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Abstract: MODIS active fire products are commonly used to study the pattern of fire distribution. However,
the accuracy of the products varies in different places. In this study the accuracy of MODIS active fire products
in the Caspian forests of Northern Iran have been examined. 231 reference fires were collected through
2006-2010. Most fires are small in Caspian forests of Northern Iran; therefore 75.6% of fires through 2006-2010
were less than 10 hectare in size. These data were used to evaluate Terra and Aqua MODIS active fire products,
if the fire products matched the reference data, the detection was considered as successful. 26 cases of the
selected reference fires were successfully detected. It was found that the chances of successful detections
decreased from the east to the west of the Caspian region. The number of successful detections in the Golestan,
Mazandaran and Gilan provinces were 14, 10 and 2, respectively. Also, 50 undetected reference fires coincided
with satellite passes (64 passes) and were selected to find out the reasons of unsuccessful detections. In situ,
brightness temperature in 4-µm channel, t and reflectance in 0.86-µm channel were extracted for this purpose.
The brightness temperature in 62 satellite passes out of 64 was less than 310 k. Low temperatures, cloud cover,
satellite passes that did not coincide with firing time, dense canopy and small fire size were found the main
reasons for unsuccessful fire detection. The study showed that fire products are not fitting for accurate fire
detection in the Caspian forests of Northern Iran. Therefore, the fire detection algorithm should be improved
for such regions.
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INTRODUCTION Giglio et al. [1] proposed a new algorithm for fire

MODIS active fire products  are  generated by around the world for to evaluate this method with
NASA Godard Space Flight Center based on MODIS considerations of different environmental conditions.
(Moderate resolution  Imaging  Spectro-radiometer) Different methods were employed to validate fire
imageries [1, 2]. It has been shown that MODIS data are detection products [8]: (1) comparison with independent
capable of measuring intensity of  fire  [2, 3,4]  detection but simultaneously collected satellite data (2) simulation
of active fires [1, 5, 6, 7],  estimate  rates  of  combustion models and (3) comparison with field data.
[3, 5] and the amount of emission [2]. Active fire products Dissimilarity among the approaches refers to the type
are available for public through NASA geo-portal of reference data. The second approach was employed to
(http://reverb.echo.nasa.gov). Many research and simulate probability of fire detection in different
administrative organizations are now applying the environmental conditions [1, 9, 5]. In the first approach
products for active fire detection purposes as well as air that compared the products with independent but
pollution studies caused by forest fire [8]. simultaneously  collected  satellite data, satellite data were

detection and several researches have been conducted all
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used as a reference to validate fire products. Aster images conditions and combustible material cause predominantly
are the most common example for this purpose [10, 11, 12, small and low intensity fires in the region [17]. Over 75%
13, 14, 15, 2]. In this approach, some fires may be ignored, of forests fires during 2006 - 2010 in northern forests of
particularly those that don't coincide with satellite passes Iran were less than 10 hectares [18]. To this date,
[10]. In fact, commission and omission errors, are not researches have been conducted with few fire samples
precisely calculated using these approaches [8]. The third within a short period of time to compare different
method that uses the field data is more precise compared algorithms [19] or to validate fire products [17, 20].
to the other two methods, most fires that occurred in the Therefore, proper criteria were not obtained to validate
designated time and region (even those that did not match capability of fire products in these forests. The aim of this
with satellite passes) are available. This approach has not study, was to define the detection rate of MODIS active
been used as frequent as the others but there are two fires products in the Caspian forests.
main studies regarding this matter. In a study conducted
in Brazil, commission error was calculated about 33% and Study Area and Methods
only 0.7% of observed fires on the ground, were correctly The Study Area: The research was conducted in the
detected by MODIS imageries. It is obvious that omission Caspian region, north of Iran (Fig. 1). The region is
error was relatively high in this study. In a study located in north of Alborz Mountains and south of the
conducted in USA [8] about 82% of active fires were Caspian Sea. These forests are temperate broadleaf and
successfully detected by MODIS imageries, but fire size mixed forests biome that belong to quaternary glacial
and fire type were different, ground based approach can period which makes them very important [21].
easily demonstrates the capability of fire products for fire The average annual precipitation indicates an
detection purposes. ascending trend from the east (580 mm/year) to the west

