area in WINDOW increased from
7.8% in 1979 to 45.1% in 1994, which indicates that half the catchment was occupied by
landslide scars. Landslide depth, based on field survey, was averaged at 1.12 m, and the

- 276 -



rate of sediment generated from WINDOW was calculated at 300 m’ha’y" (1979), 350
m’ha’ly"! (1979-1984), 35 m*haly”! (1984-1989) and 490 m’hay" (1994-). Calculations
based on these rates give the volumetric change in sediment generated from the entire
northern hill slope for the 18 years since 1976 as 1.13 x 10°m’. This shows that clear-

Table 2. Sediment storage volume and annual storage volume In WINDOW
of Mt.Ichifusa

dam number costruction year | sediment storage | annual storage | catchment area
volume, m3 volume, m3/year ha
No.2 1988 647.5 - 16.9
No.3 1994 59.2 64.2 16.9
No.4 1993 1107 - 215
No.5 1987 539.8 137.2 215
No.6 1986 85.9 6.6 4.5
No.7 1993 109.6 18.3 33
No.11 1981 3079 171.1 215
No.12 WINDOW 1988 1237 112.5 17.3
No.13 1996 648 216.0 52
No. 14 1984 1271.2 90.8 20.2
No.15 1981 6302.4 370.7 242
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cutting at Granite Mountain would create an average slope surface erosion rate of 2.8 m/
100year.

The sediment delivery ratio for WINDOW  was estimated as shown in Table 2.
The sediment detention dams at the foot of the hill slope were filled by sediment generated
over 5 to 18 years. Sediment storage volume is the gross volume accumulated since the
construction of the dams. The relationship between the sediment storage volume in the
sediment detention dams and the catchment area in which landslide-generated sediment
might accumulate is shown in Figure 5. Their correlation is represented as follows:

G=10.98 A4-56.14 (I*=0.57)

, where A(ha) is the catchment area. Substituting the entire northern slope catchment area
for the equation, the sediment storage volume of the entire hill slope is rearranged at 4.32
x10*m’. The SDR of the entire northern slope of Mount Ichifusa was 96%.

CONCLUSIONS

The proportion at 96% of SDR means 4% of sediment yield from landslides are
still stored in channels. It may be regarded that 4% storage is the contribution by the
consolidated dams along the stream courses, considering the channel slope at Mt. Ichifusa
ranging from 10 to 24degrees. However, in other words, the capacity of a large number of
dams to store sediment has been only 4% of entire sediment from erosion area of the
mountain. This also indicates not only the geomorphic characteristics of steep land but also
how large amount of sediment has been produced by clear cutting. This paper also
suggested the dam’s role to estimate the volume of sediment storage and delivery including
past period.
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