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Monitoring burn severity and air pollutants in wildfire events using remote
sensing data: the case of Mersin wildfires in summer 2021

Uzaktan algilama verileri ile orman yanginlarinda yanma siddetinin ve hava Kirleticilerinin
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Abstract

Remotely sensed data have been used to investigate air pollutants and matter toxicity, land cover changes and burn
severity. The goal of this study is to analyze land and atmospheric data for wildfire events that occurred in Mersin Province
between July 28 and August 3, 2021. We used a variety of open-access remotely sensed data sets (MODIS, Sentinel 2A
and Sentinel 5P TROPOMI) from the pre-fire (20-27 July), fire (28 July — 3 August), and post-fire period (4-10 August).
This comprehensive study's findings can be divided into two categories. The first group is the land cover output, which
includes maps of the affected region's land surface temperature and burn severity, as well as comparisons of the two. The
atmospheric output, which consists of trace gas column density maps (for carbon monoxide, formaldehyde, sulphur
dioxide and ozone), is the second group. The quantitative results of these analyses indicate that high severity areas
correspond to 16.536 hectares, and the maximum column number density reached to 0.071 mol/m? for carbon monoxide,
0.0043 mol/m? for formaldehyde, 0.00049 mol/m? for sulphure dioxide and 0.137 mol/m? for ozone. The burn severity is
found to be highly correlated with land surface temperatures. Pollutant levels in the atmosphere were found to be rising
during and after the wildfire. There has not been any evidence of a significant increase in air pollutants near urban areas.
However, ozone concentrations rose significantly after the wildfire because the province's nitrogen oxide levels were high
enough to produce ozone.
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Hava kirleticilerini, madde zehirliligini, arazi ortiisii degisimini ve yanma gsiddetini izlemek icin uzaktan algilama
verilerinden faydalanan ¢alismalar yapimaktadir. Bu ¢calismanin amaci, Mersin Ili 'nde 28 Temmuz — 3 Agustos 2021
tarihleri arasinda gerceklesen orman yanginlari sonucunda gozlemlenen arazi ortiisii ve atmosfer verilerini analiz
etmektir. Yangin oncesi (20-27 Temmuz), yangin (28 Temmuz-3 Agustos) ve yangin sonrasi (4-10 Agustos) donemleri igin
cesitli agik erisimli uzaktan algilama verileri (MODIS, Sentinel 24 ve Sentinel 5P) kullanilan bu ¢caliymanin bulgulari iki
kategoride belirtilebilir. Ilk kategori, etkilenen bélgenin arazi yiizey sicakligi ve yanik siddeti haritalarimin hazirlanmasin
ve bunlarin arasindaki iliskinin karsilastirilmasin icermektedir. Ikinci kategori ise, kirletici gazlarin (karbon monoksit,
formaldehit, siilfiir dioksit ve ozon) diisey yogunluk haritalarini iceren atmosferik ¢iktilardir. Bu analizlerin nicel
sonuglar, yiiksek siddetli yanma alanlarinin 16.536 hektara karsulik geldigini ve maksimum diigey molekiil yogunlugunun
karbon monoksit icin 0.071 mol/m?, formaldehit icin 0.0043 mol/m?, kiikiirt dioksit icin 0.00049 mol/m? ve ozon igin 0.137
mol/m?yve ulastigini gostermektedir. Yanma siddetinin, arazi yiizey sicakliklar ile yiiksek oranda iliskili oldugu
saptanmistir. Orman yangni sirasinda ve sonrasinda atmosferdeki kirletici seviyelerinin yiikseldigini tespit eden bu
calisma, kentsel alanlarin yakininda hava kirleticilerinde 6nemli bir artis olduguna dair herhangi bir kanit bulamamustir.
Ancak, ozon gazi yogunlugunun orman yangimindan sonra, il genelindeki yiiksek nitrojen oksit seviyesine bagl olarak
onemli dlgiide yiikselis gosterdigi gézlemlenmigtir.
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1. Introduction
1.Giris

Wildfires have taken the great attention of scholars
due to their dire consequences on forests and
sustainable land use, especially in the
Mediterranean countries. Wildfires, in simple
terms, destroy the vegetated land cover and
diminish the amount of fertile land because of land
erosion and loss of fundamental nutrients in the
ecosystem (Fernandez et al., 2007; Magro et al.,
2021). In terms of land management and public
administration, the wildfires create a huge risk for
peri-urban settlements and houses are important
assets to prevent the devastating effects of
wildfires. Policymakers must recognize that global
warming has a direct impact on fire severity, and
they must take steps to reduce the risks of future
wildfires. (Lindenmayer et al., 2020).

