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Abstract: The present research was conducted to determine the sensitivity 
of needle-leaved species compared to broad-leaved in causing a natural fire 
in Golestan province. Vegetation and moisture stresses of plants were 
studied in both needle and mixed leaved forest the fire occurred in 2010-
2014. In order to examine the normal condition of each indicator, the time 
series was produced from 2000 to 2015. The threshold of the applied 
indicators was determined using its long-term normal. The threshold value 
was determined as an average of 15 days before the fire, as well as on the 
day before the fire. The results showed that the amount of dry matter 
increased in the affected areas and the plants were exposed to moisture 
stress. Among the indicators used in this study, GVMI shows more 
sensitivity to fire rather than other indicators with a higher nominal 
frequency. In the broadleaf forest of (1.803) and in the forest forests (1.63), 
there is a decrease compared to the time series. Generally, these needle-
leaved species have a lower tolerance to moisture stress than the broadleaf. 
 
Keywords: Broad Leaved, Fire, Needle Leaved, MODIS Satellite, 
Moisture Stress Index 

 

Introduction  

Fire is one of the most serious environmental 
phenomena that annually causes huge damages throughout 
the world in terms of economic, social, ecological and 
humanitarian hazards (Germلn et al., 2005). Fire is one of 
the main causes of natural ecosystems destruction, which 
annually causes significant damages to these areas. 
Today, fire is one of the most common destructive 
factors of natural ecosystems after drought, urban 
activities and human agriculture (Yin et al., 2004). 
The forest fire is one of the main concerns in many 
parts of the world not only from an environmental 
point of view but also from an economic, social and 
security perspective (Milir and Hays, 1995). Through 
the Middle East and North Africa, Iran is ranked as 
the fourth country in terms of forest fire (Adab et al., 
2011). The highly sensitive species in the fire causes a 

natural fire. Hence, it is necessary to find out the level 
of resistance of forest types to the creation of fire for 
accurate forest management (Demir et al., 2009). 
Needle leaved are lighter than broad-leaved i.e. they 
have fewer wooden cubes in volume unit and 
therefore have less water content in wood warps that 
evaporates earlier by heating. Thus, the needle leaved 
vegetation is less resistant to fire than broad-leaved 
(Baranifard et al., 2015). Over the past years, fires 
that occurred in the Golestan forest areas are often 
found in pine coniferous parts due to the high 
combustion rate of dried needle leaves (gum and 
resin) Watershed Management Organization (FRWO). 
Accordingly, the moisture stresses of plants can be 
calculated in long-term periods using remote sensing 
data. The spectral properties of plants at different 
wavelengths are affected by the internal and external 
cellular structure of the leaved, as well as the 
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concentration and composition of biochemical 
substances such as the amount of chlorophyll and 
nitrogen in the plant and its morphological factors 
(Demarez et al., 1999; Clark et al., 2005). Murta and 
Bozer (2009) have estimated the vegetation water 
situation, which is an important element in estimating 
forest fire risk assessment to predict the risk of fire. In 
this research, the probability of a fire is predicted to 
be 62%. Also, Makia et al. (2004) have applied the 
vegetation water situation as well as measuring the 
relationship between leaved water content and the 
difference between the normal water indicator, near 
infrared and the confirmation of infrared shortwave 
spectral data to estimate the risk of fire risk. In 
another research in Alaska, the moisture content of 
trees and litter was measured and its relationship with 
fire was investigated (Jandt et al., 2005). Among the 
Iranian types of research, (Heydarhoo et al., 2014; 
Aghajani et al., 2014; Mohammadi, 2009; Jahdi et al., 
2013; Darvishi et al., 2013; Nasiri, 2012). In all types 
of research, fire risk factors have generally been 
investigated. Moreover, the study area is classified as 
low-to-high risk areas. The role of different vegetation 
types has been less noticeable in creating fire. The 
purpose of this study was to determine the risk 
threshold in leaf plants compared with the fire for 
early warning of the fire possibility. The results of the 
research can be used in forest management.  

Materials and Methods  

Study Area 

Golestan province is located in the southeast part of 
Caspian Sea. The total area of this province is 20,387 
square kilometers that is about 1.3% of the country's total 
area. This province is located 36° 30' to 38° 08' northern 
latitude and 53° 51' and 56° 22' eastern longitude. The area 
of forests is 379,000 hectares in this province including 
249,000 hectares of commercial, 70,000 hectares of 
protected and 60,000 hectares of ruined forests. 

