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Abstract. With the support of new technologies such as of 1 Introduction
remote sensing, today’s societies have been able to map and
analyse wildland fires at large observational scales. With re-
gards to burnt area mapping in particular, two of the mostWildland fires cause an increasing amount of damage both
widely used operational products are offered today by theto environmental systems and infrastructure worldwide, and
United States National Aeronautics and Space Administraform one of the most widespread ecological disturbances of
tion (NASA) and the European Forest Fires Information Sys-natural ecosystems (FAO, 2001). Although in the short term
tem (EFFIS) of the European Commission. In this study, afires occurrence can be regarded as an irregular disturbance,
rigorous intercomparison of the burnt area estimates derived@t Wider temporal observation intervals it may attain a more
by these two products is performed in a geographical infor-regular character (Farina, 2000; Di Pasquale et al., 2004). In
mation system (GIS) environment for the Greek fires that oc-the Mediterranean region in particular, fire is a natural and re-
curred from 2005 to 2007. For the same temporal interval,current element, as 90 % of all wildland fires take place every
the relationships of the burnt area estimates by each produdtear in those areas (Rosa et al., 2008). The high frequency of
are examined with respect to land use/cover and elevatiofires in the Mediterranean has been closely linked to the cli-
derived from CORINE 2000 and the ASTER global digi- Mmatic conditions that dominate in these areas, characterised
tal elevation model (GDEM), respectively. Generally, notice- by prolonged drought periods generating favourable condi-
able differences were found in the burnt area estimates byions for fire outbreaks (Cuomo et al., 2001; Zammit et al.,
the two products both spatially and in absolute numbers. The2006). In addition, the climate change, along with the effects
main findings are described and the differences in the burn®f various anthropogenic activities, further increase the risk
area estimates between the two operational datasets are digf fire occurrence and thus the damage caused to both nature
cussed. The lack of precise agreement between the two prodnd economy (Boboulos and Purvis, 2009). The wildland fire
ucts which was found does not necessarily mean that on&ccurrence in those areas has a major impact on the economy
or the other product is inaccurate. Rather, it underlines theof affected countries, influencing also the broader European
requirement for their calibration and validation using high- Community through the destruction incurred in marketable
resolution remote sensing data in future studies. Our workassets (Sifakis et al., 2011). This is why being able to acquire
not only builds upon a series of analogous studies evaluatinformation on past fire events and map the burning from
ing the accuracy of the same or similar operationa| prod_Wildfire has been underlined as a matter of key importance
ucts worldwide, but also contributes towards the develop-to both environmental scientists and policy makers (Rong et
ment of standardised validation methodologies required ir@l-, 2004; Kasischke et al., 1995; Giglio et al., 2006).
objectively evaluating such datasets. The technological advancements in the past three decades
or so have made it possible to monitor the landscape
change caused by wildland fires from space by using Earth
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Observation (EO) data. Over the last few decades substantialatasets (Boschetti et al., 2004, 2008; Silva et al., 2005; Roy
progress has been made in spaceborne industry, including thet al., 2008; Roy and Boschetti, 2009; Sedano et al., 2012),
development of various satellite systems. Those have allowedespite the fact that it is indispensable to objectively charac-
satellite images to be acquired at different spatial and spectrakrise the accuracy of global datasets and their limitations for
resolutions, providing data important in wildland fire studies. providing a measure of quality of a dataset, and for under-
Different types of remote sensing data have been exploitegtanding their errors and the potential implications in differ-
for more than 20 yr in performing various fire analysis inves- ent applications (Silva et al., 2005). What is more, policy and
tigations, including mapping the extent of burnt areas (e.g.management requests of satellite products for different types
Trigg and Roy, 2007; Roy and Boschetti, 2009; Petropoulosof applications place a high priority on providing statements
etal., 2010). about their accuracy (Morisette et al., 2006). In the case of

