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Abstract

The most intense wildfire experienced in Eastern Spain since 2004 happened in Va-
lencia during summer 2012. Although the fire was mostly active during days 29–30
June, a longer temporal period (from 24 June to 4 July) was selected for this analysis.
Column-integrated, vertical resolved and surface aerosol observations were performed5

continuously at the Burjassot station throughout the studied period. The aerosol optical
depth at 500 nm shows values larger than 2 for the most intense part of the wildfire and
an extremely high maximum of 8 was detected on 29 June. The simultaneous increase
of the Ångström exponent was also observed, indicating the important contribution of
small particles in the smoke plume.10

An extraordinary increase in the particle concentration near the ground was ob-
served and hence the measured scattering coefficient was drastically enhanced. The
scattering coefficient and the PM2.5 level maxima reached the unusually high values
of 2100 Mm−1 and 160 µg m−3, respectively. These records represent an enhancement
factor of 26 and 7 with respect to the climatological averages found in this station during15

June and July. The surface maxima were observed with 1-day lag from the maximum
AOD, and this fact is linked with the mixing layer amplitude and the sedimentation of
smoke particles.

The aerosol microphysical parameters and optical properties were determined for
the whole period by combination of an inversion procedure and the Mie Theory. The20

smoke particles enhanced drastically the volume concentration of the fine mode with
a maximum of 0.4 µm3 µm−2, which is 10 times higher than the climatological summer
background in this site. The simultaneous presence of dust and smoke particles at
different altitudes was observed and hence the coarse mode was also significant during
the most intense period of the wildfire episode. Therefore the aerosol single scattering25

albedo and the asymmetry parameter obtained during the smoke cases display high
variability which is partially modulated by the volume of coarse particles.
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The smoke episode highly contributed to increase the load of particles remaining in
the atmosphere after the event, especially in the fine mode, although similar aerosol
microphysical and optical properties were observed before and after the event. In ad-
dition, the particle concentration observed at surface level due to the wildfire episode
largely contributes to exceed the EU annual limits for the particulate matter in the stud-5

ied region.

1 Introduction

The biomass burning aerosols affecting the Mediterranean region during summer are
mostly local due to the warm and dry Mediterranean climate which favors the ignition
and spread of fires. These wildfires suppose a big source of particles with biomass10

origin which can affect the air quality or the local meteorology in the places near the
emission source. In general these events affect the site for a short period time, of the
order of days or weeks.

Particle emissions as a consequence of wildfires have a great impact over both cli-
mate and air quality (Yokelson et al., 2007; Andreae and Crutzen, 1997; Andreae et15

al., 2004). Visibility of affected areas can be strongly reduced during wildfire periods,
and their effects in population’s health may be important as well. Moreover, fires are
considered as a source of CCN particles and can influence cloud formation or precipi-
tations (Luderer et al., 2006; Trentmann et al., 2006; Kivekäs, 2008: Reid et al., 2005;
Reutter et al., 2004; Feingold et al., 2001; Rosenfeld et al., 2008).20

Emitted particles due to biomass burning are dominated by the accumulation mode
and can be described with a lognormal size distribution (Seinfeld and Pandis, 2006)
with an average diameter between 100–150 nm, together with two small modes, a
coarse mode and, occasionally, a nucleation mode (Reid et al., 2005). Their compo-
sition depends both on the combustion material as on the combustion process itself.25

Coarse mode particles consists on dust, aggregates of carbon, ashes and unburnt ma-
terial portions (Hugershoefer et al., 2008; Formenti et al., 2003; Gaudichet et al., 1995),
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while accumulation mode consists mainly on organic matter with a 10 % of soot and a
10 % of inorganic species (Reid et al., 2005).

Fine particles, typical of fire events, are associated to adverse health effects such
as an increase in respiratory illnesses, asthma, bronchitis and eye irritation (Laden et
al., 2000; Pope et al., 2002; WHO, 2002, 2003). Importance of exposure depends on5

the wind direction, fire intensity and precipitation. This makes difficult to ensure the
temporal and spatial extent of population exposed to smoke emissions based only in
air quality measurements at ground level (Liu et al., 2009).

Moreover, biomass burning plays an important role in climate and is considered the
second anthropogenic aerosol source (McKendry et al., 2011). Aerosols produced as a10

consequence of forests, pastures, and crops burning scatter and absorb solar radiation
(direct effect), while they also affect cloud formation acting as cloud condensation nuclei
(indirect effect). Also, they are considered as a source of air pollution which degrades
considerably regional visibility (Pahlow et al., 2005).

Aerosol optical properties during the fire events have already been analyzed in the15

scientific literature from different points of view and employing different measurement
techniques. In example, big scale fire events were studied through in situ measure-
ments in North America (Hobbs et al., 1996), Brasil (Andreae et al., 1996; Kaufman et
al., 1998) and Africa (Eck, 2001). Other authors combined in situ and vertical column-
integrated measurements (e.g. Balis et al. 2003). Moreover, the combination of lidar20

measurements with aerosol absorption can potentially help to estimate the aerosol
load over an area (e.g. Amiridis et al., 2011; Mariano et al., 2010).

On the other hand, dense aerosol plumes are easily detected and visualized using
remote sensing techniques. Therefore, the information obtained from satellites can be
useful in order to monitor spatial and temporal trends of particle concentrations over25

large geographic areas making possible to study their transport and transformations.
Since 1999, National Aeronautics and Space Administration (NASA) has launched a
series of satellite sensors as part of the Earth Observing System (EOS), including the
Multiangle Imaging Spectro Radiometer (MISR) (Diner et al., 2002) and the Moderate
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Resolution Imaging Spectroradiometer (MODIS) (Salomonson et al., 1989). Both of
them can provide the size and quantity of aerosols both over land and ocean with a
nearly global coverage and a moderate spatial resolution. Moreover, MISR is able to
provide information about aerosol type and smoke plumes height (Kahn et al., 2008).
Aerosol observation through MISR and MODIS can provide quantitative measurements5

about severity of these events and their potential impact in air quality.
This work deals with the analysis of an intense wildfire which took place in Valencia

region during the final days of June and firsts of July 2012. In terms of the burn ex-
tension it was the most destructive event that happened in Eastern Spain from 2004.
The measurements station of the University of Valencia located in Burjassot is 60 km10

distant of the combustion source. The closeness to the smoke emission source and
the large set of instruments devoted to measure aerosols and radiation that are run-
ning routinely in the station provided a unique and interesting opportunity to monitor
the smoke particles during the event. Therefore this work is addressed to analyze the
aerosol microphysical and optical properties by means of the combination of in situ,15

column-integrated and vertical resolved measurements. In a future work, the authors
will quantify radiative impact produced by released aerosols during this wildfire.

2 Site measurements, instrumentation and methodology

The measurement station is located at the Physics Faculty (39.508◦ N, 0.418◦ W, 60
m a.s.l) in the Burjassot campus of the University of Valencia. Burjassot is a town20

of 35 000 inhabitants within the Valencia metropolitan area whose total population is
around 1 400 000 inhabitants. Given its proximity to the principal nucleus of Valencia
(5 km), the measurement station is directly affected by the urban and industrial pollution
typical of a metropolitan area. Its closeness to the western coast of the Mediterranean
Sea (10 km) also determines the type of aerosols in the region. Intensive agriculture is25

practiced, especially irrigated agriculture, although non-irrigated areas are also found
inland. In summer, forest fires are not infrequent and can occasionally affect the char-
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acteristics of the aerosols in the area. In addition, Saharan dust intrusions frequently
occur, especially during the summer months (Estellés et al., 2007a).

