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Southern Africa Validation of the MODIS, L3JRC,
and GlobCarbon Burned-Area Products

David P. Roy and Luigi Boschetti

Abstract—Three available global multi-annual burned area
products (L3JRC, GlobCarbon, and MODIS) are validated for a
burning season across southern Africa. Validation is undertaken
using the same independent reference data and using the same
validation and reporting protocol. The independent reference data
were derived by interpreting multitemporal Landsat Enhanced
Thematic Mapper Plus data to map the location and approximate
date of burning at 11 Landsat scenes distributed across southern
Africa and covering approximately 295000 km>. The accuracy
of the products was quantified using metrics derived from con-
fusion matrices to characterize product accuracy for local appli-
cations and using metrics derived through a linear regression on a
5 X 5 km grid to characterize product accuracy for coarser scale
applications. Quantitative results are described, and the differ-
ences between the products are discussed.

Index Terms—Burned area, satellite, validation.

I. INTRODUCTION

HE POTENTIAL research, policy, and management ap-

plications of satellite products place a high priority on
providing statements about their accuracy [38]. Intercompar-
ison of products made with different satellite data and/or
algorithms provides an indication of gross differences and,
possibly, insights into the reasons for the differences; however,
product comparison with independent reference data is needed
to determine accuracy [25]. Validation is the term used here
and, more generally, to refer to the process of assessing satellite
product accuracy by comparison with independent reference
data. Validation is required to provide accuracy information to
help users decide if and perhaps how to use a product and,
combined with product quality assessment [48], to identify
needed product improvements [36], [61].

The need for a validated long-term record of global burned
area was initially established in the context of the international
global observing system [20] and was refined by the Committee
on Earth Observation Satellites (CEOS) and the Global Climate
Observing System to meet the needs of the U.N. Framework
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Convention on Climate Change [74]. There are several out-
standing issues in the development of a global-scale burned-
area product validation methodology. These include the need
to increase the quality and economy of validation by devel-
oping and promoting an international network of validation
sites and by establishing accuracy assessment and reporting
protocols [25], [36], [38], [68]. Common validation sites afford
opportunities for independent reference data sharing and can be
expected, with the development of validation protocols, to fos-
ter standardization of product accuracy reporting. These needs
have long been advocated by fire product producers and product
users, for example, at the International Geosphere—Biosphere
Program Data and Information Services working group meet-
ing on remote sensing of fires, held in Toulouse, France, on
March 19-20, 1998, and at the joint Global Observation
of Forest Cover (GOFC)/CEOS Land Product Validation
Fire Satellite Product Validation Workshop, held in Lisbon,
Portugal, on July 9-11, 2001 [46]. Despite the number of pub-
licly available global-satellite-derived burned-area products,
including the Global Burned Area 2000 (GBA2000) [21], [65],
GLOBSCAR [57], GlobCarbon [44], Leicester, Louvain-la-
Neuve, Lisbon, and JRC (L3JRC) [66], and the Moderate
Resolution Imaging Spectroradiometer (MODIS) [50], [53]
products, there has been neither rigorous assessment of their
accuracy nor development of systematic assessment method-
ologies. Arguably, this has been because of limited resources
and because of the scope and complexity of the task. Limited
product comparison studies have revealed large discrepancies
in the areal estimates, timing, and location among satellite
fire products and highlight the need for systematic product
validation (e.g., [5] and [30]).

The validation of satellite active fire products is difficult be-
cause of practical problems in collecting independent reference
data that characterize the location and physical properties of ac-
tively burning fires. Previous approaches have used independent
reference data from aircraft observations of prescribed fires
and wildfires (e.g., [29]). Aircraft campaigns are expensive to
undertake in a regionally or globally representative manner and
are difficult to coordinate with cloud-free conditions at the time
of satellite overpass. Similarly, although ground-based fire mea-
surements may provide useful information, they are difficult to
coordinate over large areas [9]. Burned areas mapped from high
spatial resolution satellite data may be used to validate active
fire products but do not provide a reliable validation if the high
spatial resolution data were sensed when the fires were inactive
or cloud covered and may not provide information on active fire
product commission errors [22], [43]. High spatial resolution
ASTER data have been used to validate the MODIS Terra active
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fire product, as both data are collected simultaneously from
the same satellite which largely overcomes these timing and
synoptic coverage issues [11], [37].

The validation of burned-area products generated by direct
mapping from reflective wavelength satellite data does not
require the simultaneous collection of independent reference
data with satellite overpasses. This is because the surface
effects of fire are persistent, with a persistence observed in
satellite data varying from weeks (grassland ecosystems) to
years (typically forest ecosystems) [41], [67]. Consequently,
independent reference data derived from high spatial resolution
satellite data, such as Landsat, have been used to validate lower
spatial resolution burned-area products (e.g., [3], [7], [17], [59],
[60], and [66]).

In this paper, the three most recent global multiannual
burned-area products generated at satellite native resolution are
validated for the 2001 burning season across southern Africa,
specifically the L3JRC [66], GlobCarbon [44], and MODIS
[50] burned-area products. A regional validation is undertaken
using the same independent reference data derived from mul-
titemporal Landsat data and using the same validation and
reporting methodology.

