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Abstract: This study has been implemented to evaluate the efficiency of Dong model to predict the fire high-risk
areas in District three of Neka-Zalemroud forests. First digital elevation model (DEM) of study area has obtained
from ASTER sensor. Then slope, aspect and height maps have been provided from DEM. The vegetation type
and density map and the human factors maps have been provided by Mazandaran Natural Resources
Administration (MNRA) and ground samplings have been made by GPS. Then 200-meter buffers around the
roads and 1000-meter buffers around the settlements and farmlands have been created. Then all of the digital
layers have classified according to Dong model. Finally fire risk map has been obtained by weighting overlay
of all maps based on Dong Model in GIS. The actual fires map in study area has been also provided from
MNRA. Then it has been overlaid on forest fire potential map. Results show that 51% actual fires have been
located in the very high and high risk areas that it shows good validity of Dong model to predict the future fires
in study area. It seems that the modified pattern of this model can be applied for other forest regions in north
of Iran.
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INTRODUCTION complex fire models require spatial information that is

Over the past few decades, forest fires in north of Systems (GIS) [7].
Iran have received increasing attention because of the Various studies have applied geographical
wide range of ecological, economic and social impacts. information systems (GIS) to map of fire risk areas in
Fire plays an important role in the creation and forests. Some of these have been done using defined
maintenance of landscape structure, composition, formula for forest fire risk [8, 9]. Some of these researches
function  and  ecological  integrity  [1-3].  and  can have been performed using the fire risk model [10-12].
influence the rates and processes of ecological Some of these studies have applied AHP method
succession  and  encroachment.  On  the  other  hand fire integrated with GIS to predict the fire risk places [13-17].
has  many  negative  impacts  on  forest ecosystems. However, no studies have been done to evaluate the
Forest  fires  are  one of the most important sources of efficiency of Dong model [9] to predict the fire high-risk
land degradation  that  lead  to deforestation processes areas in temperate deciduous forests of northern Iran.
[4]. Thus selection of best model to predict the fire risk in Despite of the wide areas of these forests have been
forest areas is very important. A great range of techniques burned by wild land fires in recent years [18]. In this study
have been used to model fire risk, from pure “crisp” we evaluate the fire risk potential in District three of Neka-
mathematical models (usually based on the Rothermel Zalemroud forests using Dong model and verify the
(1983) [5] equations), to cellular automata and validation of this model to predict the future fires in these
computational intelligence techniques [6]. The more forests.

furnished by remote sensing and Geographic Information
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MATERIAL AND METHODS to provide the digital maps of factors and further analysis.

Study Area: District three of Neka-Zalemroud forests has Dong model.
located between 36° 30´to 36° 40´N latitude and 53° 15´ to The actual fires map (real data) in study area has been
53° 26´E longitude in south of Neka and Behshahr also provided by MNRA and has been digitized in GIS
counties of the Mazandaran Province in Iran. It covers an environment. Finally the fire risk map with five classes has
area of 153.07 km  and is bounded by Neka- Behshahr been obtained by weighting overlay of all maps and2

road in the north, Chakhani and Souterabad in the east, allocating the weight to each factor (map) based on Dong
Zarandin Khoramchamaz in the south and Ablou in the Model in GIS environment.
west. Minimum and maximum altitude from sea level is 90
and 820 meters respectively. Forests of study area have Method  of   Validation  of  Dong  Model  for  Providing
uneven-aged and mixture structure. Plant species include the  Fire  Risk  Potential  Map:  In   this   study,  the
tree species (Fagus orientalis, Carpinus betulus, actual fires  map has been overlaid on the fire risk
Quercus castaneifolia, Acer sp and etc.), shrub species potential map to check the validation of the fire risk
(Buxus hyrcanus, Mespilus germanica, Crataegus potential map and to assess the accuracy of Dong model
pentagyna and etc.) and herb species (Asperula odorata, to predict the future fires in District three of Neka-
Carex sp, Ruscus hyrcanus and etc.). The wide areas of Zalemroud forests.
these forests have been burned by Fires in the recent
years [18].

