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Global Fire Impacts Assessment from Long Term Analysis of 

Burned Area Products 

Emilio Chuvieco*1, Lucrecia M. Pettinari 1, Joshua Lizundia 1, Aitor Bastarrika 2, Ekhi Roteta 
2, Kevin Tansey 3, Marc Padilla3, James Wheeler 3, Jose Miguel Pereira 4, Duarte Oom 4, 

Manuel Campagnolo 4, Thomas Storm 5, Johannes Kaiser 6, Angelika Heil 6, Florent 
Mouillot 7, Chao Yue 8, Philippe Ciais 8, Pierre Laurent 8, Guido van der Werf 9, Ioannis 

Bistinas 9, Philip Lewis 10, Jose Gómez Dans 10, James Brennan 10 

*Corresponding author: Emilio.chuvieco@uah.es 
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Country, Spain; 3Department of Geography, University of Leicester, United Kingdom; 4Instituto Superior 
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l’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ, France; 9Faculty of Earth and Life Sciences, Vrije 

Universiteit Amsterdam, The Netherlands; 10University College London, UK 

Biomass burnings (including forest, grassland, peatland and agricultural fires) have 
important impacts on global terrestrial and atmospheric systems, affecting land cover, 
surface albedo, and the atmospheric concentration of greenhouse gases, chemically 
reactive species and aerosols. Several products have been generated in the last years to 
estimate total burned area, but uncertainties remain, particularly those associated to 
small and low intensity fires. Impact of climate and societal changes modify traditional 
fire regimes, extending fire seasons, increasing fire severity or introducing fire in 
sensitive areas. 
The Fire_cci project of the European Space Agency Climate Change Initiative aims to 
generate consistent time series of burned area products to assess the extents of biomass 
burnings, as well as their spatial and temporal characteristics. Fire impacts on 
atmospheric and terrestrial processes are assessed, with particular attention to CO2, CO 
and CH4 emissions, modifications of vegetation patterns and biomass availability. 
The global burned area products of the Fire_cci program are being developed from 
MERIS and MODIS sensors (300m and 250m of spatial resolution respectively), 
complemented with a small-fire databased generated from medium resolution sensors 
(Sentinels 1 & 2 and Proba-V) for the African continent. BA algorithms for new Sentinel-3 
sensors (OLCI and SLSTR) are also being developed. Validation of the global products is 
based on a statistical sampling design of Landsat frames. For these sites, fire reference 
perimeters are generated based on multitemporal analysis of TM/ETM+/OLI images. 
The presentation will describe the current status of the project and will provide analysis 
of the global burned area products already produced.  
Keywords: Fire_cci, burned area, MERIS, MODIS, Sentinels 
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Development of a Mid-term Fire Danger Index Using Satellite 

Remote Sensing and Ancillary Geographic Data 

Alexandra Stefanidou*1, Dimitris Stavrakoudis1, Thomas Katagis1, Eleni Dragozi 4, Maria 
Tompoulidou2, Liountmila Stepanidou 1, Dionisis Grigoriadis 1, Ioannis Gitas 1, Peter 

Dokukin3 

*Corresponding author: alexands@for.auth.gr 

1Aristotle University of Thessaloniki, Greece; 2Greek Biotope-Wetland Centre (EKBY); 3Peoples' 
Friendship University of Russia, Russian Federation; 4Independent Scholar 

 

The prediction of fire danger conditions is a key element for sustainable forest fire 
management since it provides critical information for adequate planning, preparedness 
and effective response to potential fire events. The aim of this work was to develop a 
mid-term fire danger index using satellite Earth Observation (EO) and ancillary 
geographic data. The methodology was based on an innovative approach which 
combines dry fuel connectivity estimates with biophysical and topological variables for 
the reliable forecast of fire danger on a mid-term basis. More specifically, the 
methodology employs a previously proposed automated procedure which uses Moderate 
Resolution Imaging Spectrometer (MODIS) time series data for the estimation of dry fuel 
connectivity. Building upon this approach, the research design aims at investigating its 
potential to be used for fire danger monitoring by combining the dry fuel connectivity 
estimates with ancillary data, such as fuel type and topography spatial information. The 
developed index was evaluated with the use of historical fire data and was proven to be a 
reliable proxy indicator of fire danger, although no additional meteorological data was 
employed besides the EO derived indices and products. Finally, it should be noted that 
the development of the index was performed within the framework of the National 
Observatory of Forest Fires (NOFFi) project. 
Keywords: fire index, MODIS, NOFFi,  
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Future Emissions from Canadian Wildland Fires 

Michael Donald Flannigan*1, Mike Wotton2, Ginny Marshall1  

*Corresponding author: mike.flannigan@ualberta.ca 

1University of Alberta, Canada; 2University of Toronto, Canada 

 

Wildland fires are a frequent occurrence in many regions of the world. These fires are the 
result of interactions between climate/weather, fuels, and people. Our climate and 
associated day-to-day weather may be changing rapidly due to human activities that may 
have dramatic and unexpected impacts on regional and global fire activity. A warmer 
world means a longer fire season, more lightning activity, and most importantly drier 
fuels. Existing studies suggest a general overall increase in fire occurrence and area 
burned although there is significant temporal and spatial variability. Future trends in fire 
severity and intensity are more difficult to project due to the complex and non-linear 
interactions between weather, vegetation and people. However, there are indications that 
fire severity and intensity are increasing. 
In this study we examine future carbon emissions from wildland fires in Canada. We use 
3 GCMs and 3 RCP scenarios to estimate potential fire intensity, fuel consumption 
(surface and crown) and the number of significant spread days throughout the Canadian 
boreal forest. We find that potential fuel consumption increases more than 25% in the 
most extreme scenarios for the majority of the boreal by the end of the century. Similarly, 
we observe an absolute increase in the number of days that could support significant fire 
spread, by up to 50 days per year. By combining the days with significant fire spread 
along with fuel consumption we get significant increases in carbon emissions to the 
atmosphere by the end of this century. 
Keywords: carbon, climate change, wildland fire, Canada, GCM 
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Fuel Moisture Estimation using Optical, Thermal Infrared, and 

Radar Remote Sensing over North America Boreal Forests, 

South Africa Savannas and Canadian Grasslands 

Brigitte Leblon*1, Steven Oldford 1, Lisa Gallant 1, Guy Strickland 1, Keith Abbott 1, Duncan 
Rand 1, Martin Kong 1, Laura Bourgeau-Chavez 1, Amine Merzouki 1, Joseph Buckley 2, 
Marty Alexander 3, Renaud Mathieu 4, Gordon Staples 5, Michael Donald Flannigan 6, 

*Corresponding author: bleblon@unb.ca 

1University of New Brunswick, Canada; 2Royal Military College, Kingston, Canada, 3Canadian Forest 
Service, Edmonton, Canada; 4Council for Scientific and Industrial Research, Pretoria, South Africa; 5MDA 

Geospatial Services Inc., Richmond Canada; 6University of Alberta, Edmonton, Canada 

The paper presents an overview of 20 years of research at the Faculty of Forestry and 
Environmental Management, U. New Brunswick, Canada on fuel moisture estimation 
using optical, thermal infrared, and radar remote sensing, with a particular focus on the 
volumetric soil moisture content or its surrogate, the drought code (DC) of the Canadian 
Fire Weather Index (FWI) System. Most of the studies focus on boreal forests located in 
the Northwest Territories (NWT), Alberta or Alaska. NOAA-AVHRR mean surface 
temperatures (Ts) were shown to increase as ignition dates approach and areas with high 
FWI correspond to areas with high Ts. DC was then estimated using a combination of 
NDVI and Ts images through empirical algorithms. Fire starts were shown to be better 
predicted using DC estimations from satellite images than from weather stations. We also 
developed a deterministic model to derive the ratio between actual and potential 
evapotranspirations that was linked to FWI. Over Canadian natural grasslands, MODIS-
derived DC maps were produced by using not only Ts and NDVI, but also a SWIR-based 
index (moisture stress index or MSI). More recently, ERS-1 C-VV and RADSARSAT-1 C-
HH SAR backscatters were correlated to DC, but the correlations were influenced by 
biomass and surface roughness. This is why RADARSAT-2 polarimetric images were also 
tested. Freeman-Durden and Van Zyl decomposition parameters were shown to be more 
sensitive to soil moisture changes than Cloude-Pottier decomposition parameters. Similar 
observations were made over South Africa savannahs and Canadian natural grasslands. 
Over the boreal forest sites, we also tested ALOS-PALSAR1 L-band images. Besides the 
Cloude-Pottier variables, the additional variables that give non-significant differences 
between wet and dry dates at L-band compared to C-band were all related to volume 
scattering. Empirical algorithms to estimate soil volumetric moisture content (SVMC) 
maps were established with multi-date RADARSAT-2 polarimetric variables. For all the 
Alalska boreal forest sites, a RMSE of 6.7% between observed and estimated SVMC 
values was achieved using the C-VH backscatter, the maximum of degree of polarization 
(dmax), and the maximum of the completely unpolarised component (Unpolmax). dmax 
appears to be helpful by providing information on surface roughness and/or biomass. 
The limitations of the research are also presented. 
Keywords: fuel moisture, optical, thermal infrared, radar, radar polarimetry, NOAA-
AVHRR, MODIS, RADARSAT-2, ALOS-PALSAR1. 
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Active Fire Retrieval from AVHRR Imagery Since 1985 for 

Europe – Potential and Caveats of a Heritage Sensor 

Helga Weber*1, Stefan Wunderle 2 

*Corresponding author: helga.weber@giub.unibe.ch 

1Institute of Geography, University of Bern, Switzerland; 2Oeschger Centre for Climate Change Research, 
University of Bern, Switzerland 