II. GLOBAL BURNED-AREA PRODUCTS
A. L3JRC Burned-Area Product

The L3JRC burned-area product [66] was developed as a
collaboration between the University of Leicester, U.K., the
Université Catholique de Louvain, Belgium, the Instituto de
Investigacdo Cientifica Tropical, Portugal, and the Joint Re-
search Centre of the European Commission, Italy. It is a
multiannual burned-area product which builds on the heritage
of the GBA2000 product [65]. Like GBA2000, the L3JRC
product is generated from 1-km SPOT-VEGETATION data, but
instead of using regionally specific algorithms, it implements
globally a refined version of the boreal Eurasia GBA2000
algorithm developed by the International Forest Institute (IFI)
[14]. The L3JRC algorithm uses a change detection approach.
After preprocessing to remove clouds and shadows, a reference
composite image is created, moving forward in time in daily
steps, with each step keeping the most recent noncontaminated
observation. At each step, an index based on the near-infrared
reflectance (NIR) is computed, comparing the new observa-
tion with the previous composite, and the mean and standard
deviation of the index computed over a 200-km x 200-km
window. A pixel is flagged as burned if its index value is lower
than the mean minus two times the standard deviation, and
using spectral tests based on the 0.83- and 1.66-um reflective
bands. Postprocessing using land cover information from the
GLC2000 vegetation map [35] is applied to reduce commission
errors [66].

The L3JRC product is available as an annual 1-km product,
as a global binary raster file in the Plate Carrée projection.
Each L3JRC pixel defines the Julian day of the first burned
area detection within a fire year starting on the 1st of April
(if a pixel burns more than once per year, only the first day
of burning is stored), or a zero value to indicate that no
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burning was detected [66]. L3JRC product validation was con-
ducted comparing the proportion of area burned from L3JRC
with proportions derived from 72 globally distributed Landsat
scenes, using 3000-km? hexagonal cells. The coarse resolution
of the cells makes this assessment only moderately spatially
specific; [66] reported that for Africa and the Middle East,
the L3JRC product mapped approximately 54% of the area
burned.

B. GlobCarbon Burned-Area Product

The GlobCarbon project, promoted by the European Space
Agency, has generated a number of land products, including a
global monthly 1-km burned-area product, for assimilation into
global carbon models [44], [75]. The GlobCarbon burned-area
product is generated using two regional GBA2000 algorithms
and the GLOBSCAR algorithms [57] applied to 1-km SPOT-
VEGETATION and ERS2-ATSR2/ENVISAT AATSR data, re-
spectively. The two GBA2000 algorithms are the IFI algorithm
(the same used by the L3JRC product, independently imple-
mented) and the Technical University of Lisbon (UTL) algo-
rithm developed for southern Africa [58]. The UTL algorithm
uses a change detection approach, where daily observations
are compared against a monthly minimum-NIR composite. A
pixel is defined as burned by applying a fixed set of spectral
thresholds (defined a priori by linear discriminant training
analysis) to observed reflectance and the change between the
observed and composited NIR reflectance. The GLOBSCAR
algorithm, applied to ERS2-ATSR2 for 1998-2002 and to
ENVISAT AATSR data for 2003-2007, is based on two sep-
arate algorithms. The K1 GLOBSCAR algorithm uses the NIR
and thermal infrared (TIR) bands with an adaptive contextual
window-based approach that assumes that burned vegetation
has lower NIR reflectance and higher daytime TIR brightness
temperature than surrounding unburned vegetation [40]. The
E1 GLOBSCAR algorithm is based on five fixed thresholds
applied to red, shortwave infrared, NIR, and TIR brightness
temperature values [15]. A pixel is considered as burned by
GLOBSCAR if it is flagged as such by both the K1 and E1
algorithms and if it does not fall within certain nonburnable
areas including deserts and water bodies [57].

The GlobCarbon product is available as a monthly 1-km
product, as a global binary raster in the Plate Carrée projection.
Each GlobCarbon pixel defines the Julian day of the first
burned-area detection within the month, and which algorithm(s)
detected it, or a zero value to indicate that no burning was
detected.

C. MODIS Burned-Area Product

The NASA MODIS on the Terra and Aqua satellites has
specific features for fire monitoring [26], [29]. A bidirectional-
reflectance-model-based change detection approach is applied
independently to each gridded MODIS pixel to take advan-
tage of the spectral, temporal, and structural changes that
characterize vegetation fire [50]. MODIS reflectances sensed
within a temporal window of a fixed number of days are used
to predict the reflectance on a subsequent day. Rather than

Authorized licensed use limited to: U.S. GEOLOGIC SURVEY - EROS. Downloaded on March 23, 2009 at 09:42 from IEEE Xplore. Restrictions apply.



1034

attempting to minimize the directional information present in
wide field-of-view satellite data by compositing, or by the
use of spectral indices, this information is used to model the
directional dependence of reflectance, commonly defined by
the bidirectional reflectance distribution function (BRDF). This
provides a semiphysically based method to predict change in
reflectance from the previous state. A statistical measure is used
to determine if the difference between the observed reflectance
and the BRDF model predicted reflectance in the near and
middle infrared bands indicates a significant change of interest.
This approach is repeated independently for each pixel, moving
through the reflectance time series in daily steps. A temporal
constraint is used to differentiate between temporary changes,
such as shadows, which are spectrally similar to more persistent
fire-induced changes. The identification of the date of burning
is constrained by the frequency and occurrence of missing
observations, and to reflect this, the algorithm is run to report
the burn date with an eight-day precision.

