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For effective response to forest fires, the period of time necessary for the firefighting team to reach the fire site
should not exceed the critical response time, where the fire is more likely to be taken under control. For this reason,
the optimum route that allows the team to reach the fire site by a fire truck within the shortest time possible should
be determined. Computer-aided methods such as the road network analysis are widely used in the solution of such
transportation problems that require the shortest path analysis. In this study, the locations of the existing road networks
and firefighting team were examined using GIS techniques in order to determine the optimum route that will provide
the promptest access to the fire site. The study was carried out in the Adana Forest Enterprise Directorate, where first
degree fire-sensitive forests are located. There are three firefighting teams located in the boundaries of the study area.
The sites in the study area where previously occurred forest fires (15), which burned 1 ha or more forest areas, were
evaluated as potential fire sites. The analysis results showed that 64,12% of the forest areas in the study area was
reached by the firefighting teams within 20 minutes, which is the critical response time for first degree fire sensitive
forests. It was found that the teams could reach 12 potential fire sites within the critical response time. This result
revealed the necessity to establish new firefighting teams in the study area. In addition, it is thought that improving the
road network density in the study area by building new roads or increasing the truck travel speed by improving the
conditions of existing roads will help to solve the problem.

Key words: Forest fire; Optimum route; Shortest path; Network analysis; Fire access road; Fire trucks; Travel
speed; Critical response time; Adana; Turkey.

Introduction.The number of forest fires, as one of & Luce, 2016; Bathrellos, Skilodimou, Chousianitis,
the main source of forest destructions, have increased  Youssef, & Pradhan, 2017). In Turkey, 5.5 million
in many regions of the world, as well as in the hectares of forests along the coastline starting from
Mediterranean countries (Littell, Peterson, Riley, Liu, = Kahramanmaras to the Marmara region in the east
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of the Mediterranean region are fire sensitive at the
first degree (Akay, Wing, Zengin, & Kose, 2017).
In order to combat forest fires effectively, fire must
be suppressed as soon as possible. For this reason,
it is of great importance to identify detect and locate
forest fires as soon as they start and to report them to
the firefighting teams without delay (Akay, Karas, &
Kahraman, 2018).

In order to combat forest fires effectively, the time
to reach the fire site, especially in the first degree fire
sensitive forest areas, should not exceed the critical
response time in which the fire is more likely to be
brought under control. For this reason, the firefighting
teams should be placed in a suitable location from
which most of forest area can be reached in critical
response time (Sakar, 2010). After the fire alarm is
received, the optimum route that allows the firefighting
team to reach the fire site in the shortest time should be
determined as soon as possible.

Considering some restrictive factors, computer-
aided methods (e.g. network analysis, linear
programming, dynamic programming, heuristic
methods) are used in the solution of such problems,
which searches for the optimum route with the shortest
transportation time among alternatives (Sun, Lang, &
Wang, 2015; Liu & Chen, 2016; Seyedhosseini, Makui,
Shahanaghi, & Torkestani, 2016). Network analysis
method is widely used in the solution of transportation
problems aimed at determining the optimum route
(Hashemi, Karimi, & Tavana, 2015; Chiang, Chen, &
Ho, 2016). Developments in computer technology and
Geographic Information Systems (GIS) allow the use of
modules based on the network analysis method of GIS
software to solve transportation problems (Ford, Barr,
Dawson, & James, 2015; Gheshlaghi, 2019; Yildirim
& Bediroglu, 2019; Das, Ojha, Kramsapi, Baruah, &
Dutta, 2019).

The fire sensitivity rate of a zone is determined
based on the number of fires in that zone, the ratio of the
burning area to the forest area of the forest enterprise
and the fire constant (Erdogan, 2019). In order to
combat forest fires effectively, the concept of fire
sensitivity has been developed to rank the sensitivity of
the forest enterprise and to show the status of a forest
enterprise with a known sensitivity rate compared to
other forest enterprises. The most important factor in
determining the degree of sensitivity is the archive
information about the forest fires that occur (Kiigiik &
Unal, 2005).

