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Abstract The present study uses data from the
TROPOspheric Monitoring Instrument (TROPOMI) on
board Copernicus Sentinel-5 Precursor satellite to
investigate the impact of the forest fires plumes on
atmospheric aerosols and gases. Forthis purpose, the
Aerosol Index, nitrogen dioxide (NO2) and carbon
monoxide (CO) Level-2 datahave beenanalyzed. The
results showthatthe fire in Kineta, Attica (in 2018) and
the fire in Corinthia (in 2021), enhanced the total CO
concentration levels by up to 5.5times (from 1.5x10*®
to 10x10*® molecules/cm?) and up to 4 times from
1.5x10* to 6x10%® molecules/cm?), respectively.
Similarly, the tropospheric NO, concentration levels
have increased by up to 15 times (from 1x10% to
16x10% molecules/cm?) and up to 40 times (from
1x10% to 4x10'® molecules/cm?), respectively. Fires
have also increased the atmospheric load of absorbing
aerosolasreflected by the increase ofthe dimensionless
Al by up to 6 times (from 0 to 6 and from -2 to 4
respectively).
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1. Introduction

Wildfires are recognized as animportant environmental
issue, affectingthe energy balance ofthe atmosphere,
air quality as well as facilitating the recycling of
nutrients for the ecosystems. During the last century,
biomass burning has significantly increased and is
characterized as an important global source of trace
gasesandaerosols in the atmosphere (Andreae, 2019).
Anthropogenic or natural causes, leadto fires of various
intensities leading to the destruction of natural
ecosystems. Forest Fires and biomass burningcanhave
devastating impacts on the ecosystemsandeconomies
and can alter the atmosphere and global climate by

producingatmospheric aerosolsandtrace gases (Reid et
al.,1999).

Forest fires are an important environmental issue
throughout the Mediterraneanarea. Accordingto WWF
(2004) anareaof 600 to 8000 hectares is burnt every
yearin the Mediterranena region that iscomparable to
the surface of Creteand almost equalto about 1.5% of
the total Mediterranean forests. One of the deadliest fire
episodes in the European history took place almost
simultaneously in Kinetaand Matiin 2018, where over
100 people lost their livesand 150 more were injured.
In 2021, a wildfire in Corinthia occurred with many
dispersed fronts and has burned over 50,000acres in the
Geraneia Mountains.

Remote sensing has evolved dramatically overthe last
decades and can be used for the monitoring of fire
events (Athanasopoulouetal., 2014; Kaskaoutis et al.,
2011). Firesemit tracegases such ascarbonmonoxide
(CO) and nitrogen oxides (NOx) as wellasaerosols, like
black and organic carbon. Over the years, nitrogen
dioxide (NOz)and COcolumnshave been monitored
from spaceby many instruments providing important
informationand estimates for fire events.

The  TROPOspheric ~ Monitoring  Instrument
(TROPOMI) (Veefkind et al.,2012) was launched on
board the Sentinel-5P satellite by the European Space
Agency (ESA)in October2017. TROPOMI provides,
with unprecedented spatial coverages, near-global daily
measurements of atmospheric trace gases including Os,
NO;, CO, HCHO, CHy4, SO, and aerosol properties
such asthe Aerosol Index (Al), which isused to track
the evolution of episodic aerosol plumes from dust
outbreaks but also from biomass burningand volcanic
ash. The TROPOMI observations of atmospheric ga ses
and more specifically the observations of CO,NO; and
Al are instrumental fortheevaluation of the impact of
wildfires in the atmosphere.
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These satellite observations will be used here to
evaluate the impact of Kineta fire in 2018 and Corinthia
fire in 2021 on atmospheric compositionof the region.
Unfortunately, no sufficientdata are available to study
the Matifire impact using TROPOMI observations.

2. Dataand Methodology

2.1. Data

Al and columnconcentrationsof COandNO; Level-2
data from TROPOMI, in a spatial resolution of 7x7 km?
(for2018)andin km?(for2021)forCO and in 3.5x7
km? (for2018) and 3.5x5.5km? (for 2021) for NO and
Al and have been acquired. The TROPOMI Level-2
data for NO. of May 2021 are near-real-time, which
may result in slightly lower quality data compared to
those from other periods, or even incomplete.The
TROPOMI Level-2 Data for CO were gridded into a
0.2°%0.2° grid using a Fortran program developed by
Daskalakis N.and Gialesakis N.

