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SUMMARY
In forestry, measurements are made to understand the state of natural ecosystems and their changes. The studies 
have reported that geographical features such as elevation, slope and aspect affect the ecosystem dramatically and 
that it is crucial to measure them accurately. Also, in forestry analysis and risk assessments, these features are re-
quired to be scored objectively and accurately. Elevation and slope can be easily measured and scored using GIS-
based systems. Although the aspect can be measured simply, the studies suggested diverse approaches on scoring 
it. The reason for this diversity is essentially that the studies determine the aspect visually and that the circular 
structure of the aspect makes the scoring difficult. Also, the score of the aspect value differs according to the study 
hemisphere and concept. Therefore, the requirement of an objective and easily applicable GIS-based measure-
ment and scoring method of the aspect is genuine. In the study, Maçka Forestry Enterprise, which is located in the 
Trabzon province of Türkiye, was chosen and the aspect map of the region was obtained. Then, 30 forest roads 
and 30 landslide areas were selected from the region. The forest roads and landslide areas were evaluated accord-
ing to their aspect, visually. These visual assessments were scored according to the studies in the literature. After 
all, the aspect scores of the forest roads and landslide areas were also determined according to the proposed 
method. This method suggests scoring the aspect in a pixel-wise manner and circular averaging. The results were 
compared and have shown that the aspect scoring studies in the literature are subjective and contradict each other 
in many ways. The results also showed that the proposed method is accurate, objective, and effective in measur-
ing and scoring the aspect.  Also, the proposed method provides a virtual approach rather than a visual one. Fi-
nally, the proposed method is shared as an open-source ArcMap Toolbox to be delivered to the end-user.  
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positive or negative effects on ecosystems. They are classi-
fied according to ecological, economic, social, and technical 
criteria (Bjorklund, 2006; Gumus et al., 2008). The accuracy 
of the parameters that are measured may affect the perfor-
mance of the analysis.

INTRODUCTION
UVOD
In forestry, measurement is a very important function. Me-
asurement parameters are determined according to the de-
sired analysis. Parameters are determined considering their 
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Parameters such as aspect, slope, elevation, digital terrain 
model, topographic moisture index and drought index are 
used for measurements in forestry (Kazama et al., 2021). 
These parameters are determined by the direct effect on the 
ecosystem, and they may affect human-oriented or envi-
ronment-oriented activities. Forest road (FR) construction 
can be counted among human-oriented activities (Gumus, 
2017; Akay et al., 2018). On the other hand, landslides (LSs) 
are a significant example of environment-oriented activity.

FRs are mainly involved in the production of wood raw ma-
terials and the protection of forests (Acar et al., 2003). 
Planning of FRs is a challenging process as both technical 
and environmental factors must be considered. The studies 
show that forest roads may have negative environmental 
impacts (Caliskan, 2013), such that they cause soil move-
ments (Fransen et al., 2001), that forest areas are destroyed 
while constructing them (Kastridis, 2020), they divide 
ecosystems (Robinson et al., 2010), they reduce biodiversity 
(Boston, 2016). These are some important criteria while 
planning forest roads. Furthermore, some criteria are also 
considered in forest road planning such as construction cost, 
maintenance cost, slope, aspect, potential timber production 
and soil lithology (Kazama, 2021). Caliskan (2013) showed 
that geographical features such as slope and aspect both 
affect the construction and maintenance costs. Therefore, 
the measurement of geographical features becomes crucial.

LSs also affect the environment as well as FRs (Zumpano 
et al., 2018). Therefore, identifying the LS areas and deter-
mining the risk of LS has been of a significant interest in 
the literature. The studies show that various features must 
be considered while identifying LS areas such as geographi-
cal features, geological structure, geological composition, 
soil type, water content, water saturation, water drainage, 
and vegetation (Glade and Crozier, 2005). It is not suffici-
ent to identify LS areas alone, but a risk assessment is also 
required. The studies suggest that geographical features, 
lithology, land cover, precipitation, and seismicity should 
be considered while assessing the risks of LS (Chalkias et 
al., 2014). These studies suggest that geographical features 
such as elevation (Feizizadeh et al., 2013), slope (Martino-
vic et al., 2016) and aspect (Hong et al., 2015) are very im-
portant for both identifying and assessing the LS areas 
(Pham et al., 2017). 

With the spread of information technologies, analyses ba-
sed on geographical information systems (GIS) have started 
to be carried out (Bugday, 2019). GIS-based studies are ba-
sed on both objective and subjective parameters. Since these 
parameters are used in studies that employ impact analysis, 
multi-criteria decision-making and network analysis, the 
results of the studies can also be interpreted as subjective 
or objective (Caliskan et al., 2019). In these studies, aspect 
is one of the parameters that can be measured. Some rese-

