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ABSTRACT

This work presents the characterization of atmospheric
aerosols performed over the Iberian Peninsula in the
framework of EARLINET for a special episode on 20"
August 2007. The assessment of aerosol radiative
impact requires an accurate determination of their
optical and microphysical properties, which are
presented here for a variety of instrumentation including
passive remote sensors, as sun-photometers, and active
systems both ground-based and on board CALIPSO
satellite. Measurements highlight the presence of a
multilayered structure with a well-defined planetary
boundary layer and biomass-particles in elevated layers,
extending up to 7 km asl over the central Iberian
Peninsula, and even higher, up to 9 km asl, at the south-
eastern part of the peninsula. Lidar computations reveal
a contribution to the aerosol optical depth around 10-
40% for these biomass-burning particles, with
backscatter-related Angstrom exponents around 2-3 for
different spectral ranges.

1. INTRODUCTION

The optical properties of biomass burning (BB) aerosols
are an important element in the complex system of
atmospheric radiative transfer because of their influence
on the radiation budget of the atmosphere by both
absorbing and scattering shortwave radiation. The
studies of the properties of BB particles have usually
focused on tropical regions because approximately 80%
of global biomass burning emissions are in the tropics
[1]. The body of work on emissions by fires in non-
tropical locations is somewhat smaller [2]. In Europe
few studies reported lidar observations of biomass
burning long-range transport in the troposphere (i.e. [3,
4]). In particular, there is a lack of systematic studies of
long-range transported biomass burning aerosols by a
continental scale lidar network. To our knowledge this
is the first time that BB aerosols transported from North

America have been characterized by lidar over the
Iberian Peninsula.

Routine lidar measurements of backscatter and
extinction coefficients are performed in the framework
of EARLINET (European Aerosol Research Lidar
Network) [5]. The scientific aims of EARLINET are to
build a statistical database of the horizontal, vertical and
temporal distribution of aerosol properties on a
continental scale. Several Raman lidar stations over the
Iberian Peninsula, which integrate the so-called western
Mediterranean cluster of the network for the CALIPSO
validation program, detected an intrusion of BB
particles from North America on 20" August 2007.
Thus, for the first time, the high resolved vertical
distribution of BB aerosols can be studied in the free
troposphere over the Iberian Peninsula.

Besides the BB episode reported here, in summer 2007
the Iberian Peninsula was also affected by Saharan dust
events (i.e. [6]), episodes of local/regional
anthropogenic pollution transport and biomass burning
events (i.e. [7]). In summer, as a consequence of the
complexity of aerosols over the Iberian Peninsula, the
BB long-range transport becomes more complex and
difficult to follow. Backward trajectory analysis has
been used to characterize the aerosol source area and the
plume transport. The properties derived by lidar allow
for distinguishing the aerosol type.

2. EXPERIMENTAL SETUP

Two multiwavelength Raman lidars were used for
vertically resolved measurements of the particle optical
properties to characterize the BB plume discussed in
this contribution. One system is operated at the
Andalusian Center for Environmental Research
(CEAMA) located in Granada (Spain, 37.16°N, 3.6°W,
680 m above sea level (a.s.l)), and the other one is
operated at the Centro de Investigaciones Energéticas,
Medioambientales y Tecnolégicas (CIEMAT) located in
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Madrid (Spain, 40.46°N, 3.73°W, 669 m asl).
Backscatter profiles at 532 nm are provided by both
systems, while the system at Granada provides also
those at 355 and 1064 nm, both day and night time,
using the Klett method [8]. Extinction, backscatter and
lidar ratio profiles are also computed by both systems at
532 nm, during the night using the Raman method [9],
when an acceptable signal to noise ratio can be
achieved. The details of the experimental setups of the
lidar systems involved are shown in [10]. The stations
included in SPALINET (Spanish and Portuguese
Aerosol Lldar NETwork), where both systems are also
members, have successfully followed an
intercomparison exercise for both instruments and
algorithms [10]. The errors associated to the overlap
function do not affect the results of this work, because
the present study focus on layers above 2 km.

