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[bookmark: _Toc297711663]Abstract
Climate relevant characterization of different aerosol types observed near the surface over Portugal


This thesis documents the results of ground based, in-situ, aerosol optical and physical properties measured or determined in the city of Évora, Portugal. These aerosol properties were obtained between 2002 and 2009 and correspond to the first study of ground surface aerosol climatology carried out in Portugal, where the characterization of the optical and physical aerosol properties was made through the combination of different ground based instruments at the site. Average aerosol properties were obtained at different timescales. These properties were also related to different possible source regions. Among the database of aerosol episodes which was built, several case studies were analyzed in order to derive “characteristic” average properties of different aerosol types. This study contributes to the investigations carried out by the scientific community towards a better understanding of the role of aerosols in the climate system.


Abstract



[bookmark: _Toc297711664]Resumo
Caracterização dos aerossóis climatologicamente relevantes observados à superfície em Portugal.


Nesta tese são apresentados os resultados das medições de propriedades físicas e ópticas dos aerossóis, efectuadas à superfície em Évora, Portugal. As medições destas propriedades ocorreram entre 2002 e 2009 e correspondem ao primeiro estudo sobre a climatologia de aerossóis à superfície levado a cabo em Portugal, onde a caracterização das propriedades físicas e ópticas dos aerossóis foi feita através da combinação de diferentes instrumentos de superfície instalados no local. Propriedades médias dos aerossóis foram obtidas para diferentes escalas temporais. Estas propriedades foram também relacionadas com possíveis regiões de origem. Da base de dados de episódios foram analisados vários casos de estudo para a obtenção de propriedades características relativas a diferentes tipos de aerossóis. Este estudo é uma contribuição para o esforço da comunidade científica para uma melhor compreensão do papel dos aerossóis no sistema climático. 
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[bookmark: _Toc297711668]Introduction
This thesis focuses on the experimental investigation of physical and optical properties of the atmospheric aerosols near the ground surface. The measurements and the results, unique in Portugal, were carried out at Évora, a relatively small city, located in the south-western Iberian Peninsula. This study is a contribution to the scientific efforts made worldwide, in particular in the last few decades, in order to understand and to assess the role of aerosols in the climate system.
 There is a growing evidence that the Earth’s radiation budget, and thus climate, is affected through the radiative forcing due to aerosols caused by changes in the concentration (and composition) of aerosol particles (e.g. Hansen et al., 1997; Charlson et al., 1992, 1999; Ramanathan et al., 2001; Tanré et al., 2003; Hatzianastassiou et al., 2004; Lohmann and Feichter, 2005; McComiskey et al., 2008). In fact, atmospheric aerosols, of both natural and anthropogenic origin, affect the climate directly by scattering and absorbing both solar and long wave radiation. The indirect effect involves aerosol influence on cloud properties (e.g. Twomey, 1977; Schwartz et al., 1995; Levin and Ganor, 1996; Pruppacher and Klett, 1997; Rosenfeld et al., 2001; Lohmann and Feichter, 2005; Pöschl, 2005; Andreae and Rosenfeld, 2008; Rosenfeld et al., 2008; Heintzenberg and Charlson, 2009, Costa et al., 2010). Depending on the optical properties of the aerosol, the sign, or direction of climate forcing, can be positive (warming) or negative (cooling). Also, health problems arising from particulates have been given a great amount of interest (e.g. Dockery and Pope, 1996; Lippmann, 1999; Künzli et al., 2000) which led to European guidelines such as the First Daughter Directive 99/30/EC and the requirement of aerosol monitoring at the air quality stations. 
