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A study on the estimation of density of hillside collapses by the way of
statistical analysis on rainfall and topography factors in Shiiba Village,
Miyazaki Prefecture

Y oshinobu TANIGUCHI
Department of Forest Science

Summary : There are many steep slopes in Shiiiba Village and typhoons hit often there. As the result of that,
the numbers of 257 slope failures have occurred between 1966 and 2002 in Shiiba Village. It shows 2.7 times
as much as the average of numbers of slope failures of Miyazaki Prefecture. There is a significant correlation
between the density of hillside collapses and the factors of rainfall and topography for slope failures in Shiiba
Village. The coefficient of determination of rainfall factors to slope failures is 99.9 %. It means that the
coefficient of determination has an affect on slope falure greatly. Estimating densities of hillside collapses
with the equation which was derived from the statistical analysis of data of the rainfals of Shiiiba Village,
the calculated values of districts of Matuo ad Iwayado in Shiiba Village became 0.185 spots per unit area (1
km? . On the other hand, both of observed values of these districts were 0.256, 0.137 spots per unit area (1
km®) respectively. The calculated values stated above correspond comparatively well to the observed values.

Key words: Prediction of hillside collapse, Density of hillside collapse, Hillside collapse, Slope gradient,
Daily maximum rainfall
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Fig. 2 Distribution curve of slope gradient of Shiiba Village.



HESERS 0> |11 Hh A 58 A= 1301 77

{MEHEIER

S FE) 7 L BT T

T | Wk RTE
[ PO 4 < A
gr A W5 RERE L
feurinog
sf
sa
> V975 -+ S A
sg
se o B HE
sid W
sc 225
sb TR T R
J L= TR EUE - AV - B
- - SR Fr—h
= IR
[— LR - KA
PT AR« THCE - Wb -

3 HEEERHUE
Fig. 3 A geological map of Shiiba Village.
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Table 1 Hillside collapses caused by rainfalls in Shiiba Village (1966-2002)

SN K H T FAEEEL . .
$ JTH R H Ml (nm)  WEmm  WE@m @

1966 5.19~5.20 HE R AT 28 53 1 A

1969 6 H~7H MR AR 153 691 1 B
7TH~8H FE 0 0 3
1970 8.13~8.14 A9 = 275 346 2
1971 8.2~8.6 195 547 1127 53
8.27~8.30 = m23 5 318 527 23
1972 7.18~17.26 BIE7 « 9% 238 832 2

1974 8.17~8.18 145 116 199 7 C
9.5~9.8 185 209 227 1

1975 6.4~6.7 ik R AR 66 100 3 D

1976 6.22~6.26 HiE R ATTAR 98 204 1 E
9.7~9.13 BT 218 468 3

1977 6.15~6.18 M R AR 149 236 4 F
8.24 B 75 90 91 2
1980 9.10~9.11 135 175 304 14

1982 7.10~17.20 MERI AR 355 567 7 G
7.23~17.25 HE R AR 214 280 11
8.25~8.27 = RE= 339 420 5

1984 6.26~6.30 MERT AR 182 277 1 H
8.25~8.27 ) 274 291 5

1985 6.18~6.28 HiERR AR 112 426 1 I
8.30~8.31 B35 126 144 1

1986 6.25~6.30 MRS AR 88 165 1 J

1987 7.15~7.20 BE5 5« KN 33 119 460 6 K
1988 5.3~5.4 PRI 27 179 242 4
7.18~17.29 T I AT 41 116 375 4
1989 7.27~7.28 =Y AR 38 266 429 14

1990 6.28~7.2 MR AR 30 145 487 2 L
9.16~9.19 =195 39 163 254 2

1991 8.5~8.6 KRE 35 105 105 2 M
8.19~8.23 125 36 235 433 2

1992 8.7~8.8 105 33 243 286 3 N

1993 7.16~17.18 ik RR AR 21 149 225 2 0
7.26~7.28 B 5 5 48 189 331 2
8.9~8.10 A7 41 303 432 16
9.2~9.4 = RES 60 320 385 11