archers associate the aspect mainly with precipitation 
(Guzzetti et al., 1999), while others associate it with the ge-
neral morphology of the region (Kavzoglu et al., 2014). 
According to many researchers, the aspect plays an equal 
role in LS formation to the slope (Chen et al., 2017; Chen 
et al., 2019). Climate, plant ecology, and vegetation are typi-
cally related to the aspect factor. The direction of the wind 
influences the amount of precipitation and the rate of ero-
sion on sun-facing slopes, which are both influenced by 
aspect (Fan et al., 2017). Additionally, it has an impact on 
elements including temperature, soil moisture, wind, sunli-
ght, rain direction, and air dryness (Kumar and Anbalagan, 
2016). In three key ways, the aspect directly impacts the 
land. These are precipitation, sun, and wind.
Alexakis et al. (2014) and Kouli et al. (2014) determined 
that the northeast and northwest-facing slopes receive he-
avy rainfall. The slopes with the most precipitation were 
accepted as the most dangerous, and the slopes with the 
least precipitation were accepted as the least dangerous 
(Ayalew and Yamagishi, 2005). Slopes that receive precipi-
tation reach soil saturation more quickly and cause higher 
water pressure on the ground (Chen et al., 2017).
Aspect directly affects the amount of energy received from 
the sun and therefore indirectly affects the water loss thro-
ugh transpiration and evaporation (Rahman et al., 2017). 
The slopes most exposed to sunlight show evapotranspira-
tion (Hadji et al., 2016). This affects the moisture in the soil. 
Some researchers determined that LSs occur more intensely 
on slopes that are more exposed to sunlight (Hadji et al., 
2016). In the literature, some studies determine that slopes 
that receive sun are more prone to LSs than slopes that re-
ceive rain. Wind controls soil moisture (Bui et al., 2012). 
Aspect also plays an important role in the evaluation of soil 
stability, because it controls the vegetation distribution, type, 
and density in a land (Chen et al., 2017; Ozsahin, 2015).
In Türkiye, south (S), southeast (SE), southwest (SW), and 
west (W) directions are often referred to as sunny directi-
ons because they are warmer. On the contrary, north (N), 
northeast (NE), northwest (NW), and east (E) aspects are 
also called shaded directions because they are cooler. The 
sun exposure times of these two groups differ significantly 
(Sessions, 2007; Hosseini et al., 2012; Caliskan and Kara-
halil, 2017). Evaporation is faster in the south and west as-
pects since these regions are more exposed to sunlight. 
Otherwise, since the evaporation is slow and the soil rema-
ins moist for a long time, the risk of flooding is higher on 
the north and east aspects in case of excessive rainfall 
(Yılmaz, 2008). Ozsahin (2015) determined that the proba-
bility of LS is highest in the north and west aspects in their 
study and stated that moisture is relatively higher on the 
slopes facing these aspects.
Considering the aspect factor in terms of FRs and LS areas, 
10 studies (16.1%) were included in 3 databases (Scopus, 
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Science Direct and Web of Science) over 62 articles between 
the years 2009 and 2019 (Kazama et al., 2021). The land as-
pect affects factors such as exposure to sunlight, precipita-
tion, and winds that dehumidify the soil. In the northern 
hemisphere, low precipitation, high wind speed, intense 
solar radiation and high potential evapotranspiration are 
seen in southern aspects. Therefore, it is assumed that there 
is less damage to the surface of the land depending on the 
water concentration. The aspect of LS areas and FRs is one 
of the variables that affect forest soil (Sessions, 2007; Ho-
sseini et al., 2012; Caliskan and Karahalil 2017). In the 
study, Cellek (2021) reported that LSs are more commonly 
seen in the southern aspects than in the northern aspects, 
and that there is an inverse relationship between them. If a 
LS occurs more in the southern aspect, it is associated with 
sun exposure, drought, and lack of vegetation. If an LS 
occurs more in the northerly aspects, it is mostly related to 
heavy rainfall, humidity and the water holding capacity of 
the soil. In the same study, it was stated that the aspect de-
terminations differ for various researchers. The fact that 
these determinations are ambiguous causes the scoring to be 
done very differently. For all these reasons, the aspect  factor 
in LS areas and FRs are scored on a user basis. In general, 
southern aspects are given higher scores, while northern 
aspects are given lower user-based scores (Table 1).
Acar et al. (2007), Gumus et al. (2008), Kayastha et al. 
(2013) and Bugday (2019) gave the highest scores for the S 
aspect and the lowest scores for the N aspect in their study. 
On the contrary, Abay et al. (2019) gave maximum points 
to the SE aspect and minimum points to the W aspect. Bug-
day and Akay (2019) gave maximum points to the W aspect 
and minimum points to the SE aspect. Chiteculo et al. 
(2022) gave maximum points to the NW aspect and mini-
mum points to the SE aspect. Panchal and Shrivastava 
(2022) gave maximum points to the SE aspect and mini-
mum points to the NW aspect. It should be noted that one 

of these studies is about LSs, and the other is about FRs. 
Arabameri et al. (2020) gave a maximum score to the S as-
pect and a minimum score to the E aspect in their study. 
Sathyan et al. (2022) gave maximum points to the W aspect 
and minimum points to the E aspect in their study. The de-
tails on how the above- mentioned studies scored the aspect 
can be seen in Table 1. As it can be seen from the table, as-
pect scoring is subjective and ambiguous in the literature.

The original value of this work can be listed as follows:

•   It has been shown that the aspect can be measured objec-
tively rather than being a subjective measurement.

•   While measuring the aspect, instead of a scoring based 
on direction determination, the angle value is measured 
to ensure so that it is closer to objectivity. The proposed 
method scores the aspect ranging between 0-1.

•   Evaluation of basic risk and plan parameters was provi-
ded by using an objective aspect measure on FRs and LS 
areas.

•   The method was presented to the end user as open source 
with the module developed in ArcMap software.

The aim of this study is to present an objective and unique 
aspect scoring method for FR plans and LS area analysis. 
Thus, in the decision-making methods to be applied for 
planning and analysis, the aspect score will move away from 
subjectivity.

MATERIALS	AND	METHODS
MATERIJALIIMETODE

Materials	– Materijali

Maçka Forestry Enterprise (MFE), located within the bo-
undaries of Trabzon Regional Directorate of Forestry in the 
Eastern Black Sea Region of Türkiye, has been identified as 
the research area. The research area is limited by the forest 
areas and FR network in the Maçka district, which is 

Table	1.	Aspectscoresfordirectionaccordingtothestudiesintheliterature.NSstandsforNotSpecifiedasthestudiesdidnotmentionthe
correspondingdirections.Weassignedthescoresaccordingtotheassumptionsinthecorrespondingstudies.(N=North,NE=Northeast,
E=East,SE=Southeast,S=South,SW=Southwest,W=WestandNW=Northwest)
Tablica1.Ocjenjivanje orijentacije prema smjeru prema istraživanjima u literaturi. NS je kratica za Not Specified jer istraživanja nisu spominjala odgovarajuće 
upute. Ocjene smo dodijelili prema pretpostavkama u odgovarajućim istraživanjima. (N = sjever, NE = sjeveroistok, E = istok, SE = jugoistok, S = jug, 
SW = jugozapad, W = zapad i NW = sjeverozapad)

Study TheScope N NE E SE S SW W NW
Acaretal.(2007) FR -2 -2 0 2 2 2 0 -2
Gumusetal.(2008) FR -3 NS/-3 0 NS/3 3 NS/3 0 NS/-3
Kayasthaetal.(2013) LS 0.06 0.09 0.14 0.15 0,.19 0.16 0.13 0.07
Abayetal.(2019) LS 0.12 0.12 0.22 0.23 0.13 0.07 0.06 0.07

BugdayandAkay(2019) LS 5 5 5 3 5 7 11 7
Bugday(2019) LS 3 3 3 7 7 5 5 3

Arabamerietal.(2020) LS 0.07 0.1 0.06 0.14 0.22 0.18 0.09 0.11
Chiteculoetal.(2022) FR 5 4 4 1 1 3 4 5

PanchalandShrivastava(2022) LS 0.05 0.2 0.08 0.36 0.13 0.08 0.05 0.03
Sathyanetal.(2022) FR 1 NS/1 2 NS/2 3 NS/3 4 NS/4
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mapped in Figure 1. Factors that are effective in determi-
ning the area are suitability for functional forest manage-
ment planning and the existence of areas with various as-
pects in the study region.

