BEXIEMIEL 34 © 37~45 (2006) Res. Bull. Kagoshima Univ. For. 34 : 37~45 (2006)

Original Article

Change of sediment yield by sheet erosion caused by the ebb of
volcanic activity on the flank covered with the broad-leaved
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Summary

Field surveys were carried out in order to clarify the differences in sediment yield by sheet erosion caused by periods
of both heightened (between April and October 1985) and low volcanic activity (between April and October 2005) in ad-
dition to the factors governing the differences in sediment yield over two time periods on the flank of Sakurajima Volcano
covered with broad-leaved forest. The results were as follows:

(1) When rainfall intensities were constant, sediment yields were much smaller during periods of low volcanic activity
than during periods of heightened activity.

(2) The amounts of individual sediment yield during periods of low volcanic activity in Sheet A (experimental catchment
with a 34 degree slope inclination) and Sheet B (experimental caichment with a 43 degree slope inclination) were about
0.4 % and 0.5 % of those measured during periods of heightened activity. The reason for this large decrease in sediment
yield by sheet erosion during periods of low volcanic activity was thought to be due to the increase of infiliration capacity

and the decrease in the magnitude of the surface runoff caused by the recovery of the vegetation following the ebb of

volcanic activity.

Key Words: Sakurajima Volcano, volcanic activity, sediment yield by sheet erosion

1. Introduction

Volcanic eruptions create a radical alteration of the hydro-
logic and erosion regime of the surrounding areas. The hydro-
logic and erosion phenomena caused by volcanic eruptions have
been investigated at many volcanoes, including Mount Usu
(Chinen, 1986), Sakurajima Volcano (Shimokawa & Jitousono,
1987a, 1987b), Mount St. Helens (Collins & Dunne, 1986;
Pierson, 1986), Mount Merapi (Shimokawa et al, 1996;
Jitousono et al., 1996) and Mount Yakedake (Okuda et al.,
1980; Suwa et al., 1989). Sediment yield and sediment dis-
charge have been found to decrease with time except for volca-

noes with continued volcanic activity, such as Sakurajima

Volcano. However, much sediment flows out on the flank of
Sakurajima Volcano every year, continuing presently with the
volcano’s present volcanic activity.

The ebb and flow of volcanic activity has an effect upon the
hydrologic and erosion regime of the surrounding areas.
Regarding the flank of Sakurajima Volcano, rainfall induced
surface runoff and debris flow, the total runoff, and the peak dis-
charge of surface runoff and debris flow during heightened vol-
canic activity were found to be greater than during low activity
(Jitousono & Shimokawa, 1989, 1991). Moreover, Teramoto et
al. (2005a, 2005b) demonstrated that the yearly depth of the
volcanic ash layer and the yearly erosion rate during heightened

volcanic activity (between 1972 and 1992) were much greater
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than during low activity (between 1993 and 2003) on the north-
ern flank of Sakurajima Volcano.

The purpose of this study is to clarify the change of sediment
yield by sheet erosion caused by the ebb of volcanic activity,
governed by various factors, on the flank of Sakurajima

Volcano.

2. Study area and methods

The study area is a part of the Amida River located on the
northern flank of Sakurajima Volcano, as shown in Fig. 1. To
measure sediment yield by sheet erosion and surface runoff, ex-
perimental catchments were established at 400 m above sea
level in the Amida River (Fig. 1, Fig. 2). Each experimental

catchment was a square 5 m long and 2 m wide. The squares
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Fig. 1 Location of the study area.
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Fig.2 Condition of experimental catchments.
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on the 21* of April, 2005.
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were installed on two slopes, one with a 34 degree and one with
a 43 degree inclination, covered with broad-leaved forest (Fig.
3). In the lowest part of the experimental catchments, a plastic
box for measuring sediment yield by sheet erosion and surface
runoff was installed (Fig. 3). Measurement began on the 21* of
April, 2005. In this paper, we refer to the experimental
catchment with a 34 degree slope inclination as “Sheet A” and
the experimental caichment with a 43 degree slope inclination as
“Sheet B” (Fig. 3). Both the topographies and the distributions
of the median grain diameter of the surface layer volcanic ash
measured on the 21* of April, 2005, in Sheet A and Sheet B are
shown in Fig. 4. The mean value of the median grain diameter
is 0.15 mm in Sheet A and 0.14 mm in Sheet B. The sediment
yield by sheet erosion in Sheet A and Sheet B were also meas-
ured between 1984 and 1986. Moreover, the amounts of vol-
canic ash fall were also measured between 1984 and 1986 at a
location nearby Sheet A and Sheet B (Shimokawa & Jitousono,
1987a).

