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ABSTRACT 
 
Burned area products derived from satellite images are used as input to determine biomass burning emissions. 
Appropriate assessment of the accuracy of burned area products is required to assess reliable emissions.  This 
document provides validation results for four burned area products: GlobCarbon, MCD45, L3JRC and AQS.  The 
study area is at the northern South American savannas along the Orinoco River since there is a rapid conversion of 
Amazonian forest to cattle pasture. A validation method was applied from 2001 to 2007 based on the comparison of 
commission and omission errors from 20 confusion matrixes with their respective efficient solution.  Efficient 
solutions were determined using the “Pareto Boundary”.  This method allows estimating the potential for improving 
burned area algorithms as well as evaluating the effect of pixel size on accuracy.  A landscape metric was used to 
analyze the weight of the fragments’ distribution on global accuracy.  It was found that all products underestimate 
burned area and that an increase in pixel size or border density results in larger burned area estimate errors. 
 
 

INTRODUCTION 
 

Biomass burning has a large variety of impacts on the local, regional and global scale.  Even though fire has 
been recognized as a natural process in several ecosystems, it has also been associated with negative effects on soil, 
water, vegetation and the atmosphere.  At a local scale, it has been found that fire modifies aspects of the 
hydrological cycle as run-off and transpiration, increases soil erosion and alters vegetation succession.  At a regional 
scale there is a concern for nations to meet the Kyoto protocol, to achieve sustainability of forest ecosystems, and to 
reduce large biomass burning emissions.  Finally, at a global scale there is a growing concern of biomass burning in 
relation to global warming, greenhouse emissions, changes of the properties and composition of the atmosphere and 
changes of solar radiation budgets on the earth surface. 

Tropical forests are considered a large carbon pool at regional and global levels; however, nowadays these 
forests are undergoing deforestation at unprecedented rates.  Fire in the tropics is related to agricultural activities 
such as, cattle grazing and land use change (forest to agriculture), with more fires occurring due to temperature 
increase and accelerated land use change (Cardoso et al. 2003).  Biomass burning is induced during the dry season 
and its negative effects are worsened with natural phenomena like El Niño ENSO  (Levine et al. 1999).   

Remote sensing techniques are used to monitor fires and burned areas.  There is a large decrease in reflectance 
after the occurrence of fires in the vegetation coverage.  This change in reflectance is used to classify satellite 
images in burned and non-burned pixels.  This type of map is commonly referred as “burned area product”.  
Considerable uncertainties remain in the quantification of burned area, particularly in the tropics where burned areas 
are usually small (less 1 km2) and therefore remain undetected (Schultz et al. 2008).  This paper focuses on the 
uncertainty caused by burned area products developed at global and regional levels. 

In the year 2000, the first two products of burned area were developed at a global scale, known as GBA2000 -
Global Burnt Areas- (Tansey et al. 2004)  and GlobScar (Simon et al. 2004).  The goal of these two maps was to 
create homogeneous information at a global scale with a standard methodology and a spatial resolution of 1000 m 
(Hoelzemann et al. 2004).  At the moment, the burned area maps most frequently used are, L3JRC http://www-
tem.jrc.it and GlobCarbon http://www.geosuccess.net, which are improved versions of GBA2000 and GlobScar 
projects, respectively.  Another product designed at a global scale is the MCD45, based on data from the Moderate 



ASPRS 2010 Annual Conference 
San Diego, California ♦ April 26-30, 2010 

Resolution Imaging Spectroradiometer (MODIS) surface reflectance time series. This product has created high 
expectations due to its 500 m spatial resolution. At the regional level, two products are of importance to the study 
area.  One is elaborated by Chuvieco et al. (2008) and is derived from the MODIS 32 day composite data and the 
other AQS (Area Quemada Sudamerica), is derived from the MODIS 16 day composites MCD43 (Opazo and 
Chuvieco, 2009). 

The improvements made on burned area products cannot avoid the pitfalls of satellite derived information, 
such as: low spatial resolution, confusion with  non-vegetated coverage (dark soils, shadows, water bodies); 
complex configuration of burned areas within the landscape (too small or highly fragmented) (Smith et al. 2003, 
Silva et al. 2005);  and limitations related to gases like clouds or smoke plumes.  In addition, several factors 
contribute to the variation of the signal, such as:  type of burned coverage, burning efficiency, fire severity, fraction 
of material exposed to fire, and post fire physical evolution of the surface (Ward et al. 1996, Miller and Yool 2002, 
Roy and Landmann 2005).   

