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Summary 

The flanks of Mount Sakurajima are widely and thickly covered with volcanic ash after a long period of volcanic activity. 

As a result， much sediment was generated from the flanks and flowed out due to debris flows and mud flows occurred 

in the rivers located around Mount Sakurajima圃 Inthis paper， we investigated the gully erosion process and the temporal 

change in sediment yield from gully erosion based on field surveys and interpretation of aerial photographs， as well as 

the e汗"ectsof the temporal change in volcanic activity on sediment yield from gully erosion in the Saido River basin in 

Mount Sakurajima. The results are as follows: 

(1) The gullies were extensively distributed on the slopes covered with volcanic ash in the Saido River basin. The derト

sity and scale of the gullies， as well as the proportion of gully erosion area in the basin area of the Saido River basin be-

came considerably larger over time. The propo同onof gully erosion area in the basin area reached about 50 % in 2000. 

(2) The average annual sediment yield from gully erosion， average specific annual sediment yield from gully erosion， 

and average annual sediment yield from gully erosion divided by average annual rainfall reached a peak between 1984 

and 1991， and subsequently declined with the temporal decrease in volcanic ash. The average annual sediment yield 

and average specific annual sediment yield between 1984 and 1991 were about 61，500 m3 and about 43，000 m3/km2， the 

largest annual values for the period of 1978 to 2000. 

Key Words: Mount Sakurajima， Saido River basin， volcanic activity， gully erosion process， sediment yield from gully erosion 

1. Introduction 

MOlmt Sakurajima has been continuously active with frequent 

and liv巴Iysmall scale ash巴ruptionssince 1972. Over this long 

period ofvolcanic ac伽i勿，the f1anks of Mmmt Sakurajima have 

become widely and thickly covered with volcanic ash， and cre-

ated a radical alteration of the hydrologic and巴rosionregime of 

the area. As a result， much sediment yi巴Ided合omthe f1anks 

covered with volcanic ash， and debris f10ws and mud f10ws 

often occurred in the rivers located around Mount Saku吋ima.

Consequently， the topography of the basins located around 

Mmmt Sakur司jimahas showu substantive changes. 

Additionally， the ebb and f10w ofvolcanic activity has a great 

effect upon sediment yield and sediment discharge 合omthe 

f1anks of回 activevolc叩 o.Regarding the f1a叫Cof Mount 

Sakurajima， rainfall induced surface runoff and debris f1ow， the 

total runoff and the peak discharge of surface runoff and debris 

f10w during heightened volcanic activity were found to be 

greater than during low activity (Jitousono & Shimokawa， 1989， 

1991). Moreover， Teramoto et al. (2005a， 2005b) demons伽ted

that the yearly depth ofthe volcanic ash layer and the yearly ero同

sion rate during heightened volcanic activity (between 1972四d

1992) were much greater than during low activity (between 

1993 and 2003) on the northem f1ank of Mount Sakur司jima.

The purpose of this study is to clarify白egully erosion proひ

E哩sand the temporal change of s巴dimentyield from gully ero閏

sion based on field surveys and interpretation of aerial 

photographs on the f1ank of the Saido River basin in Mount 
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S北町ajima.Moreover， we investigated the effects of tempora1 

changes of volcanic activity on sediment yield企omgully ero-

slOn. 
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e 2. Study area and methods 

The study area is由eSaido River basin 10cated on the north-

em flank of Mount Sakurajima， as shown in Fig. 1. The basin 

area is 1.43 km' and at a1titudes企om0 m to 1，117 m above sea 

1eve1. 

刀leslope inc1ination of the basin was calculated with a 50 m 

numeric map mesh企oma Geographica1 Survey Institute publi-

cation. The basin was divided into areas of slope inclinations at 

20 degree interva1s using the slope inc1ination dis回butionchart. 

25.8 % of也eto飽1area had an inc1ination of 1ess也姐 20de-

grees， and 61.8 %企om20 to 40 degrees. The area with an inc1i-

nation of 40 degrees or more was 12.4 %. The average 

inclination ofthe basin was 29.0 d巴grees.The average longitudi-

nal slope of the main s佐eamwas 17.0 degrees. 

From 1978 onward， Kagoshima Preti巴cturemeasured the 

amount ofvolcanic ash fall at 30 m above sea leve1 in the Saido 

Saido River basin 

River basin (Kagoshima Preti巴cture，1978-2000). The rainfall 

data used in this paper was collected by the Kagoshima Regional 

meteorological observatory (Kagoshima Regiona1 meteorologi-

ca1observatory， 1978幽2000).

