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ABSTRACT:

Understanding spatial and temporal patterns of burned areas at regional scales, provides a long-term perspective of fire processes
and its effects on ecosystems and vegetation recovery patterns, and it is a key factor to design prevention and post-fire restoration
plans and strategies. Standard satellite burned area and active fire products derived from the 500-m MODIS and SPOT are avail -
able to this end.  However, prior research caution on the use of these global-scale products for regional and sub-regional applica -
tions. Consequently, we propose a novel algorithm for automated identification and mapping of burned areas at regional scale in
semi-arid shrublands. The algorithm uses a set of the Normalized Burned Ratio Index products  derived from MODIS time series;
using a two-phased cycle, it  firstly detects potentially burned pixels while keeping a low commission error  (false detection of
burned areas), and subsequently labels them as seed patches. Region growing image segmentation algorithms are applied to the
seed patches in the second-phase,  to define the perimeter  of fire affected areas  while  decreasing omission errors (missing real
burned areas). Independently-derived Landsat ETM+ burned-area reference data was used for validation purposes. The correlation
between the size of burnt areas detected by the global fire products and independently-derived Landsat reference data ranged from
R² = 0.01 - 0.28, while our algorithm performed showed a stronger correlation coefficient (R² = 0.96). Our findings confirm prior
research calling for caution when using the global fire products locally or regionally.

1. INTRODUCTION

Over the past few decades wildfires have received significant
attention because  of the  wide  range of ecological,  economic,
social, and political values at stake. Their impacts rely heavily
on the intensity, frequency and spatial  distribution,  which in
turn  are  influenced  in  complex  ways by several  natural  and
anthropic  factors.  The  understanding  of  these  feedbacks  at
regional scale depends on an accurate knowledge of the timing
and extent of fire events. As collecting fire data in the field is
time consuming, expensive and difficult,  especially in remote
areas,  many studies  have  investigated  the  ability  of satellite
imagery  to  monitor  biomass  burning  and  produce  accurate
burned area estimates, proving to be a cost effective, objective
and time-saving tool (Chuvieco and Kasischke, 2007).
A range of multi  annual  global-satellite-derived fire  products
have been developed over the last decade using automated and
semi-automated  algorithms  for  systematic  fire-affected  area
mapping over long time series including  MODIS total burned
area (MCD45A1), the active fire algorithm (MOD14); and the
L3JRC SPOT VEGETATION 1km GLOBCARBON products.
While these fire products appear  suitable  at the global scale,
detection and mapping of burned  areas  at  regional  and local
levels  remains  challenging  due  to  the  diverse  and  complex
patterns  associated  to  the  spectral  response  of burned  areas
over space and time. 
Accordingly,  this  paper  investigates  whether  global  fire
products  can  cater  for  the  provision  of  accurate  data  and
information on wildfires (or bushfires) over small areas, and/or
complex  spatial  patterns  that  are  common  to  semiarid
ecosystems.  To this  end  we  developed  and  tested  a  novel
algorithm  for  automatic  delimitation  of  burned  areas  at
regional or local scale, using the semi-arid Monte ecosystems

of Argentina as pilot study area, and compared its performance
with selected MODIS-and SPOT VEGETATION-derived global
fire products.  

2. MATERIAL AND METHODS

2.1 Input data set 

The primary input for the proposed burned area algorithm was
the 2000-2011 time series of the MODIS-derived Normalized
Burned  Ratio  index  (NBR),  and  the  temporal  difference  of
consecutive  images  (dNBRt=NBRt-NBRt-1).  The  NBR  index
serves to detect burned areas, while the dNBR measures burn
severity. The NBR index for the study area was obtained using
16  days  composites  (maximum  value  composite)  of
MOD13Q1, bands 2 and 7.

2.2 The burned area algorithm

Figure 1 shows a  flowchart  summarizing the methodological
steps  of the  burned  areas  algorithm.  The  input  data  are  the
Normalized  Burned  Ratio  Index  (NBR)  derived  from  the
MODIS time series aforementioned. The burned area algorithm
works in two phases, executed iteratively. The first phase aims
to  detect  ‘potentially  burned’  pixels  while  keeping  a  low
commission error (false detection of burned areas); these pixels
become ‘seed patches’ and are input to a region growing image
segmentation algorithm to delineate  the perimeter of the fire
affected  area,  decreasing  omission  errors  in  this  process
(missing real burned areas).
The first phase of detecting potentially burned pixels includes
two stages; the first one aims to detect abrupt changes and the
second one to detect persistent changes (Figure 2),  based on
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the values of NBR and dNBR. The resulting pixels are labelled
as seed areas. The second phase uses the seed patches to define
the  perimeter  of  the  burned  area  through applying  a  region
growing image segmentation algorithm. 