The station is equipped with a large set of instruments devoted to monitor radiation,
aerosols, clouds and different atmospheric components (ozone and water vapour). The
column-integrated aerosol optical properties and water vapour amount are determined5

by means of a Cimel CE318 and a Prede POM01 sun-photometers. The in situ aerosol
scattering and absorption coefficients are measured by a TSI 3563 integrating neph-
elometer and a Magee Scientific AE-31 aethalometer, respectively. The vertical profile
of aerosol backscattering and extinction are determined by a Cimel CAML CE370-2
microlidar. In addition, the integrated solar radiation components are measured by two10

Kipp and Zonen CMP21 pyranometres, for the global and diffuse; and two pyrheliome-
ters for the direct (Kipp and Zonen CHP1 and Eppley NIP). The atmospheric thermal
radiation is measured by a Kipp and Zonen CGR4 pyrgeometer. All these radiometers
are mounted on a Kipp and Zonen solar tracker (SOLYS-2). An all sky camera (Sieltec
SONA) is used to determine the cloud cover. Due to different reasons the Prede ra-15

diometer and the aethalometer were not operational during the wildfire episode. Only
the instrumentation used in this study is described in detail next.

2.1 Cimel CE318 sun-photometer

The sun-photometer Cimel CE318 operates within the Red Ibérica de Medida de
Aerosoles (RIMA, 2013) and also takes part of AERONET network (Holben et al., 1998)20

and ESR network (Campanelli et al., 2012). The Cimel is equipped with a double colli-
mator with a 1.2◦ Field of View (FOV) that allows automatic measurements of direct sun
intensity in eight spectral channels (340, 380, 440, 500, 675, 870, 940 and 1020 nm)
and the sky radiance in four of them (440, 675, 870 and 1020 nm). The Full Width at
Half Maximum (FWHM) of the visible and near infrared channels is 10 nm, and 2 nm25

for the ultraviolet channels. The 940 nm channel is dedicated to obtaining the columnar
water vapour content (CWV) (Bruegge et al., 1992), and the rest of them are used to
determine the aerosol optical properties. The aerosol optical depth (AOD) typical un-
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certainties are between 0.01 and 0.02, although it strictly changes with the solar height
and wavelength (Estellés et al., 2006).

During the wildfire event there were problems with the transmission of data to
AERONET, especially on 29 and 30 June. Therefore, an independent way to process
the raw data following the methodology proposed by Estellés et al. (2012) for the Eu-5

ropean Skynet Radiometers (ESR) network was used to obtain the spectral AOD, the
Ångström Exponent (AE) and CWV amount. Although the differences for AOD, AE and
CWV between ESR and the AERONET are smaller than 0.003 and 0.02 and 0.02 cm
respectively, the ESR.pack was used for the complete period in order to homogenise
the retrieval. Initially the cloud screening algorithm by Smirnov et al. (2000) was also10

applied for all data. However, due to the high variability of the smoke amount observed
on 29 and 30 June no values passed the standard cloud screening. Since the most in-
tense period of the wildfire episode occurred during these days and their data contain
the most valuable information the cloud screening filter was then removed. Therefore
the all sky camera images and the MSG/SEVIRI Level-1 browse imagery for visible15

and infrared channels were visually inspected in order to remove manually the cloudy
periods at the Cimel measurement time.

2.2 TSI 3563 integrating nephelometer

The total aerosol scattering (σsp) and backscattering (σbsp) coefficients at ground level
were measured using a TSI Model 3563 three-wavelength (λ=450, 550, 700 nm) inte-20

grating nephelometer (Anderson et al., 1996; Heintzenberg and Charlson, 1996). This
instrument draws a sample of ambient air through an inlet, illuminates it with a halogen
lamp, and measures the scattered light using photomultiplier tubes. The scattered light
is integrated over an angular range which can be adjusted to either 7–170◦ or 90–170◦

by means of a backscatter shutter in order to give the total scatter or backscatter signal,25

respectively. The pressure and temperature are measured inside the nephelometer, so
the scattering by air molecules can be calculated and then subtracted from the total
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scattering to determine the scattering by aerosols. The relative humidity is also mea-
sured inside the nephelometer.

The measurements were made at ambient relative humidity without aerosol cut-off at
about 15 m above the ground. The nephelometer’s averaging time was 5 min, and the
zero signal was measured every hour during 5 min. The flow rate was fixed at 30 l min−1.5

Calibration of the nephelometer is carried out at least twice a year (every 4–6 months)
using CO2 as high span gas and filtered air as low span gas. Uncertainty in the neph-
elometer measurements considering angular truncation errors, non-lambertian nature
of the light source, wavelength non-idealities, and calibration uncertainties is approx-
imately 7 % (Anderson et al., 1996; Anderson and Ogren, 1998). The scattering data10

were adjusted to conditions of standard temperature (0 ◦C) and pressure (1013 hPa).
Due to design limitations, scattering measurements do not cover the full angular range
(0–180◦), and a nephelometer truncation correction for particles with “no size cut” is
applied to the data (Anderson and Ogren, 1998).

In addition, the scattering Ångström exponent (αs) was determined from the spectral15

measurements of σsp following (1).

αs = −
ln(σ450 nm

sp /σ700 nm
sp )

ln(450/700)
(1)

Additional details of the operational measurements of the integrating nephelometer can
be found in Esteve et al. (2012).

2.3 Cimel CAML CE370-2 microlidar20

The CAML CE 370-2 lidar system, manufactured by CIMEL ELECTRONIQUE, is a
monochromatic elastic lidar operating at 532 nm. The lidar signal is generated by a Q-
switched frequently-doubled Nd:YAG laser, with an output energy lying between 8 and
20 µJ and pulse repetition frequency of 4.7 kHz. The laser light travels through a fiber
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optic cable to the lidar telescope, where the beam is expanded to ensure eye-safety
before being emitted.

A 20 cm diameter refractive telescope is used for both reception and emission, with
a focal length of approximately 1 m and a field of view of 55 µrad. This narrow field
of view eliminates most multiple scattering problems and limits the background solar5

signal in the detection phase. The backscattered signal in the atmosphere received by
the telescope is transmitted back through the fiber optic cable to the detection system,
consisting of a narrow bandpass interference filter and an avalanche photodiode photo-
counting module.

Due to its configuration, the maximum vertical range of the CAML CE 370-2 lidar is10

30 km, with a maximum vertical spatial resolution of 15m. The full overlap is reached
at approximately 2 km. However, an overlap correction function can be obtained from
horizontal measurements as it is described by Berkoff et al. (2003). In our case, these
measurements are performed twice every year, and the correction functions obtained
enable us to use data from 500 m.15

The CAML lidar is programmed so that one vertical profile is retrieved every minute
during measurement periods. For regular days, only three 30-min measurements pe-
riods are usually scheduled (approximately centered at 09:00, 12:00 and 15:00 UTC)
to study the evolution of the boundary layer though the day. However, when a special
event occurs (e.g. dust outbreak or forest fire), a continuous monitoring of the atmo-20

sphere is done. For the fire events in 2012 in Valencia, continuous measurements were
performed during 29 and 30 June, for daytime hours.