The study area covers 18,170.80 ha, while 40.48% (7,360.40 
ha) of the total area is forest area. There are 137.53 km of 
FRs in the existing road network plan (GDF, 2023). The 
highest elevation of the study area is 1820 m, and the lowest 

elevation is 130 m. The aspect distribution of the study area 
is as follows: 1.5% (276.43 ha) is flat, 13.6% (2,466.97 ha) is 
north aspect, 13.3% (2,368.41 ha) is northeast aspect, 11.8% 
(2,136.22 ha) is east aspect, 7.8% (1,411.59 ha) is southeast 
aspect, 6.3% (1,147.01 ha) south aspect, 12.1% (2,191.89 ha) 
southwest aspect, 17.7% (3,212.27 ha) west aspect, and 
16.3% (2,959.28 ha) northwest aspect. The research region 
contains an LS area of 2.17% (394.29 ha) (GDMRE, 2023).

Figure	1.	(A)AspectmapofMFE,(B)ElevationmapofMFE,(C)TexturedelevationmapofMFE
Slika1.(A) Karta orijentacije MFE-a, (B) Karta visine MFE-a, (C) Karta visine MFE-a s reljefom

Figure	2.	LSmodelforcalculatingtheaspectscore.ThismodelwasproducedintheArcGISmodelbuilder.
Slika2.Model klizišta za izračun ocjena orijentacije. Ovaj model izrađen je pomoću programa za kreiranje modela ArcGIS.
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METHODS
METODE
For the aspect score model, three elements were required: 
contour lines, study boundaries, and sample items for as-
pect score calculation. The model is illustrated in Figure 2.  

The map projection has been adjusted to ensure compati-
bility between layers. A Triangulated Irregular Network 
(TIN) was created from contour lines. Then raster was cre-
ated over TIN. The study area was extracted from the raster 
which was created with contour lines, and the aspect func-
tion provided by ArcGIS was used. After the aspect was 
calculated, the aspect values were converted into aspect sco-
res pixel-wise with a predetermined formula using the 
ArcGIS raster calculator tool.

Calculation	of	the	Aspect	Angle	– Izračun kuta 
orijentacije

Assuming that the matrix given in Figure 3C is an elevation 
map, the first step to compute the aspect is to compute the 
gradients of the map in both directions x and y. In Figure 
3, the vertical gradient mask (A) and the horizontal gradi-
ent mask (B) were given.

For vertical gradient calculation, the elevation map was con-
volved with the mask given in Figure 3A. The convolution 
function is given in Equation 1.

 dz
dx

c f i a d g
=

+ +( ) − + +( )2 2
8

 (1)

in which z is the elevation map pixel corresponding to the 
pixel e, x is the vertical gradient operator, and a, b, c, d, e, f, 
g, h and i are the pixel values. Similarly, for horizontal gra-

dient calculation, the elevation map was convolved with the 
mask given in Figure 3B. The convolution function is given 
in Equation 2.

 dz
dy

g h i a b c
=

+ +( ) − + +( )2 2
8

 (2)

in which z is the elevation map pixel corresponding to the 
pixel e, y is the horizontal gradient operator, a, b, c, d, e, f, 
g, h and i are the pixel values.

After calculations, two layers were obtained. Since these 
layers represent the horizontal and vertical gradients of the 
elevation map, the aspect can be obtained by computing 
the angles between the layers for each pixel. For this, Equ-
ation 3 was utilized. It should be noted that the aspect value 
in Equation 3 ranges from 0° to 360°.

 Aspect
dz
dx

dz
dy

= −






180
2

p
arctan ,  (3)

Aspect	Score	– Ocjenjivanje orijentacije

Given that the aspect value in Equation 3 ranges from 0° to 
360°, the aspect value is not sufficient for a multi-criteria 
decision-making analysis since the aspect value does not 
provide any suitability. Therefore, the studies in the litera-
ture gave their effort to define aspect scores. Aside from the 
studies being subjective when scoring aspects, they are con-
tradictory as they differ in the way they score.

When looking deeper into the scoring procedure of the stu-
dies given in Table 1, it can be easily seen that when the 
authors scored a direction with a full score, they scored the 
opposite direction with a minimum score. Also, the studies 
classified the directions into eight main categories, and they 
lacked the sensitivity of the angles.

If it is assumed that a mathematical expression was built to 
eliminate the subjectivity of aspect scoring and increase the 
sensitivity of angles, this expression should accept inputs 
in the form of angles and provide aspect scores. Additio-
nally, the opposing direction should be minimum when an 
aspect score of one direction is the highest. Therefore, an 
additional parameter should be set to define which direc-
tion should be full-scored. The aspect scores should lastly 
range from 0 to 1. Since nobody utilized any expression like 
this before, we suggest the expression given in Equation 4 
after considering all the qualities above.

 Aspect Score =
− +




+sin 2

360
90 1

2

pq Ø
 (4)

In Equation 4, θ is the aspect value of the pixel, and ϕ is the 
direction angle which is desired to be fully scored. Note that 
the sin function is max-min normalized in order to make 
the expression range from 0-1. Figure 4 illustrates the as-

Figure	3.	Masksforcalculatingtheaspect:(A)verticalgradientmask,
(B)horizontalgradientmask,and(C)elevationmapexample.
Slika3.Predlošci za izračunavanje orijentacije: (A) predložak okomitog 
gradijenta, (B) predložak horizontalnog gradijenta i (C) primjer karte nad-
morske visine.
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pect scores of directions when SW was full-scored, and NE 
was minimum-scored. The ϕ value in Equation 4 was cho-
sen to be 225° since in our study we assumed that the SW 

aspect should be full-scored as suggested in the related li-
terature mentioned above. It should be noted that our study 
area is located in the northern hemisphere.

