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Abstract: The increasing demand for monitoring wildfires and their impact on the land surface have 
prompted studies of burned area extraction and analysis. To differentiate burned and unburned area, 
the earlier method of the Moderate Resolution Imaging Spectro-radiometer (MODIS) Burned Area 
Detection Algorithm was proposed to estimate the change in land surface based on the reflectance 
energy. The energy, whose wavelengths are sensitive to burning, was selected to calculate the 
change parameter scoreZ . This method was applied using the MODIS images to produce a MODIS 
Burned Area product. The approach was to simplify this algorithm to make it compatible with the 
Landsat 7 ETM+ SLC-off images. To extract the refined version of burned regions, post-processing 
was carried out by applying a median filter, dilation morphology algorithm, and finally a gap filling 
method. The experimental results showed that the detailed burned areas extracted from the 
proposed method exhibited more spatial details than those of the MODIS Burned products in the 
large U.S areas. The results also revealed the discontinuous distribution of burned regions in 
Vietnam forests.     
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1. Introduction 

The increasing recognition of burning biomass as a 
widespread and significant agent of climate and 
environmental change has led to an ongoing need for long-
term fire data at the regional, continental and global scale. 
In part, this demand has been met with a substantial body 
of satellite-based active fire observations made using a 
number of coarse- and medium-resolution sensors, such as 
the Along-Track Scanning Radiometer (ATRS) [1], the 
Visible and Infrared Scanner (VIRS) [2] and the Moderate 
Resolution Imaging Spectro-radiometer (MODIS) [3].  

While active fire products capture information 
regarding the location and time of fires burning at the time 
of the satellite overpass, they do not generally allow an 
estimation of the reliable burned area [4]. Large-scale 
maps of burned areas, such as on a continental or global 

scale, are essential for a wide range of applications, 
particularly for aerosol emission estimations. This need 
has prompted the development of numerous satellite-based 
methods to detect burned areas, the majority of which do 
not exploit active fire information. The GLOBSCAR 
global burned area product [5] was produced for the year 
2000 using two different algorithms, contextual and fixed 
threshold, applied to ATSR-2 and AATSR imagery. [6, 7] 
developed a predictive bi-directional reflectance model 
approach to locate burned areas daily using 500-m MODIS 
imagery. In addition, there are algorithms that supplement 
the standard remotely-sensed indicators for burn mapping 
with active fire maps. [8] used two different vegetation 
indices derived from 16-day MODIS nadir BRDF adjusted 
reflectance composites to identify burn scars in central 
Russia over a 12-year period. [9] proposed an approach to 
map various burned areas on an annual basis using the 
500-m MODIS 8-day reflectance composites with 1-km 
MODIS active fire masks. These algorithms have several 
characteristics that make them complicated to use. First, 
the minimum detectable size of an active fire is up to 1000 
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times smaller than the minimum detectable size of a 
burned area [4], which can lead to contamination in 
selecting burned training pixels. Another cause of burned 
pixel contamination is active fire false alarms, i.e. 
commission errors. Second, the selection of unburned 
training pixels also is contaminated by a range of fire sizes. 
When the fire is too small to detect, the absence of fires 
detected at a particular location does not guarantee that this 
location is unburned. The approach of [10] largely 
overcomes these issues. This algorithm was used to 
calculate the persistent changes derived from 500-m 
MODIS surface reflectance on a daily basis. This 
algorithm was then used to generate regional density 
functions using active fire maps to determine if these 
changes are burned or unburned in the days nearest to the 
burned date. Although the algorithm exploited the 
information of the active fire maps more fully, it could not 
cover the wide range of sizes of burned areas. Small 
burned areas were detected but not extracted in detail due 
to the low resolution of the 500-m MODIS reflectance.  