Aerosol extinction profiles can be obtained from the lidar measurements using the
two-component elastic lidar inversion algorithm (Fernald, 1984; Sasano and Nakane,
1984; Klett, 1985) and AOD simultaneously measured by the CIMEL sun-photometer25

during daytime cases. However, several profiles must be averaged in order to obtain
an adequate signal-to-noise ratio.
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3 Meteorological situation

The wildfire episode started nominally on 28 June and was completely extinct eighteen
days after. It has been considered the most severe wildfire event happened in Spain
from 2004, spanning a total burn surface of 48 500 ha. In fact the fires occurred quasi-
simultaneously in two different places, Cortes de Pallás and Andilla, which are located5

in the Eastern part of the Iberian Peninsula. Both places are less than 60 km far of
Valencia and the Mediterranean Sea. The most intense days around the metropolitan
area of Valencia took place on 29 and 30 June, nevertheless the ashes were still falling
down more than a week after. In order to analyze the variability of the meteorological
situation and the aerosol conditions, a 11-days time window from 24 June to 4 July was10

selected for the study.
The 96-h flight time back trajectories at three different altitudes (500, 1500 and

2500 m a.g.l) simulated with the Hybrid Single-Particle Lagrangian Integrated Trajec-
tory Model (HYSPLIT) (Draxler and Rolph, 2013) (Fig. 1) and synoptic pressure maps
(not shown) have been used to analyze the meteorological situation during the cho-15

sen period. During the days before the wildfire (26 June), a high pressure system was
located North of the Iberian Peninsula, with a low pressure system approaching from
the Atlantic to Europe. Also a high pressure system was located over Germany, com-
pensated by low pressure systems located over the Iberian Peninsula. On 28 June,
when the wildfire started, the low pressure gradient over the Atlantic deepened and20

moved towards Ireland while the high pressure system was displaced over the West-
ern Mediterranean Sea. This dynamics generated a cyclonic circulation which favored
the advection of the air mass from North Africa towards Southwestern Spain (Fig. 1a).
On 29 June, the situation remained similar with the Atlantic low pressure system mov-
ing North and a high pressure system located over the Azores. This situation permitted25

the injection of Atlantic air masses at high altitudes from Southwestern Spain together
with the persistent North African influence at 1500 m a.g.l. (Fig. 1b). After the fire event,
on 3 June, the low pressure systems moved West of Ireland while the high pressure
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system kept moving to the East bringing on the arrival of the air mass from the Atlantic
Ocean at high altitudes and the stagnation of the local circulation near the ground
(Fig. 1c).

Figure 2 shows the quick response MODIS images on 28 and 29 June over Eastern
Spain. Clear differences are observed between both days. On 28 June, the effect of the5

dust layer reduces the surface contrast (Fig. 2a), while the magnitude of the wildfire can
be clearly observed on 29 June (Fig. 2b), with the smoke plume following the prevailing
Northeastern wind direction.

4 Results

4.1 Column-integrated observations10

Figure 3 shows the time series of the AOD at 500 nm and the AE measured by the
Cimel CE318 sun photometer. The logarithmic scale on the y-axis has been used in
order to appreciate better the AOD variability during the chosen period (Fig. 3a). The
Cimel CAML CE370-2 microlidar vertical profile of the range corrected signal from 26
June to 1 July is shown in Fig. 4.15

As it was mentioned in Sect. 3, the atmospheric situation around the Valencia re-
gion during the days before the beginning of the wildfire episode corresponded to a
regular summer situation in Eastern Spain. The AOD and AE values ranged between
0.14-0.16 and 1.1–1.15, respectively, during 24 and 25 June. The strongest Saharan
dust intrusion originated in the North of Africa that reached the Valencia region during20

June 2012 was on 26 June causing an increase of AOD from 0.25 to 0.63 through-
out the day (Fig. 3a). Simultaneously, a decrease of AE was observed from 0.79 to
0.29 (Fig. 3b), indicating the presence of larger particles in the atmosphere. The dust
particles remained in the atmosphere during 27 and 28 June, and the AOD was still
increasing up to 0.78 while AE reached a minimum of 0.10 on 28 June at 16:00 UTC.25

The presence of cirrus clouds on 27 June limited the amount of valid measurements

22649

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/13/22639/2013/acpd-13-22639-2013-print.pdf
http://www.atmos-chem-phys-discuss.net/13/22639/2013/acpd-13-22639-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
13, 22639–22685, 2013

Aerosol
microphysics and
optical properties

J. L. Gómez-Amo et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

of AOD and restricted them around noon. In addition, the lidar measurements confirm
the presence of dust which is vertically distributed from the surface up to 4.5 km from
26 to 28 June (Fig. 4a).

The smoke plume from the wildfire was detected at the Burjassot station during the
afternoon of 28 June shortly after 16h UTC causing a marked change in the aerosol5

properties. The last measurements of AOD and AE on 28 June present some quick
variability, increasing suddenly from 0.78 to 3 and from 0.10 to 1.39, respectively. These
higher values of AE suggest that the amount of smaller particles in the atmosphere was
notably increased. Although the lidar seems to indicate that the dust and the smoke
plume, which was placed around 2-km altitude (Fig. 4a), may have coexisted in the10

atmosphere.
The strongest intensity of the smoke plume was observed on 29 June. AOD and AE

showed high temporal variability all day long as a consequence of the inhomogeneity
of the smoke plume. The AOD was largely enhanced during midday, between 11:35
and 14:40 UTC, remaining larger than 3. In addition, the presence of the smoke plume15

induced an extremely large AOD maximum of 8, which was reached at 13:05 UTC.
During the same period, the AE remained higher than 1.85, indicating that the load of
small particles became significant. Moreover, early in the morning and late in the after-
noon the aerosol behavior was somewhat similar to the last measurements observed
on 28 June, with the AOD ranging between 1.72 and 2.60 and the AE between 1.2320

and 1.57. The ratio of smoke particles was reduced on 30 June. Nonetheless, the AOD
remained highly variable, in the range 1–2, whilst the AE was larger than 1, especially
after 10:00 UTC. During the morning of 1 July some light rainfall took place and the
measurements of the Cimel sun-photometer were resumed during the afternoon. The
values of the AOD and AE were still higher, around 0.6 and 1.7, respectively, indicat-25

ing that the smoke still remained residually in the atmosphere. Clear skies and cirrus
clouds alternated during 2 and 3 July, and only a few measurements are available,
with a daily mean AOD of 0.26 and 0.32, respectively. Furthermore, the AOD slightly
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increased to 0.36 on 4 July. The AE was between 1 and 1.4, indicating that probably
there was no marked change in the aerosol type during these three days.

Another interesting fact is the simultaneous presence of dust and smoke aerosols
during this wildfire event, which became evident during the morning of 29 and 30 June.
The AOD and AE measurements showed a simultaneous decline between 08:00–5

09:00 UTC taking values around 0.4–0.5 for the AOD, similar on both days, while AE
took values around 0.3–0.5 and 0.3–0.7 on 29 and 30 June, respectively (Fig. 3). These
lower AE records are typical of large dust particles, which could be confined below
the smoke layer during the whole event. Lidar measurements support this affirmation,
since a progressive intensification of the signal between 1.5–2 km altitudes was ob-10

served during the morning (until 12:00 UTC) in correspondence with the rise of AOD
and AE associated to the smoke load (Fig. 4b). The sudden variation in the AOD and
AE was related with changes in the wind direction and speed that varied the smoke
load reaching Burjassot.

4.2 Aerosol vertical structure and boundary layer dynamics15

The combination of lidar measurements and the modeled mixing layer height are useful
to understand the aerosol vertical structure throughout the wildfire episode. For this
reason, the mixing layer height determined by the HYSPLIT model is overlapped in
Fig. 4. The vertical extent of the mixing layer is calculated by the model from potential
temperature data and finding the height of an elevated inversion at each data point.20

The model assumes the boundary layer depth to be equal to the height at which the
potential temperature first exceeds the value at the ground by 2 K. The temperature
profile is analyzed from the top down to determine the boundary layer depth. The top-
down approach reduces the influence of shallow stable layers near the ground (Draxler
and Hess, 1998). The model interpolates the mixing depths from the synoptic times25

available in the meteorological data with 6 h resolution. Therefore, it is important to note
that the interpolations between 06:00–12:00 and 18:00–00:00 UTC have the influence
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of the day/night transitions. It must be highlighted that the best values are obtained in
the early afternoon, when the mixing height is fully developed (García et al., 2007).