Turkey is one of the Mediterranean countries
afflicted by destructive wildfires. Turkey faced the
worst and most devastating wildfires in its history
in July and August 2021. This series of wildfires
was particularly effective on the southern coasts
(Mugla, Antalya, and Mersin provinces), and it is
estimated that 170,000 hectares of rural lands were
exposed to wildfires during this period (Fu, 2022).
The start of wildfires coincides with the region's
high-temperature records.

Several studies have been conducted using remote
sensing products to investigate the post-disaster
effects of wildfires. Examples include atmospheric
studies on air pollutants and matter toxicity
(Langmann et al., 2009; Wu et al., 2006) or land
cover changes (Chuvieco & Congalton, 1989; Eva
& Lambin, 2000) and burn severity (Cocke et al.,
2005; Keeley, 2009). Researchers can use remote
sensing data to detect changes in vegetation after
wildfires, as well as monitor the area affected by
wildfires and the ecosystem dynamics when the
affected area regenerates. Spectral indices (for
example, Normalized Difference Vegetation Index
— NDVI or Normalized Burn Ratio — NBR) aid in
tracking the severity of wildfires as well as the rate
of vegetation enhancement in affected areas.
Scholars have used these indices for previous
wildfires in Kahramanmarag (Dindaroglu et al.,
2021), izmir (Colak & Sunar, 2020; Nasery &
Kalkan, 2020; Sabuncu & Ozener, 2019) and
Mersin provinces (Tonbul et al., 2016). All of these
studies contributed important findings to the
existing body of literature on land management and
disaster recovery. Using remotely sensed data sets,
however, atmospheric trends of carbon dioxide,
sulphur dioxide, formaldehyde, and ozone from
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wildfires were tracked for Portugal (Magro et al.,
2021), Ukraine (Savenets et al., 2020), California
(Schneising et al., 2020) and Canada (Alvarado et
al., 2020). These case studies provided compelling
evidence for the use of remote sensing to track the
spatial and temporal patterns of atmospheric trace
gases in the aftermath of a major wildfire. A
preliminary air quality assessment of recent
wildfires in Turkey was conducted for the
provinces of Antalya and Mugla, revealing that the
wildfires this season have significantly reduced air
quality in the region (Salman et al., 2021).

There are not too many case studies in the literature
that cover both fire severity and atmospheric trace
gas tracking simultaneously. The objective of this
research is to conduct a combination of land and
atmospheric data analysis for wildfire events that
occurred in Mersin Province between July 28 and
August 3, 2021. To do so, we used a variety of
open-access remotely sensed data sets from the
pre-fire (20-27 July), fire (28 July — 3 August), and
post-fire periods (4-10 August). Section 2
introduces the site description and data sets used.
As shown in Section 3, the findings of this
comprehensive study can be divided into two
categories. The first group is the land cover output,
which includes the affected region's land surface
temperature and burn severity maps, as well as
their comparison. The second group is the
atmospheric output, which consists of trace gas
column density maps. All of the maps were created
to understand the individual or inter-dependent
dynamics of trace gases during the extreme
wildfire event in Mersin Province.

2. Materials and methods
2. Materyaller ve metotlar

2.1. Site description
2.1. Calisma alam

This study was carried out in Mersin Province
(Figure 1), with a particular focus on Aydincik
district and Yesilovacik villages in the province's
western part. Mersin Province is located on the
Mediterranean coast in southern Turkey. The
district of Aydincik is an urban settlement (circa 11
thousand inhabitants); however, other nearby urban
areas to the wildfire zone are the districts of Silifke
(circa 125 thousand inhabitants) and Giilnar (circa
20 thousand inhabitants). The study area includes
maquis, garrigue (sage, rosemary, thyme,
lavender), and sandy areas near the seashore. Pinus
brutia is a dominant tree species in the monitored
area's forests.
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Figure 1. Study area with a focus on affected zone

