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Studies on Mountain Devastation Caused
by Typhoon No. 7617 on So6ja River
Basin in Ehime Prefecture

Tomomichi FUSHIMI, Shigeru OGAWA,
Mikio ONIKI and Takao IMANISHI

Summary : The various places were strucked by the typhoon No. 7617, and then the damage was the
severest on record in Ehime prefecture. In order to clarify the actual circumstance of the mountain devas-
tation, we investigated the Soja River Basin where the forest landslides occurred concentrically in Ehime
prefecture. We report the results of this investigation and discuss in this paper.

The investigated region was divided into five districts as follows, I, II, III, IV and V (Table 1), and each
district consists of the weathered granite. The investigation was practised by the field survey, the aero-
phtographs taken on November 1976 and April 1973, and the topographical maps on a scale of one to five
thousand.

1. Based on the field survey, the volume of slided sediment was obtained from Eq. (1),

Y = 0.3715 X127¢ (m?), (F = (.9086) +++rreerrrreressrrerssrnesssuesssinseniueesssnsesenenes 1)

where X is the area (m?) of a slided land, r is the correlation coefficient. The slided sediment calculated

from Eq. (1) was 540,000 cubic meters on mountainous forest land, and was 230.000 cubic meters on

arboricultural garden in mountainous region.

2. The maximum rainfall per hour was 48 mm. The continuous rainfall amounted to more than 500 mm
by the occurrence of landslide, and the value exceeded the critical rainfall against occurring 'devastation,
though the critical values based on the recorded examples.

3. Maps of the distribution of devastation in the investigated region were compiled by interpreting the
aerophotographs, and the density of landslides was quantitatively analysed. In whole region, the ratio
of the landslide was 0.8 per cent in area. The devastation was concentrated on the mountainous forest
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land of the Harada River Basin (II), and the ratio of landslide exceeded 2 per cent in area.

4. A lot of arboricultural gardens have been exploited at the foot of mountain region in the district V,
and the largest devastated ratio of them exceeded 10 per cent of garden area.

5. Many landslides occurred from the middle part of hillside slope. The landslide occurred on some
direction indicating the main slope of each basin, and there was not a certain direction occurring a high
ratio of landslide.

6. At every gradient of forest land, the numerical distribution of the landslide corresponded nearly to the
area distribution of the landslide. The ratio of occurrence of landslide was the largest value on hillside
with mean inclination angle of 27°. The landslide occurred concentrically on hillside with inclination
angle of 17 ~ 22° in the Ogo River Basin (I).

7. In each district except the district V, the drainage density of hillside corresponded with the devasta-
tion ratio.

8. The landslid area of an arboricultural garden was larger than that of a landslide on mountainous forest
land in the investigated region.

9. The overbalanced deposit on the stream bed was transfered to the down stream, and became the
magnifying factor of the devastation.

10. In such a case as exploitation of arboricultural garden on hillside where the slopes slide easily by the
reason of deeply weathered granite, the positive preventive method must be taken to the occurrence of
landslide.
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Table 1 Distribution of inclination angle on mountain slope in each

district of the investigated region

Gentle slope Middle Steep slope
_ (22" >) (22°~35°) (35° <)

I.  Ogo River Basin 34.51% 64.26% 1.23%

II. Harada River
Basin 28.50 66.39 5.11

III. Ssja River Basin (upper stream from dam Tamagawa)
upper stream 2.65 46.39 50.96
mid-stream 6.43 62.20 31.31
down stream 29.74 59.04 11.22
total 12.32 56.06 31.62

IV. Kiji River Basin
upper stream 2.86 50.06 45.98
mid-stream 8.62 73.28 18.10
down stream 12.16 69.79 18.05
total 8.01 65.81 26.18

V. S&ja River Basin (down stream from dam Tamagawa)
right bank 35.85 57.33 6.82
left bank 44.66 52.08 3.26
total 39.61 55.10 5.29
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mountain slope in each district
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Table 2 Form characteristics of the investigated

basin

Catchment area (A)
Circumference of basin (P)
Length of main rever (L)
Meanwidth of basin (B)
Form factor of basin (B/L)
Maximum side of basin (L,)
Mean width of basin (B, = A/L,)
Form factor of basin (B,/L,)
Circularity ratio (4xA/P?)
Slenderness ratio (2 A7 x/L)
Drainage density (km/km?)

108.42 km?
52.50 km
21.98 km
4.93 km
0.22
16.55 km
6.55 km
0.40
0.49
0.71
6.50

Maximum daily
precipitation (mm)

Fig. 3 Isohyetal map (September 8. AM

9~Sep.13. AM 9, 1976)
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Table 3 The annual precipitation and the critical rainfall against occurring mountain

devastation
Annual Critical rainfall at time occurred devastation
Precipi- N B X
tation | per hour | continuous Maximum continuous rainfall

Y(mm) X(mm) X’(mm) rainfall per hour (September 8~11)
Matsuyama city 1259 39.9mm 243.5mm 26 mm 298 mm
Ehime University
Forest in Komeno cho 1964 68.1 304.9 41 372
Matsuyama city
Kiji Tamagawa cho 1893 65.3 298.7 48 495
Nibukawa 1631 54.8 275.9 30 580
Imabari city 1429 46.7 258.0 23~28 416
Saijo city 1424 46.5 257.5 34 558
Tomisato (Makanji) 2052 71.7 312.5 54 632




Table 4 Correlation coefficient among results of field survey

| Devastated Slided Slided Residual Inclination Bearing
area sediment depth sediment angle azimuth
Devastated area 1 0.90855 0.74509 0.54622 —0.24276 0.22775
Slided sediment 0.90855 1 0.78572 0.81468 —0.26071 0.32613
Slided depth 0.74509 0.78572 1 0.47695 —0.19708 0.14818
Residual sediment 0.54622 0.81468 0.47695 1 —0.08003 0.33504
Inclination angle —0.24276 —0.26071 | —0.19708 | —0.08003 1 0.15015
Bearing azimuth 0.22775 0.32613 0.14818 0.33504 0.15015 1
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Table 5 The investigated result of mountain devastation caused by the typhoon 7617.