At the same time, in order to clarify the specific gravity of
grains, bulk density, and grain size disiributions, the sediment
yields by sheet erosion in Sheet A and Sheet B were collected.
Moreover, in order to clarify the dry density of the surface vol-
canic ash layer in the experimental caichments, undisturbed
samples were collected by metallic cylinders 55 mm in diameter
and 60 mm in height. In addition, the infiliration capacities of
the soil were measured by the simplified sprinkling infiliration

capacity test proposed by Shimokawa and Jitousono

Heightened volcanic activity !

(Shimokawa & Jitousono, 1987a).

The amount of volcanic ash fall was measured at a location
nearby Sheet A and Sheet B (Fig. 1). This measured point is the
same point at which Shimokawa and Jitousono (Shimokawa &
Jitousono, 1987a) conducted measurements between 1984 and
1986. Moreover, from 1978 onward, Kagoshima Prefecture
measured the amount of volcanic ash fall in the lower reach of
the Amida River (Fig. 1). The rainfall data used in this paper
was collected by the Kagoshima Regional Forestry Management
Office at a location less than 1 km away from Sheet A and Sheet
B (Fig. 1).

The geological composition of the study area consists of a

1914 Taisho pumice layer covered with a volcanic ash layer.

3. Change of annual amount of volcanic ash fall

Fig. 5 shows the change in the annual amount of volcanic ash
fall in the lower reach of the Amida River as measured by
Kagoshima Prefecture between 1978 and 2005 (Kagoshima
Prefecture, 1978 —2005). The annual amount of volcanic ash
fall between 1978 and 1993 was large. Moreover, the amount of
volcanic ash fall in 1985 was approximately 65 kg/m’, the larg-
est annual value for the period of 1978 to 2005. Since 1994, the
annual amount of volcanic ash fall has been decreasing remarka-
bly.

Low volcanic activity
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Fig. 5 Changes in annual amount of volcanic ash fall in the lower reach of the Amida River as measured by Kagoshima Prefecture be-
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4. Sediment yield by sheet erosion caused by the
ebb of volcanic activity on the flank of
Sakurajima Volcano

We investigated the results measured during low volcanic ac-
tivity (between April and October 2005).

Fig. 6 shows the relationship between the amount of individ-
ual rainfall and sediment yield by sheet erosion (a) and surface
runoff (b), and Fig. 7 shows the relationship between maximum
rainfall per 60 minutes and sediment yield by sheet erosion (a)
and surface runoff (b). Sediment yield and surface runoff be-
came larger with increased rainfall intensities. In cases where

rainfall intensities were of the same degree, sediment yield and
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Fig. 6 Relationship between amount of individual rainfall and
sediment yield by sheet erosion (a) and surface runoff
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surface runoff were greater in Sheet B than in Sheet A. The sur-
face runoff percentage for each runoff in Sheet A was between
2.2 % and 10.8 % (average 5.2 %), and for Sheet B it was be-
tween 3.6 % and 10.8 % (average 6.0 %).

Fig. 8 shows the relationship between maximum rainfall per
60 minutes and the median grain diameter in sediment yield by
sheet erosion. The median grain diameter became larger with in-
creased maximum rainfall per 60 minutes. The median grain di-
ameter for each runoff in Sheet A was between 0.09 mm and
0.42 mm (average 0.21 mm), and for Sheet B it was between
0.07 mm and 0.44 mm (average 0.23 mm) . The relationship be-
tween the maximum rainfall per 60 minutes and the 10, 30, 70,

and 90 percent grain diameter in the grain size distribution curve
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Fig. 7 Relationship between maximum rainfall per 60 minutes
and sediment yield by sheet erosion (a) and surface run-
off (b).
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Fig.9 Relationship between surface runoff and the median
grain diameter in sediment yield by sheet erosion.

in the sediment yield showed the same tendency as the relation-
ship between the maximum rainfall per 60 minutes and the me-
dian grain diameter.

Fig. 9 shows the relationship between the surface runoff and
the median grain diameter in sediment yield by sheet erosion.
The median grain diameter became larger with increased surface
runoff. Further, the increment of the median grain diameter

caused by the increment of surface runoff was found to be
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Fig. 10 Relationship between amount of individual rainfall and
sediment yield by sheet erosion in Sheet A and Sheet B
during periods of both heightened (between April and
October 1985) and low volcanic activity (between April
and October 2005).

related to the increment of tractive force caused by the incre-

ment of surface runoff.