The aerosol optical depth in the range 340 to 1020 nm
has been obtained by a Cimel sun-photometer included
in AERONET [11] and a star-photometer [12].

3. RESULTS AND DISCUSSION

In summer 2007, several heavy load episodes with large
loads (in terms of optical depth) of aerosol particles
occurred over the Iberian Peninsula. In particular, on
20™ August 2007 an unexpected plume of particles was
detected in the free troposphere. The backward
trajectories analysis based on HYSPLIT [13] and
FLEXTRA [14, 15] models reveal as main source
region the East coast of North-America, where many
forest fires were active during the first part of August
2007, as MODIS sensor indicates
(http://firefly.geog.umd.edu/firemap/). Over southern
Iberian Peninsula, sun-photometers register aerosol
optical depth (440 nm) up to 0.37 and Angstrom
exponents (440-870 nm) around 1.45 during this
episode (not shown here).

Figure 1 shows the evolution of the BB plume by means
of some vertical profiles of backscatter coefficients
obtained in Madrid (a-c) at night, noon and evening and
in Granada (d-e) at noon and evening on 20" August
2007. The profiles reported have been computed from
the signals averaged over 30 min. The corresponding
lidar ratio values are included in the plots. For Madrid
lidar, the lidar ratios were selected to match the Raman
profile obtained at night (02:10-02:40 UTC), as
presented in Figure 2, whereas for Granada station, the
lidar ratios were selected minimizing the differences
between the aerosol optical depth derived from the
integration of extinction lidar profiles and the aerosol
optical depth derived from a sun- and a star-photometer
during day and night time, respectively. The BB plume
is detected over central (Madrid) and southeastern
(Granada) Iberian Peninsula simultaneously at noon and
evening above the planetary boundary layer (PBL)

(around 2.5-3.0 km asl depending on time and station)
(Figure 1). During the previous night no measurements
were available from the Granada lidar station. The
comparative analysis between the Madrid and Granada
stations suggests horizontal and vertical in-homogeneity
of the extensive properties for the BB plume (Figure 1).
Thus the largest backscatter coefficients are detected
over the southern Iberian Peninsula during the evening
of 20 August (when the photometer registers maximum
aerosol optical depths) with two differentiated layers.
This is the first time that particles have been registered
up to more than 9 km asl over this station. This BB
plume contributed between 10 and 40 % (depending on
time and station) to the aerosol optical depth.
Measurements of the backscatter coefficient at different
wavelengths allow evaluating the backscatter-related
Angstrom exponent, related to the size and chemical
composition of the aerosol type. Thus the multispectral
capabilities of the Granada lidar reveal the presence of
small particles in the free troposphere with backscatter—
related Angstrom exponents (355-532 nm) around
2.3+0.3 and 2.7+0.2 in the BB layer at noon and
evening, respectively.
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Figure 1. Aerosol backscatter profiles observed by
some EARLINET lidar stations on 20™ August 2007.

The aerosol backscatter and extinction profiles obtained
independently from simultaneous measurements of
elastic and nitrogen Raman signals allow computing an
altitude-variable lidar ratio. Figure 2 shows the Raman
retrieval over the Madrid station (a) at night (02:10-

581

30 1 2 30 1 2 3



25th International Laser Radar Conference

02:40 UTC) and over the Granada station (b) in the
evening (20:31-21:01 UTC). The backscatter-weighted
lidar ratio computed over the profiles shown in this
figure is an approximation of the lidar ratio
representative for the whole atmospheric column.
Hence, the backscatter-weighted lidar ratios of 38.0 and
46.7 sr were obtained for Madrid and Granada,
respectively, in agreement with the values used for the
retrievals of vertical profiles with Klett’s method (40
and 41 sr, respectively). In addition, the Granada lidar
ratio profile indicates the presence of particles with
different features inside the BB plume (Figure 2 b).
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Figure 2. Extinction, backscatter and lidar ratio of
aerosol layer observed by some EARLINET lidar
stations on 20" August 2007. Data from EARLINET
Madrid station were acquired at 02:10-02:40 UTC
during a CALIPSO satellite overpass (a). Data from
EARLINET Granada station were acquired at 20:31-
21:01 (b).

