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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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(Hernandez-Leal et al. 2006; Martinez et al. 2009; Zhang 
et al. 2010; Arndt et al. 2013; Guo et al. 2016), spatial clus-
tering (Wu et al. 2015), generalized linear mixed models 
(Kwak et al. 2012; Boubeta et al. 2015), Monte Carlo simu-
lations (Carmelm et al. 2009; Reineking et al. 2010), kernel 
methods (Amatulli et al. 2007; Kuter et al. 2011), and non-
parametric algorithms as Random Forests (RF) (Massada 
et al. 2013; Pierce et al. 2012; Oliveira et al. 2012; Arpaci 
et al. 2014), Artificial Neural Networks (ANN) )Bisquert 
et al. 2012; Safi, Bouroumi 2013; Sahu 2015), and SVM 
for fire hazard mapping. Cortez and Morais (2007) used 
data mining (DM) approaches (SVM and RF) to predict 
the forest fires in the northeast region of Portugal using 
meteorological data. These studies showed that SVM al-
gorithm had satisfactory performance in forest fire hazard 
mapping compared to other algorithms in general. Sakr 
et  al. (2011) compared performance of ANN and SVM 
algorithms to reduce number of parameters and cost re-
quired system especially for developing countries and re-
ported that SVM outperformed ANN based on cumula-
tive precipitation and relative humidity. 
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Abstract. The aim of this study is fire hazard zoning the Chehel-Chay watershed and analysis of road network in order 
to fire-fighting management. Using effective factors on fire occurrence, the fire hazard map of the study area produced 
by support vector machine algorithm and then was divided into four hazard classes. The road length and type were 
investigated in the each fire hazard classes. The results showed that most of occurred fires are located in the close dis-
tances of roads and forest areas. The results showed that road types and land cover are important in fire occurrences 
and suppression. In high dangerous zone, the roads pass through forestlands, but in low dangerous zone, the roads 
are passing from farmlands. The roads do not cover the half of area and do not pass at two third of high hazard class 
zones. Therefore, appreciate road network planning is necessary according to fire-fighting management.

Keywords: Forest road, fire hazard map, fire-fighting vehicles, Support Vector Machine (SVM).

Introduction

Fire is one of the important components of natural eco-
systems such as forests and rangelands (Sakr et  al. 2010; 
Dlamini 2010). Forest fires can lead to destruction of envi-
ronment, damages to human health and property, and en-
danger life, cause environment deterioration and soil losses 
(Bowyer et al. 2009; Fox et al. 2015) and create economic 
problems (Ozbygol, Bozer 2012). In Iran, fire is one of the 
most destructive occurring phenomena in forests and range-
lands (Adab et al. 2013; Pourghasemi et al. 2016; Pourtaghi 
et al. 2015). The discussion about forest fire ignition can be 
divided into wildfire and anthropogenic fire (Verma et al. 
2013). Most of fires occurring in Hyrcanian forests of Iran 
are anthropogenic fire (Pourghasemi et al. 2016).

Fire hazard mapping is important to proper plan-
ning to fire hazard reduction, management, and control 
of fire (Jaiswal et  al. 2002). Several studies have been 
conducted to analyses forest fire using parametric and 
nonparametric algorithms (Table 1). Many studies have 
been used parametric algorithms such as linear regression 
(Dong et al. 2006; Oliveira et al. 2012), logistic regression 
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Table 1. Previous studies on fire hazard mapping

Author Country
Algorithms

Variablesparametric 
algorithm

nonparametric 
algorithms

Dong et al. (2006) China Linear regression – Fuel, topography, anthropogenic
Hernandez-Leal 
et al. (2006)

Spain Logistic 
regression

– Slope, altitude, insulation, proximity to road, 
vegetation cover

Amatulli et al. 
(2007)

Spain Kernel methods Occurred fire, cover type, fire caused, weather

Zhang et al. (2010) China Logistic 
regression

– Topography, weather, human factor

Kuter et al. (2011) Turkey Kernel methods – Information of occurred fire
Sakr et al. (2011) Lebanon – ANN,  SVM Precipitation, relative humidity, solar radiation, 

average wind speed
Soto (2012) Chile Fuzzy logic Spatial localization of the fires, road network, areas 

with an urban- wild land interface
Oliveira et al. (2012) Portugal, 

Spain, 
France, Italy 
and Greece

Linear regression Random forest Topography, land cover, climate, infrastructures, 
demographic, socio-economic