The degree of fire sensitivity, which represents
enterprises with a certain degree of sensitivity, actually
constitutes the fire sensitivity class. The degree of fire
sensitivity varies according to the size of burning area
and the number of fires per unit area. As the number
of annual fires in the burning area and unit area
decreases, the sensitivity decreases, and as it increases,
the sensitivity to the fire increases (Akay et al., 2017).
Fire constant values are used to determine the fire
sensitivity levels of the forest enterprises. Figure 1
shows the fire sensitivity map of the forest enterprise
directorates in Turkey.

In order to effectively fight forest fires, the
firefighting team must reach the fire site within the
critical response time. Table 1 indicates the critical
response times according to the degree of fire sensitivity
(GDF, 2008). For effective fight against forest fires, the
arrival time of the firefighting team should not exceed
these time limitations. In this study, the locations of
the existing road networks and the firefighting team in
a sample forest enterprise were evaluated using GIS
techniques in order to determine the optimum route
that will provide the fastest access to the fire site.
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Fig. 1. The fire sensitivity degrees of Forest Enterprise
Directorates in Turkey

Table 1

Critical response times (minutes) to fire
sensitivity ratings

Fire Sensitivity Degrees
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Response

. 20 30 40 50 50
Time

Material and Methods. /. Study Area. The study
was carried out within the boundaries of the Adana
Forestry Regional Directorate (FRD), Adana Forestry
Enterprise Directorate (FED), Saricam Enterprise
Chief (FEC) (Fig. 2). The tree species that dominate the
area are Brutian pine, Stone pine and other coniferous
species. The area of the Saricam FEC is approximately
70,000 hectares, and approximately 9,000 hectares are
covered with forests. There are three firefighting teams
within the boundaries of the study area. The sites in the
study area where previously occurred forest fires (15),
which burned 1 ha or more forest areas, were evaluated
as fire-prone sites.

2. GIS Database. Within the scope of the study,
GIS database was produced to apply GIS techniques in
ArcGIS 10.4 program. To generate this database, road
network map, forest stand map and location information
about potential forest fires and firefighting teams were
used (Fig. 3). Information about the fires that occurred
at the working area boundaries and where the burned
area is 1 ha and above is given in Tab. 2. A data layer
showing forest areas was produced using the stand map
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to evaluate the transportation of the firefighting teams
to the forest areas in the study area.
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Fig. 2. The map of the study area
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was calculated based on the length of the road and the
average speed of the fire truck. The average vehicle
speed varies depending on the type of road (asphalt,
gravel, forest road) and condition (good, average,
poor). The average vehicle speed assigned for each
road section according to the type and condition of the
road is given in Tab. 3 (Bilici, 2009).

Table 2

Information on forest fires (=1 ha) within
the study area (2009-2019)

Fire Burned

No. Date Cause Area (ha) YIL
1 24.07.2009 Stubble 1.0
2 11.08.2009 Stubble 1.0
2009
3 21.08.2009 Stubble 2.0
4 19.10.2009 Stubble 10.5
5 22.09.2011 Other Fire Use 1.8
6 1.10.2011 Other Fire Use 1.3 2011
7 12.11.2011 Shepherd’s Fire 1.0
8 10.06.2013 Stubble 1.0
9 11.07.2013 Stubble 2.0
; 2013
10 11072013  Pieceofbroken
glass
11 11.07.2013 Unknown 1.6
12 29052014 Machineburning oo,
accident
13 15.08.2015 People 2.5 2015
14 17.10.2016 Unknown 29 2016
15 5.10.2017 Unknown 1.03 2017
Table 3
Average vehicle speeds for road type and road
condition (km/hr)
Road Condition
Road Types
Good Average Poor
Asphalt 60 50 40
Gravel 50 40 30
Forest Road 30 25 20

Fig. 3. Road network, firefighting teams and fire locations
in the study area

3. Network Analysis. Network analysis method is
widely used in the solution of transportation problems
requiring the optimum route (Chiang et al., 2016). In
the network analysis method, links (arc) and nodes
where the links intersect form a network system. In
order to determine the optimum route that provides
access to the fire site in the shortest time possible, the
average transportation time of fire truck to be spent on
each road section was determined. Transportation time

Finally, the transportation time for each section was
calculated using Equation 1. Thus, attribute fields with
length (km), road type, road condition, vehicle speed
(km/hr) and travel time (minutes) are generated in
Attributes Table of the road data layer.

t = l—i60, (1)

i
V.

t,— travel time (min)
[, — section length (km)
v, — vehicle speed (km/hr)
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Network Analyst Application. The advances in GIS
and computer technology enable the use of network
analysis method within GIS software for solving
transportation problems (Y1ildirim & Bediroglu, 2019).
In this study, Network Analysis (Network Analyst)
plugin available in ArcGIS 10.4 program was used
to determine the optimum route that will provide the
fastest access to a possible fire site from firefighting
headquarter.