百legeo1ogica1 composition of the study紅eaconsisted of a 

1779 Anei pumice 1ayer covered by a 1914 Taisho pumice layer， 

and a volcanic ash layer after a 1914 Taisho eruption ofMount 

S北町田~ima.

Fig. 2 shows the change in出mualamount ofvolcanic ash fall 
Location of the study area. Fig.l 

Year 
Change in annua1 amount of volcanic ash fall at 30 m above sea 1evel in the Saido River basin as measured by Kagoshima 
Prefecture between 1978 and 2000. 

Fig.2 



at 30 m above sea level in the Saido River basin as measured by 

Kagoshima Prefecture between 1978 and 2000 (Kagoshima 

Prefecture， 1978四2000).The annual amount of vo1canic ash fall 

between 1978 and 1992 was substantial. Moreover， the annual 

amount of vo1canic ash fall in 1985 was about 73 kg!m'，出e

largest annual value for the period of 1978 to 2000. Since 1993， 

the annual amount of vo1canic ash fall has been decreasing re-

markably， though there was an increase in 1995. 

Aerial photograph was used to clari今thegully erosion proc-

ess and temporal change of sediment yield from gully erosion in 

the Saido River basin， and a dis凶butionchart of the gully ero司

sion scar was made. Six pairs of aerial photographs taken in 

1978，1980，1984，1991，1996 and 2000 were used for the analy-

sis.百leminimum width of gully erosion that is interpretable by 

aerial photograph is 3 m. To be able to produce a distribution 

chart of gully erosion scars of less than 3 m in width， squares of 
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Temporal change in sediment yield合omgully erosion on the f1ank of the Saido River basin on Mount Sakur司jima

• 

25 。
Relationship between width and depth of gullies on the 

slopes covered by vo1canic ash in the upper reaches of 

the Saido river basin. 

Fig.3 
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60 m long and 50 m wide were establish巴don the flank of也e

upper reaches of the Saido River basin. The position， width and 

depth of gully erosion in a squ紅ewere surveyed， and a dis佐ibu-

tion chart of gully erosion scars of less than 3 m in width was 

made. The area of gully erosion and sediment yield企omgully 

erosion were calculated using a distribution chart of gully ero-

sion scars produced by the field survey and interpretation of鎚ト

ial photographs. 

The total amount of sediment yield企om伊 llyerosion was 

calculated in the basin， as shown below: The shape of a gully 

cross section is朗 inverted回 pezoidin which the side-wall of 

the gully is 70 degrees in inc1ination on the basis ofthe field sur-

vey.百lewidth of a gully at the top was directly measured at 20 

m intervals along each gully on a dis佐ibutionchart produced 

after interpretation of白eaerial photographs. The depth of a 

gully was calculated by the width-depth relationship of gullies， 

which was plo抗ed企omthe result of the field survey， as shown 

in Fig. 3. The area of a gully cross section which is given by 

multiplying the depth of gully by由ewidth of gully， was ob-

tained at 20 m intervals， and following this也eunit sediment 

yield between two gully cross sections was calculated. The sedi-

ment yield 企omgully erosion in gu11ies less th叩 3m in width， 

1980 

1996 2000 

N 。 1000m 
Fig.5 Dis仕ibutioncharts of gully erosion scars produced by the interpretation of aerial photographs taken in 1978， 1980， 1984， 1991， 
1996， and 2000 in the Saido River basin. 
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Fig. 6 shows the temporal changes in the cumulative annual 

amount of volcanic ash fall measured at 30 m above sea level in 

Temporal change in sediment yield from gully erosion on the flank of the Saido River basin on Mount Sakurajima 

the Saido River basin (a)， and the proportion ofthe gully erosion 

area in the basin area of the Saido River basin based on the field 

survey and interpretation of aerial photographs (b). The propor-

tion of gully erosion area in the basin area reached about 25 % 

in 1978， but reached about 50 % in 2000. The rate of temporal 

changes in gully erosion area is in agreement with the rate of 

temporal changes of cumulative annual amount of volcanic ash 

fall. 