This paper presents an approach to detect and extract 
the burned areas that use the high-resolution images 
acquired by the sensor on board Landsat satellite. The 
Landsat series of satellites provide a data source for land 
surface mapping and monitoring [11]. The Landsat sensors 
include the Landsat 5 Thematic Mapper (TM), Landsat 7 
Enhanced Thematic Mapper Plus (ETM+) and Landsat 1-5 
Multispectral Scanners (MSS). The Landsat 8 sensor was 
launched in February 2013, and data became available 
from April 2013. Because the available data of Landsat 8 
does not adapt to methods that require long-term data, the 
data of Landsat 1-7 was still in widespread use, 
particularly the data obtained from the Landsat 7 ETM+ 
sensor. Before the launch of Landsat 8 satellite, the newest 
Landsat 7 ETM+ was still functioning, even though it has 
substantially exceeded its planned design life. Although 
the images collected by the Landsat 7 and 8 satellites are 
available at no charge, the large amount of data over a 
long-term period obtained from Landsat 7 is a reliable 
resource because this method monitors the burning areas 
along the time series.  

This approach exploits the active fire maps from Fire 
Information for Resource Management System (FIRMS) 
[12] to locate the active fire positions. The approach, 
which is a simplified version of the earlier method of the 
MODIS Burned Area Detection [13], calculated the 
changes in the burned areas verified by the FIRMS active 
fire maps. The changes were calculated in both the spatial 
and temporal domain to generate a change density function 
suitable for discriminating the burned-related and 
unburned-related areas. This algorithm identifies the date 
of burning, to the nearest days within the individual 
Landsat 7 images at a 30-m spatial resolution.  

The remainder of this paper is structured as follows. 
Section 2 summarizes the MODIS Burned Area Detection 
Algorithm and Section 3 describes the approach as a 
simplified version of M-BADA with adding post 
processing. Section 4 presents the experiments and results, 
and Section 5 reports the conclusion.  

2. Burned Area Detection Method Using 
MODIS Images [13]  

The MODIS Burned Area Detection Algorithm (M-
BADA) has been developed to detect and map global 
burned areas. The algorithm applied the Bi-directional 
reflection model-based, change-detection approach to map 
the 500-m location and the approximate day of fire. The 
detection was based on the rapid changes in the daily 
MODIS reflection data along the time series. This method 
needs to refer to the data of the previous seasons or years 
of a given location to determine if the spatial extent is 
burned or not. The detection method, formed by the 
bidirectional reflectance model-based change detection 
algorithm, is used independently to each geo-located pixel 
over a long time series of reflectance observations [14, 15]. 
The reflectance sensed within a moving temporal window 
of a fixed number of days (16 days in this context) can 
make the predicted reflectance on a subsequent day. The 
predicted reflectance is then compared with the observed 
reflectance by calculating the statistical measure of 
difference. This measurement helps model the directional 
dependence of the reflectance to provide a semi-physical-
based method to predict the change in reflectance from 
previous states.  

The algorithm works on the MODIS 500-m spatial 
resolution images of band 2 (841 nm – 876 nm), band 5 
(1230 nm – 1250 nm) and band 7 (2105 nm – 2155nm). 
The near-infrared and longer wavelength reflectance bands 
are used because they are generally insensitive to smoke 
aerosols emitted from vegetation fires [16]. Roy [6] 
presented that MODIS bands 2 and 5 provide the highest 
burned or unburned area discrimination but MODIS band 
7 provides little. This observation helped build a set of 
parameters and conditions for M-BADA to detect the 
burned areas globally. M-BADA used a bi-directional 
reflectance model-based, change-detection method to map 
the 500-m location and the approximate day of fire. The 
reflectance of the land surface detected by any remote 
sensor varied as a function of the sun-surface-sensor 
angles and was described by the Bi-directional Reflectance 
Distribution Function (BRDF) [14, 15]. This study showed 
that BRDF effects reduced the difference between the 
burned-related and unburned-related land surface, both in 
the individual bands and in spectral band indices. The 
decreased reflectance due to fire was less than the variation 
in the pre-fire reflectance caused by BRDF effects. The 
BRDF model calculated the predicted reflectance and 
uncertainties for the viewing and illumination angles of a 
subsequent observation. The parameter of the BRDF 
model was inverted against 7 reflectance observations 
sensed in a temporal window of a 16-day duration. This 
parameter, called scoreZ , was used as a normalized measure 
related to the probability of a new observation belonging to 
the current set. The scoreZ  was then calculated for MODIS 
bands 2 and 5 because these bands provide high sensitivity 
to burning areas. A new observation was considered a 
burned candidate if the scoreZ  met the criteria: 

