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Abstract

Fires are one of the most important disturbances in forests and they damage them. This study
was conducted to classify fire risk for a deciduous forest and to predict the locations of forest
stands for which fire control operations are required. Normalized Difference Vegetation Index
(NDVI) and Moisture Vegetation Index (MVI) were extracted from satellite imagery of /RS LISS IlI
and Landsat 7 ETM*, respectively. Altitude, slope aspect and slope gradient maps were obtained
from a digital elevation model using surface analysis in ArcMap. Buffers were created from 0 to
300, 300 to 600, 600 to 900 meters and over 900 meters along the road and around the cattle
pens as zones with different levels of fire risk. All the thematic layers were then integrated using
the overlay procedure in GIS. Results from the analytical hierarchy process showed that vegeta-
tion indices were given the largest weight. The influence of slope gradient on fire behavior was as-
sessed the third largest weight. Slope aspect was assigned the same weight as to slope gradient.
The distance from roads and cattle-pens was evaluated with the fourth largest weight. 25 % of the
forest area is classified as area with very high degree of vulnerability to fire. This class is generally
distributed in the entire region, while areas with very low fire risk are found in the northern parts.
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soil micro arthropod assemblage in two
ways: directly killing by the blaze and
indirectly — altering the arthropods’ habi-
tat by changing the composition of for-
est vegetation or disturbing the balance
of soil chemicals, water levels, and soil
pH. In addition, burning out of leaf litter

Introduction

One of the main causes of destruction
in recent years are wildfires (Gromtsev
2002). The growth of seasonal tempera-
tures also has increased the number of
spontaneous wildfires in the predomi-

nantly forested areas (Kose et al. 2008).
Forest fires are responsible for some
devastating damages such as loss of bio-
diversity, reduction of forests, alteration
of landscape, soil degradation, increase
in the greenhouse effect, etc (Tuia et al.
2008). The forest fire could influence the

and other organic matter may cause the
depletion of food source of soil arthro-
pods since decomposers are closely as-
sociated with those organic substrates
(Kim and Jung 2008). In Turkey, forest
fires are still one of the greatest natu-
ral hazard problems. Last six decades,
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1.504.245 ha of forests has been affect-
ed by fire (Chuvieco and Salas 1996).
Smith et al. (2005) showed that, in the
case of Savanna fires, surface spectral
reflectance increases with the increasing
of fire severity due to the formation of in-
creasing quantities of white mineral ash.
Also, their studies showed linear relation-
ships between fire duration and post-fire
surface spectral reflectance, with the op-
timal relationship being a ratio of the 450
and 2034 nm spectral reflectance obser-
vations.

The effects of fire on forest ecosys-
tems are different according to their char-
acteristics (Bowmana et al. 2008). But in
general, by determining the fire risk zone,
the type of fire and its intensity, the dura-
tion, size, power and the season in which
it has occurred, it is possible to control
fire damage (Podur et al. 2002, Fulé et
al. 2008). The most common fires in Ma-
zandaran natural resources in Hyrcanian
zone of Iran are small (less than 0.5 hec-
tare) and superficial, caused by people
(unintentionaly). Local distribution of fires
in the province show that fire frequency in
the province increases from east to west.
In 2006, 49.36 % of all fires have occurred
justin Sari, Neka and Behshahr. The ana-
logical share in 2005 was 73.82 %. There-
fore, governments should use funds from
their fire suppression budgets for fire alert
activities. Early warning systems should
keep the population aware of the risk of
fires in critical periods, and the use of
open fires should be absolutely prohibited
(Ritchie et al. 2007).

The regime of fires Fire regime in the
Hyrcanian deciduous forests is poorly un-
derstood but it has been largely inferred
by the fire traits history. In the present
study, an attempt was made to prepare a
forest map of fire risk zones by integrating

a satellite image, topographic and other
thematic maps from a geographic infor-
mation system (GIS) for the Miana forest
which is covering the sensitive to forest
fires areas in Iran.

Materials and Methods

Description of the study area

Measurements were carried out in the
Miana forest which is situated in the de-
ciduous northern forested part of Iran
from 52°56'30" to 52°59'25" East longi-
tude and from 36°1225" to 36°16'35"
North latitude. A Digital Elevation Model
(DEM) was generated with 20-m reso-
lution in ArcMap (Figure 1). Annual
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Fig. 1. DEM of the study area.
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mean temperature ranges from +12 °C
to +14 °C. Annual mean precipitation
is between 900 and 1000 mm. The for-
est altitude ranges from 320 to 1060 m
above sea level. Soil textures range from
loam to loamy silt and loamy clay. The
study area is covered by four kinds of
soils, namely non development randzin,
washed brown soil with calsic horizon,
calcareous brown soil and brown with al-
kaline soil pH. The bed rock is limestone,
calcareous sandstone, marl lime and
calcareous conglomerate. The total area
of the Miana forest is 1831 hectares. In
1996 a 10800 m long road was provided
for this area.