Over the last decades, increased levels of burning raised awareness about the relative 
importance of climate-human-linkages including fire management practices, rising 
temperature, and climate variability (Kehrwald et al., 2013). Data of fire disturbances (i.e. 
active fire, burned area, and fire radiative power) as defined within the Essential Climate 
Variables (ECV’s; GTOS-T13, 2009) are primarily derived by various remote sensing 
sensors. However, only few of these sensors cover long enough time spans to derive 
climatological meaningful time series and analyze temporal trends in fire activity. These 
include the Landsat Thematic Mapper, the Advanced Very High Resolution Radiometer 
(AVHRR), or the Système Pour l’Observation de la Terre (SPOT). 
Employing a heritage sensor, like the AVHRR, offers a unique potential for climate 
studies and to understand fire activity trends and patterns. The temporal coverage is 
substantially increased by the simultaneous operation of several platforms each with a 
twice daily global coverage. Thus, depending on the specific platform configuration at a 
time, information can be acquired on different times of the diurnal fire cycle. However, 
besides these advantages, the imaging radiometer has substantial drawbacks due to 
reduced capability for the detection of active fires. These include amongst others the 
saturation of the MIR radiance at temperatures greater than 322.5 K (336 K) for AVHRR2 
(AVHRR/3; from NOAA-15 onwards), changing channel configuration (switch of 3B to 
3A), orbital drift, and missing on-board calibration of the reflective solar channels. 
This study focuses on active fire retrieval from 1 x 1 km AVHRR data for Europe and a 
detailed analysis of its performance. We used full-resolution AVHRR imagery on-board 
morning and afternoon NOAA-9 through 19 (except NOAA-15), MetOp-A and B 
platforms. They have been received, archived, and homogenized at the University of 
Bern, Switzerland (46.93˚N / 7.41˚E). We expanded on the original two-channel fixed 
threshold plus contextual approach of Giglio et al. (1999) to flag fire-affected pixels. To 
minimize commission errors, several filters (e.g. sun glint, coastal misdetection, static fire 
filter) have been implemented besides cloud and land-water masking. Coinciding MODIS 
derived active fire maps (MOD14/MYD14) show a good agreement and binary active fire 
maps of the high-resolution sensors Landsat 5 TM and ASTER L1T have been retrieved 
followed by analysis of detection probabilities and calculation of summary statistics. The 
work presented here focuses on long-term trends and assesses the accuracy of the active 
fire detection for AVHRR/2 and AVHRR/3 sensors dating back to 1985 in relation to 
sensor characteristics, observing and environmental conditions. 
Keywords: AVHRR, active fire retrieval, time series, Europe. 
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Changes in climate and fire regimes are transforming the boreal forest, the world’s 
largest biome. Boreal North America recently experienced two years with large burned 
area: 2014 in the Northwest Territories and 2015 in Alaska. Here we use climate, 
lightning, fire and vegetation datasets to assess the mechanisms contributing to large fire 
years. We find that lightning ignitions have increased since 1975, and that the 2014 and 
2015 events coincided with a record number of lightning ignitions and exceptionally high 
levels of burning near the northern treeline. Lightning ignition explained more than 55 % 
of the interannual variability in burned area, and was correlated with temperature and 
precipitation, which are projected to increase by mid-century. The analysis shows that 
lightning drives interannual and long-term ignition and burned area dynamics in boreal 
North America, and implies future ignition increases may increase carbon loss while 
accelerating the northward expansion of boreal forest. 
Keywords: fire, boreal forest, lightning, climate, carbon. 
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Accurate and complete data on fire locations and burned areas are important for a variety 
of applications. Imagery collected by the family of Landsat sensors is useful and 
appropriate for monitoring the extent of area burned, and provide spatial and temporal 
resolutions ideal for science and management applications. The Monitoring Trends in 
Burn Severity Project (MTBS) is designed to provide consistent, 30 meter resolution burn 
severity and perimeters of fires across the United States from 1984-2015 based on Landsat 
imagery. The MTBS 30 meter burnt area product can be freely accessed from the MTBS 
website. However, the accuracy of the MTBS burnt area products were not 
comprehensively evaluated. In this paper, a study was performed for accuracy 
assessment of the MTBS 30 meter burnt area products. 42 Landsat burnt area products 
were randomly selected and the accuracy were assessed by visual inspection based on 
sampled points. It was found that the accuracy of the MTBS burnt area products ranged 
from 76.67% to 100%, and the average accuracy was 97.24 %. 
Keywords: MTBS, burnt area, 30 meter, validation.  
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Due to the enormous economic and ecological damage caused by fires, it is essential to 
have a precise knowledge regarding the location, the extent and the frequency of the fire 
events for damage assessment and for modeling the effects on the climate. 
The objective of this study is the development of a fully automatic process chain for rapid 
burn scar detection using data of the Sentinel-2 mission, consisting of two identical 
satellites operated by ESA within the European Union’s Copernicus programme. This 
allows continuous monitoring at a spatial resolution of 10m and a temporal resolution of 
~5 days. The method is designed for a global application and is based on mono- and 
multi-temporal data sets. 
Numerous existing approaches use different spectral channels and indices as features for 
the detection of burned areas. However, these were derived for other sensors and are 
partly adapted to specific test areas. In order to develop a globally applicable method, 108 
mono- and multi-temporal features are analyzed in a discriminant analysis to examine 
their potential for the identification of burned areas. For this purpose, distributed test 
sites for the classes burn scar, shrubland, grassland, agricultural land, harvested 
agricultural land, bare soil, forest, urban areas, shadow, inland water, sea, cloud and 
cloud shadow are defined in seven fire-affected areas located in Australia, Spain, 
Morocco, and Costa Rica. Subsequently, all feature combinations up to the 4D feature 
space are analyzed by means of the Mahalanobis distance. As a result features with the 
best possible separability are chosen as criteria for the burn scar detection. 
The fully automatic process chain starts with an atmospheric correction of the Sentinel-2 
data. Furthermore, cloud detection is carried out in order to identify regions which carry 
no information on the existence of burn scars. This also allows a reduction of the 
computation time, as these areas are excluded in the following processing steps. For the 
burn scar detection itself a two-phase algorithm is chosen. The first phase serves to 
identify seed pixels which have a high probability to be related to burned areas. Due to 
its simplicity a threshold-based approach is used for this purpose. In the second phase a 
refinement of the burned areas is accomplished by examining the neighborhood of the 
seed pixels through a region growing method based on Support Vector Machines. 
To quantify the quality of the new method a case study is carried out in two test areas 
near Moonford and Bundaberg, Queensland, Australia, where wildfires took place on 
22/12/2015. In addition a burn scar is examined from a wildfire on 06/08/2015 in the 
province of Cáceres, Spain. For the two test areas in Australia burned area masks from 
manual digitization based on Sentinel-2 data serve as reference data, whereas for the test 
area in Spain the burned area mapping of the Copernicus Emergency Management 
Service (EMS) is used. The validation of the proposed approach shows encouraging high 
producer’s accuracies of 78-93%. The user’s accuracies vary between 65-99% due to the 
confusion of burn scar with harvested agricultural land. 
Keywords: burn scar detection, Sentinel-2, automatic approach, rapid mapping, Support 
Vector Machines. 
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Fire regimes have been demonstrated to affect primarily two main plant distribution 
factors namely species abundance and phyto-sociability. In this context, abundance refers 
to the most occurring species in the community while phyto-sociability translates the 
aggregation of species at the landscape level. Accordingly, it was important to spatially 
characterize both factors in an attempt to advance future investigations on the impact of 
fire regimes on vegetation cover in Lebanon. 
Wildfires are very common in evergreen maquis and garrigue characterizing the Thermo-
Mediterranean, Eu-Mediterranean, and Supra Mediterranean zones. Wildfire effects on 
vegetation and biodiversity in the Mediterranean basin have been studied and the results 
are diverse depending mainly on vegetation type and frequency of fire. In this context, 
the aim of this study was to prepare the ground for assessing the effect of fire regime on 
plant abundance in a Mediterranean forest landscape of Lebanon’s western mountain 
range. The specific objectives were to employ Sentinel-2A imagery and ancillary data for: 
1. mapping plant composition and abundance 
2. mapping phyto-sociability (i.e., aggregation) of species 
A Geographic Object-Based Image Analysis (GEOBIA) model was initially developed by 
employing Sentinel-2A satellite imagery acquired in October 2016 in addition to other 
field and ancillary data (i.e., landcover/landuse map of Lebanon). The development of 
the GEOBIA model comprised image segmentation at different levels followed by image 
object classification. 
The GEOBIA classification protocol was based on the Braun-Blanquet classification 
method. Accordingly, image objects were classified in function of abundance indexes 
ranging between 1 (i.e. with a plant cover less than 5%) and 5 (i.e., with a plant cover 
above 75 %). Similarly, image objects were classified in function of sociability indexes 
represented by 1 (i.e., small patches, aggregates, or clusters) and 2 (i.e., crowds of plants, 
large stand, or pure populations). More specifically, the classification of the sociability 
index involved the use of Clark Aggregation Index which gives evidence about the 
spatial distribution of sub-objects of each class. 
In 2015, a field campaign was conducted to survey 108 plots across the study area. 
Preliminary assessment of the model results with the use of field collected data showed 
an average accuracy of approximately 66% for mapping conifer and broadleaf forests, 
and an average accuracy of approximately 60 % for mapping plant abundance and 
aggregation. A careful investigation of the results would provide further insights towards 
improving the performance of the GEOBIA model using the Sentinel-2A imagery. 
Keywords: Plant abundance, phyto-sociability, Sentinel-2, object-based image analysis.  
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The Soberanes fire, California, begun in July 2016 and burned until late September 2016, 
affecting an area larger than 400 kmq, with significant damage to vegetation and 
emissions into the atmosphere. In order to map the burned area perimeter, and to 
characterize the vegetation changes due to the fire, dual-polarization Sentinel-1 (S-1) and 
multispectral Sentinel-2 (S-2) data, covering the pre- to post-fire period were processed. A 
multi-temporal analysis of spectral indices and backscattering coefficients was carried out 
[1]-[2], for investigating the sensitivity of the optical and (C-band) SAR data to burned 
conditions. 
A series of 12 dual polarization (VV and VH) S-1 SAR images between July 5, 2016 and 
January 31, 2017 was processed. S-1 Single Look Complex (SLC) burst images were de-
bursted and, then, co-registered with respect to the reference image (July,5 2016). 
Multilooking was applied resulting in a multi-looked SAR pixel of about 15m x 15m; 
images were then geocoded, projected from radar to UTM projection coordinates and 
radiometrically calibrated into sigma naught data. Temporal variation of SAR 
backscattering (post-pre) was computed and difference maps were de-noised by applying 
a median filter. Over the same period, six S-2 cloud free images were downloaded and 
processed to surface reflectance with the ESA Sen2Cor processor for generating Level 2A 
products. Spectral Indices (SIs) were derived from the spectral reflectance. As a baseline, 
a time series of Landsat-8 OLI (Operational Land Imager) atmospherically corrected 
(Collection 1) images covering the same period was also acquired. The fire perimeters 
were detected from the optical data and radar data by using a fuzzy algorithm that 
integrates optical SIs and radar backscatter [2]. The fuzzy scores generated by the 
algorithm have been analyzed as a possible indicator of changes induced by fire in the 
vegetation, and potentially linked to fire severity. Additionally, the temporal variation of 
the polarimetric radar signature from the beginning to the end of the fire was analyzed. 
Results show that the integration of S-1 and S-2 data can be successfully exploited to 
derive fire perimeters and to characterize the changes induced by fire within the 
perimeter. Additional investigations will be performed, to verify whether additional 
information on the temporal progression of the fire can be extracted. Comparison of the 
results obtained from S-2 and L-8 data show that the enhanced 10m spatial resolution has 
a significant effect on mapping and characterizing burned areas. 
Keywords: Burned area, multi-source approach, fuzzy theory, Mediterranean ecosystem, 
Sentinel 1&2. 
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Timely and accurate burned area mapping is essential for quantifying the environmental 
impact of wildfires and for designing short- to mid-term preemptive measures that can 
mitigate the possible impacts of the fire/heavy rainfall combination. This paper presents 
a semi-automated burned area mapping methodology, which is an improved version of 
the so-called Object-based Burned Area Mapping (OBAM) service, previously developed 
within the context of the Greek National Observatory of Forest Fires (NOFFi) project. The 
new approach focuses primarily on Sentinel-2 imagery, which provides high-resolution 
optical data, a short revisit cycle of five days and a wealth of spectral information that is 
crucial for burned area mapping. 
Compared to its precursor NOFFi-OBAM, the new methodology introduces several 
enhancements for reducing user interaction and, thus, for increasing its capacity for 
operational utilization on a national level. More specifically, a recently proposed 
unsupervised feature selection technique (based on an evolutionary meta-heuristic 
algorithm) is exploited for selecting the set of relevant features, in order to facilitate the 
subsequent automated selection of training patterns. The latter are employed for 
discriminating burned from unburned ones, following a supervised classification 
approach. Moreover, a number of well-known burned area indices are calculated on a 
pre-fire and a post-fire image of the affected area and their difference is employed for 
labeling a portion of the selected training patterns (the most unambiguous ones), through 
a set of empirical rules. This significantly reduces the effort required for manually 
labeling the training patterns. 
The proposed method has been tested on a set of wildfire incidents during the 2016 fire 
season in Greece, considering representative examples of burned landscapes with 
different complexity and topography. The results highlight the method’s effectiveness in 
providing accurate mappings with reduced user effort, paving the way for the 
development of a fully automated burned area mapping method. 
Keywords: Semi-automated burned area mapping, object-based image analysis (OBIA), 
Sentinel-2, burned area difference indices. 
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Recent estimates show that about 2.1 PgC are released every year due to biomass 
burning. Because of its importance, numerous approaches have been developed to 
estimate fire affected area globally with most of them using low to medium resolution 
optical and thermal wavelengths. However, there is an increasing evidence of burned 
area underestimation particularly in regions with frequent cloud cover or affected by 
small size fires. To avoid such shortcomings, this work aims at developing an algorithm 
for burned area detection using high resolution images captured by the ESA’s C-band 
synthetic aperture radar (SAR) Sentinel-1 satellites. The algorithm aims at detecting 
burned areas at high spatial resolution (e.g. 25 to 50 m). The algorithm has three different 
steps: (1) seed detection, (2) growth phase and (3) statistical object analysis. In the first 
step seed pixels of burned areas are detected using the Normalized Differenced Temporal 
Index (NDTI) computed using the cross-polarized (VH) backscatter recorded at t-1 and 
t+1, being t-1 the image before the event (i.e., fire) and t+1 the image after the event. In 
the second step, the detection is expanded from seed pixels. In the third step, the detected 
objects are assessed to remove objects that are not burned areas. Preliminary results 
obtained in a study area located in the Orinoco basin, where main drivers influencing 
backscatter are floods and fire, were reasonable, with kappa values of 0.76 and omission 
and commission errors of 18.67% and respectively 28.62%. 
Keywords: Burned area, SAR, Sentinel-1, C-band, NDTI, backscatter. 
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We present the latest core algorithmic workflow behind the 2014 Copernicus awarded 