The CALIPSO satellite carries the first satellite-borne
lidar instrument CALIOP (Cloud- Aerosol Lidar with
Orthogonal Polarization) which provides vertically
resolved aerosol and clouds profiles on the global scale.

The total and perpendicular attenuated backscatter at
532 and total attenuated backscatter at 1064 nm have
been presented as the first products (level-1 products) of
the CALIPSO mission. Figure 3 shows the comparison
of level-1 CALIPSO data with ground-based lidar data
in terms of the vertical profiles of attenuated backscatter
coefficient obtained at 532 nm during the overpasses
over Madrid and Granada on 20" August 2007. Taking
into account the spatial and temporal in-homogeneity of
the BB plume and the typical distances between the
CALIPSO ground track and the EARLINET stations
(up to 80 km), a good agreement between the aerosol
profiles is generally found. The plots include the
minimum distances for these overpasses.
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Figure 3. Comparison of  CALIPSO and
EARLINET attenuated backscatter profiles at 532 nm.

4. CONCLUSION

This work reveals that the unexpected aerosol load
detected in the free troposphere over the Iberian
Peninsula in the middle of August 2007 corresponds to
an episode of long-range transport of biomass-burning
particles from North America. Our preliminary results
for the Iberian Peninsula indicate the importance of
synergetic analyses, assisted by transport models, to
clarify the owverall transport to regional scale. The
contribution of the BB plume to the aerosol optical
depth varied between 10 and 40 %. The radiative
impact of these particles (in terms of radiative forcing
and heating rate) will be analyzed in a future work.
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	Based on data of regular lidar observations of the stratospheric aerosol layer at midlatitudes of Tomsk, we recorded an elevated aerosol content in periods: late 2006 – spring 2007, August – autumn 2008, associated with explosive eruptions of tropical-belt volcano Rabaul (October 2006) and midlatitude volcanoes: Okmok (June 2008) and Kasatochi (August 2008); as well as subsequent explosive eruptions of volcanoes in 2009. The background state of the stratospheric aerosol layer, which was observed from 1997 to September 2006 under the conditions of long-term volcanically quiescent period, was interrupted, which should be taken into account in trend analysis of variations of the background component of the stratospheric aerosol.
	The lidar measurements of the optical characteristics of stratospheric aerosols (SA) are performed at V.E. Zuev Institute of Atmospheric Optics SB RAS since 1986 at the sensing wavelength of 532 nm. Information on the scattering properties of SA at different wavelengths allows for the determination of the microstructural characteristics of the scattering particles (size distribution of particle geometrical cross section, number concentration, mean radius, particle surface area, etc.). In recent years, for these purposes we developed a lidar at the sensing wavelengths of 355, 532, and 683 nm, where 355 nm is the third harmonic of the main frequency (1064 nm) of Nd:YAG laser, 532 nm is the second harmonic, 683 nm is the first Stokes component of conversion of 532-nm wavelength radiation on the basis of the stimulated Raman scattering (SRS) effect in the cell, filled with hydrogen at high pressure. Since 1997, when the aerosol perturbation of the stratosphere by the eruption products of Pinatubo volcano had relaxed, in the global stratosphere, and in particular over Tomsk, the background state of the stratospheric aerosol layer (SAL) under conditions of long-term volcanically quiescent period (LVQP) has been observed, with practically zero trend of variations of SA content for 10 years until October 2006 [1, 2]. 
	The chronology of explosive volcanic eruptions in 2006-2009, after which the elevated SA content over Tomsk was recorded, is presented in Table 1.
	Table 1. Names, locations, and dates of explosive volcanic eruptions in 2006-2009, 
	Name
	Latitude
	Longitude
	Date
	Rabaul
	4.3(S
	152.2(E
	6 Oct 2006
	Okmok
	53.4(N
	168.1(W
	12 Jul 2008.
	Kasatochi
	52.2(N
	175.5(W
	6-8 Aug 2008
	Redoubt
	60.5(N
	152.7(W
	18 Mar – 4 Apr 2009
	Sarychev Peak
	48.1(N
	153.2(E
	11-16 Jun 2009
	The time behavior of the integrated aerosol backscattering coefficient, determined from data of sensing at the wavelength of 532 nm, is shown in Fig. 1. Here, each point represents data averaged over 10 days of measurements.
