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Wildfires: a GLOBAL issue

https://earthobservatory.nasa.gov/global-maps/MOD14A1_M_FIRE/MODAL2_M_AER_OD

Aerosol Optical Depth

Number of Fires



Annual fire carbon emissions for various regions and sources

Global fire emission 
patterns for
1997–2016

(van der Werf et al., 
2017.

Earth Syst. Sci. Data)

Tg
C 

yr
–1



Global mean carbon emissions

Carbon emissions from 
fires (Tg C yr−1)

Contribution of different fire categories to 
total carbon emissions (%) 

Mean Min Max Savanna Boreal 
forest

Temperate
forest

Tropical 
forest

Peat Agriculture

2160 1773 3032 65.3 7.4 2.3 15.1 3.7 6.3

van der Werf et al., 2017.
Earth Syst. Sci. Data

• Represent ~30-50% of the fossil fuel source 
• Account for ~ 2/3 of the variability in CO2
growth rate
• 20-60% of the global organic carbon aerosol 
(particulate) emission, 30% of the black 
carbon (soot) emission
• Potential for climate feedbacks 
• Impacts on human health 



Health Effects of Wildfire Smoke - Recent Reviews & Case Studies



Health Effects of Wildfire Smoke 

Global mortality attributable to landscape fires (forest, grass, and peat fires)

Johnston et al., 2012.
Environ. Health Persp.

The average mortality attributable to landscape fires exposure was estimated to 
be 339,000 deaths annually

Southeast Asia
110,000

South America
10,000

Sub-Saharan Africa
157,000



Health Effects of Inhaled PM

Cascio, 2016. ORD Tools & Resources Webinar, USEPA



Wildfires in Southern Europe

Data Sources: Eurostat | UNECE | 
ITTO | FAO | National Entities - Joint 
Forest Sector Questionnaire (JFSQ)
Source: PORDATA
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Wildfires under climate change scenarios

Burned area changes (%) due to anthropogenic warming projected with 
(non)stationary climate-fire models 

(Turco et al., 2018. Nature Communications)



Agricultural burning

Crop burning is a widespread global practice

Burning Residues by 
Major Crop 

China and India are the top burners of crop residues

Geography 
and Evolution 
of Crop 
Residue 
Burning 



Crop waste open burning in India

(Chakrabarti et al., 2019. Int. J. Epidem.)

 Crop burning in India is 
concentrated in the northwest 
region

 When rice farmers burn their fields 
PM2.5 concentrations in Delhi, the 
highly populated capital city located 
downwind of burning areas, spike to 
about 20 times beyond the WHO 
guideline

 Living in districts with air pollution 
from intense crop residue burning is 
associated with a 3-fold higher risk 
of acute respiratory infection

 The economic cost of exposure to 
air pollution from crop residue 
burning was estimated to be US$30 
billion

Typical crop residue burning episode



Crop waste open burning in India

 In India, stubble burning emissions 
will almost double by 2050

488 million tonnes of total crop residues were 
generated in India during 2017, and about 24% 

of which were burnt in agricultural fields

Ravindra et al., 2019. J. Clean. Prod. 

 Population growth will lead to an 
increase in food demand, which will 
exert pressure on crop production 
and likely increase the 
agricultural crop residue
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Crop waste open burning in India

(Venkataraman et al., 2006. Global Biogeochem. Cycles)

Open burning accounts for: 

• about 25% of BC, organic matter, 
and CO emissions

• 9-13% of PM2.5 and CO2
emissions

Estimated uncertainty on 
BC and OC emissions 

~ 300%

Source contributions to pollutant emissions



Crop burning in China

(Ren et al., 2019. Sustainability)

Straw yield ~ 700 million tonnes

PM2.5 and OC emissions were equivalent to 10% each 
of the 2015 annual national anthropogenic emissions

80% returned to the soil, production of roughage, biomass 
fuels, biogas, straw-fired power/heat generation, straw board, 
and paper

20% burned in the field

Annual air emissions due to open burning of 
straws in 2015



Crop burning in China

Comparison of annual average CO2 emissions from crop burning

Reference Tg/year

Yin et al. (2019) 35.3

Huang et al. (2012) 68.0

Yan et al. (2006) 185.0

Li et al. (2015) 2.5

van Der Werf et al. (2017) 38.2

Wiedinmyer et al. (2011) 38.1

 Estimates with 
uncertainties up to 
700 %

 Large discrepancies 
between emission 
inventories



Estimating emissions: sources of UNCERTAINTIES
 Area consumed by wildfires or proportion of crop residues burned in fields

 Combustion efficiency
(depends on the stage of the fire)

 Emission factors
Laboratory sampling

(Missoula Fire Sciences Laboratory)

Field sampling

(especially prescribed and crop burning)



Wildfires in Portugal: a recurring tragedy
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Wildfires in Portugal: a recurring tragedy

Pedrógão Grande, 17/06/2017

 66 dead
 253 injured
 500 houses and 50 companies destroyed
 53,000 ha burned
 estimated loss of EUR 500 million



Wildfires in Portugal: a recurring tragedy

Braga, 16/10/2017

Vieira de Leiria, 15/10/2017

 495 fires in a single day
 49 dead
 70 injured
 1483 houses and 516 companies

destroyed



Wildfires in Portugal: emissions and air quality

15% of total annual
GHG emissions

However….

