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INTRODUCTION

As one of the most important natural resources, forests have vital olumcsuch as
improving biodiversity, preserving soil, protecting water, and providing services to society.
In order to maintain these functions, forest should be planned and managed by considering
social, economic, ecological, and sociocultural factorsreleent years, natural disasters
caused by abiotic factors result in serious biological and ecological damages on forest
ecosystems while threatening the human life. The most effective natural disasters may
include forest fires, winter storms, floods, lain#iss, and avalanches.

In order to minimize the detrimental effects of natural disasters, advanced information
technologies (ITs) such a&lS, RS, ICT, IoT, etcshould be used in planning and
implementing of natural disaster management activities. Besideest roads, providing
important benefits of accessing forest areas, should be designed and constructed considering
the natural disasters.

3 International Symposium of Forest Engineering and Technologies (FETEC 2022):
fiForest Transportation Solwhs and IT Applications for Natural Disaster Management
wasorganized or28-29 November 2022y Space Agency of the Republic of Azerbaijan
(Azercosmos)in the city of Baku, Azerbaijan asybrid symposium The symposium co
organizers includ&DF (General Orectorate of Forestrylurkiye), IUFRO Division 3.0 and
FETEC Platform.

The aim of the symposium wa® discuss the most recent scientific researches and
professional works related to Forest Transportation solutions and IT applications for Natural
Disaster Management with attendance of international researchers, practitioners, and relevant
shareholders.

On behalf of the entire organizing committee, | would like to thank all the participants of the
symposium and express my best wishes to those watiilouted during the preparation and
organization stages of the symposium.

Dunay Badirkhanov
Symposium Chairman
Azercosmos, Baku, Azerbaijan
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Using GIS-based Network Analysis to Evaluate the Accessible FatAreas
Considering Wildfires: The Case of Sarajevo

Dgevada 8 dvkhared Bajritl, Abdullah E. Akay?

IUniversity of Sarajevo, Faculty of Forestry, Sarajevo, Bosnia and Herzegovina
2Bursa Technical University, Faculty of Forestry, BuiBarkiye
*dz.okolovic@sfsa.unsa.ba

Abstract

The forest fire is one of the greatest environmental disaster on forest ecosystems. In order to
effectively fight against forest fires, it is essential for ground team to access fire areas and start
firefighting within in critical response time. Therefore, it is important to evaluate the forest
areas that the ground team can reach in critical response time. In this stubdps&dSetwork
analysis method was used to evaluate the capabilities of ground team to arriverkaes
promptly considering the forested areaamtonSarajevo in Boshia and Herzegovina. In the
solution process, the effectiveness of establishing new fire stations (20) was evaluated by
comparing the results obtathé the case where only the fomstations (12) were taken into
account. The optimal route and associated response times of firefighting teams to potential fire
areas were generated considering the previously occurred forest fires (58 fires) in the region.
The results indicated that alioli8% of the forested areas were accessible considering the
former fire station while accessible forest areas increased up to 45% considering the new
stations. When analyzing the previously occurregdbfires, it was found that 3Bes were
reached irthe critial response time considering fornfge stations. On the other hand, the
accessibldorest fires increased up to 8fes for the case of new fire stations in the region.

Keywords:Forest fires, GIS, Network Analysis, Fire stations, Fire team

1. Introduction

Forest fires are one of the most important abiotic factors that damage the sustainability of
forests. A significant amount of human resources and budgets are allocated for the fight
against forest fires. In addition to the damages theyectautrests, these fires can also cause
loss of life and property in nearby settlements. Forest fires are fires that partially or
completely burn all flammable materials (trees, standing tree, leaning logs, grass, leaves, dry
trees and branches, etc.)the forestecosystemand tend to spread &l due to the open
environment(Eroglu, 2009). Combustible material, oxygen and temperature factors come
together testartthe combustion event.

There are three types of forest fires including cover fire, cafiopywnd ground fire. Cover

fire and canopy fire are mostly encountered among the fire ypka nakc éoj | u, 19¢
causes of forest fires are grouped as accident, negligence and carelessness, intention,
lightning and unknown cause. The correct estimation of the factors affecting the fire ensures
successful resudtin firefighting activities The most important factors affecting fire are
combustible materials, weather conditions an

Forest fire are common in Bosnia and Herzegovina in spite of the fact that this area is not of
high risk in Europe. There areva critical periods of fires: spring (Marehpril) and summer

1
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(July-August), although forest fires occasionally may appear all over the year. Spring fires
cause local people burning weeds and other plants remains, when clean their land, located
next to foests. Summer fires are closely related to visitors and rates of damages they cause
are far higher than spring ones (Ugluplil, 2

In order to perfornfirefighting jobs safely, the precautions to be taken before and after the fire

must be determined iadvance. The planning of the fight against forest fires, which is a
comprehensive and complex process, is important in terms of the precautions to be taken in the
early response to the fire. The main goal is the protection of forests. In order to poessnt f

fires, communication between the forest and the public, necessary training amindeiam of

i mportance should be provided (¢anak-éojl u,
equipped with the necessary tools and materials to control and extinguish the fire. Fire response
teams in the fight against forest fires are groupeteufive groups: initial response team, ready

force team, mobile team, fiter uc k t eam and aeri al team (held.
2015).

It is theinitial response team that sténe first fight against forest fires. The locations of the
initial response teardepend on the degree fife sensitivity the amount of access road
available in the forestvailability of necessary sourcesch as water and electrigiggtc In

order to be able to respond effectively to forest fires, the time cdpaatation of the initial
response team to the fire area by road should not exceed the critical response time. The
critical response time varies depending on the fire sensitivity of the burned area (GDF, 2008).
The fire sensitivity rate of a region is detened by the number of fires in that region, the
ratio of the burned area to the aredhsf forest management unit and the fire constant (Mol,
1994). The concept of fire sensitivity has been developed in order to be able to rank forests
for fire sensitvity and to show the status of forests with known sensitivity rate compared to
ot her forest |l ands (K¢-¢k and [ nal, 2005).

By using GIS technology, it is more effective and economical to quickly access and analyze
the necessary information for the workioe done bef or e, during and
and Bilgili, 2006). Akay et al. (2009) implemented a Gsed decision support system
application using the network analysis method in order to determine the optimum route for
the ground crew fighting fost fires to reach the fire areas as soon as possible. Akay et al.
(2014) used the Network 2001 program to determine the optimum road route to reach the fire
area promptly. In the study, a database consisting of various data layers was developed using
ArcGIS program. In order to provide access to areas that could not be reached during the
critical response time, alternatives have been put forward such as improving the existing road
networks and improving their technical standards, increasing the average spee
transportation.

In this study, it is aimed to determine the forested areas that can be reached by the initial
response team iG@antonSarajevo during the critical response time by using theb@ked
network analysis method. In the solution procHss effectiveness of the newitial response
teamsidentified in the study area wasdetermined Additionally, the optimal routes to
potential fire areas were generated considering the previously occurred forebefivegn

2016 and2022in the region.



F E 7— EZ 3" International Symposium of Forest Engineering and Technologies
28-29 November 2022, Baku

Full-PaperOral Presentations

2. Material and Methods

2.1. Study Area

The study was implemented in therder ofCantonSarajevo in Bosnia and Herzegoviiiae

total area is about 127000 hectares in which 702b#& covered with forestand public

enterprise KJP "Sarajes u me " .Salajewo.manage on this ar@he city of Sarajevo is

located in a valley atraaverage altitude of 5260 mand it is surrounded by mountains
Trebevi i 1629 m, l gman 1647 m, Bjelagnica 2C
total analyzed area, a steep terrain slope was recorded and that is limiting factor for road
construction and firefighting activities.nAadditional problem for access to forest areas is also

mined forest areas from the last war (Figure 1).

§ Study area

Km
0 37575 15 25 30 - Forested Areas

Figure 1. Study area

In Sarajevo, the summers are warm and mostly clear and the winters are very cold, snowy, and
patly cloudy. The average tgne r at ur e typi cal |l y7 &A@heihatsst f r o m
month is July with an average temperature
temper at ur e g dleesareaugifectedoby tBe8riitbrdp€an continental clirte

from the North, and the Mediterranean climate from the South. The main spedesdrfr,

spruce, Scots and European pio@k andcommon hornbeanihe forests in the study area is
estimated as second degree sensitive to forest fire which meticed ceisponse time is 30

minutes (GDF, 2008).

2.2. GIS Database

The GIS database was generated to perform the network analysis using ArcGIS program. The
road network, forest mam@nd locatiors of the fire stationsand previous fires data were
provided from the Forest Management Departmdrite map of the road network is indicated

in Figure 2. In the study aredetre are total 20 fire stationswhere8 of them were relatively

new stations. The location of the fire stations and previous fireshaven in Figure 3.
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Figure 2. Road network map Figure 3. Fire stations and fire locations

2.3. Network Analysis

In order to conduct network analysis method first a network database needs to be generated in
ArcCatalog module of ArcGIS program. Thiatabase was based on the average travel time of

fire truck on each road section in the road network layer. Travel time can be calculated
depending on the length of the road and the average speed of the vehicle. The average vehicle
speed varies accordirtg the road types. Therefore, the fields titled length (km), road type,
vehicle speed (km/hour) and travel time (minutes) are generated for each road section in the
Attribute Table of the road data layer.

Path lengths were found using the Calculate Gegnbat! in the Attribute Table. Road types

are classified under five groups as highway, state road, regional road, local road, and forest
truck road depending on the current information of the study area. Average fire truck speeds
according to road typeseagiven in Table 1.

Table 1. Average fire truck speed based on road types
Road Types Average Speed (km/hr

Highway 80
State road 60
Regional road 60
Local road 50
Forest truck road 30

Finally, the transportation time for each section was calailagéeng the Field Calculator tool
in the Attribute Table by using the following formula:
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t; =i—’;_60 (1)

ti : Total travel time for section i (minutes)

li : The length of section i (km)

Vi : Th average vehicle speed for section i (km/h)

60: Used to convert the transportation time from hours to minutes

After the Network Dataset was completed, the Network Analysis application was carried out
using the "ArcMap" module in ArcGIS program. In this application, the New Service Area and
New Closest Fality methods, which are under the Network Analysisensionwereapplied
separately.

2.3.1.New Service Area

In order to increase the effectiveness of the fight against forest fires, it is very important that the
initial responseéeam, who are the rsbimportant element in the firefighting organization, reach

the fire area in the critical response time. For this purpose, the New Service Area method has
been applied in this study. In the New Service Area method, which is similar to the Buffer
Analysismethod as its working principle, a service point determined on the network system is
accepted as the starting point and the regions within a total link value (travel time) determined
by the user are determined on the network system. In this study, itmexs @ determine the

forest areas that can be reached within the critical response time, based on the location of the
currentinitial responsedeam with the New Service Area methddhe critical response time
varies depending on the fire sensitivity oé thurned area. The New Service Area method was
applied considering the critical response time of 30 minutes, since the study area was
determined ag" degree fire sensitive areas.

2.3.2. New Closest Facility

With the New Closest Facility method, itagned to determine the optimum route between the
potential fire areas determined in the study area anthiti@ responsdeam. First of all, the
routes where the existingitial responséeam can reach each fire area in the shortest time were
determind. In this method, the positions ofitial responseteams and fire areas can be
automatically uploaded to the system from the relevant data layers.

3. Results and Discussion

3.1. Accessibld-orest Areas

Network analysis applications were carried ouhgidwo basic data layers generated in the
Network Dataset. These data layers; the link data layer that represents the road sections in the
road networkconsideringhe transportation times, and thededata layer that represents the
intersections of thee links (Figure 4)Using the New Service Area method, the forest areas
that can be reached in the study area during the critical response time were determined by
centered on the positions of tirétial responseeams. Firstly, forest areas were ideattfi

that could be reached by I@rmer initial responseéeams on the road network within 30
minutes. Then, taking into account the niewial response teams, the forest areas where 20
initial responsdeams could be reached were determined (Figure 5)reBudts showed that
formerinitial response teams reached 18% of total forest area during critical response time.
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When the new initial response teams were taken into account, the ratio of accessible forest
areas has increased to 45% (Figure 6). In alainstudy where locations of the initial
response teams were evaluated in the city of Tirana in Albania, Haska et al. (2021) reported
that27% of the forest areas in the study area was accessed within the critical response time
considering the current thesponse teams while accessible areas increased up to 65% with
the additional response teams.