The evolution of the aerosol vertical structure became evident throughout the day
and was especially relevant during 28 June. The changes in the aerosol vertical struc-
ture may be a consequence of the stronger mixing layer dynamics during summer,5

which may trigger the vertical mixing in the central part of the day in coincidence with
the development of the mixing layer. The mixing layer reached the maximum height
(4350 m) for the whole period on this day, as well as the air temperature which ex-
ceeded 34 ◦C shortly after noon. This behaviour was probably influenced by the Sa-
haran dust intrusion affecting the Valencia region, which showed its highest intensity10

on 28 June. As a consequence of the higher amplitude observed for the mixing layer,
which covers the entire aerosol layer (Fig. 4a), the dust might have been embedded in
a well-mixed homogeneous layer covering from the ground to 4.5 km altitude. When the
mixing activity dropped (around 16:00 UTC), the dust layer might have been pressed
towards the surface, and this may be the reason why the smoke plume seemed to15

be uncoupled of the lowermost aerosol layer during the late afternoon of 28 June and
early morning of 29 June. This feature supports the fact that the dust particles were
located below the smoke plume during the wildfire episode, and may reinforce also the
explanation about the low AE values found during the morning of 29 and 30 June.

The development of the convective mixing layer and the overlying of the smoke plume20

appear to be coupled on 29 June, and both layers contacted around 12:00 UTC. Under
regular conditions, the contact between the fully developed mixing layer and the free
troposphere results in a cleaning of the lowermost atmosphere (Pahlow et al., 2005).
However under these smoke conditions some ash sedimentation happened and re-
mained till 16:00 UTC. As a result, an increase of the aerosol load is observed in the25

lowermost atmosphere (up to 1.2 km altitude) after 16:00 UTC (Fig.4b). This vertical
mass exchange might vary the thermodynamic structure of the atmosphere and could
explain the lifting of the smoke plume, which was lifted up around 2.5 km altitude af-
ter 16:00 UTC, when the mixing layer activity dropped. Similar vertical dynamics was
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observed also on 30 June. However, in this case the intensity of the vertical mass ex-
change during midday was lower since the load of the smoke plume was reduced with
respect to the 29 June. Nevertheless, the particle sedimentation which occurred the
day before, increased the thickness of the lowest aerosol layer, and the lidar signal
observed in the first 500 m of atmosphere was more intense in comparison with that5

observed on 29 June.
Lower temperatures were observed from 1 to 4 July, probably due to the radiative ef-

fect induced by the smoke aerosols. The maximum temperatures on these days ranged
between 22 and 25 ◦C causing a weaker development of the mixing layer. An enhance-
ment of the lidar signal was observed especially on 1 July. This indicates that the10

number of particles near the ground became significant. Lidar signal in the lowermost
atmosphere was gradually weakened until the end of the studied period.

4.3 Surface measurements

The vertical aerosol dynamics described in Sect. 4.2 is expected to correspond at
ground level. For this purpose, surface measurements of the scattering coefficient15

(σsp) at 550 nm and the scattering Ångström exponent (αsp) provided by the integrating
nephelometer, with 5-min. resolution, have been analyzed throughout the studied pe-
riod (Fig. 5a and b). In addition, hourly mass concentration of particulate matter PM2.5
and daily values of PM10 are also shown (Fig. 5c). PMx values have been taken at
the Burjassot city monitoring station and made available by the Valencian Network of20

Surveillance and Control of Air Pollution (NSQAP, 2013).
No remarkable changes in the surface measurements were observed until 28 June,

even when the Saharan dust intrusion was detected by column-integrated measure-
ments on 26 June. This indicates that initially the dust layer was confined over the
boundary layer and only a slight vertical mass exchange occurred since the mixing25

height did not exceed 1224 and 2370 m on 26 and 27 June, respectively. During the
initial part of the studied period (24-27 June), the σsp ranged between 23 and 82 Mm−1,
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which are lower than the monthly mean for June and July (90 and 80 Mm−1 respec-
tively) at the Burjassot station reported by Esteve et al. (2012). In turn, the PM2.5 con-
centration ranges in the interval 5–30 µg m−3.

Higher values of the σsp and PM2.5 level were observed during the night of the 27–

28 June, with maximum values of 133 Mm−1 and 38 µg m−3 respectively. σsp gradually5

increased on 29 and 30 June, and the absolute maximum was observed during the
1 July in coincidence with the most intense activity of the wildfire. The maximum σsp

values observed during these three days were 407, 589 and 2100 Mm−1 respectively.
Nonetheless a progressive drop is observed from 2 to 4 July, with maximum values
of 1182, 182 and 135 Mm−1 respectively. These values indicate that a residual particle10

matter due to the wildfire may be remained in the atmosphere. The 24-h average values
of σsp exceed the mean values reported for June–July at this station from 29 June to 2
July, and agree with them for 28 June and 3–4 July (Table 1).

PM2.5 levels followed a similar pattern to the observed for the σsp throughout the
studied period, despite the lower sample resolution and occasional interruption of the15

measurements. The main difference with the σsp lies in the PM2.5 absolute maximum
being observed during the night of the 29–30 June instead of the 1 July. The particulate
matter maximum was over 160 µg m−3 (Fig. 5c). The European Union (EU) legislation
established a daily concentration maximum for the PM2.5 level of 25 µg m−3 (Directive
2008/50/EC) (solid red line in Fig. 5c). The 24-h averaged PM2.5 levels exceed the20

EU limit from 28 June to 2 July (Table 1). Therefore, both the Saharan dust particles
and the wildfire smoke largely contribute to exceed the EU annual limits. Furthermore
the maximum values observed for all the days within the selected temporal window
overcame the EU limits.

A clear diurnal variability is observed for σsp. Generally, the maximum values were25

found during the nighttime (late evening-early morning) in coincidence with the low
mixing layer height. The minima were observed during the daytime (around 13 and
16:00 UTC) when the mixing layer was fully developed. This behavior is in agreement
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with the diurnal variation of σsp during the summer season reported by Esteve et
al. (2012) for the Burjassot station. In turn, the diurnal cycle for the PM2.5 level only
becomes apparent during the days with the largest aerosol load, i.e. from 28 June to 2
July. For these days, a similar diurnal variability to that of σsp was observed. However,
for 1 July the maximum values for both PM2.5 and σsp were observed around noon.5

It was probably due to wet particle sedimentation caused by a light rainfall during the
morning that led to the accumulation of particles near the surface.

The different diurnal evolution as well as the 1-day lag in the maximum record ob-
served between both instruments (integrating nephelometer and PM analyzer) may
be mainly associated to a local source of particles due to the different air samples10

measured, since they are ∼300 m distant with an altitude difference around 20 m. On
the other hand, some differences related with the size of the particles at which each
instrument is sensitive may arise.

Unfortunately the PM10 level measurements were not available for the whole stud-
ied period and only relative information about the large particles is available. Figure 5c15

also shows the PM10 level (black solid squares), which is sampled once a day. These
observations have been assigned to the noon. PM10 levels were close to the PM2.5
levels on 27 June (before the wildfire) and 3–4 July (after the wildfire), indicating the
large presence of small particles at ground level. However, a large PM10 concentration
of 50 µg m−3 was observed on 2 July. That record reached the EU limit for PM10 (Direc-20

tive 1999/30/EC) (dotted red line in Fig. 5c), and that may be indicative of the possible
presence of some large particles at surface level during the wildfire episode.