The MODIS burned-area product is available as a monthly
gridded 500-m product defined, like the other Collection 5
geolocated MODIS land products, in the sinusoidal equal-area
projection in fixed earth-location tiles, each covering approx-
imately 1200 x 1200 km (10° x 10° at the equator) [72].
Burning detected in the middle month plus and minus eight
days (the detection precision) is reported. For each gridded
land pixel, information, including the following, is described:
the approximate Julian day of burning, or a code indicating
unburned, or no burning detected but snow detected, or no
burning detected but water detected, or insufficient number of
MODIS observations to make a detection decision (usually due
to cloud or missing data), and ancillary processing path and
quality information.

III. STUDY AREA AND INDEPENDENT REFERENCE DATA
A. Southern Africa Biomass Burning

Fire is prevalent throughout southern Africa, with a pro-
longed annual dry season combined with relatively rapid
rates of fuel accumulation that create conditions conducive to
frequent vegetation fires [70]. Africa has, by continent, the
most extensive burning globally [13], [65], [71]. In southern
Africa, most fires occur in the dry season, particularly July to
September, when herbaceous vegetation is either dead (annual
grasslands) or dormant, and when deciduous trees have shed
their leaves, thereby contributing to an accumulation of dry
and fine fuels that are easily combustible [55]. The occurrence
and spatial distribution of fire is a function of contrasting
physical influences acting under different circumstances at dif-
ferent scales [4], [16]. The fraction of the landscape that burns
across the region varies greatly because the propensity to burn
is influenced by weather conditions, the presence of ignition
sources, and the amount, type, and arrangement of the available
fuel, all of which change across space and through time and
are mediated by climatic and anthropogenic factors [1]. In
wet regions, above about 1000-1200-mm rain per year, where
there is sufficient rainfall to support closed-canopy woodlands
and forests, prolonged moist conditions and heterogeneous
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TABLE 1
LANDSAT ETM+ ACQUISITIONS USED TO PRODUCE
VALIDATION DATA SETS

Country Landsat acquisition dates 2001 Landsat area mapped
Landsat Path/Row between acquisition dates
Mozambique 14th September - 30th September | 28263 km?>
165/070
South Africa 18th August - 3rd September 502 km~
168/078
South Africa 18th August - 3rd September 28614 km?®
168/077
Malawi 25th August - 26th September 828 km~
169/069
Zimbabwe 10th September - 12th October 4116 km~
169/074
Zimbabwe 23rd August - 24th September 33333 km?
171/073
Zimbabwe 14th August - 1st October 33082 kim®
172/073
Botswana 29th September - 15th October 33735 km?
174/074
Botswana 19th August - 4th September 33383 km®
175/073

4th September - 6th October 33258 km?
Namibia 15th August - 2nd October 32982 km?
179/073
Namibia 6th August - 23rd September 32053 ki’
180/073

vegetation structure constrain the spread of fires even if the
fuel load is high [70]. Fires are larger and more contiguous
in the grasslands and open savanna woodlands at intermediate
rainfall amounts (about 550-750 mm per year) where there is
sufficient grass production to produce hot fires that can damage
trees, but not enough rainfall to allow their rapid regeneration
and closure of their canopies, which would otherwise restrict
grass production [56]. The majority of fires are thought to be
anthropogenic, lit for numerous reasons, but the influence of
humans, for example, in altering fuel loads and structure and
increasing or suppressing fire is poorly understood at regional
scale [1], [19].

B. Independent Reference Data

The independent reference data used in this paper were
collected as part of the Southern Africa Regional Science
Initiative (SAFARI 2000) intensive dry season campaigns that
were timed to coincide with the peak southern African bio-
mass burning months [64]. SAFARI 2000 provided an early
opportunity to use and regionally validate the MODIS satellite
products [45]. Independent reference data were derived from
Landsat Enhanced Thematic Mapper plus (ETM+) satellite
data. Eleven Landsat scenes, each covering approximately
180 x 170 km defined in the UTM coordinate system and
referenced by a unique Landsat Worldwide Reference System
(WRS-2) path and row coordinate [2], were selected (Table I).
The 11 scenes together cover approximately 3% of the sur-
face of southern Africa and were distributed geographically to
encompass representative subcontinental variation in burned-
area characteristics and where members of the southern Africa
Fire Network (SAFNet) were working [51]. Some of the
scenes were quite remote and inaccessible, for example, the
Mozambique scene, which had restricted road access and land
mines.
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Fig. 1.

Mean annual air temperature (derived from 0.5° mean monthly 2-m air temperature climatology data; [33]) plotted against mean 1999 and 2000 annual

precipitation (derived from the monthly Tropical Rainfall Measuring Mission best estimate precipitation rate product; [23]) at the geographic centers of the
11 Landsat ETM+ scenes (Table I). Probability densities of the mean annual temperature and mean 1999 and 2000 annual precipitation for all of southern Africa
(including Madagascar) are shown in the plot margins. This figure is adapted from [51].