Vegetation indices values

In Normalized Difference Vegetation Index
(NDVI), the ratio between red (RED) and
near-infrared (NIR) bands is used to em-
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phasize the spectral differences between
these bands, showing vegetation condi-
tions (Figure 2a). The NDVI was calcu-
lated using Equation (1).

NDVI = (NIR — RED)((NIR + RED) (1)

Where NIR is near infrared band (Band
4) and R is red band (Band 3) of the IRS
LISS Il digital image. The spatial resolu-
tion of IRS images was 23.5 m and band
lengths corresponded to the green, red,
near infrared and middle infrared. Landsat
7 ETM* images with 30 m spatial resolu-
tion were used to obtain Moisture Vegeta-
tion Index (MVI). Using the mid-infrared
(MIR) band, which is characteristic with
lower atmospheric scattering, instead of
the red band, may produce higher correla-
tions to vegetation targets on land surface
(Equation 2).

MVI = (NIR - MIR)(NIR + MIR) ~ (2)
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Fig. 2.t Maps of the study area: (a) NDVI and (b) MVI.
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Where MIR is middle infrared band Topography

(Band 5) and R is red band (Band 4) of  Aityde (Figure 3a), slope aspect (Figure
ETM* sensor (Figure 2b). 3b) and slope gradient (Figure 3c) maps
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Fig. 3. (a) Altitude, (b) slope aspect and (c) slope gradient maps of the study area.
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Fig. 4. (a) Road corridor and (b) cattle-pen buffer maps of the study area.
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were obtained from the digital elevation
model using surface analysis in ArcMap.

Distance from roads
and cattle-pens

Forests can be burned in result of the
movement of people, animals and ve-
hicles. Thus, forests that are close to
roads and cattle-pens are fire prone.
Buffers were created from 0 to 300, 300
to 600, 600 to 900 meters and over 900
meters along the road and around the
cattle-pens as zones with different lev-
els of fire risk. ArcMap was used for cre-
ating such buffer zones along the road
(Figure 4a) and around the cattle-pens
(Figure 4b).

Determination of factor weights and
risk degrees

Expert choice software version 9.5 was
used for analytical hierarchy process
(Expert Choice Inc 1995). AHP is based
on determining the relative priorities of
the criteria by pairwise comparison. In
this research, by adopting AHP tech-
nique with integrating expert opinions,
weights of effective factors are quantified
by assigning a value from 0 to 9. All the
thematic layers were then integrated us-
ing the overlay process of GIS. ArcGIS
version 9.2 and IDRISI Andes version
15.0 software packages were utilized as
basic analysis tools for spatial analysis
and data layers manipulation. The equa-
tion used in GIS to determine forest fire
risk places is:

FR=0.366 V,, +0.256 V, +0.121(S,+
+S,)+0.057 (D, +D,) +0.022E  (3)

Results

Over 75 % of the total area was represent-
ed by areas with vegetation moisture index
more than 0.22 (Figure 5). The study area
has been covered by forest trees, shrubs
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Fig. 5. Distribution of lands covered by different
MViI classes.

and herbaceous, so the largest part of the
region’s area has received NDVI values
greater than 0.5 (Figure 6).
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Fig. 6. Distribution of lands covered by different
NDVI classes.

Over 70 % of the total area was repre-
sented by areas within the altitude range
468-891 meters (Figure 7). The study area
includes slopes with all kinds of aspects
(Figure 8). The general slope gradient of
Miana forest is less than 50 % (Figure 9).
Approximately 50 % of the total area is
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Fig. 7. Distribution of lands in different altitude
classes.
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within a distance of up to 300 meters from
the road (Figure 10). Less than 25 % of the
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Fig. 9. Distribution of lands in different slope
gradient classes.

total area was represented by areas closer
than 300 meters to cattle-pens (Figure 11).
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Fig. 10. Distribution of lands by different
distances to road.
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Fig. 11. Distribution of lands by different
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@

During the analysis, vegetation mois-
ture and of vegetation cover have been as-
signed the greatest weights because even
though an environment may be favour-
able for a wildfire, fire cannot occur unless
fuel is available and vegetation is dry. The
impact of slope gradient on fire behav-
iour was evaluated with the third largest
weight. Aspect was assigned equal weight
with slope gradient. Since the sunlight is
much more reflected by southern slopes,
fire breaks out fast and spreads over the
southern slopes. Distance from roads and
cattle-pens was rated with the fourth larg-
est weight. The risk factor decreases with
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increasing distance to these objects. It
means that zones that are closer to these
places were given a higher rating (Table 1).

The priority as an effective factor for
fire occurrence in forests has the plant
and soil moisture (0.366) > vegetation
cover (0.256) > slope gradient = slope
direction (0.121) > distance to cattle pen
and road (0.057) > altitude (0.023) (Figure

12). 25 % of the forest area is classified
as such with very high vulnerability to fire.
This class is generally distributed in the
entire region, while areas with very low
risk are found in the northern parts (Figure
13). Road designing was done accord-
ing to the forest fire risk map (Figure 14).
Characteristics of forest road networks
have been shown in Table 2.

