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Abstract 

Since 2000, the European Forest Fire Information System (EFFIS) has provided continuous support and 

statistics on wildland fire events. The monitoring system covers all the European Countries, North Africa and 

the Mediterranean Countries of the Middle East, and provides information on the various aspects involved in 

the fire events, from fire danger forecasting to post-event analysis. One of the major impacts on the 

environment produced by the wildland fires is the atmospheric pollution. Currently, in EFFIS the only 

available information on this impact is the amount of atmospheric emissions for each fire event. The current 

emissions model is static and does not take into account the fire behavior during the event; moreover, it cannot 

distinguish the contribution of flaming and smoldering fire to the emissions. The workgroup in EFFIS is 

working on the current atmospheric pollution assessment system to provide a new and improved emissions 

model integrated with a smoke dispersion model that simulates the distribution of the pollutants in the 

impacted area. The new emissions estimation model will take as input the evolution of the fire events, a map 

of the fuel classes and forest types, a digital elevation model and the meteorological data covering the whole 

Europe. Based on these input data, the new emissions model simulates the behaviour of the fire using the 

NEXUS, FOFEM5 and CONSUME3 models, calculates the impact of the fire on the fuels and provides an 

assessment of the ensuing emissions. The new emissions module provides an assessment of the major 

pollutants emitted by fires, such as CO2, CO, CH4, PM2.5, PM10. Large wildfires, although not very frequent, 

are responsible for a remarkably high percentage of the overall annual burnt area in Europe, with the highest 

emissions per fire event. In this paper, we present the results of the emissions estimations on the study case 

of a representative large wildfire event that took place in Zamora (Spain) during the 2017 fire season. The 

dispersion model, developed along with the new emissions module, takes as an input the output of the 

emissions model and provides a simulation of the dynamic of the smoke plume for each of the aforementioned 

pollutants. The dispersion module is a framework of integrated models able to estimate the dispersion of fire 

plumes in the atmosphere in 3D grid format. There are four main modules: WRF is dedicated for the 

computation of the meteorological background data, SWIFT for the higher resolution focus on a specific 

study area, CHIMERE for the assessment of the concentration of the background pollutants at regional scale, 
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and SCICHEM for the simulation at local scale of the smoke plume of a selected event. The output of the 

model is a series of NetCDF files (one for each of the pollutants taken into account) that simulate the 3D 

spatial and temporal development of the smoke plume. The application of the dispersion model on the Zamora 

study case shows an example of the output product. 

 

Keywords: Forest fires; Wildfires; Atmospheric emissions modelling; Pollutant dispersion; EFFIS. 

 

 

Since 2000, the European Forest Fire Information System (EFFIS, http://effis.jrc.ec.europa.eu/ ) of 

the European Commission, Joint Research Centre (JRC) has systematically delivered information and 

statistics of burnt areas mapped from satellite imagery (San-Miguel-Ayanz et al., 2013). It is a complex 

monitoring system covering all the European Countries, North Africa and the Mediterranean Countries 

of the Middle East. EFFIS is able to collect and disseminate information on the many aspects involved 

in the fire events, from fire danger forecasting to post-event analysis. 

The impact of forest fires on air quality is progressively concerning the population of the main 

affected areas (Cornwall, 2018; Finlay et al., 2012; Carvalho et al., 2011; Stefanidou et al., 2008). 

Forest fire smoke can be synonymous of severe crisis, which in recent years increased the number of 

hospitalizations for respiratory diseases (Wegesser et al., 2009; Ignotti et al. 2010). The integration of 

the new fire emissions and smoke dispersion modules in EFFIS will provide improved tools for air 

quality assessment both at local and European scale. The new emissions module will take into account 

the evolution of the burned areas mapped on a daily basis, and provides an assessment of the major 

pollutants emitted by fires, such as CO2, CO, CH4, PM2.5, and PM10. The output of the new emissions 

module will be the input of the dispersion module, which provides the dynamic of the smoke plume 

for each of the aforementioned pollutants on selected severe fire events. The objective of this paper is 

to describe the components and the workflow of the new emissions and dispersion models, and to 

present their application on a study case. 

 

 

 

The current version of the emissions module in EFFIS estimates the concentration of pollutants 

(Barbosa et al., 2008; Monteiro et al., 2014) relying on classical methodologies of fuel map-based 

computation and constant burning efficiencies given by fuel types (San Miguel et al., 2011). In order 

to better reproduce the complex behaviour of the phenomenon, this model has been restyled, updated 

and integrated in recent years. 