2.3 Validation with independently-derived reference data

The mapping accuracy of the output results was assessed using
reference  data  obtained  from independently-derived  Landsat
Enhanced  Thematic  Mapper  Plus  (ETM+)  burned-areas.
Reference burned area perimeters were obtained by supervised
classification  of  Landsat  ETM+  images  of  30  m  spatial
resolution. 
Linear  regression  equations  were  fitted  between  the  results
generated  by  the  burned  areas  algorithm  applied  on  the
MODIS-derived NBR, and the independently derived Landsat
reference estimations of burned area using a 5x5 km grid. 

2.4 Comparison with global fire products

MCD45A1 burned  area and MOD14A1 active fire  products,
and  the  SPOT VGT derived  L3JRC  products  were  used to
compare their performance with the results of our algorithm. 

3. RESULTS AND DISCUSSION

The  burned  area  algorithm  allowed  to  detect  768  wildfires
during the 11 years analysed (Figure 3). The total burned area
was computed as 47,330 km², which represents 23.11% of the
study region. Most of the burned area was burnt by a few large

fires; 95% of the burned area (44,960 km²) was caused by only
18% of the fires. Moreover, the 11 biggest fires burned almost
50% of the total burned area. These large fires mostly occurred
in the 2000/2001 season that was particularly dry in the region.
On  the  other  hand,  fires  with  sizes  smaller  than  100  km²
occurred with higher  frequency,  about  45 annually.  Although
they represent about 80% of the fire numbers, they accounted
for only 20% of the burned area. 

Regarding  wildfires  recurrence,  the  analysis  indicates  that
most of the burned areas were burned once over the 11 year
period  considered  in  this  research,  and  only 3,813  km ² (or
1.57% of the total  area) burned twice. Furthermore only 160
km ² (or 0.5 % of the total burned area) burned three times.
The mean fire return interval (FRI, analyzed years/total burned
area/total area) in the study area was of 50.84 years. Compared
with other studies in similar areas, we found a slightly longer

Figure 2: Temporal variation of the average of the NBR and dNBR index
on a burned area indicating the abrupt change in the dNBR index and

persistent change the NBR index.

Figure 3: Burned areas mapped by the burned area algorithm over the
2001–20011 period.

Figure 1: Flowchart of the burned areas detection algorithm indicating input and output data (white panels) and the main processes
(Grey panels). The algorithm is applied recursively to each image in the time series, from 2001-001 to 2011-365.
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FRI. For example, Brown et al. 2002 found a FRI of 36 ± 10
years, Stein et al. (2013) found a FRI of less than 35 years and
Keeley (2005) found a  FRI between 10 and 20 years.  These
differences  could  be  due  to  the  lesser  influence  of
anthropogenic activities in our region..

3.1 Validation with independently-derived reference data

A total of 1490, 5x5 km grid cells covering the validation area
(37,250 km2)  were considered in the validation process.  The
independently derived reference data indicates that 132 (8.85
%) grid-cells were affected by a total of 21 individual wildfires
in  different  proportions.  The  outputs  of  the  burned  area
algorithm are in a close agreement with the Landsat reference
data; the overall regression slope between our results and the
reference burned areas perimeters was 0.99, with R2 equal to
0.96 (Figure 4).

3.2 Comparison with global fire product

The  global  fire  products  (L3JRC,  MOD14A2,  MCD45A1)
showed  a  poorer  agreement  with  the  reference  data  in
comparison with estimations from the burned area algorithm,
as  evidenced  by  the  low R2 values  of  the  fitted  regression
models (Table 1 and Figure 5). The analysis of the slopes of the
regression models indicates the largest over-estimation of fire-
affected areas  to occur when using the SPOT VEGETATION
L3JR6 followed by MOD14A2 (Active fire).  In contrast,  the
MOD45A1  (Burned  areas)  underestimates  moderately  the
areal  extent  of burned areas.  The intercept  of the regression
models  is  relatively  high  (Table  1),  indicating  that  all  the
global  fire  products  failed to detect  small  patches of burned
areas.  It  is  worth  noting  the  significant  underestimation  of
burned  areas  detection  by  MOD45A1;  all  the  burned  areas
being lesser than 60% compared to burned area detection by
Landsat.

Table 1. Accuracy in detection of burned areas at regional scale
of global products.