Table 1. Weights and ratings assigned to variables and classes for forest fire risk modeling.

Variables Classes Ratings Variables Classes Ratings
0.00-0.13 8 0-300 8
Moisture of 0.13-0.22 ’ Distance to road in 300-600 6
vegetation cover 0.22-0.25 6 meters (weight = 600-900 4
(weight = 0.366) 0.25-0.29 5 0.057)
—— > 900 2
0.29-0.37 4
0.28-0.44 2 0-300 8
0.44—0.52 3 Distance to cattle- 300—600 6
pens in meters (weight
0.52-0.57 4 = 0.057) 600-900 4
Vegetation cover 0.57-0.60 S > 900 2
(weight = 0.256) 0.60-0.63 6 Flat 1
0.63-0.65 7 North 2
0.65-0.67 8 North east 3
0.67-0.74 9 East 4
975-1060 1 Slope :S(f‘:‘z’t1()we'ght North west 5
891-975 2 West 6
806-891 3 South east 7
Altitude in meters 722-806 4 South west 8
(weight = 0.022) 637-722 5 South 9
553-637 6 0-10 1
468-553 7 10-20 2
384-468 8 20-30 3
3246 Very low Slope gradient in 30-40 4
degrees (weight = 40-50 5
46-5.2 Low 0.121) 50-60 6
Map of fire risk
5.2-5.7 Moderate 60-70 7
5.7-6.2 High 70-80 8
6.2-7.4 Very high 80-90 9
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Fig. 12. Derived priorities with respect to
effective factors on forest fire.
Note: Inconsistency Ratio = 0.05.
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Table 2. Technical characteristics of forest
road network.

Road Road Skiddin Road
density, spacing, distance gm performance,
m-ha™ m ’ %
14 714 357 63
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Fig. 14. Designing of access roads to fire risk
zone.

Discussion

The use of satellite imagery to measure
the impact of fire on vegetation commu-
nities has become a popular topic of dis-
cussion in recent years (Gromtsev 1996).
It has been demonstrated that a relation-
ship between fire severity and soil dam-
age can be deduced in eucalypt forests
by fire severity measures an important
finding for understanding the interrelation-
ship between wildfire, soil erosion and
water quality (Sriboonpong et al. 2001,
Shakesby et al. 2007). Zhijun et al. (2009)
in a study in Jeilin province of China ap-
plied satellite data and GIS techniques to
provide new layers from effective factors
for forest sensitivity to fire. They showed
that the most important effective factor for
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a start of a fire is topography and human
activity, respectively.

Forest fire risk zones are locations
where a fire is likely to start, and from
where it can easily spread to other areas
(Breece et al. 2008). Anticipation of fac-
tors influencing the occurrence of fire and
understanding the dynamic behaviour of
fire are critical aspects of fire manage-
ment (Jaiswal et al. 2002). A geographic
information system (GIS) can be used
effectively to combine different forest-fire
causing factors for demanding the forest
fire risk zone map (Robert et al. 2001).
MVI show best performances in dense
humid forests, whereas NDVI is a good
indicator of green biomass in deciduous
and dry forests (Marozas et al. 2007).
Satellite data are suitable instruments to
introduce and classify forest places when
integrating the parameters topography,
vegetation cover, vicinity to roads and
settlements (Tapias et al. 2004). The in-
tegration of this satellite data into GIS can
be very useful to determine risky places
and to plan forestry management after fire
(Erten et al. 2005).

Angayarkkani and Radhakrishnan
(2010) have presented an intelligent sys-
tem for effective forest fire detection using
spatial data. The proposed system made
use of image processing and artificial in-
telligence techniques. The images in the
spatial data, obtained from remote sens-
ing, have been utilized by the presented
system for the detection of forest fires.
GIS is very useful and important in for-
est fire management. GIS plays a critical
role in mapping and documenting fire,
predicting its course, analyzing alterna-
tive fire-fighting strategies, and directing
tactics and strategies in the field. GIS can
make the information possible to be an
input for decisions by establishing a rela-

tion among the information (Chuvieco and
Congalton 19809).

Conclusion

Minute and complete assessment of fire
damages in forests and estimating the
starting spread of a fire are possible using
a map of forest fire risk zones. This map is
produced by integrating satellite images in
the data base of a geographic information
system (GIS). In this way, collected data
include a topographic map, a vegetation
map, maps of slope gradient and aspect.
Distance from cattle-pens and roads,
have been used for understanding the be-
havior of forest fires and establishing loca-
tions where a fire is likely to start and from
where it can easily spread to other areas.
Therefore, it is necessary to determine the
fire risk zones for all forest sites and use
these data for a better planning and man-
aging of forests. The experimental results
have demonstrated the effectiveness of
the proposed integrated system in detect-
ing forest fires using spatial data.
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