®
8
N T Legend
W E Links (Road Sections)
@ ® Nodes (Junctions) W@' Legend
,:] Study area * :l Study area
0_3'2 Lit. L 25 30Km 0 20t 55 10 15 200 I Areas Reached by Former Teams
Figure 4 Link and node data layers in Figure 5.The forest areas reached by the
Network Dataset previous initial response teams

\Vl
A Legend

:I Study area

8 25 8 19 2 20Km - Areas Reached by Current Teams

Figure 6.The forest aras reached by the current initial response teams
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3.2. Accessible Fire Locations

After implementing New Closest Facilitpethodunder Network Analysis toplt was found
that33 previous fire areas were reached in the critical responsg3nminutesorsidering
former initial response teams (12am$ (Figure 7) It was found thatnitial response team
located in thdire station number 8vas able to reach 12 forest fire areas within the shortest
amount of arrival time.

For the second run where alltbe current initial response teams (20 teams) were considered,
accessible fire areas increased up to 56 fire among 58 previous fires (Figure 8). Therefore,
including 8 new fire stations allowed initial response teams to reach almost all of the
potential fres in the study area, expect fire area number 13 and 49 (Table 2). When 8
additional new fire stations established in the study are, initial response team located in the
fire station number 15 was able to reach 19 forest fire areas within the shortesit o
arrival time.

f Lx\
{ A
\oS
NS 'S \\7
! /
49 ¥ s
. /
O v
By ¢
iy
VA
: N
\\,f\/\ 23 24 »‘\‘K
\ I g ~_f
\ j T > |
< ’ /v\g jLegend j ? fl_ege
AL/ % x
N O \_~" fo  Former Fire Stations 5 el \_~ A Current Fire Stations
“,@I. ©  Accessible Fires “@] ©  Accessible Fires
s @ Inaccessible Fires e @ Inaccessible Fires
Routes
0 25 5 10 15 20|<m 0 25 5 10 15 20 RS
—— D Study area ——— ) i’ Study area

Figure 7. Accessible fire areas by the initial Figure 8. Accessible fire areas by the init
response teams in th@rmer fire stations  response teams in tearrent fire stations

It was also found that initial response telmmated in the fire station number 8 provided the
shortest arrival time to only two fire areas (14 and 56). The rest of the fire areas that were
accessed by the teams in fire station number 8 were accessed by the teams in the other
stations. In a previoustudy conducted by Akay et al. (212), it was indicated that increasing

the number of teams in a specified area would increase the number of accessible potential
forest fires within the critical response time. Besides, the firefighting teams need to be
estdlished in the right locations in order to reach the fires as quickly as possible by using the
shortest route.
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Table 2. Arrival times of the initial response teams to the previous fire areas for two cases

I. Case (Former Fire Station: [l. Case (Current Fe Stations)
Fire Fire Time Fir_e Fire Time Fir_e Fire Time
. (min) Station Areas . Stations Areas :
Stations Areas S (min) (min)
2 1 10.13 2 1 10.13 15 35 17.11
2 2 10.61 3 2 10.24 15 36 15.51
3 3 5.82 3 3 5.82 18 37 14.07
4 5 23.32 18 4 2.08 18 38 3.76
8 6 16.91 18 5 7.53 18 39 11.41
8 7 17.44 13 6 9.76 15 40 9.48
8 8 13.48 13 7 9.46 18 41 13.77
8 9 14.64 13 8 5.50 18 42 12.27
8 10 16.49 20 9 6.03 14 43 10.56
8 11 11.77 20 10 7.88 14 44 2.86
8 12 10.15 20 11 6.24 14 45 4.77
8 14 9.76 20 12 7.86 14 46 6.70
11 15 11.20 8 14 9.76 11 a7 1.87
8 17 17.48 11 15 11.20 14 48 14.35
8 18 21.44 13 16 25.93 14 50 13.82
8 38 29.19 20 17 8.88 19 51 14.65
4 41 21.78 20 18 12.83 11 52 2.04
4 42 23.29 15 19 3.38 10 53 4.46
11 43 11.43 15 20 4.83 10 54 2.98
11 44 17.45 15 21 9.52 19 55 8.13
11 45 19.36 15 22 6.21 8 56 15.42
11 46 16.38 15 23 10.05 19 57 10.59
11 47 1.87 15 24 13.91 11 58 6.58
11 48 15.22 15 25 7.58
11 50 14.68 15 26 9.04
10 51 14.68 15 27 16.95
11 52 2.04 15 28 10.38
10 53 4.46 15 29 12.16
10 54 2.98 15 30 18.77
10 55 8.16 15 31 19.48
8 56 15.42 15 32 17.36
10 57 10.63 15 33 13.43
11 58 6.58 15 34 17.11

4. Conclusions and Suggestions

To minimize the ecological effects of forest fires on forest ecosystiénss important for
firefighters to reach the fire areas by ground transportation in critical response time. In this
paper,GlS-based network analysis method was use@ssist practitioners for conducting
effective firefighting activities through the sessment of accessible forest areas by the initial
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response teamStudy was implemented @antonSarajevo in Bosnia and Herzegovina where
there are 12 former fire stations and 8 newly established fire stations. In thepsawityysly
occurredforest fres between 2016 and 2022 weeealuatedin the assessment of initial
response teams the studyarea It was found that approximately 18% of the forest areas
were accessible considering the former fire station, while it was 45% considering the new
statins. It was also foundhat 33 fireareaswere reached in the critical response time,
considering the former fire stations. On the other hahmost all of the forest fire areas (56)
were accessiblen case of considering new fire statiofi$ie results from the application
indicated thatestablishing new stations for the teams can increase the capabilities initial
response teams. For the future studies, optimizing the locations of the initial response teams
andas well aduilding new roadsan assist forésnanagers in fighting against forest fires.
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Abstract

In the planning of forest roads, the life and durgbiif the road are important in terms of cost

and driving safety. When planning forest roads, passing through areas where the ground is solid
is one of the basic principles. In this study, it was investigated whether this landslide still poses
a threat tahe forest road planned to be built around a historical landslide area that occurred
approximately 25 years ago. In the historical landslide, a house and an animal shelter were
destroyed and five cattle died. A UAV flight was carried out and in total, ggbdagged

images were taken with resolution of 12 megapixel by using a RGB camera in study area.
Structurefrom-Motion (SfM) algorithm was used for generating Digital Elevation Model
(DEM) and orthophoto, which have spatial resolution of 10 cm. In oodeyeoreferencing the

model during SfM process, six ground control points (GCPs) were measured. Landslide hazard
area boundaries have been determined according to field surveys and UAV data. Then, the road
route was overlapped with the identified hazaeharThe road section which falls in landslide

area was rplanned on a 1/25000 scale map by using NetCAD 5.2 software and was taken out
of the hazardous area. In the results of study, it has been determined that there is a landslide
hazard in an area opproximately 11 ha and in this area approximately 2 ha slumps were also
determined in this area. In addition, the 386ter the road route, which was in the landslide
hazard area, was-manned and removed from this area.

Keywords:Forest road, landslide UA YV, Tuikiye c e ,

1. Introduction

Forest roads are invaluable for providing transportation from the establishment stage of the
forest to the production stage. Road design and production studies contribute significantly to
forestry activities Abdi, et al, 2009; Acar, et al.,, 2017). The planning and design of forest
roads is essential in order for production processes to be carried out efficiently, safely,
comfortably and economicallybeli, et al., 2000; Aruga, et al., 2005). The implementation of
envionmentally friendly as well as economically and technically adequate road plans is
required. In many countries, forest road networks are realized as a part of the land planning.
When a forest road system is planned, many factors must be taken into aoctudifg the
condition of the forest, the land structure, climate data, environmental factors, infrastructures,
nonwood forest products and services, ro@er groups, the value of forest access and national
policies (Potocnik, 1996; Gumus, 2009).

Sinee forest areas consist of a natural ecological environment, it is especially important from an
ecological and economic point of view that forest roads, which are the most important
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infrastructure facility in forestry studies, are planned on the right .rddgeause it is an
irreversible situation to plan forest roads on the wrong route, which will leave a mark on the
forest ecosystem like a knife. The ecosystem will not be able to repair this faulty route for
many yearsAgain, the construction, maintenanaed repair of the wrong route will cause
great costs. In order to avoid all these, careful and versatile forest road planning is also very
important from a technical point of view. Determining the forest road route is the most
important and most difficulstage of forest road planning studies. In fact, although the number
of crossings that will connect two known points may seem high at first glance, the number of
them is not high due to various obstacles and limitations. These barriers are negative cardina
points; |l andsl i de, rocky, swamp, et c. form |
Acar, 2004; OGM, 2008). Figure 1 shows the forest roads damaged due to landslides in forest
areas.

Figure 1. For

Forest road pinning and construction works ifurkiye are carried out by the General
Directorate of Forestry according to the pri
Construction and Maintenance of Forest Roads" (RFD, 2008). First of all, the forest road
nework of each forest management directorate is planned. Then, the forest roads construction
process in the Regional Forestry Directorates (RFD) is started by a reconnaissance team formed
by the Machinery Supply Branch Directorate. In recent years, forest sorvey and
application works have also been outsourced to private forestry compaloieg. with the

application process of the road, the quantity account is arranged by taking into account the
slope, width and slope slopes of the roatter the quanty account, the road construction

work is carried out by going out to tender.

Recently, landslide hazard areas have been identified with remote sensing methods and field
surveys. Management of mountain hazards and risks requires careful hazard aralyssk an

and assessment, which are based on the for me
hazards/risks is crucialn this study, it was investigated whether this landslide still poses a
threat to the forest road planned to be built around artuist| l andsl i daksuar ea (
Vi | | ag eTurkiy@)sttrmtcoecurred approximately 25 years ago. In addition, a landslide

hazard area map was created and the road planned to be built within this areplamsect
and taken out of the area.

12
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2. Material and Methods
Within the scope of the study, the 199@ter section of the 04&ded Type B forest road was
selected by the Aksu Forest Management Chief (FMC). Aksu Region is located in the Western
R dgkiye n b(ed agvzeceen /4 0 A52' 827 horthOaBitlidesaandd
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density value of the study area is 21.89 m/ha. A historical landslide area thatedccurr
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and

5

31A 2

40A

6" 22" east | ongitudes
between 355 and 1365 m a.s.l. The average annual rainfall is 816.7 mm and temperatures range

ACer asgeée hdami maanulaé summer
forests are managed as high forests and have mixed stands. Tree species in the mixture forests
include Fagus orientalisLipsky, Quercus sppandCarpinus betulus. (OGM, 2018).In the
study area is surrodled with forest and a hazelnut grove is located over the area. The study

area covers 5966.5 ha of forest land with a total of 161.5 km of forest roads. The actual road

of

approximately 25 years ago. In the historical landslide, a house and an animal shelter were
destroyed and five cattle died (Aydin, et al., 2018). Figure 3 shows the location where the

landslide occurred.
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Figure 2. Study area and surroundings

Figure 3. The location where the historical landslideocr r ed i n Féndeékl
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Historical landslide area was mapped with UAV flight conducted on 25 March 2017. The main
steps of the workflow of the UAMased image acquisition can be categorized as follows 1)
off-site preparation, 2) esite preparationd image acquisition, and 3) pgsocessing (Eker,

et al., 2018). The of§ite preparation included collecting data about the area and planning the
UAV flight. On-site preparation and image acquisition stage includes flights and field works.
Ground comol points (GCPs) were surveyed in centimetre accuracy (Figure 4). The UAV
flight mission was conducted using an-tifé-shelf platform called DJI Phantom 3 which has a
RGB camera with a resolution of 12 MP (Figure 4). Post processing includes applysilylithe
algorithm to generate the DSM and orthophoto, using Agisoft Metashape Professional.

Figure 4. An example of GCP surveyed (right) and DJI Phantom 3 model UAV system (|

Landslide hazard area boundaries have been determined according soirfrelgs and UAV
data. The forest road route with the 1988ter section of the 04&ded in this hazard area was
re-planned in NetCAD 5.2 software and removed from the landslide hazard area (Figure 5).

> N 1s:mimwmn-\rmq o AGNCZ]
o Dl Gt S P ol Bk Mt Hinp G i

Dum‘! Q@+Y;~nm R, [ v= 159672106, X = 3523636353 Ogek=
o

o EIDR R G716 3 \
- O i

. Ra® § XN Pute

Flgure 5 Replannlng the forest road in Netcad Sdftware

3. Results and Discussion
In this study, it was investigated whether this landslide still poses a threat for the forest road
planned to be built in and around a historical landslide area. For this aim, a UAV flight was
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carried out in the area. Th#AV based high resolution orthophotos were given in Figure 6. A
UAV flight was carried out and in total, 216 gemged images were taken with resolution of

12 megapixel by using a RGB camera in study area. StrefetumeMotion (SfM) algorithm

was used fogenerating Digital Elevation Model (DEM) and orthophoto, which have spatial
resolution of 10 cm. In order for georeferencing the model during SfM process, six ground
control points (GCPs) were measured. In Figure 7, the reconstructed digital elevaterofno

the landslide hazard area was determined between 540 m and 730 m.