In this approach All fires that have been reported, (1760 mm/year) of the Caspian region. The De Martonne
occurred in a certain period including those fires which aridity index (IA) classified the climate of this region as
didn't coincide with satellite passes [16]. Consequently, it Mediterranean (IA=21) in the east and as extremely humid
can be evaluated that how many fires are detectable using in the west (IA=67). During a fire, much of the emitted
MODIS products. heat from fires is absorbed by moisture in the air and

Using the satellite monitoring system for fire ground. As a consequence, small and low temperature
detection purposes was not popular in Iran, but this fires occur in these forests. In some years, abundant
method became more popular in recent years especially rainfall in spring causes enormous growth of forest floor
since 2010, when successive fires occurred in Caspian plants, in these years if autumn is accompanied by low
forests  and  progressed through northern parts of Iran. rate of rainfall and a dry weather, this causes dry forest
For these reason forest and rangelands organization of floor plants which are more susceptible to fire, which
Iran planned to use fire monitoring system based on increases the rate of fire incidents and draw authorities
satellite data. It is therefore necessary to evaluate attention and concerns regarding these fires [22].
capability of active fire products to find its efficiency in
this region. On the other hand, some studies are using Reference Fires: To accurately estimate the omission and
active fire products regardless of their accuracy in these commission errors, it is important to select proper
forests. Consequently, evaluation of the effectiveness of reference fires. As a result reference fires that occurred in
these products in these forests was necessary. This study a five year period, from 2006 to 2010, were obtained from
helps  the  researchers  to evaluate the effectiveness of forest and rangeland conservation organization.
the fire products as well as providing an opportunity for Reference  fires  with  very small size were negligible so
evaluating the effectiveness of these products, in similar 231 fires with at least 2 hectares in size were selected for
Broadleaf Deciduous forests in the world, for fire the present study. 75.6% of fires were less than 10 hectare
detection algorithm developers. in size. The smallest one is 2 hectares and the largest one

To our knowledge, there is no detailed information is 163 hectares (Fig. 2). Parameters such as geographical
concerning fire characteristics of the fires in the Caspian location, starting date and time, ending date and time and
forests of northern Iran, where exploitation of wood has the fire size were collected and then extents of reference
been carried out for a long time. Plant type, climatological fires entered to GIS.
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Fig. 1: Location of study area in Iran

Fig. 2: The size of reference fires

MODIS Active Fire Products: Daily active fire products independently and together. The study area was divided
were obtained on the days before and after fires through into three different zones according on province
NASA's Earth Observing System Data and Information boundaries of Gilan, Mazandaran and Golestan. Detected
(EOSDIS, Reverb.echo.nasa.gov). MODIS active fire fires in every province were evaluated.
products (MOD 14a1 and MYD14a1 Collection 4) were
compared with reference fires to evaluate their capability Undetected Fires: Brightness temperature derived from
in the Caspian forests of northern Iran. Respectively, a MODIS 4-µm channel (T4), t (T4- T11) and reflectance in
total of 944 and 965 daily active fire products were NIR channel (0.86-µm) were used for identification of
analyzed from Aqua and Terra. potential fire pixels in contextual algorithm [1]. Threshold

Data  Analysis:  MODIS Fire products are available in identification of potential fire pixels using contextual
HDF format and carry coordinates of detected fire pixels. algorithm [1]. In this step, if a pixel does not achieve
These coordinates were entered to ArcGIS in order to certain conditions it cannot be detected by the algorithm.
prepare a point map, for every granule. Detected fire pixels Also fire detection chance reduces with increasing sensor
were compared with reference fires. When a reference fire view angle [1, 2]. Therefore 50 undetected fire samples
was detected by the satellite image, it was considered as with  following  conditions  were selected to investigate
a successful active fire detection. Data analysis was the used threshold limit and sensor view angle effect: 1.
carried out for the following cases in order to compare the Fire could not be detected by the algorithm and, 2.
number of detected fires, using Aqua and Terra satellite considering   the    start   and   ending   times   of  burning,

limit especially in 4-µm channel are very important for
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Table 1: Amount of Brightness temperature derived from MODIS 4-µm channel (T4), t (T4- T11) and reflectance in NIR channel (0.86-µm)
Reference fire Area(ha) Sensor Start time (GMT) T4(K) T(K) NIR View angle (Degree)
1 4 Aqua 08:55 291.81 5.78 0.17 65