The confusion matrix method has been commonly used since the 1980’s to validate thematic maps (Congalton 
2001) including burned area maps  (Morisette et al. 2002, Quintano et al. 2002, Roman-Cuesta et al. 2005).  The 
confusion matrix is a square matrix that indicates the number of pixels assigned to a particular class in relation to the 
information considered as field work, i.e. reference data.  Reference information is usually located at the columns 
and the map to be validated at the rows.  For this reason, all values except the diagonal are errors, while the diagonal 
represents the agreements between true data and modeled data. 

The goal of this study is to assess the effect of fragmentation on the accuracy of burned area maps, evaluate the 
differences in accuracy related to pixel size and determine the potential of burned area algorithms for improvement. 
 
 

METHODOLOGY 
 

The study area is located in the northern savannas of South America along the tributaries of the Orinoco River 
Fig. 1. The area is highly prone to fires due to pasture burning and forest clearing.  In fact, Colombia and Venezuela 
have been found to be among the most affected countries in relation to their territory (Chuvieco et al. 2008). 
Increasing deforestation along the Amazon forest, due to the growing need of cropping and grazing lands, has 
created a broad mosaic of burned areas.  Temporal priority was given to the dry season months of January, February 
and March.   
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Figure 1.  Study area and WRS (path-row) location of Landsat images at the areas with largest biomass burning 
between Colombia and Venezuela. P004r056 (two images), P005R056 (three images), P006r058 (one image), 
P005R057 (one image), P184R094 (one image -CBERS bold-). 
 

The validation process requires field data, a map to be evaluated and a validation method such as the confusion 
matrix.  A proxy for field data is the interpretation of high resolution satellite images.  There are two reasons for 
using this proxy.  First, it is impossible to cover the geographic extent of a regional or global product with field 
work.  Second, the charcoal signal commonly has a short duration and therefore, available archive data is the only 
means by which one can determine individual burned patches (Boschetti et al. 2006).  Landsat images have been 
successfully used in previous studies as a proxy for burned areas field work because it has adequate spatial and 
spectral resolution  (Roy et al. 2005, Boschetti et al. 2006, Chuvieco et al. 2008) 
 
Reference Information 

Satellite images from the Landsat TM/ETM+ and CBERS CCD were interpreted and classified in a dichotomic 
way: burned and non-burned.  Training regions were drawn over the images, assigning individual training regions to 
different tones of burned area. Once all different tones of burned areas were included, a maximum likelihood 
classification was applied.   A supervised classification in ETM+ images obtained after the 14th of July 2003 cannot 
be performed due to the scan line corrector failure (SLC-off).  For this reason, visual interpretation was used for 
SLC-off Landsat images.  Reference images for validation were carefully selected, only those images with large 
amounts of burned areas and free from clouds were chosen.  Images at the same location within the same dry season 
were disregarded.  It was impossible to select reference images through a statistical design following these 
constraints.  However, selected scenes are representative of the region of interest, covering savanna, primary forest 
and secondary forest.  Seven Landsat images and one CBERS image were classified using supervised classification.   
 
Products to Validate 

A total of four products of burned area are validated in different dates from 2001 to 2007:  1)  GlobCarbon,  is 
the result of the GlobScar project that started in 2001 with ATSR (Along Track Scanning Radiometer) (Simon et al. 
2004); 2) GBA 2000, based on VEGETATION instrument onboard SPOT satellite (Tansey et al. 2007);  3) MCD45, 
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this is the MODIS burned area product Roy et al. (2005); and 4)  the Área Quemada para Sudamérica (AQS) based 
on non-standard 32-days MCD45 Modis composites (Opazo and Chuvieco 2009) 
 
Validation Methods 

Burned area product validation was performed following the confusion matrix.  This method allows comparing 
a field truth map with the map to be evaluated.   In order to do so, all spatial information was projected to UTM18-
WGS84, assuring that map extent and pixel size were the same for reference maps and maps to be validated.  The 
confusion matrix allows determining global accuracy, omission errors (Oe) and commission errors (Ce).  Aside from 
the confusion matrix, the “Pareto Boundary” described by Boschetti et al. (2004b), was calculated in order to 
determine the effect of pixel size 500 m (MCD45) and 1000 m (AQS, L3JRC and GlobCarbon) on map accuracy.  

The Pareto Boundary was defined by a set of points that belongs to the boundary and drawn in a two dimension 
(Oe/Ce) coordinate system.  To calculate each point, a low resolution grid of 500 m or 1000 m must be overlaid on 
to the high resolution image (reference), and then the amount of burned area of the high resolution image is 
measured as the percentage for each pixel of the low resolution map (Fig. 2).  At this point each pixel of the low 
resolution map has a percentage value between 0 and 100, representing the amount of burned area at the high 
resolution map for the same area.  If only those pixels with a 100% burned of the low resolution map are considered 
as burned, the commission error is zero but the omission error is extremely high.  If on the other hand, a pixel is 
considered as burned at any percentage of burned area, the omission error (Oe) is zero, but the commission error 
(Ce) is extremely high.  Intermediate points could be calculated at different percentages of burned area on the low 
resolution map in order to get more (Oe/Ce) coordinates.  In other words, the set of coordinates (Oe/Ce) belonging 
to the Pareto boundary is built by changing the percentage threshold in which a cell would be considered as burned.  
Five thresholds (90-100%, 75-100%, 50-100%, 25-100%, 0-100%) were used for each pair of reference image and 
low resolution map to describe the Pareto boundary. 
 