2band thresholdZ Z>  or 5band thresholdZ Z> , where thresholdZ  is a 
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fixed independent threshold. Owing to the characteristics 
of the wavelengths in bands 2 and 5, the burning area 
caused a decrease in the reflectance of these bands but less 
change in the band 7 reflectance, whereas the persistent 
changes in cloud, shadow, or soil moisture would have a 
similar effect on both bands. To reduce the impacts of 
these temporal factors, the computation of the difference 
between band 2, 5 and band 7 was repeated independently 
for each geo-located pixel along the time series. This 
algorithm allowed calculations of both forwards and 
backwards in time to verify the burned candidates. 
Furthermore, the algorithm could increase the duration of 
the BRDF inversion window, started in 16 days, and 
compute scoreZ  for several subsequent days. This ensured 
the burned candidate point had been truly detected.  

3. Proposed Method For Burned Area 
After Fire Using Landsat 7 ETM+ SLC-
off Images 

3.1 Image Collection  
The sensor of Landsat 7 ETM+ generates an 

observation for each location based on the Worldwide 
Reference System-2 (WRS-2) path/row system. Each 
observation consists of 9 images corresponding to 8 bands 
of Landsat 7 ETM+ sensor shown in Table 1 (band 6 
includes 2 images in low and high quality) with an 
information metadata file. The images for any location are 
free of charge.  

Landsat7 ETM+ images provide high spatial resolution 
but low temporal resolution. The temporal resolution of 
images, which is the time required to revisit a position, is 
16 days. The temporal resolution of data is inadequate in 
the case of rapid change detection for a particular location 
such as daily changes. In addition, cloud, snow or other 
weather conditions could impact the process of land 
surface monitoring. Nevertheless, this temporal resolution 
makes it possible to observe the changes in landscape over 
a long-term period, particularly in this context of detecting 
the changes in burned area. The burned area after a 
wildfire remains for weeks or months so that it can 
monitor the landscape. Despite the low temporal resolution, 
the high value of the Landsat 7 ETM+ data can be 
attributed in part to the relatively high spatial resolution 

(30 m for ETM+ depicted in Table 1). The high spatial 
resolution is important for detecting the changes in objects 
on the land surface and separating them from unchanged 
lands. Therefore, the lack of information of a temporal 
resolution is compensated for by the detailed spatial 
resolution in the Landsat 7 ETM+ data. The data obtained 
from this sensor can be used to detect and extract the 
burned areas after wildfires.  

On 31st May 2003, the Landsat ETM+ Scan Line 
Corrector (SLC) failed permanently. The SLC 
compensated for the forward motion of the satellite during 
scanning. The ultimate result of SLC failure, referred to as 
SLC-off, is that some parts of an ETM+ image are not 
scanned. The un-scanned data affected most of the image 
with the scan gaps varying in size from one pixel to 14 
pixels along the east and west edges of the scene, as shown 
in Fig. 1. Fig. 1(a) shows the completed Landsat 7 ETM+ 
SLC-off image, and Fig. 1(b) presents the cropped image 
from Fig. 1(a) near the Middle East edge. Fig. 1(b) 
illustrates the black gaps inside an image that represents 
the missing data caused by SLC failure.  

To monitor the burned areas in the Earth, the Fire 
Information for Resource Management System (FIRMS) 

 
Table 1. Landsat 7 ETM+ wavelength bands and 
corresponding spatial resolution. 

Band Wavelength Range (nm) Spatial Resolution (m) 
1 450 – 520 30 
2 520 – 600 30 
3 630 – 690 30 
4 770 – 900 30 
5 1550 – 1750 30 
6 10400 – 12500 30 
7 2090 – 2350 30 
8 520 – 900 15 
 

 

 
(a) 
 

 
(b) 

Fig. 1. Completed image and cropped image with black 
gaps. 
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[12], which integrates the remote sensing and Geographic 
Information System (GIS) Technology, delivers the 
MODIS hotspots and global fire locations. The data of fire 
locations originated from the standard MODIS products: 
MOD14/MYD14 Fire and Thermal Anomalies, which are 
then processed by Land Atmosphere near Real-time 
Capability (LANCE) for an Earth Observation System 
(EOS). These standard MODIS products, whose spatial 
resolution is 1km, only represent the center of the active 
fire location. The examples of the active fire locations are 
depicted in Fig. 2 for the regions of Vietnam and the 
neighboring countries.  