1994 8.11~8.14 A 145 20 102 205 2 P

1995 9.22~9.24 B 145 22 75 146 1 Q
1996 4.30~5.1 T AT 7 52 52 1
6.11~6.13 HE R AT 16 56 76 2
7.18~17.19 B 6 5 36 271 310 4

1997 8.15~8.19 =135 25 125 179 4 R
9.14~9.16 195 36 318 587 15

1999 8.5~8.7 HE 8 5 22 221 392 1 -
9.22~9.24 BI85 31 150 277 1

2000 9.12~9.16 Hm145 34 212 440 1 —

2001 6.19~6.20 HERT AR 20 127 232 1 —
9.13~9.14 HI165 22 37 58 1

2002 8.28~8.31 A 155 35 320 592 3 —
o F 259

2004 8.30 HE165 60 369 816 24 —
9.7 =R 40 241 851 5

2005 9.4~9.6 BE145 42 459 862

o
S
|




HESERS oD 1L A B 5 A 79

y=0.052661x—4.66961

60

50
Hﬁ40'
gaa
@20- .
10 *
0! ot

100 200

*

400 500 600 700

HBABHE (mm)

4 HEBEANICIS T D AEEE & ik H VRO BIfR

Fig. 4 Relation between number of hillside collapses and daily maximum rainfalls.
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Fig. 5 A location map of areas where disaster pre-
vention works were done in the group B.
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Table 2 Data of slope gradients, daily maximum
rainfalls, number of hillside collapses.

ViR REAR RKEWE OB EEE

T kmt (%) (mm) (@) (A ha)
A 0.34 36 28 1 0.029
B 8.87 38 547 84 0.095
C 1.08 41 209 8 0.074
D 0.57 39 66 3 0.053
E 1.88 39 218 4 0.021
F 11.71 35 149 20 0.017
G 2.11 38 355 23 0.109
H 5.95 37 274 6 0.010
I 1.27 37 126 2 0.016
J 3.09 39 88 1 0.003
K 6.9 37 266 28 0.041
L 0.56 37 163 4 0.071
M 3.96 34 235 4 0.010
N 5.15 38 243 3 0.006
(0] 0.83 45 320 31 0.373
P 1.67 38 102 2 0.012
Q 1.27 38 271 8 0.063
R 2.16 40 318 19 0.088

2k 59.37 251 0.042

153 mm, 547 mm, 318 mm, 275 mm, 238 mm
OSFEENRDH Y, FEW & FREEE O —xt— X%k & D
J Lo & LYE, SMEDRELSI SR Ltk
KA MEIEZAT mmiTIER 5720 &) BER A&
T5. 2oL RMEAITH L, T 2 TIEHE
T 2T O 20, FRD L 517 Vv —T DY %A
Bla AR ARL, £ 1 DI NV—TDOHOKREH KE
WEREZZDO I NV—TDORKHANE (/v —7B
TIE547mm) &L, ZHha® s — 7 DR
OFEBMEEIESIEDL LD LT 5.

mE, K2 OMBEREGEEER 1 ORBEEAFHT
ETOMENH DD, ARD L 92T 08T -
XD LAENHLOERW 2O THS. HAIZT N—
T RAIRO RSB 2 R D L 0.042f8/hat 72 5.
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<§ﬁﬂéﬂé &, PRIREAE Y 72 0 O ARSI T
FEREIC LS NA Z EZH LML TEY (R

B, 1965), KATIZAHE O HE )RR 0
BORER AN 2 AV TAAEEER Lot N & D BfR &
KDHTWD (KA, 1976). HFRIXTRLX—5
ML D LSRR O Tl 23 A T D (Bie,
1977) . F 72 A O ITBBHMEZ & Tofl 2 O R
Z— BT 7 O—HmEEAT A EICLY
FREEER O A HE ChH D & LTS (RH 5
2001). Z Z TIXBED 5 B ROERZ AW,
B L 70 SR EHIRAT IC K o CTRME R 34T 21T - TH
5.