Fig. 1 is taken from [51] and shows the 11 Landsat scenes
in “meteorological space,” showing their mean 1999 and 2000
annual precipitation amounts and mean annual air tempera-
ture. The Fig. 1 margins show probability densities of the
mean annual temperature and mean 1999 and 2000 annual
precipitation for all of southern Africa—indicating that the
scenes encompass a wide range of the regional variation of
these variables. The scenes are geographically distributed ap-
proximately west to east from hot arid savanna (Namibia) to
hotter moister woodland (Mozambique). This distribution cor-
responds approximately to increasing plant water availability,
which is a regionally controlling factor on the type and amount
of vegetation, and so indirectly on human population density
and land use, which together influence the frequency, timing,
size, and spatial distribution of burned areas. The characteristics
and land-cover—land-use practices at the scenes are described in
detail in [51].

In this paper, Landsat data acquired in 2001 were used, as
all three global burned-area products were reliably generated
in 2001. The MODIS burned-area product was temporally
incomplete in 2000, as the input MODIS data quality was poor
prior to September 2000 [48] and the GlobCarbon product
had projection problems in the Southern Hemisphere in 2002
(Steven Plummer, personal communication, February 2008).

The Landsat data were interpreted to derive high spatial
resolution maps of the location and approximate date of
burning. At least two Landsat ETM+ data acquisitions were
obtained per scene, as using only one acquisition precludes
the ability to determine when a burn occurred, i.e., in pre-

vious months or years, and interpreting two acquisitions to-
gether helped improve the interpretation [51]. A primary prob-
lem in obtaining multitemporal Landsat data outside of the
United States is in ensuring that the data are acquired [24].
To specifically support the needs of SAFARI 2000, and the
MODIS burned-area product validation, the 11 scenes were
designated a priority acquisition status by the U.S. Landsat
project, guaranteeing their acquisition during the dry sea-
son [45], [51]. From these, consecutive ETM+ acquisitions
(16 days apart) spanning significant biomass burning events
under relatively cloud-free conditions were selected whenever
possible.

The interpretation at each Landsat scene was undertaken
by members of SAFNet. SAFNet is a contributing network
to the GOFC/Global Observation of Landcover Dynamics-Fire
initiative which has a guiding principle that the user com-
munity plays an active role in defining satellite fire-product
requirements and in undertaking product assessment [12], [28].
SAFNet members were able to undertake limited fieldwork as
part of their existing scientific, resource management, and en-
vironmental assessment activities and had expert knowledge of
the local drivers of biomass burning. A consensus interpretation
protocol was developed to ensure compatibility of the inde-
pendent reference data derived by different SAFNet members
and to allow the data to be scaled up to provide meaningful
subcontinental validation data. The interpretation approach is
described in [51] and was based upon multitemporal visual
comparison of the ETM+ near- and middle-infrared bands,
augmented by the ETM+ thermal band and a spectral index
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that is sensitive to burned vegetation, to define the boundaries
of the following:

1) the mapped region, i.e., falling within the geographic
union of the two ETM+ acquisitions;

2) areas within the mapped region that could not be inter-
preted, e.g., because of cloud occurring in one or more
ETM+ acquisitions, or inaccessible areas that could not
be unambiguously interpreted;

3) burned areas interpreted as having occurred between the
two ETM+ acquisition dates.

In this way, parts of the Landsat scenes that could not
be interpreted, or that could not be mapped, would not be
mistakenly considered unburned when the Landsat independent
reference data were compared with the global burned-area
products.

To reduce the mapping effort, particularly in scenes contain-
ing large numbers of small and spatially fragmented burns, a
minimum mapping unit of 240 m was adopted, whereby only
burned areas with small axis dimensions of 240 m or greater
were mapped. This dimension was selected, as it is an integer
multiple of the ETM+ 30-m reflective and 60-m thermal-band
pixel dimensions [51].

IV. DATA PROCESSING

The three global burned-area products have different spa-
tial and temporal resolutions and formats. Some processing,
described hereinafter, was undertaken to produce comparable
burned-area data sets encompassing the temporal interval cov-
ered by the Landsat independent reference data and to coregis-
ter the data.

The GlobCarbon product is distributed as a monthly
1-km product. The monthly products encompassing the first and
the second Landsat acquisition dates at each scene (Table I)
were temporally composited into a single 1-km raster image;
any pixels labeled as burned by GlobCarbon between or on the
Landsat acquisition dates were considered as burned, and all
other pixels falling within the Landsat scene were considered
unburned. In this paper, if any of the GlobCarbon algorithms
detected a burned pixel, it was considered as burned.

The L3JRC product is available as an annual 1-km product.
Each L3JRC pixel defines the Julian day of the first burned-area
detection within a fire year starting on the first of April, which
is before the earliest Landsat acquisition date (Table I). As with
the GlobCarbon product, any L3JRC pixels labeled as burned
between or on the Landsat acquisition dates were considered
as burned, and all other pixels falling within the scene were
considered unburned.

The MODIS burned-area product is available as a monthly
500-m product reporting the approximate day of burning, be-
tween eight days before and after the calendar month period.
Consequently, there is always a 16-day overlap period between
consecutive months in which the same burn can be detected
on the same day or, because of algorithm sensitivity to the
frequency and occurrence of missing observations, on slightly
different days. For this study, a temporally filtered version
of the monthly product that uses the product quality and
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processing path information to allocate burns in the overlap
period to the most likely calendar month was used in order
to preclude potential double counting of burned areas when
consecutive months are considered. These temporally filtered
monthly products were temporally composited to encompass
the first and second Landsat acquisition dates at each scene;
any 500-m pixels labeled as burned between or on the Landsat
acquisition dates were considered as burned, pixels labeled as
unburned were considered unburned, and pixels labeled as no
burning detected but water detected, or insufficient number of
observations to make a detection decision (usually due to cloud
or missing data), were considered as missing.