 
Figure 2. Subset of a low resolution grid overlaid on a high resolution image (left) and Pareto Boundary (Right). 
The percentage of burned area on the low resolution cells changes from non-burned cell (white, 0%) to completely 
burned cell (black, 100%).  The selection of thresholds results in coordinate pairs of Omission and Commission 
errors (Oe/Ce). 
 

In addition to the Pareto boundary, which mainly describes the effect of the pixel size, a landscape metric 
known as edge density (ED) was calculated to describe the effect of fragmentation.  This metric is based on area and 
perimeter of burned areas (Fassnacht et al. 2006, Miettinen 2007), and is a measure of the complexity and shape of 
the polygons.  It was calculated as a fraction of the total perimeter to the total area: 
 
ED = Σ(BAP)/Σ(BA) 
 
where; 
ED (m/ha): Edge Density 
BAP (m): Perimeter for each burned area 
BA (ha): Surface for each burned area. 
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The burned class defined in the reference images was vectorized in order to get perimeter and surface for each 
burned area.  Large values of Edge Density indicate complex shapes and long borders, while low values indicate 
simple and compact shapes (Silva et al. 2005).   

 
 

RESULTS 
 

Table 1 presents the results of 20 confusion matrixes calculated between the reference images and each of the 
products evaluated.  In general, global accuracy is around 90% due to the large amount of agreements between non-
burned pixels. Burned area omission errors are those affecting global accuracy the most.  There is a tendency of 
omission errors (mean 0.44) to be larger than commission errors (0.38), which translates into an underestimation of 
total burned area. 
 
Table 1. Pair of coordinates Oe/Ce for Burned Area of a total of 20 confusion matrixes. Each matrix is identified by 

its date which corresponds to a Landsat ETM+ and CBERS reference images. 
 

 Omission Commission   Overall Kappa Image ID 
Error Error  Accuracy coefficient Path/row/yr/month/day
  AQS    

46.1 25.5  95.3 0.60 P006R05820040201
72.6 60.6  71.6 0.15 P005R05620040210
84.8 20.4  93.7 0.23 P005R05620051229

  GlobCarbon   
92.6 85  99.5 0.09 P004R05620010109
54.2 53.7  90.8 0.41 P005R05620010201
45.9 17.2  95.9 0.63 P006R05820040201
70.2 66.3  68.1 0.11 P005R05620040210

  L3JRC   
68 73.6  96.8 0.27 P004R05620010109

55.6 47  91.9 0.44 P005R05620010201
52.5 11.4  95.8 0.59 P006R05820040201
78.7 63.7  71.3 0.1 P005R05620040210
70.6 28.1  94.2 0.39 P005R05620051229
54.5 59.3  88.5 0.36 P184R09420070206
65.4 30.1  89.9 0.41 P004R05620070211
77.5 24.5  88.2 0.30 P005R05720070218

  MCD45   
71.3 53.4  97.9 0.34 P004R05620010109
40.0 49.2  91.6 0.50 P005R05620010201
54.8 51.4  90.2 0.41 P184R09420070206
66.2 29.2  89.9 0.41 P004R05620070211
77.9 20.3  88.4 0.30 P005R05720070218

 
Although there is a pattern towards larger omission errors (Fig. 3) there is also a large dispersion of Oe/Ce 

values.  Dispersion is reduced drastically when Oe/Ce values are considered by scene as shown by the ellipses, i.e. 
algorithms behave similarly within scenes but are highly variable among scenes.  In order to find the reliability of 
the burned area products algorithms and to assess the effect of the pixel size, the Pareto boundary method (from now 
referred to as efficient solution) was applied.  
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Figure 3. Pairs of Omission and Comission errors calculated using a confusion matrix; ellipses include Oe/Ce of 
individual images. 
 