W R B & AT A B 7S AR SR B T RT3 BRI
WTRRRTT 5729, 2%20)&#@%?0&()\/7@5%.
E R OBERRINT 21T &, KD X D7
BRIV S,
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e AREROREICEAT 5 H5HRE2RD D &,
AT 7399.9 % T, HAEEIZITH K A NEOFEN
RKEWZ ERnbns.

VRN OO B LRI REPA 2 it 5720, FRE LB
ROBRE £ T (2) L 0 AR AR R &% K
HHEImMm/dERD. 7, 1L HHAL
M7 X 90T, FEBRITIE8I mm/dUL Tl W T
FEOE Z > T AHFHIN DD Z L #EEL T,
Z ZTE0~50 mm/d %50 mm/d, LLFiX50
mm (i=1,2,+ - »), B TERT & LT, H/h
ED50 mm/d % FREERA TIREE B2 5. —F
ERJNRENO LRFGHEZRD D720, gL O
KT - & W LTV A F 1 D19664E~20024F %
TOITER ORI KT 2 MR & DIRFTT 5.
W E & L TGumbel-Chow D % AW AUITHE
ERTIIRAD X H I B.

X=192.6F119.13K ++----rrrrrrrrrmrmmmnnuuuueeeccss (4)
Z Z12192.6 mm/d i 19664F LLFE20024F £ T 37
FEHOMEEMNOFRERKARNEOEHETH Y,
119.13 mm/diT# DEEMERZE, kITBHEREK TH
D.

TS EOYIEE B & LiZstE OSA, 4%

IZ100FfE RN EE WD Z &g, X4

mm%%&%kaﬁ%iwmmuﬁé.i
%Eﬁﬁﬁ%kLTMﬂmmﬁké’&ﬁ%%i

TIF 1004 o fe K H =123V 550 mm/d - (84
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A5 AR R SRR & FERR AR SR & D HEige >
OAERA AR ZED TWDH A (KIS, 1990),
Z 2 CIARbE O LRV E 2R T el fgfn S,
THHEE I 72 & LT IRRE THRE S v B ikl
G)DEI RSV HENREEX D, ZHULLET
LRSI D HIUE, B bRV R A AR
5.

tand = (o—p)Cxtang/{(c—p)Cx+p} - (5)
T 2 O IR AR AL, o 1L kLT D%
FE, o lZKOERE, Cx 3HREEE, ¢ 13+
WONEEEMA THDH. WE N LWE RIS
HR72fEE LCo=26g/cm?®, o =1g/cm®, ¢
=357, C* =0.6ZfRATHIIE, 0=19"L72 5.
TR L TR ORI OMRR ORI e ERH Y,
FoERE TR ERIK TR NS Z &
D7 NTHA I DD, AERARRARIE19°
FORELLBRDLIONB—ETHD. LIcn>TZZ
TR AR A TR AR & L CTik20° 2 A,
AREE ORISR AL E LT 2l BlconW T
25, —HE2 TCIHEAEARORKMEIZ TH
L%, ZHEI00mA v v 2 L TEX - EED
TN —T OWHERE T, FEEEIZIF AR5 (51°
~55°) OFEH 1 %L N TlEd D BFET LD
T, ZZ CIIHKRMESS £ T2 A OB G
HET5.

B LRI O Wt D L BREFH 4 K9 1004 3 e K
HRNE?O50mmé LT, 50 mmEA & TniE
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z;=1.233X 10 * X501 +2.602X 10 ? X
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AR T 2 EIFATH Y, ZTRENOAELOR

i, BlxiEj=1 (A0 ~20" O L L7
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A% LT b Ema I R TE 5208 9 0
b0, ZZTiERe) ojiz, Flxidl
FE8 EMRATNE, ZnREOEEENEN
DOFREARE S DIEEE 2R T D LT D, L
7o S o TRHI AR AN 207, F721355° DA, &K
HRE2N1X50 mm (=1, 2, -, 11) Tohh
X, Z0&EOHEEMBEEEITRAD X 512/ 5.
7, =1.233X 10 * X501+2.602X 10 *