Landslide Devastation ratio VOlf}gléé of
slide
Number Area A/N N/ha per cent sediment
(A) ha ha in area m?
Investigated area (10817ha)
Mountainous forest land
(1) hillside
present 2002 44.017 0.022 0.185 0.407 361358.8
expanded 204 8.616 0.042 0.019 0.080 75237.5
total 2206 52.633 0.024 0.204 0.487 436596.3
(2) along road
present 202 8.867 0.044 0.019 0.082 75555.5
expanded 22 2.789 0.127 0.002 0.026 26578.3
total 224 11.656 0.052 0.021 0.108 102133.8
1)+(2)
present 2204 52.884 0.023 0.203 0.488 436914.3
expanded 226 11.405 0.050 0.020 0.001 101815.8
total 2430 64.289 0.026 0.224 0.594 538730.1
Arboricultural garden on hillside
present 157 19.876 0.126 0.014 0.183 221295.8
expanded 5 0.182 0.036 0.0005 0.002 1479.4
total 162 20.058 0.123 0.014 0.185 231462.3
Sum total 2592 84.347 0.032 0.240 0.780 770192.4
The devastation yet remained before this.
hillside 910 29.125 0.032 0.084 0.269
along road 69 4.022 0.058 0.084 0.037
arboricultural garden 9 0.247 0.027 0.001 0.002
total 988 33.394 0.034 0.091 0.309
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Table 6 Devastation of mountain forest land in each district

Landslide Devastation ratio Volume of
District slided
(watershed) Area Number Area A/N N/ha Per cent sediment
| (A) in area
ha (N) ha ha % m®
I. Ogo Rive Basin
i 649 324 7.992 0.025 0.499 1.23 67375
II. Harada River Basin
372 298 7.812 0.026 0.801 2.10 64279
III. Soja River Basin (upper stream from dam Tamagawa)
1 983 271 10.157 0.037 0.276 1.033 78509
2+3 1102 105 4.133 0.039 0.095 0.375 44613
445 908 248 6.205 0.025 0.273 0.683 50135
total 2993 624 20.495 0.033 0.208 0.685 173257
IV. Kiji River Basin '
1 735 331 7.829 0.024 0.450 1.065 65842
2+3 1149 221 5.852 0.026 0.192 0.509 52939
4+5 748 121 4.232 0.035 0.162 0.566 36131
total 2632 " 673 17.913 0.027 0.256 0.681 154913
V. Sb6ja River Basin (down stream from dam Tamagawa)
1+2+3+4 2393 218 4.539 0.021 0.091 0.190 35690
5+6+7 1778 293 5.538 0.019 0.165 0.311 43214
total 4171 511 10.077 0.020 0.123 0.242 78?04
Sum total 10817 2430 64.289 0.026 0.225 0.594 538728
Table 7 Deva$tation of arboricultural garden in each district
Garden area Landslide in garden Devastation Volume
L ratio of
District slided
ha in Dis- | Number Area A/N in Dis- in sediment
trict (N) (A) trict Garden
% ha % % m?
I. Ogo River Basin
9.495 1.46 26 0.789 0.030 0.121 8.31 7003.3
II. Harada River Basin ‘
0.422 ' 0.11 1 0.170 0.170 0.045 40.28 1629.0
III. S0ja River Basin
5 I 0.691 | 0.15 2 0.006 0.003 0.001 0.86 37.6
IV. Kiji River Basin
4 l 0.891 | 0.50 1 0.003 0.003 | 0.001 0.34 17.2
V. Sb6ja River Basin (down stream from dam Tamagawa)
1 67.954 8.26 25 8.066 0.323 0.980 11.87 91422.6
5 23.672 3.70 40 1.934 0.048 0.302 8.17 19522.8
6 29.014 4.73 38 3.924 0.103 0.639 13.53 44753.1
7 92.992 17.71 29 5.166 0.178 0.984 5.56 67076.8
total 213.632 8.21' 132 19.090 0.144 0.733 8.93 222775.3
Sum total 225.131 2.08 162 20.058 0.123 0.185 8.90 231462.4
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Table 8 Drainage density of each district

Number of small Length of Devastation
District channels larger channels ratio
than one
(N) (N/km?) km) (km/km?) %
I.  Ogo river basin 245 40.77 54.02 8.66 1.23
II. Harada river basin 148 42.41 31.93 9.15 2.10
III. Stja river basin 487 17.00 146.83 5.13 0.68

(upper stream from
dam Tamagawa)

IV. Kiji river basin 477 18.21 143.60 5.48 0.68

V. Sojariver basin
(down stream from
dam Tamagawa)

Right bank 578 22.03 176.75 6.74 0.19
Left bank 548 30.65 15q.42 8.41 0.31
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