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Abstract

Accurate information about location and extent of burnt area is required and of particular interest for the
scientific communities dealing with meteorological and climate models in what respects to reliable estimations
of biomass burned. An automated procedure is here presented that allows identifying and assigning dates of
occurrence to burned areas in Portugal using daily reflectance from NIR (near-infrared) and MIR (middle
infrared) bands, obtained from the MODIS instrument on-board Aqua and Terra satellites. The algorithm detects
persistent changes in the so-called (V, W) Burned Index time series, and the day of maximum change is then
identified as the burning day. The procedure was applied to the extreme summer of 2005 and results were
validated against a reference map derived from Landsat imagery. Comparison between the burned map as
obtained using the developed procedure and the reference map resulted in a Proportion Correct of 96%.
Probability of Detection was 63%, meaning that the algorithm was able to identify almost two thirds of the scars
occurred in 2005. An assessment of the temporal accuracy of the dating procedure was also conducted. Results
show that 75% of burnt pixels were correctly dated by the algorithm with differences to the hotspots dates less
than five days.

Keywords: Burned areas, NIR and MIR bands.

1. Introduction

Portugal is the European country most prone (per unit area) to fire occurrences, which are responsible
for many damages, like the emission of greenhouse gases and pollutants, the loss of vegetation and
lives, the soil erosion, the proneness to floods in the period following the fire events and the economic
impact, among others.

Instituto de Conservacéo da Natureza e das Florestas (ICNF), the Portuguese authority for forests,
has been producing yearly maps of fire perimeters. The fire atlas uses end of fire season Landsat
TM/ETM imagery to map all fire perimeters with areas larger than 5 ha. Because it relies on end-of-
season imagery, the atlas provides a spatial snapshot of the yearly area burned, and dates of burning
for individual events cannot be estimated. However, such information is required to fully understand
the fire regime and fire seasonality and to disentangle the complex interactions among fire, land cover
and meteorology.

The aim of this work is to apply the so-called (V,W) Burned Index in order to identify and assign dates
of occurrence to burned areas in Portugal using daily reflectances from NIR (near-infrared) and MIR
(middle infrared) bands, obtained from the Moderate Resolution Imaging Spectrometer (MODIS)
instrument on-board Aqua and Terra satellites.
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2. Methods

2.1. Data

Data consist of top of the atmosphere values of MIR radiance, NIR reflectance and thermal infrared
(TIR) brightness temperature, acquired by the MODIS instrument on-board Aqua and Terra satellites
during July, August and September 2005, together with the respective solar zenith angles. Data were
obtained from the Aqua and Terra / MODIS Level 1B 1 km V5 product, MODO021 and MYDO021,
(MCST, 2006) and respect to channels 2 (centred at 0.858um), 20 (centred at 3.785um), and 31
(centred at 11.017um). Surface values of MIR reflectance are then retrieved by applying the
methodology developed by Kaufman and Remer (1994), paying special attention to the possible
drawbacks previously pointed out by Libonati et al. (2010). Data from Aqua and Terra / MODIS
Geolocation Fields Level 1A V5 are also used (MODO03 an MYDO03).

Validation of results from the analysis performed on MODIS images is mainly carried out based on
the annual atlas provided by the ICNF, based on end of fire season Landsat TM/ETM imagery.
Validation of the dates assigned is based on the comparison of estimated dates by the developed
procedure and dates of hot spots as identified by Modis.

2.2. The “V,W” Burned Index

Following the procedure described in Libonati et al. (2011), the "V,W" burned index is computed for
each image based on differences (& index) between the reflected component of MIR (middle-infrared,
centred at 3.785 um) and NIR (near-infrared, centred at 0.858 um) together with the distance (1 index)
to a convergence point in MIR/NIR space, representative of a totally burned surface. Information of
hot spots extracted from the MODIS Fire and Thermal Anomalies Product (MOD14A1/ MYD14ATl)
is also used.

Coordinate V has a very small scatter for pixels associated with vegetated surfaces and coordinate W
covers a much wider range of values, allowing the identification of water content of vegetative
surfaces.

2.3. Identification of Burned Areas
Monthly minimum value composites of W are computed and seed points of potentially burned areas
are selected based on pre-specified thresholds of W and on temporal differences of W between
composites; seed points also have to be located inside a buffer around MODIS hot spots.
Burned areas are identified by expanding the search around selected seed points. Pixels considered as
burned are identified based on relative thresholds whose values are contextually derived from the
pixels in the neighbourhood. A spatial filter is finally applied to remove outliers.