Considerable effort was taken to ensure that these tempo-
rally composited burned area data products were precisely
coregistered with the Landsat independent reference data. The
MODIS geolocation error is approximately 50 m at nadir
[73], SPOT geolocation accuracy is approximately 300 m [76],
and information on ERS2-ATSR?2 geolocation accuracy is not
publicly available but is assumed to be less than the 1-km pixel
dimension. The Landsat L1G geolocation error is less than
250 m (1lo) and may be comparable to the MODIS error in
areas of flat relief [32], [54]. The three temporally composited
global burned-area data products were reprojected into registra-
tion with the Landsat UTM projection of each scene. Nearest
neighbor resampling was used to maintain the pixel values;
output pixel dimensions were set to 30 m to reduce nearest
neighbor resampling pixel shifts (i.e., position errors) and to
allow for direct comparison with the 30 m Landsat independent
reference data.

V. VALIDATION METHODOLOGY

Moderate-resolution burned-area products have multiple
users, who are interested in knowing the accuracy of different
aspects of the product, and consequently, there can be no single
accuracy measure synthesizing the information needs of all [7],
[52], [68]. Generally, users are interested in the per-pixel detec-
tion accuracy for local-scale applications, e.g., for ecological
and resource management applications, and users are interested
in the precision and accuracy of total burned-area estimates at
scales much coarser than the pixel size for large-area reporting
purposes and applications such as fire emission modeling. Here,
we use engineering conventions where precision indicates the
repeatability of a set of measurements, usually expressed in
terms of their standard deviation, and accuracy is the freedom
from mistakes or error of the measurements, i.e., their confor-
mity to independent reference data.

A. Local Product Accuracy

The accuracy of burned-area product detection at local scale
can be effectively characterized through the confusion matrix
and the accuracy indices derived from it [10], [18], [63].
Two-way burned/unburned confusion matrices were generated
for each Landsat scene by comparison of the reprojected
30-m global burned-area products with the corresponding 30-m
Landsat pixels, only considering the interpreted land within the
Landsat-mapped region (Section III-B) and only considering
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Fig. 2. L3JRC burned-area product displayed in a rainbow color scale according to the detection date, from blue (August 1, 2001) to red (October 31, 2001). To
provide geographic context, the burned areas are superimposed on the NASA Blue Marble true-color MODIS surface reflectance composite. The boundaries of

the 11 Landsat ETM+- validation scenes (Table I) are shown as yellow vectors.

30-m reprojected global burned-area products that were labeled
as burned or unburned.

The percentage of correct pixels (i.e., both burned pixels and
unburned pixels correctly classified), the commission error (i.e.,
the probability that a pixel mapped as burned in the moderate-
resolution product is not burned in the reference data), and
the omission error (i.e., the probability that a pixel mapped as
burned in the reference data is not mapped as burned in the
moderate-resolution product) were derived from the confusion
matrices for each of the 11 Landsat scenes.

B. Regional Product Accuracy and Precision

An estimate of the accuracy and precision of the detection at
subcontinental scale was inferred by comparing through a linear
regression [7], [15], [59] the proportions of grid cells labeled
as burned by the global burned-area product plotted against
the proportions labeled as burned by the Landsat interpretation,
considering together the data from all 11 Landsat scenes. Only
the interpreted land within the Landsat-mapped region and only
the 30-m reprojected global burned-area products that were la-
beled as burned or unburned were considered. In addition, only
grid cells with less than 10% missing data were considered; the
GlobCarbon and L3JRC burned-area products have no missing

data class, so this 10% threshold only affected the MODIS
product analysis.

Geographical analyses of this kind are sensitive to the size
and location of the grid cells; using increasing larger grid cell
sizes will inflate statistical measures of correlation between
the products [39], [69]. Consequently, a small 5-km grid cell
dimension was selected, as it is larger than the coarsest 1-km
global burned-area product pixel size, and significantly larger
than the geolocation errors in the three global burned-area
products, while being sufficiently small to reduce the occur-
rence of cells with similar burned-area proportions in both the
burned-area product and Landsat data but with burns mapped at
different locations within the cell.

VI. RESULTS
A. Local Product Accuracy

Figs. 2—4 show the areas detected as burned by the three
global burned-area products during the dry season period,
August to October 2001, which encompasses the Landsat
acquisition dates (Table I). The burned areas are illustrated
with a rainbow color scale to show the day of detection and
are superimposed on a true-color MODIS surface reflectance
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October 31st

Fig. 3. GlobCarbon burned-area product displayed in a rainbow color scale according to the detection date, from blue (August 1, 2001) to red
(October 31, 2001). To provide geographic context, the burned areas are superimposed on the NASA Blue Marble true-color MODIS surface reflectance composite.
The boundaries of the 11 Landsat ETM+ validation scenes (Table I) are shown as yellow vectors.

composite to provide geographic context. The boundaries of
the 11 Landsat scenes are shown as yellow vectors and are
clearly distributed across a range of vegetation (specifically
arid grassland in the west to Miombo woodland in the east).
Qualitative visual inspection indicates significant differences in
the area and the spatial distribution of burning among the three
global burned-area products.