Landsat 7 ETM+ images and fire information achieved 
from FIRMS were collected to calculate the change in land 
surface caused by wildfire. The change was then used as 
the input for the burned area detection and extraction 
algorithm. The Landsat 7 images and active fire 
information, which contains the occurrence time and 
location, were grouped as a triple Landsat 7 observation. 
The triple observation that were selected along the time 
series consisted two observations obtained before the 
occurrence time and one observation obtained after this 
time. These three observations are named “Pre-1”, “Pre-
2” and “Post”, respectively. This triple observation is then 
calibrated by crop process to focus on the fire position and 
reduce the computation time. The crop process divides 
each image in observations into n n´  equal tiles. For the 
test area, this study empirically determined whether the 
value of three was appropriate for n . Only the tiles that 
consisted of active fire locations obtained from FIRMS 
were used. Fig. 3 presents all the steps to the pre-process 
data. 

MODIS bands that were sensitive and insensitive to 
biomass burning, were used to detect the burned-related 
and non-burned-related change within the scene, 
respectively. An analysis of the ability of the MODIS land 
surface reflectance bands to discriminate between burned 
and unburned areas showed that MODIS bands 2, 5 and 6 
provide the highest burned-unburned discrimination, 

whereas the MODIS band 7 provided little discrimination. 
Table 2 lists the wavelengths of these bands. To apply the 
MODIS burned area discrimination method to the Landsat 
7 ETM+ data, the corresponding Landsat 7 bands, whose 
wavelengths that were the most similar to those of MODIS 
data, i.e. MODIS band 2 relatively equivalent to Landsat 7 
band 4, were selected. Therefore, each observation of 
Landsat 7 included three images of bands 4, 5, and 7. The 
cropped images from the three observations, called 
Landsat 7 triple observation, were then the input for the 
process described in Fig. 4. The first step was to calculate 
the change along the time series of the triple observation. 
The next was to detect the burned point. Finally, the 
burned area extraction was established.  

3.2 Change Measurement  
The proposed method defines a parameter that 

represents the change in each pixel over time based on the 
spatial intensity. This parameter, called scoreZ , is a 
normalized measurement of the change in energy in a 
particular pixel. Therefore, the scoreZ  is a variable 
representing the characteristics of the land surface even 
under the same environmental condition. Owing to the 
different radiation, the reflection and scattering energy of 
different land cover type, the scoreZ  parameter can be 
calculated using the selected Landsat 7 bands to 
discriminate the burned-related and unburned –related area 
as follows: 

 

  
(1)

 
 

where: 
Zλ : Zscore value of wavelength λ 

2preP -  : Energy of observation that recorded before the 
fire occurrence 

 

 

Fig. 2. Active fire location on FIRMS. 
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postP  : Energy of observation that recorded after the 
fire occurrence 

p  : Parameter representing the energy of the land 
cover type before the fire occurrence   

scoreZ  was computed for each and every valid pixel, 
whereas that for the invalid pixels were not calculated. 
Valid pixels were scanned with the valid value, and the 
invalid pixels in the black gaps were not scanned by the 
SLC failure. The independent ( , )scoreZ i j  at the spatial 
coordinates ( , )i j  was then calculated by:  

 

  
(2)

 

where ( , )postP i j , 2 ( , )preP i j-  is the intensity of the valid 
pixel ( , )i j  in observation postP  and 2preP - , respectively. 
The parameter ( , )p i j  that represents the energy 
characteristics of the land cover type is the intensity 
average and n  neighbor pixels. The n  neighbor pixels are 
the valid pixels located in a window of m m´  pixels 
centered at pixel ( , )i j . The window size m  is predefined 
based on the relationship between the spatial resolution of 
MODIS and Landsat 7 images. Compared to the 1-km 
resolution of the MODIS images, the 30-m resolution of 
the Landsat 7 ETM+ images was much smaller, ~ 33 fold. 
The ratio shows that one pixel point of the MODIS images 
corresponds to the 33 33´  window in the Landsat 7 ETM+ 
images. Therefore, the pre-defined number of the window 
size m  is 33 33´  pixels with a number n  of valid 
neighbour pixels. These neighbour pixels were used to 
calculate the parameter ( , )p i j  as follows:  

 

  
(3)

 
 

where tp  is the intensity of the tht  pixel. Because the 
parameter, ( , )p i j , represents the land cover type before 

 

Fig. 3. Workflow of the preprocessing step. 
 

