
A rule-based semi-automatic method to map burned areas 
using Landsat and Sentinel-2 images – revisited and improved

Nikos Koutsias and Magdalini Pleniou

University of Patras, Department of Environmental Engineering, Greece 



Maps of burned areas are important for various reasons



There are various products of burned 
areas but most are at global scale

However, recently USGS started 
providing the Landsat Level-3 Burned 
Area (BA) Science Product but only 
for US
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Thousands of images

We need automatic techniques





Pre- and post-fire image

Only post-fire image

 Rule Arithmetic expression Description 
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If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 

The reflectance of burned areas in the near-infrared band (e.g. 

TM4 in Landsat-5 or -7) is less than that in short-wave infrared 

band (e.g. TM5 in Landsat-5 or -7). However, for many other 

land-cover types (mainly the vegetated ones), their reflectance 

in near infrared band is higher than that in short-wave infrared 

band. Therefore, this rule differentiates burned areas with 

special emphasis on vegetated areas. 
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If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) 

The reflectance of burned areas in the short-wave infrared band 

(e.g. TM7 in Landsat-5 or -7) plus an additional threshold value 

(a in 0.10-0.25) is slightly higher than that in short-wave 

infrared band (e.g. TM5 in Landsat-5 or -7), while for other land 

cover types their reflectance in short-wave infrared band (e.g. 

TM7 in Landsat-5 or -7) is lower than in short-wave infrared 

band (e.g. TM5 in Landsat-5 or -7). Therefore, this rule 

differentiates burned areas with special emphasis on various 

land cover types and more specifically to vegetated areas.  
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If Landsat TM3 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 

The reflectance of sea water in the red band (e.g. TM3 in 

Landsat-5 or -7) is less than that in blue band (e.g. TM1 in 

Landsat-5 or -7), while for many other land cover types 

including the burned areas, their reflectance in red is higher 

than in blue. Therefore, this rule differentiates burned areas 

with special emphasis on water bodies. 
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If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) 

The reflectance of burned areas in the near infrared band (e.g. 

TM4 in Landsat-5 or -7) in the post-fire image is lower than that 

of the pre-fire image. An additional threshold value should be 

defined (a in 0.10-0.25), otherwise features having even a 1 DN 

value difference between the pre- and post-fire image are 

captured as changed. 
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If TM7 post > TM7 pre 

+ a TM7 pre then 1 

(burned) otherwise 0 

(unburned) 

The reflectance of burned areas in the mid infrared band (e.g. 

TM7 in Landsat-5 or -7) in the post-fire image is higher 

compared to the pre-fire image. An additional threshold value 

should be defined (a in 0.10-0.25), otherwise features having 

even a 1 DN value difference between the pre- and post-fire 

image are captured as changed. 
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Old set of rules New set of rules 

  Expression Application Expression Application 
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If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 
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If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.10-

0.25  

If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.35 
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If Landsat TM3 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM5 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 
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If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.2 
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If TM7 post > TM7 pre 

+ a TM7 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM7 post > TM7 pre 

+ a TM7 pre or If TM5 

post+ a TM5 post < 

TM5 pre then 1 

(burned) otherwise 0 

(unburned) a=0.05  

  Pre-fire image Post-fire image Old set of rules New set of rules 
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1st rule

TM4 post<TM5 post

2nd rule

TM5 post<TM7 post+threshold

3rd rule

TM3 post>TM1 post

4th rule

TM4 post+threshold<TM4 pre

5th rule

TM7 post>TM7 pre+threshold
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Pre- and post-fire image

Only post-fire image

 

Rul
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Old set of rules New set of rules 

  Expression Application Expression Application 
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If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 
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If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.10-

0.25  

If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.35 
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If Landsat TM3 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM5 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 

 

m
u

lt
i-

te
m

p
o

ra
l 

ru
le

s 

4
th

 r
u

le
 

If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.2 
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If TM7 post > TM7 pre 

+ a TM7 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM7 post > TM7 pre 

+ a TM7 pre or If TM5 

post+ a TM5 post < 

TM5 pre then 1 

(burned) otherwise 0 

(unburned) a=0.05  

  Pre-fire image Post-fire image Old set of rules New set of rules 
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1st rule

TM4 post<TM5 post

2nd rule

TM5 post<TM7 post+threshold

3rd rule

TM3 post>TM1 post

4th rule

TM4 post+threshold<TM4 pre

5th rule

TM7 post>TM7 pre+threshold



A successful example



A non-successful example



A non-successful example
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Old set of rules New set of rules 

  Expression Application Expression Application 
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If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM4 post < 

Landsat TM5 post then 

1 (burned) otherwise 0 

(unburned) 
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If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.10-

0.25  

If Landsat TM5 post < 

Landsat TM7 post + a 

Landsat TM7 post then 

1 (burned) otherwise 0 

(unburned) a=0.35 
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If Landsat TM3 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 

 

If Landsat TM5 post > 

Landsat TM1 post then 

1 (burned) otherwise 0 

(unburned) 
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If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM4 post + a TM4 

post < TM4 pre then 1 

(burned) otherwise 0 

(unburned) a=0.2 
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If TM7 post > TM7 pre 

+ a TM7 pre then 1 

(burned) otherwise 0 

(unburned) a=0.10-

0.25 
 

If TM7 post > TM7 pre 

+ a TM7 pre or If TM5 

post+ a TM5 post < 

TM5 pre then 1 

(burned) otherwise 0 

(unburned) a=0.05  

  Pre-fire image Post-fire image Old set of rules New set of rules 
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Pre- and post-fire image

Only post-fire image

1st rule

TM4 post<TM5 post

2nd rule

TM5 post<TM7 post+threshold

3rd rule

TM3 post>TM1 post

4th rule

TM4 post+threshold<TM4 pre

5th rule

TM7 post>TM7 pre+threshold

Pre- and post-fire image

Only post-fire image

1st rule

TM4 post<TM5 post

2nd rule

TM5 post<TM7 post+threshold

3rd rule

TM5 post>TM1 post

4th rule

TM4 post+threshold<TM4 pre

5th rule
TM7 post>TM7 pre+threshold
TM5 post+threshold<TM5 pre

Old set of rules New set of rules

thres=0.25 thres=0.35

thres=0.10-0.25 thres=0.05

thres=0.10-0.25 thres=0.05



Applying the new set of rules to the previous examples 

Old set of rules New set of rules



Applying the new set of rules to the previous examples 

Old set of rules New set of rules



Applying the new set of rules to the previous examples 

Old set of rules New set of rules



Applying the new set of rules to the whole image
New set of rules



Applying the new set of rules to the whole image
New set of rules





Pre-fire sentinel image Post-fire sentinel image

Applying the new set of rules to Sentinel-2 images



Applying the new set of rules to Sentinel-2 images
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Landsat



Sentinel-2







Applying the new set of rules to Sentinel-2 images

Old set of rules New set of rules



Applying the new set of rules to Sentinel-2 images

Old set of rules New set of rules
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Thank you for your attention


