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The st.udy of shallow lan dsli d~f> i" very important. from many point.s of view, especiall}' 
recently, when urba n development rich up to foot of mountain slope. where most of slope 
movement..c;. occur. Every year, thousands of people are k i.lled hy iandsHdcs, therefore t.he 
monitoring of old s lope movement.s as well as predict a suitable area for their development 
become today ont of t.he most irnpoJianl ta..'ik for scientists. The anthors expect the example 
from rcercation a rea Aburayama in ,i'lIk"l loka rlislri(:t. could give any suggestion for solving and 
prediction of ::;irnilarly problems in the short future. 

INTRODCCTIO N 

In June ]999, extens]ve and heavy rains triggered the occurrence of many shallow 
landslides in Kyushu and Chugoku region of Japan. The most danlaged area in ~ukuoka 
district was recreation area Aburayama, located in south direction from Fukuoka city 
(Fig. I.), where 26 landslides occurred. Most of these landslides are situated in cutting 
respective filling part of slope along roads. For calculations of geometric parameters were 
lIsed data from digital Suuchichizu, which do not reflected altificjal intervention to the 
natural condi tion. We tried to find the relationship between geometric parameters of 
study area under natural condition and spatial d istribut.ion of landslides as wel1 as to find 
the cause development of landslides. Also, we tried to cha lk out the areas with highe r 
potentiality for development of landslides. 

By reconnoiter of study area location of land slidps awl ::lume basic charactcri::ltics 
have been recorded. As mentioned auuve, the most of landslides are located in filling and 
cutting parLs of olu.1Je along the road. For the calculation of geometric pararneters, these 
data \·vere insufficient because the data set was limited by number of landslides and the 
data do not reflected parameters under natura l condition, hut. they a rc represent only 
small local area. 
Key words: -fnorphome t.ric analysis, sha.llou; la:ndsl-ides, c:alculo.tion of geometric 
paru'rneters, 1yrobab'Uity 

MATE RIALS AND METHOll~ 

Surface geometry al,alysis 
Geometric analysis i~ t.o analyze a spa t.ial dis tribution of value of geometric 

parameters ;md also analysis oJ propert.ies <:tnd spatial differentiation of georclief as a 
whole (Krcho, 1990; Ylitlisova·, Hofierka 1993) . 
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Fig. 1. Location of recreation area of Aburayama in Fukuoka district. 

Before derhing mathemat.ical expression for geometric parameters,· we can definite 
partial derivation as foHm\': 

(I) 

The calculation of geometric parameters in the detail we can find in the \-vorks Krcho, 
(1990); MiVisova, Hofierka, (1993), B'or clearly understandmg of mathematical 
expression, "\ve can consider part of relief, \-vhere the geoid is sufficiently flat, that means 
it represents a plane. On this plane "\ve can choose Cartesian coordinate system < 0, -l, J~ 
k> , when-; I, j, k are lmit vectors in direction of x. y, z axis respectively. For each point 
of relief \ve are able to give a value of altitude z, in direction of the normal vector N (Fig. 2). 

Slope and aspect analysis 
The dip slope angle r N as well as aspect angle a" are calculated from gradient 

elevation array as follow (Kreho, 199;}), 

Vector gradient J has an orientation in the direction of nonnal vector to contour line 
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Fig. 2 .. Defi nil ion of normal ve<.:Lor N and implementatio n of Cartesian 
C:!lOrd illal.c system ( O, i,j, k ) , where i, j , k arc ulli t vectors ill di rect.ion 
to axes x, y and z respecl ively. ( laken from Kreho, l~m()). 
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in cach point of scal"r field (Kreho, lililO). [I has an absolutc vahle ill the corresponding 
point: 

C:1) 

where from 

! 2 .. 2 yx=arct.anvIr +1/1 (4) 

where r~ is a dip slope angle. 
\Ve can consider tho direct ion of nonual vector to contour lines with tJl e respect to 

sidelong decreasing scalar vector .. The d irection of this vector Call be expressed as: 

where from 

-l y 
tan a ,, = -1 . . , 

- f'i 
aN =arctan -I I 

(5) 

(6) 

where a .. " is an aspect angle of vector gradientf and also operative orientation of georelief 
to cardinal points. 
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RES ULT AN D D1SCliSS IO N 

Geometric parameters 
In t.he given area geometric parameters were calculated, Uten compared. wilh spo.l.ial 

distribution of landslides. As source data have been taken from SUllchichizu with size of 
mesh 50 Tn published by Japan Geographic InstituLe. 

