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A STUDY ON MEASURING AN OBJECTIVE
ASPECT SCORE FOR ANALYSIS IN FORESTRY:
EXAMPLE OF FOREST ROADS AND LANDSLIDE
AREAS

STUDIJA 0 MJERENJU OBJEKTIVNE OCJENE ORIJENTACIJE ZA
ANALIZU U SUMARSTVU: PRIMJER SUMSKIH CESTA I KLIZISTA

Taha Yasin HATAY'*, Ziibeyir 0ZCAN?, Selcuk GUMUS!

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, Magka Forestry Enterprise, which is located in the
Trabzon province of Tiirkiye, 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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INTRODUCTION

positive or negative effects on ecosystems. They are classi-
uvoD . : o .

fied according to ecological, economic, social, and technical
In forestry, measurement is a very important function. Me-  criteria (Bjorklund, 2006; Gumus et al., 2008). The accuracy
asurement parameters are determined according to thede-  of the parameters that are measured may affect the perfor-
sired analysis. Parameters are determined considering their ~ mance of the analysis.
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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
etal,, 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-
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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
etal., 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 Tiirkiye, 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
(Yilmaz, 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
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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:

o Ithasbeen shown that the aspect can be measured objec-
tively rather than being a subjective measurement.

o 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.

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

o 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
MATERIJALI | METODE

Materials — Materijali

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

Table 1. Aspect scores for direction according to the studies in the literature. NS stands for Not Specified as the studies did not mention the
corresponding directions. \We assigned the scores according to the assumptions in the corresponding studies. (N = North, NE = Northeast,
E = East, SE = Southeast, S = South, SW = Southwest, W = West and NW = Northwest)

Tablica 1. Ocjenjivanje orijentacije prema smjeru prema istrazivanjima u literaturi. NS je kratica za Not Specified jer istraZivanja nisu spominjala odgovarajuce
upute. Ocjene smo dodijelili prema pretpostavkama u odgovarajuéim istrazivanjima. (N = sjever, NE = sjeveroistok, E = istok, SE = jugoistok, S = jug,

SW = jugozapad, W = zapad i NW = sjeverozapad)

Study The Scope \ NE
Acar et al. (2007) FR -2 -2
Gumus etal. (2008) FR -3 NS/-3
Kayastha et al. (2013) LS 0.06 0.09
Abay et al. (2019) LS 0.12 0.12
Bugday and Akay (2019) LS 5 5
Bugday (2019) LS 3 3
Arabameri et al. (2020) LS 0.07 0.1
Chiteculo etal. (2022) FR 5 4
Panchal and Shrivastava (2022) LS 0.05 0.2
Sathyanetal. (2022) FR 1 NS/1

E SE S SW W NW
0 2 2 2 0 -2
0 NS/3 3 NS/3 0 NS/-3
0.14 0.15 0,19 0.16 0.13 0.07
0.22 0.23 0.13 0.07 0.06 0.07
5 3 5 7 11 7
3 1 7 5 5 3
0.06 0.14 0.22 0.18 0.09 0.1
4 1 1 3 4 5
0.08 0.36 0.13 0.08 0.05 0.03
2 NS/2 3 NS/3 4 NS/4
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Figure 1. (A) Aspect map of MFE, (B) Elevation map of MFE, (C) Textured elevation map of MFE
Slika 1. (A) Karta orijentacije MFE-a, (B) Karta visine MFE-a, (C) Karta visine MFE-a s reljefom

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 (GDE, 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 2. LS model for calculating the aspect score. This model was produced in the ArcGIS model builder.
Slika 2. Model kliziSta za izracun ocjena orijentacije. Ovaj model izraden je pomo¢u 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 — Izracun 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 (c+2f+i)—(a+2d+g)

dx - 8 )

in which z is the elevation map pixel corresponding to the
pixel e, x is the vertical gradient operator, and a, b, ¢, d, e, f,
& hand i are the pixel values. Similarly, for horizontal gra-
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Figure 3. Masks for calculating the aspect: (A) vertical gradient mask,
(B) horizontal gradient mask, and (C) elevation map example.

Slika 3. Predlosci za izracunavanje orijentacije: (A) predlozak okomitog
gradijenta, (B) predlozak horizontalnog gradijenta i (C) primjer karte nad-
morske visine.