Aerosol optical properties are key factors in investigating the direct radiative effects by atmospheric aerosols. However, owing to their high spatial (vertically and horizontally) and temporal variability, the globally and annually averaged climatic forcing by aerosols is associated with large uncertainties (IPCC, 2007). Satellite platforms and global climate models have been used to study the variability of aerosol properties both on regional and global scales (e.g., King et al., 1999; Liousse et al., 1993). However, several assumptions concerning the relationship between aerosol properties measured at the surface and aerosol properties in the vertical column have to be used in the satellite algorithms and global climate models. The satellite retrieval algorithms also involve assumptions on several key aerosol properties [Kaufman et al., 1997]. Therefore, a clear need exists for long term measurements of columnar and surface (object of this thesis) aerosol optical, physical, and chemical properties at different ground-based monitoring sites, with more realistic aerosol properties being therefore included. Records of this type of information can then be used to improve satellite aerosol retrieval algorithms, and to help validating global chemical-transport-radiation models used for calculations of the direct aerosol radiative forcing.
[bookmark: _Toc297711669]Regional context 
The Iberian Peninsula, comprising Portugal and Spain, constitutes the south-western region of the European continent, surrounded by the Atlantic Ocean, while its eastern coasts are within the Mediterranean basin. Also, the Saharan region occupies the southern sector. Several published studies, particularly since the 90’s, have contributed to the increase of knowledge on the atmospheric aerosols present in the Iberian Peninsula, and also on the advection of aerosols from other regions. This latter issue has been somewhat motivated by frequent dust outbreaks due to the proximity of the vast arid Saharan region. Studies ranging from single (or sets of) case studies (see e.g. Lyamany et al., 2005; Pérez et al., 2006; Elias et al., 2006; Escudero et al., 2007; Wagner et al., 2009) up to longer term studies. Databases of episodes, at several sites (see e.g. Rodríguez et al., 2001; Escudero et al., 2005; Toledano et al., 2007) have been reported. 
Ground-based measurements, in-situ as well as columnar observations, have been used by previous authors to study the aerosol properties, including desert dust aerosols. The first type of studies are mainly based upon measurements of particle mass concentrations and/or chemical apportionment (e.g. Almeida et al., 2005, 2006; Alves et al., 1998; 2002; Pio et al., 1996, 2008; Escudero 2005, 2007; Querol et al., 1999, 2001, 2009; Rodríguez et al., 2001, 2002); the second type of studies are based upon sun photometric measurements; also, ground based LIDAR measurements have given additional contributions to the subject since vertically resolved aerosol properties can be obtained (see e.g. Sánchez Oliveros et al., 1998; Cachorro et al., 2000; Vitale et al., 2000; Lyamany et al., 2005; Péres et al., 2006; Toledano et al., 2007; Guerrero-Rascado et al., 2009). Dust concentrations representing 40-50 % of the daily UE limit value for PM10 (50 gm-3) were “(…) frequently reported during African events” (Rodríguez et al., 2002), and could be as high as 80% in rural sites. However, dust transportation may also be carried out at high levels, being weakly detected at the surface (Elias et al., 2006; Guerrero-Rascado et al., 2009). In fact, the African desert dust transportation at high levels is the reason for observing it at locations as far as the American continent (e.g. Prospero, 1999; Formenti et al., 2000).
European continental areas east of the Iberian Peninsula, including heavily polluted areas, are a vast source region of anthropogenic particles whose advection into the Iberian Peninsula has been also detected and studied (Carrico et al., 2000; Ansmann et al., 2002; Escudero et al., 2007; Lyamani et al., 2008). 
The proximity of the Atlantic Ocean, with “clean” air transported by the westerly winds, and “washed” by precipitation is related with lower aerosol loads. This “effect” which is frequent in the northern and western coastal areas of the IB was also observed in sites inland (Rodríguez et al., 2004; Pereira et al., 2008; Lyamani et al., 2010). However, Pio et al (1996) also observed situations of anthropogenic aerosols in a coastal site, with western flow, due to mesoscale re circulation of pollutants.