In order to apply the network analysis method with
the Network Analysis plugin, a Personal Geodatabase
was first produced in the ArcCatalog module of ArcGIS
10.4 program. Later, Network Data (Network Dataset)
was developed by making use of the road network data
layer containing the values of the links (travel time) that
constitute the road network in the study area. Finally,
link (ND_Edges) and node (ND_Junctions) files were
produced using Network Dataset.

After completing the Network Data set, the «New
Service Area» and «New Closest Facility» methods
under the Network Analysis plugin were applied.
Firstly, how much of the forest areas on the site can
be reached during the critical response period was
evaluated by the New Service Area method. In the New
Service Area method, which is similar to the Buffer
Analysis (Buffer) method, a service point determined
on the network system is accepted as the start and
the regions within a total link value (access time)
determined by the user are determined on the network

system. In this study, with the help of the «New Service
Area» method, it is aimed to determine the forest areas
that can be reached within 20 minutes, with critical
response times for the first degree fire sensitive forests,
by centering the locations where the first firefighting
teams are located. Using the «New Nearest Facility»
method, it was aimed to determine the optimum route
between the potential fire areas in the study area and the
first firefighting teams. In the study, the first firefighting
teams that could reach each fire site as soon as possible
were determined. In addition, optimum routes that will
allow all the first firefighting teams in the study area to
reach each fire site have been determined.

Results and Discussion. /. GIS Database Results.
According to the results obtained, the total length of
the road network in the study area was calculated as
592.00 km. A large part of these roads is forest road
(57,57%), followed by gravel road (22,47%) and
asphalt paved road (19,96%) (Tab. 4). Considering
the condition of road networks in the study area,
65,28% of roads are classified as good, 26,74% as
average and 7,98% as poor (Fig. 4). All asphalt paved
roads are considered to be in good condition in terms
of traffic flow. When the gravel roads are taken into
consideration, it is determined that a large part of
the roads are in good condition (93%), 5% are in the
average and the remaining roads are in poor condition
(2%). As to the forest roads, 45% of them are average,
42% — good, and 13% — poor.

Table 4

Length information about roads in the study area

Length by Road Conditions (km)

Road Type Total Length (km) Good Average Poor
Asphalt 118.15 118.15 - -
Gravel 133.03 124.28 6.10 2.65
Forest Road 340.82 144.02 152.19 44.61
Total 592.00 386.45 158.29 47.26

Road Types (Conditions)

d { == Asphalt road
e ) — Gravel road (good)
S § —— Gravel road (average)
w@. — Gravel road (poor)
= Forest road (good)
—— Forest road (average)
Forest road (poor)

Fig. 4. Road network map of the study area

According to the land use type map developed for
the study area, a total of 10 different land use classes
have been identified (Fig. 5). It was found that the
type of land use with the largest area was agriculture
(71,90%) followed by forest areas (16,39%). Burned
forest areas, forest soil and forest depots are considered
under forest areas, total forest arecas were calculated
as 17,32% of the total area. The spatial distribution of
land use types can be seen in Tab. 5.

Table 5
The areal distribution of land use classes
Land use classes Alan (%)
1 2
Forest 16.39
Forest Soil 0.47
Water 4.13

176 . Taw, A. E. Akail. BUBUEHHA JOPOXHIX MepeX i MiCLle3HaX0AKeHHA NOXEeXHNX KOMaHA 3a sonomoroto metogis I'1C TexHonorii



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

Continuation of Table 5

1 2
Settlements 431
Forest Depots 0.01
Agricultural 71.90
Burned Areas 0.45
Power Line 0.01
Community Health 2.22
Cemetery 0.11
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Fig. 5. Land use type map of the study area