As mentioned above, data were provided from S Ullchichizu, The spatial distribution 
of data was equally distributed, with distance 2 .25" in x- axis and 1.5" in y-axis . 
respectively. Original data were t.ransferred to ASCII file format. x, y, z. The digital 
terrain model of study area \vas computed from 20 1. 4 data pOint.s llsing intprpoia1.ioll with 
regularized spline. The detail pnJCPss of interpolation by regularized spline \'\,ith tension 
is in works MilMova, Mit.3.s (1993), Mit.asova, Hoficrka (199:3) . Values of elevatioll, slope , 
aspect are comput.ed in 97 X 167 grid cells, what means grid unit size 10 X 10 m for ~he 

whole study area. 

Slope and aspect analysis 
Slope angle y , is calculated in degrees from O· (horizontal plane) to 90° (vert ical 

uphill ) at every unit cell on our selected grid. ror Ute localion oJ landslides, a cent roid of 
landslide has been selected. For the ealf:ulation of 7, equaLion (4) was used. Unlike 
s lope analysis, an aspec t analysis providel:i as with direction of the s iope angle Y" at each 
grid cell. In other words, this operation defines the Jirecliull. ill "..,hidl \vater would flnw 
over t.he su rface. Aspect angle values a\, are reponed in degrees, \-vhere ;)GO'" due to East 
and H(/ due w North respectively. Aspect angle u\ was calculated from equation (6). 

The altitllde in the st.udy area ranges oet\Vem l 111 and 496 m over the se;,. level 
respectively. This range \vas reclassificat.ed to thl) six categories "\\itb step 50 elevation 
meters. That means, C'3ch category represents an~a with different rank of elevation. In 
case of slope layer , the inclination fl()<l t.ed hetvu~nn OC up T.O 44 °. Also this layer was 
reclassifi cated to t he eight. categories \vit.h step 50. Valli es of aspect layer were 
redassificated to the e ight categories according 1:0 the cardina l poillts. The detail 
categories of individual Jayer shows Table 1. For the aggregatioll of landslides by regioll 
ill inct iviclual layers: layers were overlaid in respect. to elevation: slope and aspect \\i th 
landslides. Then landslides were inspected for corresponding val ue of elevation, s lope 

Table 1. Chosen range Gl.l.f!,gorlcs in individual l ayer~. 

Cal.egories Elevation .. __ Slope AS12ect. 

<150 <;') Easl 
2 150-200 tl- I.O East- t\orth 
:3 200-250 10··- 1;) ::\ort.h 

4 250--300 1 [}-20 North- West 
5 300--350 20- 25 WI'S!' 

ti 350-400 25-30 W~~$t-South 

7 30·J 5 South 
B > 40 Soutll·--East 
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Fig. 3. F'requency of J<mdslides and road's inspected. point.s from elevation, slope and aspect points 
of vie\v. 
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and aspect respectively. The spatial distribution of landslides '\"iLh respect to elevation, 
slope and aspen. in individual categories is sho\,.vn in Fig. :3a. In the rank froIll 250 m to 
;350m more than (-)0% of all landslides arf' concpntratcci. Unlike elevation frequency, the 
distribution of landslides \vit11 respect to slope seems as random one. TIle most of 
landslides are concentrated on slope voiith inclination ranges from 10~ _15

0 

and from 
20'" _25°. It represents mOfe than 40%. The aspect analysis is corresponding 'vlth natural 
location of recreation area Aburayama, \vhich is located on the eastern side of ML 
Aburayama. 

For the main purpose, to find the cause of landslides same analysis \yere done ·wit.h 
line of road. For this purpose, the whole length of road, 6.81 km, \vas inspected in each 
10 meters for elevation, slope and aspect values. We got 681 inspected points, vvhich 
covered the \",'hole length of line roads. Also these points \vere overlaid and inspected 
over the elevation, slope and aspect layers. Point,s "\vere aggregated to the same range 
and from same point of view as landslides (Tab. 1.). That means, elevation values of 
inspect.ed point.s \vere aggregated to the six, slope values to the eight and aspect. values 
also Lo Lite eighL caLegories. Figure 31>. shows spatial frequency of road's points from 
traced point.s of view. The percentual representation of individual ranges of elevation, 
slope and aspect respectively calculated from inspected points of road and [rom 
landslides respectively is Sho\VIl in Tab. 2. The data were postproccsscd by regression 
H-nalYois as shmvIl in Fig. 4. The figure shmvs clearly linear dependency between percent 
of landslides and inspected points of line road in all traced aspects. It. means the 
landslides are equally distributed along t.he road's sides. Percentual number of landslides 
and line of road from elf:valion poinl of vie\v has the correlat.10n coefficient. 0.921 and 
0.844 from slope point of viev,,', which aTe significant at 1 ('\'6 level (Ishikm,va, 1964) and 
from aspect point of view 0.823, \\'hich is significant at 5% level. Shortly \\'e can say that 
the main cause of occurrence of landslides is anthropogenous effect to the natural 
condit.ion. The heavy rainfall seems as secondary factor and its function \vas only as 
trigger which starts slope movements. 