X (15+5) —0.9571=1.233X10"*

K50 1—0.4367 ++orrrrrrrrrrmmmmnnnnnnnneeeeeens (7)

Zis=1.233X 10 * X501+2.602X 10>

X (15+5 X 8)—0.9571=1.233X10""*

K501 0.4T4Q wwovvrrrrrrreea, (8)
Z 2z, zislTRHEABL2320° 3B L OS5 IR LT
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Table 3 Areal percentage of each slope gradient

group.
AL AT R

Jh=7 200 25[% S30[ S35J% 40J 45[% 50/ 55

(%) (%) (%) (%) (%) (%) (%) (%)
A 0 9 38 20 11 19 27 03
B 4 11 2 38 16 95 13 02
c 0 3 65 205 28 30 11 1
D o 1 8 31 32 23 47 03
E 2 5 15 26 24 20 71 09
F 6 12 15 32 165 147 38 0
G 15 45 12 27 245 225 78 0.2
H 27 83 5 38 25 17 38 0.2
I 27 163 12 315 195 14 32 0.8
J 1 47 113 225 215 24 9 0
K 28 69 148 335 225 152 42 0.
L 08 44 75 363 205 182 33 0
M 6 123 202 35 21 52 01 02
N 2 45 10 285 23 245 7.1 04
O 25 6 115 31 248 203 3.1 0.8
P 3 75 92 20 256 248 97 0.2
Q 06 64 155 275 208 242 5 0
R 06 24 65 215 31 25 121 09

K4 BTN -TOHERREE

Zi= {1.233X10 *X50i+2.602X10 ?X (15+5)
—0.9571} Xe,+ {1.233X10 *x50i
+2.602X10 %X (15+5X2) —0.9571}
Xe,+ + + 4+ {1.233X10 *X50i+2.602

X10 2X (154+5X%X8) —0.9571} Xes ---(10)
A ORAROEE A Re, s, ¢ ¢ ¢ es
ITHIRIC > CTEE D THD. 1/100000D HiHE

% W CHEERIZ 31T 5 7 v — T A~RD AR
CEOHBEAERERDIELONREI THD.
AR D X 5122 Z TIHHRKAREIC DOV TIE50
mmEf TEZHZ LIZTHDT, £1OFTNL—
7D K H %50 mm B Ty 72 BT LS
eI ELEDET 5. FIZILTNV—TBOREK
HINEIZ4TmmTHH D TH0 mmux HW 5.
PLUFRERIZE50 mm BN THE LK 7 V— 7 D
RKHMNEZH W Tz, OEEZ KD, ZIITEK3IT
IR T N —T ORI ABLO S S A R 5 T
ZOMBEEZRDD. B ZOHAEX(10) 0HE
HENAE R DGE X INE0 T 5. BlZES
N—T7BOYE, RRXHWNEIIS50 mm (=11)
ZRAWTY, AELA30° L FIZEHER A LD
DTINEOELTHEDLHITD.

Table 4 The estimated density of hillside collapses of each group by the statistical analysis.

