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Stand condition of the private forest
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Table 5. 5t H W OO OB M % B M

|
o e N ~3
Devastated land area before this disaster >
_ pe—— S EGAIn e & BRI ~TE ® &
oK hietrict Benuded forest land (ha) Becoming | Danger zone Infcr ile & & | Devastation
District area (ha) LEE B W Hd o bare land | of landslide | forest land Ta?a} (ha) percentage
- Slided land Bald land [Creeping land (ha) (ha} (ha) (%)
L 5 5,169 Q, 66 7,29 G o ¢ 864, 00 871,95 16,9
MAT;}LSHIMA 40 b e v Y - s
L] HP\@EE}G 1,8%5 0, 46 O s a G, 50 215,96 1i, 4
RS
YLG%EA;EE 1,763 1,87 6.07 e 6.00 0. 50 210,60 224, 44 12,7
E%R/XEAKF 2,540 0,93 1.91 G G C 233,00 235, 84 2.3
1 C;LVWQT{’S 3,229 O O G ¢ 6] 69, 00 &9, 00 2.1
& # Total 14,596 3,92 15,27 G 6. 00 1, 00 1,591, 00 1,617.19 11
Table 6. ¢ % M © F E R W
Devastation of the investigated avea s
S = o )
3, il H B H ®OW OE OB it v ()iuﬁxgﬂégﬁn%& =
H X W atershefl Landslide Devaqtated stream Total and stone flow 4
District T T I - -
A 4 (& Ao - SN e ~ ; " 3 ® 10%
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Surface cover condition and landslide

]

H o ST ga o A fzﬂéa Landslide
Occupie R T
Surface cover Sl o i a/
area (ha) Number (N/100 ha) A red (ha) (ha/ND
L% Rk , - R .
Rroad leaved forest 1,739, 08 [S126) 47 27,50 1.6 0,03
:ll;'t ¥ OB W 3 25 3 i 48 5 ‘
Coniferous forest 328,25 148 46 1, 87 1.5 0,03
% O8] o 4 Gk ; o 4 ; .
Cut-over area 14, 66 & 41 g, 74 S.1 0,12
RO OE % 5 :
Fruit trees and othcr& 490,59 <8 5 0. 96 0.1 0.02
4 Bt Total 2,567, 38 995 39 33, 67 1.3 0.03
Table 8, % # & B o8 R W
Forest age and landslide
" - &R it #8 #1 #  Landslide
e Cecupied Y R o
Forest age area (ha) Nrum g)ér (N/100ha) (% (ha/ND)
1~ 10 696,12 411 59 14,39 2.1 0, 04
11~ 20 1,336, 03 548 41 17,92 1.3 0.03
21 ~ 40 29, 43 2 7 0, 06 0.2 0,03
41< 0.75 0 o o 0 0
& B Total 2,062, 33 961 47 32,37 1.6 0.03
Table 8. M 8 = oK 0 50 B 8Ok 3
Ground condition and landshae by forest age
0 a5 ® " ;;giup;(:? s Hf TJ‘JJ i1 Landslide
Ground Forest age [ o o oz
- ) /N
area (ha) NL mbu” (N C,)hd) Atea (ha) (% (ha/N>
1~ 10 478,74 228 48 7.71 1.6 0. 03
11~ 12 1,045,785 448 43 14,89 1.4 0,08
- 21~ 40 26,01 i 4 0,03 0.1 0.03
Inface 41< 0.75 0 0 0 0 0
# Total 1,551, 25 677 44 22,63 1.5 0.03
1 ~ 10 217,38 83 84 6. 68 3.1 0,04
11~ 20 290, 28 100 34 3,03 1,0 0.03
i e ; o a5 e .
o D21~ 40 2,42 | 29 0.03 0.9 0,03
Backslope 41< o 0 0 0 o o
# Total 511,08 284 56 9,74 1.9 0.03
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Table 10. ¥ # ¥ 3 © 7 B R &
Devastation of the investigated watershed
v m | wgms | W M @woom | R R it
\A&T‘gte% %Zﬁi:; d Lancl‘slid-e - 7Di‘t’;§§g§d 777777 ’iota} and stone flow
shed "' =0 % Lo |1 )E;.x Ta | H O 5 HOR . % 102 v
Moo Thay  wumber G, A | @ AR @ MR @ my) | ik
, 1 a)| (ha) | (ha) (ha)