Although for the eastern Mediterranean region several studies concerning ground based (in-situ) measurements of aerosol optical and physical properties are reported (e.g. Formenti, 2000; Andreae et al., 2003; Gerasopoulos et al., 2003; Vrekoussis et al., 2005; Derimian et al., 2006;), there is a gap of knowledge of these properties in the western Mediterranean region and in this region of the Iberian Peninsula. The Aerosol Characterization Experiment 2 (ACE-2), a three month campaign in the Portuguese south-western coast, included for the first time this type of measurements as a contribution to characterize “(…) ground-level aerosol optical properties for a site that receives clean and anthropogenically perturbed aerosol“ (Carrico et al., 2000). Later, Elias et al (2006) focused his studies in the aerosol optical properties during the summer heat wave period of 2003, in Évora, while Lyamani et al. (2008) characterized the aerosol optical properties for the winter period and, later, during medium-term periods (1-2 years) in the larger urban site of Granada (Lyamani et al., 2009, 2010). Studies on aerosol optical properties are also reported for Valência (Esteve et al., 2009, 2010), in Spain, as well as for Évora (Pereira et al., 2008, 2011).
1.1.1. [bookmark: _Toc297711670]Objectives of this study
This thesis focuses on the experimental investigation of near surface aerosols in Évora, Portugal. Scattering and absorption properties, as well as total and Black Carbon mass concentrations, were measured in a long-term basis which constitute the first database of this type ever analysed in Portugal. Also, several other aerosol properties obtained from the measured ones are analysed which provide further insight in the main aerosol characteristics. The data is analysed as a whole and at different timescales. The former approach allows characterizing the measurement’s site while providing a fairly large database of several average aerosol properties important for climate that can be compared with literature and/or used in further studies; the latter constitutes an attempt to establish the first aerosol climatology in the most western region of European continent where the main Portuguese territory is located. 
The influence of different source regions in the measured aerosol properties is explored. The measurements site is neither remote nor a large population centre; rather, is a small city within a vast rural/remote region, of Mediterranean characteristics, located in the south-western Iberia Peninsula. Therefore this site, in spite of its moderate urban characteristics, is also a fairly good place for detecting aerosols transported from elsewhere, as well as relatively clean air, with low concentration of particles, arriving from the Atlantic Ocean. Several specific objectives were intended to be reached during this thesis:
Built-up of the datasets of the measurements acquired by different equipments, installed at the ground surface and of the additional aerosol properties that could be computed by means of the combination of the several basic properties measured with the equipments. Then perform statistical analysis of the climate relevant aerosol properties. Therefore one objective of our investigation was to document for the first time the seasonality of optical and physical properties and establishing fairly comprehensive surface aerosol climatology. This is the first long-term study of such aerosol properties undertaken in Portugal.
Study the relationship of the aerosol properties variability with the synoptic atmospheric circulation in order to infer on the main transportation paths and sources affecting the aerosols at the site.
Brief descriptions of the aerosol optical and physical properties as well as the suite of equipments used for the build up of this thesis are included in Chapter 2. The site where the measurements were carried out is also described here. In Chapter 3 the results of the aerosol optical and physical properties measured at Évora are reported and discussed. Also, the seasonal evolution and daily variation of the aerosol optical and physical properties are analysed. In chapter 4 the relation of the aerosol optical and physical properties with the different air masses influencing the region is discussed. The aerosol properties are combined with the computed back-trajectories and categorized according to each source region. Various case studies of different aerosol types observed at Évora are included in Chapter 5, namely desert dust, forest fires and pollution aerosol events which led to a distinct and clear increase in the aerosol load. Respective aerosol optical and physical properties are analysed and differences between the different aerosol types are established. Finally, in Chapter 6 the concluding remarks are given.      