2.4. Assigning dates to burned areas
The algorithm detects persistent changes in the (V, W) burned index time series, and the day of
maximum change is then identified by means of discrimination index S (Giglio et al., 2009), which
estimates the time separability between two groups of W observations a given day D (the first group
consists in the 6 days before D and the second one in the 6 days following D). A large and abrupt
decrease in the W values therefore implies positive values of S that is defined as:

S(e.v) AW (x,y)
X, V)=

Y [Upre(x.y) _Upos(x'y)]/z (1)
AW(X,:}/) = Wpre(x;y) - Wpas(xvy) (2)
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3. Results

Figure 1 shows the values of Wi and AWt.1y/W: for July, August and September 2005, as obtained by
the algorithm. Burned areas are concentrated in pixels with low values of W and/or with negative
values of AWyt-1)/ Wt (normalized difference between the value of W in the current and the previous
month), namely pixels whose value of W has decreased from one month to another.
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Figure 1. Minimum value composites of W Index for July (upper left panel), August (upper central panel) and
September 2005 (upper right panel). Normalized differences between the composites for August and July (lower left
panel) and between the composites for September and August (lower right panel).

As mentioned before, fixed thresholds and contextual algorithms are applied to the temporal
composites of Wt and AWyt-1)/Wt. This methodology is applied to both August and September 2005,

resulting in two scar maps that are on the basis of the burned area map of August and September 2005
(Figure 2).
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Burned areas - August and Septermnber 2005 Burned areas Landsat - 2005

Figure 2. Burned area map for August and September 2005, as obtained by the algorithm based on MODIS imagery
(a - left panel) and the reference map for the whole year of 2005, based on Landsat imagery (b - right panel).

Validation of burned area is based on the comparison of the map obtained by the developed algorithm
(Figure 2a) with the one derived from scar vectors independently obtained from an end of season
Landsat image by ICNF (Figure 2b). For this purpose, the reference map of scar vectors was rasterized
to 1 km resolution, the same of MODIS imagery. In this process, however, some pixels, mainly the
ones located in the borders of the scars, do not represent totally burned areas. Because of this, each
pixel of the reference map have associated to it a value which represents the percentage of burned area
(Figure 3).

% bumed pixels

Figure 3. Proportion of burned area in pixels of the reference map, based on Landsat imagery.

Comparison between both maps is performed based on a contingency table (also known as confusion
matrix), where all pixels correctly classified are located in the main diagonal, and the incorrect ones,
in the remaining cells. The contingency table allows computing a set of accuracy measures, namely
Proportion Correct (PC), Commission Error (CE), Omission Error (OE) and Probability of Detection
(POD). These measures were computed according to the studies carried out by Binaghi et al. (1999),
where agreement or disagreement between reference data (with high resolution) and classified data
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(low resolution) are calculated taking into account the proportion of burned/unburned area of the
reference data inside each pixel of classified data. Tables 1 and 2 present the confusion matrix and the
accuracy measures, respectively.

Table 1. Contingency table calculated according to studies carried out by Binaghi et al. (1999). Classification was
made based on MODIS instrument data, while reference data were based on Landsat imagery.

LANDSAT
- BURNED UNBURNED Total
é BURNED 1596.7 3165.0 4761.7
= UNBURNED 943.7 87765.6 88709.4
Total 2540.4 90930.6 93471.0

Table 2. Accuracy measures calculated from the contingency table: Proportion Correct (PC), Commission Error (CE),
Omission Error (OE) and Probability of Detection (POD).

Accuracy Measures

PC 96%
CE 66%
OE 37%
POD 63%

The spatial distribution of omission errors, commission errors and hits is presented in Figure 5. Green,
red and magenta pixels indicate correctly identified burned areas; commission errors and omission
errors, respectively.
According to Table 2, 63% of burned pixels identified by ICNF (based on the end of fire season
Landsat imagery) were correctly classified by the algorithm (based on MODIS imagery). This is a very
good result, since the algorithm only detects scars corresponding to August and September, while the
reference map refers to the whole year of 2005. In other words, using only images of July, August and
September, the algorithm was able to detect more than a half of burned area in the year of 2005.
Cases of omission error represent 37% of burned pixels of the reference map. Taking into account
hotspots dates, it is found that 23% of all omission errors refer to wildfires occurred in months that are
neither August nor September. Therefore, 23% of all omission errors refer to wildfires that occurred
outside the period of imagery used, not being detectable by the algorithm. Most of these cases are
related to hotspots detected in July (15), namely the largest scar not detected by the algorithm,
highlighted in the right panel of Figure 4. On the other hand, almost 30% of omissions have an
associated hotspot detected in August or September, and should have been identified by the algorithm
(Figure 5). Almost half of omission cases occurred in pixels without the presence of hotspots. This
may be due to the following three causes:

a) Hotspots used were restricted to those with confidence over 50%;

b) The MODIS algorithm of detection of hotspots failed;

c) The scar map of ICNF may be incorrect in some cases, presenting scars that do not

correspond to wildfires (e.g., deforestation).
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Burned area validation - August and September 2005

Figure 4. Validation of detection of burned areas. Green pixels indicate agreement between Modis and Landsat;
magenta pixels indicate omission errors; red pixels indicate commission errors.

Another important question relates to the proportion of burned pixels area. More than a half (55.4%)
of all omission errors refers to MODIS pixels in which only 1-50% of the area is burned (Figure 6).