EO-based operational products related to fire analysis havére analysis products from moderate-resolution sensors, such
also been developed and are offered today in the form ofas those provided by NASA and EFFIS, different users would
regional-scale products by international space agencies at noe interested in knowing the accuracy of the products (Roy
cost and at a wide range of spatial resolutions (Lentile et al.et al., 2006; Trigg and Roy, 2007; Roy and Boschetti, 2009).
2006). Such products have proved to be generally in high de- Furthermore, performing intercomparison studies of the
mand from research groups and communities interested itburnt area estimates between operational products is also re-
modelling the carbon cycle, understanding the relationshipgjarded as a necessary step towards an objective verification
between fire regime and climate as well as atmospheric emissf their accuracy. Indeed, this can provide an indication of
sions and pollution resulting from fires, and the impact of gross dissimilarities and, potentially, insights into the causes
vegetation burning on land cover change (Patra et al., 2005for the differences observed (Roy and Boschetti, 2009). Un-
Jupp et al., 2006). The availability of operational products re-derstandably, such studies, performed in regions like the
lated to burnt areas in particular can additionally provide im- Mediterranean, can be of particular significance, given the
portant information on land cover change related to ecologyery high occurrence of fires in those areas and their rele-
and biodiversity, and contribute significantly to better under-vance to other co-occurring phenomena such as land degra-
standing post-fire recovery of an affected area (Rong et al.dation and desertification (Castillejo-G@iez et al., 2009).
2004). In this context, the present work aims at providing an in-

Two of the most widely used EO-based monitoring sys-tercomparison between the EFFIS and MODIS burnt area
tems currently providing operationally fire analysis productsoperational products for the Greek fires that occurred from
are operated by the European Information System for Fores?005 to 2007. A further objective is to explore for the same
Fires (EFFIShttp://effis.jrc.ec.europa.euind NASA fttp: temporal interval the burnt area estimates from the two prod-
//modis-fire.umd.edu/index.htinl EFFIS (European Com- ucts relative to land use/cover and elevation. Our study makes
mission, 2010) is a meteorological and satellite-based fireavailable a rigorous and multi-faceted analysis of the burnt
mapping system developed by the European Commission’srea spatial agreement between the two datasets compared.
(EC) Joint Research Centre (JRC). It has been in operatiot the same time, it extends in both the temporal and spatial
since 1997 and its main role is to provide EC member stateslomains as well as in depth of analysis conducted in an anal-
during the European fire season, from May to October, withogous intercomparison study conducted earlier by Boschetti
daily fire danger warnings and subsequent damage assesst al. (2008). Last but not least, it facilitates a complemen-
ments. On the other hand, NASA distributes a suite of firetary work to existing approaches concerning the evaluation of
analysis products based on the Moderate-Resolution Imagmapping the burnt areas at the national level, a topic of sus-
ing Spectroradiometer (MODIS) sensor (Justice et al., 2002)tained interest even today (Kontoes et al., 2009; Veraverbeke
MODIS fire analysis products have been in operation on aet al., 2010; Sifakis et al., 2011; Petropoulos et al., 2012).
global scale since 1999. Today both the above systems pro-
vide operationally different remote-sensing-based fire analy-
sis products, including a product focused on burnt area esti2  Study area
mation.

Development of those operational burnt area products ha®ur study area covers the country of Greece, both the main-
been based on well-established methodologies, and their udand and island area (38-19 E; 36° N-28 E). Greece is
has been extensively demonstrated for mapping the extent ai country representative of typical Mediterranean conditions
burnt areas in different geographical regions (Li et al., 2000;in terms of landscape structure and land surface cover varia-
Hoelzemann et al., 2004; Simon et al., 2004; Vivchar, 2011).tion. The terrain structure of the country varies widely from
Yet, to our knowledge, very few validation studies have es-sea level to approximately 3000 m, having steep slopes espe-
tablished the accuracy at which estimates of burnt area byially in the northern and southern parts of the country. Veg-
those products is provided. Such studies have been based pgtation in the country also varies due to the large altitude dif-
marily on performing either direct comparisons with higher- ference. At lower elevations are found mainly sclerophyllous
resolution data or intercomparisons between the differenvegetation, sparsely vegetated areas, agricultural and urban
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areas. At higher altitudes, areas are covered mainly by differ4200x 1200 km. The product is available in either geotiff
ent forest types as well as transitional woodland/shrublandor hdf format. Each product tile contains per pixel burning
The country is also characterised by a Mediterranean type oinformation on the approximate Julian day of burning, or a
temperate climate, with cool, wet winters and hot, dry sum-code indicating unburnt, or no burning detected but snow
mers with a long dry period starting in April and lasting until detected, or no burning detected but water detected, or in-
September. sufficient number of MODIS observations to make a detec-
Fire activity in Greece generally starts in late spring (May) tion decision (usually due to clouds or missing data), and an-
and ends in early autumn (September). The peak fire activeillary processing path and quality information. The prod-
ity is observed during the months of July and August, whichuct is freely distributed either via NASA's Warehouse Inven-
is the driest season with the highest average temperatures tory Search Tool (WIST) or via an ftp server operated by
Greece. This is because the prolonged arid and hot summehe MODIS fire team Http://modis-fire.umd.edy/ starting
periods generally favour the ignition and rapid propagationfrom the year 1999. In our study the MOD45A1 geotiff im-
of fires especially with strong winds, resulting in large burnt age product for all months for the years 2005 to 2007 was
areas every year. A long-term analysis of wildland fires in acquired directly from the MODIS fire team ftp site.
Greece conducted recently by Boboulos and Purvis (2009)
shows that for the period between 1955 and 1999 up t.2 EFFIS burnt area product
11500 ha burnt out on average per year up to the year 1973.
Approximately a third of this area was forest, and the rest wasEFFIS with respect to burnt area mapping provides the rapid
partly shrubland and partly grass. Following 1974, significantdamage assessment (RDA) product. In this product, burnt
increase in the surface area burnt by fires has been observeairea estimates are derived at 250 m spatial resolution from
and this upward trend continues today with the worst yearthe daily processing of MODIS Terra and Aqua visible near-
for wildland fires ever recorded in Greece in 2007 (Boboulosinfrared (VNIR) and shortwave (SWIR) data. Burnt area de-
and Purvis, 2009). tection is assisted by the MODIS 1km active fire product
(Giglio et al., 2003). Burnt areas occurring in agricultural
land as defined by the CORINE 2000 land cover map (JRC-