2. Network Analysis Results. Network analysis
application was carried out by using two basic data layers

produced in Network Database. These are data layers;
the link data layer (Network_ND_Edges) representing
the road sections on the road network and the node data
layer (Network_ ND_Junction) representing the points
where these links intersect (Fig. 6). Using the «New
Service Area» method, the locations of the firefighting
teams were centered and the forest areas that can be
reached in the study area within the critical response
times were determined. The study analyzes fire
response time for 3 firefighting teams to reach 15 fire
sites. Table 6 shows that the firefighting teams were not
able to reach all 15 fire sites within the optimal period
of time (no more than 20 minutes).
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Fig. 6. The link and node data layer in the Network Data Set
Table 6

Fire response time (min) of firefighting teams to reach each fire site

Fires

Team Name
1 2 3 4 5 6

7 8 9 10 11 12 13 14 15

Y Ekip 1 23 13 25 10 17 21
Y Ekip 2 49 38 23 35 28 47
Y Ekip 3 5 34 31 31 32 42

10 16 26 23 17 22 8 19 6
19 32 52 20 43 12 27 44 27
31 22 47 38 38 39 29 13 27

Since forests are first degree fire sensitive in the
study area, areas which firefighting teams can reach
on the road network within 0-20 minutes have been
identified (Fig. 7). Later, forest areas that could be
reached within 0-20 minutes were found. The results
showed that 64,11% of forest areas in the study area
were reached by fire crews within 20 minutes. The
firefighting teams that reach potential fire site in the
shortest time were identified by using «New Closest
Facility» method. Figure 8 shows the optimum routes
that provide access to each fire site in the shortest time.
The optimum routes that allow all the firefighting teams
in the study area to reach each fire site were determined
(Tab. 7). It was found that the teams responded 12 fires
within the critical response time (20 minutes) while 3
fires (3, 6 and 9) could not be reached on time (See
Tab. 7). The results showed that there is a close
relationship between the distance to fire sites, road
types, and the transportation time.

Legends
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["— H Inaccessible Forest Areas
N FEC borders

o 25 5 10 15 20

Fig. 7. Accessible and inaccessible areas within
the critical response time (20 minutes)
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Fig. 8. The shortest routes providing access to each
fire site in the shortest time

Table 7
Firefighting teams first reaching the fire sites
and their response times (min)

Response Time (min)

Fire No Team Name (dakika)
1 Y Ekip 3 5.37
2 Y Ekip 1 12.58
3 Y Ekip 2 22.67
4 Y Ekip 1 9.74
5 Y Ekip 1 16.57
6 Y Ekip 1 21.03
7 Y Ekip 1 10.43
8 Y Ekip 1 16.37
9 Y Ekip 1 26.42

10 Y Ekip 2 19.90
11 Y Ekip 3 17.38
12 Y Ekip 2 12.46
13 Y Ekip 1 8.18
14 Y Ekip 3 13.38
15 Y Ekip 1 6.42

Conclusions. In this study, the firefighting teams
were evaluated by using GIS techniques in order to
determine the optimum route that provides the fastest
access to the fire sites. Saricam FEC was selected
within the borders of Adana FED. The forest areas
in the Directorate are classified as first degree fire
sensitive forests. Within the scope of the study, three
firefighting teams available in the area and 15 fire
incidences happened between 2009-2019 that affected
1 ha or more forests were taken into consideration. It

was determined that the existing firefighting teams in
the study area could not reach three of the potential fire
sites within the critical response time of 20 minutes. In
the study, forest areas that the firefighting teams could
not reach within the critical response time were also
identified. According to the results, it was found that
35,99% of the forest areas could not be reached in 20
minutes. These results reveal the necessity of locating
new firefighting teams in addition to the existing
firefighting ones. Moreover, it is thought that improving
the road network in the study area by building new
roads or increasing the travel speed by improving the
conditions of existing roads will also contribute to the
solution of the problem.
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BuBuyeHHA JOPOXKHIX Mepex
i Mice3HaXoKeHHA NOXKeXXHNX KOMaHA
3a gonomoroto metogis NC TexHonorin

. Taw’', A.E. Akain?