Tables II-IV summarize, for each Landsat scene, the ac-
curacy of the L3JRC, GlobCarbon, and MODIS products.
The percentages of the mapped areas reported as burned by
the Landsat interpretation and by the burned-area product
are shown in the second and third columns of these tables.
The Landsat interpretations reported a greater percentage area
burned than the corresponding burned-area product for all
L3JRC scenes (Table II), for all MODIS scenes except for
a single Namibian scene (Table IV), and for all but four
GlobCarbon scenes (Table III). This is not unexpected, as the
Landsat scenes encompass only a relatively small proportion
of burned areas, ranging from 1.8% to 11.0% (Tables II-1V),
and, except for parts of the Botswanan and Namibian scenes,
include burned areas that are small and/or spatially fragmented
relative to the spatial resolutions of the three global burned-
area products [51]. It is well established that burned areas
that are small and/or spatially fragmented relative to satellite

observations may not be detected reliably [15], [31], [49], [59].
Furthermore, the majority of fires in southern Africa are thought
to be ground fires, and so, obscuration by overstory vegetation
in regions with high leaf area index and percent tree cover may
have also occurred [42], [53].

The percent correctly classified values in Tables II-IV are
broadly similar among the three products, with lowest percent
correct values among the 11 scenes of 88.9% (L3JRC), 88.6%
(GlobCarbon), and 91.0% (MODIS). The percent correct sta-
tistic is not a particularly diagnostic measure for dichotomic
classifications, particularly when the class of interest covers a
small portion of the scene [6], as in this paper. The commission
and omission errors reveal more information and greater differ-
ences among the products. To aid interpretation, commission
and omission errors greater than 0.5 are reported in bold in
Tables II-IV. Generally, burned-area product producers seek
to reduce errors of commission at a cost of inflating omission
errors; this is perhaps because certain product users do not
wish to waste resources on visiting burned areas that did not
actually occur [68] and perhaps because commission errors are
more easily identified as part of product quality assessment and
algorithm tuning procedures. Regardless of the reasons, this
pattern is observed in the results, with generally lower errors
of commission than omission. Six of the Landsat scenes have
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October 31st
T T

Fig. 4. MODIS burned-area product displayed in a rainbow color scale according to the detection date, from blue (August 1, 2001) to red (October 31, 2001).
To provide geographic context, the burned areas are superimposed on the NASA Blue Marble true-color MODIS surface reflectance composite. The boundaries

of the 11 Landsat ETM+ validation scenes (Table I) are shown as yellow vectors.

a L3JRC commission error greater than 0.5, five scenes have a
GlobCarbon commission error greater than 0.5, and four scenes
have a MODIS commission error greater than 0.5. Eight scenes
have GlobCarbon and MODIS omission errors greater than 0.5,
and all 11 Landsat scenes have a L3JRC omission error greater
than 0.5; evidently, at subcontinental scale, the L3JRC product
is relatively under detecting the area burned.

There is considerable variation in the commission and omis-
sion errors between scenes and products. Some caution must
be taken in comparing scene results, as the SAFNet-interpreted
areas varied; in particular, less than about 15% of each Landsat
scene was interpreted for scenes in South Africa (168/078),
Malawi (169/069), and Zimbabwe (169/074) (Table I). One
Namibian scene (179/073) was rather unreliably mapped by
the global burned-area products, particularly by the L3JRC
product, even though the burns were spatially extensive. This
may have been due to the arid nature of the site and the
relatively low spectral change in reflectance due to fire. The
Malawi scene (169/069) also had high errors, which may be
related to the small and fragmented nature of the burned areas
there, although only a small Landsat area was mapped (Table I).
Full investigation of the reasons for the product and scene dif-
ferences is beyond the scope of this paper and, for example, is
also related to remote sensing factors including the algorithms,

and the amount and quality of satellite data used to generate the
burned-area products.

B. Regional Product Accuracy and Precision

Figs. 5-7 show scatter plots of the proportion of area burned
in 5 x 5 km grid cells, as defined by the three products (y-axis)
and by the Landsat data (z-axis) for all the 11 validation
sites. Because of the large number of cells considered, a
grayscale shading scheme is used to illustrate the frequency
of cells having the same z- and y-axis proportion values. A
total of 11747 cells, covering 294 851 km?, are considered for
the GlobCarbon and L3JRC products, and a slightly smaller
number (11719 cells), covering 294 148 km?, are consid-
ered for the MODIS product because only MODIS cells with
less than 10% missing MODIS pixels were considered. The
coefficient of determination (72) and the equation of the esti-
mated regression line are reported for each burned-area product.