3 Datasets EEA, 2005) are masked out during the algorithm implemen-
tation (Boschetti et al., 2008). The whole process is also
3.1 MODIS burnt area product assisted by visual image interpretation and by the system-

atic collection of fire news from various European media
The MODIS burnt area product (MCD45A1) is one of the sources (Barbosa et al., 2006). The EFFIS RDA has been
several MODIS suite land surface products (Justice et al.jmplemented since 2003 and provides the daily update of the
2002). It is a monthly gridded product that provides burnt perimeters of burnt areas in Europe for fires of about 40 ha
area estimates at a spatial resolution of 500 m derived by coner larger, although the product may also include the perime-
sideration of temporal changes in surface reflectance basers of burnt areas of smaller dimension. The product is pro-
on a method described by Roy et al. (2005). The burntvided by EFFIS via a web interfacét{p://effis-viewer.jrc.
area extraction algorithm is implemented separately to geec.europa.eu/wmi/viewer.htinlbut potential users can also
olocated pixels over a long time series of reflectance obserrequest those products directly from EFFIS. In our study, the
vations. In the algorithm, a bi-directional reflectance modelannual burnt area estimates from the EFFIS RDA product for
is inverted against multi-temporal reflectance observationghe years 2005 to 2007 was acquired directly from the EFFIS
to supply predicted reflectance values and uncertainties foteam. In total, three files were provided, each corresponding
successive observations. In the next step, the change in rée the yearly burnt area map included in our analysis. Each
flectance from a previously observed state is quantified basefile was delivered in vector format (shapefile) and at LAEA-
on the computation of a statistical measure between the obETRS89 projection.
served bi-directional surface reflectance (BRF) and the pre-
dicted BRF at the viewing and illuminating angles of the 3.3 CORINE 2000
observation. If large discrepancies are observed, then those
are attributed to change, and a temporal constraint is use€@ORINE (JRC-EEA, 2005) is a project that was created in
to differentiate between temporary changes (e.g. shadows)985 by the European Union with the aim to create a Eu-
spectrally similar to more-persistent changes induced by fireropean land cover/land use (LCLU) map, derived primarily
The detection of the date of burning is constrained by thefrom the interpretation of satellite images and ancillary data.
frequency and occurrence of missing observations, and to re€cORINE 2000 consists of an updated version of the initial
flect this the algorithm is run to report the burn date with CORINE product providing land use/cover maps of 29 Euro-
an 8-day precision. The MCD45A1 product is produced in pean countries derived from the processing of orthorectified
the standard MODIS Land tile format and WGS84 datum.LANDSAT images. This CORINE version is at present up-
Each tile has fixed earth location, covering approximatelydated to the CORINE 2006 land cover map. However, this
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Fig. 1. Overview of the methodology implemented in the present study, in terms of both data pre-processing and their intercomparison.