Qualitative information about the particle size at ground level can be obtained from
αsp provided by the integrating nephelometer. Values larger than 1 were observed dur-
ing almost the whole studied period, highlighting that the amount of small particles was25

apparent. Nevertheless, a clear decrease in αsp was observed on 28 June in coinci-
dence with the highest intensity of the Saharan dust intrusion. Hence the presence
of large dust particle became significant also near the ground due to the intense ver-
tical mixing occurred throughout the day. αsp increased due to the accumulation of
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smoke particles produced by the wildfire, and values larger than 1.3 were observed
from 29 June to 2 July at noon. On 1 July, αsp reached a value of 2.5 simultaneously
to the increase of σsp, indicating that the fine particles are prevalent due to the smoke
presence. A marked diurnal variability of αsp was observed especially after 28 June.
However, it presented an opposite behavior for two different periods: 29–30 June and5

1–4 July. During the first period (29–30 June), the drop of αsp was in coincidence with
the raise of σsp. This may be due to a combined effect of dust and a great amount of
large-size ashes with short life-time in the atmosphere which were falling down dur-
ing the first days of the wildfire. Conversely, a simultaneous increase of both σsp and
αsp was observed during the second period (1–4 July). This may be the consequence10

of the presence of smaller particles with longer time residence in the atmosphere.
The large amount of small particles originated by the wildfire were first transported to
the site, then accumulated within the atmosphere during the following days and finally
remained residually in the lowermost atmosphere affecting considerably the surface
measurements.15

4.4 Inversion strategies and aerosol classification

Only a few AERONET inversions were available during the 11-days window used in this
work. Due to the large inhomogeneity and variability in the sky conditions caused by the
presence of the smoke plume during 29 and 30 June only one AERONET inversion was
available during these days. Therefore the column-integrated aerosol size distribution20

has been alternatively obtained by means of the inversion of the spectral AOD using the
King algorithm (King et al., 1978). The refractive index was considered both wavelength
and size independent during the inversion procedure.

The aerosol refractive index is the most critical input parameter in order to apply
successfully the King inversion algorithm. Therefore the refractive index must be pre-25

scribed taking into account some independent aerosol information before the inver-
sion procedure is applied. In this work the daily mean refractive index provided by
the AERONET retrievals is used if available. However a previous aerosol classification
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based on AOD and AE has been used in order to choose the aerosol refractive index
when the AERONET inversions were not available (on 27, 30 June; and on 2–3 July).
The aerosol evolution observed during the 11-days time window (see Sect. 4.1) allows
defining four interesting situations that may be characterized with different aerosol mi-
crophysical and optical properties: (a) aerosol summer background on 24–25 June5

(SBG); (b) a strong dust event on 26–28 June (DDE); (c) fresh smoke episode on 29
June–1 July (FSK) and (d) residence of smoke particles on 2–4 July (RSK).

The dust cases were selected when AOD > 0.15 and AE < 0.7, according to the val-
ues provided by Estellés et al. (2007b) in a 4-yr climatological analysis for dust cases
over Valencia. The smoke cases were selected for AOD > 0.5 and AE > 1. Any other10

AOD and AE combinations are considered as mixed aerosol cases since they cannot
be used to clearly identify the aerosol type (e.g. Pace et al., 2006). Nonetheless, dif-
ferences are expected in the aerosol microphysics and optical properties for the mixed
aerosol cases observed before (SBG) and after (RSK) the wildfire.

Therefore, the mean refractive index between 26 and 28 June was used for the inver-15

sions of dust cases on 27, 29 and 30 June (named as dust in Table 2). The selection of
the refractive index for the smoke cases is more complicated, especially for the imag-
inary part since it depends on the type of burnt vegetation (i.e. its concentration of
absorbing carbon) and on the aerosol aging (Stone et al., 2008; Calvo et al., 2010). No
biomass burning analysis has been previously carried out in Burjassot and there are20

no measurements of aerosol absorption during this wildfire episode. In addition only
3 measurements of the refractive index were determined by the AERONET inversions
during the FSK period, and the only observation on 29 June corresponds to a dust
case, since AE < 0.7. Therefore, the daily averaged refractive index from the AERONET
inversions on 1 July was used for all the smoke cases on 28, 29 and 30 June (named25

as smoke in Table 2). The values of this smoke refractive index are consistent with the
bibliographic values for biomass burning. The real part varies from 1.47 to 1.55 (Reid et
al., 2005), while the imaginary part ranges between 0.00093 and 0.021 (e.g. Dubovik et
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al., 2002). Moreover, the daily averaged refractive index from the AERONET inversions
on the 4 July were used for all the mixed cases during the RSK period.

It must be pointed out that the choice of the imaginary part of the refractive index
is expected to be not so critical in the retrieval of the aerosol microphysics since the
AOD is not sensitive to it (King et al., 1978). Conversely, the single scattering albedo5

and asymmetry parameter are highly sensitive to both the real and imaginary part of
the refractive index (e.g. Reid et al., 2005).

4.5 Column-integrated aerosol microphysics

Figure 6 shows the time series of the volume concentration for the total (VT ), fine (VF)
and coarse (VC) particles throughout the entire period. In addition, the median radius10

and the standard deviation for fine (σF ) and coarse (σC) particles as well as the fine
mode fraction (FMF) and effective radius (reff) are shown. The daily averaged aerosol
microphysics considering the four aerosol types defined throughout the studied period
are shown in Table 3. The uncertainty assigned to the averaged values represents
the±1-standard deviation of the mean value.15

Marked changes in the aerosol size distribution are observed due to the dust in-
trusion (DDE) with respect to the previous days (SBK). The dust particles contributed
to modify both the fine and coarse modes. VF increased reaching a maximum daily
average of 0.0401 µm3 µm−2 on 27 June. Moreover, σF became wider and changed
from ∼1.5 for the SBK cases to over 1.6 for the DDE period. In addition, the fine20

mode was gradually shifted to larger radii and rvF were greater than 0.12 µm. In turn,
VC progressively increased and the daily mean values ranged from 0.17 µm3 µm−2 to
0.32 µm3 µm−2 on 26 and 28 June respectively. Conversely, σC slightly decreased from
2 to 1.78 for the entire DDE period. As a result of these variations, a marked increase
of the effective radius was observed up to a daily average maximum of 0.78 µm on 2825

June. The daily average effective radius for the DDE period was more than 2 times
greater than the obtained for the SBK cases.
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On the other hand, a notable variability on the aerosol size distribution is also ob-
served during the wildfire event (FSK) for the fine and coarse modes. The load of smoke
particles contributed to drastically enhance the fine mode, and VF reached maximum
values larger than 0.4 µm3 µm−2 on 29 June. This concentration exceeded consider-
ably the mean value of 0.035 µm3 µm−2 obtained in Burjassot for the summer months5

(Estellés et al., 2007a). VC gradually decreased reaching daily average values of 0.21,
0.18 and 0.055 µm3 µm−2 on 29, 30 June and 1 July respectively. However, the values
remained significantly higher than those typically observed in the Burjassot station,
which reached 0.04 µm3 µm−2 during the most severe dust episodes (Estellés et al.,
2007b). The average value of rvF for the FSK period was 0.134 µm, which is in agree-10

ment with Dubovik et al. (2002) for a more general study of biomass burning episodes
in Brazil. In turn, rvC showed large variability throughout the day with values in the range
1.8–3 µm. This variability was probably due to changes in the wind field that caused the
interchanged presence of dust and smoke particles with different rvC. In addition, sud-
den changes in large-size ashes generated by the biomass burning, especially on 2915

and 30 June, might contribute to the variability of the rvC since they sediment faster.
The size distribution changed again for the RSK period. VF gradually decreased from
0.069 to 0.035 µm3 µm−2 from 1 to 4 July. Conversely, a slight increase of VC was ob-
served with an average value of 0.092 µm3 µm−2 during the RSK cases. This would
indicate that the fine smoke particles were gradually removed from the atmosphere20

and remained residually several days after the wildfire started.
The dust cases show a noticeable influence on the coarse particles, and conse-

quently the FMF represented on average only the 12 % of the total volume (Table 3).
This was related with the low values of AE observed for the DDE cases. On the con-
trary, the FMF was higher for the other three aerosol types and took similar values25

around 30 % for the SBG and RSK periods respectively. For the smoke cases, the FMF
increased up to 50 % on average. It should be pointed out that smoke aerosols con-
tribute mainly to the fine mode (e.g. Reid et al., 2005). In turn, the coarse mode may be
more influenced by the background situation of the studied region during the wildfire
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event; and different growing and mixture mechanisms may also vary its relevance. The
hygroscopic growth may take an important role in the Amazonian region where a large
amount of water vapour is expected within the atmosphere and may explain the larger
rvC values obtained by Dubovik et al. (2002). On the other hand, the coarse mode may
not be so relevant in urban environments (e.g. Chubarova et al., 2012) or in rural areas5