system FireHub (http://ocean.space.noa.gr/FireHub) for the systematic mapping of 
burnt areas after wildfires. The main advantage of our technical approach is the ability of 
the algorithm to be sensor-agnostic, hence accommodate satellite data of different spatial, 
temporal and spectral resolutions and characteristics, without any implicit compromises 
in thematic and spatial accuracies. FireHub workflow is scalable to cover entire Europe, 
the Middle East and North Africa. 
The algorithms used for automated Burnt Scar extraction, is applicable to both middle 
(VIIRS, MODIS, FengYun-3, Sentinel-3) and high-resolution satellite systems (Sentinel-2, 
Landsat-8). It is based on an implementation of Level Set Methods, to which further 
modifications and optimizations were applied to enhance the thematic accuracy, and 
minimize omission and commission error rates, as well as to adapt the proposed 
algorithm to the heterogeneous land cover regimes across Europe. 
The main advantages of the proposed algorithmic workflow are (i) the application of 
cascaded local standardization techniques that amplify local minima/maxima to 
distinguish burnt scar areas, (ii) the integration of diverse index capacities to better 
characterize the different levels of burn severity, (iii) the utilization of Level set methods 
that are parameter free, provide a direct way to estimate the geometric properties of the 
evolving structure, can change the topology and are intrinsic; they are designed for 
problems which have topological changes, curvature dependence and singularities 
formation, (iv) the adaptability to available optical sensors for burnt scar product 
extraction, provided that those sensors at least provide visible red, near-infrared and 
short-wave-infrared bands. 
We test the proposed approach for the summer 2016 forest fires that occurred in Greece. 
We use Sentinel-2, MODIS and VIIRS data for the processing, while the thematic 
products are compared with datasets collected from the Greek Fire Brigade for the same 
period. Results show that among other techniques developed to derive burn scar 
information from remote sensing data, such as fixed thresholding, the proposed 
approach can extract the outline curve of fire burn scar more accurately. The proposed 
method has higher extraction accuracy and less algorithm complexity than that of the 
conventional methods. Compared to fixed threshold approaches, were the algorithm 
discriminates burn scar from neighbouring objects with empirically derived fixed sets of 
thresholds, this method clearly prevails because it automatically ―chooses‖ the 
appropriate local thresholds. 
Keywords:  Burnt scar mapping, Level Set Methods, FireHub. 
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Irstea Aix-en-Provence has just started to develop the French National Fire Expertise 
Center, together with other laboratories working on fire damage assessment using 
remote sensing data. 
In the framework of the Geosud Center, we had the possibility to obtain new satellite 
data from the National Center of Spatial Studies. 
We used Sentinel 2 data, together with other satellite imagery sources to assess fire 
severity for the Rognac Fire (10/08/2016), which occurred near Marseille (South of 
France) last summer. We acquired images before and after fire, and we calculated 
different indexes (dNBR, dNDVI, dGNDVI, …). We also acquired ground data to 
describe damage assessment on the vegetation and ecosystems to calibrate the remote 
sensing treatments. 
We tested the combination of different satellite data, specifically at the wildland urban 
interface (Spot 6/7, Pleiades), and we compared the added value of the different sources 
according to the spatial and spectral resolution 
Keywords: fire, damage, assessment, sentinel.  
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Mapping the effects of wild fires on forest ecosystems using Landsat image is a 
thoroughly researched topic. Many authors have used different band combinations 
estimate fire severity and assess forest resilience on a broad scale. One of the most 
commonly used indices towards this goal is the Normalized Burn Ratio (NBR). Since its 
conception and refinement it has been used by the US land management agencies to 
derive fire severity maps. Having the same formula with the normalized difference 
vegetation index (NDVI), the NBR uses the mid-infrared (MIR) band instead of the red 
band. It integrates the two Landsat TM/ETM+ bands (4 and 7) that have the most 
significant responses to burned areas, but in opposite ways. Many improvements were 
made to the NBR by different authors; Key and Benson (2006) subtracted a post-fire NBR 
from a pre-fire NBR and created the difference NBR (dNBR), which allows for them 
mapping of absolute vegetation change. The different sensitivity of the near-infrared 
(NIR) and MIR Landsat bands to pre and post-fire vegetation state also showed high 
correlation with field data. 
The launch of Landsat 8 (L8) and Sentinel 2 (S2) satellites offers the opportunity for the 
continuity of dNBR use, with a much better temporal resolution. However, both satellites 
show spectral and radiometric differences that might affect the NBR values. The aim of 
this study is to test the performance of NBR for forest fire severity mapping using the two 
satellites’ sensors, when assessing forest fire severity in different biogeographical regions 
and vegetation types. Eight major forest fires from seven different areas around Europe, 
covering four biogeographical regions, and having occurred in the summer of 2016 were 
selected from European Forest Fire Information System (EFFIS). For each such event, two 
images from each Landsat 8 and Sentinel 2 were retrieved, one before and one after the 
event. Those images were used to derive dNBR and compare the values between the two 
satellites in each case. 
Keywords: Normalized Burn Ratio, Sentinel-2, Landsat, biogeographical regions.  
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The C-band Synthetic Aperture Radar (SAR) sensor on the ESA Sentinel-1 satellite 
constellation is capable of imaging the African continent once every six days at 15 m 
spatial resolution, in either ascending or descending orbit passes. In the context of burned 
area mapping, the ability of C-band SAR to penetrate cloud cover, and its sensitivity to 
structural changes on the ground, make it a suitable sensor to complement medium 
resolution optical sensors such as Landsat and Sentinel-2, and in particular to gap fill 
maps derived from these platforms in areas obscured by cloud and haze. 
Interferometric SAR coherence (coherence) is a measure of the signal decorrelation 
between two SAR images, and can be used to measure change between these images for 
the purposes of classification. Low coherence values are strongly indicative of structural 
change at the scale of the wavelength of the SAR sensor, which in the case of Sentinel-1 is 
5.5 cm, as well as changes in moisture. This corresponds to low coherence values in most 
vegetated areas, unless a burn event has occurred, in which case coherence values 
increase. 
This paper describes the methodology and results of a prototype small fire burn detection 
classification from an annual time series (2016) of coherence images, covering a five 
degree square region of sub-saharan Africa with an upper left coordinate of ten degrees 
North and ten degrees East. A comparison of the results with two other products, derived 
from optical data (Sentinel-2) and SAR backscatter (Sentinel-1), is included, as well as the 
processing challenges faced while working with the large data volumes in the Sentinel-1 
archive. 
Keywords: SAR, Africa, Coherence, Fire CCI, Sentinel-1. 
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Support Vector Machines (SVMs) coupled with satellite images and sensor information 
have been proven to aid in the prediction of forest fires and the extent of burnt areas. The 
National Aeronautics and Space Administration's (NASA) moderate resolution imaging 
spectroradiometer (MODIS) provides an active fire product in the form of spatial 
hotspots using an enhanced Collection 6 algorithm since 2015, which basically consists of 
High Temperature Events (HTEs). This study proposes a one-class SVM based approach 
to identify the hotspots that are more likely to be a part of large forest fires. For this, 
Hotspots in Portugal in the time period 2000-2017 were analysed. 39 known large forest 
fire events across Portugal were used to train the SVM model. As expected, it was 
observed that these forest fires generally occurred in spatio-temporal clusters when 
compared to the overall hotspot population. The input parameters for the model were 
based on spatial and temporal clustering behaviour of the hotspots, external factors such 
as land cover, temperature, elevation etc. and attributes from the Collection 6 data such 
as fire detection confidence, fire radiative power and brightness temperatures. Hold out 
and data split cross validation techniques were used to validate the model. As a result, 
80.6 % of the overall hotspots from 2000 to 2017 were classified as "true" forest fires. Time 
series analysis of these "true" detections led to the identification of other forest fire events 
that were not included in the training dataset. The results also showed that the model 
was more sensitive to land cover, temperature and cluster parameters when compared to 
other parameters. This proves that the model is responsive to HTEs occurring on forest 
areas and also to spatio-temporal clustering. We assume that this approach could be 
successfully adapted to other study areas as there are no study area dependent input 
parameters used. In addition, assigning higher weightage to the more influential 
parameters such as land cover and spatio-temporal clustering could lead to better results. 
Keywords: One-Class Support Vector Machines, MODIS Collection 6 Active Fire Product, 
MOD14, MYD14, Spatio-Temporal Clustering. 
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Being one of most significant driving factors for land cover change in Russia wildfires 
annually affect millions of hectares of forests and other terrestrial ecosystems. A burnt 
area and trees mortality as key parameters to characterise wildfires from individual 
events up to the country level are critical inputs for both fire management actions 
planning and post-fire impact assessment, including its economic and environmental 
aspects. 
The IKI has developed based on time-series of MODIS and Landsat data number of 
thematic products, which conjointly provide opportunity to quantify impact of wildfires 
on forests over the country. These products allow deriving in particular a multi-annual 
country-wide statistics on characteristics of fires and burnt area considering different 
land cover types. The burnt severity multi-annual data provide an opportunity to 
estimate impact of fires in terms of trees mortality in respect to various forest types. 
These time-series data analysis provide new information about changes of fire regimes in 
the forest ecosystems of Russia considering geographical pattern of fires, their frequency 
and size, as well as burnt area since beginning of the millennium. 
Based on our assessment the total fire-induced forests loss area in the period of years 
2006-2016 is about 27х10E6 ha, while its inter-annual variations is ranged between 
0.57х10E6 ha and 6.67х10E6 ha with maximum in year 2012. The annual percent of lost 
forest within its burn area is varying in range from 27.6% until 67.4% with multi-year 
mean at 48.8%. 
Analysis have shown also that spring fires provide maximum contribution into total 
forest burnt area, while summer fires are most destructible for forest ecosystems with 
trees mortality peak in July. Fire-caused forest mortality is significantly depends on tree 
species. It has been shown that about 50% of burned area and 62% of forest fire scars 
accounted for larch ecosystems. Coniferous forests and especially dominated by dark 
needleleaf tree species are demonstrated significantly lower level of fire resistance in 
comparison to deciduous broadleaf forests. 
These results support forest science and can be used to develop a forest fire protection 
strategy in Russia. 
Keywords: Forest fire, burnt area, forest mortality, remote sensing. 
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Fire behavior is well described by a fire's direction and rate of spread, and its energy 
release rate. Fire intensity as defined by Byram (1959) is the most commonly used term 
describing fire behavior in the wildfire community. It is, however, difficult to observe 
from space. 
Here, we assess fire spread and fire radiative energy release rate (fire radiative power) 
using infrared sensors with different spatial, spectral and temporal resolutions, focusing 
on sensors providing a spatial resolution higher than 500 m. The sensors used offer either 
high spatial resolution (Sentinel 2, Landsat 8) for fire detection with low temporal 
resolution, moderate spatial resolution and fire radiative power retrievals with moderate 
temporal resolution over selected sites (FireBird satellites), or moderate spatial resolution, 
high temporal resolution, but no fire radiative power retrievals (S-NPP VIIRS I-band 
active fire product), or moderate to low spatial resolution and fire radiative power 
retrievals (MODIS). 
We automatically harvest the data from the different service providers and process in a 
cloud environment. 
Fire fronts are extracted from Landsat and Sentinel 2 (using the Shortwave Infrared 
bands). The available fire products are used for S-NPP VIIRS and MODIS. We analyzed 
rate of spread and energy release rate for a sample of fire events in South Africa, West 
Africa, Thailand, Brazil and Indonesia. 
We related the rate of spread to fire weather indexes found in the Canadian Forest Fire 
Weather Index (FWI) System which were retrieved from the Global Fire Weather 
Database or calculated form available meteorological data. 
From these results we derive preliminary metrics on fire behavior in our study areas. We 
relate our results to outputs of fire behavior models over selected fire events and relate 
the results to field data obtained under similar conditions and to published values. 
Keywords: fire intensity, fire rate of spread, fire radiative power, multi-sensor data, 
FireBird. 
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The aim of this paper is to present our vision to upgrade the existing ERATOSTHENES 
Research Centre established within the Cyprus University of Technology into a 
sustainable, viable and autonomous Centre of Excellence (CoE) for Earth Surveillance 
and Space-Based Monitoring of the Environment (EXCELSIOR), which will provide the 
highest quality of related services on the National, European and International levels. 
One of the goals of 'EXCELSIOR' Teaming Horizon 2020 project is to strategically 
position the ERATOSTHENES CoE in Cyprus, the eastern Mediterranean and Europe as 
an efficient knowledge hub in the fields of Earth observation, remote sensing and space 
technology to provide data, products and services in the above areas. Examples of 
ERATOSTHENES research centre will further provide Earth observation-based 
monitoring services and products for natural disasters and environmental applications is 
shown. 
Keywords: Earth Surveillance, space-based, hub. 
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FireBIRD is an Earth Observation (EO) mission with the primary goal of the detection 
and measurement of so-called high-temperature (HTE) events and the provision of 
remote sens-ing science data for research and development. The mission consists of two 
small satellites, TET-1 (Technology Experiment Carrier, part of the German On-Orbit 
Verification (OOV) pro-ject, launched in July 2012 and BIROS (Berlin-InfraRed-Optical-
system), launched in June 2016. The BIROS satellite has the same bus as TET-1, but is 
additionally equipped with a pro-pulsion system for active attitude and orbit control. 
Important technical features are the higher ground sampling distance, comparing to 
MODIS and other satellite sensor systems, and the high dynamic range of the FireBird 
infra-red sen-sor systems. This should improve the detection of comparable smaller wild 
fires and their occurring changes and enable quantitative analyses of wild fire related 
parameter. The sensitivity of a thermal infrared (TIR) sensor system depends on its 
spectral characteristics and its spatial resolution. Various methods for high temperature 
event (HTE) detection and quantification have been developed, which can be categorized 
into single- and multi-band algorithms. While single band methods rely on the robust 
demarcation of background pixels and higher temperature pixels, considered as being 
anomalous, the FireBIRD sensor systems facilitate the application of the widely used bi-
spectral algorithm approach, introduced by Dozier (1981), using their mid-infrared and a 
longwave-infrared channels. This approach takes advantage of the non-linear nature of 
the Planck’s curves to calculate temperatures and the HTE area on a sub-pixel basis. 
Nevertheless, the method requires also an excellent characterization of the background 
temperatures, thus adaptation of this approach has been made by calibration and 
validation activities on different test sites. 
Acquired imagery is processed and archived by the German Aerospace Center (DLR). For 
this purpose, a processing chain has been implemented converting raw data (level 0 
product) to geo-annotated at-sensor radiance (level 1b). Further data products include 
information on brightness temperature and fire radiative power. 
Keywords: wid fire, thermal infrared, high temperature events, fire radiative power, 
FireBIRD. 
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Dramatic increases in forest fires in Europe as well as worldwide can be observed. 
Therefore, technical developments to support large scale forest firefighting strategies and 
management solutions are an international issue in the quest to protect human lives and 