The linear regression lines all pass close to the origin
(absolute values of the regression line intercept less than
0.015) but with variable slopes from 0.136 (L3JRC), 0.595
(GlobCarbon), to 0.750 (MODIS). A slope of one indicates
that the product estimates the same extent of area burned as
the Landsat independent reference data, while a slope less
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TABLE 1II
CONFUSION MATRIX VALIDATION RESULTS FOR THE
L3JRC BURNED AREA PRODUCT
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TABLE 1V
CONFUSION MATRIX VALIDATION RESULTS FOR THE
MODIS BURNED AREA PRODUCT

Country Percentage | Percentage | Percent | Comission | Omision Country Percentage | Percentage | Percent | Comission | Omision
Landsat Burned Burned Correct | Error (0-1) | Error (0-1) Landsat Burned Burned Correct | Error (0-1) | Error (0-1)
Path/Row Landsat L3JRC (%) Path/Row Landsat MODIS (%)

(%) (%) (%) (%)
Mozambique | 11.50 2.54 89.14 0.3735 0.8617 Mozambique | 11.50 7.10 90.98 |0.3250 0.5833
165/070 165/070
South Africa | 3.63 1.40 96.26 0.5410 0.8230 South Africa |3.63 1.75 96.14 | 0.5648 0.7906
168/078 168/078
South Africa | 4.22 2.14 94.78 0.7355 0.8660 South Africa | 4.23 3.74 96.32 0.4274 0.4937
168/077 168/077
Malawi 3.26 0.17 96.70 | 0.6388 0.9815 Malawi 3.26 0.54 96.57 | 0.6549 0.9428
169/069 169/069
Zimbabwe | 7.04 2.82 9155 | 0.7497 0.8996 Zimbabwe | 7.04 4.57 92.66 |0.5323 0.6966
169/074 169/074
Zimbabwe 5.62 1.67 94.98 0.3732 0.9862 Zimbabwe 3.62 2.84 95.56 0.2915 0.6426
171/073 171/073
Zimbabwe 5.05 0.11 94.98 0.3732 0.9862 Zimbabwe 5.05 226 96.63 0.1295 0.6102
172/073 172/073
Botswana 1.45 0.016 98.55 0.3366 0.9928 Botswana 1.45 0.75 99.06 0.1577 0.5625
Botswana | 7.76 0.08 92.19 107757 1 0.9976 Botswana | 7.76 5.97 9720 |0.0842  |0.2955
175/073 175/073

11.21 0.38 88.86 0.4138 0.9801 11.21 .09
Namibia 1.83 0.03 98.15 1.0000 1.0000 Namibia 183 034 98.15 | 0.5462 0.9145
179/073 179/073
Namibia 4.98 1.73 96.65  10.0263 | 0.6627 Namibia 498 5.19 9932 |0.0860  |0.0470
180/073 180/073

TABLE III

CONFUSION MATRIX VALIDATION RESULTS FOR THE
GlobCarbon BURNED AREA PRODUCT

Country Percentage | Percentage | Percent | Comission | Omision
Landsat Burned Burned Correct | Error (0-1) | Error (0-1)
Path/Row Landsat Globcarbon | (%)

(%) (%)
Mozambique | 11.50 3.78 88.73  10.4697 0.8259
165/070
South Africa |3.63 2.89 9594 |0.5739 0.6605
168/078
South Africa |4.22 4.72 9596 |0.4818 0.4192
168/077
Malawi 3.26 0.86 96.12 | 0.8630 0.9639
169/069
Zimbabwe | 7.04 10.43 88.56 |0.7109 0.5718
169/074
Zimbabwe | 5.62 3.82 9321 |0.6524 0.7639
171/073
Zimbabwe |5.05 1.26 94.98 |0.4883 0.8726
172/073
Botswana 1.45 1.16 99.04 0.2888 0.4293
174/074
Botswana 7.76 7.24 93.67 |0.4012 0.4413
175/073

11.21 8.10 89.73  10.4423 0.5965
Namibia 1.83 6.92 92.66 |0.8985 0.6151
179/073
Namibia 4.98 5.84 96.60 | 0.3641 0.2547
180/073

than one indicates a burned-area underestimation, and a slope
greater than one indicates an overestimation. Clearly, while
all three global burned-area products underestimate the area
burned at subcontinental scale, the L3JRC product particu-
larly underestimates the area burned compared to the other
two products. The near-zero intercepts and the slope values

indicate that at subcontinental scale, the MODIS, GlobCarbon,
and L3JRC burned-area products can be expected to capture
75%, 60%, and 14% of the true area burned, respectively.
It is not unexpected that the L3JRC product maps a smaller
extent of area burned than GlobCarbon, as the GlobCarbon
algorithm includes an independent implementation of the
L3JRC algorithm and two other algorithms (Section I1I-B). We
note that [66] reported a significantly higher L3JRC slope
(0.54) than the 0.136 value that we observe. However, these
two estimates are not directly comparable, as the analysis in
[66] used grid cells that are two orders of magnitude greater
(3000 km?) and because they considered a different year and
included northern Africa where the fire behavior is considerably
different than that in southern Africa [8].

The dispersion of the data around the regression line, quan-
tified by the coefficient of determination (r2), reflects the
precision of the burned-area detection. A coefficient of de-
termination equal to one indicates that the variability of the
data is fully explained by the linear model (all the points
fall on the regression line), while a coefficient of determi-
nation equal to zero indicates that there is no relationship
between the linear model and the variability of the data. The
coefficient of determination follows the same pattern as the
slope of the regression line for the three burned-area products:
L3JRC has the lowest r2? (0.128) compared to GlobCarbon
(r? = 0.509) and MODIS (r? = 0.746). This pattern is evident
in the scatter of the data around the regression lines seen
in Figs. 5-7.