version is still in preparatory phase in some countries in-updated (Version 2) at the end of 2011. It provides informa-
cluding Greece. As a result, land use/cover information fromtion on elevation between 88l and 83 S with geographic
CORINE 2000 was utilised in the present study. This waslatitude—longitude coordinates at 1 arc sec (30 m) grid. Esti-
also the same LULC base map used by EFFIS to mask out thenated accuracies of the product are for 20m at 95% con-
fires that occurred in agricultural areas, as described previfidence for vertical data and 30m at 95 % confidence for
ously (Sect. 3.2). We used specifically the 250 m spatial reshorizontal data (ASTER GDEM, 2009). The dataset is pro-
olution raster dataset provided at no cost from the Europeanided in geotiff format, in geographic lat/lon projection and
Environmental Agency websitehttp://www.eea.europa.eu/ WGS84/EGM96 datum. It is available at no cost to users
data-and-maps/data/corine-land-cover-2000-ragteasl a  via electronic download from the Earth Remote Sensing
georeferenced dataset at ETRS1989 datum and projection. Data Analysis Center (ERSDAC) of Japan and from NASA's
Land Warehouse Inventory Search Tool (how replaced by
3.4 ASTER Digital Elevation Model REVERSB, http://reverb.echo.nasa.gov/reveribhe ASTER
GDEM is distributed as separate tiles of elevation covering
Information on elevation was obtained from the global digital Earth. In our study, the tiles covering Greece were acquired
elevation model (GDEM) of the Advanced Spaceborne Ther-from WIST.
mal Emission and Reflection Radiometer (ASTER) sensor.
The ASTER GDEM product was released in 2009 and was
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4 Methods
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Given the differences between the collected data in terms o
their format as well as their projections, some pre-processing
was necessary to standardise those before intercompariso
were performed. Most of the acquired datasets were in vectcg] _ .
format and had been provided at LAEA-ETRS89 projection, *
which is also commonly used for European product distribu- _
tion according to the INSPIRE Directive. On this basis, a de-_ A b
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data format and projection for all our collected datasets. All” =4 O
pre-processing and geospatial analysis of the spatial datase \
was carried out in ENVI (v. 4.7, ITT Visual Solutions) and
ArcMap (v. 10.1, ESRI) software platforms. The main steps
involved in the acquired datasets’ pre-processing are illus:
trated in Fig. 1.
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different layers of information embedded in the datasets. The
12 image layers, each corresponding to a month of each year
included in our analysis were then merged, forming three
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each year. Next, each of the three raster image files wag- L
re-projected to the LAEA-ETRS89 projection. On the other &
hand, the EFFIS burnt area vector file from each year of anal

ysis was converted to raster with a cell resolution of 500 m

since most of the data was collected in this format and resog- -
lution, retaining the original projection. The final MCD45A1 =
and EFFIS burnt area maps for the year 2007 are shown i
Fig. 2 as an example.

CORINE 2000 land use/cover map was re-sampled to &- -
spatial resolution of 500 m. The ASTER GDEM product tiles *
of Greece using image mosaic were merged into a single file
This latter dataset was subsequently re-projected to LAEA-
ETRSB89 projection and was re-sampled by the nearest neigfg
bour to a spatial resolution of 500 m to match the MCD45A1 ~
spatial resolution. Figure 3 illustrates the CORINE 2000 and
final ASTER GDEM maps used in our study after the end of
data pre-processing.
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i ) Fig. 2. Examples of final burnt area products derived derived from
The conceptual framework of the main analysis steps fol-ye () MCD45A1 and(b) EFFIS for the year 2007 after the pre-
lowed in performing the intercomparison between the EFFISpgcessing completion.

and MCD45A1 products is also depicted in Fig. 1. All the

pre-processed layers were used in performing the intercom-

parison of the burnt area estimates for the time interval of

the years 2005-2007. First comparisons were conducted bealefined according to CORINE 2000 Level 1 nomenclature
tween the burnt area products for the whole extent of Greec€JRC-EEA, 2005). This was deemed necessary, given that
for each year of analysis, examining also the differencesEFFIS is meant to map fires occurring in those land cover
in the burnt area estimates relative to land cover. Subsetypes (Sect. 3.2). For this data subset, further comparisons
quently, comparisons between the two operational productsvere performed to evaluate burnt area agreement between
were focused only in forested and semi-natural areas, athe two datasets relative to elevation. Then, another aspect of

T
410000

4.2 Intercomparison approach
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Fig. 3. The digital elevation model of Greece derived from the
ASTER GDEM g, above) as well as the CORINE 2008 pelow)
used in our analysis after the pre-processing completion.

fragmentation). Thus, for this subset of data, fires were anal-
ysed by using patch metrics (McGarigal and Marks, 1995),
namely number of patches, mean patch size and perimeter as
well as elevation.