Research Method  

In order to investigate the sensitivity of needle leaved 

species to broad leaved in creating natural fires, initially, 

the northern forests of Iran were evaluated and the 

Golestan province zone was selected with the highest 

number of fires compared to other zones "Fig. 4". 69 

natural fires occurred in 2010-2014 were identified. The 

OLI Satellite Landsat (due to better spatial resolution of 

MODIS) was used to find out about the plant's location 

at the site of the fire and the separation of fires from 

Needle-Leaved, broad leaved and mixed leaved 

communities. For this purpose, the forest type map 

separated by needle leaved, broad leaved and mixed 

leaved, with Landsat satellite images, were created using 

a controlled classification with 85% precision. 
Finally, the separation of fire points was carried out 

based on the forest type of the 69 surveyed fires, 42 
cases were found in the Needle-Leaved forest type and 
another was found in the broad-leaved forest. 

It should be noted that fires with unknown reason 
were omitted from the study due to the bias coverage. In 
the next step, used MODIS images for study the 
moisture stresses in the place of fire. 

The selection of index type was based on the 
principle that the selection of needle leaved and broad 
leaved are in an identical visible spectrum, but the broad 
leaved have more reflections than needle leaved in the 
infrared range. Therefore, the indicators were selected to 
differentiate the differences between these forest types 
that have a band to distinguish needle leaved and broad 
leaved. Table 1 and 2 For this purpose, vegetation 
indicators such as NDVI, MSI and GVMI, which are 
most consistent with moisture stress and plant 
vegetation, were produced "Fig. 5(a-f)". 

So, in this step, the Modis satellite images 
(MOD13Q1) were downloaded during 2000-2015. Then, 
the changes in the moisture content of the plants were 
recorded over the 15 years as the statistical data of the 
median, mean, maximum and minimum, to find out the 
difference in the behavior of the needle leaved species 
compared to the broad leaved. This was also monitored 
the month before the fire and the day before the fire by 
Vegetation indicators. Then, all previous steps were 
performed for the relative moisture index using the 
synoptic station data. In the final step, the best index was 
determined to set the severity of each type of forest by 
comparing the factors the day before the fire and the 
month before the fire as well as the time series. Then, the 
accuracy assessment was done to determine the precision 
of the sensitivity measured by the model. 
 
Table 1: Data set characteristics MOD13Q1 

 February 24, 2000-~10×10 
Temporal coverage area lat /long 

File size ~ 5–270 MB 
Data format HDF-EOS 
Dimensions 4800× 4800 rows/columns 
Resolution 250 m 

 
Table 2: Science data sets for MODIS terra vegetation 

indicators and bands 16-day l3 global 250 m SIN 
Grid V005 (MOD13Q1) use this study 

Science data sets (HDF Layers) (12) BIT TYPE 

250 m 16 days NDVI 16-bit signed integer 
250 m 16 days red reflectance (Band 1) 16-bit signed integer 
250 m 16 days NIR reflectance (Band 2) 16-bit signed integer 
250 m 16 days MIR reflectance (Band 7) 16-bit signed integer 

https://lpdaac.usgs.gov 
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Vegetation Indexes 

Normalized Difference Vegetation Index 

NDVI is the most important vegetation index in remote 
sensing, which is widely used for analyzing land use 
changes including vegetation and other factors "2" Fig. 1. 
This index is suitable for areas with moderate and higher 
vegetation density because it is less susceptible to soil and 
effects of the atmosphere. However, it is not suitable for 
areas with less vegetation coverage. The equation of this 
index "1" is as follows. 

"Figure 2" shows the NDVI index based on the 
greenness index. This index value varies from -1 to +1 and 
its function actually is based on high reflection of the 
healthy plant in NIR band and its low reflection in RED 
band of the electromagnetic spectrum (Pettorelli et al., 
2005; Wang et al., 2003): 
 

( ) ( )– /NDVI NIR RED NIR RED= +  (1) 

 
Moisture Stress Index 

This index is sensitive to increasing the leaf water 
content, which is used for analyzing vegetation coverage, 
predicting productivity and modeling, analyzing plant use 
conditions and studying ecosystem physiology Fig. 3. The 
calculated value of this index is in the range of 0 to 3 and 
the usual value representing the vegetation coverage is in 
the range of 0.4 to 2. Hunt and Rock (1989): 

/MSI MIR NIR=  (2) 

 

Global Vegetation Moisture Index  

It is used to measure the amount of vegetation water. 
This index uses NIR and MIR MODIS bands Table 3. The 
higher the moisture content of the combustion the fire 
starts hardly. Therefore, increasing GVMI causes low fire. 
All three indicators were monitored for the pre-incident 
fire as a 15-year series and an average of 30 days before 
the fire and the day before the fire occurred. The index (3) 
is calculated as follows, Ceccato et al. ( 2002): 
 