	Figure 1. Dynamics of variations of the integrated aerosol backscattering coefficient in the altitude range of 15-30 km over Tomsk in 2006-2009.
	In October 2006, the LVQP was interrupted by explosive eruption of tropical-belt volcano Rabaul. The elevated SA content over Tomsk was recorded until summer 2007. Subsequently, the background SAL state was again interrupted in July-August 2008 by the explosive eruptions of midlatitude volcanoes on Aleutian Islands, Okmok and Kasatochi. 
	Figure 2 shows examples of altitude profiles of the scattering ratio R(H) (ratio of the sum of aerosol and molecular backscattering coefficients to the latter), which were recorded after eruptions of Rabaul, Okmok, and Kasatochi volcanoes. The profiles reflect the relative content of aerosols and their altitude stratification. After eruptions of Okmok and Kasatochi volcanoes, at the network of the lidar stations of CIS countries (CIS-LiNet) the aerosol perturbation of the stratosphere was observed at the observation sites of Minsk (53.9(N; 27.4(E), Tomsk, and Vladivostok (43.0(N; 131.9(E) until late 2008 [3]. 
	Figure 2. Examples of altitude profiles R(H) in the stratosphere over Tomsk after eruptions of Rabaul, Okmok, and Kasatochi volcanoes.
	In spring 2009, in the stratosphere over Tomsk we again observed the aerosol layers (Figure. 3) after a series of eruptions of Redoubt volcano in March-April 2009. 
	Figure 3. Altitude profiles R(H) over Tomsk in May 2009.
	We observed general growth of aerosol content in the lower stratosphere: R values at the sensing wavelength of 532 nm had increased to 1.3-1.4 versus the background values of 1.1-1.15. Noteworthy, on May 6, 2009, we observed well-defined aerosol layers at heights of ~(14-16) km Figure 3.
	For the trajectory analysis of air mass transport in the stratosphere, we applied the method of forward and backward trajectory analysis with the use of NOAA HYSPLIT MODEL, available at http://www.ready.noaa.gov. Figure 4 presents an example of back trajectory of air masses in the stratosphere starting in Tomsk from heights of 14-16.5 km, where on May 6, 2009 we observed well-defined aerosol layers (see Figure. 3). The trajectory analysis shows that the air masses had arrived at Tomsk from Alaskan region, where Redoubt volcano is located. An analogous analysis was also performed for the cases of observation of aerosol layers due to other volcanoes.
	Figure 4. Back trajectories of migration of air masses from Tomsk at heights of 14-16.5 km at 0700 UTC May 7, 2009.
	The background state, characterized by the values R~1.1, is observed in June 2009. In July we observed again of well-defined aerosol layers at heights of 13-17 km (Figure. 5). We attribute the appearance of these layers to the eruption of Sarychev Peak volcano, Kurile Islands, which occurred on June 15-16, with injection height of eruption products up to 15 km. Traces of eruption of this volcano are being observed practically until late 2009.
	Figure 5. Profiles of scattering ratio in July - November 2009.
	Next, we will consider certain results of inversion of the spectral dependences of the measured aerosol backscattering coefficients at the sensing wavelengths of 355, 532, and 683 nm. Figure 6а presents the altitude profiles of the number concentration of particles with radius larger than 0.15 µm for conditions of volcanic perturbation of the stratosphere on October 10, 2008 (see the profiles R(H) in Figure. 2), and Figure 6b presents those for the background conditions on January 15, 2009. For the background conditions, the number concentration of particles with radius larger than 0.15 µm, N(r>0.15)cm-3, is (1-5) cm-3 at heights of 16 km and higher; whereas under the conditions of the volcanic perturbation of the stratosphere in the region of the maximum of volcanic aerosol layer ~ 16 km, the particle concentration is much larger, ~ 20 cm-3.
	Figure 6. Altitude profiles of the number concentration of particles with radius larger than 0.15 (m, retrieved from data of laser sensing at the wavelengths of 355, 532, and 683 nm (а) on October 10, 2008 and (b) on January 15, 2009. 
	With regards to the problem of global warming of the planet, it is suggested to use very diverse technical means, namely the geoengineering projects, to decrease the near-surface temperature or to maintain it at the modern level. One of such projects suggests regulation of the tropospheric temperature and, on the whole, the climate changes by artificially creating the sulfur acid aerosol in the lower stratosphere. 