All analysis was conducted in ArcMap (v. 10.1, ESRI),
a geographical information system (GIS) environment with
raster and/or vector analysis capabilities. Comparisons of
burnt area estimates with respect to parameters such as land
use/cover or elevation were conducted by simply intersecting
for each year of analysis the burnt area map from each oper-
ational product with the parameter of interest. The remainder
of the paper is focused in presenting and discussing the re-
sults obtained from the intercomparison conducted between
the two products.

5 Results

The agreement in the burnt area estimates between the two
operational datasets for all years of analysis was examined
by computing a series of statistical metrics, following an ap-
proach similar to Boschetti et al. (2008). Generally, the two
products differed noticeably in their burnt area estimates, es-
pecially in the years 2005 and 2006 (Table 1a). In 2005 and
2006, the MCD45A1 product provided a higher “total burnt
area” estimate in comparison to EFFIS, whereas the oppo-
site was the case for 2007. In addition, “total common burnt
area” between the MCD45A1 and EFFIS was in all years
of our analysis lower than the “total not commonly detected
burnt area”. The “commonly detected burnt area” between
the two datasets was much higher for the years 2006 and
2007 in comparison to 2005. Similar trends in the compar-
isons were observed as well for the “total not common burnt
area”. It is worthwhile to mention that for 2005 and 2006 the
total not common burnt area was approximately 28 and seven
times higher, respectively, than the total common burnt area,
but for the year 2007 no significant differences were found.
These differences between the two burnt area products found
were also seen in their spatial comparisons as well, illustrated
in Fig. 4. In this figure, the commonly identified burnt area
between the two datasets is depicted in blue, the burnt area
identified only by MCD45AL1 in red and that only by EFFIS
and not by MCD45A1 in orange. Evidently, noticeable dif-
ferences were also found between the two datasets for all
years in terms of both fire detection and burnt area estimates
except for 2007, when a closer agreement was identified. In-
terestingly, as can also be observed (Fig. 4), a generally close
agreement spatially between the two datasets was observed
in some geographical regions, especially for the year 2007.

analysis was to focus on comparisons of the commonly iden- Subsequently, differences in the burnt area estimates be-
tified fires between the two datasets: the fires that includedween the two products were examined with respect to land
essentially all occasions in which at least one common part ofise/cover (Table 2), adopting the land use/cover classes cat-
the fire was detected by both products. This complementarggorisation corresponding to the CORINE Land Cover 2000
analysis aimed at further interpreting the differences betweer.evel 1 land nomenclature (JRC-EEA, 2005). Clearly, the

the two products in relation to fires’ spatial configuration (i.e.

Nonlin. Processes Geophys., 20, 39409, 2013

two operational products closely agreed as regards the main
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Table 1. Summarised statistics of the burnt area estimates between the two products for the years 2005—-2007. Burnt area is expressed in ha

Year Total burnt Total burnt Total burnt area as Total burnt area Total common burnt Total burnt area
area as mapped area as mapped mapped by MCD45A1 as mapped by EFFIS area as mapped by  not common between
by MCD45A1 by EFFIS and not by EFFIS and not by MCD45A1 both MCD45A1 & EFFIS MCD45A1 & EFFIS

(A) Burnt area comparisons for all fires included in each dataset

2005 26268 4517 25224 3473 1044 28697
2006 22648 16 355 17928 11634 4721 29562
2007 228114 271540 68 684 111109 160431 178793

(B) Burnt area comparisons for only the “forest and semi-natural” areas

2005 3982 2506 3322 1846 660 5168
2006 5435 10565 2293 7423 3142 9716
2007 103252 158609 21618 76975 81634 98592