ey IR & omoa A () Zzigre; AN HMIE
FEME/Mha) 20 25 30 35 40 45 50 55 (f#l/ha) (mm)
A z%€; - - = — 0.0098 0.0417 0.0094 0.0014 0.062 50
B z;%€; —  —  —  0.0058  0.0232 0.0262 0.0053 0.0011 0.062 550
c z,%e; - - - - 0.0312 0.0725 0.0409 0.005 0.15 250
D z;%€; - - = — 0.0303 0.0517 0.0167 0.0014 0.1 100
E zi%€; - - = — 0.0268 0.0483 0.0264 0.0045 0.106 250
F z;%€; - - = — 0.0166 0.0339 0.0137 0 0.064 150
G z,%e; - - - - 0.0260 0.0531 0.0286 0.001 0.109 200
H z,%€; - - = — 0.0321 0.044 0.0148 0.001 0.092 400
I %€ - - = — 0.0196 0.0323 0.0115 0.0039 0.0673 150
J z, € - - = - 0.0261 0.054 0.0319 0 0.122 100
K z,%€; - - = — 0.0264 0.0376 0.0158 0.0005 0.0803 300
L z, € - - = — 0.0313 0.043 0.0121 0 0.0864 200
M z;%€; - - = — 0.0234 0.0126 0.0004 0.001 0.0374 250
N %€ - - = — 0.0257 0.0592 0.0264  0.002 0.113 250
0 P - - = — 0.0305 0.0513 0.0119 0.0041 0.0978 350
P %€ - - = — 0.0257 0.0572 0.035 0.001 0.117 150
Q z, € - - = — 0.0244 0.0598 0.0189 0 0.103 300
R Z, ¢ - - - - 0.0381 0.0632 0.0463 0.0046 0.152 350

L]




HESERS oD 1L A B 5 A 83

Zu=zu.Xes+tz1:sXes+ « *« +zisXes
= {1.233X10 * X50X 1142.602X 10" *
X (154+5X4) —0.9571} Xe,+ « -
+ {1.233X10 *X50X1142.602X 10 *
X (154 5 X 8)—0.9571} Xes=0.0740

DXL THE T N—T DEREBRE Z R T
HLOMEKALTHD. wBRIFOZEMIXz, A &
RHLDOTHD. X(10) 12 L D AERE OHEEH
1%, HLETHR2O L D ITAFL LIZiBR3THEM D
BRIk DK 7 — T OF O K HRER X
OAEOFHEATIZ S DO TH Y, BRI
MOITTNAEREEZHATNS.

A (10) 715200549 H 6 H OB E14512 XK - T
AU B, AR IO AEES IOV T
Bt L CTH 5. RE14F O R K H RN &I$459 mm
ThHY, ZHFIX10) Ti=9ITHYT 5. i=9
O%t, A3 LU Clid z,; ITAL R DHDT,
3B U oA ORE N GIERE 2D, EAE S
ARIIEMREN es=2%, es=1%, es=
0.5%, e:=0.1%, es= 0% THDHIMNDL, ZD
L X OHEE R E 2o =0.305 /km* & 72 V),
HEFN es=2%, ;=0.5%, e,=0.3%, e;=
0.1%, es=0% ThHDNOLHTERBEE Z,=
0.185ff/km* & 72 5. AEIOREI4FIZL D EN
TNDOEEEO BB L AR 230.256f8 /km?, =
B A0.137#/km* T, W & b ) RAF 72 %t
JERBELND . ZDZ L IIHEER TR 5
ERAEBEORAEN TSNS Z L 2R LTV,
712, RADODLND X 1T, AT HEE fAEE
BEEOFNEEORBEEE LY HRELoTW
5. ZORRKE UTITpESEEOHEE NN (3) &
ARSI E LTS 2, —BRmMICHRHG L7 Bl
HTlERL, ZA—70%0KKEBEREIZT
LIRS O TWA Z &, HAEEARL AN e
MZDOLODETRNZ LR ENEZLND.
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HEBERNII TR 2 23 2 <, BRUC S REEb
D78, HIARE O fERRMEDRD THEVY. 19664F
2> 520024F F TOMESTEM TR/INEDETHIC
25T DI HIAREE NS = > TV D . Z AU IR IR
EIRONEED2LETH D . BN OFE R X
UL, MEZERT CIIAAEE L L BN - MU ZEIR oD fH]
WZIZIEOFEBE BRSNS T 5 . B R O FAEIC

*9 % FHE-31399.9 % T, UM IR O
HENEFICRE V., REEETNXAEH T
200549 A 6 HOBMI4512 L5 EinE, 2RF
HiIE 0D HE T AR 2 B HE L 72 46 50185 /km ®
LY, ERE, BRI OEBOREREE0.256
f#/km?, 0.137f#/km? & Hel A B AF 723 5% i 78 7
bz,
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