resources as well as to reduce the negative environmental impact. This article describes 
an airborne based concept to enable an efficient management of airborne operation forces 
(helicopters, planes) as well as ground forces (vehicles, mobile teams, etc.) in frame of a 
forest fire / wildfire event situation. The concept is based on a multi sensor airborne 
platform and includes the development of a multi-level management system. The aim is 
to support tasks and time-critical decision processes in forest firefighting situations by 
near real-time processing chains and end user oriented management solutions. Further, a 
simulation based decision support and impact evaluation module is developed in frame 
of the ongoing national funded KIRAS research project 3F-MS. In frame of an 
international expert workshop with 30 participants from 12 nations the concept was 
discussed as well as critically questioned and essential knowledge was gained for the 
further development steps. 
Keywords: airborne management operations, multi sensor imaging; near real-time 
processing, post-fire monitoring, simulation-based decision support, forest firefighting 
management, impact analysis, expert workshop. 
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Validation ensures independent and objective information on the product quality is 
communicated to end-users. The Committee on Earth Observation Satellites’ Land 
Product Validation Subgroup call for validations that use reference data collected over 
globally representative locations and time periods. The large costs of generating reference 
data make the design of reference data sampling a key component of the validation 
analysis. One of the aims of a sampling design is to ensure an efficient collection of data 
that leads to accuracy estimates as precise as possible, given an allocation budget to 
generate reference data. The current study builds upon recent studies of BA validation 
that use stratified random sampling and analyse the existing methods of sample 
allocation across strata. The findings of this study are illustrated with a hypothetical 
population of validation data, which consists on the validation of the MERIS product of 
the ESA’s Climate Change Initiative’s Fire Disturbance project taking the MODIS-MCD45 
as a reference. The final goal of this research is to provide generalizable best practices to 
be adopted by validation studies of BA and other land covers. 
Key words: probabilistic sampling, global scale.  
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The launch of a new generation of geostationary satellites, covering most areas of the 
globe has seen a quick uptake of this data for wildfire detection and monitoring 
applications. Sensors on satellites, such as MSG, GOES-R and Himawari-8, offer large 
area coverage at high temporal resolution allowing fires to be detected earlier than 
possible with Low Earth Orbiting satellites(LEO). Nevertheless, in comparison to low 
earth orbiting satellites, such as MODIS and VIIRS, the spatial resolution of detection is 
significantly coarser. The Advanced Himawari-8 Imager - Fire Surveillance Algorithm 
(AHI-FSA) is a recently developed algorithm designed to support wildfire surveillance 
and mapping using the geostationary Himawari-8 satellite[1]. Himawri-8 based fire 
detections are limited to 2x2 km ground resolution due to its Middle Infra Red (MIR) 
band spatial resolution. To overcome this limitation, AHI-FSA utilises a multi-band, 
multi-temporal and multi-scale approach to improve the spatial resolution of possible fire 
pixel to 500 m at nadir. This method utilises information of fire locations in the Near 
Infrared (NIR) and Red bands, which have ground resolutions of 1 km and 500 m 
respectively, to identify the fire within an initial detection made in the MIR pixel. At 
present, the AHI-FSA algorithm has been tested on case study fires in environments with 
low relief and canopy cover in Western/Northern Australia. Initial results demonstrate 
low omission (2%) and commission (7%) rates as compared against LEO fire products. 
This suggests high potential as a wildfire surveillance algorithm, providing high 
frequency (every 10 minutes) fire-line detections at 500m resolution. This paper presents 
results of a wide validation of the algorithm in other Australian environments by 
comparing AHI-FSA to the well-established fire products from LEO satellites such as 
MODIS and VIIRS. The results indicate that the multi-resolution approach developed for 
AHI-FSA is significantly improves the fire mapping capability, bringing some of the 
initial detections made the thermal middle infrared band from 2 km to 500 m. The high 
temporal frequency of the products results in AHI-FSA detecting fires, up to three hours 
before the MODIS overpass and allows for a much-enhanced understanding of fire 
movements. Based on the impressive results achieved with AHI algorithm, a 
comprehensive discussion on the application the algorithm to wildfire surveillance over 
Europe and Africa using SEVIRI and the Americas using GOES is presented, taking into 
account the effect of issues such as different spatial, temporal and spectral resolutions as 
well as different land cover and fire regimes. 
[1] C. Wickramasinghe, S. Jones, K. Reinke, and L. Wallace, ―Development of a Multi-
Spatial Resolution Approach to the Surveillance of Active Fire Lines Using Himawari-8,‖ 
Remote Sens., vol. 8, no. 11, p. 932, 2016. 
Keywords: Wildfire, Himawari-8, AHI, multi-scale, SEVIRI. 
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The FireBIRD mission is a scientific small satellite mission of the German Aerospace 
Center (DLR) designed to detect fires as hot spots and characterize the fires in terms of 
temperature, fire area and fire radiative power. The mission consists of two satellites 
TET-1 launched in July 2012 and BIROS launched in June 2016. 
The rather high spatial resolution of TET-1 and BIROS of 320 m and the higher dynamic 
range allow the detection of small fires compared to other systems like MODIS. 
Additionally acquisitions on consecutive days are possible depending on the location of 
the area of interest, although the mean repetition rate is 2 - 3 days for both satellites. 
Comparing the hot spot detection from FireBIRD data to VIIRS and MODIS shows that 
TET-1 and VIIRS detect more fires than MODIS due to the higher spatial resolution. 
FireBIRD and VIIRS detect mostly the same areas. Differences result due to a lag in time 
between the acquisitions but might also be a result of the different algorithms used for 
hot spot detection and accordingly their different sensitivities 
The Level 2 product of FireBIRD containing the information on fires is based on the 
algorithm developed by Zhukov (2006) which uses clusters of hot spot pixels to derive 
fire radiative power, area and temperature of the fire. We examine additionally an 
alternative approach, which allows the estimation of pixel based fire radiative power. 
Often a coarser resolution or the use of pixel clusters yields more robust estimations in 
remote sensing, on the other hand the new algorithm gives the possibility to analyse 
patterns of fire intensities in terms of fire radiative power also for smaller fires. 
In this presentation examples of fire characterization for TET and BIROS data using the 
different algorithms are shown as well as comparisons to other data sets (MODIS, VIIRS, 
SLSTR). Furthermore it is explained, how the data can be accessed. 
Keywords: FireBIRD, Wildfire, Rapid Mapping, Fire Radiative Power, Fire Area. 
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Fire in the natural areas is a global disturbance in the recent years. This study was 
performed to assess the fire risk using environmental and anthropogenic factors in 
Sirachal area, Iran. The study area has been located in Alborz province- Iran where the 
mountain forests and ranges have a high potential for fire occurrence, as a large part of 
these forests and ranges have been burned by a wildfire in 2014. To do this research, the 
digital maps of topographic, biologic and anthropogenic criteria and their sub-criteria 
were obtained from DEM, ground sampling and existent data. The actual fire map¬ of 
study area was also provided by ground sampling using GPS. Then the actual fire map 
was overlaid on each sub-criterion map to investigate the spatial correlation of the high-
risk classes of sub-criteria maps with actual fire. The spatial correlation value of each sub-
criterion was used as its weight to overlay the sub-criteria maps in GIS. Then fire risk 
map was obtained by weighting overlay of all sub-criteria maps in GIS. Finally the actual 
fire map was overlaid on fire risk map to validate the fire risk map. The results showed 
that most of study area has very high and high-risk potential for forest fire. Results also 
showed that the actual fire have highly followed the very high and high-risk areas. This 
can prove the acceptable accuracy of the fire risk map to predict the future fires in the 
study area. 
Keywords: Actual fire, Sirachal forests and ranges, Fire risk map, Geographic Information 
System (GIS), Spatial correlation. 
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This paper introduces an automated burned scar mapping method using a single post-
fire Landsat image, which can be applied to producing large scale high-resolution burned 
area products. With the help of the 500m MODIS burned area monthly products 
(MCD64A1), an automated approach is developed to generate both burned and 
unburned training data for a single post-fire Landsat image. Although the MCD64A1 
products are coarse in spatial resolution, the quality of the generated training data is not 
limited, as the burned area samples are extracted from the Landsat image according to 
the characters of burned scar in the areas where MCD64A1 products indicate the exist of 
burned scar on the date when the Landsat image was acquired. The Landsat image is 
divided into 6km×6km blocks, and a series of spectral indices, including NBR, BAI, 
GEMI, MIRBI, are used to identify the burned scars in the image blocks in which 
MCD64A1 products suggest fire happened. Unburned training data are then generated 
from Landsat pixels that might not be burned scar with high confidence according to the 
generated burned area samples. Secondly, random forest estimation is used to learn the 
spectral characters of burned areas within the range of the Landsat scene from the 
spectral indices, and 30m burned areas mapping can be produced according to the learnt 
rules. Finally, the accuracy of the produced burned scar maps is assessed by comparing 
with the results from manual interpretation. 
Keywords: Landsat, MCD64A1, automated training data, random forest estimation. 
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The TET-1 satellite is the first one of the DLR small satellite constellation FireBird. It is 
equipped with two infrared cameras in the mid wave band (MWIR) and in the long wave 
band (LWIR) with a ground sampling distance GSD of about 160m. The infrared 
instruments will be supplemented with a higher resolution (up to 40m) camera with the 
visible bands green, red and near infrared. The TET-1 payload is a follow on 
instrumentation of the well known BIRD satellite (launch in 2001). Whereas the main 
objective of the TET-1 instrumentation is the detection and the measurement of high 
temperature events (HTE) like wild fires, it is important to underline that these tasks 
require a wider object classification spectrum than the HTE. To distinguish e.g. the HTE 
at day from the sun glint effects it is necessary to characterise the reflectance of the 
objects. 
Although these aspects are (based on the experience of the BIRD data sets) implemented 
in the TET-1 data products the daily work with new data sets offers some deficiency 
which have to be investigated by a systematic validation process. For this validation a 
related stable and well characterized reference object is necessary. The volcano Lascar 
seems to be a good candidate for this purpose. 
Focussing on the TET-1 Level 2 standard data products the validation of 80 data sets 
includes the hot spot detection process, the evaluation of the numerical results delivered 
by the bi- spectral method which is typical for the FireBird data products and the review 
of the geo reference data. 
Analysing the reasons of some observed deficits in the standard products improvements 
of the basic models will be described and tested. This includes as well the detection 
process itself but also the algorithms of the bi spectral method. With respect to the 
different GSD of the IR and the visible bands a new multi-resolution approach will be 
also described. 
Keywords: FireBird, Validation, bi- spectral method. 
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The paper gives an overview of radar and radar polarimetry theory and analysis. The 
following topics are presented: (i) Introduction to radar (SAR) remote sensing; (ii) Wave 
polarization, radar polarimetry, and satellite polarization modes; and (iii) Polarimetric 
variables and incoherent target decomposition. Single-polarized, multi-polarized and 
polarimetric radar applications for fire management are also presented, mainly with 
respect to fire scar mapping, as active fire detection is too costly with microwave sensors 
and pre-fire condition mapping has been presented in a companion paper (Leblon et al. 
2017). Details on the radar and radar polarimetry theory and analysis can be found in an 
online course offered at the University of New Brunswick, Fredericton, Canada (Leblon 
2017) 
Keywords: polarization, multi-polarization, polarimetric, radar, fire management, fire 
scar, active fire detection, incoherent target decomposition, polarimetric variable. 
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Automated extraction of fire-affected areas from satellite images is a crucial task for large 
scale, near real-time damage assessment. The discrimination between burned and 
unburned pixels is usually done by differentiating of pre-/post scenes and categorizing 
the change rate, or by using empirically derived thresholds on a single scene. These 
approaches have been shown, however, to yield a comparatively high number of false 
detections, and to not be adaptable to different regions other than the originally intended 
region of interest. Several approaches using dynamically derived thresholds have been 
proposed to overcome these disadvantages, one active field of research being the 
utilization of Level Set Methods (LSM). 
We present a state-of-the-art burned area segmentation method based on the Active 
Contour Level Set algorithm, applied to Moderate Resolution Imaging Spectrometer 
(MODIS) data. Level Set Methods are numerical methods for tracking the evolution of 
contours and surfaces. They allow for the modelling of arbitrarily complex shapes and 
handle topological changes, such as merging of features, implicitly. 
We use MODIS satellite data from August, 2016, to determine burned areas of the 
wildfires in Portugal. The results are compared against common burned area extraction 
approaches, such as the differential Normalized Difference Vegetation Index (Δ NDVI) 
and the modified Burned Area Index (BAIm). The reference data is derived from high 
resolution optical Landsat-8 imagery. 
To assess the different levels of burn severity, the results are correlated to Fire Radiative 
Power (FRP) measurements from MODIS, and validated against FRP from the TET-1 
satellite of the German Aerospace Center (DLR). TET-1 is a micro satellite system 
targeted at wildfire observation. It is designed to facilitate the detections of low intensity 
and small fires, and is therefore able to detect temperature anomalies missed by the 
MODIS AQUA/TERRA and VIIRS sensors. 
The comparison shows the superiority of Level Set Methods compared to fixed threshold 
or post-classification techniques, regarding detection reliability and geometric accuracy. 
Keywords: Burned area mapping, Level Set Methods, TET-1, Portugal Wildfires. 
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The launch of the advanced imaging systems onboard the Japan Meteorological Agency's 
Himawari-8 satellite and the NOAA's GOES-R satellite are revolutionary in their ability 
to supply imagery with an unparalleled temporal revisit rate, whilst also providing 
acceptable spatial and radiometric resolutions for fire detection. Recent efforts have been 
made to take advantage of the rich stream of data available from these sensors to 
construct idealised diurnal temperature cycles for the estimation of background land 
surface temperature. Accurate estimation of the brightness temperature of a location 
assists both in the identification of thermal anomalies that may constitute fires, and in the 
calculation of fire characteristics such as fire radiative power. In this paper, we apply the 
Broad Area Training (BAT) approach (Hally et al. 2017) to provide background 
temperature estimates for imagery from the Advanced Himawari Imager, which covers 
the Asia-Pacific region. Using a target pixel's diurnal cycle to provide a fitted estimate of 
background temperature, thermal anomalies such as active fire are detected from the 
pixel's brightness temperature measurements by the use of simple thresholds. The study 
areas include Kalimantan in Indonesia, and portions of the north-west and south-east of 
the Australian continent, allowing for the evaluation of the BAT method over a number 
of differing latitudes and landform types. In comparison to active fire products derived 
from low earth orbiting sensors, such as MODIS and VIIRS, in northern Australia the 
method described demonstrates low levels of omission (8 -- 15\%), whilst providing a 
36\% increase in the number of active fires detected. Results also demonstrated the 
advantages of geostationary imaging for early warning systems, with AHI fire detections 
occurring on average between five and seven hours earlier than LEO sensor products, 
depending on the fire detection thresholds set. 
Keywords: diurnal modelling, land surface temperature, fire detection, AHI, broad area 
training. 