Sekil 1. Etkilenen alana odakli calisma sahast

2.2. Land data sets
2.2. Arazi veri setleri

2.2.1. Land surface temperature
2.2.1. Arazi yiizeyi sicaklig

Land Surface Temperature (LST) is an important
component of the physical Earth because it allows
us to understand the energy interactions between
the atmosphere and land. The LST data set has been
used in a variety of studies, including climate
change, hydrology, and ecological assessment
(Bao et al., 2011). The MOD11A1 LST product
from the Moderate-resolution Imaging
Spectroradiometer (MODIS) instrument, with a
spatial resolution of 1 km and a temperature
resolution of 0.02 Kelvin, is one of the resources
for retrieving LST images. Each LST image is
created by analyzing the emitted thermal-infrared
radiance values in two spectral bands (11.00 and
12.02 mm) (Imhoff et al.,, 2010). This image
processing employs a radiance-based split-window
algorithm, which allows us to compute the
relationship between radiance and temperature
using a radiative transfer function (Wang et al.,
2019). When compared to in-situ measurements,
the MOD11A1 LST product has a positional
accuracy of 50 meters and a temperature accuracy
of less than 0.5 Kelvin (Wolfe et al., 2002).
MOD11A1 signals cannot penetrate clouds; thus,
LST images can be retrieved as long as the sky is
clear and the temperature radiance of the top of the
clouds is not mixed with the land surface. Another
advantage of MOD11A1 products is that due to
MODIS' ascending and descending orbits, LST
images can be retrieved both during the day and at
night. (Wan et al., 2004).

In this study, LST images obtained at night from
the MOD11A1 product were examined for pre-fire,
fire, and post-fire periods in order to detect the
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magnitude of temperature rise on bare land surface
caused by recent wildfires. Google Earth Engine
(GEE) was used to download the LST image
composites for three different time periods. The
GEE platform includes algorithms for creating
composite images for specific time periods; as a
result, GEE allows for faster image acquisition
rather than downloading single image files from
NASA servers (Ebrahimy etal., 2021). LST images
for the daytime were excluded from this study
because the study area is extremely hot in the
summer, and variations in LST cannot be detected
because the hot weather warms the land surface
significantly.

2.2.2. Burn area detection and burn severity
2.2.2. Yanmus alan tespiti ve yanma siddeti

Remotely sensed data sets are pioneer tools for
monitoring, analyzing, and administering burnt
forests on a global or regional scale, as they enable
rapid monitoring over burnt areas for mitigating
post-fire effects (Llorens et al., 2021). In
comparison to manual delineation or in-situ
observations, remote sensing approaches have
provided higher accuracies for detecting the burnt
area. Furthermore, researchers can characterize
burn severity patterns using remote sensing
techniques (Fassnacht et al., 2021).

Burn severity, by definition, corresponds to the
long-term land cover and ecological changes of an
affected area and allows for the measurement of the
landscape's responses after a wildfire. Tree
mortality,  vegetation  enhancement,  and
recolonization are examples of these responses
(Cansler & McKenzie, 2012; Keeley, 2009). An
index known as the differenced Normalized Burn
Ratio (ANBR) has become a popular method for
determining burn severity. By combining the near
infrared (NIR) and shortwave infrared (SWIR)
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wavelengths of any multispectral sensor, it
highlights the burned lands. Healthy vegetation has
significantly higher reflectance values in NIR
portion of the electromagnetic spectrum, while it
has lower reflectance in the SWIR. The areas
devastated by a wildfire, on the other hand, exhibit
the inverse trend. As a result, the difference in
spectral differences between healthy and burned
landscapes reaches the top in both the NIR and
SWIR portions. (Diaz-Delgado et al., 2003).

In this study, we computed dNBR using Sentinel-2
Level-2A composite images with a spatial
resolution of 20 meters derived from GEE.
Atmospherically corrected surface reflectance is
shown in Level-2A images; thus, there was no need
for atmospheric correction. The pre-fire image
composite is made up of cloudless image tiles in
between May 1 and July 27, while the post-fire
image composite is made up with image tiles
between July 28 and October 1. We calculated
dNBR on GEE with the following equations, using
Band 8A (NIR —864.8 nm) and Band 12 (SWIR —
2202.4 nm).