(C) Burnt area comparisons for “commonly detected fires” only

2005 3048 2389 2004 1345 1044 3349
2006 5825 14703 1104 9983 4721 11087
2007 185861 258 257 25430 97827 160431 123257

land use/cover types identified as burnt areas. Indeed, fob—250 m, followed by the 251-500 m elevation range, with
both products, of the five land cover classes, fires had mainlyery few fires occurring at higher altitudes. However, inter-
occurred in “agricultural” and “forest and semi-natural” ar- estingly fires were equally distributed between the different
eas. However, in absolute terms, MCD45A1 detected mosetlevation classes in the year 2007. In addition, for the years
fires in agricultural areas, followed by forest and semi-natural2005 and 2007, the MCD45A1 product provides higher burnt
areas, while the reverse was observed in the EFFIS estimatearea estimates in comparison to EFFIS in the low-elevation
For 2005, according to MCD45A1, fires in agricultural areas range, whereas the opposite was the case for 2006. In higher-
were about six times more prevalent than fires in forest andaltitude ranges no clear trend is observed.
semi-natural areas; for 2006 they were approximately three To further evaluate the agreement between the two burnt
times more prevalent, but for 2007 were much more similar.area products, we also conducted analysis of their estimates
On the other hand, EFFIS burnt areas between agriculturalith respect to the “commonly detected fires” only (Ta-
and forest and semi-natural areas were generally more simible 1c). In terms of the total burnt area comparisons, similar
lar, apart from the 2006 fires in which forest and semi-naturalresults to those found previously for the case of the forest and
areas were nearly two times as prevalent as the fires in agrisemi-natural area comparisons only were obtained. In terms
cultural areas. of the fires distribution with respect to elevation (Table 3b),
Further analysis was conducted examining the burnt areaesults were again largely similar to those obtained in the for-
estimates from the two products but only for forests andest and semi-natural area comparisons analysed previously
semi-natural areas (Table 1b), since EFFIS is meant to dete¢fable 3a). Indeed, most of the fires for both products ap-
primarily fires occurring in those specific land cover types peared to also occur most commonly at lower elevations (i.e.
(Sect. 3.2). The general trends in the agreements between tie-250 m and 250-500 m). Yet, it should be pointed out that
different years were also similar to those observed when thespecially for 2007 the fires mapped from both products were
burnt areas from all fires had been compared (shown in Taequally distributed along the different elevation ranges.
ble 1a). The differences between the two products were still Burnt area agreement between the two datasets was fur-
evident, but noticeably smaller compared to when all landther evaluated based on patch analysis. Various patch analy-
use/cover types had been considered (Table 1a). This is irsis metrics (McGarigal and Marks, 1995) were computed for
dicated for example from the dramatic decrease of the dif-all possible analysis scenarios previously examined (i.e. the
ferences in the total common and not common burnt aredotal burnt area estimated from each product, the subset of the
estimates between the two products for the years 2005 anfbrest and semi-natural areas only and the commonly identi-
2006. fied fires only). The results from this analysis for all years
For this specific data subset, additional comparisons peref comparison are made available in Table 4. Interestingly,
formed aimed at exploring how burnt area detected from eaclour results generally showed a generally much lower number
dataset was distributed across different elevation ranges (Taf patches detected by EFFIS in comparison to MCD45A1,
ble 3a). Generally, for each year, both products showed simwhereas the reverse was the case for the mean patch size and
ilar trends in terms of the total burnt area detected at the difthe mean patch perimeters. This appeared to be the case in all
ferent elevation ranges. For both datasets in the years 200fhe different subsets of datasets examined except when com-
and 2006 most of the fires occurred in the elevation rangeparing burnt areas in commonly detected fires for the year
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Fig. 4. Comparisons of the burnt area estimates for Greece between MCD45Aland EFFIS operational proth)&29@&:;,(b) 2006 and
(c) 2007.

2005. The number of patches was found to be dramatically6 Discussion

different between the two products when the comparisons

were conducted for all fires mapped by each product without

previous filtering, and also for the dataset subset comprising he availability of burnt area operational products from both

the forest and semi-natural areas only. For the dataset subséte MCD45A1 and EFFIS datasets for the region of Greece

of commonly detected fires, the number of patches betweeffor the same temporal interval of the years 2005-2007 en-

the two products was significantly different only for the year abled us to rigorously evaluate their agreement. In general,

2007. total burnt area estimates between the two products were no-
ticeably different not only in absolute values of burnt areas
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Table 2. Burnt area distribution (expressed as %) from both MCD45A1 & EFFIS operational products for the years 2005—-2007 based on the

CORINE 2000 land use/cover map.