Session 5: Improved capabilities with large-volume fire data sets 
 

32 

Best Practices for Burnt Area Algorithms 

James Brennan1,2, Philip Lewis1,2, Mathias Disney1,2, Jose Gómez-Dans1,2 

Corresponding author: james.brennan.11@ucl.ac.uk 

1Department of Geography, University College London, Gower Street, London WC1E 6BT, UK; 2NERC 
National Center for Earth Observation, UK 

 

The key impact of biomass burning as a driver in the Earth System has led to the 
development of multi-decadal records of burnt area. Estimates of burnt area are derived 
primarily by the detection of fire related changes in reflectance from optical satellite-
borne sensors. While these methods termed burnt area algorithms (or models) share the 
same aim of estimating the occurrence of burning, there is a large variability in 
approaches taken. As with any model, a number of assumptions and decisions about the 
relationship between state and observations are made; but there has been little critical 
comparison of the impact of these on the products. Instead a primary focus has been on 
the validation of the burnt area products with independent burnt area maps. This has 
proven useful for informing where some models outperform others but does not always 
provide answers on how to improve the next generation of products. As a result, a 
comparison of the range of decisions and approaches present at each step of burnt area 
algorithms remains a useful exercise. At the same time there is a growing requirement for 
a long-term uncertainty quantified (UQ) burnt area data record. We present work on 
developing a framework for the construction of UQ burnt area products. Beyond 
algorithm design the framework is suitable for the inter-comparision of approaches 
within an uncertainty framework. The framework therefore allows us to evaluate some of 
the assumptions within present products and how these influence the final product. The 
joint use of the framework for design and evaluation of algorithms should help to 
generate the next generation of best practice burnt area algorithms. 
Keywords: burnt area algorithms, inter-comparision, framework. 
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The potential research, policy and management applications of satellite products place a 
high priority on providing statements about their accuracy. A number of NASA, ESA and 
EU funded global and continental burned area products have been developed using 
coarse spatial resolution satellite data, and have the potential to become part of the long-
term fire Essential Climate Variable. These products have usually been validated by 
comparison with reference burned area maps derived by visual interpretation of Landsat 
or similar spatial resolution data selected on an ad hoc basis. More optimally, a design-
based validation method should be adopted that is characterized by the selection of 
reference data via a probability sampling that can subsequently be used to compute 
accuracy metrics, taking into account the sampling probability. Design based techniques 
have been used for annual land cover and land cover change product validation, but 
have not been widely used for burned area products, or for the validation of global 
products that are highly variable in time and space (e.g. snow, floods or other non-
permanent phenomena). This has been due to the challenge of designing an appropriate 
sampling strategy, and to the cost of collecting independent reference data. 
This paper presents the results and describes the validation procedure adopted for the 
latest Collection 6 version of the MODIS Global Burned Area product (MCD64, Giglio et 
al, 2009). We used a tri-dimensional sampling grid that allows for probability sampling of 
Landsat data in time and in space (Boschetti et al, 2016). To sample the globe in the 
spatial domain with non-overlapping sampling units, the Thiessen Scene Area (TSA) 
tessellation of the Landsat WRS path/rows is used. The TSA grid is then combined with 
the 16-day Landsat acquisition calendar to provide tri-dimensonal elements (voxels). This 
allows the implementation of a sampling design where not only the location but also the 
time interval of the reference data is explicitly drawn by probability sampling. The 
adopted sampling design is a stratified random sampling, with two-level stratification of 
the voxels based on biomes and fire activity. 
The novel sampling approach was used for the selection of a reference dataset consisting 
of 700 Landsat 8 image pairs, visually interpreted according to the CEOS Burned Area 
Validation Protocol (Boschetti et al., 2009). Standard quantitative burned area product 
accuracy measures that are important for different types of fire users (Boschetti et al, 
2016, Roy and Boschetti, 2009, Boschetti et al, 2004) are computed to characterize the 
accuracy of the MCD64 product: (i) metrics derived from the confusion matrix, to assess 
pixel level mapping accuracy, (ii) area regression metrics, to assess the accuracy and 