NBR = (NIR - SWIR)/(NIR + SWIR) @
dNBR = NBRyre-fire + NBRpost-fire (2)

where dNBR is computed using the Normalized
Burn Ratios (NBR) of pre-fire and post-fire
composite images. The greater the value of dNBR,
the more severe the damage in the affected area.
These damages are classified using pre-defined
intervals proposed by the USGS (Key & Benson,
2006), as seen in Table 1. Sub-zero dNBR values
correspond to increased vegetation regrowth in the
affected area.

Table 1. Severity intervals used in dNBR analysis
Tablo 1. dNBR analizinde kullanilan siddet
araliklar

Severity Level dNBR Range

Enhanced Regrowth, high (post-fire) ~ -0.500 to -0.251
Enhanced Regrowth, low (post-fire) -0.250 to -0.101
Unburned -0.100 to +0.99
Low Severity +0.100 to +0.269
Moderate-low Severity +0.270 to +0.439
Moderate-high Severity +0.440 to +0.659
High Severity +0.660 to +1.300

2.3. Air pollutants data sets
2.3. Hava kirleticileri veri setleri

Wildfires produce a large amount of trace gases,
which have a significant impact on the chemical
composition of the atmosphere and climate.

Because of wood combustion, wildfire smoke
emits a variety of pollutants, including carbon
monoxide (CO), formaldehyde (HCHO), and
sulphur dioxide (SO2) (Magro et al., 2021)
Furthermore, wildfires produce tropospheric ozone
(Os), which has a negative impact on ecosystems;
thus, it is important to monitor Oz levels after a
wildfire.

CO is a colorless, odorless, and tasteless chemical
gas that degrades atmospheric air quality. It has the
potential to cause serious health problems when
inhaled by living species because it can disrupt the
transport of oxygen through the veins (Omaye,
2002). Smoke from wildfires may reach human
settlements, prompting health officials to advise
residents to stay indoors. This smoke evidently
contains CO, which is produced by the incomplete
combustion of burning biomass materials in
wildfire areas. Several remote sensing instruments
were used by the researchers to monitor CO.
(Schneising et al., 2020). Formaldehyde (HCHO)
is one of the most common non-methane volatile
organic compounds emitted by wildfires. This
aldehyde's emission varies with carbon emissions
depending on fuel type and combustion efficiency;
thus, HCHO is more available in smoldering
wildfires. (Liu et al., 2017). HCHO is known to be
a respiratory carcinogen, and excessive HCHO
exposure significantly increases the risk of asthma
and cancer (National Toxicology Program, 2010).
According to some research, wildfires emit higher
HCHO concentrations than normal conditions;
thus, it is critical to monitor HCHO levels in the
atmosphere during and after a devastating wildfire
(Na & Cocker, 2008). Sulphur naturally occurs in
nature, but when it comes into contact with
combustible conditions, it transforms into
sulphuric acid and sulphur dioxide (SO>) in the air.
Acid rain is caused by sulphuric acid. SO
concentrations above a certain threshold cause
respiratory and cardiovascular diseases in living
organisms. (Aryal et al., 2018). Sulphur dioxide
(SO,), one of the pollutants in wildfire smoke, is
particularly toxic to plants in close proximity to
wildfires, causing protein degradation and cell
death (Weber et al., 2021). Because SO- dispersion
is highly dependent on wind speed and direction;
the SO, maps must be compared to meteorological
data. Oz is well-known as a second-level air
pollutant that causes a variety of respiratory
diseases. Oz is formed by the chemical interaction
of nitrogen oxides and organic carbons in the
presence of sunlight. Wildfires also emit
significant amounts of O3 precursors, and the ratios
increase downwind of a wildfire (Watson et al.,
2019). Oz production is highly correlated with the
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amount of nitrogen oxides (NOy); in other words,
when NOx levels are high, Oz production may
decrease. (McClure & Jaffe, 2018).