( 2 0.1) ( 6 0.02)

( 2 0.1) ( 6 0.02)

P p
GVMI

P P

+ − +
=

+ + +
 (3) 

 
The presented maps cited a sample of fires that 

occurred on January 12, 2014, in the needle leaved forest 
type. The GVMI index shows the incidence of fire in a 
series time series and one month before the fire and the 
day before the fire occurred. Observations indicate that 
the fire location is potentially suitable for moisture 
(0.95), but there was some degree of moisture stress 
(0.02) in the month before the fire and the moisture 
stress was high and decreased to (-0.97) the day before 
the occurrence of fire. Similarly, other indicators were 
calculated for each fire incident and the results of this 
section are summarized in "Table 4 and 5".  

 
Table 3: Indicators of remote sensing used in research 
Index Formula Source 

MSI MIR/NIR Hunt and Rock (1989) 
NDVI (NIR-Red)/(NIR+RED) Rouse et al. (1974) 
GVMI (NRI+0.1)-(MIR+0.2)/ Ceccato et al. (2002) 
 (NRI+0.1)+(MIR+0.2)  
 
Table 4: The studied the threshold relative to time series (2000, 2015) 
 The threshold relative to time series (2000, 2015) 
 ---------------------------------------------------------------------------------------------------------------------------------------------- 
 The threshold is based The threshold is based The threshold is based The threshold is based  
 on the mean value on the minimum value on the maximum value on the median value 
 ---------------------------------- ----------------------------------- ---------------------------------- -------------------------------- 
  Broad leaf  Broad leaf  Broad leaf  Broad leaf 
 Needle-leaved forest Needle-leaved forest Needle-leaved forest Needle-leaved forest 
GVMI (-1, 1) 1.542 1.631 1.0600 1.23 1.6800 1.8030 0.630 0.521  
MSI (0,+3) 1.703 1.400 1.6600 1.42 1.8500 1.4610 0.890 0.750  
NDVI (-1, 1) 0.110 0.120 0.1215 0.10 0.1609 0.2703 0.079 0.601  
RH % 13.300 17.170 17.3600 19.22 19.6700 38.1800 15.110 18.780  
 
Table 5: The threshold relative to mean a month before the fire 
 The threshold relative to mean a month before the fire 
 -------------------------------------------------------------------------------------------------------------------------------------------- 
 The threshold is based The threshold is based  The threshold is based The threshold is based 
 on the mean value on the minimum value  on the maximum value on the median value  
 ---------------------------------- ---------------------------------- ---------------------------------- --------------------------------- 
    Broad leaf  Broad leaf  Broad leaf  Broad leaf 
Index Needle-leaved forest Needle-leaved forest Needle-leaved forest Needle-leaved forest 
GVMI (-1, 1) 1.509 1.5420 1.060 1.30 1.602 1.681 0.63 1.523  
MSI (0,+3) 1.30 1.8000 0.930 1.42 2.300 2.840 1.24 1.423  
NDVI (-1, 1) 0.11 0.1003 0.002 0.01 0.083 0.198 0.08 0.200  
RH % 28.22 31.4900 21.500 35.00 16.830 29.000 20.22 30.670  
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Fig. 1: The geographical location of the study area within Iran, Golestan, Iran 

 
 

 

 
 
 

Fig. 2: NDVI index based on greenness index 
 

 
 

Fig. 3: The location of fire points used in research 
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Fig. 4: Fire in the Northern provinces 2010-2014 
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 (e) (f) 

 
Fig. 5: (a) GVMI Index on January 12, 2015 at fire location (b) GVMI Index in the month before the fire (c) Maximum Time Series 

GVMI Index on January, 2000-2015 (d) Median Time Series Map on January, 2000-2015 (e) Minimum Time Series GVMI 
Index on January, 2000 2015 (f) Mean Time Series Map on January, 2000-2015 

 
Table 6: Evaluation accuracy 
 Threshold of GVMI index Threshold of MSI index Threshold of NDVI index Threshold of RH 
 --------------------------------- ------------------------------- -------------------------------- -------------------------------- 
 Needle-leaved   Broadleaf Needle-leaved Broadleaf Needle-leaved Broadleaf Needle-leaved Broadleaf 
 frost frost frost frost frost frost frost frost 

Accuracy% 94.44 95.33 66.67 52.94 41.18 29.41 94.44 91.07 
KAPPA 0.89944 0.904 0.4483 0.4625 0.3411 0.2416 0.8994 0.8209 

 

Research Findings 

Obtaining the Threshold  

The sensitivity of each index related to fire 
occurrence was measured by calculating the arithmetic 
mean of the factors studied in each event with its long 
duration. The fire thresholds were measured individually 
in both existing forest types. 