Kwak et al. (2012) Korea Generalized linear 
mixed models

– Topography, human factor, distance from road, forest 
cover

Bisquert et al. (2012) Spain Logistic regression ANN Monitor vegetation Status, land surface temperature
Arndt et al. (2013) Austria Logistic regression – Socio-economic
Pourghasemi et al. 
(2016)

Iran Mamdani fuzzy 
logic, analytical 
hierarchy process

Topography, climate,  land use, vegetation index

Arpaci et al. (2014) Austria – Max Ent and 
Random Forests

Topography, vegetation, climate , socio-economic 
datasets

Wu et al. (2015) China Spatial clustering – Topography, climate, vegetation, occurred fire
Boubeta (2015) Spain Generalized linear 

mixed models
Days without rain, Number of fires, Population size, 
Cadastral parcel, Scrub area, Percentage of wet lands, 
Percentage of wood lands

Sahu (2015) Portugal – ANN Fine fuel moisture code, duff moisture code, drought 
code, initial spread index, fire behavior index

Guo et al. (2016) China Logistic regression Topographic, vegetation, climatic, infrastructure, 
socioeconomic

Most human-caused fires occur in proximity to hu-
man settlements and road corridors (Soto 2012; Fox et al. 
2015; Arpaci et al. 2014). Relationship among road net-
work, fire occurring and fire management has been rec-
ognized for some times. Density of road and distance to 
roads influence the fire ignition (Nunes 2012; Chas-Amil 
et al. 2013; Guo et al. 2016). Roads provide access option 
inside forests in order to perform management practices, 
timber harvesting, and other services. Roads separate the 
ecosystem, create high contrast edges, (Forman, Alex-
ander 1998), and reduce forest areas (Schonewald-Cox, 
Buechner 1992). Forest roads play significant role on 
wildfire prevention and fire suppression (Narayanaraj, 
Wimberly 2013), and creating linear gaps in forest (Spell-
erberg 2002) which changes microclimates closed to road 
(Chen et al. 1993). Relations between fire occurrences, fire 

management, and road have been studied in several re-
searches (Table 2).

Çoban and Eker (2010) investigated the forest road 
before and after fire in burnt area, Turkey. Their analysis 
has explained that roads should be planned in fire sensitive 
regions and be facilitated management activities after fire 
event. Narayanaraj and Wimberly (2013) described effects 
of edge roads on the spatial pattern of burn severity in 
Okanogan–Wenatchee National Forest in Washington 
State. Nasiri (2012) examined the plan of skidding routes 
on fire fighting in DarabKola forest, north of Iran. Tian 
et al. (2013) investigated effective factors of forest fires in 
China; they explained 58% of occurred fires were located 
less than 5 km to roads. Roman and Martinez (2006) and 
Martinez et  al. (2009) reported significant relationships 
between road density and forest fire in Mexico and Spain. 
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Maingi and Henry (2007) studied important factors that 
have effects on wildfire in eastern Kentucky, USA. Their 
investigation showed that proximity to roads is an affec-
tive factor on forest fire ignition. Hoyo et al. (2011) report-
ed most of fires start close to the roads in Madrid, Spain. 
Verma et al. (2013) found that high road connection led to 
more forest fire in Missouri forest division in India during 
2000 to 2011.

The Chehel-Chay watershed is one of the areas that 
have different natural disasters such as fire occurring due 

to special ecological, economical, and social conditions 
and containing various land covers and human activities. 
In the study area, the road network with different road 
types are spatially distributed in the whole of watershed. 
In addition to preparing accessibility to human settle-
ments for different needs, the roads and its network are 
playing important role both in fire occurring due to pre-
paring accessing people to whole area and play key role 
in suitable fire fighting due to preparing facilities for fire 
fighters and vehicles. The investigation on fire risk assess-
ment of a watershed and its zoning based on fire prob-
ability as well as performance analysis of current road net-
work in order to achieve fire-fighting management is very 
necessary for watershed management. Therefore, the aim 
of the current study is (1) zoning the Chehel-Chay water-
shed based on fire hazard probability using support vector 
machine (SVM((2), analysis of road network in order to 
Fire Fighting Management (FFM) in different land covers. 