In the new version of the model, a richer set of features is considered: 

• Burnt areas and their evolutions provided by EFFIS daily mapping (in the current model only 

the final burnt area is considered); 

• Digital Terrain Model, fuel composition (JRC forest types static maps) and meteorological data 

from the European Centre for Medium-Range Weather Forecast (ECMWF); 

• Evaluation of the key variables fuel moisture (provided by the Live Fuel Moisture Content, 

LFMC model), fireline intensity and fire rate of spread (NEXUS model, Scott, 1999, Scott and 

Reinhardt, 2001); 

• Assessment of burning efficiencies and amounts of fuel burned or consumed during the 

different combustion phases (provided by the models CONSUME3, Prichard et al., 2005, 

Ottmar et al., 1993; and FOFEM5, Keane et al., 1995, Reinhardt and Dickinson, 2010, Prichard 

et al., 2014); 

http://effis.jrc.ec.europa.eu/
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• Emissions estimations from burned fuel loadings applying emission factors taken from the 

“European biomass burning” (Miranda et al., 2005).  

The workflow of the module is represented in Figure 1. The main application of the Emissions 

module is the daily estimation of the pollutants, which is based on the preliminary mapping of the 

burnt areas. It is scheduled at 1:00 AM of the day following a burnt area detection, and takes into 

account the perimeters detected during the previous day. As the definition of the perimeters can be 

reviewed and corrected, a second typology of the module usage is the reanalysis mode, which consists 

of a simulation run usually performed at the end of a fire season. The reanalysis mode takes as an input 

the final perimeters in order to obtain the definitive assessment of the emissions. 

 
Figure 1 - Emissions module workflow. 

When applied for the evaluation of the emissions produced within a burnt area, the new emissions 

module provides a shapefile with the geometry of the input burnt areas and lists in the associated 

attribute table the estimated concentrations of the pollutants. For each of these polluting components 

(Table 1), the module simulates the evolution of the concentrations produced (measured in 103 kg) 

over the day of fire activity with a time step of three hours (from 0 to 24). Compared to the current 

model, the new version expands the set of output variables and provides an assessment for the SO2, 

NH3, BaP, LVGC pollutants (see list on Table 1). 

Table 1 - List of the variables (aggregated) reported in the emissions simulation module. 

 

As ancillary information, the module also reports the following variables: 

• Fire intensity (in kW m-2), which is used as input in the dispersion module to estimate the 

maximum height of injection of the emissions in the atmosphere; 
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• Fuel consumption in the fire phases of flaming (fire front) and smouldering (after the 

passage of the fire front), expressed in kg of fuel / 3hours; 

• Area increase over each 3 hours time step, assumed proportional to the 3 hours average rate 

of spread of the fire, expressed in m2 / 3hours. 

 

In cases where the fire event takes two or more days of burning activity, and as long as the clouds 

conditions and smoke presence allow constant monitoring, the mapping activity can theoretically 

detect the evolution of the event on a daily basis. When these conditions are present, the emissions 

module estimates the amount of emissions for each day of the mapping. 

As an example of the emissions and dispersion modules application, in this paper we report the test 

case of the fire that took place in Zamora province (Spain) during the day 29/07/2017 and concluded 

on 30/07/2017 (Figure 2). This study case is representative of a large wildland fire in Europe. Although 

the number of large wildfires represent a small proportion of the total fire events in Europe, their 

impact is disproportionally high. Large wildland fires are also the most endangering and impactful for 

the population. In the Fire Database of EFFIS (a repository of over 2 million individual fire records 

from 24 countries in Europe and North Africa), the wildfires larger than 1000 ha represent only 0.1 % 

of the recorded fire events, but are responsible for 30 % of the total burnt area. Only less than 0.02 % 

of the wildfires spread over 3000 ha: however, this small percentage contributes 16 % of the total 

damaged area in Europe (Camia et al., 2014; de Rigo et al., in prep.).  

The wildfire in Zamora spread over a total burnt area of 3087 ha (EFFIS source). In this case, it was 

not possible to follow the evolution of the fire during the development of the event due to smoke plume 

coverage on the area, which impeded the constant monitoring during the days of activity, and the speed 

of the fire spread and consumption.  

Table 2 reports the output of the new fire emissions model, along with those provided by the static 

model currently used by EFFIS for the emissions assessment. For the variables SO2, NH3, BaP, LVGC 

there is no information provided by the current model and no comparison was therefore possible. 