RESULTS	AND	DISCUSSION
REZULTATIIDISKUSIJA
The model was designed in the ArcGIS module to score the 
aspect of FRs and LS areas. Considering the block diagram 
given in Figure 2, the aspect map shown in Figure 5(A) was 
obtained from the elevation map given in Figure 1(B). The 
mathematical expression of this procedure is detailed in 
Equations 1, 2 and 3. By applying this map to Equation 4, a 
new aspect score map given in Figure 5B was created. Accor-
ding to the equation, the pixel values of the new aspect score 
map range from 0 to 1. Thus, instead of making user-based 
scoring for the aspect value in the topographic structure of 
the area, an objective measurement value has been revealed. 
These objective values are shown with values close to 0 in 
more northern aspects (north, northwest, northeast and 
east), while values closer to 1 are shown in more southern 
aspects (south, southeast, southwest and west).

Figure	4.	Graphshowingtheaspectscoresgiveninthefunctionwhere
thesouthwestaspectismaximized,andthenortheastaspectismini-
mized(Ø=225°).
Slika4.Grafikon prikazuje ocjene orijentacije dane u funkciji gdje je jugo-
zapadna orijentacija maksimizirana, a sjeveroistočna orijentacija mini-
mizirana (Ø = 225°).

Figure	5.	(A)AspectmapofMFA,(B)AspectscoremapofMFA
Slika5.(A) Karta orijentacije MFA-a, (B) Karta ocjena orijentacije MFA-a
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Many studies have been carried out to score the aspects of 
FRs and LS areas. However, the papers reveal that the sco-
ring methods differ for each study. Table 1 shows the stu-
dies which score aspect in FRs or LS areas and their scores 
for each direction. For a fair comparison, we min-max nor-
malized the scores and showed them in Table 2. Table 2 re-
veals that each study has its own way of scoring aspect.

When FR-4380-020, FR-4380-22 and FR43-025-1, which 
were selected as examples in FR data, were examined, the 
aspect values of the pixel values of the roads were revealed. 
Average aspect values based on pixels were 27°, 62° and 
286°, respectively, as it can be seen in Figure 6. When FRs 
were examined, the pixel distributions corresponded to 
different aspects. When the aspect was evaluated according 
to the land surface, the FR aspects were north, northeast, 
and west, respectively. FRs coded FR-4380-020 and FR-
4380-22 were in the north aspect. The FR coded FR4380-
25-1 was on the south aspect. It is assumed that FRs will be 
scored low in northern aspects and high in southern aspects 
(Sessions, 2007; Hosseini et al., 2012; Caliskan and Kara-
halil, 2017). Aspect scoring was made by the equation de-

termined based on this assumption. When the aspect values 
of FRs are applied using the equation, the scores obtained 
are 0.420, 0.253 and 0.645, respectively, as it can be seen in 
Table 3. As it can be seen in this scoring, the aspect of the 
roads gets closer to 1 as they get closer to the southern as-
pect. The evaluation of the selected FRs with other FRs is 
also shown in Table S1.

When LS-26767, LS-26768 and LS-26772, which were se-
lected as examples in the LS data, were examined, the aspect 
values of the pixel values of the LS areas were revealed. Ave-
rage aspect values based on pixels were 270°, 280° and 300°, 
respectively as it can be seen in Figure 7. When LS areas 
were examined, the pixel distributions corresponded to 
different aspects. When the aspect was evaluated according 
to the land surface, the LS area aspects were southwest, 
south, and west, respectively. Especially in LS-26772, there 
was a small difference between the pixel-wise view and the 
value observed on the land surface. Aspect scoring for LS 
areas were 0.733, 0.717 and 0.601, respectively as it can be 
seen in Table 3. Since these areas are on the west side, they 
should be scored higher. In LS-26767, although the number 

Table	2.	Normalizedaspectscoresfordirectionaccordingtothestudiesintheliterature.DataarearrangedfromTable1.
Tablica2.Normalizirane ocjene orijentacije prema smjeru prema istraživanjima iz literature. Raspoređeni su podaci iz Tablice 1.

Study Thescope N NE E SE S SW W NW

Acaretal.(2007) FR 0 0 0.5 1 1 1 0.5 0

Gumusetal.(2008) FR 0 0 0.5 1 1 1 0.5 0

Kayasthaetal.(2013) LS 0 0.23 0.62 0.71 1 0.81 0.59 0,1

Abayetal.(2019) LS 0.36 0.34 0.92 1 0.41 0.08 0 0.04

BugdayandAkay(2019) LS 0.25 0.25 0.25 0 0.25 0.5 1 0.5

Bugday(2019) LS 0 0 0 1 1 0.5 0.5 0

Arabamerietal.(2020) LS 0.06 0.25 0 0.5 1 0.75 0.19 0.31

Chiteculoetal.(2022) FR 1 0.75 0.75 0 0 0.5 0.75 1

PanchalandShrivastava(2022) LS 0.04 0.52 0.15 1 0.28 0.14 0.04 0

Sathyanetal.(2022) FR 0 0 0.33 0.33 0.67 0.67 1 1

Table	3.	ForsomeoftheselectedFRsandLSareas,thenormalizedaspectscoresaccordingtotheproposedstudyandthestudiesintheliterature.
Tablica3.Za neka od odabranih područja FR i LS, normalizirane ocjene orijentacije prema predloženoj studiji i studijama u literaturi.
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FR-4380-020 North 27 0 0 0.06 0.12 0.25 0 0.07 1 0.05 0 0.42

FR-4380-022 Northeast 62 0 0 0.09 0.12 0.25 0 0.1 0.75 0.2 0 0.25

FR-4380-025-1 West 286 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.65

LS-26767 Southwest 270 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.73

LS-26768 South 280 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.72

LS-26772 West 300 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.6
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Figure	6.	TheaspectmapoftheFRs(top)andtheircorrespondingpixeldensitiesofaspectvalues(bottom).Intheradarplot,thebarplotrepre-
sentsthedensityofthepixelsinFRs.ThebluestemrepresentstheaspectoftheFRwhentheaspectwasdeterminedbysight.Theredstem
representsthecircularaverageofthepixelvalues.
Slika6.Karta orijentacije šumskih cesta (gore) i njihove odgovarajuće gustoće piksela za vrijednosti orijentacije (dolje). U radarskom dijagramu, stupčasti 
dijagram predstavlja gustoću piksela u područjima šumskih cesta. Plava linija predstavlja orijentaciju šumske ceste kada je orijentacija određena vizualno. 
Crvena linija predstavlja kružni prosjek vrijednosti piksela.