Product R2 Intercept Slope

L3JRC  (VGT Burned Areas) 0.01 6.18 (slope=0.06)

MOD14A2 (Active Fires) 0.25 5.09 (slope = 0.97)

MCD45A1 (Burned Areas) 0.05 7.57 (slope = 1.15)

Comparing  MOD14A2  with  MOD45A1  Roy  et  al.  (2008)
found the active fire product detected larger burned areas than
the  MODIS  burned  area  product,  in  concordance  with  our
results.  Furthermore,  Roy  and  Boschetti  (2009)  compared
SPOT VEGETATION L3JRC with MOD45A1 and found that
the  former  underestimated  much  of  the  burned  area  (only
detected  14  %),  unlike  our  results;  while  MOD45A1
moderately underestimated burned areas (75 %, similar to our
results). The authors argued that global burned area products
fail to meet accuracy requirements for local or regional scale
mapping.  These findings highlight that  algorithm accuracy is
dependent  on ecosystem type and size of burned areas to be
detected; thus the algorithms should be designed and validated
considering  the  type  of  coverage,  and  accounting  for  inter-
seasonal variations to capture a greater variability of fire size. 

4. CONCLUSIONS

The  semi-desert  biome  is  widely  distributed  on  the  earth's
surface; the Köpens climate  classification places estimates  it
covers a tenth of the land surface (11.17%). The influence of
climate change on wildfires on this type of biome is difficult to
predict; although some authors have suggested that an increase
of wildfires is very likely to occur directly, due to an increase
in climate variability and as a consequence of warmer weather
(IPCC 1996, WG II, Chapter 2),  and indirectly because fires
may reduce  local  precipitation  because  fire-emitted  aerosols
increase in the number of cloud condensation nuclei, producing
smaller cloud droplets that are less likely to fall as rain (IPCC
1996,  WG  II,  Chapter  1).  The  latter  predictions  add
significance to evaluation studies  as  discussed in  this  paper.
While global fire products MCD45A1, MOD14A2 and L3JRC
appear  to  deliver  well  cartography for  ecosystems  at  global
scale, our research demonstrates significant limitations in their
ability to detect and map wildfires in semi-arid ecosystems at
regional or local scale. The global fire related products did not
show a good agreement with reference data, which highlights
the need for caution when applying these global  products  at
local or regional levels.
The locally-adaptive algorithm we developed using time series
of  MODIS-derived  NBR  index  outperformed  all  the  global
products in mapping the extent and number of burned areas in
a  semi-arid  ecosystems  at  regional  scale.  The  validation  by

Figure 4: Spatial distribution of burned areas a) on the
reference data b) on the output of the burned area algorithm

and c) scatter plot of the proportions of 5 × 5 km cells labeled
as burned by the burned area algorithm, plotted against the

proportion labeled as burned by reference data. The regression
line is plotted as a solid black line, and smoothed 0.95

confidence interval in gray.

Figure 5: Spatial distribution of burned areas detected by a) MOD14, b)
MOD45, c) MOD 45; and scatter plot of the proportions of 5 × 5 km cells

labeled as burned by the c) MOD14, d) MOD45, and e) L3JRC plotted
against the proportion labeled as burned by reference data. The regression

lines are plotted as a solid black line, and smoothed 0.95 confidence
interval in gray.
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linear regressions between high resolution data and the burned
area  algorithm  outputs,  generated  for  11  years  of  data,
indicates that the algorithm accurately maps burned areas. The
developed algorithm is an improvement on previous methods,
mainly  due  to  the  possibility  of  keeping  relatively  relaxed
thresholds  without  compromising  commission  errors.   Since
our algorithm uses freely accessible Terra and Aqua MODIS
products, it can provide inexpensive, more reliable and salient
information for decision-making on land management in semi-
arid environments (e.g. shrublands, rangelands). Our findings
have significant implications for the implementation of reliable
early warning monitoring systems at regional, sub-regional and
national  scales.  Even  though  we  consider  that  due  to  its
relative simplicity (e.g.  few parameters)  the algorithm might
be easily adapted to other biomes, further research is needed to
test  its  performance  in  other  biomes  and  to  evaluate  its
accuracy depending on vegetation cover type. In this regard, we
are  currently  working  on  implementing  the  burned  area
algorithm in southern South America, over the 2000-2012 time
period.
Our  investigation  suggest  that  for  detecting burned  areas  in
other  geographic  regions  using  this algorithm  the  following
steps  are  needed  prior  to  implementation:  1)  determine  the
relative  inaccuracy of fire  detection  due  to  sensor  properties
(e.g., signal to noise ratio) and scene variability, 2) adjust the
algorithm with regard to the NBR thresholds, 3) investigate the
sensitivity  of  semi-automated  burned  area  detection  to  land
cover and its  properties,  the  size and shape of burned  areas,
and confusion with other forms of vegetation removal. Lastly,
fire detection algorithms can improve detection accuracy if the
user  community plays an active role  in  defining fire  product
requirements,  becoming  actively  involved  in  product
development, implementation, and validation efforts.
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