I730m

540 m

100 m

Figure 7. Reconstructed digital elevation model.

Landslide hazard area boundaries have been determined acdorélgld surveys and UAV

data. In the study, 11 hectares of landslide hazard area was determined. In this area, slumps
were determined in an area of approximately 2 hectares (Figure 8). It has been determined that
390 m of the 049 coded forest road, whigtplanned to be built around the landslide hazard
area, is within this area (Figure 9). In Netcad 5.2 software, the 1998 meter section of the 049
coded road was removed from the landslide hazard area with-ptenreng. The road section

in the landslidéhazard area was determined as 1719 m {pjamning (Figure 10). In Table 1,
coordinate summaries of the application points, intermediate distances and longitudinal slope

values are given.
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1710000

S/

" Figure 10. Replanning the road on the contour map

Table 1. Results for the application created bglamning

Point
X

No y Distance Between Slope Between

Application Points (m Application Points (%

Ap-1 | 360679.734] 4523049.394
Ap-2 | 360282.074] 4522558.947 | (Ap-1)-(Ap-2) | 661 | (Ap-1)-(Ap-2)| 12
Ap-3 | 359998.032| 4522206.734 | (Ap-2)- (Ap-3)| 1058 |(Ap-2)-(Ap-3)| 1

4. Conclusion

In this study, it was investigated whether tlaisdslide still poses a threat for the forest road
planned to be built around a historical landslide area. According to the results of the study, it
was understood that this landslide continues to pose a threat as a result of the UAV images and
field studes. For this reason, 390 meters of the forest road located in the hazard area was re
planned and removed from this area. When planning forest roads, landslide areas should be
taken into account and the roads to be built should be reviewed by producisigieahdzard

maps.
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Abstract

This study was performed by using Analytical Hierarchy Process (AHP) and geographic
information system (GIS) to the comparison of forest roads according to ecological capability.
After multiple studies and according to available infation, four criteria and 11 stditeria

were determined in the form of questionnaires and then were distributed among the experts to
prioritize between different criteria. Finally, the degree of importance of each criteria to be
determined. Weighting waserformed by using paired comparison. In this study expert choice
and Arc GIS software were used. The results showed that the criteria in terms of importance
are: physiographic (0/409), vegetation (0/210), soil (0/195), and geology (0/187). By
combining tlkese factors potential map was prepared and it was found that 16/6% of this district
has good ecological potential, 45/2% has a moderate and 38/2% has no ecological potential. In
Gorazbon district, a large part of R1 road passes from areas without poWhilak R2 road
corresponds to ecological potential. The designed road (R3) despite of more compliance with
ecological potential but in the end of his path passes from the area with no potential and is
necessary for this path changes are made by desgkidhtyails.

Keywords:Ecological potential, Forest roads, Landform, Analytical Hierarchy Process.

1. Introduction

To achieve the basic and optimal harvesting of the forest, it is necessary to create a network
of forest roads with sufficient densityaaccess to all section of the forest (Nekoei Mehr et

al., 2006). A suitable forest road is essential for the sustainable management of forest.
However, improper construction and protection of the forest road network can cause more
environmental damage tbe forest (Akay et al., 2008), the importance of this issue is the
extent that not observing environmental principles in the long term can even lead to the
destruction of a watershed (Demir, 2007). A forest road as a s@ngicagerial utility has an
undeniably important role in forest recourse because of the economic and environmental cost
(Pazhouhan et al., 2017).

Decreasing the area of Hyrcanian forests since they are the only commercial forests of Iran,
increases the importance of protecting and udimgir wood logically and correctly.
Therefore, the remaining management of these forests should be based on the evaluation of
ecological capability (Moshtagh Kahnemooei, 2001).
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Failure to evaluate the ecological capability before carrying out any apeiatithe forest

can cause a lot of damage, for example, failure to carry out this process in the three forests
section in some areas in Hyrcanian forest (Nav Islam, Lesakoti and Ziarat) has caused an area
equivalent to 247.2 hectares to be harvested nhaire the ecological capability of the forest

(Adl and et al., 2006). In Iran, the beginning of the studies related to the evaluation of the
ecological potential of the forest and the determination of the degree of desirability of the
forest stand goes badk the early 1970s. Ahmadi (2002) performed a study to provide a
method for determining the optimal road locating automatically and taking into account
environmental aspects, He reported the ability of geographic information systems to routing
with a minmum environmental cost. Abdi et al (2008) in research to provide a method for
determining the optimal road route automatically and taking into account environmental
aspects, reported the ability of geographic information systems to locate forest roads with
minimum cost. Naghdi and Babapour (2009) prepared the stability map using soil texture and
bedrock. Their results confirmed that using stability maps, GIS and AHP can be useful
methods for the planning of forest road networks in mountain areas inNoaizah and

mohd Hasmadi (2012) using the process of hierarchical analysis and judgment of decision
makers stated that slope is the most important influencing factor in the construction of a

suitable forest r o adeékiknma nP g n2i0nls2u) | acro m\paalr aeyds i aar

forest road network in the mountainous region Tafrkiye by using the multcriteria
decisionmaking method and geographic information system, the results of this research
showed that the planning and design oefbrroads in mountainous areas can be done more
accurately withthemukt r i t eri a evaluation met hod. ¢cal é
method for the optimal locating of forest roads and to find an environmentally optimal variant
in GIS environmentusing the hierarchical analysis technique, simple weighting method
(SAW), fuzzy and multivariate decisionaking method, TOPSIS and promethee method was
used, The results of the comparison of the existing network with five new variants from the
environmetal point of view showed that multivariate decision making, especially promethee
technique, got the best results. According to the situation of Iran's biological resources, it is
necessary to plan any kind of activities with an attitude towards the saldrdapabilities of

the land and the principles of sustainable development. There are different methods for
evaluating ecological capability and the difference in these methods is due to the difference in
ecological models. The assessment of forest roadonies using multicriteria decision
making and in the GIS environment, in addition to being effective (Tampekis et al., 2015), is
done with less time and cost (Naghdi et al., 2014). Evaluation of ecological power is a part of
the evaluation of environmeaitpower and a tool for strategic forest planning (Rossiter,
1996), during which the potential power or the type of land use is determined or predicted,
and in this way, the functions are located at the level of the forest.

Given the importance of Hyrcam forests, both ecologically and seeiconomically, and

the impact of forest roads on this precious heritage, a Comparison of existing roads in terms
of ecological capabilities was done through the process of hierarchical analysis (AHP) and
the use of gegraphic information system (GIS) techniques.
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2. Material and Methods

2.1. Material

Khairudkanar forest with an area of about 8000 hectares has eight sections, and the area of
Grozban section is 1001 hectares. The Grozban section of Khairudkanaisfdoested in

the east of Nowsk ah 8Eoadve elnat33BA o BEeaktd0 51 A
longitude (Figure 1). The altitude range of the studied area is from 550 to 1380 meters above
sea level, and geologically, the parent rock of Grozbaaltareous and belongs to the Upper
Jurassic period. The amberge coefficient was used to describe the climate of the region, the
climate of the study area was huiitdld by Amberjeh Methad
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Figure 1- Location of study area

2.2. Methods

2.2.1. Identfication and determination of criteria and sub-criteria

In the current study, four criteria and eleven -suteria were selected and investigated
according to the subject of study, the natural conditions of the study area, and the prior
studies (Ahmadi, @02; Rafatnia et al., 2006; Abdi et al., 2008; Moahammadian Sammani et

al., 2010; Sibi and Rafatnia 2012; Ghomi Motazeh, 2013; Gumus, 2009; Norizah and Mohd
Hasmadi |, 2012; Pel l egrini et al . ,-criterig ar8 ; ¢al
physbgraphic factors (slope, aspect, height above sea level), soil (soil texture, soil depth, soil
drainage, soil erosion), vegetation (vegetation density, vegetation type, volume), and geology
(bedrock).
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2.2.2. Determining the priority and weight of criteria

Determining the priority and weight of criteria was performed using the Analytical Hierarchy
process (AHP) and Geographic Information System (GIS). In this regard, four criteria and
eleven sufrriteria were determined and distributed among experts in dnen fof
guestionnaires. To prioritize between different criteria, they were weighed and the degree of
importance of each criterion in determining the region's capability was calculated. Expert
Choice software was used to calculate the final weight of tfaeders. Finally, the final
weight under different criteria was collected in Excel and the Arithmetic mean based on
average weight of 10 questionnaires was taken into account.

2.2.3. Preparing a map of each criteria and sulriteria

Arc GIS software wasused to prepare and combine the maps to determine ecological
capability. Therefore, the criteria used in this research were layered in the GIS environment.
First, TIN (Triangular Irregular Network) and DEM (Digital Elevation Model) maps of the
study area wre prepared by digitizing the contour line of the Gorazbon district map, then
using the TIN, slope, aspect, and elevation maps were extracted and texture maps Soil, soil
depth, soil drainage, soil erosion, vegetation density, vegetation type, volumeémtary,

and bedrock were prepared in raw form and with a scale of 1:25000 and were classified
according to the type of application and purpose, and finally, the map of each of the criteria
and sukcriteria were prepared and produced.

2.2.4. Preparationof ecological capability map and comparison of existing roads

After preparing and combining different maps, the ecological capability map overlapped with
the road map, and each of the three roads in this area was compared based on the ecological
capabilityand the extent of their passage through the capability classes. There are two main
roads R1 and R2 in Grozban section, R1 road has two branches Rla and R1b. These roads,
which are known as 2rgrade forest roads (main forest roads), have a width of d&but
meters, which reaches about 8.5 meters considering the width of the shoulder. The maximum
slope of this road is 8%. In addition to these roads, another main road called R3 has been
designed to access the upper parcels of Gorazbon district. Afteripgepad combining
different maps, the ecological power map was combined with the map of the existing roads in
the region and each of the three roads in the region was compared based on the ecological
power and the extent of their passage through the poasses.

3. Results

3.1. Weighted effective criteria and sukcriteria in the construction of forest roads

Based on the results of weighting the effective criteria in the forest road construction, these
criteria in order of importance are physiography @@} vegetation cover (0.210), soil
(0.195), and Geology (0.187). The slope and depth of the soil have the highest and lowest
weights between different criteria, respectively (fFel).
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Table 1. Weight of criteria and swhbiteria using hierarchid¢analysis process
Row Criteria  Weight of criteria Weight subcriteria Weight of criteria

Slope 0.724
1 Land form 0.409 Aspect 0.143
Elevation 0.133
Plant density 0.326
2  Vegetation 0.210 Species type 0.257
Volume per hectart 0.417
Soil textures 0.2
. Soil depth 0.158
3 Soil 0.195 Soil Drainage 0.251
Soil erosion 0.391
4 Geology 0.187 Bedrock 1

3.2. Prepare an effective criteria map
The results of different criteria and sabteria (physiography, soil, vegetation, and lggg)
are as follows.