Session 5: Improved capabilities with large-volume fire data sets 
 

34 

precision of areal estimates (iii) metrics to quantify the impact of the spatial resolution of 
the dataset on the accuracy of the end-product. 
References: 
Boschetti, L., Stehman, S. V., & Roy, D. P. (2016). A stratified random sampling design in 
space and time for regional to global scale burned area product validation. Remote 
Sensing of Environment, 186, 465-478. 
Boschetti, L., Roy, D.P., Justice C.O., International global burned area satellite product 
validation protocol, CEOS-CalVal (Ed.), Part I—Production and Standardization of 
Validation Reference Data, Committee on Earth Observation Satellites, USA (2009), pp. 1–
11 
Boschetti, L., Flasse, S. P., & Brivio, P. A. (2004). Analysis of the conflict between omission 
and commission in low spatial resolution dichotomic thematic products: The Pareto 
Boundary. Remote Sensing of Environment, 91(3), 280-292. 
Giglio, L., Loboda, T., Roy, D.P., Quayle, B., Justice, C.O., 2009, An active-fire based 
burned area mapping algorithm for the MODIS sensor, Remote Sensing of Environment, 
113: 408-420. 
Roy, D.P., & Boschetti, L., 2009, Southern Africa Validation of the MODIS, L3JRC, and 
GlobCarbon Burned-Area Products. IEEE Transactions on Geoscience and Remote 
Sensing, 47, 1032-1044 
Key-words: MODIS, Landsat 8, Global Validation, MCD64A1, Burned Area. 
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Forest fires are one of the most frequent and destructive types of natural hazards. In 
Mediterranean, the phenomenon is on the rise in summer season, when hot and dry 
conditions occur and make fires more intense and long-burning. The difficulties in 
controlling and extinguishing the fires in the past were a good lesson and motivation to 
initiate studies of fire risk assessment, in order to protect areas in danger during the 
critical periods. Although such assessments require several and accurate parameters, the 
available today satellite data can assist significantly, providing essential information with 
high spatial, spectral and temporal resolution. In this study, a combination of satellite 
imagery and vector GIS datasets were utilized to design a fire risk assessment model and 
estimate the vulnerability to forest fire ignition. The topography, moisture and distances 
from human settlements were taken into consideration in the model building. The model 
was tested over specific areas in the island Euobea (Greece), where since 2007 five major 
forest fires have occurred, but very few actions have been taken to alleviate the threat and 
the consequences of this hazard. In addition, the satellite imagery of Landsat-8 and 
Sentinel-2 was used to estimate the burned areas after the two major forest fires of last 
summer (July 2017). The estimation of appropriate vegetation and fire – related indices, 
such as the Normalized Difference Vegetation Index (NDVI) and the Normalized Burn 
Ratio (NBR) was a very useful tool towards the classification of these areas. Τhe results 
were in good agreement with the official metrics of the Greek Fire Service, indicating the 
significance of satellite geo-information to estimate post-fire damage effectively in terms 
of accuracy, time and cost. In particular, the classification results of Sentinel-2 data were 
more accurate, mostly thanks to near – infrared and short – wave infrared bands (Band 8 
and Band 12). The study of the burned areas was extended to a comparison with their 
current state. Although less than a year has passed since the fires, statistically significant 
changes in NDVI and NBR were observed, indicating early vegetation regrowth in the 
burned areas. 
Keywords: forest, fires, Euboea, Greece. 
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Effective monitoring of post-fire vegetation trends is important for understanding the 
long-term impact of wildfire on the landscape. The 1988 ―Summer of Fire‖ in Yellowstone 
National Park, USA, has long provided an extensive natural experiment for scientists to 
study post-fire trends. Even as the 30th anniversary of the Yellowstone Fires approaches, 
few remote sensing studies of Yellowstone have employed ―big data‖ approaches to 
better understand vegetation trends. This study leverages the complete Landsat time 
series to evaluate long-term change in vegetation greenness and red reflectance following 
the 1988 fires in and around Yellowstone National Park. Our research questions are as 
follows: In areas burned by wildfire, how has vegetation greenness and red reflectance 
changed… 
1…along environmental gradients? 
2…compared to otherwise similar areas that have not experienced a disturbance? 
3…compared to otherwise similar areas in which a treatment (i.e. prescribed burning or 
mechanical thinning) took place? 
Our study area was Landsat path 38-row 29, which covers Yellowstone National Park, a 
portion of Grand Teton National Park, as well as surrounding national forests and 
wilderness areas. We used 446 Landsat images from all available Landsat satellites (5, 7, 
and 8) for the years 1984-2016, all with less than 30% cloud cover. From these images, we 
created monthly time series of the enhanced vegetation index (EVI) and red surface 
reflectance, employing seasonally decomposed missing value imputation to complete the 
series. For a random sample of pixels in burned areas, we identified a matched set of 
pixels that were unburned but similar with respect to elevation, topography, and pre-fire 
spectral characteristics. Similarly, we identified a matched set of pixels that experienced a 
forest treatment but were otherwise similar. For each sample pixel, we used loess 
regression to identify the trend in EVI and red reflectance values for the peak growing 
season from 1989-2016. 
We found that both burned and unburned areas increased in greenness 1989-2016, with 
burned areas greening at 3.4 times the amount of unburned areas. In contrast, red 
reflectance changed little for unburned areas, but increased for burned areas. At the 
landscape level there were interesting spatial variations. Greening in unburned areas 
took place throughout Yellowstone National Park and areas to the southwest. Elsewhere 
the landscape was characterized by pockets of browning surrounded by areas of largely 
unchanged greenness. Within burned areas, increase in greening was negatively related 
to elevation, slope, and post-fire EVI. Within unburned areas, topography had a minimal 
effect on the change in greenness. Areas in which prescribed burning and mechanical 
thinning took place experienced a change in greenness and red reflectance that is 
significantly less than in areas which experienced wildfires. The study suggests that (1) 
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Greening of burned areas takes place in the context of a broader greening trend, (2) 
Environmental gradients have a modest impact on the greening trend in burned areas 
and low impact on the greening trend in unburned areas, and (3) Management actions 
designed to mitigate or mimic wildfire on average have a much smaller effect on 
greenness and red reflectance than do wildfires. The study illustrates a powerful strategy 
for analyzing post-fire vegetation change: the comparison of matched pairs of dense time 
series used to distinguish the effects of disturbances, environmental factors, and broader 
landscape trends. 
Keywords: Landsat, trend analysis, EVI, disturbance, regrowth, Yellowstone. 
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Mediterranean ecosystems are greatly adapted to a certain fire regime but climate change 
and foreseeable increased droughts and fire severity may alter the rates of recovery 
following wildfire. Vegetation regrowth after a stand-replacing disturbance as wildfire, is 
undoubtedly susceptible to several issues like fire severity or post-fire climate among 
others, although regeneration processes are far from being fully comprehended and there 
is a clear gap in understanding the impact of those issues on forest recovery ratios. 
In this study, we analyse effects of fire severity, topographic factors, and post-fire climate 
on vegetation recovery in some of the greatest forest wildfires occurred in Spain in 1994. 
We examined both short-term (<5 years) and long term (>10 years) vegetation recovery 
ratios and patterns, following the hypothesis that vegetation regrowth varies as fire 
severity intensities, post-fire precipitation and temperature parameters, different species 
and site ecological conditions. 
Recovery processes have been assessed from spectral profiles using annual 30-meter 
Landsat time series and the LandTrendr model (Landsat-based Detection of Trends in 
Disturbance and Recovery) (Kennedy et al., 2010). Burn severity has been estimated by 
means of PROSPECT and GeoSAIL radiative transfer models following methodologies 
described in De Santis and Chuvieco (2009). Modeling is based on the use of ordinary 
least squares (OLS) regressions including spatial variation coefficients. 
Results contribute to a further understanding of the post-fire processes in Mediterranean 
forestry areas and to develop effective strategies for sustainable forest management 
specially in foreseen climate scenarios. 
Keywords: wildland fires, GeoCBI, recovery, burn severity, LandTrendr, Landsat time-
series. 
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Forest fires are main disturbance factor for the natural ecosystems, especially in boreal 
forests. Monitoring for the dynamic of forest cover regeneration in the post-fire period of 
ecosystem recovery is crucial to both estimation of forest stands and forest management. 
In this study, on the example of burnt areas of 2010 wildfires in Republic Mari El of 
Russian Federation we estimated post-fire dynamic of different classes of vegetation 
cover between 2011-2016 years with the use of time series Landsat satellite images. Based 
on the field studies 9 classes of land cover were identified to assess the spatial-temporal 
structure of after-fire succession in burnt forest areas. To validate the newly obtained 
thematic maps we used 80 test sites with independent field data, as well Canopus-B and 
Resource-P images of high spatial resolution. Estimation of the post-pyrogenic dynamics 
at the burned areas in 2016 was based on the analysis of the interaction between the 
spatially distributed data of the index indicators NDVI (Normalized Differenced 
Vegetation Index), LAI (Leaf area index), dNBR (Normalized Burn Ratio), and CBI (burn 
severity index). The research revealed that at the post-fire period the area of thematic 
classes ―Reforestation of the middle and low density‖ has maximum cover (40%) on the 
investigated burnt area. On the burnt areas of 2010 there is ongoing active process of 
grass overgrowing (up to 20%), also there are thematic classes of deadwood (15%) and 
open spaces (10%). The results indicate that there is mostly natural regeneration of tree 
species pattern corresponding to the pre-fire condition. Forest plantations cover only 2% 
of the overall burnt area. By the 2016 year the NDVI parameters of young vegetation 
cover were recovered to the pre-fire level as well. The overall unsupervised classification 
accuracy of more than 70% shows high degree of agreement between the thematic map 
and the ground truth data. The research results can be applied for the long term 
succession monitoring and management plan development for the reforestation activities 
on the lands disturbed by fire. 
Keywords: Forest ecosystems, Landsat, Canopus, NDVI, wild fires, regeneration, 
reforestation.  
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Vegetation cover is changing due to fires, logging and other influences. Many forest 
ecosystems have been disturbed and shifted from intact to successional state over the 
past 60 years. The use of remote sensing data allows to detect these changes and to 
monitor them. Monitoring of forest ecosystem diversity and sustainability is a major 
forest protection challenge. 
The study cover central Siberian taiga forest ecosystems. Largely a complex of physical-
geographical, climatic or, in general, forest growth conditions, determines the direction 
and rate of post-fire regeneration successions. 
A semi-automated technique of mapping (spatial modelling) of forest regeneration 
dynamics based on a digital elevation model (Shuttle Radar Topography Mission 
(SRTM)), Landsat 5-TM images and ground observation data was developed (Ryzhkova, 
et al. 2016). We developed an algorithm to interpret Landsat multi-band images, an 
expert classification based on the Knowledge Engineering Module (ERDAS 1999), and 
maps of potential forest growth conditions and forest regeneration dynamics for two test 
areas. 
A preliminary classification of forest cover was done using Kolesnikov’s dynamic 
classification. In this classification, forest ecosystems were classified as regeneration 
series based not on changing external characteristics (species composition), but on 
similarity of forest growth conditions. Regeneration series (succession trajectories) were 
built by a method of spatial and temporal analogies that allows looking at the current 
state of an analogue-ecosystem as at the future state of the ecosystem under study (Isakov 
et al. 1986; Armand et al. 1989). Age stages were grouped into regeneration series by 
similarity of forest growth conditions as the key criterion. 
The maps of two test areas in northern and southern taiga zones were developed. The 
obtained map layers covered a range of forest growth conditions, forest types 
(regeneration series), and regeneration age stages. Although the maps reflected the 
current state of vegetation cover, their legends were based on a classification that 
considered forest regeneration dynamics. 
Based on these maps a spatial distribution of the general zonal forest succession series 
were revealed. There were two larch series in forest-tundra and six in northern taiga, and 
the most their diversity in southern taiga - 6 Scots pine series, 5 spruce/fir series, 5 
fir/Siberian pine series, and 3 fir/Siberian pine/spruce series in a range of forest growth 
conditions. The recovery of wood stocks and woody species compositions in the series 
was analyzed based on ecological database and forest inventory data. 
Every series is specific in recovery characteristics. The latter include native stand 
recovery (either through, or without stand replacement), woody species composition at 
early succession stages, the major woody species development trend, and changing wood 
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stock of major and secondary species throughout succession stages. The graphs of wood 