1. Materials and methods

The Chehel-Chay Watershed is located in Minoodasht 
County in the Golestan Province, Northern Iran. The area 
of watershed is about 25680 hectares and is located be-
tween latitudes 36°, 59′ to 36°, 17′ N, and longitudes 55°, 
22′ to 55°, 37′ E (Fig. 1). The elevation above sea level is 
ranging 190 to 2750 m. The dominant land-cover vegeta-
tion of watershed is forest in the northern part, and mixed 
rangeland and forest in southern part. The climate type 
varies from temperate to semi-humid (Pourghasemi et al. 
2016). Average annual precipitation of the study area is 
approximately 750 mm. The main land uses in the water-
shed is include forest (67%), croplands (28.8%), grassland 
(4.09%), and human residential areas (0.53%).   

The datasets and methodology are shown in (Fig. 2). 
The flowchart shows two steps of the study: (1) Fire hazard 

Table 2. Different studies, which are showed relationships 
between fire occurrences, fire management, and roads 

Author Year Country

Subject
fire 

occur-
rences

fire 
mana-
gement

Martinez et al. 2009 Spain • –
Arienti et al. 2009 Canada • –
Çoban and 
Eker 2010 Turkey • •

Avila-Flores 
et al. 2010 Mexico • –

Hoyo et al. 2011 Spain •
Narayanaraj 
and Wimberly 2011 USA • –

Zumbrunnen 
et al. 2012 Switzerland • –

Massada et al. 2013 USA •
Nasiri 2012 Iran – •
Tian et al. 2013 China • –
Narayanaraj 
and Wimberly 2013 USA • –

Liu et al. 2015 China • –
Barni et al. 2015 Brazil • –

Fig. 1. Location the study area in the Golestan Province, Northern Iran, and location of 
occurred fires in the past years
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mapping by SVM (2) assessing the road network distribu-
tion in the study area according to FFM.

In order to produce a fire hazard probability map, 
the effective factors on fire occurrences including climate, 
topography, vegetation, human factors, distance to wa-
ter recourse were identified and prepared from different 
sources and using various techniques in addition OFFP in 
the recent past years (Table 3).

Climate influences the fire regime through several 
processes (Deng et al. 2013). Data related to Climatology 
is complex in forest areas and many microclimates can be 
observed in these areas (Cottle 2007). In the current study, 
wind direction, and speed, maximum absolute tempera-
ture, monthly average evaporation, minimum relative hu-
midity, and monthly average precipitation of autumn were 
used as climate related data because of accruing about 
70% of fires in October, November, and December. The 

climate maps were created using continues data (Fig. 3). 
Topography is a significant physiographic factor that 

influences the fire spreading and this occurrence of fire 
indirectly (Jaiswal et al. 2002) and affects the climate on 
the landscape and fuel availability (Vasilakos et al. 2009). 
Elevation, slope, and aspect as topographical factors influ-
ence the ignition of forest fires (Lee et al. 2004; Kwak et al. 
2012). In this research, topographic variables including 
elevation, slope, and aspect were used to create fire hazard 
map. The contour lines from, National Cartographic Cen-
ter (NCC) were used to obtain Digital Elevation Model 
(DEM), slope, and aspect maps. Topographical character-
istics of the study area are shown in (Fig. 4). 