Introduction



[bookmark: _Toc297711671]Scientific equipment and datasets
In this chapter the scientific equipments used for developing this thesis will be presented, namely the integrating nephelometer (for aerosol scattering and backscattering coefficients measurements), the Multi-Angle Absorption Photometer (for aerosol absorption coefficient and Black Carbon mass concentration measurements), the Tapered Element Oscillating Microbalance (for aerosol mass concentration measurements) and the Aerodynamic Particle Sizer (for aerosol number concentration and size distribution). They are just briefly described as they are commercially available instruments and their characteristics and capabilities were already comprehensively described in the literature. They all measure aerosol integral properties (in addition the APS also measures the size spectra). It’s important to mention that all the instruments (except the APS) were provided with PM10 sampling heads which remove particles larger than 10 µm in aerodynamic diameter. By doing so, the same aerosol population is sampled. 
Before the description of the scientific equipments, the main optical and physical aerosol properties obtained with those equipments are presented in the following section.


[bookmark: _Toc297711672]Characterization of aerosol properties
First the physical concept of aerosol, namely atmospheric aerosol, should be defined: “An aerosol is an assembly of liquid or solid particles suspended in a gaseous medium (…) long enough to be observed and measured” [Baron and Willeke, 2001]. In this thesis one will use the terms particles or aerosols indiscriminately.
Aerosol particles are emitted by a diversity of sources, natural and anthropogenic, which mainly determine their physical properties and chemical composition. 
They may be classified as primary or secondary particles. The former are directly emitted into the atmosphere as particles, while the latter are formed after chemical transformation of their gaseous precursors (gas to particle conversion). Aerosol particles associated to each source tend to have a relatively specific size distribution and chemical composition. 
They may vary from a few nanometres up to several tenths of micrometers. Nowadays, a conceptual model is generally accepted (but not exclusive) concerning the particles size distribution based in their formation and removal mechanisms in the atmosphere. Three size modes are considered:
i. Nucleation mode, in the range 0.005-0.1 μm. Particles in this size range are mainly formed, for example, from the condensation of gases emitted at high temperatures, or processes of nucleation after the reaction of gases with, for example, OH or O3. Some, such as the elemental carbon, are emitted directly into the atmosphere, throughout incomplete combustion processes.
ii. Accumulation mode, in the range 0.1-1 μm. Particles in this size range basically result from two main of processes: Growth of particles from the nucleation mode by coagulation processes and gas condensation. The former is the formation of larger particles due to collision of particles (due to thermal agitation) while the latter process consists in low vapour gas condensation over existing particles. This mode is crucial in terms of visibility and climate, because particles in this size range are most efficient on interacting with solar radiation due to scattering and absorption.  
iii. Coarse mode, in the range > 1 μm. Particles in this size range tend to be formed by mechanical processes. Mineral dust, from erosion processes, or sea spray, from bursting bubbles, are good examples (among a large variety of materials that result from fractioning processes). This mode is often characterized by a low number density, although being very important in terms of mass. The coarse mode consists mainly of primary particles.
It’s also common to use the basic terminology - fine and coarse particles using the same size threshold of 1 μm (however, in air quality/health issues it’s also used the size of 2.5 μm).
[bookmark: _Toc297711673]2.1.1. Some definitions
The attenuation of a monochromatic parallel light beam during its passage through a medium is described by Beer-Lambert law. If radiation of wavelength λ and initial intensity, I0(λ), passes through an aerosol layer a fraction of that radiation will be absorbed within the layer and part of it will be scattered in all directions.  After passing along a path of length x the initial beam intensity will be attenuated leading to the intensity, Ix(λ), according to 

                                                                                            (2.1)
where σa(λ) and σs(λ) are the monochromatic (or spectral) volumetric absorption and single scattering coefficients, respectively. The extinction coefficient, σe(λ),  is the sum of these two components. In the atmosphere the extinction coefficient is conveniently separated into different components which account for absorption and scattering by the air molecules (index g) as well as absorption and scattering by aerosol particles (index p), i.e.

                                                                                                    (2.2) 

                                                                                                    (2.3)
Here we are only concerned with contribution of aerosol particles. The scattering coefficient, at a given wavelength, can be defined with the help of the scattering function f(λ,Ω) which gives the intensity scattered in any increment of solid angle Ω about the initial direction of the beam. The integration of f(λ,Ω) over all directions equals the scattering coefficient 

    
In polar coordinates φ and θ, the azimuthal and scattering angles, respectively, and assuming symmetrical scattering with respect to φ, then the scattering coefficient is given by

                                                                                           (2.4) 
The integration of eq. (2.4) can be defined over part of the hemisphere, namely backward hemisphere. By doing so, 

                                                                                          (2.5)
As we will see, the nephelometer measures directly both σsp(λ) and σbsp(λ). Another way to see these quantities is by their implicit relation to the aerosol population responsible for the scattering of light. Microphysical data are related to optical data via the following Fredholm integral equation of the first kind

                                                                           (2.6)
where O represents any kind of optical data at a given wavelength, K is a kernel (which depends on the wavelength λ, complex refractive index m, particle diameter D, and shape of particles) which represents the microphysical data and dN/dlogD is the aerosol number size distribution. Our optical data are σsp(λ) and σbsp(λ). Mie theory may be applied for spherical particles and equation 2.6 can be written for an aerosol population as:

                                                                    (2.7)

                                                                  (2.8)

where Qs and Qbs are the aerosol scattering and backscattering efficiencies obtained by the Mie theory (see figure 2.3) given by   

                                                                (2.9)

                                                                (2.10)

where x=2πr/λ is the size parameter and |S1(θ)|2 and |S2(θ)|2 are the perpendicular and parallel amplitude functions of the scattering angle θ. 
The Ångström exponent, , represents the wavelength dependence of σsp() and can be related to a mean size of the particles. It’s a widely used parameter as its computation is straightforward while providing a hint for the variations in the aerosol size distribution. It can be calculated using a pair of wavelengths as follows:

                                                                                   (2.11)
The Ångström exponent varies typically between 0 and 2. It’s larger for aerosol populations dominated by sub micrometer particles and decreases as the influence of coarse particles within the aerosol population increases.
With the knowledge of scattering and absorption coefficients the computation of the so-called single scattering albedo, , is also straightforward, since  is the ratio of scattering to extinction coefficient. It represents the balance between scattering and absorption and depends on the aerosol size distribution, chemical composition (which determines the refractive index) and wavelength. For a certain wavelength it’s given by

                                                                                     (2.14)
where

                                                                                                          (2.15)
 ranges from 0 to 1 where the unity implies that all particle extinction is due to scattering and the null   implies that all extinction is due to absorption. 
The ratio between the backscattering and scattering coefficients is the hemispheric backscattering fraction, b. It is the fraction of the scattered intensity that is redirected into the backward hemisphere of the scattering particle. For a certain wavelength it’s given by

                                                                                                             (2.16)
The spectral mass scattering efficiency can be computed as the ratio of aerosol scattering coefficient to the aerosol mass concentration. Also, the slope from a linear regression of σsp(λ) and M can be interpreted as the mass scattering efficiency. The wavelength dependency of the scattering coefficient leads necessarily to the wavelength dependency of the mass scattering efficiency, Esp(). For a certain wavelength it’s given by

                                                                                                            (2.17)
where M stands for the aerosol mass concentration (mass of particles per volume of air) which depends on the aerosol size distribution and their respective bulk density. [Hand and Malm, 2007] reviewed the different methods for obtaining the aerosol mass scattering efficiency and the method used in this thesis is regarded as the “measurement method”. Similarly, the mass absorption efficiency, Eap(λ) can be written as

                                                                                                           (2.18)
where σap(λ) is the spectral absorption coefficient.
 
[bookmark: _Toc297711674]Integrating Nephelometer
The integrating nephelometer (TSI, model 3563) detects the light scattered by aerosol particles measuring the angular integral of light scattering which yields to the the scattering coefficient, σsp(), for the angular integral over the hemisphere, and to the backscattering coefficient, σbsp(λ), for the angular integral over the backward hemisphere. There are six (extensive) quantities being measured as three wavelengths are available: λ= 450, 550 and 700 nm. Figure 2.1 shows the scheme of the instrument and figure 2.2 shows some pictures of the equipment. Basically, it operates by measuring the light scattered by aerosol particles after subtracting the light scattered by the walls of the sampling chamber and by the air molecules. 
The aerosol sample is drawn into the measurement volume where it’s illuminated over an angle of 7 to 170° by a halogen lamp. By using the backscatter shutter, this range can be adjusted to either 7–170º or 90–170º to give total scatter and backscatter signals, respectively. 
The sample volume is “viewed” by three photomultiplier tubes through a series of apertures set along the axis of the main instrument’s body. Aerosol scattering is viewed against the backdrop of a very efficient light trap. The light trap, apertures, and a highly light-absorbing coating on all internal surfaces of the instrument intend to provide a very low scatter signal from the walls of the instrument. The light is directed into three band-pass filters, blue, green and red, for the central wavelengths of 450, 550 and 700 nm, respectively (40 nm bandwidth for all wavelengths). Pressure and temperature are measured in the scattering chamber and used to calculate scattering by air molecules, which is then subtracted from total scattering to determine scattering by aerosol particles. 
A rotating chopper has separate areas to provide three types of signal detection: (i) an opening in the rotating chopper allows measuring the aerosol scattering signal; (ii) the second area blocks all light from detection and the PMT dark current is measured which is subtracted from the measurement signal; (iii) The third area, translucent, is illuminated by the halogen lamp, providing a measure of the light-source signal in order to compensate for any change in the light source or in detector efficiency. 
Calibration of the nephelometer was carried out regularly (one time per year) by using CO2 and filtered dry air, as recommended by the manufacturer. The objective is to obtain the calibration constants which relate the nephelometer photon counts, C, to the measured scattering coefficients. In general:

                                                                                                               (2.18)
where σ represents the measured scattering coefficients and K and W are determined by the calibration. More details on the nephelometer calibration can be found in Appendix B.