The area under the efficient solution curve is defined by Boschetti (2004) as the unreachable region, there is no 
combination of Oe/Ce values for a given pixel size that could result in lower values.  Thus, the Oe/Ce values from a 
confusion matrix are above the curve and its distance represents the potential of the burned area algorithm to be 
improved.  Four out of thirteen calculated efficient solutions are shown (Fig. 4).  Each combination of reference 
image with low resolution images results in a different boundary.  It was found that for the same reference image, 
the area under the efficient solution is always lower for a 500 m pixel than for a 1000 m pixel.  No major differences 
were found between Oe/Ce values and efficient solutions, which in turn indicate similar inaccuracy due to the 
algorithms disregarding pixel size. 
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a) Landsat 20010201 

b) Landsat 20040210 

 

c) Landsat 20040201 
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Figure. 4. Efficient solutions at different thresholds (t) for two different pixel sizes: 500 m and 1000 m (a), and 1000 
m only (b,c).  Points are confusion matrix commission and omission errors for MCD45, GlobCarbon, L3JRC and 
AQS. 
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No major differences were found when evaluating the distances between Oe/Ce values and efficient solutions 
per each scene.  This might be an indication of similar disadvantages of the algorithms disregarding pixel size. 
However, large differences were found among scenes.   Figure (4b) shows the Oe/Ce values are far from the curve, 
indicating poor performance, in contrast, the pairs of Oe/Ce coordinates on Figure (4a) are close to its maximum 
accuracy, indicating the high quality of the algorithm. 

The area under the efficient solution curve is an indication of the accuracy that a burned area algorithm can 
achieve.   Since the efficient solution is sensitive to the size of the pixel it should also be affected by the landscape 
distribution of the burned area fragments.  A metric of landscape ecology was applied to each reference image scene 
to evaluate the effect of fragmentation on the efficient solution.  The metric was calculated using the vectorized area 
and perimeter of the reference image polygons. There are a total of eight curves, one for each reference image 
calculated with a grid of 1000 m.  Figure 5 presents a series of efficient solutions, each related to its respective edge 
density (ED) metric.  The metric value increases as the area under the curve increases, which at the same time 
increases burned area estimation inaccuracy.  
 

 
Figure 5.  Efficient solutions curves calculated for each high resolution scene and a 1000 m grid cell size with their 
respective Edge Density (ED) metric. 
 
 

DISCUSSION AND CONCLUSIONS 
 

A major challenge when validating burned area products is to achieve the largest temporal coherence between 
the date of the high resolution images and the product to be validated.  This is only possible if both data sources 
have the day of detection in each pixel, which evidently was not the case for the high resolution images, where the 
only date available is the one when the image was taken.  Fortunately, MCD45, L3JRC and GlobCarbon provide the 
day of detection per pixel allowing validation of burned pixels previous to the date of the high resolution image.  
This is not the case for AQS, which can only provide the date of the end of the 16-day composite.  

As discussed above, validation was made depending on the burned area product and the reference image 
availability.   It was found that AQS has the largest omission errors and lower commission errors; L3JRC and 
GlobCarbon presented similar omission errors but commission errors are lower in L3JRC, and finally, MCD45 had 
the lowest omission errors with commission errors slightly above those from AQS.  These results indicate that the 
best burned area product is MCD45, but L3JRC is the best of the 1000 m spatial resolution products.  The 
availability of high resolution images does not permit more conclusive results.  Although not statistically valid, 
similar tendencies are likely to appear if more data for validation were available. 
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It was found, for all the evaluated products, that omission errors are larger than commission errors for the study 
area, similar to those found by Tansey et.al (2007) for Africa.   Omission errors in burned area are the result of an 
underestimation at this class and it could be argued that it is compensated by commission errors.  The main reason 
for larger omission than commission errors, based on our observations, is related to the surface area of the burned 
fragments disregarding burned biomass class: small areas are constantly underdetected.  It is possible that the 
underdection is only related to sensor constraints or to undocumented contextual procedures.  The latter not only 
aggregates pixels, but also eliminates single pixels in order to avoid the salt and pepper effect. The underdetection 
issue is more important when located at forests, usually having few hectares, but producing the largest and long 
lasting greenhouse emissions. 

The efficient solution has been shown to be sensitive to both pixel size and the burned area distribution in the 
landscape. The edge density landscape metric is easy to calculate and its simplicity allows for a straightforward 
interpretation.   Here, it was shown that an increase in pixel size as well as an increase of fragmentation of burned 
areas results in larger omission and commission errors. In contrast, the distance between the Oe/Ce values with their 
respective efficient solutions is quite similar among products.  This shows that the size of the pixel of the burned 
area product is more important than differences among algorithms. 

When estimating burned areas or emissions, Hoelzemann (2004) and Roy (2005b) concluded that different 
satellite information should be considered. In this sense and as an alternative to omission in forests Boschetti et al. 
(2004a), found that Fire Active Data like World Fire Atlas (WFA) could be used as a complement for burned area 
products.  Further research on the detection of both small burned areas and understory burning is required. 
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