3.3. Preparation and classification of maps under physiographic criteria

The slope map was prepared using the TIN map and in the GIS environment was classified
into four classes: 18, 1530, 4530, and more than 45%. The aspect mag waiso divided

into five classes, including north (N), east (E), south (S), west (W), and flat (F). Also, the
elevation map was classified into four categories:-580, 976760, 1188970, and 1380

1180 (Figire 2).
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Figure 2. Physiographic stdriteriamaps
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3.4. Preparation and classification of soil sueriteria map

Soil maps were prepared using the data existing in Nowshahr Natural Resources Office
(Forestry planning cahier, 2009). According to the soil characteristics, the soil texture was
classifiedinto three categories: loantjay, clayloam, and clay. Soil depth was prepared and
classified into three classes: very deep, deep, and moderately deep layers. Soil drainage was
also classified into three classes moderately well drained, somewhat pagifgdirand

poorly drained. Also, soil erosion was categorized into four classes: very high, high,
moderate, and low (Fige 3).
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Figure 3. Soil sueriteria maps

3.5. Preparation and classification of plant cover sugriteria

The vegetation density map divided into five classes: 200, 3R00, 406300, 606400, and

600. The vegetation type also included three QueGarpinus, fagu€arpinus, and fagus
communities. The volume per hectare map was also classified into five categories: 200, 250
200, 300250, 350300, and 40650 (Figire4).
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3.6. Preparation and classification of sulzriteria of geology

Geological formations in Gorazbon district of Kheyrud Forest of calcareous and marine
formations in the form of &gmented limestone and dolomite limestone belonging to the
Miocene and Pliocene period from the third geological period and calcareous rocks mainly
belonging to the Upper Cretaceous period from the second period. In the present study, the
lithographic mapaccording to the lithology of the region, includes two classes, k2| and kt,

related to the Cretaceous and Mesozoic pefibugire5).
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3.7. Results from the preparation of ecological capability classes
the ecological capability ap was divided into three classes of good, medium and without

ecological capability (Figure 1). By locating each of the ecological capability classes, it was
found that 16.6% of the area has good, 45.2% has medium and 38.2% belongs to the without

ecologichcapability classKigure6).
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Figure 6. Ecological capability map

3.8. Characteristics of ecological capability map

Table 2 shows the characteristics of each of the classes of ecological power in the Grozben
region.
Table 2. Characteristic of Ecologiccapability classes

Ecological

Characteristic of Ecological capability capability
classes

Slope 0 to 15%, north aspect, low elevation (in the range of 550 to 970

meters above sea level), Fagtum community, limestone bedrock, 400 to Classes 1
trees per hectare, volume more than 350 silos per hectare;dlagsoils, (good)
very deep soils, well drainage, low erosion

Slope 15 to 30 percent, western aspect, elevation (970 to 1180 meters ¢

sea level), Fagtur@arpineto communitylimestone bedrock, 300 to 400  Classes 2
trees per hectare, volume 250 to 350 silos per hectare, soil textbaray, (moderate)
deep soils, moderate drainage, moderate erosion

Slopes of more than 45%, southern aspect, high elevation (11888t

meters above sea level), forest communities (Quercus community), lime Classes 3
bedrock, density(200 to 300 numbers per hectartow volume (less thar (without
250 silos per hectare), Clay soil texture, moderately deep soils,  capability )
drainage, very high erosion

4. Discussion

Since roads cause damage in nature, the design of forest roads is very important from an
environmental point of view, because any wrong change in the fragile forest ecosystem leads
to unfavorable results; Therefore, an effective and pringipkesign can greatly reduce the
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negative effects of road construction on forest stands. The results of the weighting of the
criteria and sueriteria show that the physiographic criterion has a double value compared to
other criteria, which is important bause of the high weight of the slope factor. After the
physiographic criteria, vegetation, soil and geology criteria are in the next ranks respectively.
it is to be noted that this ranking does not mean that all thergebia that has more weight

than the subcriteria of the other criteria have preference. For example, among the
physiographic sugriteria, the slope has a very high weight, but the other twecstdria

(aspect and elevation) do not have significant weight (Table 1). According to Il abteong

the subcriteria after slope, volume m3 per hectare and soil erosion are in the next ranks. it
should be noted that these weights were obtained for the Gorazbon district of Kheyrud Forest,
and in the case of factors that have similar weights, thay be seen differently in other
areas; But the extreme difference of the slope factor shows its great importance in the design
of roads, especially forest roads. The slope is an important and limiting factor for the forest
road network. In general, desgrs try to make the road pass through low slope points, which
will reduce forest destruction and cost (Bodraghi et al., 2007). Eghtesadi et al (2003) consider
the slope as an important and limiting factor for road networks. Also, Mohammdian Sammani
et al. (2010) stated that slope has the most weight in the design of the forest road network.
The slope has the most weight in the design of the forest road network. Therefore, the results
of this research are in line with the results of the research of Egh&ts#d(2003); Naghdi

et al. (2008); Bodraghi et al. (2007), and Mohammadian Sammani et al. (2010).

examination of the roads in the Gorazbon district shows three roads marked with the symbols
R1, R2, and R3 (Fig 6). Most of the R1 road passes throwgh whit three or without
ecological capability and is better to be blocked at certain times of the year. A large part of
R2 has also crossed medium ecological capability, while R3 road has crossed high ecological
capability. The design road (R3), despite greater matching with areas with ecological
capacity (classes 1) at the end of its route, passes through patch whit ecological capability
that needs to be modified, and between the two paths built in the area (R1 and R2), the R2
path is more appropriatnd it is better to block R1 for a while or use it at the right time of
year. Talebi et al. (24) have also confirmed the GIS capability in the principled design of the
road network to assess tourism potential. In general, the results obtained fromgthingei

of the criteria and subriteria indicate that the physiographic criterion is more valuable than
other criteria and the main factor of this is slope. Vegetation Criteria, soil, and geology were
also ranked after the slope, respectively. Volume pmatane and soil erosion were also
ranked among the swdriteria. As noted, many factors play a role in the design of forest
roads. The process of hierarchical analysis leads to the correct and logical prioritization of
these factors by comparing these dastand solving the existing complexities, and as a
result, the best decision is made. Norizah and mohd Hasmadi (2012) used hierarchical
analysis to develop and prioritized the criteria for the correct location of forest roads, the
results showed that theriteria of slope, river crossing, height and existing roads are
prioritized respectively. Hierarchical analysis process by comparing these factors and solving
the existing complexities leads to correct and logical prioritization of these factors and as a
resul t, the best decision is made (Bujday a
carried out in this research showed that before the construction of the roads, the necessary
studies and investigations for routing and choosing the appropriate m terms of
ecological potential were not done properly. Therefore, in the design of the forest road
network, all environmental and technical aspects should be taken into account and all the
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influencing factors should be taken into consideration. Tiuggy combination of these
factors will improve the road network and reduce its construction and maintenance costs.

5. Conclusion

The results of current research showed that the necessary studies for forest road locating in
terms of ecological capabilityave not been done properly. Therefore, in designing a forest
road network, all aspects of the f@avironment and technical and all influential factors
should be considered. The proper combination of these factors together will improve the road
network ail reduce construction and maintenance costs.
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Decision of Drainage Structures on Forest Roads by Netcadethydro
Module in Flood and Overflood Scenarios
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Abstract

Drainage structures are fatiés built to realize the passage of roads, eliminate the destruction

of the road by water, and continue forest transportation in summer and winter. In order to get
maximum and londgerm efficiency from forest roads, the selection of drainage structtires a
river crossings is very important. There are various formulas and software used for
dimensioning structures. The entire load is left to the planner in the detiaking phase of

the ATal bot Formulad used i n Tuplakneragpeafasr est r
the destruction of the drainage structure. One of the most important factors in sizing the
drainage structures is to determine the annual peak flow rate of the stream and to evaluate the
possibility of overflooding. In this study, Nethydmodule of Netcad software was used to
determine the annual peak flow amount of the stream where there is a culvert destroyed by the
flood. As a result of the analyzes made, the peak flow rate of 100 years was found as 24.7
m3/ sec. I n t he red 292 inia stated tha®thenstructireeto be built in this area

will be a bridge according to this flow. As a result, it is thought that eliminating the deficiencies

in the Nethydro module can help in the selection of drainage structures in forestry.

Keywords:Forest roads, Drainage structures, Netcad, Nethydro

1. Introduction

Forest roads are the most important substructures for exploitation of forests that is renewable
natural resource. It is necessary to base the road network to enable reach tle plzelsing

of forestry operations through sustainability concept. Forest roads are contained in mutual
interaction with many factors such as technical economic and environmental featured to
achieve these tasks (Gumus, 2015). The planning process ofr@aéstis the most difficult

and important stage, and depending on the wrong route selection, technical and economic
problems may arise, as well as negative effects on the natural environment. Forest road
construction has a direct impact on the ecologsyatem and if the necessary protective
measures are not taken and not carried out in accordance with scientific engineering criteria,
they cause negative consequences such as erosion, flooding, landslide and sedimentation
(Gorcelioglu, 2004).

Drainage suctures; all kinds of pipes, culverts, hamps, trenchs, bridges, etc. built along the
road route in order to ensure uninterrupted passage of roads, to be protected from the damages
of rain and snow waters, and to prevent collapses in cutting and fitidgnad, is made to

ensure that the transportation is done regularly and uninterruptedly in summer and winter
(Bayoj !l u, 1991) . Forest roads differ from hi
geometric standards. A forest road route thabfedl the valley floor, especially in mountainous

30


mailto:*gizemyorulmaz@ktu.edu.tr

F E 7— EZ 3" International Symposium of Forest Engineering and Technologies
28-29 November 2022, Baku

Full-PaperOral Presentations

areas and just above thgh-waterlevel, requires quite a lot of stream crossings depending on
the condition of the land. It is necessary to calculate the flow rate in the streams cut by forest
roads and taletermine the characteristics of possible floods, to reveal the type and dimensions
of the drainage structure to be applied. There are various methods for calculating the flow rate
of a stream, and all of these methods are based on precipitation andtéitistits based on
longterm measurements of the region where the hydraulic engineering structure will be
established. Se-kin (1967), I n his study,; I 1
selection of a drainage structure is to determime rmost economical engineering structure
dimensions that will pass the maximum flood flow during the flood in a way that will not harm
the road and the environment. For this purpose, he stated that the formula for the first
dimensioning was the Tablot fouta.

Apart from empirical formulas, there are many software packages produced by different
institutions for the analysis of culvert flows (Gumus, 2021). These studies contain specific
instructions on hydraulic design procedures (Coiigsar ¢ 2 a  a-botknzoG201i3L 2 a
However, flow rates are entered manuallyhis software NetHydro is a Netcad module that
defines catchment areas and their drainage networks. It can perform precipitation analysis
according to all distribution types, calculate the peadwflrates according to the unit
hydrographs and the flood risk areas in the flow branches by calculating the flood flow rates
according to different years. NetHydro offers watershed modeling, flood flow calculation and,
accordingly, engineering section aaktion using a digital terrain model (NetHydro, 2021).

In this study, based on the location of a damaged culvert, analyzes were made with the
precipitation data taken from meteorological stations in the Nethydro module and the annual
peak flow calculatio was determined. According to this peak flow calculation, opinions are
presented about the selection of drainage structure.

2. Material and Methods
The study area is |-8cdlt e3d3 ab e3t4wie e nwi 43U nO Goh el !
province. The main stream of the creek where

‘Box Culvert Rosition

umeli

Google Earth
sskm ©

Figur 1. u area |
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s

Figure 2. The current status of the box culvert

In this study area, analyzes were made on the location of a damaged box culvert, which was
built on a stream whose main stream is Alapli. Nethydro module of Netcad softwansetias

for analysis. First of all, a dem map of the area where the culvert is located was obtained. A
triangular model was created with the Nethydro module over this dem map. Basin modeling,
precipitation analysis and flood peak flow calculations were noade the triangular model
(Figure 3)

Figure 3. Triangular model

For the flood analysis, first of all, the basin modeling of the study area was made and the
precipitation areas were calculated using the precipitation data obtained from the existing
metorological precipitation stations in the a(Eaure 4, 5)

Figure 4. Basin model
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Figure 5. 3D rendering of basin modeling (Basin border and waterways)

By using the daily maximum precipitation i
the basin, precipitation analyzes were made over 6 different distribution functions. As a result
of the analysis, it was determined that the most appropriate distribution method in the basin
was LogPearson Typ& according to the Smirneikolmogorov test fothe most appropriate
distribution typg(Figure 6)

n ltasyorn Yagelanm Hesapls  Tum lstasyonteen Yagelanm Hesapls

Yaly verien Gortk Makzerus Yaldarn tistrom Dadien Hessts
AKDCA ME
X Dederier! (o s

AN M 15709 168

Dadiriarr: statsth Pay ametr sl

Qadim Tolernn Smimov ¥okmogorov Testne Gore Sonugian
P Amrk P Makse.. P dek MO M. 045 AN 090N

.......

3 P
CHE SR G SR S S SR S G S G SR SR S S IR R IR S S R U G R S S

+ Tamam xR o 7 Ywom ‘

Figure 6. Precipitation data and Smirndvo | mo gorov test results
meteorological station

Flood flow calculations are calculated for each basin with different hydrograph methods

n

ac

dpending on the area size and concentration

Uni t Hydrograph Methodo was determined as
attribute information of the basin, which is the basis of this s{Udlgle 1)
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Table 1. Synthetic Unit Hydrograph and results

INPUTS
Basin ID: 1
Synthetic Unit
Method: Hydrograph
Basin K Coefficient: 0.163
(S) Harmonic Slope 0.089
L (Length) (m) 4982.761
(A) Basin Area (km) 5.469
RESULTS
(Lc) is the longest distance from tbenter to the basin entrance or
exit point. (km) 2.679
Curve Number (L. Lc/ k°ksS) 44811.476
Qp=A*1*qv*10"~3 ( mj / s n/ mm) 0.841
User defined qgp (1l t/sn/ km]/ mnm 200.000
DSK gp (Yield for Flow for 1nm 153.724
DSK Vb (Unit Hyd®rograph Vol un 5469.400
DSK T (The duration of the hy 6.596
DSK Tp (Time to peak for hydr 1.319

3. Result and Discussion

Flood and flow calculationare calculated depending on the critical precipitation period of the
meteorological station that affects the basin the most, according to the Synthetic Unit
hydrograph. Accordingly, the pluviograph coefficient value was determined as 0.50, the
minimizationfactor of the basin as 1.13, and the basin coefficient as 0.16. Depending on the
basin area and 2 hours of critical precipitation, the precipitation distribution coefficient was
calculated as 0.989 (Table Axccording to the results obtained, the peakvfrate to occur in

100 years was found to be 24.7/sec (Table 3).