Fig. 7 shows the temporal changes in average annual rainfall 

(a)， average annual amount ofvolcanic ash fall (b)， average an-

nual sediment yield from gully erosion (c)， average specific an同

nual sediment yield from gully erosion (d)， and average annual 

sediment yield from gully erosion divided by average annual 

rainfall (e). The average annual rainfall collected by the 

Kagoshima Regional meteorological observatory showed values 

ranging between about 2，000 mm and 2，500 mm. Due to the eι 

fect of a short閏termebb and flow of volcanic activity， the aver同

age annual amount of volcanic ash fall between 1978 and 1991 

calculated using a dis甘ibutionch訂tof the gully erosion scar in 

a square (Fig. 4). The sediment yield仕omthe squ訂ewas calclト

lated by adding the sediment yield of each unit between two 

gully cross sections of 5 m intervals facing each other along the 

gully and converted into the specific sediment yield. The total-

ing of each unit volume along all the gullies provides the total 

amount of sediment yield仕omgully erosion in白eSaido River 

3. Gully erosion process and the temporal change 

of sediment yield from gully erosion in the Saido 

River basin in Mount Sakurajima 

basin 

Fig. 5 shows distribution charts of gully erosion scars pro-

duced by the interpretation of aerial photographs taken in 1978， 

1980， 1984， 1991， 1996， and 2000 at the Saido River basin. 

Gullies which are more than 3 m in width were extensively dis同

甘ibutedon the slopes covered wi白 volcanicash fall. The den-

sity and scale of the gullies which were more仕lan3 m in wide 

became considerably larger over time. 

一一一一一一一一一一一一一一一…
1
1

…一一一一一一一一一一一一一一一一一一一喝さ

・ア:ヤ
EEl--

一一li--γi:~EEl--↑
Ell-
↑
m
a
a
-
[

--y

…
一

.
-
J
J
I
l
i
-
-
-
J
a
l
l
-
…E・
I
-
J
i
l
-
-
↓

'

:

!

'

↑

EEl---lliri--
…:;lEEli--一
向
島
凶
四回

-

V

i

l

I

l

l

i

-

-

;

:

ん

li--↑
EEl--↑
il--↑
C
岱
岱
同

一J・
一
:
…

E
i
-
-
-
y
i
r
i
-
-
…li
r
i
-
-
…li
l
-

戸

一

一

戸

一

一

一

一

/

j

j

十目

lir--:~Ell-~:
・!ム
Ell-Efm伺
岱
同

一

/

/

一

一

一

/

一

~

一

一

/
.
E
E
-
-
↓:::一一
:
l
v
d
i
l
-
-
一li--Jil--
一守ま同

--E'EE'了目目-・・
7
・・・・・品

-UT--E?・・・目目目
?EEa--ET

…

r

'

・
l
i
l
i
-
-十
li--

一
1
1

ん

l
l
i
r
i
-
-
↑
c
ま同

や
…
…

r
ω

一
一
…
…
一

I
L
-
-卜
L
ー
し
|
虻
llL∞
ト

2

0

0

0

0

0

5

0

 

0

0

0

5

4

4

3

3

2

2

 

3

2

1

 

(
福
¥
闘
訓
)
国

a
a
m
e
(ま
)
S話
E
a
S
ω
a
E
2
g
e

ω冒

gf。k
F
M
。
富
由
。
富
岡

H
E
m
g
ω
h園
田
国
刷
。
図
。
吉
。
色
宮
内
問

吉
田
岡
田
剛
健
@
品
百
吉
田
昌
一
)

400 

C
O
O
N
 Year 

Temporal changes in cumulative annual amount of volcanic ash fall measured at 30 m above sea level in the Saido River basin 

(a)， and the proportion of gully erosion area in the basin area of the Saido River basin based on field sぽveys姐 dinterpreta討on
of aerial photographs (b). 
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showed the same tendency as the change in average annual 

amount of volcanic ash fall. The average annual sediment yield， 

average specific annual sediment yield from伊 llyerosion， and 

average annual sediment yi巴Idfrom gully erosion divided by av-

erage annual rainfall reached a peak betwe巴n1984如 d1991， 

and then dec1ined with the temporal decrease in the amount of 

volcanic ash fall. The average annual sediment yield and aver-

age specific mmual sediment yield between 1984 and 1991 were 

Temporal changes in av巴ragea!IDual rainfall (a)， average a!IDual amount ofvolcanic ash fall (b)， average annual s巴:dimentyie1d 

from伊llyerosion (c)， average specific annual sediment yield from gully erosion (d)， and average annual sediment yield from 

伊lIyerosion divided by average annual rainfall (e). 
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showed values ranging between about 10 kg/m' and 20 kダm'.