Vegetation is one of the main environmental vari-
ables that affect fire-regime (Amatulli et al. 2007; Tuček, 
Majlingová 2009). Vegetation (dead or alive covers) pre-
pares the fuel for fire (Wu et al. 2015) and causes some 

Fig. 2. Flowchart of the implemented methodology
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Table 3. Variables used for fire hazard probability mapping (FRPM)

Source of dataData format/
Resolution/ ScaleVariable nameVariable type

Iranian Meteorological Organization(IRIMO)
Golestan Regional Water Authority (GRWA)  Excel data

Monthly dominant wind direction 
Monthly maximum wind speed
Monthly maximum absolute 
temperature
Monthly average evaporation
Monthly minimum relative humidity
Monthly average precipitation

Climatic

National Cartography Center (NCC)Raster/10 m
Elevation
Slope
Aspect

Topographic 
map

1 – Forest management plan. 2 – Integrated 
management of the Chehel-Chay Watershed.  
3 – Extensive fieldwork. 4 – Satellite image, 
National Cartographic Center (NCC) 

Vector/ 1:25000 Forest type
Forest and non-forest map  Vegetation 

1 – Forest management plan. 2 – Integrated 
management of the Chehel-Chay Watershed.  
3 – Extensive fieldwork. 4 – Satellite image, 
National Cartographic Center (NCC)

Vector/ 1:25000

Distance to road
Distance to village
Distance to recreational sites
Distance to agricultural areas 

Infrastructure

1 – Forest management plan. 2 – Integrated 
management of the Chehel-Chay Watershed.  
3 – Extensive fieldwork. 4 – Satellite image, 
National Cartographic Center (NCC)

Vector/ 1:25000
Distance to river
Distance to spring Water recourse

1 – Extensive fieldwork. 2. Archive of Department 
of Natural Resources and Watershed (DNRW), 
Golestan province 

Point, Polygon, 
Excel data–Occurred 

forest fire

Fig. 3. Climatology characteristics of the Chehel-chay 
Watershed for period of October-December: Precipitation 
(mm) (A), Minimum relative humidity (%) (B), Maximum 
absolute temperature (Celsius) (C), Evaporation (mm) (D), 
Wind direction (Degree) (E), Wind speed (km/h) (F)

Fig. 4. Topographical characteristics of the Chehel-chay Water-
shed: Elevation (m) (A), Slope (%) (B), Aspect (Degree) (C)

problems for forest fire fighting (Chen, Di 2015). The 
vegetation factor in the study area was used in two maps: 
land use map and forest type map. The land use map was 
classified into two classes, forest and non-forest, and land 
cover was classified into nine classes, Carpineo-Parrotium, 
Carpinetum-Betulus, Quereteo-Castaneifolia, Quereteo-
Carpinetum, Carpinetum-schuschaensis, Petrocaryo- Alne-
tum, Pinus-Cupressus (reforestation), Grassland and non-
forest (Fig. 5). 

Human activities such as agricultural, human settle-
ments and recreational activities are very important in fire 
occurrence (Amatulli et al. 2007). The main causes of for-
est fires in Japan, China, USA, Brazil, and Europe are re-
lated to human activities (Martinez et al. 2009; Barni et al. 
2015). Fire regimes are affected by human activities during 
last century (Chen et al. 2015) and more than 80% of fires 
are caused by human activity (FAO 2007). The human 

Fig. 5. Vegetation characteristics of the Chehel-chay Watershed; 
Landaus map (A), Landover maps (B)
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factors considered in this research are distance to roads, 
villages, recreational sites and agricultural areas (horti-
cultures, irrigated and dry farms, rice paddies, livestock) 
(Fig. 6). 

Water sources and access to its are one of the main 
factors that affect the forest fire (Jaiswal et al. 2002) as well 
as an important factor that prevent the spread of forest fire 
(Češljar, Stevović 2015). In this research, distance to rivers 
and springs were used as water factor (Fig. 7). 

The existing road network map was created on 
1:25,000 scale (NCC), using satellite image, and mapping 
by GPS. The road network was classified into three classes 
including asphalt, gravel, and dirt roads by through filed 
visit road (Fig. 1). 

Road network density is one of factors used to find 
correlation between lightning fire and road network (Ari-
enti et al. 2009). The road network density was calculated 
for the study area, fire hazard classes, and land use classes 
in whit in fire hazard probability map classes (Eq. (1)): 

 
=

LND
A

 ,     (1)

where ND – road density; L – length of road network (me-
ters); A – area (ha).   