Aqua 10:35 299.70 8.39 0.12 65
2 5 Aqua 10:35 295.65 13.36 0.16 64
3 2 Terra 07:35 293.24 10.15 0.18 56

Aqua 09:15 296.35 11.36 0.11 42
4 2 Aqua 10:10 301.24 12.26 0.15 41
5 10 Aqua 10:25 305.27 16.11 0.12 21
6 5 Terra 07:10 290.85 7.35 0.25 65

Aqua 09:25 296.65 10.35 0.19 45
7 4 Aqua 08:55 297.91 10.96 0.21 35

Terra 07:10 295.38 11.56 0.22 38
8 2.5 Terra 07:30 298.33 13.05 0.17 19

Aqua 10:35 302.29 12.85 0.15 15
9 10 Aqua 10:15 299.64 11.53 0.15 43
10 10 Aqua 09:30 292.62 10.52 0.19 55
11 40 Terra 08:15 302.64 12.74 0.18 20

Aqua 09:55 310.65 10.42 0.12 14
12 15 Aqua 08:55 304.24 14.65 0.10 30
13 2 Terra 06:50 293.42 10.82 0.21 57

Terra 08:00 289.62 8.84 0.24 65
14 5 Aqua 09:25 301.75 12.12 0.15 32
15 2 Aqua 09:25 293.65 12.63 0.26 54
16 2 Aqua 08:55 303.39 14.58 0.21 26
17 10 Terra 06:50 296.62 11.21 0.18 36

Aqua 10:10 309.25 15.58 0.11 12
18 8 Terra 07:35 395.37 9.06 0.21 58
19 10 Terra 07:30 296.33 11.06 0.16 42

Aqua 10:55 302.62 14.08 0.14 35
20 2.5 Terra 07:30 288.11 6.05 0.29 52

Aqua 10:55 294.52 10.92 0.24 35
21 2 Aqua 09:50 287.29 10.65 0.21 44
22 4 Aqua 09:50 302.58 15.08 0.17 24
23 5 Aqua 10:05 308.65 17.54 0.14 8
24 6.07 Aqua 10:45 311.82 10.07 0.16 26
25 2 Terra 07:35 281.65 8.09 0.11 65
26 6.68 Aqua 10:35 301.92 11.11 0.09 43
27 29.5 Terra 07:50 298.25 13.88 0.12 45

Aqua 09:25 303.33 13.91 0.12 33
28 2.12 Aqua 09:45 307.14 18.15 0.11 8
29 60 Terra 07:05 308.85 14.11 0.14 16
30 3 Aqua 09:30 291.33 8.25 0.15 65
31 5 Aqua 10:25 293.65 10.62 0.16 55
32 6 Aqua 09:35 294.31 10.26 0.17 61
33 3 Aqua 09:10 306.33 15.54 0.18 7
34 2 Terra 07:05 297.45 10.32 0.15 52
35 4 Aqua 10:05 298.62 10.51 0.19 39
36 5 Aqua 09:35 296.42 11.63 0.28 37
37 4.5 Aqua 10:25 309.26 17.37 0.10 4
38 3 Terra 07:45 304.62 16.23 0.14 15
39 5 Aqua 09:20 295.52 11.36 0.17 39
40 4.5 Aqua 09:05 304.25 12.28 0.12 6
41 60 Terra 07:25 294.23 10.12 0.16 42

Aqua 09:00 301.26 11.12 0.08 44
42 4 Aqua 10:15 305.35 15.19 0.11 5
43 17 Aqua 10:35 304.10 12.25 0.13 3
44 2 Aqua 08:50 291.18 11.35 0.23 52
45 30 Aqua 10:35 306.21 16.33 0.11 12
46 25 Terra 07:45 294.36 11.11 0.15 45
47 4.6 Aqua 10:15 306.35 15.25 0.17 6
48 2.4 Terra 08:05 292.34 11.13 0.15 28

Aqua 10:45 291.85 10.17 0.18 65
49 3 Aqua 09:35 302.65 12.25 0.14 21
50 30 Terra 08:15 304.65 13.15 0.13 16