Tablo 2. Synthetic unit hydrograph method values

Applied Method T(Hour) % MF

YADK

PLV

Last Product

2.00 1 1.130

Synthetic UnitHydrograph

0.989

0.500

0.559

Tablo 3. 24hour precipitathn recurrence values of the drainage area

4-Hour Rainfall Re ence Values of the Drainage Area
2 5 10 25 50 100
67.805 | 96.236 | 118.945 | 152.580 | 181.520 | 241.092
37.899 | 53.790 | 66.483 85.283 101.459 | 119.665
Flow (mm) 0.094 2.097 5.268 11.976 19.283 28.853
Qp= 0.857 0.103 2.294 5.762 13.100 21.094 34.562
K2= 0.163
Q500 n¥/sn| 49.415
Q1000 0.1 1.8 4.5 10.3 16.5
m®/sn 57.103
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The peak flow rate of 24.7 m3/sec means that that amount of water will pass through the
drainage structurg o be applied. According to the C (
appropriate to build a bridge over a stream with this flow (OGM, 2008).

As a result, there are various methods used in the sizing of drainage structures today. Talbot
formula is the most widg used in forestry iMurkiye. The value in the Talbot formula is an

initial value. According to this value, the size of the cresstion opening is decided by the
experience of the planner, taking into account the flow of recurrent peak precipit&tiand5

100 years). The planner's experience and hewillibe taken into account are not specified in
the communi qu® numbered 292 (G¢gmegk, 2021).

In a study, it was determined that the entrance and exit sections of the culvert were half filled

with sediment even though one year had passed since the cudxérésd entrance levels

were below the road | evel (¥zte¢r k, 2010) . I
study, it was built perpendicular to the road, in such a way that the flow could not be
provided easily. For this reason, it has been obsetivadall sediment and precipitation

waters from the side ditch accumulate at the entrance and exit of the culverts and fill the
culverts. In these examples, it is seen that the life of the drainage structures is short as a result

of the mistakes made byslplanner. In such flood situations, the drainage structures must

either be reconstructed or undergo maintenance. Since these transactions will increase the
costs even more, they return to the business as a loss.

4. Conclusions

Errors occur in the sizingf@rainage structures due to the fact that the final decision maker

of the existing methods is mostly the human hand. It is thought that it would be beneficial to
use today's technology in order to eliminate these errors. With Nethydro software, the peak
flow rate of 100 years can be found with a series of analyzes without the need for field
studies. It is thought that healthier results can be obtained by determining other parameters
(vegetation, land structure, soil structure, etc.) that will affect thanalge structure in the

area by conducting field studidsis known that flood formation has a devastating effect on
drainage structures. For this reason, it is very important to determine the peak flow amount of
the area. For this reason, with Nethydaonodule that can be used, peak flow calculations
can be made from the data received from the surrounding meteorology stations, but the
pluviograph coefficients for each station are not included in the software, they must be
obtained from the meteorologstations and entered manually. In this study, this was not
necessary as the area entered only one meteorological station. While working on the module,
the software must be taken from the beginning when the software fails and is opened again. It
is thoughtthat the improvement of the Nethydro module will be a good step for solving the
drainage structure problems in Turkish forestry.
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Abstract

In the current research, the forest roads located in Hyrcanian forest, are being monitored
during the regular time interval. The aim of this study is clarifying the road management
issues amid the state decision of forest exploitation cessation along with passing on some
advice on the maintenance and optimal use of such liner infrastructures. Fiestkisting

road network maps were created on 1:25,000 scale (NCC), using satellite image and mapping
by GPS followed by the road sampling in 2021. The Component Technical and Geometrical
Specification of each road segment include the CulBtthes, RPbad surface, cut and fill

slopes have been recordéthe sampling was commenced form start to end point in road's
segment in each district. In the end, the possible annually and periodically solutions were
introduced in order to encourage keeping takecgtfe action on the forest road maintenance
operationthrough the cessation exploitation period as well as the evaluation of the existing
road networks.

Key words Forest road, Component Technical, Geometrical Specification

1. Introduction

Throughout tle history of forest management development, forestry plan has been thought of

as a key component to obtain forest manag® objects (Kangas et al. 2006; Linser et al.

2018). The first serious discussion and analyses of forestry plans emerged durig§0he 1

with the nationakation of forests and rangelands in Iran (Sotoudeh Foumani et al. 2017,
Mostafa et al., 2022). In the light of this event and regarding the fact that forest ecosystems
require preferential treatment, the forestry plan has beentosednage and harvest forests
insomespei fic parts of Hyrcanian industrial for
Consequently, the prior plans recently were recklessly abandoned by related state authorities
where there is no longer prodien function in such ecosystems.

At this point in time of approving the forestry plan, road construction was an essential initial
stage to forestry plan development. Generally, forest roads are located in heterogeneous
biological and climatic conditions.hErefore, the possibility of destruction and blocking the
roads up, is high. On the other hand, due to the urgent need to implement forestry projects,
forest road annually and periodically maintenance operation is necessary.

The most prominent aspect rediag the forest roads appears to be to take advantage of the
roads to make the forest utilization operations as well as to facilitate the removal of forest
timber. In the meantime, the blindingly obvious use of forest road is wood transportation,
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forest onservation, ecotourism objective, forest fire management and access to residential
spots in forest area. Currently, the ceased forest plan has been considered as a state new
approach of l rands forest managemembiguity or s o
over carrying out the essential and routine forest road maintenance in the new approach of the
forest management. Although, due to the lack of adequate government funds, the operation
became practically impossible to do. Therefore, pursuing tihe gurpose of timber
harvesting toward forest road and ignoring this linear infrastructure as basic component of
forest management could easily lead to the destruction and their perennial uselessness.
Overall, the maintenance operation for existing raseEms strongly be crucial through the
management approaches bringing about drastically cut down on reconstructing or improving
costs. The present project was designed in order to evaluate the forest road managerial
conditions in Hyrcanian Vegetative regiavhere being currently undergone a complete
logging cessation viewpoint by state decisions.

2. Material and Methods

2. 1Study sits

The forest districts include Shenrood in Guilan Province andMalkemrood in Mazandaran
Province, Hyrcanian region.

Shenrood: Series 7 of Shenrood forest situated in Guilan province. The area of the series is
3707 hectaresl at i tude is 36A55'15"N to 36A58' 29"\
49A57' 25"E. The sea elevation rangeeries 1278
which built during 19781989 (Fig. 1).

Neka-Zalemrood: series 5 of Nek&alemrood located in Mazandarn provirnic8ari.

It is situated bet3vbeAe3nl 'I11a6t"iNt wacheds |-BBHDL B u416"8
E, encompassing a total area ofpagximately 1643 hectares, where the altitude varies
between 370m and 970 m. There are 22 Km roads in this series which was constructed during
19751985 (Figire1).
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Figure 1. Location and geographical position of the study sites
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2.2 Road mapping

The exsting road network map was created on 1:25,000 scale National Cartography Center
(NCC), using satellite image, and mapping by GPS.

2.3 Road Inventory

Road Segmentation in each forest series was performed based on nodes location (segment
intersection). Raoad inventory was commenced from the beginning of the segments.
Considering the culverts, the segments were divided into the sections in which the distance
between culverts was named as sectionufieéi@). Then the technical and geometrical
specification ofeach culvert along with the middle of sections were recorded. It is worth
mentioning that if the road distance between culverts were more than 300 meters then the
road characteristic would also record from the first third, the middle and the last third.

710000
N
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/\/ Forest District boundary r-ﬁ\/"
“T_ Road r
q Culvert / Section3, Road2
% N
I Sample point 1
y |
4
o \I
Section2, Road2 J

2
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’
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0 0.047%.095 0.19 0.285 0.38

710000

Figure 2. Dividing of road segments to sections based and culvert location in order to road
inventory

3. Results and Discussion
3.1 Road surface

There is a statistical difference between roads and instruction in some road surface elements,
according ¢ the results in @ble 1. The Traveled way, out slope shoulder and cut shoulder
length were significantly different from the standards. The figurative results from the road
surface condition after some rehabilitation years are shown uneldg

39



F E 7- EZ 3" International Symposium of Forest Engineering and Technologies
28-29 November 2022, Baku

Full-PaperOral Presentations

Table 1. Corparison of the road geometrics characteristics with standards
Onesample F Test

Component of road standard  p-value
error
Average
Traveled way 0. 004 0.00*
Out slope t shoulder 0. 04N 0.00*
Cut shoulder 0. 03N o0.00*
Length slope 016 N6.0.82°
Cross slope 0. 15N 0.92¢

*Significant difference, ns, significant difference at the 5% level

o
=
=

@

| -
<

@
O

Shoulder
Shoulder

TravelWav:',f
&
R e &
Figure 3. The Road surface elements after 4 years rehabilitation a) the reshaping was
conducted in 2017, b) the road surface conditio2021 without maintenance operation.

In total, the various changes have been occurring in terms of Quantitative Component in the
road surface. Likewise, erosion has happened in 52.825 of sample points as the wheel track
was observed in 73.53 of the dsa In addition, the overgrown weeds were one of the most

i mportant problems in all/l of the roadds el ¢
problem has taken place in the 52.94 percent of the road surfacee &ignd Figire 5,

obviously, featue the actual situation of the roadmponen@andthe details of Quantitative
assessment of the road surface.

Figure 4 Uncontrolled recreational use led to severe erosion on road surface
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N b Wheel track%
a Surface erosion®s

= Wheel rack happened

" Surf; ion ha d
A = Without Wheel track

® Whitout Surface erosion

L
c Outcrop%s d Overgrown%

= Outcrop happened = Overgrown happened

= Without Outcrop = Without Overgrown

Figure 5 The result of road surface Quantitative assessment a) Surface erosion, b) Whegl track
Outcrop, d) Overgrown

3.2Culverts

The findings indicated that the studied culverts have ndeqéy worked. Figure 6a, 6b
show the Intel situation and Outlet scouring in culverts, respectively. Erosion is another
setback in the culverts referring to the Figure 6¢, 6d, 53.13% and 50% in order, in which the
cut slopes and the fill slopes are sufigrfrom the water and the soil erosion. Figure 7
illustrates some failures in pipes across the investigated roads.

3.3 Ditches

Most of the ditches were ruined in the length of the studied roads. Figure 8a shows that the
26.47% of ditches were blockeah &ddition, the 50% of the observed ditches were spoiled.
Considering the Figre 8b, we observed that the erosion has struck in 64.71% of the conveys
followed by the scouring and the debris blocking which were other defects in the ditches.
Furthermore, th&7.65% and 73.53% of the ditches were suffered from the scouring and
debris blocking, in (Figre 7c, d) respectively. Fige 9 illustrates the observed destruction

and debris blocking in ditches.
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a Culvert intel situation% b Outlet scouring%

12.50

u Qutlet scouring happened
#Plugged » Semi-Plugged = Perfect = Without Outlet scouring
ErosionIn Cut Slope% Erosion In Fill Slope%

= Erosion in Cut Slope happened . i
= Erosion In Fill Slope happened

= Without Erosion in Cut Slope = Without Erosion m fill Slope

Figure6. a) Intelsituation in pipes, b) Outlet scouring in pipes, ¢) occurred erosion in
culvert's cut slopes, d) the erosioken place in pipe's fill slopes

Figure7. Various falures in pipes across the |nvest|gted roads, ) Intel cracking of
pips, d) cwert with the destructed outlet
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Ditches function in control of runoff

a . o
drainage% b Ditch Erosion%

= Ditch Erosion happend
= Without Ditch Erosion
= Suitale = UnSuitale =Plugged ® Ditch Plugged
¢ Scouring % d Debris%

5.88

= Scouring happened = Without Scouring = Debris happened = Without Debris
= Plugged = Plugged

Figure8. A) Ditches runoff drainage, b) occurred erosion in ditches, c) happened scouring
d) debris blockig

Figure9.
a) Destroying of ditches, b) debris blockin§conveys

3.4 Cut and fill Slopes

The erosion and stability were the crucial problems in the cut and fill slopes. Therefore, in the
50% of sampled cut slopes erosion has been observeddE@g. According to the findings

in FigurelOb around 85.35 of cut slops were unstable. Such results could refer to the fill slope
assessmerglike in a way that the 58.82% of the elements were confronted with the erosion
(Figure 10c). Besides, the 55.88 ofl fdlopes were unstable as well. The current condition of
the cut and fill slope components are clearly shown inreigl.
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a Cut slope erosion % b Cut slope stability %

® Cut slope erosion happened = Without erosion = Stable = Unstable

c Fill slope erosion % d Fill slope stability%

= Fill slope erosion happened
= Without Fill slope erosion = Stable = Unstable

Figure 10. a, c) occurred erosion in cut and fill slopes, b) resfiksability evaluation in cut
and fill slopes.