2.2.Study area

Two forest fires in the Attica region andin the nearby
part of Corinthia region, Greece, were selected as the
study cases. In recent years, Greece is prone to wild
fires due to the extreme weather conditions during
spring and summer. Long summer droughts, high
temperatures and strongwinds in combination with low
precipitationresult in a high fire occurrence. In 2018,
two big firesoccurred in Attica onthe sameday, one in
Kineta to the west of Athensand one in Mati, northeast
of Athens. The Kineta fire burned many houses, while
the fire in Matiisone of the deadliest fires in the history
of Europe, countingover 100 casualties. InMay 2021, a
wildfire first broke out in Corinthia and spread
eastwards towards Athens, burning housesand densely
forestedareas.

2.3. Methodology

To investigate the impact of fires on atmospheric
composition, we compare the satellite observations
duringthe burning days with a day without firesthat is
used asa reference day. Forthis, the Fire Information
for Resource Management System (FIRMS)by NASA
(firms.modaps.eosdis.nasa.gov/) was used in order to
identify a reference day with clear background
conditions close to the date of the fire. Images from
FIRMS acquired by the Moderate Resolution I maging
Spectroradiometer (MODIS) Terra sensor for the
reference day and the day where the fires were most
intense and satellite observations are available are
presented in Fig. 1 for each of the fire events we
investigated.

Forthe two days, identified using FIRMS, Al, NOzand
CO Level-2 TROPOMI data products were acquired
from the Copernicus hub (s5phub.copernicus.eu). In
order to examine the impact of fire plumes on the
atmospheric composition, the difference in column

concentrations of the above-mentioned products
between the reference dayandthe day of the fire event,
wasderived foreach pixel.

3. Resultsand Discussion

3.1.Kineta’s Firein 2018

The Kineta and Mati fires, in Attica region,took place
on the 23" of July 2018. Pollution from the fire of
Kineta hasbeenrecorded by TROPOMI observations.
The fires lasted from 23" to 26" of July 2018. As a
clean reference day with relatively cloud free
conditions, the 7" of July was selected and Fig. 2 shows
the impact of this fire event on atmospheric
composition.

Figure 1. Satellite Images from the Moderate
Resolution Imaging Spectroradiometer (MODIS) Terra
sensor of a), ¢) the referenceday (left)and ofb),d) the
day the fire was most intense (right) for the a), b) Kineta
and Mati fire, and <c¢), d) Corinthia Fire
(https://firms.modaps.eosdis.nasa.gov/).

GO difference between the days 23.07/07/2018 NO? difference between the days23-07/07/2018
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Figure 2. Difference between the 23" and 7% of July
2018 of a) TROPOM I carbonmonoxide (CO) column
concentration column in 10 molecules/cm?, b)
TROPOMI tropospheric nitrogen dioxide (NO2) column
concentrationin 10'® molecules/cm?andc) the Aerosol

Index (dimensionless) over Greece for Kineta fire.

3.1.1. Carbon Monoxide during Kineta’s Fire

Fig. 2a illustrates the difference ofthe TROPOMI CO
column concentration levels in molecules/cm?. The
differences between the CO column concentrations
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range between 2x10*%and 2.5x10% molecules/cm?. The
Kineta fire affected the atmosphere overand downwind
the fire by enhancing the CO total column up to 2.3
times over Kineta.

3.1.2. Nitrogen Dioxide during Kineta’s Fire

Fig. 2b shows the increase in tropospheric column
concentrations of NO,in molecules/cm? between the
reference day and the day of the fire event as
documented by TROPOMI. The differences in
concentration range from 0.5x10'® to 1.75x10%°
molecules/cm?, while the maximum value in the
tropospheric NO, column concentration was observed
in the outflow of the fire overthenorthofthe Cyclades
Islandsand not over Kineta.

3.1.3. AerosolIndex during Kineta’s Fire

In Fig. 2c, the change in the dimensionless Al as
difference between the day of the fire event and the
reference day is presented. Similarto NO., the plume of
the absorbing aerosols has travelled from Kineta to
Athens reaching some of the Cyclades islands. The
values of the difference in Al rangedbetween 2 and 6,
indicating that the atmosphere was enriched in
absorbing aerosols such as smoke and dust-
resuspension during the fires. The plumes from the two
fire locations (Kineta and Mati) were mixed during
transport and travelled as farasthe north Aegean Sea.

3.2. Corinthia’s Firein 2021

The fire in Corinthia started in the evening of the 19" of
May 2021 and lasted for fourdays. Over50,000 acres
of land were burntand many housesandvillages were
evacuatedandburnedto theground. As a referenceday
with clear background conditions, the 4'" of May was
selected, while the day where the fire event was intense
wasthe 20" of May.