Figure	7.	TheaspectmapoftheLSareas(top)andtheircorrespondingpixeldensitiesofaspectvalues(bottom).Intheradarplot,thebarplot
representsthedensityofthepixelsinLSareas.ThebluestemrepresentstheaspectoftheLSareawhentheaspectwasdeterminedbysight.
Theredstemrepresentsthecircularaverageofthepixelvalues.
Slika7.Karta orijentacije područja klizišta (gore) i njihove odgovarajuće gustoće piksela za vrijednosti orijentacije (dolje). U radarskom dijagramu, stupčasti 
dijagram predstavlja gustoću piksela u područjima klizišta. Plava linija predstavlja orijentaciju područja klizišta kada je orijentacija određena vizualno. Crvena 
linija predstavlja kružni prosjek vrijednosti piksela.
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of pixels belonging to the northern aspect values is high, 
when the average aspect value is considered, it can be seen 
that it has a southern aspect. The evaluation of selected LS 
areas with other LS areas is also shown in Table S2.
For the forest road FR-4380-20, which is in the north aspect, 
while Chiteculo et al. (2022) gave a full score, Acar et al. 
(2007), Gumus et al. (2008), Sathyan et al. (2022) and Bug-
day and Akay (2019) scored it with 0, which is the lowest 
score. However, in our study, the score of the same FR was 
found to be 0.42. For LS-26768, which is in the south aspect, 
while Acar et al. (2007), Gumus et al. (2008), Sathyan et al. 
(2022) and Bugday and Akay (2019) gave it a full score, Chi-
teculo et al. (2022) scored it with 0, which is the lowest score. 
However, in our study, the score of the same FR was found 
to be 0.72.
Table 4 shows the correlation values between studies. In the 
correlation phase, FRs (30 units) and LS areas (30 units) were 
used. The table shows that the aspect scores used by Sathyan 
et al. (2022) (0.466) and Bugday and Akay (2019) (0.464) are 
directly related to our study. In addition, it can be seen that 
our study is inversely related to Abay et al.’s (2019) study.
For the study, a module was created in ArcMap 10.8.2 via the 
Arcpy library and model builder. Thus, ArcGIS users can 
reproduce their own results just by providing the contour 
lines, area boundaries and their own sample items. The mo-
dule can be reached on the Github repository (Github, 2023).

CONCLUSION
ZAKLJUČAK
In this study, an objective method was introduced to be 
used in various analyses in scoring the aspect score. With 
the proposed method, 30 FRs and 30 LS areas were resco-
red. The study area was located in the northern hemisphere. 
Therefore, in this scoring system  northern aspects were 
scored closer to 0, while southern aspects were scored clo-

ser to 1. The study was conducted with the assumption that 
the southwest aspect is scored as maximized, and the 
northeast aspect is scored as minimized. This use of scoring 
contributed to the replacement of user-based scoring with 
objective scoring. The relationship between user-based sco-
ring and objective scoring was examined. Among the 10 
studies evaluated, 2 of them, namely by Sathyan et al. (2022) 
(0.466) and Bugday and Akay (2019) (0.464), were found 
to have more positive and significant relationships with 
objective scoring. An ArcGIS module was created for the 
end user to have easy access to the objective scoring system. 
The effects of sunny and shaded aspects were especially stu-
died, with the aim of contributing to the new analysis stu-
dies with a unique value.
Conflict of interest: The authors declare that they have no 
known competing financial interests or personal relati-
onships that could have appeared to influence the work 
 reported in this paper.
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Buğday(2019) 0.849 0.849 0.722 -0.247 0.264 1

Arabamerietal.(2020) 0.296 0.296 0.264 0.274 -0.302 0.316 1
Chiteculoetal.(2022) -0.928 -0.928 -0.934 -0.18 0.151 -0.805 -0.368 1

PanchalandShrivastava(2022) 0.602 0.602 0.705 0.54 -0.542 0.396 0.18 -0.818 1
Sathyanetal.(2022) -0.143 -0.143 -0.269 -0.824 0.852 0.149 -0.053 0.343 -0.776 1

Thestudy 0.29 0.29 0.191 -0.449 0.464 0.395 0.229 -0.163 -0.212 0.466 1

file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark103
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark103
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark24
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark24
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark104
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark104
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark105
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark105
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark106
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark106
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark59
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark59
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark107
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark107
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark108
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark108
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark109
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark109
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark109
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark110
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark110
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark103
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark24
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark104
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark105
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark106
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark59
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark107
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark108
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark109
file:///D:\Belgelerim\Desktop\1-Main.docx#bookmark110


474	 Šumarski list, 9–10, CXLVIII (2024), 465–475

• Alexakis, D.D., Agapiou, A., Tzouvaras, M., Themistocleous, K., 
Neocleous, K., Michaelides, S., Hadjimitsis, D.G., 2014: Inte-
grated use of GIS and remote sensing for monitoring landslides 
in transportation pavements: the case study of Paphos area in 
Cyprus. Natural Hazards 72, 119-141. doi:10. 1007/s11069-013-
0770-3.

• Arabameri, A., Pradhan, B., Rezaei, K., Lee, S., Sohrabi, M., 2020: 
An ensemble model for landslide susceptibility mapping in a 
forested area. Geo- carto International 35, 1680-1705. doi: 
10.1080/10106049.2019.1585484.

• Ayalew, L., Yamagishi, H., 2005: The application of GIS-based 
logistic regression for landslide susceptibility mapping in the 
Kakuda-Yahiko Mountains, Central Japan. Geomorphology 65, 
15-31. doi:10.1016/j.geomorph. 2004.06.010.

• Bjorklund, E.S., 2006. Environmental Statement 2005: Wood 
Supply Europe Report, Stora Enso Forest Product, Sweden .

• Boston, K., 2016: The potential effects of forest roads on the en-
vironment and mitigating their impacts. Current Forestry Re-
ports 2, 215-222. doi:10. 1007/s40725-016-0044-x.

• Bugday, E., 2019: Landslide Susceptibility Mapping Using Dif-
ferent Modeling Approaches in Forested Areas (Sample of Can-
kiri-Yaprakli). European Journal of Forest Engineering 5, 61-67. 
doi:10.33904/ejfe.582276.