Forest roads provide access for ground and aerial 
firefighting equipment (Kapusniak, Majlingová 2014). In 
the study area, all road types can be used for fire extin-
guishing, the maximum distance was 500 meters from the 
roads. Deployment of ground mobile fire-fighting equip-
ment to fight the fire was possible on 100 meters to asphalt 
and gravel roads. In order to find the area that covered 
with the road network considering firefighting buffer map, 
500 meters from both sides of the roads generated using 
ArcGIS 10.1. Then the cover percentage of road network 
was calculated (Eq. (2)):

 
(%) ·100,aE

A
=    (2)

where E(%) – cover percentage of road network for fire-
fighting; A – total area of study area; a – area covered with 
road network. 

Using effective factors on fire occurrence including 
climate, topography, vegetation, human factor, factors re-
lated to water sources and the occurred forest fire points, 
the fire hazard probability map of the study area produced 
by support vector machine (SVM) algorithm. The speci-
fied grid search using v-fold cross-validation method used 
to find suitable parameters, i.e. epsilon (ε) and capacity 
(C) with fixed gamma that would produce high-accuracy 
results. Then, the fire hazard map was divided into four 
classes including low hazard class (LHC), medium hazard 
class (MHC), relatively hazard class (RHC), and high haz-
ard class (HHC). The road type network (asphalt, gravel, 
and dirt roads) and land covers were analyzed according 
to each fire hazard categories.

2. Results and discussion

The total length of the road network in the study area is 
337.07 km. Considering road lengths and density; most of 
the roads were dirt roads, followed by asphalt and gravel 
roads. The length and density of dirt roads are 243.54 km 
and 9.47  mha–1, respectively (Table  3). The asphalt and 
gravel roads as public roads were constructed in order to 
access to villages whereas all dirt roads were used to access 
farmlands, livestock, and recreational sites. There are not 
roads that not constructed specifiable for forest operation 
in the study area. 

Table 3. Road network length and density of the Chehel-chay 
Watershed

Road surface type Length (km) Density (mha–1)
Asphalt 82.87 3.23
Gravel 10.66 0.42
Dirt 243.54 9.47
Total 337.07 13.12

Fig. 6. Human factors of the Chehel-chay Watershed: Distance 
to road (A), Village (B), Recreational sites (C), Agricultural 
areas (D)

Fig. 7. Factors related to water recourses of the Chehel-chay 
Watershed: Distance to river (A), Springs (B)
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More than half of the study area (58%) is covered by 
road network for the purpose FFM. On other hand about 
14900 ha of the study area is accessible in term of pur-
pose. Figure 8a indicates the areas were accessible and in-
accessible by road network. In other hand, 42% of water-
shed dose not covered by roads. Therefore, road network 
planning is necessary for this area according to FFM. As 
discussed by Kapusniak and Majlingová (2014) new road 
planning suitable to fighting fire in natural conditions is 
necessary. The results indicated that the LHC class is the 
largest class in fire hazard probability map (10640.5 ha, 
42%), then followed by HHC (7995.8 ha, 31.5%), MRHC 
(3959.8 ha, 15%) and RHC (3083.8 ha, 12%) (Table 4 and 
Fig. 8b). The results show that 83% of past fires are located 
in HHC class and in the distances of less than 1000 m to 
roads. The finding of this research in line with what has 
been stated by (Spellerberg 2002; Narayanaraj, Wimberly 
2013) that the roads have important effects on ignition in 
forest. 

Table 4. Fire hazard classes area of the Chehel-chay Watershed  

HHCRHCMRHCLHCFire 
hazard

7995.8433083.8133959.85310640.49Area (ha)  

The results indicate that 85.51 percent of HHC and 
70.18 percent of RHC were covered by forest (productive 
forest, conservative forest, and reforestation). The conser-
vative forests, agricultural lands were the largest land use 
in the LCD (69.09%) and MRHC (53.2%), respectively 
(Table 5, Fig. 9). The analysis of land use classes according 
to the fire hazard probability map fire were in line with 
previous studies (Carmo et al. 2011; Pourghasemi et al. 
2016). Forests were the more fire prone land use; human 
settlements areas and agriculture land use (dry farming, 
Rice field, and garden) were the less susceptible land uses, 
respectively.  