3.2.1. Carbon Monoxide during Corinthia’s fire

In Fig. 3 the TROPOMI CO column concentration in
molecules/cm?is presented fora) the clear day and b)
the day ofthe fire event. Fig. 3a shows thatthe levels of
CO a real most uniform throughout the area at
approximately 1.5x10*® molecules/cm?. On the contrary,
on the day of the fire (Fig. 3b) the CO column
concentrations reach values of 5x10' to 6x10'®
molecules/cm?, overthe Corinthia region. The influence
of the fire episode on CO column concentrations
(maximum increase by about a factor of 4) calculated as
the differencebetweenthese two daysis presented in
Fig. 3c.

3.2.2.Nitrogen Dioxide over Corinthia
In Fig. 4 the column concentrationsin molecules/cm?

are providedforthe NO, overthe Attica region for a)
the cleardayandb)forthe referenceday as well as c)

the difference between the two days to illustrate the
impactof this intensefire episodeon NO tropospheric
column. On the reference day (Fig. 4a)the TROPOM I
tropospheric NO; concentration levels were low
(approximately 0.1x10%* molecules/cm?), while during
the fire (Fig. 4b)the values overthe burntlocation were
larger varying between 1x10%® and 4x10%
molecules/cm?. The difference between thetwo days is
depicted in Fig. 4c with values thatrange from 0.1x10%*
to 4x10%* molecules/cm? over the fire location.
Therefore, NO; levels due to thefire episode have been
enhanced by up toabout40 times overthe hot spot area.

Monthly average distributions of tropospheric NO>
columns for April2019 over Athensand Thessaloniki,
two majorcities in Greece, based on TROPOMI data
(Koukoulietal.,2020) indicate column concentration of
NO: up to 0.41x10'® molecules/cm? and 0.24x10%
molecules/cm?.

CO on the 04/05/2021 over Attica and Corinthia

CO on the 20/05/2021 over Attica and Corinthia
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Figure 3.The TROPOMI CO columnconcentration in
molecules/cm? over Corinthia and Attica regions of
Greece, a) forthe reference day (4" of May 2021), b)
the day ofthe fire eventin Corinthia (20" of May 2021)
and c) the difference betweenthese two distributions.

3.2.3. Aerosol Index during Corinthia’s fire

The Aerosol Index isshown in Fig. 5 forthe reference
clearday and the day of thefire event. The difference
between the two days is also shown to illustrate the
influence of fire episode on aerosol properties. For the
reference day (Fig. 5a) the levels of the Aerosol I ndex
are negative over the Attica region indicating the
presence of scatteringaerosols. Overthe city of Athens,
the Al reaches the value of -2. On the day of the fire
eventthe Al overthe location of the fire varies between
2 and 4 indicating the presence of smoke, absorbing
aerosol, while the plume has moved from the location of
the fire to the east ofthe Atticaregion. Thedifference
of the Al betweenthetwo daysis shown in Fig. 5¢c and
indicates that the enrichment of the atmosphere in
absorbingaerosol while the Al values range between 2
to 6 overthe fire location.

4. Conclusions

Greece has been affected by devastating forest fires
throughout the years, with hundreds of people losing
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their lives and villages being evacuated and burnt tothe
ground. This study assessed the impact of the fire in
Kineta in 2018and ofthe fire in the Corithia region in
2021, in the atmospheric composition using Level-2
satellite-derived products from the TROPOMI
instrument onboard Sentinel-5P.

Tropospheric NO2 column concentrations increased by
up to 6 times (from 2x10*°to 12x10** molecules/cm?)
over Kineta fire and up to about 40 times (from
0.1x10% to 4x10* molecules/cm?) for Corinthia fire.
The results also showedthat the fire in Kineta enhanced
the total CO concentration levels by up to 6.6 times
(from 1.5x10'to 10x10*® molecules/cm?) and that in
Corinthia up to 4 times from 1.5x10%® to
6x10*molecules/cm?) whereas over the European-
polluted hot spots, during the year 2019, the column
concentration levels of CO are up to 2.4x10%
molecules/cm? (Sannigrahietal., 2021).

NO2 on the 04/05/2021 over Attica and Corinthia NO2 on the 20/05/2021 over Attica and Corinthia
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Figure 4. The TROPOMI NO; column concentrations in
molecules/cm?over Corinthia and Attica regions for a)
the reference day (4" of May 2021),b)the day of the
fire event in Corinthia (20" of May 2021) and c) the
difference between thesetwo distributions.
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Figure 5.The TROPOMI Aerosol Indexdimensionless
over Corinthiaand Attica regions, fora) the reference
day (4" of May 2021), b) the day of the fire event in
Corinthia (20" of May 2021) and c) the difference
between these two distributions.
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