Emissions are probably underestimated and the associated uncertainties are very high

15-16/10/2017

CO2 eq. emissions from wildfires in Portugal



Wildfires in Portugal: a recurring tragedy



Wildfires in Portugal: a recurring tragedy



Wildfires in Portugal: emissions and air quality

15% of total annual
GHG emissions

However….

Emissions are probably underestimated and the associated uncertainties are very high

Emission Factors are from Andreae and Marlet (2001) or Akagi et al. (2011),  which do not 
represent the Portuguese forest ecosystems 

Difficulties in apportion wildfire emissions by receptor modelling because of the lack of source
profiles

15-16/10/2017

CO2 eq. emissions from wildfires in Portugal



Objective of our work

Quantify emission factors for a wide range of
particulate phase compounds (organics, 
metals, and ions), as well for gaseous

pollutants, released by forest fires

Emission inventories, climate change, 
atmospheric photochemical and source

apportionment models use emission profiles
which should reflect the regional 

characteristics of biofuels

Objective:



Sampling of wildfire emissions
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Wildfires in which it was 
possible to sample smoke 
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http://www.prociv.pt/



Sampling of wildfire emissions

Tri-pod high-volume atmospheric particulate matter sampler

Fine particles, < 2.5 mm (PM2.5) & Coarse particles, 2.5-10 mm (PM2.5-10)

Tedlar bags to collect gaseous samples



Sampling emissions from field burning of agriculture residues

Burning of tree prunings

High-volume PM10 sampling

PM10 quartz fibre filter

Water condensation unit, flowmeter, 
pump and Tedlar bag



Analytical methodologies – gaseous compounds

non-dispersive infrared analyser

flame ionisation analyser 

CO and CO2

Total 
hydrocarbons

DNPH cartridges Formaldehyde
Acetaldehyde

Propionaldehyde

HPLC



Analytical methodologies – particulate matter

Thermal-optical
method

Ion
Chromatography

Water soluble
ions

GC-MS Organic
speciation

EC
OC

ICP-MS Metals



Calculations

The carbon combusted in a fire is emitted in 4 forms: CO2, CO, hydrocarbons, and 
particulate carbon. The emission factor of a species, n, is calculated from the ratio of 
the mass concentration of that species to the total carbon concentration emitted in 

the plume:

mass of species n emitted per 
unit mass of carbon burned

mass fraction 
of carbon in 

the fuel

> 0.90  (flaming phase)

< 0.85  (smouldering phase)

ଶ

ଶ




ைమ ା ை ା ்ு ା ்
x 48%

 Modified combustion efficiency:

 Emission factors (g/kg):



Emission Factors

CO (g kg-1 fuel burned, dry basis)
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Emission Factors

R² = 0.3091
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Emission Factors
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 At traffic impacted sites, F/A > 1 are generally obtained

 In Brazil, this ratio tended to values < 1 due to heavy use of ethanol as a vehicular fuel

 Wildfires in Portugal: F/A = 0.25

F/A ratios:

Carbonyl compounds



Chemical composition of smoke particles

7.7 
mg/m3

(0.82 mg/m3)

OC/EC = 1.7 for MCE = 0.93 (flaming)

OC/EC ~ 112 000 for MCE = 0.60 
(smouldering)

Mean OC/EC = 66



PM2.5 organic composition
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PM2.5 organic composition

Other PAHs (mg g-1 OC) in PM2.5
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PM2.5 organic composition

Residential
wood

combustion

Prescribed
burning in a 
shrubland

Wildfires
(This study)

 Levoglucosan emissions decrease with increasing combustion temperatures

 It may be a good tracer for the smouldering phase, but it is not present in 
emissions from  intense flaming fires



PM2.5 organic composition
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Conclusions

Our results consolidate previous argumentations that smouldering emissions make a 
significant contribution to the total emissions.

Smoke particles are carbonaceous in nature with a clear dominance of OC and much 
higher OC/EC values than those reported in the literature for other sources. 

Since EC plays a key role in radiative forcing, and taking into account the 
discrepancies between the various studies, the magnitude of the emission factor 
for EC remains uncertain and deserves further investigation.

The comprehensive databases obtained may be useful for numerical models to evaluate 
the impact of wildfires in the Mediterranean region, which is particularly uncover by 
this type of studies. This research may also contribute to improve source 
apportionment models allowing to estimate the input of wildfires to the atmospheric 
levels at monitoring sites. It has yet to be estimated more specific emission profiles for 
wildfires under extreme weather conditions (heat waves). 

The smoke plume is mainly composed of fine particles containing carcinogenic (e.g.
PAHs) and compounds that cause oxidative stress (e.g. phenolics).



Prevent forest fires, but…



Databases available at:

https://zenodo.org/record/3345669

Vicente, A., Calvo, A., Gonçalves, C., Nunes, 
T., Fernandes, A.P., Monteiro, C., Mirante, F., 
Evtyugina, M., Alves, C. (2019). Emission 
factors of trace gases and aerosols from 
wildfire events in central Portugal [Data set]. 
Zenodo. 
http://doi.org/10.5281/zenodo.3345669
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