1 64. 34 15 23| 0.52 0.8 147 23 200 31| 191 279

2 69, 98 0.15 0,2 0,91 1.3 1.06 1.5 Q 0
3 66, 55 12 18 0.18 0.3 9,28 18.9 9. 46 14,1 240 361

4 34,92 26 0.23 0.7 5,40 15,5 5,63 16,1 200 573
5 43,72 3 0.03 0,1 3,26 7.5 3,29 7 73 167
6 36,12 7 19 0.16 0.4 1,96 5.4 2.12 5.9 170 471

7 100,19 30 30 1.72 1.7 15.18 15,2 16,90 16,9 1,424 1,421

8 123.15 34 28 2,37 1.9 12,74 10, 4 15,11 12,3 319 259

9 148,77 54 3é 2.1 1.4 9.63 6,5 11.73 7.9 200 134
10 38. 61 24 62 0. 90 2,3 2,74 7.1 3, 64 9.4 593 1,795
11 68,70 42 61 1,85 2.7 9.13 10, 98 16,0 190 277
12 45, 6Q 33 72 0.97 2.1 5,67 6. 64 14, ¢ 140 307
13 50, 54 37 73 0.9%0 1.8 6,58 7. 48 14,8 165 327
14 30, 62 11 36 0,20 0,7 3.54 11.6 3,74 12,2 377 1,231
15 35.79 16 45 0,350 1.4 6,13 17,1 6. 63 18,5 7 221
16 64,74 31 48 1,59 2.5 10.76 16,6 12,38 19,1 426 A58
17 33,37 26 78 1.08 3 3.19 9.6 4, 24 12,7 237 710
18 184, 33 107 58 2,95 1.6 20.07 10,9 12,5 240 130
19 44,21 10 23 0.26 0.6 3. 96 9.0 9.6 112 253
20 71,03 22 31 0,52 0.7 4, 66 6.6 . 7,3 131 184
21 109, 88 90 52 3. 62 3.3 8,25 7.5 11,87 10, 8 704 641
22 36, 84 30 81 1. 06 2,9 4, 30 17.% 7,36 20,0 298 809
23 85,31 65 76 2. 64 3.1 7.38 8,7 10,02 11,8 432 506
24 178, 10 21 12 0.4 0.3 22,22 12,5 22,67 12.7 136 76
25 74,26 i 26 0. 41 0.6 6, 27 4 8. 68 0] 0 0
26 43, 44 14 32 0. 29 0.7 3. 49 8,0 3.78 8.7 0 0
27 61,71 28 45 0. 49 0.8 5,35 8.7 5. 84 9.5 60 97
28 209,52 49 2 1.32 0,61 2592 12,4 27, 24 13.0 338 161
29 27,34 9 33 0.19 0.7 2,48 9,0 2. 64 9.7 39 143
30 27. 80 11 40 0,22 0.8 1. 24 4,5 1, 46 5.3 0 ¢
31 21.93 13 59 0. 43 2.0 1.53 7.0 1,96 8.9 103 170
32 27,50 17 62 0, 57 Z.1 4, 30 15,6 4,87 17,7 197 716
33 29,21 8 27 0,14 0,8 3.18 16,7 3.2 1.2 61 209
34 28,75 12 42 0, 54 1.9 2.02 7.0 2. 56 8.9 101 351
35 61,45 21 34 0,51 0.8 4,472 7.2 4,93 8.0 100 163
36 189. 36 60 32 1.64 0,9 18,81 9.8 20, 15 10,6 524 277

1
gi‘otj} 2,567, 38 995 391 33,670 1.31259.04 | 10,1 292,71 | 11,4 8,700 339
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Topographical and surface cover condition of the investigated watershed
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Studies on Mountain Devastation by Heavy Rain in July 1972

on Amakuss District

Toshio Savizo® and Yoshiharu Kbwo®

Summary

A disaster with mountain devastation caused by heavy rain tock place on Amakusa Kami-~
shima in Kumamoto prefecture at the end of the rainy season in July 1972, Dead and missing
persons amounted to 115 persons, 464 houses were razed, 269 houses were half destroyed, and
washed and buried cultivated area was 582 ha in this district. There was heavy rainfall
amounting to 432 mm, maximum rainfall per hour 130 mm in Amakusa Kamishima district
on 6 July. Under this extraordinary rainfall, the district suffered severely by mud and stone
flows due to many landslides occurring in the mountain range.