(e.g. Calvo et al., 2010). However as discussed in Sect. 4.1, the simultaneous presence
of dust and smoke particles was observed during several days throughout the studied
period, and that is why the coarse mode contribution remained also relevant during the
FSK period.

In order to address the large variability observed in the aerosol microphysics which10

is sensitive to the aerosol type, the daily averaged aerosol size distributions for the
four aerosol types defined throughout the studied period are shown in Fig. 7. The
most interesting aspects are associated to the simultaneous presence of dust and
smoke particles, which lead to large variability in the aerosol size distribution during
the DDE and FSK periods (Fig. 7b and c). This variability is mainly related to changes15

in the volume concentration of the fine and coarse modes. A second order variability is
associated to the radius and standard deviation of both modes.

The fine mode remained similar for all the DDE cases, except on 28 June when
the highest load of dust particles was observed. This caused some widening in the
fine mode which was also shifted to larger radii. A noticeable contribution of the dust20

particles to the coarse mode was also observed. This contribution increased the vol-
ume concentration between 26 and 28 June, as it was expected from the increase
of the AOD and the corresponding decrease of the AE during these days (Fig. 3).
VC gradually decreased in the dust cases observed during the FSK period (29 and
30 June). These observations were early in the morning (between 08:00–09:00 UTC),25

when changes in the wind field around 2 km altitude removed the smoke plume that
was placed around 2-km altitude (Fig. 4). In turn, the dust particles were placed in the
boundary layer, as discussed in Sect. 4.2. Because of the totally uncoupling of both
aerosol layers, no mixing between dust and smoke took place during the morning. This
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explains that no marked variations in the fine mode were caused by smoke particles in
the dust cases. Therefore the radius shift observed on 28 June for the fine mode looks
related to the dust interaction with the background aerosol in a well-mixed boundary
layer due to the great convective activity aforementioned (Sect. 4.2). The values of VC
exceed the typical values obtained under African episodes by an average factor of 3.4.5

The values displayed for the rest of the size parameters are in agreement with those
reported by Estellés et al. (2007b) for African air masses at Burjassot since these pa-
rameters depend mainly on the dust origin.

Notable differences were observed in the day-by-day aerosol size distributions for
the smoke cases (Fig. 7c). The arrival of the fresh smoke caused the increase of VF10

and VC by a factor of 3 and 2 respectively with respect to the dust cases, on 28 June.
The contribution of smoke particles to the fine mode was extremely enhanced on 29
June, and VF was more than 10 times the value observed for the dust cases. VF on 30
June and 1 July decreased by 1/3 and 1/6 of the maximum value observed on 29 June.
rvF was smaller than the observed for the dust cases and remained similar between 2815

and 30 June, and slightly decreased on 1 July.
The rvC obtained for the smoke cases display similar values to those observed for the

dust cases on 28 June. This indicates that the smoke particles contributed to enhance
the volume concentration without changing the radius. In turn, the coarse mode for the
smoke cases decreased on 29–30 June and was similar both in volume and radius to20

that observed for the dust cases on 29–30 June. This suggests that no variation on the
aerosol type was observed for the coarse mode between 29 and 30 June. Conversely,
differences in the rvC appeared between 28 and 29–30 June, shifting to larger radii.
In addition, no remarkable rvC dependence with the considered aerosol type (dust or
smoke) was observed for a fixed day. This may suggest that the lingering high load of25

large-size ashes that continuously fell down in this region since the wildfire started (the
night on 28 June) may result in the observed shift in the coarse mode to larger radii on
29 and 30 June.
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The size distributions observed for the FSK and RSK periods are somewhat similar.
The main differences were found in the volume concentration of the fine and coarse
modes, which was enhanced by a factor of 2 during the RSK period. Moreover, a slight
shift to larger radii for the RSK cases is observed, especially for the fine mode.

4.6 Column-integrated aerosol optical properties5

The aerosol microphysical parameters retrieved by the King algorithm have been used
as an input in a forward run of an implementation of the Mie theory to obtain the single
scattering albedo (SSA) and the asymmetry parameter (g) at four AERONET operative
wavelengths (440, 675, 870 and 1020 nm). The spectral variation of the refractive index
has been taken into account for the retrieval of these aerosol optical properties.10

The SSA and g obtained using the proposed approach have been compared against
the 38 AERONET inversions available for the entire temporal window of this study. This
comparison has been carried out by means of a linear regression between the val-
ues obtained with our methodology and those of AERONET for each wavelength. The
root mean square deviation (RMSD) has been also taken into account. A high level15

of agreement for all wavelengths is found, and the correlation coefficients are higher
than 0.97 and 0.98 for the SSA and grespectively. Moreover, the RMSD is within the
ranges (0.03–0.04 %) and (0.02–0.05 %) for the SSA and g respectively. These RMSD
also account for the instantaneous variations of the refractive index during a day since
our retrieval used the same refractive index (daily average) for the whole day and it20

was only varied if a different aerosol type was well identified. The agreement with the
AERONET inversions provides confidence in our retrieval, which not being perfect at
least is plausible, and permits the use of our results in order to study the aerosol opti-
cal properties throughout the studied period. These results are in agreement with those
obtained by other similar approaches that imply assumptions in the values of the re-25

fractive index (e.g. Gónzalez-Jorge and Ogren, 1996; Andrews et al., 2006; Kassianov
et al., 2005 and 2007).
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Figure 8 shows the spectral dependence of the daily averaged SSA and g according
to the different aerosol types found during the studied temporal window. It should be
highlighted that both parameters are highly sensitive to the aerosol size distribution as
well as to both the real and imaginary parts of the refractive index (e.g. Kassianov et al.,
2005). However, several aspects should be pointed out depending on the aerosol type5

since the refractive index was prescribed in the retrieval of aerosol optical properties.
Our implementation of the Mie algorithm was run using the same refractive index for all
observations identified as smoke and the daily average from the AERONET inversions
for 1 July was used. The same was done for the residual smoke observations but
using the daily average from the AERONET inversions for 4 July. As a result of these10

assumptions, the day-to-day variability of the aerosol optical properties for both cases
( smoke and residual smoke) cannot be due to variations in the refractive index, but
to differences in the retrieved aerosol size distributions. On the contrary, the refractive
index is changed for the observations identified as dust depending on the day, as was
explained in Sect. 4.3. The same criterion was used for the summer background cases.15

This implies that changes in the aerosol size distribution as well as in the refractive
index are involved in the day-to-day variability observed in the aerosol optical properties
for the summer background and dust cases.