• Bugday, E., Akay, A.E., 2019: Evaluation of forest road network 
planning in landslide sensitive areas by GIS-based multi-criteria 
decision making approaches in Ihsangazi watershed, Northern 
Turkey. Sumarski list 143, 325-336. doi:10.31298/sl.143.7-8.4.

• Bui, D.T., Pradhan, B., Lofman, O., Revhaug, I., Dick, O.B., 2012: 
Landslide susceptibility mapping at Hoa Binh province (Viet-
nam) using an adaptive neuro-fuzzy inference system and GIS. 
Computers & Geosciences 45, 199-211. doi:10.1016/j.
cageo.2011.10.031.

• Caliskan, E., 2013: Planning of forest road network and analysis 
in mountainous area. Life science journal 10, 2456-2465.

• Caliskan, E., Bediroglu, S., Yildirim, V., 2019: Determination for-
est road routes via GIS-based spatial multi-criterion decision 
methods. Appl. Ecol. Environ. Res 17, 759-779. doi:10.15666/
aeer/1701_759779.

• Caliskan, E., Karahalil, U., 2017: Evaluation of forest road net-
work and determining timber extraction system using GIS: a case 
study in Anbardag planning unit. Sumarski list 141, 163-171. 
doi:10.31298/sl.141.3-4.6.

• Cellek, S., 2021: The Effect of Aspect on Landslide and Its Rela-
tionship with Other Parameters, in: Landslides. IntechOpen. 
doi:10.5772/intechopen. 99389.

• Chalkias, C., Ferentinou, M., Polykretis, C., 2014: Gis supported 
landslide susceptibility modeling at regional scale: an expert-
based fuzzy weighting method. ISPRS International Journal of 
Geo-Information, 3(2), 523-539. https://doi.org/10.3390/
ijgi3020523

• Chen, W., Pourghasemi, H.R., Kornejady, A., Xie, X., 2019: GIS-
based landslide susceptibility evaluation using certainty factor 
and index of entropy ensembled with alternating decision tree 
models, in: Natural hazards GIS-based spatial modeling using 
data mining techniques. Springer, pp. 225-251. doi:10.1007/978-
3-319-73383-8_10.

• Chen, W., Pourghasemi, H.R., Kornejady, A., Zhang, N., 2017: 
Landslide spatial modeling: Introducing new ensembles of ANN, 
MaxEnt, and SVM machine learning techniques. Geoderma 305, 
314-327. doi:10.1016/j. geoderma.2017.06.020.

• Chiteculo, V., Abdollahnejad, A., Panagiotidis, D., Surovy, P., 
2022: Effects, Monitoring and Management of Forest Roads Us-

ing Remote Sensing and GIS in Angolan Miombo Woodlands. 
Forests 13, 524. doi:10.3390/ f13040524.

• Fan, J.r., Zhang, X.y., Su, F.h., Ge, Y.g., Tarolli, P., Yang, Z.y., Zeng, 
C., Zeng, Z., 2017: Geometrical feature analysis and disaster as-
sessment of the Xinmo landslide based on remote sensing data. 
Journal of Mountain Science 14, 1677-1688. doi:10.1007/s11629-
017-4633-3.

• Feizizadeh, B., Blaschke, T., Nazmfar, H., Rezaei Moghaddam, 
M.H., 2013: Landslide susceptibility mapping for the Urmia Lake 
basin, Iran: a multi-criteria evaluation approach using GIS. In-
ternational Journal of Environ-mental Research 7, 319-336. 
doi:10.22059/IJER.2013.610.

• Fransen, P.J.B., Phillips, C.J., Fahey, B.D., 2001: Forest road 
 erosion in New Zealand: overview. Earth Surface Processes and 
Landforms: The Journal of the British Geomorphological 
 Research Group 26, 165-174. doi:10. 1002/1096-9837(200102) 
26:2<165::AID-ESP170> 3.3.CO;2-R.

• GDF, 2023: General directorate of forestry, magka state forest 
enterprise - forest information. URL: https://trabzonobm.ogm.
gov.tr/ MackaOIM/Lists/OrmanVarligi/AllItems.aspx. https://
trabzonobm. ogm.gov.tr/MackaOIM/Lists/OrmanVarligi/Al-
lItems.aspx [Accessed: 13.01.2023].

• GDMRE, 2023: General directorate of mineral research and ex-
ploration, earthscience portal. URL: http://yerbilimleri.mta.gov. 
tr/anasayfa.aspx. http://yerbilimleri.mta.gov.tr/anasayfa.aspx 
[Accessed: 13.01.2023].

• Github, 2023: Github. URL: https://github.com/ArresT-Anar-
chY/ AspectScore.

• Glade, T., Crozier, M., 2005: A review of scale dependency in 
landslide hazard and risk analysis. Landslide Hazard and Risk, 
75-138. https://doi.org/10.1002/9780470012659.ch3

• Gumus, S., 2017: An evaluation of stakeholder perception dif-
ferences in forest road assessment factors using the Analytic Hi-
erarchy Process (AHP). Forests 8, 165. doi:10.3390/f8050165.

• Gumus, S., Acar, H.H., Toksoy, D., 2008: Functional forest road 
network planning by consideration of environmental impact as-
sessment for wood harvesting. Environmental monitoring and 
assessment 142, 109-116. doi:10.1007/s10661-007-9912-y.

• Guzzetti, F., Carrara, A., Cardinali, M., Reichenbach, P., 1999: 
Landslide hazard evaluation: a review of current techniques and 
their application in a multi-scale study, Central Italy. Geomor-
phology 31, 181-216. doi:10. 1016/s0169-555x(99)00078-1.

• Hadji, R., Chouabi, A., Gadri, L., Rais, K., Hamed, Y., Boumaz-
beur, A., 2016: Application of linear indexing model and GIS 
techniques for the slope movement susceptibility modeling in 
Bousselam upstream basin, Northeast Algeria. Arabian Journal 
of Geosciences 9, 1-18. doi:10.1007/ s12517-015-2169-9.

• Hong, H., Pradhan, B., Xu, C., Bui, D.T., 2015: Spatial prediction 
of landslide hazard at the Yihuang area (China) using two-class 
kernel logistic regression, alternating decision tree and support 
vector machines. Catena 133, 266-281. doi:10.1016/j.cat-
ena.2015.05.019.