 

Fig. 4. Workflow of the burned area extraction.  
 

 
Table 2. Mapping wavelength bands between the 
MODIS and Landsat 7 sensors. 

MODIS (nm) Landsat 7 (nm) 
Band 2: 841 – 876 Band 4: 770 – 900 

Band 5: 1230 – 1250 
Band 6: 1628 – 1652 Band 5: 1550 – 1750 

Band 7: 2105 – 2155 Band 7: 2090 – 2350 
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the occurrence of fire, this parameter was calculated for 
the Pre-1and Pre-2 observations. These two observations 
show that they are highly sensitive to burned-related 
impacts, which assumes that there is a minority of 
unburned-related changes. Therefore, the energy 
distribution of two observations before the fire was 
equivalent so that ( , )p i j  was computed as the average 
value of 1( , )prep i j-  and 2 ( , )prep i j-  corresponding 
observation Pre-1 and Pre-2, respectively. Fig. 5(b) gives 
an example of a fire in the scoreZ domain of the original 
color image in Fig. 5(a). The burned area by the fire is 
brighter than the neighboring region that can be observed 
clearly by human eye.  

3.3 Burned Point Detection  
The selection of the three bands, 4, 5 and 7, in the 

Landsat 7 ETM+ images presents the important points. 
The burned and unburned areas are clear to discriminate in 
the band 4, 5 images, whereas there is little discrimination 
in the band 7 images along the time series of before and 
after the fire. This observation provides the criteria (5)-(7) 
for a given point ( , )p i j  to be a burned point, where 

( , )x
yp i j  is the intensity of the point ( , )i j  in the image of 

band x  of observation y , and tZ  is the scoreZ  computed 
in band t  of an observation.  

A particular point that satisfies both criteria would be 
labeled as a burned point in a burned area. The criterion 
4.1, which is known as Inter-Change Computation, 
examines the change in the land surface based on the scoreZ  
value. Each pixel with a value is greater than a predefined 

thresholdZ  was considered a burned point candidate. The 
burned point candidates that satisfy the two last equations 
were verified as the burned points. These two equations, 
called Intra-Change Computation, compare the change 
between the inner bands of an observation to exclude the 

noise caused by the shadow or cloud. The experiments 
examined the value of thresholdZ  and recommend 

0.4thresholdZ = . As shown from the images in the scoreZ  
domain, this value can be used to distinguish the burned 
and the unburned areas clearly. Figs. 6(a) and 6(b) show 
the results of the images in the scoreZ  domain before and 
after cutting the threshold, respectively, whereas Fig. 6(c) 
is a binary image of the burned area detected. In these 
images, the pixels whose value is greater than thresholdZ  are 
considered burned points and are presented as a white 
color in Fig. 6(c). 

 
  (5) 

 
  (6) 

 
  (7) 

3.4 Burned Area Extraction  
The Landsat 7 images had an issue that is the 

appearance of black gaps caused by SLC-failure. Previous 
studies [17, 18] proposed filling the black gaps. They were 
applied to spectral images of Landsat 7. These algorithms 
require the reference Landsat 7 images that are unaffected 
by SLC-off. The SLC-off images has been produced since 
2003. Therefore, only the images without SLC-off were 
obtained before 2003. One study [17] also proposed using 
the reference Landsat 7 SLC-off images to fill the gaps. To 
accomplish this, a wide range of SLC-off images needs to 
be obtained. The large data, which is free of cloud and in 
the same weather conditions, was difficult to achieve, 
particularly for regions in Vietnam, which were used in the 
present experiments. Moreover, the gap-filling process in 
[18] was in high complexity and had a high computation 
time. Therefore, in this study, gap filling was performed 
using probability distribution in the burned area binary 

         
                                                        (a)                                                                                       (b) 

