








With the exception of 2008 where B reaches 1.56, the AQM product presents an unbiased 
behavior, with values of B very close to unity (Figure 3). The NASA BA products in turn tend 
to underestimate the number of pixels classified as burned and this is particularly true in 2009 
where B is as low as 0.20 and 0.14 for MCD64A1 and MCD45A1; an opposite behavior may 
be found in 2010 when values of B reach maxima of 0.69 and 0.48 for MCD64A1 and 
MCD45A1, respectively. 

 

 
Figure 2. Verification measures as obtained from confusion matrices of AQM and 

MODIS MCD64A1 and MCD45A1 versus reference map of burned scars derived from 
Landsat TM over Jalapão from 2005 to 2010. 

 
Figure 3 shows for AQM (left panel) and MCD64A1 (right panel) the spatial distribution 

of hits, omissions and commissions over Jalapão during the period 2005-2010. The AQM 
product shows lower OE than MCD64A1 that presents a higher value of OE and a very low 
value of CE. A large fraction of pixels with commission errors in AQM are located in the 
external borders of the scars (delimited by the black lines). 

A better insight into the different characteristics presented by AQM and the two NASA 
BA products is obtained by looking at the characteristics of pixels correctly classified as 
burned areas (hits) or contributing to omission and commission errors (Table 3), as obtained 
when comparing AQM and MCD64A1 and MCD45A1 versus reference map of burned scars 
derived from Landsat TM over Jalapão from 2005 to 2010. Corresponding fractions of pixels 
located inside (I), in the external border (B) and outside (O) the reference scars were also 
computed and, for hits and omissions, evaluations were also made of the fractions of low 
burned pixels (L), i.e. those covered less than 50% by burned areas in Landsat reference map 
and of high burned pixels (H), i.e. those covered more than 50% by burned areas. As shown 
in Table 3, for all three products the large majority of hits is associated to pixels located inside 
burned scars, but the AQM is able to correctly identify a substantially larger number of 
burned pixels, 31% of them located in the external borders of the scars (an amount quite 
larger than those by the NASA products that are that are 19% and 22% for MCD64A1 and 
MCD45A1, respectively). On the other hand, the AQM product is able to correctly identify as 
burned 44% of pixels with low fraction of burned area (less than 50%), an amount that is 
more than the double of that by MCD64A1 (22%) and almost the double than that by 
MCD45A1 (24%). The AQM product presents a substantially lower number of omission 
errors than the NASA products, but for all three products the larger fractions are associated to 
pixels located in the borders of scars and to pixels with low fraction of burned area. The very 
large number of commission errors by AQM also presents a large contrast with the very low 
number by the two NASA products; however, more than two fifths of commission errors in 
AQM are associated to occurrences in pixels located in the borders of the scars suggesting 
that they are not to be viewed as ‘false alarms’ in the strict sense, but as an overestimation of 
the size of the real scars. This problem is likely to be associated to errors in geo-referencing of 
a small number of MODIS images that propagate into the multi-image composites.  
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AQM 2005 MCD64 2005 

AQM 2006 MCD64 2006 

AQM 2007 MCD64 2007 

AQM 2008 MCD64 2008 

AQM 2009 MCD64 2009 

OA=82% 
OE=29% 
CE=38% 
B=1.14 

OA=89% 
OE=57% 
CE=2% 
B=0.44 

OA=87% 
OE=39% 
CE=42% 
B=1.05 

OA=93% 
OE=56% 
CE=5% 
B=0.46 

OA=79% 
OE=20% 
CE=24% 
B=1.05 

OA=80% 
OE=57% 
CE=2% 
B=0.43 

OA=83% 
OE=27% 
CE=53% 
B=1.56 

OA=92% 
OE=64% 
CE=18% 
B=0.43 

OA=83% 
OE=36% 
CE=44% 
B=1.13 

OA=89% 
OE=81% 
CE=4% 
B=0.20 
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AQM 2010 MCD64 2010 
Figure 3. Maps showing pixels where true burned areas were detected (green), together 

with omission (blue) and commission (red) errors. TM reference scars (black lines) are 
superimposed.  

 
Table 3. Hits, omission errors and commission errors for AQM, MCD64A1 and 

MCD45A1 versus the reference maps. Each cell also presents the corresponding fractions of 
pixels located inside (I), in the external border (B) and outside (O) the scars in reference maps 
and, for hits and omissions, the fractions of low burned pixels (L), i.e. covered less than 50% 
by burned areas in Landsat reference map and of high burned pixels (H), i.e. covered more 
than 50% by burned areas. 

 
Hits Omissions Commisions 

   

AQM 
28255 

I=69%;B=31% 
L=44%; H=56% 

23637 
I=44%; B=56% 
L=65%; H=35% 

14581 
O=58%; 
B=42% 

MCD64 
13425 

I=81%; B=19% 
L=22%; H=78% 

38467 
I=49%; B=51% 
L=65%; H=35% 

579 
O=58%; 
B=42% 

MCD45 
9332 

I=78%; B=22% 
L=24%; H=76% 

42560 
I=53%; B=47% 
L=60%; H=40% 

786 
O=52%; 
B=48% 

 
4. Conclusions 

We have performed a validation of three BA products, namely AQM/INPE, 
MCD64/NASA and MCD45/NASA, against reference maps of scars derived from Landsat 
TM imagery over a study region located in Cerrado. Because the products to be validated 
have different spatial resolutions than that of reference maps (i.e. AQM with 1 km, NASA 
with 500 m and Landsat scars with 30 m), the error matrix was estimated following a new 
approach based on the assumption of mixed pixels, where the agreement/disagreement 
between product and reference data are computed taking into account the proportion of BA 
from reference data within the product pixel. 

The two NASA products present very low commission errors (below 10%) but they 
are affected by very high occurrence of omission errors (greater than 60% in almost all cases 
analyzed). The AQM product has larger commission errors (20 to 40%) but a large fraction of 
those (more than 40%) occur at the borders of the scars and may therefore not be strictly 
viewed as false alarms; there is also a clear reduction of the omission cases (below 40% in all 
cases). The AQM product presents a clear reduction of omission errors that reflects a higher 
probability of detection of burned pixels. 

Differences between results from the three products may be traced back to major 
differences among the respective algorithms. The MCD45 product does not make use of 

OA=81% 
OE=16% 
CE=21% 
B=1.09 

OA=88% 
OE=32% 
CE=3% 
B=0.69 
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information about fire activity and detection of BA is based on changes in values of 
reflectance. The MCD64 product takes advantage of information about hotspots as detected 
by the MODIS instrument and uses a burned area index to classify pixels as burned. The 
larger number of burned pixels detected by the AQM product (when compared with MCD45 
and MCD64) may be attributed to two main factors. First the usage by the algorithm of the W 
index that was specifically designed for ecosystems in Brazil, taking advantage of the ability 
of MIR reflectance to discriminate burned areas. Secondly, the usage of active fire 
observations from multiple sensors that considerably contributes to mitigating the problem of 
failing to uncover BA due to active fire omissions either because of the time of satellite 
overpass or due to obscuration by clouds, smoke and vegetation.  
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