stock recovery during the successions for the most represented series were built to show 
the specificity of forest regeneration dynamics in different forest growth conditions. 
This approach is useful since it makes it possible to revise and update the obtained maps 
and to predict forest regeneration rate for various forest growth conditions. 
Keywords: input directional distance function, bootstrapping, economic efficiency, 
animal health services. 
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During millions of years, the fire was a major factor which configured the composition, 
the structure and the functioning of the ecosystems. Forest are attacked regularly by the 
fire, often with disastrous social, environmental and economic consequences. The fire is 
indeed a threat not only for the human lives and the properties, but also for services of 
vital importance assured by the ecosystem, such as the preservation of the ground, the 
preservation of the biological resources and the capacity of regulation of the climate by 
the ecosystems through the modification of the global cycle of carbon. 
Forest fires establish a threat for numerous forest and their biodiversity, every year these 
fires affect important surfaces in the Algerian forest massifs. In spite of the alarm bell 
pulled by the forest wardens to dissuade the terrorists of the nature to act, the attacks 
continue to reduce the forest surfaces. 
In this context, the fight against forest fires became a national obligation, for it the 
objective of this work is to develop a methodology which can arrive at a map of fire risk, 
in this work we are going to develop a dynamic map of fire risk in the wilaya of Médéa. 
The used method combines the structural factor which is translated by the history of fires 
and dynamic factor which brings in the weather conditions which play a key role in the 
hatching of forest fires. The structural indication was calculated by means of a statistical 
method (the logistic regression) by exploiting the data of the history of the fires of the 
period 2009/2013 acquired from the forest conservation of the wilaya of Médéa. On the 
other hand the dynamic indication was generated by a tool of calculation developed 
under software GIS by using meteorological data. These two indications are combined in 
a single indication to have a final map. 
Keywords: Logicistic regression, fire, forest, GIS, weather, IFM, hazard. 
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Greenhouse gas (GHG) emissions resulting from the Land Use, Land-Use Change, and 
Forestry sector (LULUCF) including wildfires are estimated and reported in National 
Communications to the United Nations Framework Convention on Climate Change 
(UNFCCC). In this context, the report on Good Practice Guidance for Land Use, Land-
Use Change and Forestry (GPG-LULUCF) was developed to provide methods and good 
practice guidance for estimating, measuring, monitoring and reporting on carbon stock 
changes and greenhouse gas emissions from LULUCF activities under Article 3, 
paragraphs 3 and 4, and Articles 6 and 12 of the Kyoto Protocol. GPG-LULUCF describes 
the use of satellite imagery for mapping land-use changes and therefore burned areas as 
one of the advanced approaches for use in reporting GHG at the national level. 
Accordingly, the aim of this work was to estimate at the national level annual GHG 
emissions from fires occurring between 1998 and 2012 in the LULUCF sector. The specific 
objectives were to: 1) employ time series Landsat imagery for mapping burned areas, and 
2) apply GPG-LULUCF methodological approaches for estimating fires GHG emissions. 
The work was conducted as part of Lebanon’s Third National Communication to 
UNFCCC. A total of 30 Landsat TM and ETM+ imagery acquired at the end of fire 
seasons in Lebanon were collected for the years 1998 through 2012. Also, a total of 5 
SPOT imagery (2.5 m colour) were acquired for validation of the classification results. 
The use of objects (instead of pixels) in a Geographic Object-Based Image Analysis 
(GEOBIA) approach facilitated the usage of, not only spectral, but also contextual and 
spatial information, considering the shape and texture of objects, as well as topological 
features (neighbour, super-objects, etc.). Accordingly, a semi-automated GEOBIA model 
was developed for mapping changes in LULUCF including burned areas with the use of 
multi-temporal Landsat satellite imagery. Fire affected areas comprised the following 
landcover categories: shrubland, other wooded lands, and forests, grassland, and 
cropland. Burned areas in forests and grassland were disaggregated by the Prometheus 
fuel types derived from the landcover/landuse map of Lebanon. 
The overall accuracy of the object-based image classification model was assessed for the 
years 2004 and 2008 with the use of SPOT imagery. The average classification accuracy of 
the model was approximately 86%. A large trend of inter-annual variability of fire extent 
was recorded between 1999 and 2012, with three clear peaks in 1999, 2006 and 2012. More 
specifically, the largest forest fire affected areas were recorded in 2006 (1197 ha), while 
the largest cropland fire affected areas were recorded in 2012 (1305 ha). Annual GHG 
emissions from forest land, grassland and cropland varied between 68 Gg of CO2 
eq./year and 383 Gg of CO2 eq./year. The developed semi-automated model is expected 
to facilitate the consistent and transparent reporting of GHG emissions from fires in 
future national inventory reports. 
Keywords: Burned areas, Landsat time series, greenhouse gas, object-based image analysis 
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The aim of the present study is to develop an assessment of spatial vulnerability in the 
context of wildland fires in Romania at an appropriate scale for planning a nationwide 
fire management policy. Assessment of vulnerability to fire should consider the expected 
damage caused by fire, which is a critical part of an integrated fire risk assessment. 
A fire vulnerability synthetic index was developed taking into account socio-economic 
(agricultural-forest interface and infrastructures), environmental (ecosystems resilience to 
fire, soil erodibility and spatial extent of protected areas) and social (population and road 
network) indexes. These indexes were integrated in a hierarchical structure by applying 
weighted factors, each having its own cartographical representation based on existing 
spatial information and databases. Geographical Information Systems (GIS) analysis was 
then used to provide a successful framework for the analysis of vulnerability in relation 
to wildland fires. The cartographical outputs of the various components of the index are 
of particular interest to the planning of certain activities (e.g. forest, wildland fire, and 
civil protection), all of which are directly involved in fire risk management. In turn, the 
produced fire vulnerability index provides comprehensive spatial information that is 
useful for spatial planning and also enables actions to prevent and control wildfires, and 
consequently reduce wildfire hazard affecting vulnerable assets and populations. 
Keywords: forest fires, wildfire vulnerability, risk assessment, civil protection, natural 
disasters, GIS analysis. 
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This study improves the rule-based semi-automatic method to map burned areas by 
using multi-temporal Landsat TM and ETM+ images which is free from the training 
phase of the algorithm. The proposed method consists of a set of spectral-based rules that 
are valid especially when the post-fire image has been captured shortly after the fire. The 
rule-based approach minimizes human interventions and makes it possible to run the 
mapping algorithm for a series of images that would otherwise need extensive time 
investment. In case of failure to capture burned areas correctly, it is possible to either 
make some adjustments by modifying the thresholding coefficients of the rules, or 
discard some of the rules, since some editing is usually required to correct errors 
following the automated extraction procedures. 
In order to apply the method to a series of Landsat images these images need to be 
atmospherically corrected and adjusted to minimize the effect of the scattering and 
absorption by gases and aerosols found in the atmosphere. The atmospheric correction 
can be done either using physically-based methods, which require in situ measurements 
of atmospheric optical properties at the time of image acquisition, or using image-based 
atmospheric correction approaches, as for instance the DOS (Dark Object Subtraction) 
family, which assumes the existence of dark objects that their radiances received at the 
satellite are due to atmospheric scattering. 
In this case the minimum DN value in the histogram from the entire scene is thus 
attributed to the effect of the atmosphere and is subtracted from all the pixels. However, 
due to several reasons the ―absolute minimum value‖ of the histogram within each 
spectral channel does not always correspond to the real ―minimum value‖ created by the 
effect of the atmosphere. Therefore, the analyst should revise this value manually and 
make a decision on the ―true minimum‖ histogram value. In this work we propose a 
further refinement of current algorithms so that the estimation of the true minimum 
value is not scene-dependent nor influenced by various accidental causes as for instance 
severe cloud cover or image artifacts. 
Keywords: Landsat time series, burned land mapping, automatic, atmospheric 
corrections. 
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With approximately 25-35% of aerosols, greenhouse gases and other trace gas emissions 
attributed to fires, fire is one of the most severe disturbances on Earth. Analyses of the 
satellite-derived burned area products have supported the development of fire modules 
embedded in Dynamic Global Vegetation Models (DGVMs), both in term of 
benchmarking database and module development from global analysis of fire regimes. 
However, some current parameters (e.g. theoretical ellipse centered on the ignition point 
to simulate fire spread) of these models have been poorly investigated to figure if they 
reproduce accurately the fire impacts in space and time. To form a better view of the 
global distribution of fire patch morphology, we created the first set of global fire patch 
databases from the MERIS Fire-cci v4.1 and MCD45A1 global burned area products; then 
to assess how such global fire patch databases accurately capture fire patch morphology 
features derived from fine resolution regional fire parch databases, we applied a novel 
approach initially developed in community ecology describing the n-dimensional volume 
of fire patch morphological features. This poster presents the first global fire patch 
databases derived from remote sensing observations and shows how the ecological n-
dimensional volume approach can be applied for the identification and comparison of 
fire patch morphological features at regional and global scales. In conclusion, fire patch 
information appears as a promising step forward to improve fire modules and this 
information will need to be considered in future developments of DGVMs, and the trait-
based description of the assemblage of fire patch morphological features a promising tool 
for global pyrogeography. 
Keywords: Fire spread, DGVM, fire patch, MODIS, MERIS, n-dimensional volume. 
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Vegetation fires are a major disturbance in the Earth System. Fire emissions exert a 
significant climate forcing and are source of widespread air pollution. Most fire emission 
inventories rely on satellite burned area information as input. Therefore, the accuracy of 
the burned area maps is one important determinant for the quality of the emission 
estimates. Over the last decade, several satellite-derived burned area products have been 
released. The products differ in terms of satellite sensor and/or algorithm used. Each of 
them has different strengths and weaknesses. 
Here, we inter-compare six global burned area products from MODIS (collection 5: 
GFED4 aka "MCD64 C5", GFED4s and MCD45 and collection 6: MCD64 C6), MERIS 
(Fire_cci) and SPOT-VGT (C-GLOPS). We show that Fire_cci, MCD64 C5, GFED4s, 
MCD64 C6 and MCD45 largely agree in localising the regions with most intense fire 
activity in the tropical belts of Africa and Australia. The Copernicus Land product C-
GLOPS shows the least inter-product agreement of all burned area products. Pronounced 
inter-product differences emerge for specific regions or fire events. Burned area mapped 
by Fire_cci, for example, tends to be notably higher in regions where small agricultural 
fires predominate. 
Users generally do not take into account the variability of observational gaps in the 
underlying burned area mapping. Under unfavourable conditions, these variations may 
introduce distinct artificial regional and temporal trends. Burned area may be low or 
absent in certain regions because there is little fire activity. Burned area may equally be 
low or absent because of poor observational coverage (e.g. missing satellite input data, 
cloud cover). We demonstrate that correctly discriminating between both is essential for 
unflawed applications and interpretations of burned area products. 
Keywords: global burned area products, MODIS, MERIS, SPOT-VGT, observational 
coverage. 
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This paper presents an overview of how space-based and earth observation techniques 
can be used for forestry applications in Cyprus. Indeed, an example of how the 
Department of Forests in Cyprus can further promote the importance of using remote 
sensing techniques in Cyprus. Examples are shown of how mapping of burned areas is 
performed using remote sensing data (Landsat ETM, Sentinel) as well of how post-fire 
management is implemented. Examples of the Solea fire event occurred in Cyprus is 
presented. Finally, remote sensing is also used for risk assessment study for developing 
fire hazard index. Ground spectro-radiometric measurements are also used in 
combination with remote sensing imagery and burned severity measures to develop a 
simple, fast, accurate and reliable methodology for the assessment of the burn severity 
levels on a forest fire scar in Cyprus forests. The need to develop a national observatory 
of forests using earth observation and GIS is highlighted. 
Keywords: remote sensing, field spectroscopy, Sentinel, Cyprus, fires. 
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Exploring the Importance of Monitoring the Fire Risk Index in 