Total burnt area detected (%) by each product for the different land use/cover types

Land use/cover MCDA45A1 (2005) EFFIS (2005) MCDA45A1 (2006) EFFIS (2006) MCDA45A1 (2007) EFFIS (2007)
Artificial surfaces 1.7 4.7 1.0 0.2 1.2 1.1
Agricultural areas 84.8 44.5 76.0 35.4 54.7 41.6
Forest and semi-natural areas 13.2 50.8 22.7 64.4 435 57.1
Wetlands 0.0 0.0 0.1 0.0 0.2 0.1
Water bodies 0.3 0.0 0.2 0.0 0.4 0.1
Total 100.0 100.0 100.0 100.0 100.0 100.0

Table 3.Burnt area mapped by MCD45A1 & EFFIS operational products for the years 2007, 2006 and 2005 for the different elevation ranges

derived from the ASTER GDEM operational product.

(A) Comparisons with respect to elevation for the subset of
“forest and semi-natural” areas only

MCD45A1 (2005) EFFIS (2005) MCD45A1 (2006) EFFIS (2006) MCDA45A1 (2007)  EFFIS (2007)
%

Elevation classes (m)

0-250 59.9 48.9 42.9 61.3 23.6 19.4
251-500 26.3 27.7 321 29.3 28.3 30.1
501-750 16 10.9 11.9 7.1 26.1 24.4
751-2250 12.2 12.5 13.2 2.3 22.1 26.1
Total 100.0 100.0 100.0 100.0 100.0 100.0

(B) Comparisons with respect to elevation for the subset
of “commonly detected fires” only

MCD45A1 (2005) EFFIS (2005) MCD45A1 (2006) EFFIS (2006) MCD45A1 (2007)  EFFIS (2007)
%

Elevation classes (m)

0-250 52.3 48.0 51.6 69.9 335 324
251-500 30.5 41.7 34.7 23.0 31.9 314
501-750 18 4.1 8.3 5.4 21.6 20.2
751-2250 154 6.2 54 1.8 13.0 16.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

detected but also spatially. This was the case for all years irarea were noticeably decreased when comparisons between
which comparisons were included in our analysis. the two products were conducted for the subset of data cover-
The differences between the products can be related ting only the forest and semi-natural areas. This perhaps also
the specifications of the two products. The MCD45A1 burnt partially explains the obvious differences in the burnt area
area detection algorithm used cannot distinguish between thestimates for the years 2005 and 2006 in comparison to 2007
wildland fires and agricultural practices. On the other hand,since that year the catastrophic fires occurred mostly in for-
EFFIS was designed to map burnt area occurring primarily inest and semi-natural rather than agricultural areas. However,
forested and semi-natural areas. Burning crop residue is hissince differences in the burnt area estimates persisted even
torically a widespread practice throughout many areas of theafter comparisons had been focused only on the forest and
world, including Mediterranean regions, used for small-grainsemi-natural areas subset of data, the differences in the two
production such as rice, grass and wheat (Kamm and Montproducts’ burnt area estimates should be attributed to other
gomery, 1990; Eagle et al., 2000; Darby and Yeoman, 1994factors as well.
Prasad et al., 1999). In Greece, fire is an agricultural prac- Another possible reason explaining their differences can
tice commonly adopted by farmers, for example to clear upbe related to the spatial, spectral and temporal properties
and pesticide their fields before planting a new crop. Indeedpf the fires in relation to the spatial and spectral configura-
as was revealed in our analysis, differences in the total burntion of the MODIS sensor which is used to detect the burnt
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Table 4. Patch metrics analysis conducted for different dataset subset scenarios comparing the burnt area estimates from the MCD45A1 &

EFFIS operational products for the years 2005-2007.

2005 2006 2007
MCD45A1 EFFIS MCD45A1 EFFIS MCD45A1 EFFIS

(A) Burnt area comparisons for all fires included in each dataset

Number of patches 238 15 233 25 391 142

Patch total perimeter (km) 1081.2 116.8 861.9 2104 3679.8 2365.6
Mean patch area (ha) 1104 301.1 97.2 654.2 583.4 1912.3
Patch mean perimeter (km) 454 7.78 3.69 8.41 9.41 16.65

(B) Comparisons for the “forest and semi-natural” areas only

Number of patches 129 25 133 20 999 1.032

Patch total perimeter (km) 336.5 126.9 428.5 567.3 6023.0 8079.4
Mean patch area (ha) 30.9 100.2 40.9 117.4 103.4 153.7
Patch mean perimeter (km) 2.6 5.07 3.22 6.3 6.02 7.82