Fig. 5. Fire in synthetic color image and corresponding scoreZ -domain image (a) synthetic image of the fire Ashland 
in Montana, US, (b) image in scoreZ  domain.  
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images instead of the original spectral images. Here, the 
valid pixels are the pixels with the valid values in spectral 
images whereas the invalid pixels were in the gaps. For 
each invalid pixel, a window centered at this pixel was 
formed to estimate the value of the pixel. Because the 
maximum gap width is 14 pixels [18], a window size of 
21 21´  pixels was used. The value of the invalid pixel was 
estimated as follows 

 

   
(8)

  
where ()rand  is a function returning a uniform distributed 
number in [0,1], b  is the number of burned pixels in the 
window, and w  is the total number of valid pixels in the 
window. This estimation function was derived under the 
assumption that the invalid pixel shares the same statistical 
properties of being burned or unburned with its neighbors 

  
                              (a)                                                                         (b)                                                                       (c) 

Fig. 6. Example of burned area detection and extraction (a) image in scoreZ  domain, (b) scoreZ -domain image after 
applying threshold cutting, (c) binary image corresponding image (b).  

 

      
                                                                       (a)                                                             (b) 
 

      
                                                                       (c)                                                               (d) 

Fig. 7. Example of noise removal and burned area extraction (a) binary image of the burned area detection, (b) 
binary image after gap filling, (c) binary image after noise removal by median filter, (d) binary image of burned area 
extracted after dilation morphology algorithm. 
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within the window. This process was applied to every gap 
pixel to determine if the value 0 or 1 corresponds to a 
unburned or burned point, respectively. Fig. 7(b) shows the 
resulting image of this process with the original binary 
image 7(a).  

Finally, a median filter and dilation morphology 
operators were applied to the gap-filled images to remove 
noise, resulting in better visual quality of the filtered 
images, as shown in Fig. 7(c) and 7(d).  

 
4. Experimental Results 

To validate the approach, experiments were carried out 
in two regions in the U.S and one region in Vietnam. Two 
regions in U.S were large fires that occurred in July 2012 
in Oregon and Montana. Fig. 8 shows their locations. 
Table 3 provides details of these fires.  

Owing to the spatial large scale of Long Draw fire, two 

adjacent Landsat-7 scenes were collected. Fig. 9(a) 
presents the combination color image capturing complete 
Long Draw fire. To verify this data image collection, two 
color images captured by ASTER and MODIS sensors 
were provided, as shown in Fig. 9(b) and 9(c), respectively. 
The same shape of the burned area for the Long Draw fire 
can be distinguished easily from the unburned background 
from the color images of all provided imaging sensors. Fig. 
10(a) presents the extracted burned areas of the proposed 
method as a binary image, whose white pixels are burned-
related and the black pixels are unburned related. To verify 
the result of the observation, the final results were 
compared with the burned area product of MODIS (Fig. 
10(b)). The burned area extracted from the proposed 
method offered much more detail than that of the MODIS 
product. Fig. 11(a) and 11(b) shows the Landsat 7 ETM+ 
SLC-off and ASTER completely covering the Ashland fire, 
respectively. Figs. 11(c) and 11(d) show the burned area 

 

Fig. 8. Location of two active fires in the United States. 
 

Table 3. Information of the two active fires in U.S in 2012.  

Name Long Draw Fire Ashland Fire 
State Oregon Montana 

Active fire location Lon: -117.6; Lat 42.48 Lon: -106.00; Lat: 45.25 
Date of burn July 8th 2012, corresponding 190th day of the year Early July 2012, corresponding 187th of the year 

Date of 3 observations 130th, 162nd and 194th day 113th, 129th and 193rd day 
 

           
                                         (a)                                                            (b)                                                         (c) 

Fig. 9. Color images observations (a) Landsat 7 ETM+ SLC-off at 30-m spatial resolution, (b) ASTER at 30-m spatial 
resolution, (c) MODIS at 500-m spatial resolution.  
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extracted using the proposed method for this fire is shown 
in and that by MODIST product. In this fire study, a high 
level of detail was also observed in the burned area of the 
proposed method extracted in accordance with the burned 
area visible in the color images. 