the Vicinity of Cultural Heritage Sites in Cyprus Using Sentinel 

Remote Sensing Data 

Athos Agapiou1, Andreas Christofe1, Vasiliki Lysandrou1, Dimitris Kouhartsiouk1, 
Kyriacos Themistocelous1, Argyro Nisantzi1, Diofantos G. Hadjimitsis1, Andreas Christofe1, 

Rosa Lasaponara2, Nicola Masini3, Thomas Krauss4, Daniele Cerra4, Ursula Gessner4 

 Corresponding author: d.hadjimitsis@cut.ac.cy 

1Eratosthenes Research Center, Department of Civil Engineering Geomatics, Cyprus University of 
Technology, CYPRUS;  

2National Research Council, Institute of Methodologies for Environmental Analysis, ITALY; 
3National Research Council, Institute of Archaeological Monumental Heritage, ITALY;  

4Earth Observation Center (EOC), German Aerospace Center (DLR), GERMANY 

 

In June 2016, a wildfire outbreak in the region of Solea, district of Nicosia, Cyprus, 
resulted in the total loss of 18.5 km2 of vegetated area. The area accommodates a number 
of cultural heritage sites, amongst them sites included in the UNESCO list of World 
Heritage Monuments such as the Churches of "Panagia tis Asinou", in Nikitari and 
"Panagia tis Podithou" in Galata. The incident proved to be a turning point in the 
reconsideration of the significance of monitoring the risk posed by fire on Cultural 
Heritage sites. Earth Observation and Remote Sensing techniques provide an efficient 
and cost effective way of estimating the parameters behind wildfire outbreaks. With the 
introduction of the Copernicus Sentinel satellite constellation, the extent to which these 
parameters can be studied is further enabled with short revisit times and higher 
resolution sensors. The current study aims to explore the estimation of the likelihood of a 
fire outbreak in the vicinity of candidate Cultural Heritage sites in Cyprus with the use of 
Sentinel-2 Multispectral Instrument (MSI) imagery. A number of causative agents such as 
the class and density of vegetation were derived from Sentinel-2 imagery through the 
estimation of spectral indices coupled with ancillary topographic information such as 
elevation, slope and aspect derived from a Digital Terrain Model (DTM). A weighted 
formula for multiple-criteria analysis was constructed based on the significance of each 
factor in fire outbreak. Based on the analysis, a map for each of the candidate sites was 
created with assigned likelihood of fire which was then validated against an archive data 
pool of past fire incidences.  
Keywords: Cultural Heritage, Fire Risk Index, Copernicus, Sentinel. 
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The French National Fire Expertise Center aims at developing and sharing 
methogologies to automatically map fire boundaries and the level of damage after fire, 
by using satellite imagery. 
This center is developed in the framework of the Geosud Center. Geosud’s mission is to 
develop a national satellite imagery infrastructure to serve the research on environment 
and territories and its applications in the management of public policies. It is also open to 
private partners in partnership with public players or in the frame of outsourcing. The 
objective is to contribute to the full development of the potential of satellite imagery. 
Thanks to its repetitive coverage at different resolutions and in different spectral bands, 
it is a valuable tool for the multi-scale analysis of the structures, the functioning and the 
dynamics of the ecosystems and territories. This satellite data infrastructure will also 
help these communities to network and share their experience. 
Fire damage assessment is developed by the use of different sources of satellite imagery: 
Spot 6/7, Pleiades, Sentinel provided by the CNES in free access for public players. 
We will present the different steps of the chain treatment: fire detection, satellite image 
acquisition, remote sensing treatments (index calculation) and field calibration 
(description on vegetation damage according to the intensity scale). 
The Fire Expertise Center has begun in 2017 and will provide a tool at the end of 2019 to 
enable fire damage mapping for the majority of the fires in France. 
Keywords: wildfire, damage, assessment. 
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