In this study, we used column number density data
of CO, HCHO, SO, and O at ground level from
the TROPOspheric  Monitoring  Instrument
(TROPOMI) on the European Space Agency's
Sentinel-5 Precursor (S5P) satellite. Many scholars
have used and recommended TROPOMI data for
air pollution monitoring (Kaplan & Yigit Avdan,
2020). S5P measures CO global abundance using
clear-sky and cloudy-sky Earth radiance
measurements in the 2.3 m spectral range of the
solar spectrum's shortwave infrared (SWIR).
TROPOMI, which provides excellent SO, and
HCHO images with a low signal-to-noise ratio, can
be used to observe tropospheric SO, and HCHO
column number density. TROPOMI also provides
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offline O3 images via the GODFIT algorithm. The
spatial resolution of all of the data sets provided is
1113.2 meters. (TROPOMI, 2021).

3. Results and discussion
3. Bulgular ve tartisma

Figure 2 shows LST images at night derived from
the MOD11A1 product. Pre-fire, fire, and post-fire
LST composite maps were created separately.
Temperature differences between periods are
significant, and the spatial variability of LST can
be visually distinguished between burnt and
unburnt zones. The mean LST in burnt areas during
the pre-fire period was 24.1 °C, 32.9 °C during the
fire period, and 29.8 °C in the post- fire period,
according to numerical results derived from pixel
values.

MEDITERRANEAN SEA
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LST Night (Celcius)
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Figure 2. Pre-fire, fire, and post-fire LST maps for the affected zone
Sekil 2. Etkilenen bolgenin yangin éncesi, yangin esnasinda ve yangin sonrast LST haritalart

Figure 3 depicts a dNBR-based burn severity map
generated for the affected zone. The affected zone
has low severity areas of 190.812 hectares,
moderate-low severity areas of 163.42 hectares,
moderate-high severity areas of 88.792 hectares,
and high severity areas of 16.536 hectares,
according to pixel statistics computed in QGIS
raster processing toolbox.
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Several studies have discovered a relationship
between post-fire LST and burn severity maps
derived from satellite imagery (Colak & Sunar,
2020). As a result, we investigated the relationship
between dNBR values and LST values of stratified
sampled 83 pixels on the affected zone. The second
order polynomial regression plots in Figure 4 show
a strong positive correlation between dNBR values
and LST values of both the fire (Pearson’s
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Correlation Coefficient = 0.870) and post-fire
periods (Pearson’s Correlation Coefficient =
0.856), which supports the findings of previous
studies. In other words, the higher the land
temperature in our study area, the more severe the
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burn severity of the vegetation exposed to. Because
our post-fire image composite spans the period
until October 2021, we can conclude that there has
been no enhanced regrowth of vegetation in the
affected zone thus far.

Difference Normalized
Burn Index (dNBR)

Enhanced Regrowth, High

I Enhanced Regrowth, Low
Unburned

Il Low Severity

I Moderate-low Severity
Moderate-high Severity
High Severity

Bl NaN

Figure 3. Burn severity map based on dNBR generated from Sentinel-2 data
Sekil 3. Sentinel-2 verisinden iiretilmis dNBR temelli yanma siddeti haritast
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Figure 4. Regression lines between LST and dNBR values
Sekil 4. LST ve dNBR degerleri arasindaki regresyon ¢izgileri

For the pre-fire, fire, and post-fire periods,
vertically integrated CO column density maps were
created. As illustrated in Figure 5, CO gases travel
downwind to the Mediterranean Sea. Despite the
fact that CO levels in most pixels near the affected
zone reached 0.05 mol/m? the CO gas did not
move into urban areas and did not cause significant
air pollution in the zone. Because the gas died
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above the sea, the post-fire concentrations are the
same as they were before the fire. CO
concentrations have a daily average of 0.039
mol/m? during the post-fire period, which is very
close to pre-fire concentrations (0.035 mol/m?).
During the fire, CO concentrations averaged 0.058
mol/m? on a daily basis, peaking at 0.071 mol/m?
on July 29 near Aydincik Coast.
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Figure 5. Pre-fire, fire, and post-fire CO maps for Mersin province
Sekil 5. Mersin ili yangin oncesi, yangin esnasinda ve yangin sonrasi CO haritalart