s epeKTMBHOrO pearyBaHHSI Ha JIICOBI IMOMXKEKI
TPUBAJICTh JOCTYITY TIOXKEKHOI OpUTaay 10 MicCIIsl TI0-
JKEeKI HE TIOBUHHA TEPEBHIINYBAaTH KPUTUYHOTO Hacy
pearyBaHHS, BIPOMOBXK SIKOTO 3arOpSIHHS 3 OLIBIIOI0
HMOBIPHICTIO MOXKe Oye B3STO MiJ KOHTPOJb. 3 i€l
NPUYUHU JIOUITBHO BU3HAYUTH ONTHMATBHUH Mapii-
pyT, KU MacTh 3MOTY KOMaHII JICTaTHUCS 1O MiCIIS
MOXKEXKI Ha TOXKEKHIN MaIllnHI B HAWKOPOTII TEpMi-
Hu. KoM’ toTepHi MeTOH, TaKi sIK MEpEKeBUI aHa3,
IIMPOKO BHKOPWCTOBYIOTH i/ Yac BUPIMIEHHS TaKUX
TPAHCTIOPTHUX 3aBIaHb, SIKi BUMArarTh aHATI3y Haii-
KOPOTILIOTO LUISAXY. Y LIbOMY JOCITIJUKEHHI po3Tally-
BaHHS iICHYIOUHX JIOPOXKHIX MEPEX 1 MOIKEKHOT KOMaH-
I Oyio oriHeHo 3 BukopuctanHsaM metoniB ['IC tex-
HOJIOTiH, 3 METOI0 BU3HAUEHHS ONTHUMAJILHOIO Mapli-
pyTy, sKwii 3a0e3Me4nTh HAWIIBHIIIANA JOCTYI [0
MICIIS TIOKEXKI.

JocmimkeHHs 31iHCHIOBAIN B YIIPaBITiHHI JIICOBOTO
rocrozpapcTBa AzaHu, e po3TallOBaHi JIiCH epeBax-
HO TIepINoi Kareropii, HaHOUTBII ypa3IuBi 10 MOKEKX.
VY Mexax JocIiKyBaHOI TEPUTOPIi PO3TalIoBaHi TpH
MOXKEKHI KoMaH . JIIITHKA B TOCIIKyBaHil 30Hi, Jie
paHille TparusLIUCh JicoBi moxkexi (15) 1 B SKuX BH-
ropisio 1 ra abo OisbIe JTiCOBOI IIIONII, OIIHIOBAIH SK
MOTEHITIIHI OCepeKn BUHUKHEHHS JICOBUX IOMKEX.
Pesynprati mokazanu, mo 64,12% micoBux 1uronl Ha
JOCIIPKYBaHIM TepuTOpii OynH OXOIICHI MOXKEHKHH-
MH KOMaHZaMu npoTaroM 20 XBWJIMH, IO € KPUTHY-
HUM 4YacOM pearyBaHHS JUIsl JICIB MepuIoi Kareropii,
SIKi € HAWOLIBII 9y TIUBUMH JI0 TIOXKEX. byno BcTaHOB-
JICHO, 1110 BIIPOIOBXK KPUTHYHOI'O Yacy pearyBaHHs KO-
MaHI¥ MOIVIA JOCATTH 12 MiCIb MOXKJIMBHX 3arOpsiHb.
Le#t pe3ynbrar 1moka3aB HEOOXiTHICTh CTBOPEHHS HO-
BUX TIOKEKHUX KOMaHJ Yy JOCIiKyBaHiid 30HI. Kpim
TOTO, MOYKHA T1ICyMYBaTH, 1110 30UTBIICHHS IITLHOCTI
JIOPOXKHBOI MEPEkKi B JOCIIKYBaHii 001acTi 3a paxy-
HOK Oy/iBHHIITBA HOBUX JIOPIr a00 30UTBIICHHS IIBHI-
KOCTI pyXy Ha BiJIPi3Ky IUISAXY 332 PaXyHOK ITOJIIIIICH-
HSl CTaH/APTIB ICHYIOUHX JOPIT JOIIOMOXKE BHUPIIIATH
pooIemy.
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N3yueHne fOpPOXKHDIX ceTen
N MeCTOHAXOXKAEHNA NOXKAPHbIX KOMaHA
c nomouibto metogos NC TexHonorum