Aqua 10:05 292.54 10.17 0.17 55
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reference fire should coincide with at least one satellite Analysis of Brightness Temperature Derived from 4-µm
pass (Terra or Aqua). Some fire samples coincide with two Channel: Brightness temperature analysis of 4-µm
satellite passes, so the above mentioned information were channel in 64 satellite passes (50 reference fire cases )
collected for 64 satellite passes over 50 reference fires for showed that, brightness temperature in 62 passes were
further investigation (Table 1). Considering the less than 310 K (the 4-µm channel threshold for
coordinates of fire center, brightness temperature for 4-µm identification of potential fire pixels) and only brightness
channel, t, reflectance in NIR channel and view angle temperature of two remaining fire cases exceed 310 K in
were extracted and investigated. The distribution of the 4-µm channel. Brightness temperature of 64 selected
extracted values for 4-µm channel, t and reflectance in passes, varies from 281.65 to 311.82 K. Fig. 4 shows the
0.86 µm channel based on the sensor view angle was histogram of brightness temperature distribution in 4-µm
drawn separately. Then, for evaluation of failure in fire channel, based on the sensor view angle.
detection for the mentioned cases, a linear model was
fitted to the distributed points. Analysis of t: Fig. 5 reflects the histogram of t

Cloud Covers Effect on Fire Detection: Cloud pixels are Temperature variation for t in all 64 satellite passes,
masked during the implementation of MODIS active fire revealed that t in 12.5% of samples is below 10 K and in
products [1]. This simple mask has been used to study the rest of cases is above 10 K ( t threshold for
cloud effect on MODIS active fire detection rate. Cloudy identification of potential fire pixels in Contextual
days were separately determined for detected and Algorithm).
undetected reference fires. If the reference fire area was
covered with cloud in a day, then that day was considered Analysis Reflectance in NIR Channel (0.86-µm):
as a cloudy day. Start and end time of Reference fires were Reflectance analysis in NIR channel (0.86-µm) in 64
reported and used directly for determination of cloudy selected passes showed that, reflectance in NIR channel
days for each fire. Finally a two sided t-test with unequal was less than 0.3 (threshold for identification of potential
variance was used in order to assess statistic differences fire pixels in NIR channel) in all of 64 passes. Fig. 6 shows
between detected and undetected fires for cloudy days. the histogram of reflectance distribution in channel

0.86-µm based on view angle.
RESULTS

Validation of MODIS Active Fire Product: Fire product and 6 show the effect of view angle on brightness
analysis and their comparison with reference fires temperature in 4-µm channel, t and also NIR (0.86-µm)
revealed that only 26 cases, out of 231 reference fires, reflectance in 64 selected passes. By increasing view
were successfully detected by the fire product (Table 2). angle, brightness temperature and t decreases, having
23 (by day images) and 6 (by day and night images) fire a negative effect on fire detection process (Fig 4 and 5)
cases were detected by day and night images, (3 cases Furthermore,  Fig.  6  shows  that the increase in view
were detected  by both day and night images). The angle  had  no considerable effect on fire detection
smallest detected fire covered 3 hectares and the largest process through threshold limit that was used in 0.86 µm
fire covered 163 hectares area. 15 fire cases were detected channel.
by each satellite image (4 cases were detected by both
Aqua and Terra images) (Table 2). Among 43 fire cases Cloudy  Days  Effect  on  Fire  Detection   Rate:  Results
that were reported in Gilan Province during this period, of  two  sided  t-test  showed that, the difference for
only 2 cases were detected by the fire product. From 82 cloudy  days  between  detected  and  undetected
fire cases in Mazandaran province, only 10 cases were reference  fires  are  statically  significant,  when  all  fires
detected  by  the fire product. Also 14 fire cases out of 106 in  Caspian  Forests  of  Northern Iran were (Table 4).
reference cases were detected using fire products in Study results in 3 provinces showed that only difference
Golestan Province (Table 3). Fig. 3 shows the number of in Gilan province is not statically significance, but in two
detected fires and their size. As it is shown in Fig. 3, fire other provinces differences is statically significance
products could only detect fires that covered an area (Table 4). Moreover, cloud effect decreases form west to
between 20 and 50 hectares. east.

variation for 64 selected passes based on view angle.