Fig 11. Destruction of fill slopes (a) and cut slopes (b)

4. Conclusion and Suggestions

The study has shown that keeping the annual and periodical maintenance and repair services
of forest roads can ensure the preserve of the initial investment and signiéicesdse in the
serious risk of developing the other potential problems associated with both natural and
humanmade ones and should not be ignored. The results highlight an emphasizing need of
regular maintenanc®r all of the roads in order to accesses Whole forest area to fulfill a

variety of purposes include logging, firefighting and conducting the silvicultural practices.
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Overall, the research came to conclusion that the forest roads should be continuously repaired
and protected. It means that tleads should have stable surface, cut and fill slopes along
with the operating drainage system. Additionally, the Culvert and ditches are regularly well
worth getting cleaned out from the debris averting them from plugging up by sediments and
over weed groti.
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Abstract

Forest fires are considered as one of the important natural disasters that can seriously damage
forest ecosystems, harm wildlife and threat human life. In order to prevent foessofir
minimize their effects on ecosystems, fire damaged areas should be accurately determined and
appropriate prevention plans should be developed. This study aimed to investigate capabilities
of using deep learning method for assessment of fire damagas. &onvolutional neural
network (CNN), which is most commonly used method in deep learning applications, was used
for classification of burned and unburned forest areas. The algorithm was developed on Google
Colab, as it provides its own GPU and alla¥s necessary libraries to be used automatically.

The basic categorization logic was performed by using the Pytorch library and class assignment
has been made to the existing object. In this study, the training data for burned and unburned
areas were coltted from the Sentiné satellite images of before and after fire, covering the
forest fires took place in Antalya in Summer 2021. The test analysis was run for the forest fire
took place in the same year using the satellite image. In the solution pGitesséa were used

for training stage while 40 was for test stage. Alexnet was used as the training model based on
total of 50 trainings. During the training stage, the results of the accuracy, loss and kappa
metrics were evaluated for each step. At the @f the study, the Accuracy value was found to

be 96%, the Recall value was 98.96, the Precision value was 96.94, while the F1 Score value
was 97.94. The accuracy evaluation suggested that the success of the model was sufficient in
the study.

Keywords: Forest fires, Fire damages, Deep Learning, Machine Learning

1. Introduction

Fires cause a lot of damage to natural resources such as vegetation, water and air. In addition, it
causes loss of life and property in settlements or agricultural areas dovest$. Today,

fighting forest fires and making the right decisions in planning have become even more
important. Forests, which are one of the important factors for the sustainability of natural life,
face a serious threat due to wildfires. (Fidanbogl.e2022). It is known that most of the forest

fires are caused by humans. Therefore, determining the damage caused by forest fires and
identifying the damaged areas is an important step in the firefighting activities. Satellite images
provide a quick anegasy way to obtain the necessary data for the analyses to be made before
and after the forest fire events (Polat and Kaya, 2021).

Today, one of the developing and problerrented Technologies used in the solving complex
problems is artificial intelligere. Deep learning, which is the stitte of solutionoriented and

46


mailto:aybikebektass@gmail.com

F E 7— EZ 3" International Symposium of Forest Engineering and Technologies
28-29 November 2022, Baku

Full-PaperOral Presentations

artificial intelligence, has started to be used in many areas such as security, agriculture, and
forestry in order to obtain more accurate regiibnaz et al., 2020)It has been reportethat
effective solutions can be produced in the fight against forest fires by using deep learning
methods. Deep learning methods were implemented in previous studies to estimate the fire risk
and hazard potentials using the factors that cause foregHidanboy et al., 2022).

The most successful deep learning architectures in image analysis processes are convolutional
neural networks (CNN). CNN architectures emerged in the 1980s. CNNs are deep artificial
neural networks mainly used to classify imgg#gster them by similarity, and perform object
recognition in scenes. The most important assumption regarding problems solved by CNN
should not have spatially dependent featui@ayat et al., 2017)CNN architectures have not

come to the fore until 2@1due to the lack of compatible hardwarelsoftware(Karakurt and
Kkeri, 2022).

This paper presents how deep neural networks implemented in modern GPUs can be used to
efficiently learn highly distinctive image features for the purpose of fires hazard estimation.
The performance of the deep learning model was evaluatddssification of the burned and
unburned areas based on satellite images.

2 Material and Methods
2.1 Study Area

In Summer 2021, large size forest fires occurred in several plataskiye including Antalya,
Keyceji z, Mar mar i bkattetal af 160000 hectaress of forespland hag lkent
damaged during these fires. I n this study,
end of July in 2021 was studi¢igure 1) The dominant species in the region is Brutian pine
that is highly snsitive to forest fires. In the study, two SentiBeatellite images, one captured
before the fire (18 July, 2021) and the other after the fire (17 August, 2021), were analyzed to
detect fire burned are@Sigure 2, Figure 3, Figure 4)

Figure 1. MarmrisandR ycej i z provinces
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2.2 Dataset

It was decided to use Marmaris data as trai
larger the data set, the better the learning. In order to increase the accuracy of the model, the
data obtained was fragmented and the number of data wihes m@e meaningfullhere are

two folders named test and train in the dataset. There were 175 data in the test folder and 327
data in the train foldeiThe Rgure5 shows the distribution ratios of training and test data.

Figure 5. Train and test datastlibution

2.3 PyTorch

PyTorch is a rapidly developing and preferred deep learning library. PyTorch was published by
Facebook in 2017 as a Pythbased and opesource machine learning library connected to
Torch. It also uses different servers for CPablaGPU without acting on a single server. With

the use of dynamic computational graphics, it becomes very easy to adapt to the changing
amounts in the input datdhe selection of the Pytorch library in the study was effective
because it allowed the creatiof neural network modeléSen andsawant, 2021).

2.4. AlexNet

Deep learning architectures, which have become more competitive with the ImageNet
competition, are increasing more and more with the number of layers andsstates that
change every yegAliyu et al., 2020).AlexNet architecture came first in this competition,
which standardized on deep neuralwweks, with a success of 83.6¥rizhevsky et al.
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2012).Thiswas the first study to make convolutional neural network models and deepdearnin
popular againKarakurt andK Kk e r i 2022) . The use of RelLU in
activation function in the AlexNet architecture has made it one of the most preferred
architectures today

There are 5 basic convolution layers in the AlexNet deep learning network, whiibtsaf

25 layers. Generally, an activation layer, the relu layer, is used after each convolution layer. In
addition, there are input layer, normalization layer, pooling layer, dropout layer; fully
connected layer, seftonnected layer and output layerop aand T ¢ r koj | uThe 2019)
AlexNet architecture was designed to classify 1000 objects and the error rate in object
identification was reduced from 26.2% to 15.3%he deep learning algorithm provided an
accuracy rate of 80% D o ] a n ,Figuite® dh8wsthe AlexNet architecture.

NN s 1000
X7 192 192 128 Max | | L
. 204 2048
228\liStrid Max 128 Max pooling

of 4 pooling pooling

5 204¢ z0ag \dense

13

13 dense dens:

Figure 6. AlexNet architecture

In architecture, it is seen that the problem is divided into two parts, half of which runs on GPU1
and the other half on GPU2. This keeps the communication load low, which helps to achieve
good werall performance. Data processing from two channels is crossed only in the third
feature extraction layer. In this muléiyered structure, each layer must transfer the data to the
next layer after performing its own operation. While the input dataamsferred within the
network, the amount of data between the layers is quite high. Therefore, the input image size
becomes 55x55x48 due to its division by 2 GPUs. Other layers proceed in the same way. In the
sixth layer, the input is converted to a veaad multiplied by 2048. It takes quite a while to
execute transactions with a normal processor. GPUs are used to reduce this processing time and
to perform more operations at the same i@ j a nT ¢arnkdoj | u, 2019) .

2.5 Hyperparameters

In machine learning, hyperparameter is a parameter whose value is used to control the learning
process. While designing machine learning models that learn from data, the algorithms or
techniques used in theaakel bring some parameters that the designer should decide on. In
contrast, the valuesf other parameters are derived through training. Solving problems with
deep learning has become equivalent to designing the-laydted network structure in the
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bes and optimum way. In this engineering, after the intuition of the researcher, the most
frequently used tools have been hyperparameters. There may be different hyperparameter
groups where the model provides high performdbee et al., 2022).

Optimization methods are used to find the optimum value in the solution of nonlinear
problems. Optimization algorithms such as stochastic gradient descent, adagrad, adadelta,
adam, adamax are widely used in deep learning applications. The Adam optimizer was used for
optimization in the model and the model was compiled in this way. Adam is an adaptive
learning rate optimization algorithm designed specifically for training deep neural networks.
The algorithms leverage the power of adaptive learning rates methods todindual

learning rates for each parameter.

Learning rate can be the most important hyperparameter when configuring your neural
network. The default value for learning rate is usually 0.01 and it is reduced to 0.001 after a
certain epoch. In this studhe learning rate was defined as 0.001. Before the training, the data
were matrixized and visualizedndomly as seen in the Figure 7

Figure7. Image matrix
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While the modeivasbeing trained, not all of the data are included in the training at the same
time. Theytook part in education in a certain number of parts. The first piesdrained, the
performance of the modelas tested, and the weightsere updated with backpropagation
according to the success. In the backpropagation process, this wpsdat@ne by finding the
difference by using backward derivatives called "chain rule" and multiplying the difference
value with the "learning rate" parameter, subtracting the result from the weight aallies
calculating the newveight value. Then the modefasretrained with the new training set and

the weightswere updated again. This processs repeated at each training step to try to
calculate the most appropriate weight valtmsthe model. Each of these training steyas

cal |l ed an fhermpostsuitable wel)ht matutes sotve the problem in deep learning

were calculated step by step, the accuramuld be low in the first epochs, and the accuracy
increase as the number of epochs increases. The number of epochs varies according to the
training. As the accuracy increases visibly with each step, this increasdctiadrease by
decreasing and stabilizing at a certain rate. In this case, the training can be terminated. The
epoch number was determined as 50 in this study. After the gaihintest phase of the model

was visualized as in the FiguBend its performance was checked.

Actual: nonburned Predicted: nonburmed Actual: nonburned Predicted: nonburmed Actual: nonburned Predicted: nonburned

LS 4 A
50 150 200 0o 150

Actual: nonburned Predicted: nonburned Actual: bumed Predicted: burned

50 100 150 200

Figure 8. Test for traing
3. Results and Discussion

Figure 9containsfour different combinations of predicted and actual valleshe confusion
matrix, there are some terms we need to define. These were used to calculate various metrics.
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TP (True positive): burnt means burnt ()]

FP (False positive): unburned means burnt (Il)

TN (True negative): unburned means unburneg (lll
FN (False negative): burnt means not burn (V)

Actual Values

Positive (1) MNegative (0)

Positive (1) TP FP

Predicted Values

Megative (0) FM TN

Figure 9. Confusion matrix table

Figure 10 is the classification of the burned and unburned areas of the complex matrix. It can
be seen that the model created was able to correctly predict i® 2f unburned areas, while

it could correctly predict 76 of the 77 burned areas. In this way we can explain the performance
of our model from the complexity matrix.

Confusion matrix
70
bumed - 13
o
a
W
&=
nonburned A 1
e o]
o &
o &
&
Predicted label
accuracy=0.9694; misclass=0.0306

Figure 10. Result of matrix
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The metric is a function used to evaluate the performangeurfmodel. Metric functions are

like loss functions, except that the results from the evaluation of a metric are not used when
training the model. Any loss function can also be used as a metric (Aliyu et al., 2020). In the
study, loss function, F1scomccuracy, Recall, Precision metria®reevaluated and analyzed.