5. Change in sediment yield by sheet erosion
caused by the ebb and flow of volcanic activity
on the flank of Sakurajima Volcano

Fig. 10 shows the relationship between the amount of individ-

ual rainfall and sediment yield by sheet erosion, and Fig. 11
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April and October 1985) and low volcanic activity (be-
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shows the relationship between the maximum rainfall per 60
minutes and sediment yield by sheet erosion in Sheet A and
Sheet B during two periods of heightened volcanic activity (be-
tween April and October 1985) (Shimokawa & Jitousono,
1987) and two periods of low activity (between April and
October 2005). Compared with the same experimental
catchments, sediment yield during the two periods became
larger with increased rainfall intensities. Moreover, in cases
where rainfall intensities were of the same degree, sediment
yield was much smaller during low volcanic activity than during
heightened activity.

Table 1 shows a comparison of the amount of individual sedi-
ment yield by sheet erosion in Sheet A and Sheet B, and vol-
canic ash fall at a location 1 m” away from Sheet A and Sheet
B, with the amount of individual rainfall during periods of both
heightened (between April and October 1985) (Shimokawa &
Jitousono, 1987) and low volcanic activity (between April and
October 2005) . The amount of individual volcanic ash fall at the
1 m’ location during low volcanic activity was about 12.5 % of
that measured during heightened activity. Moreover, the amount
of individual sediment yield during low volcanic activity in
Sheet A and Sheet B was about 0.4 % and 0.5 % of that meas-
ured during heightened activity.

According to the measured value of the yearly erosion rate by
sheet erosion estimated by a comparison of the thickness of vol-
canic ash accumulated in the broad-leaved forest of the northern
flank of Sakurajima Volcano, the yearly erosion rates during pe-
riods of low volcanic activity (between 1994 and 2003) was
about 40 % of those measured during periods of heightened ac-
tivity (between 1972 and 1986) (Teramoto et al., 2005a) . This
result is in harmony with the results of the current study.

Table 2 shows a comparison of the dry densities of the sur-
face volcanic ash layers and infiltration capacities measured

nearby Sheet A and Sheet B during periods of both heightened

Table 1 Comparison of the amount of individual sediment yield by sheet erosion in Sheet A and Sheet B, and volcanic ash fall at an
area 1 m’ away, with the amount of individual rainfall during periods of both heightened (between April and October 1985)

and low volcanic activity (between April and October 2005).

X Amount of volcanic| Amount of sediment A nfall
Experimental Observed period ash fall yield by sheet erosion moul;:noli“l;'amfa
catchment (& g/mz) (kg /mz)
Sheet A During April 1985 and October 1985 34.8
(Heightened volcanic activity) 65.1 1742
Sheet B (Shimokawa and Jitousono, 1987) 374
Sheet A During April 2005 and October 2005 0.52 0.13 1517
Sheet B (Low volcanic activity) ’ 0.18
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Table 2 Comparison of the dry density of the surface volcanic ash layer and the infiliration capacity measured nearby Sheet A and
Sheet B during periods of both heightened (between April and October 1985) and low volcanic activity (between April and

October 2005).
Dry density of surface velcanic ash layer Slope Infiltration
Observed period 3 inclination capacity
(g/em’) (degree) | (mm/hr)
1985 (Heighiened volcanic activity) - 23 74
(Shimokawa and Jitousono, 1987) 1427149 (Average 1.46) 33 70
22 112
2005 (Low volcanic activity) 1.12~1.28 (Average 1.19)
35 103

(between April and October 1985) (Shimokawa & Jitousono,
1987) and low volcanic activity (between April and October
2005). The dry density measured during the periods of low vol-
canic activity was smaller than that measured during heightened
activity. The infiltration capacity during low volcanic activity
was, however, much greater than that measured during height-
ened activity.

Thus, the reason for the large decrease of sediment yield by
sheet erosion during low volcanic activity is considered to be be-
cause of the increase of infiltration capacity and the decrease in
the magnitude of the surface runoff caused by the recovery of

the vegetation following the ebb of volcanic activity.

Literature Cited

Chinen, T. (1986) Surface erosion associated with tephra depo-
sition on Mt. Usu and other volcanoes: Environ. Sci.
Hokkaido Univ., 9(1), 137-149.

Collins, B. D. and Dunne, T. (1986) Erosion of tephra from the
1980 eruption of Mount St. Helens: Geol. Soc. Ame. Buil.,
97, 896-905.