Choosing the best index on this basis took place. 
The index, that the greatest difference as compared 

to the time series (indicating normal conditions), is 
more accurate to show the ability to demonstrate the 
difference between the needle leaved from broad 
leaved in fire occurrence in order to select the best 
index, thus, in each index, the highest difference was 
chosen for the best threshold. 

As indicated in the table above, the needle leaved 
species has a risk start on its the day before the fire with 
the 1.68% point in GVMI index compared to time series 
normal and 1.509% point has a risk start on its the day 
before the fire compared to the mean of a month before 
the fire while the broad leaved species need a moisture 
stress in the day before the fire of 1.803 or higher than 
their time series normal for risk starting and 1.542% 
point has a risk start on its the day before the fire 

compared to the mean of a month before the fire. 
Therefore, the needle leaved species in lower moisture 
stress are also burned. 

The Relative humidity of the air: The risk starting 
occurs with a decrease of the maximum moisture content 
relative to the long-term as much as 28.18% in broadleaf 
forests and 19.67% in needle leaved forests. This 
indicates the higher sensitivity of needle leaved species 
to environmental changes. In other words, needle leaved 
has a lower tolerance threshold than broad leaved against 
the occurrence of fire. Therefore, considering that the 
GVMI index has the highest difference over its time 
series period, it was selected as the best index to show 
the threshold. 

About (1.68) in the needle leaved type and 1.8 
reduction in the broadleaf forest type. In addition, the 
threshold for the relative humidity of the air also 
indicates that the most needle species of the leaf are 
sensitive to environmental stresses.  

Then, the accuracy of the thresholds was evaluated 
on 30% of the fire points that are presented below. 

According to the Table 6, it can be expressed: GVMI 
Index with an accuracy of 94.44% Needle-Leaved forest 
types and 95.33% broadleaf forest is able to index 
threshold with better accuracy to warn the risk of fire 
Rah offers. 

1.00 
-0.88 
-0.76 
-0.64 
-0.52 
-0.40 
-0.20 
-0.10 
-0.04 
0.08 
0.20 
0.32 
0.44 
0.56 
0.67 
0.79 
0.91 
 

 

-0.51 
-0.41 
-0.32 
-0.23 
-0.14 
-0.04 
0.05 
0.14 
0.23 
0.33 
0.42 
0.51 
0.60 
0.70 
0.79 
0.88 
0.98 
 

Meters 
 

22411 

Meters 
 

22411 

0.4453 
0.8783 

N N 



Akram Karimi et al. / American Journal of Engineering and Applied Sciences 2018, 11 (1): 379.386 
DOI: 10.3844/ajeassp.2018.379.386 

 

385 

Conclusion 

Natural fires are the result of interacting several 
factors, including increasing the temperature, reducing 
the moisture and the presence of dry matter. Therefore, 
the study of the moisture and heat stresses of plants can 
be effective in predicting the behavior of plants in 
creating natural fires. It is necessary to initially 
determine the moisture and heat of the plants in non-
stress conditions. To this end, the 15-year time series 
data were used. Then, the moisture was investigated in 
the days before the fire to monitor the moisture and heat 
stress during the fire. The sensitivity of each index 
relative to the occurrence of the fire was measured by 
calculating the arithmetic mean and the factors under 
investigation in each event with its time series. 
Regarding the fact that the index, which has the highest 
difference in the day before the accident with time series 
normal, can show the moisture stresses more accurately, 
the best index was chosen among the measured 
indicators. Then, the difference in the threshold of 
moisture stress in the needle leaved was measured in 
terms of broad leaved in the fire. Among the applied 
indicators, the GVMI indicators better showed the 
difference between the two forest types. 

In this index, the threshold of risk in the broadleaf 
forest is 1.803 and in the needles 1.63, the difference is 
compared to the time series. In general, these needle 
species of the leaf are less tolerant to stress than the 
broadleaf and sooner, under the influence of moisture 
stresses, they develop fire. The accuracy of the model in 
calculating the threshold of risk in the forest type of leaf 
needle and in the broadleaf forest type are 93.33 and 
94.44, respectively. 

Generally, it can be said that broad leaved are more 
resistant in creating a fire than needle leaved. Needle 
leaved have fewer threshold due to having resins. 
Therefore, the needle leaved species should be imported 
and planted with more precision, control and monitoring 
compared to broadleaved forests due to their sensitivity. In 
addition, the resist broad leaved species should be used as 
a firefighter in the margin of needle leaved forests.  
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