The formulas of the metrics are given in the Table 1.

Table 1. Formulas of metrics
Metric Formula and Description

True Positive Rates (TPR) TPR =TP /(TP + FN)
False Positive Rates (FPR) FPR=FP/(FP+ TN)

Precision Precision=TP /(TP + FP)

Recall Recall = TP /(TP + FN)

F-Measure F-Measure = 2TP / (2TP + FP + FN)

Accuracy Accuracy = (TP + TN) /(TP + TN +
FP + FN)

In this study, the performance of the AlexNet network model was evaluated using the Pytorch
library and Pthon programming language on a machine with NVIDIA GPU processor on the
Google Colab platform. Experimental results using the AlexNet network model to train
different number of forest image datasets show that the classification accuracy decreases as the
number of datasets decreases (Zhu et al., 2018).

The architecturewas retrained and tested for each hyperparameter. When the number of
training rounds was determined as 20 in the first trial, it was observed that the study was not
significant. With the incrased data, the number of training tours has been updated to 50. In
addition, ReLUwasused in the hidden layers and the sigmoid funcvas used in the fully
connected layer. Fdcore value of 0.9794, accuracy value of 0.9694, recall value of 0.9896,
andprecision value of 0.9694, which were used to measure the success of the model and were
desired to be close to 1, were obtaiffédure 11)

Testset Accuracy(mean): 96.938776 %

Recall:
Precission: 96.93877551020408
F1 Score : 97.9381443298969]1

Figure 11. Test results
4. Conclusions

Forest firescancausedetrimental effects on forest ecosysteamsl threahuman life.To fight
againstforest fires, fire severity damaged should be accurately determined smdthat
prevention planscan be developed.CNN, commonly used method in deep learning
applicationswas employedor classification ofire damagedorestareas.The high accuracy,

F1 score, sensitivity and recall valugistained shoed that the CNN model proposed in this
study can be used in the classification of forest fire images. In future studies, more successful
architectures can be obtained by isgtthyperparameter valuedifferently. In addition, it is
predicted that deep learning architectures can be used successfully to fight forest fires.
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The Importance of Realtime Scanning Radars in Determining Flood
Levels: The Case of the KastamonuBozkurt Flood in June, 2022

¢i ] dem ¥z anf OgBzAitunel

Kastamonu University, Faculty of Forestry, Department of Forest Engineering, Kastaruokiye)
* cozer@kastamonu.edu.tr

Abstract

Floods and overflows, which pose ses@roblems for humanity in the world, frequently occur

in Turkiye and can cause catastrophic results. It has been determined that the total number of
floods that occurred in our country between the years-202Q is 2486. One of the most
important practies that should be done in order to prevent the flood hazards and to reduce the
damages will be the creation of flood forecasting and early warning systems by monitoring the
precipitation levels. Precipitation is a parameter with significant spatial amgotal
variability. Weather forecasting Doppler radars are among the commonly used installations to
determine precipitation intensity. Since these radars have high temporal and spatial resolution,
they have the feature of providing robust and reliable lwafallowing atmospheric anomalies

that occur as a result of meteorological eventshis study, the flood disaster that occurred in
KastamoneBozkurt subdistrict in the western Black Sea regionTafrkiye on 27.06.2022 will

be examined. Within the sge of the study, Radar images acquired by doppler radars in
Zonguldak will be used to produce precipitation intensity map for thelistidict. They will be

critical assets for disaster preparedness scenarios.

Keywords:Disaster, Flood, Realtime ScanniRgdars, Precipitations Intensity

1. Introduction

Natural disasters cause property damage and jeopardize human life especially in urban areas
(Linsley, 1986).n the last 20 years (between 1998 and 2017), 7255 natural disasters such as
floods, storms, ladslides, earthquakes, droughts, fires, extreme temperatures and volcanic
eruptions have been recorded in the world. Among these natural disasters, the flood was the
most frequently occurring one with 43.4% (314B)4utori, and Guh&apir, 2017Ceylan

andK® m¢ K c ¢, 2007 ; Ersoy et al ., 2017) . They
economic losses among the natural disasters. It has been determined that the total number of
floods that occurred in our country between the years-202Q was 2486 (URL 1)

Flood is the event that streams, rivers and impact areas are filled with water at certain rates
due to natural or different factors (Zeybek, 2009). Human activities have important effects on
the formation of these damages, and the following five maitofaare more effectes

Weather events, landforms, soil characteristics, vegetation and human are those factors that
affect the formation of fl ood (¥zcan, 2006 ;
factors such as sufficient stream or creek branches to effecteety the precipitation
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falling in the region, infiltration capacity
ability, and suitable planned settlements will reduce the flood formation (AFAD, 2022).

In our country, there are regions with aywargh-risk rate in terms of floods and overflows i

terms of topography (Bahtiyar and kahtiyanceé
regions rapidly flows depending on the topographic, soil structure and amount of
precipitation, and may cause floods and overflows. Therefore, it is impddanise
meteorological radars in order to create early warning systems that can detect the amount of
precipitation that may fall in risky areas in terms of floods and overflows and predict the
events that may occur as ac g ezs@W20; o3unlkers earr
2016; ¥zcan, 2006) .

Flood damage and Hazard Map %

. = 5-9 7] Number of events
s Kilometre 1-4 =

O(Verivok) [

Figure 1.Turkiye flood damage and hazard map (URL 2)

In this study, the flood disaster that occurred in KastanBwukurt subdistrict in the
western Black Sea region ®tirkiye in 27.06.2022 will be exaimed. Within the scope of the
study, radar images acquired by one of the Doppler radars in Zonguldak will be used to
produce precipitation intensity map for the glibtrict. They will be critical assets for
disaster preparedness scenarios.

2. Doppler Radas

Doppler radars can measure the shift between the transmitted signal frequency and the signal
reflected from the objects. Radars have been able to predict particularly heavy rains, halil,
tornadoes, floods and floods. With meteorological radars, whicaraagtive remote sensing
system, the location, speed and direction of movement of the meteorological event can be
determined, and information about the type, severity and amount of the it can be obtained.
When the electromagnetic signal sent from the madanes into contact with hydrometeors

such as raindrops, snowflakes, and hail, it is exposed to electromagnetic scattering. These
scattered electromagnetic waves are detected and processed by the sensitive receivers of the
radars and presented to the usem visual product through softwatéRL 3). Doppler radar
measures precipitation and radial speeds of wind over large areas in real time. Also, the
radar's ability to see the movement of the echo is very useful in forecastingeshort
precipitation URL 3).
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Figure 2 Number and areas scanned of radars in 0
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There are a total of 18 radars used operationally in our country (Figure 2). The coverage area
of each radar can be up to 370 km in scanning mode and up to 120 km radius in Doppler
mode. A full scanning period of these weather radars is usuallyn6étesi and they have a
spatial resolution of 125 meters. The energy of the reflected rays is proportional to the size of
the raindrops and therefore to the intensity of the precipitation. Radar can be particularly
useful in determining the local distributi@f precipitation Chandrasekar et al., 2003).

newen

Vancama Alaniva

ur country

3. Determining the precipitation amount of the flood in Bozkurt with Doppler radars
In this study, the flood disaster that occurred in KastanBwukurt subdistrict in the

western Black Sea region dirkiye on 27.06.2022 was examined (Figure 3).

Figure 3 KastamontBozkurt location where the flood occurred
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In the study, the precipitation intensity was tried to berdeted with the data obtained from
the Doppler radar in Zonguldak. The radar works with horizontal scanning intiaadc
within a horizontal radius of 250 km (Figure #).the study, emitted radar signals and return
signals were evaluated. Radar contumsly scans the area atnfinute intervals. The

accumulation of these scans constitutes first hourly, then daily raw data. Hourly averages

were processed over 362 x 362 m raster cells-dayedata from the day of the flood was

used. Then, geographicallyqpr ect e d

"tiff" format and reprojected to UTM using ArcGIS 10.5, and raster data were downsized to
subbasins which had previously been generated from a DEM produced from 1:25000 scaled

and ifhdf 50 formatted

national quads. Them, GRID spaced at 362 m and later turned into points was laid over the

precipitation image. Subsequently, hourly precipitation totals were appended onto these

points (Figure 5, Figure 6).

«Istanbul

Koicadh »
(zmin *Gebze o AdighE

e
National Geographich ESh| GarfineHERE UNEP-WCMC! y_'éeé NASA ESA,
METI NRCAN, GEBCO NOAA ncrement P.Corp. o+ 2 A

Ankara

T

@ Zonguldak Radar
@  Bozkutt-location

Scanned area

Figure 4. The radascanned area and the Zonguladak location

* Bozkurt subbasin precipitation

® Bozkurt-location
I:I Bozkurt subbasins

Figure 5. Zonguldak radar image

Figure 6.Grid points from which
precipitation data are falled
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As a result of the evaluation of oday data, it was determined that the amount of
precipitation reaching Bozkurt swhstrict was 39 mm.

4. Results and Suggstions

In this study, the importance of meteorological radars in the detection and -tglai

natural disasters is emphasized and the determination of the amount of heavy precipitation in
KastamoneBozkurt using radar is explained.

The ability to measure@eather events occurring in the atmosphere in high resolution and real
time, quickly and frequently, using radars contributes to meteorological studies as it provides
rather sensitive dat@espite the factors that negatively affect the data qualityrsagapear

as an important data source in the evaluation of various atmospheric events and speed
measurements related to atmospheric movements, as well as obtaining precipitation
information.

Thus, it will be possible to provide early warning informatiothwiadar systems in order to
minimize the loss of property and life as a result of natural disasters of various
meteorological origins in our country and world.
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Study of the Clearing Limit of Road Considering Features of Different
Environmental Units in a Deciduous Forest
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Abstract

Clearing limit is the strip width of a forest which trees are felled for road construction. This
study was conducted in a deciduous forest to determine the mean clearing limit of forest road
considering different environmental uniighe map of threeenvironmentalinits was initially
produced in GIS with consideringlope steepness, geology, and slope direction, soil and
forest stock growthThen, transects on a straight road was randomly selected in each of
environmental units and sommoss sectional variables of clearing limit including horizontal
distance from tree on slope to top of cutslope, width of the cutslope, width of the roadbed,
width of the canopy gap and horizontal distance from tree stem on fillslope to road edge were
measued. Results showed thhte average distance between crowns in winter season was 5.2
m. Width of the cutslope in environmental unit Il was more than all other environmental
units, but no significant difference was detected between the environmentalaumait 1l
regarding width of the cutslop@he mean clearing limit ienvironmentalunit I, Il and Il

were 11.8, 18 and 16.5 meter, respectivbgreover, width of clearing limit increased with
increasing hillside slope. Finally, corrected clearing lim&s recommended for each
environmental unit which can be used for same units.

Key words Clearing limit, Forest road, Environmental units, GIS, Shast Kalate district

1. Introduction

Clearing limit is the strip width of a forest which trees are felleddad construction. The
width of this strip is depending on hillside slope, soil and geological properties, traffic
volume and road typd (inay and Melemez, 200%atkins et al., 2003)0One of the negative
effects of roads is the loss of forest area dughér construction. Indeed, increasing the
clearing limit of forest road increases the amount of environmental danméaada@,1973;
Sorkhi et al., 2012)Laurance et al. (2004) found that even roads with narrow clearing limit
and low traffic volumes carreduce local movement of many insectivorous birds in
Amazonia.

Safety is one of the main problems of road trafflerftek, 200p Drivers' behaviour is highly
dependent on the width of clearing limit especially on horizontal curves (Zakowskg, 1997
Wempk et al., 200)L Different methods are used to determine the clearing limit of a forest
road before earthworking operation. In fixed method a fixed width is determined for felling
strip of trees and in variable method strip width is separately deternoneea€h cross
section (Sarikhani and Majnonian, 1994; Abeli et al., 2000). In first method the clearing limit
may be less or more than required limit. So, more trees may be felled for road construction
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and if lower trees are felled unsafe traffic will occBecondmethod is time consuming and
expensive because of permanent controlling for construction of each cross section (LeDoux,
2004; Potolnik et al., 2005).