	Results of studies of the dynamics of stratospheric aerosol content after powerful eruptions of diverse power, already performed at the network of lidar stations, can be used to explore the feasibility and expedience of the artificial increase of SA content and to complement the model calculations to determine: sulfur amount, necessary for combustion in the stratosphere to form the artificial SA layer; period of stay and decomposition rate of the artificial aerosol in the stratosphere; the required periodicity of sulfur injections; and degree of possible destruction of ozone layer.
	We should stress the following aspect of the problem of using the artificial SA to stabilize the temperature on Earth. Numerous studies of the ozonosphere state after powerful volcanic eruptions indicated the effect of elevated SA content on destruction of ozone layer. After eruption of Pinatubo volcano, when about 17-20 Mt of sulfur dioxide was injected to the stratosphere, reduction of the total ozone (TO) content was observed for a few years. Based on the data of measurements of the dynamics of SA and ozone contents, we studied [4] in detail the influence of volcanic aerosol on the variations of ozone content after relatively weak eruption of Rabaul volcano, when about 0.125 Mt of sulfur dioxide was emitted to the stratosphere [5]. Even for such a relatively weak eruption in the period of maximum abundance of the volcanic aerosol, in January-March 2007 the statistically significant negative correlation was observed between variations of SA and TO contents, with the correlation coefficient R = –0.73 at the probability density р=0.004. 
	Figure 7 presents the increasing trends of TO over Tomsk for different periods of 1996-2009. We used the data of ground-based M-124 ozonometer measurements in Tomsk, complemented with the data of TOMS satellite measurements for location of Tomsk. For the background period of the SAL state in 1996-2006, the increasing TO trend was 1.5±0.03 DU/yr; and for the period of 2006-2009, when the volcanic aerosol was present, the trend decreased to 1.0±0.02 DU/yr.
	Figure 7. Time series of observations of total ozone content over Tomsk for period 1996-2009 with M-124 ozonometer, complemented with TOMS satellite data.
	In recent years, researchers record a stabilization and, in certain regions, even a sign of growth of the TO content [6].
	Irrespective of the still debatable causes for the tentative TO stabilization/growth, - whether it is the result of implementation of Montreal protocol and its amendments, which came into force since 1989 and restrict the anthropogenic emissions of ozone-depleting substances; or it is just because the stratosphere since 1997 is under conditions of long-term volcanically quiescent period, with minimal SA content, - it is necessary to perform prognostic estimates of the possible influence of the extra artificial aerosol on the state of the ozone layer of Earth, constituting the natural protective shield of the biosphere of Earth against the shortwave UV solar radiation.
	We can also note that, in the case of further increase of the activity of explosive volcanic eruptions, the urgency of the problem of artificial increase of SA content shall be vanished in a natural way.
	The regular lidar observations of the stratospheric aerosol layer at midlatitudes of Tomsk recorded an elevated aerosol content in periods: late 2006 – spring 2007, August – autumn 2008, and spring – late 2009. The analysis of the development of the aerosol layers, including measurements of microphysical characteristics of aerosol particles according to data of three-wavelength sensing, allows us to attribute the elevated aerosol content to the explosive eruptions of the tropical-belt volcano Rabaul (October 2006) and midlatitude volcanoes: Okmok (June 2008) and Kasatochi (August 2008), as well as Redoubt (March-April 2009) and Sarychev Peak (June 2009) volcanoes. The background state of the stratospheric aerosol layer, which was observed from 1997 to September 2006 under the conditions of long-term volcanically quiescent period, was interrupted, which should be taken into account in trend analysis of the variations of the background component of the stratospheric aerosol and stratospheric changes on the whole.
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