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Wildfires:
Large, uncontrolled fires that often occur in rural or sparsely populated areas.

Causes: 
Å Natural factors(heatwaves, drought, lightning)
Å Human activity (arson, powerlines)

ü IPCC ό!wсύΥ άǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎ ŦŀǾƻǊƛƴƎ ǿƛƭŘŦƛǊŜǎ ƘŀǾŜ ōŜŎƻƳŜ ƳƻǊŜ ǇǊƻōŀōƭŜ ƛƴ 
ǎƻǳǘƘŜǊƴ 9ǳǊƻǇŜΣ ƴƻǊǘƘŜǊƴ 9ǳǊŀǎƛŀΣ ǘƘŜ ¦{!Σ ŀƴŘ !ǳǎǘǊŀƭƛŀ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ŎŜƴǘǳǊȅέ 

(medium confidence) 

Smoke particles:

ü Significant role in the climate system:
Å Direct impacts [absorbing solar radiation]
Å Indirect impacts [influencing cloud formation as cloud condensation nuclei (CCN) and ice-

nucleating particles (INPs)]

ü They also impact air quality, visibility, and pose health risks.

Studying their optical properties is essential for understanding their 
role in the climate system and improving weather and climate models. 

Motivation
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Mediterranean region is a key area for atmospheric studies due to the diverse aerosol types it 
experiences. 

Cyprus provides a strategic location for investigating the vertical distribution of aerosols
marine particles, desert dust, smoke, and anthropogenic particles

Great opportunity to study the behavior of smoke in such aerosol mixtures

CARO station
ERATOSTHENES - Cyprus Atmospheric Remote Sensing Observatory

ACTRIS AEROSOL REMOTE SENSING 
OBSERVATIONAL PLATFORM 
Å AERONET Sun/sky-photometer
Å PollyXT  Raman LIDAR
Å Wind Doppler lidar (Streamline-XR)

ACTRIS CLOUD REMOTE SENSING 
OBSERVATIONAL PLATFORM 
Å ɾicrowave radiometer
Å Ceilometer
Å ʁptical precipitation disdrometer
Å 35 GHz MiRA cloud radar

SOLAR STATION
Å Sky Camera
Å Brewer
Å Pyranometer

ҦThis study emphasizes on the intense activity of wildfires in Turkey's Mediterranean Region in 
July and August 2021.

CARO-Limassol NF
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Multiwavelength polarization Raman LIDAR - POLLYXT
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Inside the container System set-up

Backscatter coefficients at 3 
wavelengths 

(1064nm, 532nm, 355nm)

Extinction coefficients at 2 
wavelengths

(532nm, 355nm)

Depolarization ratios at 
2 wavelengths
(532nm, 355nm)

o The lidar is mounted in a container.

o The system runs autonomously.

o It is operated continuously (day and night).

o 13 channels in total

o Raman measurements at 387, 407, 607 nm

o Far and near-range channels

o Four near-field channels (355, 387, 532, and 607 nm) 
extend the vertical range of the lidar towards lower 
altitudes.

o Water-vapor Raman channel at 407 nm

EARLINET-LIM (CyC) LIDAR
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Use of the:

Å Temporal evolution of attenuated backscatter coefficient (1064 nm)

Å Volume depolarization ratio (532 nm)

Key Indicators:

Å IƛƎƘ ōŀŎƪǎŎŀǘǘŜǊ ŎƻŜŦŦƛŎƛŜƴǘ Ҧ aerosol loading

Å [ƻǿ ŘŜǇƻƭŀǊƛȊŀǘƛƻƴ Ǌŀǘƛƻ Ҧ smoke signature (for tropospheric layers)

Smoke layers + Tools
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Haarig, M. et. al. 2018; Floutsi, A. A. et. al., 2023; 
Janicka, L. and Stachlewska, I. S, 2019

Tools

HYSPLIT model
Å Examination of the backward trajectories
Å Origin source
Å Calculation of the arrival time at the reference station

FIRMS data
Å VIIRS fire and thermal anomalies data (joint 

NASA/NOAA Suomi NPP satellite) 
Å Fire hotspots
Å Fire Radiative Power data (MW)

CORINE land cover product
Å Characterization of the vegetation burned

FIRMS

CORINE

Method & Tools
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2. Fire radiative power (FRP)

o Estimation of the FRP at two key clusters based on the temporal evolution of the hotspots observed with FIRMS 
data 

o Use of VIIRS 375 m active fire product from the Suomi NPP satellite

o Only FRP values with high or nominal detection confidence level were used

3. CORINE land cover

o Characterization of the vegetation burned at the two key clusters

4. Statistical analysis of the ǇŀǊǘƛŎƭŜǎΩ optical properties

o Analysis of nighttime measurements Ҧ Raman method

o Temporal averaging window of 60ς70 minutes (Smooth 500 m)

o For each case, the mean PLDR and LR within the detected aerosol layers were calculated