Jitousono, T. and Shimokawa, E. (1989) Surface runoff on
tephra-covered hillslope in Sakurajima volcano: Jour. Jap.
Soc. Erosion Control Engineering, 42 (3), 18-23(in
Japanese).

Jitousono, T. and Shimokawa, E. (1991) Effects of volcanic ac-
tivity on occurrence and runoff of debris flow in
Sakurajima volcano: Jour. Jap. Soc. Erosion Conirol
Engineering, 43(6), 9-15(in Japanese with English ab-
stract).

Jitousono, T. and Shimokawa, E. and Tsuchiya, S. (1996)
Debris flow following the 1984 eruption with pyroclastic
flows in Merapi volcano: Jour. Jap. Soc. Erosion Control

Engineering, 48, Special Issue, 109-116

Kagoshima Prefecture (1978-2005) Observed data:

Okuda, S., Suwa, H., Okunishi, K. Yokoyama, K. and Nakano,
M. (1980) Observation on the motion of a debris flow and
its geomorphological effects: Zeit. Geomorph. N. F.,
Suppl., Bd. 35, 142-163.

Pierson, T. C. (1986) Flow behavior of channelized debris
flows, Mount St. Helens, Washington: In Abrahams, A. D.
ed., Hillslope Processes, Boston, Allen & Unwin, 269-296.

Shimokawa, E. and Jitousono, T. (1987a) Sediment yield by
sheet erosion from hillslopes of Sakurajima volcano: Jour.
Jap. Soc. Erosion Control Engineering, 39(6), 11-17 (in
Japanese) .

Shimokawa, E. and Jitousono, T. (1987b) Rate of erosion on
tephra-covered slopes of volcanoes: Trans. Jap. Geomorph.
Union, 8, 269-286 (in Japanese with English abstract).

Shimokawa, E. and Jitousono, T. and Tsuchiya, S. (1996)
Sediment yield from the 1984 pyroclastic flow deposits
covered hillslopes in Merapi volcano: Jour. Jap. Soc.
Erosion Control Engineering, 48, Special Issue, 101-107

Teramoto, Y., Shimokawa, E. and Jitousono, T. (2005a) Effects
of the difference of volcanic activity on erosion rate by
sheet erosion in Sakurajima volcano: Jour. Jap. Soc.
Erosion Control Engineering, 57(5), 65-68 (in Japanese) .

Teramoto, Y., Shimokawa, E. and Jitousono, T. (2005b)
Temporal change in deposition of volcanic ash and erosion
rate caused by ebb and flow of volcanic activity at the
Hikinohira river basin on Mt. Sakurajima: Res. Bull. of The
Kagoshima Univ. Forests, 32, 23-26(in Japanese with
English abstract) .

Suwa, H., Manaka, T. and Inaniwa, A. (1989) Occurrence of
debris flows and their scales in the Kamikamihori valley of
Mount Yakedake: Ann. Disast. Prev. Res. Inst. Kyoto
Univ., 32B-1, 229-247 (in Japanese with English abstract).



Change of sediment yield by sheet erosion caused by the ebb of volcanic activity on the flank of Sakurajima Volcano 45

LEBMRTBEDODNEEDOREHMBEICS T 5EXEHOD
RRICASKRARRIWEDZE(

FAR OATEY - TN OBRERY - dhEEEE RV
1) BERERZEFTEWRESE T890-0065 FEIEEWEILI-21-24

ZE B
BWEOLEBRHKCELN-MEICB VT, BAEHIERLZREY (19854F 4 A ~F4E10A) LEehiEh (20055 4 A

~F4E10H) BT RARELHELRE L, 2512, 22o0BHICB T EAREINENEVEIR LTV L ER

KEOWTHRE L, BOMBRIDTO®RY TH 5,

(1) BFMEFPRBEDCEATHETRT S L, BABEHIECHrZRPORAEELHER, BEREZBHOZNICH~EFIC
INEL o Tz,

(2) Sheet ARERM (RIEEM34E) B & U'Sheet BiERM (RIEMEAM3E) 2B 2EKEHI B 2BHoREEA
THEOEEHMER, BFREBHOZNOZNZNH04%, 05%TH o2, BKESHIECr2BHOXEEELDED
FAS, ERLZBHOZNCHSEFIINSL o BHE LT, BAEHOEBICHE) MAEREBIC X > THEORERED
BML7zZE, BEROEINCE ) REROBESEABRH S, EEKOBEEE LRESBL L2 3BT o6N 5,

F—I—F KB, BXEE, RERELHE