Moderate to large absorption for the SBG cases is observed, although differences
are observed for the SSA. The aerosol size distribution is similar on 24 and 25 June20

(Fig.7a). Hence the SSA variation during these two days is only due to the larger imagi-
nary part of the refractive index obtained on 25 June, while the real part remains similar
between them. Different spectral behaviour for the SSA was observed for 24 and 25
June, which varied within the ranges (0.87–0.90) and (0.80–0.83) at 440 and 870 nm
respectively. This high absorption may be a consequence of the prevalent urban and25

industrial pollution affecting the Burjassot station due to its closeness to the Valencia
metropolitan area (Estellés et al., 2007a: Esteve et al., 2012). The asymmetry param-
eter presents low variability during these days due to a similar aerosol size distribution,
and ranges from a maximum of 0.63 at 440 nm to a minimum of 0.53 at 675 or 870 nm
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depending on the considered day (Fig. 8e). Both SSA andgvalues were within the
values obtained by inversion of sky radiances for the summer period (Estellés et al.
2007a).

During the RSK period, the spectral variation of SSA and g is somehow similar to
the values of the SBG cases. Nonetheless, the RSK aerosols appear slightly less ab-5

sorbent due to the smaller values of the imaginary part of the refractive index than those
of the SBG cases. This similarity is also observed for g in the comparison between
SBG and RSK cases. This behaviour is a consequence of the similar aerosol size dis-
tribution for the SBG and RSK periods, especially for the retrieved median radii and
standard deviations. This seems to indicate that both situations contained the same10

aerosol type, and the most noticeable difference was due to the amount of particles
which was increased during the RSK period due to the wildfire episode.

The SSA for all the dust cases display lower values at 440 nm, between 0.87 and
0.91, and relatively constant spectral behaviour between 675–1020 nm, ranging from
0.94 to 0.98 depending on the different cases (Fig.8b). This typical spectral depen-15

dency for dust particles is due to the larger imaginary part of the refractive index
at 440 nm and relatively constant values in the wavelength range 675–1020 nm (e.g.
Dubovik et al., 2002). The SSA values for 27, 29 and 30 June show small differences
because the same refractive index was used for these cases, even if the volume con-
centration changed substantially among these cases. Conversely, the SSA values be-20

tween the 26 and 28 June at longer wavelengths differed noticeable. This is associated
to the higher absorption observed on 26 June since the imaginary part of the refrac-
tive index doubled the values for 28 June. In addition, the differences in the imaginary
part of the refractive index are coupled with a large enhancement of VC, which no-
ticeably increased the scattering on 28 June, resulting in higher SSA values at longer25

wavelengths.
The spectral variation of g is similar for all dust cases, despite of the differences in

the refractive index (Fig. 8f). The maximum values are observed at 440 nm and are
larger than 0.70. In turn, the minima are observed at 675–870 nm and fall in the range
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0.66–0.75. This suggests a large forward scattering in the whole spectral range which
is higher as VC increases.

On the contrary, the wavelength dependence of SSA and gis more variable among
the smoke cases than for the dust ones (Fig. 8c, g). This variability is due to important
differences in the aerosol size distribution. Slight spectral variation is observed for the5

SSA when smoke and dust particles are simultaneously present during 28 and 29 June.
However, the absorption shown for both days is really different due to the opposite
weight of the fine and coarse mode. High absorption is observed on 28 June, with the
SSA showing values smaller than 0.82 for the entire spectral range. On the contrary,
the SSA for 29 June is higher than 0.95 for all wavelengths and is somehow similar10

to that observed for the dust cases at wavelengths over 675 nm. Moreover, the SSA
at 440 nm is also increased. The SSA differences observed between 28 and 29 June
highlight the relevance of the coarse mode, which is responsible of the flat spectral
response at longer wavelengths. In turn, the extremely high aerosol load on 29 June
due to the contribution of fine mode smoke particles strongly increased the scattering15

fraction resulting in a marked rise of the SSA. On the other hand, the decrease of
the SSA with the wavelength observed on 30 June and 1 July corresponds to the
typical spectral dependence observed during biomass burning episodes around the
world (e.g. Dubovik et al., 2002; Eck et al., 2009 and Chubarova et al., 2012). For
these cases, the SSA ranged from 0.88–0.91 at 440 nm to 0.83 at 1020 nm.20

The imaginary part of the refractive index for the smoke cases is relatively constant
with the wavelength (Table 2). As a result, the aerosol size distribution modulates the
spectral variation of the aerosol absorption. Therefore, its wavelength dependence is
reduced in cases with extremely high aerosol load (AOD > 2) such as the observed
on 28 and 29 June. Moreover, the aerosol absorption is higher when the contribution25

of the coarse particles increased, This effect may be accounted for by means of the
changes observed in the reff and FMF. In fact, the reff decreases from 0.65 to 0.25, while
the FMF increases for the smoke cases on 28 and 29 June respectively. Therefore,
the contribution of the absorption cross section to the total extinction at larger radii
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increases with reff. Conversely, the spectral variation of the absorption typical of the
smoke aerosols, was observed in cases with moderately-high and low aerosol load
(AOD < 1.5) with high FMF.

The asymmetry parameter observed for the smoke cases on 28 June is similar to that
obtained for the dust cases since a high load of coarse particles favours the forward5

scattering. Hence g remains over 0.68 for all wavelengths and shows small spectral
dependence. The large contribution of the fine mode to the total volume induces great
gwavelength dependence, typical of the smoke aerosols, which drops down with wave-
length and limits the forward scattering. In those cases, g ranges from 0.63–0.68 at
440 nm, reaching a minimum of 0.55 at 1020 nm when the highest FMF is observed on10

29 June.
It should be pointed out that the size distribution for the smoke cases on the 28

June may be composed by a fine mode of smoke particles and a coarse mode of
dust particles. However, the aerosol optical properties have been obtained using the
refractive index defined for the smoke cases which implies higher real part and different15

spectral dependency for the imaginary part. Therefore part of the differences observed
in the aerosol optical properties with respect to the other smoke cases may be due to
the selection of refractive index in the Mie computations.

5 Conclusions

An intense wildfire event which took place in Valencia (Eastern Spain) during summer20

2012 has been analysed. The most intensive activity of the wildfire was during 29–30
June, and a 11-days temporal window (24 June–4 July) was selected for the study of
the column-integrated aerosol microphysics and optical properties at Burjassot station.
In addition, the aerosol vertical structure and its relationship with the aerosol properties
at ground level have been also analysed.25

AOD at 500 nm remained larger than 2 during the most intense period of the wild-
fire event, and reached an extremely unusual maximum of 8 on 29 June. AE values
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increased up to 2.2 due to the smoke particles. The variability of AOD and AE allowed
to define four interesting aerosol situations during the studied period: (a) aerosol sum-
mer background (24–25 June); (b) a strong dust event (26–28 June); (c) fresh smoke
episode (29 June–1 July); and (d) residual subsidence of smoke particles (2–4 July).
The column-integrated aerosol microphysical parameters were obtained by means of5

the inversion of spectral AOD using the King method. In addition, the optical properties
(SSA and g) were determined from the combination of the aerosol size distribution and
the Mie theory. The results highlight the differences in the aerosol microphysical and
optical properties among the identified periods.

The smoke particles drastically enhanced the volume concentration of the fine mode10

with a maximum of 0.4 µm3 µm−2, which is 10 times higher than the summer back-
ground. Lidar vertical profiles allowed confirming that the smoke plume was initially
found over the dust layer. Dust particles were characterized by a large contribution
of the coarse mode concentration. Therefore, the coarse mode appeared also signif-
icant during the most intense period of the wildfire episode. As a result, the aerosol15

optical properties obtained during the smoke cases display high variability which was
modulated by the volume of coarse particles.