• Hosseini, S.A., Mazrae, M.R., Lotfalian, M., Parsakhoo, A., 2012: 
Designing an optimal forest road network by consideration of 
environmental impacts in GIS. Journal of Environmental Engi-
neering and Landscape Management 20, 58-66. doi: 
10.3846/16486897.2012.662748.

• Kastridis, A., 2020: Impact of forest roads on hydrological pro-
cesses. Forests 11, 1201. doi:10.3390/f11111201.

• Kavzoglu, T., Sahin, E.K., Colkesen, I., 2014: Landslide suscepti-
bility mapping using gis-based multi-criteria decision analysis, 
support vector machines, and logistic regression. Landslides 11, 
425-439. doi:10.1007/ s10346-013-0391-7.

http://yerbilimleri.mta.gov.tr/anasayfa.aspx


475HATAY, T.Y. et al: A STUDY ON MEASURING AN OBJECTIVE ASPECT SCORE IN FORESTRY ANALYSIS: EXAMPLE OF FOREST ROADS AND LANDSLIDE AREAS

• Kayastha, P., Bijukchhen, S.M., Dhital, M.R., De Smedt, F., 2013a: 
GIS based landslide susceptibility mapping using a fuzzy logic 
approach: A case study from Ghurmi-Dhad Khola area, Eastern 
Nepal. Journal of the Geological Society of India 82, 249-261. 
doi:10.1007/s12594-013-0147-y.

• Kayastha, P., Dhital, M.R., De Smedt, F., 2013b: Application of 
the analytical hierarchy process (AHP) for landslide susceptibil-
ity mapping: A case study from the Tinau watershed, west Nepal. 
Computers & Geosciences 52, 398-408. doi:10.1016/j.
cageo.2012.11.003.

• Kazama, V.S., Dalla Corte, A.P., Robert, R.C.G., Sanquetta, C.R., 
Arce, J.E., Oliveira-Nascimento, K.A., DeArmond, D., 2021: 
Global review on forest road optimization planning: Support for 
sustainable forest management in Amazonia. Forest Ecology and 
Management 492, 119159. doi:10.1016/j.foreco.2021.119159.

• Kouli, M., Loupasakis, C., Soupios, P., Rozos, D., Vallianatos, F., 
2014: Landslide susceptibility mapping by comparing the WLC 
and WofE multi-criteria methods in the West Crete Island, 
Greece. Environmental earth sciences 72, 5197-5219. doi:10.1007/
s12665-014-3389-0.

• Kumar, R., Anbalagan, R., 2016: Landslide susceptibility map-
ping using analytical hierarchy process (AHP) in Tehri reservoir 
rim region, Uttarakhand. Journal of the Geological Society of 
India 87, 271-286. doi:10.1007/s12594-016-0395-8.

• Martinovic, K., Gavin, K., Reale, C., 2016: Development of a land-
slide susceptibility assessment for a rail network. Engineering 
Geology 215, 19. doi:10.1016/j.enggeo.2016.10.011.

• Ozsahin, E., 2015: Coğrafi bilgi sistemleri yardımıyla heyelan 
duyarlılık analizi: Ganos Dağı Örneği (Tekirdağ). Harita Teknolo-
jileri Elektronik Dergisi 7, 47-63. doi:10.15659/hartek.15.04.68.

• Panchal, S., Shrivastava, A.K., 2022: Landslide hazard assessment 
using analytic hierarchy process (AHP): A case study of National 

Highway 5 in India. Ain Shams Engineering Journal 13, 101626. 
doi:10.1016/j.asej. 2021.10.021.

• Pham, B.T., Bui, D.T., Prakash, I., Dholakia, M.B., 2017: Hybrid 
integration of Multilayer Perceptron Neural Networks and ma-
chine learning ensembles for landslide susceptibility assessment 
at Himalayan area (India) using GIS. Catena 149, 52-63. 
doi:10.1016/j.catena.2016.09.007.

• Rahman, G., Collins, A.E., et al., 2017: Geospatial Analysis of 
Landslide Susceptibility and Zonation in Shahpur Valley, Eastern 
Hindu Kush using Frequency Ratio Model: Geospatial Analysis 
of Landslide Susceptibility. Proceedings of the Pakistan Academy 
of Sciences: B. Life and Environ-mental Sciences 54, 149-163.

• Robinson, C., Duinker, P.N., Beazley, K.F., 2010: A conceptual 
framework for understanding, assessing, and mitigating ecolog-
ical effects of forest roads. Environmental Reviews 18, 61-86. 
doi:10.1139/a10-002.

• Sathyan, M., Sunilbabu, A.P., Babu, M.R., Anoop, V., Veeramani, 
S., 2022: GIS Based Planning of Forest Road Alignment in Peri-
yar Tiger Reserve, Kerala, India. Journal of Geography, Environ-
ment and Earth Science International 26, 26-37. doi:10.9734/
jgeesi/2022/v26i9629.

• Sessions, J., 2007: Forest road operations in the tropics. Springer. 
doi:10. 1007/978-3-540-46393-1_1.

• Yılmaz, G., 2008: Afete duyarlı planlama kapsamında planlama 
jeorisk ilişkisi ve CBS ile analizi, Bartın Kenti Ornegi. 
Yayımlanmamış Yüksek Lisans Tezi). Gazi Üniversitesi Fen Bil-
imleri Enstitüsü Şehir ve Bolge Planlama Anabilim Dalı, Ankara.

• Zumpano, V., Pisano, L., Malek, Z., Micu, M., Aucelli, P.P.C., 
Rosskopf, C.M., Balteanu, D., Parise, M., 2018: Economic losses 
for rural land value due to landslides. Frontiers in Earth Science, 
97doi:10.3389/feart.2018. 00097.