The regional regression results shown in Figs. 5-7 were
computed including 5 x 5 km grid cells that had no proportion
burned in both the Landsat data and the burned-area product.
Such grid cells contain useful information, i.e., that there was
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Fig. 5. Scatter plot of the proportions of 5 x 5 km cells labeled as burned by
the L3JRC burned-area product plotted against the proportion labeled as burned
by the multidate Landsat interpretation. The grid lines show proportion intervals
of 0.1. The regression line is plotted as a solid black line. The white—black
logarithmic color scale represents the point density distribution of the scatter
plot, using a 100 x 100 quantization of the z- and y-axes. Each point is plotted
with a gray shade corresponding to the number of cells with the same (z,y)
values. A total of 11747 cells (total area of 294 851 km?) are plotted. The slope
of the regression line is 0.136, the intercept is 0.001, and the r2is 0.128.
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Fig. 6. Scatter plot of the proportions of 5 x 5 km cells labeled as burned
by the GlobCarbon burned-area product plotted against the proportion labeled
as burned by the multidate Landsat interpretation. A total of 11747 cells (total
area of 294 851 km?) are plotted. The slope of the regression line is 0.595, the
intercept is 0.013, and the r2 is 0.509.

no burning, which is not known a priori. Excluding them
does not provide a true validation, but it is interesting to note
the impact of their exclusion on the regression results: The
r? is reduced for all products (0.090 for L3JRC, 0.447 for
GlobCarbon, and 0.707 for MODIS); the intercepts change
slightly (0.005 for L3JRC, 0.031 for GlobCarbon, and —0.018
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Fig. 7. Scatter plot of the proportions of 5 X 5 km cells labeled as burned
by the MODIS burned-area product plotted against the proportion labeled as
burned by the multidate Landsat interpretation. Note that only 5 X 5 km cells
with less than 10% of their area missing are considered; consequently, 11719
cells (total area of 294 148 km2), i.e., 29 fewer than the L3JRC and GlobCarbon
products which had no missing class, are plotted. The slope of the regression
line is 0.75, the intercept is —0.005, and the r2 is 0.746.

for MODIS), and the slopes are reduced for L3JRC (0.129) and
GlobCarbon (0.560) and increased slightly for MODIS (0.775).
Thus, the impact of excluding grid cells with no proportion
burned in either the Landsat or the burned-area product does
not change the results; essentially, for regional applications,
the more accurate and precise products in decreasing order are
MODIS, then GlobCarbon, and then L3JRC.

VII. CONCLUSION

This paper presents a southern Africa validation of three
available global multiannual burned-area products: L3JRC
[66], GlobCarbon [44], and MODIS [50]. Independent ref-
erence data were located across southern Africa aimed at
capturing a range of representative conditions and so provid-
ing a CEOS Stage 2 validation [38]. Based on independent
reference data at 11 Landsat scenes, covering approximately
295 000 km?, the accuracy of the products was quantified using
metrics derived from confusion matrices to characterize prod-
uct accuracy for local applications and using metrics derived
through a linear regression on a 5 x 5 km grid to characterize
product accuracy for coarser scale applications.

All three products had generally lower errors of commis-
sion than omission. This is likely because burned-area product
producers often seek to reduce errors of commission at a
cost of inflating omission errors, as certain product users do
not wish to waste resources on visiting burned areas that did
not actually occur [68] and because commission errors are
more easily identified as part of product quality assessment
and algorithm tuning procedures. The actual errors of omis-
sion are probably higher than reported, as the independent
reference data only included Landsat-mapped burned areas
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with small axis dimensions of 240 m or greater. Our findings
suggest the following: 1) product developers should attempt
to more evenly balance omission and commission errors, and
2) global burned-area products may not meet the accuracy
needs of local users, although these needs are diverse and the
accuracy requirements are not well defined [68].

The MODIS product provided higher burned-area mapping
accuracies than the other two products, which may be due
to the higher 500-m MODIS spatial resolution, which im-
proves the ability to detect small and spatially fragmented
burned areas [49], to the comprehensive calibration, geolo-
cation, cloud screening, and atmospheric correction of the
MODIS land data [26], [27], [34] and perhaps to the specifics
of the MODIS burned-area algorithm [50]. The GlobCarbon
product provided higher burned-area mapping accuracies than
the L3JRC product. This may be due to the treatment in
this paper of GlobCarbon pixels as burned if any of the
GlobCarbon algorithms, which included an independent imple-
mentation of the L3JRC algorithm, labeled pixels as burned
and because the L3JRC product had relatively higher omission
errors.

It is our intention to build on this paper, using the multidate
high spatial resolution satellite data approach to validate, to
CEOS Validation Stage 2, the MODIS burned-area product
globally, with an emphasis on sampling in each continent a
range of representative conditions and where the algorithm
has known limitations [53]. It is possible to envision a CEOS
Stage 3 validation where the independent reference data are ob-
tained by a random sampling procedure in both space and time
[38]. However, the nature of burned areas as a nonpermanent
land-cover change [41], [67], coupled with the relative global
scarcity of cloud-free high spatial resolution data [24], and the
need for rigorous interpretation of such data, requires consider-
able resources that may only be available in the framework of
an international validation effort.

These results reinforce the need for systematic burned-area
product validation discussed in Section I. This need can be
expected to increase as more satellite burned-area products
become available, driven by factors including increasing com-
puter processing and storage capabilities, space agency support
for low-cost and free satellite data, and the proliferation of
direct broadcast satellite reception systems.
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