Table 2. shO\vs percentual representation of landslides and road in indhidual ranges of elevation. slupe 
and aspect respectively. 

Elevation Slope I 
Aspect. 

- ----- ~-~-~ 

Altitude 1m] Landslides [I.!ill Roads [%[ lndination 10 J Landslides [IWI] ~~dS[%JI _AsIJf'd J..;-uldslides [%J Roads I%J 

100-150 3.85 0.88 <,::, 3.85 G.Hl East 30.77 31.13 
150-200 7.69 12.3:3 5-10 15_38 lfi.74 East-Nort.h 26.92 27.17 
200-250 7.69 11.01 10-15 2~:;.O8 24.67 North 0.00 16.15 
250-;300 '34.62 :38.03 15-20 lEI.39 21.59 North-West 3.85 'J.81 
300-a50 34.62 24.96 20-25 192:) 15_12 West ,'l.Rfi O.&l 
:~GO"-40() 11.54 12.78 25-30 7.69 8.22 WeshSollt.h D.OO O.W 

3[1-:35 3.85 426 South 7.6!) 4.55 

35--40 1l.64 3.2:) South-East 26.92 Hi.7I 
C;orrcial,jon coefficient 0.92::; I Correlati~_~_ co~fficicnt. 0,844 Correlatioll coeffkicnt. U_823 
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Fig. 4. Regression analysis of percenLual representat.ion of landslidf's and road 
in indivi(llJaI ranges ()f elf'vatioIl, slope and aspect respectively. 

Probability analysis 

451 

In order to create a special map of potentiality area for occurrence of shallow 
landslides, \-ve started from rcclassificated layers of elevation, slope and aspe(~t. as we used 
ill previous analysis. So, we had six regions in elevation layer, eight in slope layer and also 
eight. one in aspect layer. After that, we calculated how many landslides exist in 
individual region from elevation, slope and aspect point of view. In these regions 
probability 1,ovas calculat.ed by an equation (7) 

PSi!..~:·· (7) 

Ivlwrc P~i is probability in ,j" region of "S" iayer, n.~i is number of landslides in "i" region of 
"S" layer and N is total number oJ landslides. Then the value of probability P~i V·laS added 
to the each grid cell, which it fall in region "i" and layer ,,8". 

These arlrlit.ionallayers, which expressed the information about probability or region, 
,"vere overlaid into one layer. The representative value of occurrence prohability of 
hmdslides in each grid cell was calculated as the average of individual probabilities in each 
grid cell. For calculation equation (8) Ivas used 

P, LpSi 

'Us 
(8) 

where E is probabilit.y occurrence of landslides in "i" grid cell, 2P.~i is Sllll of probabilities 
from elevat.ion, slope and aspect layers respectively in "i;' grid cell and n~ is number of 
probabilities. 

On the basis of these calculations, the potentiality map on occurrence of landslides 
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was created. This map is based on an uniformity area. That means we conside red that 
caleulated probability in individual range is characteris t.i c for the whole study area, which 
is representing this range. The occurrence prohability of landslides ranges from 0.0 128 to 
0.2948. This range was divided into three categories, which are less than 0.1, from 0. 11 
up to 0.2 and more than 0.2. These categories indicate lmv, medi um and hig h area of 
potentiality respect.ively. By this analysis 13.2% of study area is classified into low, 48 .5% 
illr,o medium and 38.3% into high potcmiality range. The result is shown in Fig. 5. 

Fig. 5. Map of probab ilit.y OCCUfrf! Il Ce of landslides in recrea tion 
area Aburayama in ~"'ukl1oka ciistriC:l basis on uniformity . 
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CONCLUSION 

The slopes oriented toward East \vith the elevation range between 2fiO m ami 8fiO m 
and slope range from lOG toI5° or from 20° to 25° seem as the most susceptible for slope 
failures. The probability analysis showed the most dangerous areas. By this method, 
more than third of study area has high occurrence potentiality of landslides. However, 
the most. important is relationship between line of road and landslides. The regression 
analysis showed clearly dependency of landslides on road. Videlicet, the landslides are 
equally dist.ributed along the road. So, the main factor of occurrence landslides is not 
hea\'y rainfall, but anthropogcnous intervention to the natural condition. The rainfall 
seems as only secondary factor and its function 'ivas as trigger which startB of shallow 
landslides. 
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