The writers made investigation into landslides and mud and stone flows as related to the
topography, soil and vegetation. From this investigation, the following points were made clear.

(1) Maximum rainfall of the day at Ryugatake at the center of the devastated area was
284 mm. This rainfall was calculated as the precipitation on probability of exces, comprised
of about 80 years cycle rain; hence, this rainfall was unusual in the Amakusa district.

(2) Strata of the investigated area inclined to north-west, Hast-south slope is steep and
short, north-west slope is gentle and long. This area shows what is called Cuesta terrain.

(3) ‘Talus cones and alluvial cones developed at the piedmont of undip-formed slope, but
not much developed at the pledmont of dip-formed slope. Heavy damage occurred on the talus
cones and alluvial cones,

(4) As to geology, many landslides that caused mud and stone flows occurred on the
boundary of Akazaki layer and Shiratake sandstone layer, and on that of Tertiary sills and
Kyoragi layer.

(5) 'The number of landslides was investigated direction-wise: it was 19.3% on south-
west slope, 18.0% on south slope, 15. 2% on south-east slope and 13.5% on east slope, It seems
to he related to the condition of heavy rainfall. About 80 per cent of landslides was the size
of 0,01~0,05 ha.

(6) It was found that the distribution of landslides area shows Polsson distribution, but
the difference of this distribution on each ground was not found,

(7)) Tt was found that the distribution of Inclination angle of mountain slope and slided
land showed normal distribution, and that each distribution differed between Inface and Back~
slope. On each ground, mean inclination angle of glided land was larger than that of mountain
slope,

(8) As to landslides, differences were recognized by classes of forest age. The area and
the number of landslides per unit area on young stand land where forest age is 1~10 years
were larger than that on thrifty stand land where forest age is over 11 years.

(89) In each watershed on the investigated district, the effect of two main independent

Received Beptember 2, 1975
{1} {20 Kyushu Branch Station, Government Forest Experiment Station, Kumamoto, Japan.
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variables influencing the ratio of landslides area are given in the following regression equa~-
tion:

where Y ratio of landslides area (%), Xi: drainage density (m/ha), Xyt ratio of occupied
area where forest age is over 11 years (%).

On the other hand, the effect of two main independent variables influencing the ratio of
devastated stream area are given in the following regression equation:

YV =16, 428 40, 076 X1 — 12, TO5X g vvererrverrsnrasrnersorirmonninsinnininanees (2)

where ¥ ratio of devastated stream area (%), Xt drainage density (m/ha), Xy compact-
ness.

And the effect of main variable influencing the rate of mud and stone flows are given in
the following regression equation:

VB2 BET 0, O1BX +evvennerrerrnaereaonenrerecenen e e aaie e e (3)

where Y deposit volume by mud and stone flows (m3ha), X: drainage density (m/ha),

(10)  As to restoration and prevention of landslides, it is effective to cover bare land with
vegetation by hillside works, and to plant the trees having different root in depth.

(11) To prevent the soil loss from devastated lands, check dams, retaining walls and bed
sill works are effective, These works must be systematically treated considering the vally
section and river slope.

(12) Against mud and stone flow, we must not only construct soil-saving dam at the safe
site, but also prevent the soil loss from upstream. Moreover, it is wise to turn the course of
mud and stone flow by obstructions and to retain large rocks in mud and stone flow by for-
ests.
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Condition of devastated mountain range. Eroded wild stream. (RYUGATAKE T.)

Photo, 3 P BERR AR I Photo. 4
Deposit condition of mud and stone flow, (R /r EB 1T
(HIMEDO T) Soil loss was retained by check dam.

(RYUGATAKE T)

Traces of mud and stone flow,
(KURATAKE T.) Houses were destroyed and buried by mud
and stone flows. (HIMEDRO T.)