N. Taw', A.E. Akair?

Jist 3 heKTHBHOTO pearnpoBaHUs Ha JIECHBIE TI0-
JKapbl MPOJIOJDKUTEIBHOCTD A0CTYyTa MTOKapHOU Opu-
rajpl K MECTy Mmoxapa He JOJKHA MPEBBIIIATH KPHU-
TUYECKOE BpEMsl pearupoBaHUsl, HA MPOTSIKECHUU
KOTOPOT'O BO3TOpaHUE C OOJIbIIel BEPOSTHOCTHIO MO-
JKET OBITH B3STO TMOJ KOHTPOJdb. [lo 3TOM mpuumue
cleAyeT ONpEeAeNIUTh ONTUMAaNbHBIM MapuIpyT, KO-
TOPBIN MO3BOJUT KOMaH/E A00parbcs 0 MecTa Io-
’Kapa Ha MOXXAPHOW MAlllMHE B KpaTdalllue CPOKH.
KoMmnbroTepHble METO/IbI, TAKHE KaK CETEBOM aHAJIM3,
LWIUPOKO UCIOJB3YIOTCS IPU PELICHUH IMOXOXKUX
TPaHCHOPTHBIX 3aj7lad, KOTOphIE TPEOYIOT aHaJIu-
3a Kparyaiiiero myTu. B 3ToM HcCcieqoBaHUM pac-
MOJIOXKEHUE CYIIECTBYIOIIUX JOPOKHBIX CeTed u
MOXKapHOM KOMaH bl OBLJIO OLICHEHO C UCIOJIb30BAHU-
eM MeTonoB [ IC TeXHOJIOTHA, ¢ TIEIBI0 OTIPEIeIICHUS
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ONTHUMAJIBHOTO MapHIpyTa, KOTOPbI 00ecreduT ca-
MBI OBICTPBII TOCTYI K MECTY IOXKapa.

HccnenoBanue mpoBoWIOCh B YIIPaBIEHNUH JIECHO-
IO X03s1MCTBa ANIaHbl, IJIe PaCIOIOKEHBI Jeca NepBOi
KaTeropuy, Hambojee 4YyBCTBUTEIbHBIE K IOXKapaMm.
B rpanunax ucciaenyeMond TEPPUTOPUM PACIIONIOXKE-
HBI TP MTOYKapHbIE KOMaH/Ibl. Y4aCTKHA B UCCIIEAYeMON
30HE, TIi¢ paHblle CIy4aluch JiecHble moxapsl (15) u
B KOTOPBIX BHITOpeJo | ra wim Oosee JeCHOH Tuioma-
i, OBLTH OIIEHEHBI KaK MOTEHI[HAbHBIE O9arH JIECHBIX
noxapoB. Pesynbsrarsl nokaszamu, 4ro 64,12% secHbIx
TUIOIIA/ICH Ha MCCIIEAYeMOW TEPPUTOPHH OBLIM OXBa-
YeHBI MOKapHBIMU KOMaHAaMH B TedeHrne 20 MUHYT,
YTO SBISIETCS KPUTHUYECKUM BpPEMEHEM pearupoBa-
HUS JJIs JIECOB NEPBON KAaTEropuu, KOTOPHIE SBIISIOT-
cs1 HanOoJee YyBCTBUTEIBHBIMH K MOXKapam. beuto 00-
Hapy>XeHO, 4TO 33 KPUTHUYECKOE BPeMsl pearupoBaHMs
KOMaH/1bl CMOIJIM IOCTHYb 12 MeCcT BO3MOKHBIX BO3IO-
paHuif. TOT pe3yabTaT MoKazajl HeOOXOJUMOCTh CO3-
JaHMS HOBBIX TIO’KAPHBIX KOMaH[| B HCCIIEAYEMOI 30He.
Kpome Toro, MOXHO ciesiaTh BBIBO, YTO yBEJIHYEHUE
TUIOTHOCTH JTIOPOYKHOW CEeTH B HCCIeNyeMoil obractu
3a CYET CTPOUTENHCTBA HOBBIX AOPOT WIIM yBEJIHYe-
HUSl CKOPOCTHU JBM)KEHHUS B MyTH 32 CUET YIyYIIEHUs
CTaH/IApPTOB CYIIECTBYIOIINX JTOPOT MOMOXKET PEIINTh
pooemy.
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