SAŽETAK
U šumarstvu, mjerenja se provode kako bi se razumjelo stanje prirodnih ekosustava i njihove promjene. 
Istraživanja su izvijestila da zemljopisne značajke poput nadmorske visine, nagiba i orijentacije izrazito 
utječu na ekosustav te je ključno njihovo točno mjerenje. Također, u šumarskoj analizi i procjeni rizika, 
te se značajke moraju objektivno i točno ocjenjivati. Nadmorska visina i nagib mogu se jednostavno izm-
jeriti i ocijeniti pomoću sustava temeljenih na GIS-u. Iako se orijentacija može jednostavno mjeriti, 
istraživanja su predložila različite pristupe njezinom bodovanju. Razlog za ovu raznolikost je u tomu što 
istraživanja određuju orijentaciju vizualno, a kružna struktura orijentacije otežava ocjenjivanje. Također, 
ocjena orijentacije razlikuje se ovisno o polutci i konceptu istraživanja. Stoga je zahtjev za objektivnom 
i lako primjenjivom metodom mjerenja i ocjenjivanja orijentacije temeljenom na GIS-u moguć. U ovom 
istraživanju odabrano je Šumsko poduzeće Maçka, koje se nalazi u provinciji Trabzon u Turskoj, te je 
dobivena karta orijentacija u regiji. Zatim je iz regije odabrano 30 šumskih cesta i 30 klizišta. Šumske 
ceste i klizišta ocjenjivani su prema izgledu, vizualno. Vizualne procjene ocjenjivane su prema istraživanjima 
u literaturi. Uostalom, prema predloženoj metodi određene su i ocjene orijentacije šumskih prometnica 
i klizišta. Ova metoda predlaže ocjenjivanje orijentacije pomoću piksela i kružnog usrednjavanja. Rezul-
tati su uspoređeni i pokazali su da su studije ocjenjivanja orijentacije u literaturi subjektivne te da 
međusobno proturječe na mnogo načina. Rezultati su također pokazali da je predložena metoda točna, 
objektivna i učinkovita u mjerenju i ocjenjivanju orijentacije. Također, predložena metoda pruža virtu-
alni pristup umjesto vizualnog. Konačno, predložena metoda dijeli se kao ArcMap Toolbox otvorenog 
koda koji se isporučuje krajnjem korisniku.

KLJUČNE	RIJEČI:	šumska cesta, klizište, orijentacija, ocjena orijentacije, analiza orijentacije

*Appendix S1 Aspect scores of forest roads according to studies and S2 Aspect scores of landslide areas according to studies are available in the web edition
Dodatak S1 Ocjene orijentacije šumskih cesta prema istraživanjima i S2 Ocjene orjentacije područja klizišta prema istraživanjima dostupni su u web izdanju
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APPENDIX

Table	S1.	Aspect scores of forest roads according to studies.
Tablica S1. Ocjene orijentacije šumskih cesta prema istraživanjima.
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FR-4380-001 West 317 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.49
FR-4380-002 West 342 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.29
FR-4380-003 Northwest 308 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.55
FR-4380-004 Southwest 284 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.72
FR-4380-005 West 289 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.61
FR-4380-006 Northwest 297 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.57
FR-4380-007 West 290 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.65
FR-4380-008 West 276 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.69
FR-4380-009 Northwest 274 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.72
FR-4380-010 West 280 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.7
FR-4380-011 East 100 0.5 0.5 0.14 0.22 0.25 0 0.06 0.75 0.08 0.33 0.27
FR-4380-012 West 274 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.7
FR-4380-013 West 258 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.79
FR-4380-014 Northwest 273 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.67
FR-4380-015 West 298 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.59
FR-4380-016 Northwest 55 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.14
FR-4380-017 East 92 0.5 0.5 0.14 0.22 0.25 0 0.06 0.75 0.08 0.33 0.24
FR-4380-018 East 80 0.5 0.5 0.14 0.22 0.25 0 0.06 0.75 0.08 0.33 0.17
FR-4380-019 West 285 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.66
FR-4380-020 North 27 0 0 0.06 0.12 0.25 0 0.07 1 0.05 0 0.42
FR-4380-021 Northeast 68 0 0 0.09 0.12 0.25 0 0.1 0.75 0.2 0 0.27
FR-4380-022 Northeast 62 0 0 0.09 0.12 0.25 0 0.1 0.75 0.2 0 0.25
FR-4380-023 South 223 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.89
FR-4380-024 Northwest 302 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.59
FR-4380-025 West 273 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.74

FR-4380-025-1 West 286 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.65
FR-4380-026 East 72 0.5 0.5 0.14 0.22 0.25 0 0.06 0.75 0.08 0.33 0.18
FR-4380-027 West 295 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.65

FR-4380-027-1 West 315 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.5
FR-4380-028 East 73 0.5 0.5 0.14 0.22 0.25 0 0.06 0.75 0.08 0.33 0.22
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Table	S2.	Aspect scores of landslide area according to studies.
Tablica S2. Ocjene orijentacije područja klizišta prema istraživanjima.
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LS-26739 Southeast 99 1 1 0.15 0.23 0 1 0.14 0 0.36 0.33 0.3

LS-26755 West 317 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.48

LS-26756 Southwest 283 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.72

LS-26757 West 320 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.48

LS-26758 West 318 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.47

LS-26759 West 253 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.9

LS-26760 Southeast 44 1 1 0.15 0.23 0 1 0.14 0 0.36 0.33 0.03

LS-26766 South 309 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.55

LS-26767 Southwest 270 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.73

LS-26768 South 280 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.72

LS-26772 West 300 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.6

LS-26774 North 349 0 0 0.06 0.12 0.25 0 0.07 1 0.05 0 0.23

LS-26775 Southwest 254 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.86

LS-26961 Northwest 329 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.4

LS-26966 Northeast 53 0 0 0.09 0.12 0.25 0 0.1 0.75 0.2 0 0.01

LS-26967 Northwest 319 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.47

LS-26968 West 315 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.5

LS-26969 Northwest 305 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.58

LS-26970 West 319 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.47

LS-26971 West 286 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.74

LS-26980 West 356 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.17

LS-26988 Northwest 350 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.25

LS-26990 South 329 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.39

LS-27002 North 18 0 0 0.06 0.12 0.25 0 0.07 1 0.05 0 0.08

LS-27003 Northwest 314 0 0 0.07 0.07 0.5 0 0.11 1 0.03 1 0.51

LS-27004 Southwest 311 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.53

LS-27009 West 320 0.5 0.5 0.13 0.06 1 0.5 0.09 0.75 0.05 1 0.46

LS-27010 Northeast 24 0 0 0.09 0.12 0.25 0 0.1 0.75 0.2 0 0.06

LS-27012 Southwest 22 1 1 0.16 0.07 0.5 0.5 0.18 0.5 0.08 0.67 0.06

LS-27028 South 288 1 1 0.19 0.13 0.25 1 0.22 0 0.13 0.67 0.55