(C) Burnt area comparisons for the “commonly detected fires” only

Number of patches 7 7 11 9 118 70

Patch total perimeter (km) 84.5 59.6 114.0 147.9 2269.1 1963.2
Mean patch area (ha) 4354 3413 529.5 1633.7 1575.0 3689.3
Patch mean perimeter (km) 12.06 8.51 10.36 16.43 19.22 28.04

area in both products (Eva and Lambin, 2000; Boschetti etAs a result of this, non-burnt areas inside the burnt scar can
al., 2004). In Greece in particular, vegetation is highly frag- be potentially marked as burnt on EFFIS. With respect to this,
mented and non-homogenous. Such land surface charactdt-should be mentioned that our patch analysis also showed
istics have generally an important impact on the accuracythat EFFIS was able to produce a much smaller number of
of burnt area maps, especially those produced from coarsepatches but with a higher mean patch area and perimeter
resolution remote sensing data such as in our case MODI$ comparison to the MCD45A1 product. Yet, the potential
(Giglio et al., 2003; Roy et al., 2005). This is because burntinfluence of format conversion to generalisation error must
areas are not so easily detectable from the surrounding envbe properly investigated in evaluating the contribution of the
ronment, particularly at low spatial resolution (such as thatgeneralisation error in the EFFIS dataset With respect to the
of MODIS). This has generally shown to lead to an underes-MCD45A1 estimates.
timation of the burnt area in coarser-resolution data (Silva et Specifically for cases of years with low fire activity, such
al., 2005). With respect to that, it is underlined that our patchas those of 2005 and 2006 in Greece, some of the burnt area
analysis suggested a high difference in the degree of fire fragdiscrepancies between the two datasets might be explained
mentation between the two products, and this was the casby the fact that the extent of burnt areas in some cases can be
for all scenarios of data comparison. Indeed, MCD45A1 al-very limited (and thus difficult to detect), resulting in higher
ways detected a significantly higher number of patches withrelative influence of residual noise from the surrounding en-
a smaller mean area and perimeter in comparison to EFFISsironment (Boschetti et al., 2004; Trigg and Roy, 2007). This
suggesting that it was able to detect much smaller fires. Yetcan potentially result in a higher generalisation error occur-
this does not necessary imply that EFFIS is not able to detecting in the cases of smaller fires in particular. It is noted that
small fires in comparison to MCD45A1, since specificationsour results showed a comparatively close agreement in the
between the two products delivered differ. burnt areas detected between the two products for the year
With respect to this, the differences in the spatial reso-2007, a year of very high fire activity, in comparison to 2005
lution in which the two products are originally distributed and 2005.
should be taken into account from different perspectives Our results agree as well with other analogous intercom-
when attempting to explain the differences in their estimatesparison experimental studies of burnt area operational prod-
The different spatial resolution between the products com-ucts. For example, Boschetti et al. (2004) in an intercompar-
pared should be included among the factors affecting the reison study for the same time period between the GBA 2000
sults in the direct intercomparison of the burnt area opera-and GlobScar burnt area products and of the World Fire Atlas
tional products. In addition, EFFIS includes a generalisationfire product, all derived from low-resolution remote sensing
error on the fire vector map since it is a digitisation product. data, reported a large disagreement in terms of their areal
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estimates. Authors attributed the differences they observegarticularly in a Mediterranean setting. Yet, it should be un-
to the low spatial resolution of the remote sensing data (i.ederlined that the lack of precise agreement in the burnt area
1 km) that allowed only large fires to be detected, but also toestimates between the two datasets found here does not nec-
the different number of available overpasses and the differessarily mean that one or the other is inaccurate. It rather
ent algorithms employed. Boschetti et al. (2008) conductedpoints to the need for their calibration using high-resolution
an intercomparison between the MCD45A1 and EFFIS burntdata, something that has also been underlined previously by
area products for the summer of 2007 only for the region ofother investigators (e.g. Boschetti et al., 2004). All in all, our
Peloponnese in Greece. Authors reported the total burnt arestudy builds upon a series of analogous validation exercises
from EFFIS to be somehow lower in comparison to that re-carried out using burnt area products distributed by differ-
ported by MCD45A1 for the same time and spatial domain.ent agencies/services. At the same time, it supports focus-
Noticeably, the total area mapped as burnt by MCD45Aling efforts globally towards the development of standardised
only and not by EFFIS was herein reported to be approxi-validation methodologies required for validating regional fire
mately 40 % larger in comparison to that mapped as burntanalysis operational products available at present or planned
only by EFFIS and not by the MCD45A1 product, suggest- to be distributed from future-generation satellites.

ing that perhaps MCD45A1 also detects fires occurring from

man-made practices. In their study, Boschetti et al. (2008)
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