Table 5. Area of land uses on the fire hazard classes of the 
Chehel-chay Watershed

HHC 
(ha)RHC (ha)MRHC 

(ha)LHC (ha)Land use/Fire 
hazard classes

22.687.4553.5162.91Human 
settlements 

1036.26842.942106.463330.36Culture 

1803.6956.8200Productive 
forest

893.581965.381787.426394.29Conservative 
forest

139.62142.051.950Reforestation

100.0169.1710.51852.93Grassland

The largest and lowest road densities belong to 
MRHC and HHC, respectively. The largest densities of as-
phalt roads density belong to HHC (3.74 mha–1) and RHC 
(4.41 mha–1). Table 6 indicates the detail of each road on 
the fire hazard probability map. 

Table 6. Detailed length and density of road network on the 
fire hazard probability map of the Chehel-chay Watershed

HHCRHCMRHCLHCRoad/Fire hazard 
classes

29.9313.629.8329.6Asphalt road 
(km)

Length 
of road 
network 
on the 
fire 
hazard 
classes

2.220.250.327.85Gravel road 
(km)

37.9422.5669.82113.21Dirt road 
(km)

3.744.412.492.79Asphalt road 
(M/Ha)

Density 
of road 
network 
on the 
fire 
hazard 
classes

0.280.080.080.74Gravel road 
(m/Ha)

4.757.3217.6410.64Dirt road 
(m/Ha)

8.7711.8120.1314.17Total 

Fig. 8. Cover area of road network (A), Road network on the 
fire hazard probability map (B)

Fig. 9. Percentage of land use on the fire hazard classes of the 
Chehel-chay Watershed  



Journal of Environmental Engineering and Landscape Management, 2017, 25(4): 342–353 349

About 111.39 km of roads were located in agriculture 
areas (dry farming, Rice field, and garden) and 29.81 km of 
roads were located in forest areas (conservative forest) in 
LCD classes and density of these roads were 33.54 km/ha 
and 4.66 m/ha, respectively. In MRHC classes, the road 
density in agriculture areas and forest areas (conservation 
forest) was 31 m/ha and 7.89 m/ha, respectively. In RHC 
classes, the road density in agriculture areas are 28 m/ha 
and in forest areas (conservative forest, productive forest, 
and reforestation) are 64.3 m/ha. In HHC classes, the road 
density in agriculture areas are 18.62 m/ha and in forest 
areas (conservative forest, productive forest, and refor-
estation) are 39.19  m/ha (Table  7, Fig.  10). Most of the 
roads in MRHC and LHC were dirt roads, which are the 
basic communication networks among agriculture areas. 
However, the most of fire occurred and asphalt roads are 
located in the HHC and RHC that are forest areas land 
use. In fact, the asphalt roads are the principle route to 
connect the study area to center of county (Minoodasht 
city). It can be concluded that type of road and land cover 
are important in fire ignition in wild land. The main roads 
increases human pressure in natural resources lands and 
lead to fire ignition by accident and negligence (Soto 2012; 
Renard et al. 2012). 

The MRHC class has the largest cover percentage 
of road network (64.24%) that road network covered 
2543.65  ha of the area. The road network covered the 
34.5% of the HHC class area (Table 7).  

Table 7. Cover percentage of road network in fire hazard 
classes of the Chehel-chay Watershed

Fire hazard 
classes HHC RHC MRHC LHC

Road network 
cover area (ha) 2758.30 1156.74 2543.65 4674.69

Road network 
cover percentage 34.50 37.52 64.24 43.93

The lowest cover percentage of road network in forest 
areas are belonged to LHC class. In MRHC, class 37.31% 
conservation forest and 99.75% of reforestation areas are 
covered by road network. In RHC class, 91.69% of pro-
ductive forest, 18.51% of conservation forest, and 67.44% 
of reforestation area covered by road network. In HHC 
class, 33.74% of productive forest, 24.43% of conservation 
forest, and 55.75% of reforestation areas covered by road. 
Table 8 and Figure 11 show the detail cover percentage 
of road network in land use class in fire hazard classes. 
Roads provide access to forest and help to fire ignitions 
but they reduce burn severity and prevent the fire spread 
(Renard et  al. 2012; Narayanaraj, Wimberly 2013). The 
lowest cover percentage of rod network in our study area 
belong to forestland use in HHC, this results are in line 
with (Narayanaraj, Wimberly 2011).