These pixels are, therefore, more difficult to be detected by the algorithm that uses low resolution (1
km) data.

Hotspots months in omission pixels

Other months

22.5%

et

No hotspots

September
L 47,6%

A0
2.4%

August
27,5%

Fom .

Figure 5. Relative frequency of monthly distribution of hotspots in pixels characterized as omission errors; 62.2%
however, do not have associated hotspots.
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Proportion of burned area in omission pixels

91to 100%
14,9%

8110 90%
7.3%
710 80%
7.4% I to 50%
55.4%
61to 70%
7.7%
510 60%

- 30,
7,3%

Figure 6. Proportion of burned area of pixels characterized as commission errors. Only 18.4% correspond to pixels in
which 90 to 100% of the area is burned.

Two thirds (66.5%) of the pixels detected as burnt by the algorithm were commission errors. However,
14.8% of them have associated hotspots in August and September (Figure 7). Being classified as
burned by the algorithm, these pixels are associated to W low values, and since at least one hotspot
has been detected it is quite likely that they have burned in fact; the discrepancies may therefore be
due to inaccuracies in the reference map, which, despite having a higher spatial resolution and having
been prepared with due care, is also subject to errors, mainly because of its lower temporal resolution.

Hotspots months in commission pixels

September ~ Other 4,5%
3,0%

August
11.8%

No hotspots
80,6%

Figure 7. Relative frequency of monthly distribution of hotspots in pixel with commission errors. 20.7% of
commission errors have hotspots in August and September, a possible indication of hit of the algorithm and omission
of the reference map.
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Dates assigned by the algorithm are presented in Figure 8. Attribution of dates was only made for
pixels correctly identified as burned (left panel); hotspots dates are also presented for the same pixels,
when available (right panel). Validation was performed by comparing these dates (between August 1
and September 30). It may be noted that we opted to restrict to hotspots with confidence higher than
50%, so they are supposed to represent wildfires in fact.

Algarithr dates Hotspots dates

- 40

F 30

FoH20

Figure 8. Days of wildfires occurrence. Day 1 refers to August 1, and day 61, to September 30, 2005. Darker blues
refer to unburned pixels (zero value) and pixels outside Portugal (negative values) (left panel). On the right panel, are
presented days of occurrence of hotspots in the same pixels, when available.

Comparison of estimated dates by our procedure and dates of hotspots as identified by MODIS showed
that more than 3/5 of cases (63.5%) have differences between -2 and +2 days and that 3/4 of cases
(75.0%) have differences between -5 and +5 days (Figure 9).

Differences of dates

70%

60%
>
2 50%
(1]
3
S 40%
=
¢ 30%
=
< 20%
-

e — -
<-5 5sd<-2 -2<d=s2 2<d=<5 >5
Days of difference between dates from algorithm and from hotspots

Figure 9. Differences between dates assigned by the algorithm and dates of hotspots occurrence. 75% of dates were
correctly attributed.
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4. Discussion

A new automated method of detection and of date assignment to burned areas was applied to Portugal,
based on daily reflectances from NIR (near-infrared) and MIR (middle infrared). A total of 170 images
from MODIS instrument on-board Aqua and Terra satellites were used during July, August and
September 2005, the second worst year in terms of burned area in Portugal.

The algorithm uses MIR and NIR information to calculate the (V, W) Burned Index. Burned pixels
are identified by means of fixed and contextual thresholds on monthly composites, and burned area
maps are generated. Comparison between generated and reference maps, the latter based on end of fire
season Landsat imagery resulted in an agreement of 95.6%, and a Probability of Detection of 62.9%,
which means that with only low resolution images for July, August and September, the automated
procedure was able to detect almost two thirds of all scars occurred in 2005.

Omission and commission errors were observed mainly on the scars borders, where the proportion of
burned area is not so large and the spectral signal on the W Index is not so pronounced. Commission
errors were also observed in isolated scars, generally small ones and associated to hotspots. It is
possible that these cases are actually omission errors of the reference map and hits by the algorithm.
This would be possible given the fact that the reference map is based on end of fire season imagery,
when the radiometric signal of some small scars could have been already extinguished. Besides, the
lower temporal resolution of Landsat when compared to MODIS, naturally leads to a smaller number
of available images.

Omission errors were also observed in isolated scars, generally large ones. Analyzing dates of hotspots
in these pixels, when available, it was noted that these undetected scars correspond to wildfires that
have not occurred in August and September. Notably the greatest scar, located in the central of the
country, in which hotspots indicate wildfires occurred in July. Therefore it was not supposed to be
detected by the algorithm.

The attribution of dates to the scars was made based on analysis of W Index values, being the day with
the greatest variation (greatest temporal separability) considered the day of burn. Validation shown
that 63.5% of the pixels were correctly dated, with differences of the hotspots occurrence between -2
and +2 days. Allowing differences of up to 5 days, the matching score increases to 75.0%.

Results from this work open very promising perspectives towards the operational identification and
the assignment of dates to burned areas, therefore contributing to a better understanding of fire regimes.
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