Similar aerosol microphysical and optical properties were observed before and after
the event. Nonetheless the smoke highly contributed to increase the amount of parti-
cles remaining in the atmosphere after the event, especially in the fine mode.20

The extraordinary high load of smoke particles together with a strong dust event,
combined with the intense convective activity of the mixing layer, resulted in a dramatic
increase of the scattering coefficient and the particle matter levels at ground level. The
impact at surface level showed a 1-day lag compared with the column-integrated mea-
surements. The scattering coefficient and the PM2.5 levels displayed extremely high25

maximum values of 2100 Mm−1 and 160 µg m−3, respectively. These records exceed
by a factor of 26 and 7 the monthly averages for June and July. Furthermore, the Saha-
ran dust particles and the wildfire smoke largely contributed to exceed the EU particle
matter annual limits.
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Table 1. Daily averaged scattering coefficient and PM2.5 at ground level for the 11-days time
window.

day Scattering coefficient PM2.5
average±σ max min average±σ max min
(M m−1) (M m−1) (M m−1) (µg m−3) (µg m−3) (µg m−3)

24/06/2012 50±14 81 31 18±6 30 6
25/06/2012 41±10 77 23 14±5 25 5
26/06/2012 42±7 59 27 19±5 30 10
2706/2012 55±11 120 39 19±4 25 13
28/06/2012 90±21 133 53 29±6 44 21
29/06/2012 221±88 407 100 38±16 77 19
30/06/2012 306±130 589 156 50±37 166 20
01/07/2012 277±367 2098 26 50±37 130 13
02/07/2012 125±217 1182 20 27±23 85 2
03/07/2012 82±39 182 35 17±7 29 2
04/07/2012 85±17 135 56 18±7 29 4
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Table 2. Daily averaged refractive index by the AERONET inversions for the 11-days time
window.

Day N refractive index
440 nm 670 nm 870 nm 1020 nm

24/06/2012 9 1.54–0.011i 1.53–0.010i 1.52–0.011i 1.52–0.010i
25/06/2012 9 1.56–0.017i 1.55–0.015i 1.56–0.015i 1.55–0.014i
26/06/2012 8 1.46–0.0053i 1.48–0.0034i 1.48–0.0036i 1.47–0.0032i
27/06/2012 0
28/06/2012 5 1.47–0.006i 1.48–0.0016i 1.47–0.0015i 1.45–0.0014i
29/06/2012 1 1.51–0.004i 1.51–0.002i 1.50–0.003i 1.49–0.002i
30/06/2012 0
01/07/2012 2 1.54–0.015i 1.53–0.014i 1.53–0.014i 1.52–0.013i
02/07/2012 0
03/07/2012 0
04/07/2012 4 1.52–0.009i 1.52–0.009i 1.53–0.009i 1.53–0.008i
Smoke 1.54–0.015i 1.53–0.014i 1.53–0.014i 1.52–0.013i
dust 1.46–0.0054i 1.48–0.0028i 1.48–0.0028i 1.47+0.0025i
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Table 3. Daily averaged aerosol microphysics for the 11-days time window considering the
aerosol type.

aerosol type Day Total Fine Coarse FMF

VT reffT VF σF rvF VC σC rvC

summer background 24/06/2012 0.061±0.006 0.31±0.03 0.0194±0.0015 1.491±0.018 0.1179±0.0014 0.042±0.006 1.983±0.017 2.42±0.15 0.32±0.04
25/06/2012 0.061±0.005 0.325±0.019 0.0190±0.0018 1.491±0.018 0.1190±0.0014 0.042±0.004 2.004±0.012 2.48±0.15 0.31±0.02

dust 26/06/2012 0.206±0.06 0.50±0.10 0.035±0.004 1.66±0.05 0.136±0.012 0.17±0.06 1.90±0.06 1.87±0.13 0.18±0.04
27/06/2012 0.314±0.013 0.64±0.02 0.0401±0.0010 1.702±0.015 0.151±0.003 0.274±0.014 1.834±0.016 1.79±0.04 0.13±0.008
28/06/2012 0.35±0.04 0.78±0.07 0.033±0.006 1.79±0.02 0.180±0.005 0.32±0.04 1.784±0.015 1.6190±0.14 0.095±0.012
29/06/2012 0.33±0.05 0.72±0.16 0.038±0.011 1.69±0.05 0.153±0.012 0.29±0.05 1.82±0.11 1.9537±0.14 0.119±0.04
30/06/2012 0.24±0.016 0.60±0.02 0.036±0.005 1.69±0.03 0.1491±0.0013 0.202±0.011 1.91±0.04 2.0507±0.12 0.15±0.012

smoke 28/06/2012 0.67±0.03 0.65±0.11 0.091±0.002 1.54±0.04 0.142±0.003 0.58±0.02 1.819±0.011 2.18±0.10 0.14±0.04
29/06/2012 0.50±0.17 0.25±0.11 0.30±0.15 1.46±0.04 0.147±0.007 0.20±0.08 1.884±0.018 2.5±0.2 0.58±0.16
30/06/2012 0.30±0.03 0.32±0.12 0.13±0.04 1.51±0.03 0.145±0.006 0.17±0.06 1.879±0.015 2.60±0.19 0.43±0.14
01/07/2012 0.114±0.010 0.221±0.012 0.069±0.003 1.518±0.016 0.131±0.002 0.055±0.008 2.05±0.04 2.62±0.10 0.52±0.03

residual smoke 02/07/2012 0.117±0.013 0.35±0.02 0.034±0.003 1.53±0.03 0.122±0.002 0.083±0.010 1.98±0.05 2.63±0.14 0.29±0.019
03/07/2012 0.141±0.014 0.38±0.02 0.036±0.003 1.52±0.03 0.122±0.003 0.105±0.013 1.92±0.06 2.7±0.2 0.26±0.03
04/07/2012 0.126±0.018 0.35±0.03 0.035±0.005 1.475±0.019 0.120±0.0003 0.091±0.015 1.94±0.05 2.72±0.11 0.28±0.03
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a) b) c)

Fig. 1. HYSPLIT back trajectories ending at 12:00 UTC at Burjassot for: (a) 27 June,
(b) 29 June, (c) 3 July.
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Fig. 2. MODIS Quick response images: (a) before the start of wildfire (28 June at 12:00:00 UTC)
and (b) the most intense day of the wildfire event (29 June at 13:05:00 UTC). The location of
Burjassot station is indicated by the blue dot.
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Fig. 3. Time series of Cinel measurements during the 11-day time window: (a) AOD at 500 nm
and (b) Ångström exponent.
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Fig. 4. Measurements of the lidar range corrected signal during the studied temporal window:
(a) 26–28 June; and (b) 29 June–1 July. The mixing layer height from HYSPLIT model is over-
lapped (dotted pink line).
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Fig. 5. Time series of in situ surface measurements during the 11-day time window: (a) aerosol
scattering coefficient at 550 nm; (b) Ångström exponent of scattering and (c) particulate matter
levels PM2.5 and PM10. The red lines represent the EU limits for PM2.5 (dotted) and PM10 (solid)
levels.
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Fig. 6. Time series of the aerosol microphysics during the 11-days time window for the total
(black dots), fine (blue squares) and coarse (red crosses) modes: (a) volume concentration;
(b) effective radius and FMF (green); c) volume median radius for fine (rvF) and coarse (rvC)
modes; and (d) standard deviation for fine (σF) and coarse (σC) modes.
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Fig. 7. Daily averaged aerosol size distributions for the different aerosol types found during the
11-days time window: (a) summer background; (b) dust; (c) smoke and (d) residual smoke.
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Fig. 8. Spectral dependence of the aerosol optical properties for the different aerosol types
identified during the 11-days time window: (a) single scattering albedo and (b) asymmetry
parameter.
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