Table 8. Detailed cover percentage of road network in land use 
class in fire hazard classes of the Chehel-chay Watershed

Cover (%)
Area 

coverage 
(ha)

Area (ha)Land use
Fire 

hazard 
classes

99.3262.4862.91Human 
settlements 

LHC
86.312874.493330.36Culture 

24.271552.156394.29Conservation 
forest

21.76185.57852.93Grassland

96.4751.6253.51Human 
settlements 

MRHC

86.371819.292106.46Culture 

37.31666.87371787.42Conservative 
forest

99.751.951.95Reforestation

37.293.9210.51Grassland

99.967.457.45Human 
settlements 

RHC

74.23625.75842.94Culture 

91.6952.1056.82Productive 
forest

18.51363.771965.38Conservative 
forest

67.4495.80142.05Reforestation

17.1611.8769.17Grassland

87.9319.9422.68Human 
settlements 

HHC

74.64773.461036.26Culture 

33.74608.621803.69Productive 
forest

25.431244.424893.58Conservative 
forest

55.7577.83139.62Reforestation

34.0234.03100.01Grassland

Fig. 10. Road density in fire risk categories
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Conclusions

This study is about fire risk, management, and road net-
work in a watershed (i.e. Chehl-Chay watershed) with 
special ecological, economical, and social conditions. In 
the study area, the numerous wild fires were occurred in 
the past years and fire suppression had very difficulties. By 
the way, in forested watershed areas, for road designing 
and constructing are generally considered only settlement 
accessing and traveling need without covering other needs 
such as disaster (like wildfires) management. The aim and 
novelty of the study is assessment the current road net-
work situation and its spatial position for fire manage-
ment.

According to results, the about two third of occurred 
fires are located in the distances of close to roads and in 
HHC class that they happened in fall season. Although, 
based on road network analysis results, the road density 
in forests is less than the other land uses, but the most of 
forest land cover is located in the high and relative hazard 
zones. This result indicates that forests are dangerous areas 
for fire and be the more fire prone land use due to prepar-
ing fire fuel.

As it is stated in the introduction, the most of forest 
fires occurred in the bottom to middle of watershed, and 
the forest land cover where people and eco-tourists are in-
teresting to settle in these places. In addition, the studied 
area is a mountainous watershed and elevation above sea 
level is ranging 190 to 2750 m. Therefore, the temperature 
and humidity is very hot and low in the bottom to middle 
of watershed in the summer and fall. With these causes, in 
the forest land covers, the risk of fire is always high due to 
be prepare fire fuel and flammability.

 The road type analysis showed that most of roads in 
the forest areas are asphalt roads. Based on these results, 
it can be concluding that types of road and land cover are 
important both in fire occurring, and in fire prevention 
and fire suppression in wild land. The one reason for fires 
occurrence in the areas close to the asphalt roads is fast 

and comfortable accessing and travelling the people and 
passing with all of vehicles and high ratio of traffic and 
high density of population (local community and tour-
ists) inhabits the edge of roads. However, there are some 
difficulties and limitations for traveling in the gravel and 
dirt roads. In other hand, based on road passing analysis 
results, the roads do not cover close to half of watershed 
area as well as don’t pass at the two third of high hazard 
class zone. Therefore, appreciate road network planning 
and designing for studied area is necessary according to 
fire-fighting management or using of suitable fighting fire 
vehicles for forest mountainous region.

This study concluded that in the forest and watershed 
road network designing and planning in watershed and 
landscape levels, the integrated watershed management 
goals such as wildfire fighting accessibility and other roads 
services should be considered particularly in the spatial do-
mains. It is a work that can be done everywhere with the 
same kind of problems and can help to solve problems of 
fire risk and extinction to the fire fighters or/and authorities.
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