Tropospheric HCHO column number density maps
for the pre-fire, fire, and post-fire periods were also
created. Figure 6 shows that Mersin Province has a
significant amount of high concentrations of
HCHO, nparticularly in industrial areas. The
wildfires, on the other hand, released a significant
amount of HCHO in the downwind direction
towards the sea. During the fire, the daily

0 10 20km
-—

Post-fire

maximum level of HCHO on the coast of
Yesilovacik village reached 0.0043 mol/m? on July
30. Following the wildfire, the HCHO particles
followed the wind direction to the west, and there
were still high levels of HCHO concentrations
(0.0031 mol/m?) in the western part of the affected

area.
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Figure 6. Pre-fire, fire, and post-fire HCHO maps for Mersin province
Sekil 6. Mersin ili yangin éncesi, yangin esnasinda ve yangin sonrast HCHO haritalart

Figure 7 depicts tropospheric SO, column number
density maps for the pre-fire, fire, and post-fire
periods. On July 30, the maximum amount of SO;
concentration was measured as 0.00049 mol/m? in
the Aydincik district. Vertical columns of SO»
travel in the same direction as the wind, and are
scattered to the north and south of the affected
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zone. Following the fire, SO, concentrations
followed the same path as HCHO concentrations,
possibly due to the changing direction of the wind,
and there was still a lot of SO; in the western part
of the area. Because the season was dry and non-
rainy, higher SO, concentrations had no effect on
urban areas.
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Figure 7. Pre-fire, fire, and post-fire SO, maps for Mersin province
Sekil 7. Mersin ili yangin oncesi, yangin esnasinda ve yangin sonrasi SO haritalart

Figure 8 demonstrates that the chemical reactions
for O3 production did not occur instantly during the
fire period. Instead, ozone concentrations in
tropospheric layers increased even hundreds of
kilometres away as a result of NOy emissions
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available throughout the province. Because the air
is warm and slow after the wildfires, an "ozone
episode" occurred in the atmosphere on August 4,
with an ozone concentration of 0.137 mol/m?2.
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Figure 8. Pre-fire, fire, and post-fire Oz maps for Mersin province
Sekil 8. Mersin ili yangin dncesi, yangin esnasinda ve yangin sonrast Os haritalar

As a downlooking spectrometer, TROPOMI
retrieves Vertical Column Density (VCD),
providing researchers with an illustration of the
total number of molecules over a vertical slice. A
mixing fraction, on the other hand, is often defined
in parts per million and is intended to articulate the
average number of molecules in a parcel of air. As
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a result, comparing our results with critical levels
of these trace gases requires a conversion from a
quantity per area to a quantity in a volume. An
atmospheric chemistry model is required to
estimate the likely vertical distribution of trace
gases in order to make such a comparison. This
study aimed to demonstrate the fluctuations of
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trace gases in VCDs using TROPOMI data; thus,
the current data set used has the limitation of
distributing gas concentration levels in different
layers of columns. The maps created for this study
clearly show that the levels of atmospheric trace
gases increased significantly during and after the
Mersin wildfire events; however, it is not possible
to determine which areas were exposed to
concentrations above critical levels.

4. Conclusions
4. Sonuclar

The land and atmospheric data retrieved from
satellite remote sensing platforms were analyzed in
this study to determine the burn severity of extreme
wildfires in Mersin Province that occurred in the
summer of 2021, as well as to visualize the
fluctuations of atmospheric trace gases, known to
be air pollutants, across the entire province.

The data acquisition chunk of this study supports
the idea that Sentinel 2A, 5P TROPOMI and
MODIS products are powerful tools for obtaining
instantaneous data for the area of interest's
terrestrial and atmospheric  content. The
quantitative results of burn severity work show that
there were high and moderately effected zones in
the wildfire region, and there has been no
improvement in vegetation growth so far.
Furthermore, the land surface temperatures and the
burn severity are found to be positively correlated.
The amount of pollutants in the atmosphere was
found to be increasing during and after the extreme
wildfire events. The direction of trace gases
followed the direction of the wind, and the majority
of the gases were captured at sea. It has not been
encountered that there was a significant increase in
air pollutants near urban areas. However, ozone
concentrations increased significantly after the
wildfire event because the nitrogen oxide levels in
the entire province were sufficient to produce
ozone.
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