The high level of detail of the burned area extracted 
from the proposed method allows the monitoring of small 
fire areas. This had advantages when the second 
experiments in the fires of Vietnam were conducted. The 
test data was collected from fire information in Vietnam in 

      
                                                                     (a)                                                                   (b) 

Fig. 10. Burned area of Long Draw fire extracted using the proposed method (a) and MODIS product (b). 
 

      
                                                             (a)                                                                                  (b) 
 

     
                                                            (c)                                                                                  (d) 

Fig. 11. Study of the Ashland fire (a) Color image observations of Landsat 7 ETM+ SLC-off at 30-m spatial 
resolution, (b) Color image observations of ASTER at a 30-m spatial resolution, (c) Burned area (in white) extracted 
by the proposed method, (d) Burned area (in blue) from MODIS product. 
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2010. The active fires were located in Hoang Lien Son, 
Northeast of Vietnam, and Tay Nguyen, called Central 
Highlands regions. Two active fires that allowed valid 
observations from Landsat 7 images were observed. The 
valid observations used in the algorithm were free of cloud 
and the acquired dates were within 30 days before and 
after the fire. Table 4 lists their geo-located locations and 

the detail information of these fires. Figs. 12 and 13 
presents the results of these experiments. Each experiment 
consisted of a spectral image captured after the fire; a 
binary image representing the burned area extracted and 
two product images of FIRMS for comparison.  

The resulting images indicated the discontinuous 
distribution of burned areas in Vietnam over a large region. 

Table 4. Fire information in Vietnam in 2010. 

Name Hoang Lien Son Tay Nguyen 
Region North East Central Highlands 

Location 

  
Date of burn Last week of February, 2010 First week of January, 2010 

Date of 3 observations 62nd, 78th, 94th day 27th. 43rd, 59th day 
 

      
                                                                       (a)                                                            (b) 
 

      
                                                                       (c)                                                           (d)  

Fig. 12. Burned areas in Hoang Lien Son, Vietnam (a) spectral image of region in 30-m resolution, (b) burned areas 
in binary image in 30-m resolution, (c) active fire (colored orange) in FIRMS at 1-km resolution, (d) burn are the 
product in FIRMS at a 1-km resolution. 
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                                                                             (a)                                                 (b) 
 

      
                                                                              (c)                                                (d) 

Fig. 13. Burned areas in Tay Nguyen, Vietnam (a) spectral image of the region in 30-m resolution, (b) burned areas 
in a binary image in 30-m resolution, (c) active fire (colored orange) in FIRMS at 1-km resolution, (d) burn product in 
FIRMS at a 1-km resolution. 

Compared to the MODIS burned area products, these 
experiments produced high quality and detailed images. 
Following the observation, some of the burned areas were 
not produced by FIRMS due to the low-resolution images 
and cloud, but the higher resolution images provided more 
detail in these regions, i.e. in Tay Nguyen without the 
impact of cloud. Figs. 12 and 13 show the burned areas 
more clearly than the FIRMS products. High-resolution 
images of ASTER satellite could not be obtained in 
Vietnam due to the high cost. Nevertheless, the resulting 
images are expected to help contribute to land surface 
monitoring after a wildfire. 

5. Conclusion  

This study proposes an approach to locate and extract 
the land surface impacted by an active fire. This approach 
exploits the active fire information with medium resolution 
imagery from Landsat 7 ETM+ SLC-off. The active fire 
information provides the location and date of burn to 
collect the observations before and after the fire. They are 
the inputs to calculate the change parameter in both the 
spatial and temporal domains. The change parameter scoreZ  
shows persistent changes in each geo-located pixel along 
the time series and between each wavelength reflectance 
images because the selected wavelengths are sensitive to 
the burned-related surface, and discards the impact of the 
other environmental conditions. To extract the burned 
areas, the black gaps caused by SLC-off were first filled 
using a simple method based on the probability 

distribution. The noise was then removed by the Median 
filter and the shape was formed using the dilation 
morphology algorithm. The results indicated the 
distribution, shape and size of the burned areas. The 
burned areas in the U.S showed that this approach is both 
reliable and applicable. The burned areas of Vietnam 
illustrated the discontinuous spread in a large region. In 
contrast to the USA, it is difficult to achieve a high 
resolution in Vietnam without paying a fee. Nevertheless, 
the results highlight the potential for field monitoring after 
wildfires. 
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