©

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

dz (g+2h+i)—(a+2b+c)
5" (2)
ly 8

in which z is the elevation map pixel corresponding to the
pixel e, y is the horizontal gradient operator, a, b, ¢, d, ¢, f,
& hand 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 =@arctan2 ﬁ,_ﬁ (3)
T dx dy

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.

Ifit 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.

sin @—@-i-% +1
360

2

(4)

Aspect Score =

In Equation 4, 0 is the aspect value of the pixel, and ¢ 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-
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Figure 4. Graph showing the aspect scores given in the function where
the southwest aspect is maximized, and the northeast aspect is mini-
mized (@ = 225°).

Slika 4. Grafikon prikazuje ocjene orijentacije dane u funkciji gdje je jugo-
zapadna orijentacija maksimizirana, a sjeveroistocna orijentacija mini-
mizirana (@ = 225°).

pect scores of directions when SW was full-scored, and NE
was minimum-scored. The ¢ value in Equation 4 was cho-
sen to be 225° since in our study we assumed that the SW
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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
REZULTATI | DISKUSIJA

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).
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Aspect Score Map (B)
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Figure 5. (A) Aspect map of MFA, (B) Aspect score map of MFA
Slika 5. (A) Karta orijentacije MFA-a, (B) Karta ocjena orijentacije MFA-a
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Table 2. Normalized aspect scores for direction according to the studies in the literature. Data are arranged from Table 1.
Tablica 2. Normalizirane ocjene orijentacije prema smjeru prema istrazivanjima iz literature. Rasporedeni su podaci iz Tablice 1.

Study The scope N NE
Acar et al. (2007) FR 0 0
Gumus et al. (2008) FR 0 0
Kayastha et al. (2013) LS 0 0.23
Abay et al. (2019) LS 0.36 0.34
Bugday and Akay (2019) LS 0.25 0.25
Bugday (2019) LS 0 0
Arabameri et al. (2020) LS 0.06 0.25
Chiteculo et al. (2022) FR 1 0.75
Panchal and Shrivastava (2022) LS 0.04 0.52
Sathyan et al. (2022) FR 0 0

E SE S SW W NW
0.5 1 1 1 0.5 0
0.5 1 1 1 0.5 0
0.62 0.7 1 0.81 0.59 0,1
0.92 1 0.41 0.08 0 0.04
0.25 0 0.25 0.5 1 0.5

0 1 1 0.5 0.5 0

0 0.5 1 0.75 0.19 0.31
0.75 0 0 0.5 0.75 1
0.15 1 0.28 0.14 0.04 0
0.33 0.33 0.67 0.67 1 1

Table 3. For some of the selected FRs and LS areas, the normalized aspect scores according to the proposed study and the studies in the literature.
Tablica 3. Za neka od odabranih podrucja FR i LS, normalizirane ocjene orijentacije prema predlozenoj studiji i studijama u literaturi.

) — g > > N

g 5 S S g 2 5 = = g —

7] 3 alk = = = - = B = - o ©

-—— = e o —= = I = S = kT

275 z = B 0 s 2 S B 2 58 2

B8 S = s £ s g5 & & 3 £8 ¢

S8 s E 8 z B2 B S = Sz =

&= £ 2 3 & 2 28 & 3 5 T o
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

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
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Figure 6. The aspect map of the FRs (top) and their corresponding pixel densities of aspect values (bottom). In the radar plot, the bar plot repre-
sents the density of the pixels in FRs. The blue stem represents the aspect of the FR when the aspect was determined by sight. The red stem
represents the circular average of the pixel values.

Slika 6. Karta orijentacije Sumskih cesta (gore) i njihove odgovarajuée gustoce piksela za vrijednosti orijentacije (dolje). U radarskom dijagramu, stupcasti
dijagram predstavlja gustocu piksela u podrucjima Sumskih cesta. Plava linija predstavlja orijentaciju Sumske ceste kada je orijentacija odredena vizualno.
Crvena linija predstavlja kruzni prosjek vrijednosti piksela.
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Figure 7. The aspect map of the LS areas (top) and their corresponding pixel densities of aspect values (bottom). In the radar plot, the bar plot
represents the density of the pixels in LS areas. The blue stem represents the aspect of the LS area when the aspect was determined by sight.
The red stem represents the circular average of the pixel values.