In recent years it was attempted to propose near to nature methods to decrease negative
effects of cleang limit. For example, Nasiri (2011) reported tlwdgaring limit should be

carefully selected, not only to minimize the total road cost but also to reduce the
environmental impact and to improve traffic saféarsakhoo et al. (2009etermined the

optimum clearing limit of forest for road construction separately for cut and fill slope in steep
slopes of Hyrcanian zone with suggestion of chart models. This method decreases the rate of
trees felling and increases the forest roads safety and permanenay.lPoi k et al . ( 2
study about clearance of a forest road cross section in-sasthSlovenia found that the

distance between crowns is 6 m in ayEar old forest road, 0.74m in a-$&ar old road, and

0.24 m in a 58/ear old road.

Using anenvironmental unit to increase independence and control in management can
improve researches accurac¥nvironmental units can integrate variougnvironmental
characteristics to support proper management of natural resources. Semeraimental
characteristis are slope steepness, geology, slope direction, soil, hydrology and forest stock
growth. In this study it was attempted to investigate clearing limit for forest road construction
considering different environmental units of Shast Kalate district as wél BEcommend a

table to determine clearing limit in each environmental unit.

2. Material and Methods

District one in Shast Kalate forests with an area of 1713 hectares is located in Golestan
province and in waterBsh&dt dGEMBEN A8 BRIBEBIT o0 ( 36
54gpme E) . The bedrock of twith atitude canging romi s | i
100 to 1000 m above sea levEhe forest is mixed deciduous which has been established on

brown forest soil with mostly sandstone as bedrock -@aynsilty texture and worn stones

are spread around the regidine mean forest stock growth in the study area was ##m

The climate of the region is Mediterranean warm and mbigt.mean annual precipitation is

562 mm which the lowest is in July@August (Figure 1a)

Environmentalunits have homogeneous attributes. Land data can be integrated and classified
based on characteristics such as slope steeffra&gge 1b),geology (Figure 1c) slope
direction (Figure 1d)and stand stock growt{Figure 1e) Geology and stand stock growth
maps were prepared from forestry plan manuabludist Kalate fores Digital Elevation

Model (DEM) was generated with 28 resolution in Arc Map, and from surface analysis the
slope direction and steepness maps weavdymred. Then the map ehvironmentalnits was
produced from union procedure in GRBgure 1f)
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Figure 1. Study area (a) and the stage§ ¢ preparing mapof environmentalnits in GIS
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ArcGIS version 9.2 was utilized to analysis data layeestures of eacbnvironmentalnit
have been illustrated in Table 1.

Table 1.Features oénvironmentalnits in study area

Land Geolo Slope Hillside slope Stock growth

Units gy direction (%) (m2 ha?)

| Conglomerate san West 10-25 >300
stone
Conglomerate san

Il stone, current age East 2550 >300
stream deposits

I current age stream — Njorth 0-10 100200

deposits

In this study a straight road with a length of 1000 meter was randomly selected in each of
environmental units |, 1l and 1ll. 60 trards with a distance of 10 meter were vertically
established on road through systematic randomized method. Hillside slope was measure by
clinometer. Some cross section parameters of forest road such as horizontal distance from
tree on slope to top of cutgle (A), width of the cutslope (B), width of the roadbed, width of

the canopy gap and horizontal distance from tree stem on fillslope to road edge (C) were
measured by tape meter (Figure 2).

Transects

\
%

Width of canopy

Map ofland units

I
T
T

10 meter distances

Land units
I

gap, o

A

Road bed width

>

1

A: The horizontal distance from tree stem on slog
to top of the cutslope

B: Width of the cutslope

C: Horizontal distancefrom tree stemon fillslope
toroadedge

Figure 2. Sampling design for clearing limit of road in enwn@ntalunits
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2.1 Statistical Analysis

Data were statistically analyzed using the GLM procedure in SAS software. SNK test
(Student Newman Kolus) at probability level 6f05 was used to compare means for
different parameters of clearing limit for seconddoyest road. Spearman correlation
coefficient was used to determine the relationships among parameters.

3. Results and Discussion

In this study the width of roadbed was equal to 5.5 meter which was recorded for secondary
forest road. The horizontal distze from tree on slope to top of cutslope in environmental
unit Il was significantly lower than all other environmental units (Figure 3a). Besides, the
horizontal distance from tree stem on fillslope to road edge in environmental unit Ill was
significantly lower than those of environmental units | and Il. No significant difference
(P>0.05) was found between the environmental unit | and Il in term of horizontal distance
from tree stem on fillslope to road edge (Figure 3b). These detections indicate adnogy

gap in environmental unit llIThe average distance between crowns in winter season was 5.2
m (Figure 3c) Petkovic et al. (2014) for a single lane road in European beech and seksile
forest at north of the Republic of Srpska and Bosnia and Hevae showed that the
average distance between crowns is 5.6 m. They reported that clearing width of forest roads
depends on terrain and site conditions, frequency of maintenance of forest roads, distance
between forest road sections and public road, teadfic load. The distance between tree
crowns is smaller in the road sections that are further away from the public \Widtts.of

the cutslope in environmental unit Il was more than all other environmental units, but no
significant difference (P>0.05) a8 detected between the environmental unit | and Il
regarding width of the cutslope (Figure 3d).

The mean clearing limit ienvironmentalunit 11l was 11.8 meter which was significantly
lower than those oénvironmentalnits | and 1l (P<0.05). Forest stogrowth in this unit is
100200 m® hat, so it was attempted to fell trees discreetly (Table 1). Maximum claring limit
was recorded irenvironmentalunit 1l with 18 meters in width. The main reason of this
finding is high steepness of hillside in tleis/ironmentalunit (Figure4).

Hillside slope inenvironmentalnit 1l was25-50% which was more than that @hvironmental

units | and 1l (Table 1)Narrow (<20m width) clearing of road being less vulnerable to edge
disturbance than are wider clearingssi8e linear clearings parallel to the path of the sun are
exposed to sunlight throughout the day and can be more vulnerable to edge disturbance
(Laurance et al., 2009Sedlak(1985) stated that standard clearing limit of forest road for
slope classes 340, 4050, 5060 and 6070%,are11,13,15and19 m,respectively.

Correlation analysis showed that there was significant positive correlation between the width
of cutslope and hillside slope as well as clearing limit of road and hillside slope. Indeed,
width of cutslope and clearing limit increased with increasing hillside slope. Moreover,
horizontal distance from tree stem on fillslope to road edge increased with increasing hillside
slope. Totally clearing limit of a forest road increases with incredsargontal distance

from tree on slope to top of cutslope, width of the cutslope, width of the roadbed and width of
the canopy gap and horizontal distance from tree stem on fillslope to road edge (Table 2).
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Table 2. Spearman correlation coefficients between slope steepness and parameters of

clearing limit.

Parameters Slope B A C Canopy gap  Clearing limit
Slope 1.00 0.92" -0.05 0.17 0.03 0.32"
B 0.92" 1.00 -0.01 0.16 0.05 0.39™
A -0.05 -0.01 1.00 0.11 0.56™ 0.70™
C 0.17 0.16 0.11 1.00 0.49™ 0.63™
Canopy gap 0.03 0.05 0.56™ 0.49™ 1.00 0.68™
Clearing limit 0.32" 0.39" 0.70™ 0.63" 0.68™ 1.00

k%

+7 . Significant at probability level of 0.1 and 5%&spectively. A: The horizontal distance from tree stem on
hillside to top of cutslope, B: Width of cutslope, C: Horizontal distance from tree stem on fillslope to road edge

In Table 3 a corrected clearing limit is recommended for each environmentalhictit can

be used for same units. After the preparing this width the bothersome trees can be marked in
next stages. Nasiri (2011) found that the clearing limit of valley forest road is more
mountainoudorestroad. Presence of some pioneer species sudkldas along the forest

roads can reduadearing width Delgado et al., 200Hosseini and Jalilvand 2007

Table 3. Recommended clearing limit for each environmental unit in study area

Land Units Width of the roadbed (m) B(m) A@m) C(m) Total (m)
I 55 1.0 2.5 2.0 11
Il 5.5 2.5 3.5 2.5 14
I 55 0.5 15 1.5 9

4. Conclusion and Suggestions

This paper proposed an approach to determine clearing limit according to feature of
environmental units. It was concluded thfia mean clearing limit ienviromrmentalunit I, |l

and Il were 11.8, 18 and 16.5 meter, respectively. Forest stock groetivinonmentalinit

Il was lower than otheenvironmentalunits, so it was attempted to fell trees discreetly.
Maximum claring limit was recorded environmentalinit due to high steepness of hillside.
Hillside slope inenvironmentalnit 1l was25-50% which was more than that @eAvironmental

units | and IlIl. Clearing limit of a forest road increases with increasing horizontal distance
from tree on slope to top ofitslope, width of the cutslope, width of the roadbed and width of
the canopy gap and horizontal distance from tree stem on fillslope to road etddiy, in an
environmental unit with a stable geology structure, gentle skyrawvard direction such as
west to south in northern hemisphere and high stock volume staods be possible to
consider lower clearing limit.
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Abstract

The construction of forest roads is very important in terms of putting forests into operation and
providing access to forests in case of disasters. With the increase in climate change, the
increase in the number of yearsvitiich the risk of fire is high, the prolongation of the fire
season, and the effect of the fires on larger areas increase the importance of forest roads. In this
study, the Cokertme neighborhood within the borders of the Milas Forestry Management
Directorae, which was highly affected by the fire that destroyed 12764 ha of forest area in
2021, was chosen as the study area. Analyzes were made on Seaétadlite images before

and after the fire in the study area. An area of 1995.35 ha where the effexfiof was seen

on these satellite images was determined as the study area. The forest cover and forest roads in
this area were digitized and the situation before and after the fire was determined. While there
were 50.13 km of roads in the area beftwefire, the number of roads after the fire was found

to be 88.85 km. The road density in the area was determined as 31.5 m/ha. Although the forest
road density is higher than desired, it is concluded that the reason why the fire is so effective in
the ara is that the roads are not homogeneously distributed over the area.

Keywords:Forest roads, Forest fire, Sentir2] ArcGIS, Satellite images

1. Introduction

Well-planned forest roads are very important for forest protection and forest management
(Gumus etl., 2008). With the increase in climate change, providing access to the forest cannot
be considered only as a wood production stage. Roads should be planned to meet more than
one need. Road construction should be of such a nature as to prevent envabnmen
degradation, especially to preserve ecological impacts and biodiversity (Laschi et al., 2019).

In recent years, the relationship between forest road network and forest fire prevention and
extinguishing has gained more and more importance. The insnffiamount of forest road
network makes it impossible to access the forest and respond to the fire during a fireForest fire
represents one of the most important threats to forests, forest villages and other wooded areas in
many parts of the world. In addin, due to climate change, it is expected that the number of
years with a high risk of fire will increase, the fire season will prolong and extreme events that
may cause larger, more intense and more frequent fires will increase (Giannakopoulos et al.,
2009).

Firefighting options are still considered the most important issue by fire experts in
Mediterranean countries (Raftoyannis et al., 2014). At the beginning of these options, forest
road network planning should be examined in order to achieve effdotvprevention and
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extinguishing processes (Stefanovic et al., 2015). Forest road networks contribute to
guaranteeing continuous and higiality surveillance, especially during periods of high risk.

All roads can be used for surveillance of the mossisige areas during periods of high fire

risk. These roads can be periodically closed to traffic by firefighting vehicles, thus serving the
dual purpose of acting as a deterrent against arsonists and allowing very rapid response should
a fire start (Calvai et al., 1999). Analysis of forest road functions, planning, construction and
maintenance methods is needed to achieve this goal and increase the effectiveness and
efficiency of thefirefighting organization.

In this study, the forest fire that occudre i n t he ¢°kertme neighbor h
Management Directorate in 2021, where there was a loss of 12764 ha of forest, was discussed.
The existing forest roads in the area and forest roads added during and after the fire were
determined. The siadion before and after the fire was analyzed through the Arcmap module of
ArcGIS software. The effects of the constructed and existing roads on forest fire were tried to

be determined.

2. Material and Methods
The ¢°kertme neighborhded,fiwki dmn RDL-Parfifed avte e

47 38a, within the borders of Milas Forestr
area.According to the 2021 Forest Fires Evaluation Report, an intentional forest fire in Milas
Forest Management Diret or at e affected t he Yal e, Mu mc

Directorates with the effect of the strong wind and destroyed 12764 ha forest area (OGM,
2021)(Figure 1, 2)

> P
Qékertmea‘;{i

Google Earth

16" N 27°47'38.43"E elev 19m eyealt 8.50 km

Figure 1. Study area

(31.07.2021 - MILAS — Karacahisar, Yaly, Mumcular, Cékertme, Oren)

(Milas - Karacahisar - Beyciler Mah. Batisderesi 12764,0 Ha.)
Figure 2. Fires in Milas Forestry Management Directorate (OGM)2021
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