Effect of Sensor View Angle on Fire Detection: Fig. 4, 5
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Table 2: Number of detected fires with each satellite and also in day or night imageries

Number of detected fires with each satellite Number of detected fires with day or night images

Number of Number of Percentage of ------------------------------------------------- ------------------------------------------------------------

reference fires detected fires detected fires Aqua Terra Both Day Night Both

231 26 11.26 11 11 4 20 3 3

Table 3: Number of detected fires in each province

Province Reference fires Detected fires

Gilan 43 2

Mazandaran 82 10

Golestan 106 14

Table 4: Mean number and p-value (in %95 confidence interval percentage) of cloudy days for detected and undetected reference fires

Entire Gilan Mazandaran Golestan

Degrees of freedom 229 41 80 105

Detected 0.76 1.50 0.70 0.71

Undetected 1.80 2.07 1.84 1.64

p-value 0.001* 0.456 0.031* 0.010*

*: p-value< 0.05 and the difference was statically significance.

Fig. 3: Number of detected fire based on different size

Fig. 4: Distribution of brightness temperature derived from 4-µm channel in 64 satellite passes based on the sensor view
angle
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Fig. 5: Distribution of t in 64 satellite passes based on sensor view angle

Fig. 6: Distribution of Reflectance NIR channel (0.86-µm) in 64 satellite passes based on sensor view angle

DISCUSSION 0.86-µm channel is also used for fire detection [1]. The

Results of the present study revealed that only is reasonable in the Caspian forests of Northern Iran.
11.26% of active fires within a five years period Reflectance in 0.86-µm channel around fire locations in all
(2006-2010) were successfully detected using fire 50 cases was less than the determined threshold in
products. Therefore, it is concluded that contextual contextual algorithm (Fig. 6). The study disclosed that,
algorithm [1] is not suitable for fire monitoring purpose in increasing the sensor view angle causes a decrease in
the Caspian forests of Northern Iran. Size and intensity of omitted energy, resulting a reduction in brightness
fires in these Forests are the main factors for the failure of temperature in 4-µm channel as well as t. In other words
contextual algorithm in this area. 75.6% of reference fires it may cause reduction in chance of fire detection along
in this area were less than 10 hectares in size. Therefore image margin. Cloud covers are one of the main factors
the mentioned algorithm encounters size limitation for fire affecting fire detection rate that reduce the probability of
detection. Also the results showed that, brightness fire detection [23, 1, 8, 5, 24]. This study disclosed a
temperature of most undetected fires (fifty fire cases) were significant difference between detected and undetected
less than 310 k (Fig. 4). The threshold limit for t is reference fires for cloudy days in Caspian forests of
another preventing factor, however its influence is less Northern Iran. The only difference that is not significant
than the threshold limit for brightness temperature in 4-µm belongs to Gilan province, which may be caused by
channel (Fig. 4 and 5). Beside 4-µm channel and t, frequent cloud cover in the area compered to eastern

proposed threshold for NIR band in contextual algorithm
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provinces. size and intensity, along with other factors CONCLUSION
such as closed canopy [24] and discordance of satellite
passes with burning time [24] caused negative impacts on Present study showed that fire detection using
successful fire detection process. The mentioned factors MODIS fire products is not applicable in the Caspian
may play major roles for a successful fire detection in the forests of Northern Iran. Data analysis revealed that
Caspian forests of Northern Iran. Dense canopy during combination of Aqua and Terra data are only capable to
growing season [22] may cause reduction in rate of detect 11.62% of active fires in this region. It is also found
energy that is received by satellite sensors and is failing that the rate of detected fires differs in Northern provinces
to detect the fire. and detection accuracy decreases from the west to east.

In case of forest fires with short periods, satellite The study also revealed that low intensity along, cloud
passes may  not  always  coincide with the time of fire. covers, limited fire size as well as asynchronous satellite
The  results  indicated,  55  fire  cases  within  a period of passes with fire event are the main reasons for
5 years have not been detected due to the fact that none unsuccessful fire detection in the Caspian forests of
of the cases coincided with satellite passes. Terra and Northern. Meanwhile dense canopy is also an additional
Aqua images were equally successful to detect forest fire. reason for unsuccessful fire detection in this area. It is
But the best results were obtained when both Terra and suggested that users of fire products in northern forests
Aqua images were used simultaneously. 6 fire cases were should consider the detection rate of MODIS active fire
detected using night time data which is very important product and this fact that many detected fires may occur
due to the fact that many forest fires may occur during in farm lands. Finally we proposed that a local algorithm
this period of time. As it is shown in Fig. 3, detected fires should be developed for more accurate fire detection.
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