Slika 7. Karta orijentacije podrucja kliziSta (gore) i njihove odgovarajuce gustoce piksela za vrijednosti orijentacije (dolje). U radarskom dijagramu, stup€asti
dijagram predstavlja gustocu piksela u podrucjima klizista. Plava linija predstavlja orijentaciju podrucja kliziSta kada je orijentacija odredena vizualno. Crvena
linija predstavlja kruzni prosjek vrijednosti piksela.
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Table 4. Correlation matrix of the studies.
Tablica 4. Korelacijska matrica istrazivanja.

@

Acar et al. (2007) 1
Gumus et al. (2008) 1 1
Kayastha et al. (2013) 0.957 0.957 1
Abay et al. (2019) 0.041 0.041 0.205 1
Bugday and Akay (2019) 0.017 0.017 -0.13 -0.989
Bugday (2019) 0.849 0.849 0.722  -0.247
Arabameri et al. (2020) 0.296 0.296 0.264 0.274
Chiteculo et al. (2022) -0.928 -0.928 -0.934 -0.18
Panchal and Shrivastava (2022) 0.602 0.602 0.705 0.54
Sathyan et al. (2022) -0.143  -0.143  -0.269 -0.824
The study 0.29 0.29 0.191 -0.449

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
etal. (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
ZAKLJUCAK

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-
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0.264 1

-0.302  0.316 1

0.151 -0.805  -0.368 1

-0.542  0.396 0.18 -0.818 1

0.852 0.149  -0.053 0.343 -0.776 1

0.464 0.395 0.229 -0.163 -0.212  0.466 1

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.
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U Sumarstvu, mjerenja se provode kako bi se razumjelo stanje prirodnih ekosustava i njihove promjene.
Istrazivanja su izvijestila da zemljopisne znacajke poput nadmorske visine, nagiba i orijentacije izrazito
utjecu na ekosustav te je klju¢no njihovo to¢no mjerenje. Takoder, u Sumarskoj analizi i procjeni rizika,
te se znacajke moraju objektivno i to¢no ocjenjivati. Nadmorska visina i nagib mogu se jednostavno izm-
jeriti i ocijeniti pomocu sustava temeljenih na GIS-u. Iako se orijentacija moze jednostavno mjeriti,
istrazivanja su predlozila razli¢ite pristupe njezinom bodovanju. Razlog za ovu raznolikost je u tomu sto
istrazivanja odreduju orijentaciju vizualno, a kruzna struktura orijentacije otezava ocjenjivanje. Takoder,
ocjena orijentacije razlikuje se ovisno o polutci i konceptu istrazivanja. Stoga je zahtjev za objektivnom
ilako primjenjivom metodom mjerenja i ocjenjivanja orijentacije temeljenom na GIS-u mogué. U ovom
istrazivanju odabrano je Sumsko poduzeée Magka, koje se nalazi u provinciji Trabzon u Turskoj, te je
dobivena karta orijentacija u regiji. Zatim je iz regije odabrano 30 $umskih cesta i 30 klizista. Sumske
ceste i klizita ocjenjivani su prema izgledu, vizualno. Vizualne procjene ocjenjivane su prema istrazivanjima
u literaturi. Uostalom, prema predlozenoj metodi odredene su i ocjene orijentacije Sumskih prometnica
i klizista. Ova metoda predlaze ocjenjivanje orijentacije pomocu piksela i kruznog usrednjavanja. Rezul-
tati su usporedeni i pokazali su da su studije ocjenjivanja orijentacije u literaturi subjektivne te da
medusobno proturje¢e na mnogo nacina. Rezultati su takoder pokazali da je predlozena metoda to¢na,
objektivna i u¢inkovita u mjerenju i ocjenjivanju orijentacije. Takoder, predlozena metoda pruza virtu-
alni pristup umjesto vizualnog. Konacno, predlozena metoda dijeli se kao ArcMap Toolbox otvorenog

koda koji se isporucuje krajnjem korisniku.

KLJUCNE RIJECI: $umska cesta, kliziste, 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 Sumskih cesta prema istrazivanjima i S2 Ocjene orjentacije podrucja kliziSta prema istraZivanjima dostupni su u web izdanju