The average annual amount of volcanic ash fall between 1984 

and 1991 showed the largest a!IDual value for the period of 1978 

to 2000， and subsequently dec1ined with the reduction of vol-

canic activity of Mount Sakur司~ima. The changes of average組-

nual sediment yield from gulIy erosion， average specific annual 

sediment yield 企omgulIy erosion， and average mmual sediment 

yield仕omgully erosion divided by average annual rainfall 
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about 61，500 m' and about 43，000 m'fkm'， the largest annual 

value for the period of 1978 to 2000. Teramoωet a1. (2005a， 

2005b) demons闘ted白atthe yearly depth of the volcanic ash 

layぽ叩dthe yearly erosion rate during heightened volcanic ac同

tivi旬(between1972 and 1992) were much greater th，如d町也g

lowactivi勿(between1993 and 2003) on the nortl悶司自ankof 

Mount Sakurajima. These results ar官泊harmonywi血theresults 

of the current s旬dy.

Sediment yield from gul1y erosion was assumed to decrease 

with the reduction in volcanic activity of Mount Sakurajima due 

to the washing out of fine volcaniclastic mat剖alsby sheet ero同

sion and gul1y erosion. As a result， an increase in slope rough同

ness wi11 ocαrr， as well as the recovery of infiltr甜onrates， a 

decrease in the紅'eacon凶butingto occurr聞 ceof Hortonian 

overland flow， and a decrease ofHortonian ov'ぽIandflow担金'e-

quency姐 dma伊加de.

Teramoto et a1. (2006) conducted a field exp出menton a bare 

land slope by artificially adding a spreading of volcanic ash fall 

on Mount Sakurajima.百leirresults showed that the ash-

∞vering caused a decrease泊rainfa1110ssand Manning's∞ef-
ficient of roughness， and an加，crease泊thearea con剖bu伽gto 

the ocαrrrence of Hortonian overland flow， surface runoff，叩d

sediment discharge. Additiona11y， the rainfa11 loss and 

Manning's coefficient of roughness increased over t泊施也rough

erosion ofthe surface volcanic ash layer and as a result， the area 

con:凶bu出gto the occurrence of Hortonian overland flow， sur同

face runo民andsediment discharge a1so dωreased. These re-

sults are similar with the results of血ecurrent s卸dy.
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TERAMOTO Yukiyoshi・SHIMOKAWA  Etsuro・nTOUSONOTakashi 

桜島の西道川流域の火山灰被覆斜面における

ガリー侵食による生産土砂量の経年変化

寺本行芳1)・下川悦郎1)・地頭薗隆1)

1 )鹿児島大学農学部生物環境学科 干890-0065 鹿児島市郡元1・21・24

桜島の山腹斜面は，長期にわたる噴火活動の影響を受けて，火山灰に広く，分厚く覆われている。この結果，桜島の山腹

斜面からは侵食によって多量の土砂が生産され，土石流・泥流によって多量の土砂が流出している。本論では，桜島の北側

に位置する西道川流域を対象として，現地調査および空中写真判読の結果に基づき，ガリー侵食過程およびガリー侵食によ

る生産土砂量の経年変化について検討した。さらに，噴火活動の経年変化がガリー侵食による生産土砂量のそれに及ぼす影

響についても検討した。得られた結果は以下の通りである。

(1)西道川流域の火山灰に厚く被覆された斜面では，広範囲にガリーが刻まれていた。ガリーの密度および規模だけでなく，

流域面積に占めるガリー面積の割合も経年的に非常に大きな増加を示した。流域面積に占めるガリ一面積の割合は， 2000 

年時点、で約50%に達した。

(2)ガリ}侵食による年平均での生産土砂量および比生産土砂量，さらに雨量1mmあたりのガリー侵食による年平均での

生産土砂量は， 1984-1991年の期間に最大となり，その後噴火活動の衰退に伴って経年的に減少した。本論で解析対象と

した1978-2000年の期間において，生産土砂量の最大値を示した1984-1991年の期間のガリー侵食による年平均での生産

土砂量および比生産土砂量は，それぞれ約61，500mヘ約43，000m3/km 2であった。

キーワード:桜島，西道川流域，噴火活動，ガリー侵食過程，ガリー侵食による生産土砂量