Workflow

1. Layer Identification 
o Detection of intense particle layers during July and August 2021 by the POLLYXT ς CYP lidar instrument

o I¸{t[L¢ ƳƻŘŜƭ Ҧ .ŀŎƪǿŀǊŘ ǘǊŀƧŜŎǘƻǊƛŜǎ Ҧ {ƳƻƪŜ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǿƛƭŘŦƛǊŜǎ ƛƴ ¢ǳǊƪŜȅΩǎ ǎƻǳǘƘ Ŏƻŀǎǘ

CORINE product

HYSPLIT model
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RESULTS
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According to World Meteorological Organization (WMO), extreme temperatures were observed across the Mediterranean Basin during 2021. ¢ǳǊƪŜȅΩǎ 
Mediterranean coasts were particularly affected by these extreme events in July and August 2021. The fires began in July 2021 and continued until 
August 12, 2021. The wildfire event resulted in the highest loss of area in the history of forest fires in Turkey and reached the level of disaster. The event 
was clearly captured via satellite imagery.

July 2021 /  August 2021 (MODIS true color images)

15.07.21 16.07.21 28.07.21 29.07.21 30.07.21

31.07.21 01.08.21 02.08.21 03.08.21 04.08.21

05.08.21 06.08.21 07.08.21 08.08.21 09.08.21

Extreme Wildfires in TurkeyΩs 
Mediterranean Region

*Thermal anomalies



P
A

G
E

9

Red stars    show the mean values for days with 
insufficient data to draw a box.

o Daily distribution of FRP values for July-August 2021:

28 Julyς12 August 2021
15-16 July 2021

2021 variability: Wide range of boxplot values indicates significant 
fluctuations, with maximum FRP reaching nearly 100 MW.

o Some fire pixels in these regions displayed high values reaching 
300 MW but most of them ranged between 50-100 MW.

o The comparison of FRP values with the previous year showed the 
severity of these wildfire events Ҧ extreme events

High FRP values comparing to the 
other days.

1 2

Fire Radiative Power
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CORINE Land Cover Product

Cluster 1

Cluster 2

Area per land cover type

Burned areas were primarily characterized by 

coniferous forest  and 

transitional woodland-shrub 
for both clusters.



P
A

G
E

29.07.2021

1
2

Spatial distribution of gridded UV 
Aerosol Index measurements 
obtained by the TROPOMI/Sentinel-
5p on 29.07.2021

Layer: 2.6 ς 3.5 km
Travel time: < 12 hrs
Fresh smoke

{ƭƛƎƘǘƭȅ ŜƴƘŀƴŎŜŘ ǾŀƭǳŜǎ Ҧ 
possible influence of soil dust 
and dust injected during the 
fire in the aerosol mixture 
(Nisantzi et. al. 2014)

Case Studies
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Layer: 0.8 ς 4.0 km
Background smoke

Case Studies
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Mean 
Values

LR355

[sr]
LR532

[sr]
ʵорр ʵрон

ɮB

532/1064

ɮB

355/532
ɮɳ CRLR

Fresh 
Smoke

86 ± 17 69 ± 13 0.10 ± 0.04 0.09 ± 0.03 0.9 ± 0.2 0.8 ± 0.2 1.3 ±  0.5 0.8 ± 0.2

Background
-fresh 
Smoke

58 ± 4 50 ± 6 0.08 ± 0.02 0.13 ± 0.03 0.7 ± 0.2 0.9 ± 0.2 1.3 ± 0.2 0.9 ± 0.1

Statistical Analysis- 
Optical properties

o Differences > 40 % for the lidar ratio at both wavelengths 
o Enhanced values for the part. depolΦ Ǌŀǘƛƻ Ҧ Řǳǎǘ ƛƴƧŜŎǘƛƻƴ

Fresh Smoke

Background Smoke

Mean 
Values

LR355 

[sr]
LR532

[sr]
ʵорр ʵрон

ɮB

532/1064

ɮB

355/532
ɮɳ CRLR

Cluster 1 72 ± 12 59 ± 9 0.07 ± 0.01 0.08 ± 0.03 0.8 ± 0.2 0.9 ± 0.1 1.5 ± 0.2 0.8 ±  0.05

Cluster 2 75 ± 21 62 ± 16 0.10 ± 0.03 0.12 ± 0.04 0.9 ± 0.2 0.8 ± 0.2 1.3 ± 0.4 0.9 ± 0.2