Dong Model to Evaluate the Forest Fire Risk Potential:
Various factors are used to provide the fire risk potential Fire Risk Potential Map and Actual Fires Map: The
map in forests. In this study we have used Dong model [9] composite fire risk potential map derived from Dong model
to evaluate the forest fire risk potential after investigation is shown in Fig. 1. In the fire risk map, the individual cells
of different models because the most important factors have been ranked from very low to very high, based on
that affect forests fire have been considered in it. Dong their predicted risk of fire. Four forest fires have been
model is: occurred in study area. Figure 2 shows the actual fires

Rc = 7 (V  + V ) + 5 (S+A+E) + 3 (D  + D  +D ) (1)t d r s f

In equation 1, Rc is the numerical index of forest fire Potential Map: In this study, the accuracy of Dong model
risk where V  and V  indicate vegetation type and density to provide the fire risk potential map has been testedt d

variables, S indicates slope variable, A indicates aspect using the actual forest fires map. Results have been
variable, E indicates elevation variable. D , D and D shown in Fig. 3.r s f

indicate variables of distance from roads, settlements and
farmlands.

Method of Construction of Effective Factors Maps in
Forest Fire, Fire Risk Potential Map and past Fires Map:
In this study, the data used included the maps of eight
factors. The topographic factors maps (slope, aspect,
elevation) were obtained from DEM of ASTER sensor
(with 25-meter pixel size). The vegetation type and density
map and the human factors maps (distance from roads,
settlements and farmlands) have been provided by
MNRA and ground samplings have been made by GPS.
Then 200-meter buffers around the roads and 1000-meter
buffers around the settlements (villages) and farmlands
have been created in the roads, settlements and farmlands
maps. These data have been organized in a GIS framework Fig. 1: Fire risk potential map

Then all of the digital maps have classified according to

RESULTS

map.

Validation of Dong Model for Providing the Fire Risk
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Fig. 2: Actual fires map

Fig. 3: Overlay of fire risk map and the actual fires map

DISCUSSION

This study has been implemented to detect the areas
with high fire risk potential and to evaluate the efficiency
of Dong model to predict the fire high-risk areas in District
three of Neka-Zalemroud forests. Results of analysis of
the fire risk potential map show that 15% study area has
very high potential and 23% study area has high potential
for forest fire. In addition, the medium, low and very low
potential for forest fire in study area is 29%, 25% and 8%
respectively. Thus most of study area has the high
potential for forest fire. Similar conclusion has been made
in [10] research which showed that 20% of their study
area has high potential for forest fire.

Results of overlay of the actual fires map on the
forest fire risk potential map in District three of Neka-
Zalemroud forests show that the actual fires patterns
largely follows the fire risk patterns. So the burned
regions in study area have high accordance with the  very

high and high risk regions in the forest fire risk map. As
expected, 51% burned regions have laid in the very high
and high risk regions. In addition, 30% burned areas have
laid in the medium risk regions for forest fire. The area of
the low and very low risk regions in the burned area is
very limited (19%). These results accordance with the
results of Chuvieco and Congalton (1989) [8] research that
concluded that 28,906 pixels classified in the whole study
area as high hazard, 6569 were actually burned (22.72%) in
the past years. In addition, these results is similar to
results of other researches that showed that the burned
areas by fires are according to the high risk areas in the
forest fire risk potential map [9, 13-17]. Thus Dong model
has high efficiency to predict the fire high-risk areas in
Neka-Zalemroud forests in northern Iran. Considering the
good accuracy of this model to provide fire risk potential
map in this study, prediction of the future fires occurrence
in District three of Neka-Zalemroud forests is possible
using the forest fire risk potential map. The actual forest
fires have occurred in the high risk areas, then, it is
expected that the future forest fires will also occur in the
high risk areas. Finally It is suggested that other effective
factors on forest fire occurrence such as land surface
temperature (LST) with the proper weight will be also
added to Dong model in the future researches and the
made model will be modified with attention to all of the
effective factors on forest fire in each region, so that
accordance of the forest fire risk model with the actual
fires will be increased.
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