Table 2 - Emissions estimations for the test case of wildfire in Zamora province (Spain). 

 

 

In the described study case, the new emissions model provides values of pollutant emissions greater 

than those estimated by the current one. The most remarkable increases are those recorded on NMHC, 

VOC and BC, for which the estimations result higher than 100% compared to the ones of the current 

model. The consistency of the increase may be due to the contribution brought by the smouldering 

fire, which is taken into account with the new model.  
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Figure 2 - Localization, shape and ancillary information on the test case in Zamora (Spain). 

 

 

 

The smoke plume dispersion module is a new feature developed along and integrated with the new 

emissions module. It consists of a framework of integrated models that take as input the emissions 

generated by the new emissions module, and simulates over time in 3D grid format their dispersion 

plumes in the atmosphere. The processing is applied only on selected severe wildland fire events, for 

which the smoke plume modelling or post-event analysis is of particular interest. The four main 

modules of the framework are: 

• WRF: Weather Research and Forecasting model; 

• CHIMERE: Chemistry-transport model; 

• SWIFT: Stationary Wind Field and Turbulence; 

• SCICHEM: Second-order Closure Integrated puff model with CHEMistry. 

The WRF model (Michalakes et al., 2005) is assigned to the computation of the meteorological 

background data at regional scale (European continent), and SWIFT to the local focus on a specific 

selected study area. The concentration of the pollutants is then assessed by CHIMERE (Bessagnet et 

al., 2004) (for the regional pollutant background assessment), while the evolution of the plume at local 

scale by SCICHEM (Chowdhury et al., 2015) (Figure 3). The final output of the dispersion module is 

a series of Network Common Data Form (NetCDF) files (one for each of the pollutant emissions 

generated by the emissions module) that simulate the 3D spatial and temporal development of the 

smoke plume with a time step of 3 hours. 
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Figure 3 - Dispersion module workflow 

 

The Zamora (Spain) fire event was taken into account for the representation of the dispersion of 

pollutants on an area of approximately 70 x 70 km2 surrounding the centroid of the burnt area. The 

simulation was performed setting a grid sampling resolution to 1km in X and Y directions, and 0.5km 

in Z from the ground level. Figure 4 shows the spatial representation of the concentration of the CO 

emissions produced by the fire in Zamora, values of which were estimated and reported in Table 2. 

The maps shown are centered in the centroid of the burnt area, and the plots show the evolution of the 

smoke plume dispersions during the 24 hours of the day 29/07. The CO dispersions in Figure 4 are 

related to the ground level, which is the one of greatest interest due to the impacts of the pollution on 

the population.  

The following Figure 5 represents the progression of CO concentrations in time steps (top to bottom 

in columns) and height (left to right in the rows; ground level, 500 and 1000 m). 
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Figure 4 - Progression of the concentration of CO at ground level produced by the wildfire in Zamora (29-

30/07/2017). 
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Figure 5 - Dynamics of CO concentrations in timesteps (top to bottom  in columns) and height (left to right in the 

rows) simulated for the Zamora fire episode (29-30/07/2017). 

The last step of the processing is the conversion of the resulting concentrations in GeoJSON format 

isolines for easier visualization on webmaps. 
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The integration of the new fire emissions and dispersion modules in EFFIS will provide a unique 

tool for the assessment of the air pollution caused by forest fires in Europe. The resulting information 

at regional and local scale will be extremely valuable for integrated-assessment applications both 

during the fire season and in post-event analysis (Lentile et al., 2006; de Rigo et al., 2013; Di Leo et 

al., 2013). On the study case fire event of Zamora (Spain), the comparison of the new with the current 

emissions model used in EFFIS shows a consistent increase in the estimation of the concentration for 

each one of the pollutants, with three peaks in NMHC, VOC and BC. The application of the dispersion 

model on the outputs of the emissions model will also provide a 3D assessment of the evolution of the 

smoke plume trajectory. The spatial distribution of the concentrations at ground level represents 

valuable information on the impact of the smoke plume pollutant on the population resident in the 

surrounding area. The next steps of the project will consist of the comparison with field data on various 

test cases and the Sentinel-5P atmospheric pollution estimations. This will be the basis for a bias-

adjustment module to be added, so as for the field information to improve the physically based 

estimations of the fire emission and dispersion modules in EFFIS. At last, the dissemination of the 

results for each fire season in the EFFIS web application will be available. 
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