[image: ]
[bookmark: _Toc297711579]Figure 2.1. Nephelometer basic scheme. Temperature sensor (1), pressure sensor (2), temperature and humidity sensor (3), backscatter shutter (4), fan (5), lamp (6), inlet (7), outlet (8), lens (9), reference chopper (10), photomultiplier tubes (11), band pass filters (12) and dichroic filters (13). Image taken from the operation and service manual from TSI.

Nonidealities in wavelength sensitivity are due to the impossibility of measuring in a single wavelength, but rather in a narrow but finite wavelength range (which is also not exactly centred over the nominal wavelength). Errors due to these nonidealities are of the order of 2-3% [Anderson et al., 1996]. Nonidealities in angular sensitivity arise because on the one hand the illumination intensity is not perfectly cosine-weighted; on the other hand, as abovementioned, the geometry of the nephelometer only permits the photomultipliers to sense photons scattered from angles in the range of 7-170º (leading to so-called truncation error). 

[image: ]
[bookmark: _Toc297711580]Figure 2.2. Nephelometer TSI-3563 installed at CGE facilities. Sampling inlet (upper left), instrument on operation (lower left) and under maintenance (upper and lower right).

For aerosol scattering, the scattering function is strongly dependent on the particle size. Therefore, the nephelometer nonidealities introduce particle size dependent errors that constitute an additional source of uncertainty. The dominant nephelometer’s nonideality is related to the forward scattering truncation from 0 to 7º which is increasingly important for large particles. Figure 2.3 shows the scattering and backscattering efficiencies computed with Mie theory for the full angular range (0-180º) and considering the truncation at both 7º and 180º. One observes that the decrease in the scattering efficiency for coarse particles is significant. On the contrary the backscattering is modestly affected as the two backscattering efficiency curves are quite analogous. The error for scattering and backscattering coefficients is modest (a few to 10%) for accumulation mode (sub-micrometer) particles and can increase up to 50% for coarse (supermicrometer) particles. In contrast, nephelometer measurements of σbsp(λ) remain quite accurate (well within ±10%) up to particles of diameters of at least 10 µm (Anderson et al., 1996).
[image: ]
[bookmark: _Toc297711581]Figure 2.3. Mie scattering and backscattering efficiencies for 550 nm and 1.33+0i refractive index. 

Anderson and Ogren (1998) developed a correction scheme to account for the truncation errors and to reduce them, namely by using the wavelength dependence of the measurements (which also depends on the particle size); that correction is widely used. Recently, Müller et al. (2009) corroborated these corrections. Furthermore, Moosmüller and Arnott (2003) suggested on the possibility of bigger errors than expected in the nephelometer-derived scattering coefficients for absorbing aerosols due to changes in the scattering function. Recently, integrating spheres to measure scattering coefficients with minimal angular truncation have been developed (Varma et al. 2002; Abu-Rahmah et al. 2006) and cosine-weighted scattering sensors have been coupled to instruments that also measure extinction (Strawa et al. 2003). Both these methods have the potential to reduce the uncertainties in the scattering measurements, although neither is in widespread use. The Anderson and Ogren (1998) correction scheme is used in this work. 
Also, relative humidity is one of the factors influencing the amount of scattered solar radiation by aerosol particles. If RH increases, then hydrophilic atmospheric particles tend to grow, due to water uptake, and scatter more light. The nephelometer measurements were also corrected for RH, even if the corrections were shown to be minor because of the heating of the sample within the measurement chamber. Details are presented in the appendix B.
[bookmark: _Toc297711675]Multi-Angle Absorption Photometer (MAAP)
The Multi-Angle Absorption Photometer (MAAP 5012) (Thermo ESM Andersen Instruments, Erlangen, Germany) measures the light absorption coefficient of aerosols, σap(λ) at the wavelength of 670 nm (in units of m-1). Aerosol particles are deposited on a quartz fibre filter; a laser (670 nm) illuminates the filter matrix perpendicularly and simultaneous measurements of radiation penetrating through the filter and scattered back at two detection angles are made. Figure 2.4 shows the equipment operating at CGE’s facilities. The determination of the aerosol absorption coefficient is made via radiative transfer calculations including the scattering effects from the filter matrix and the light scattering aerosol component. A two-layer system for the particle-loaded filter is considered: the aerosol-loaded layer of the filter and the particle-free filter matrix. Radiative processes inside the layer of deposited aerosol and between this layer and the particle-free filter matrix are taken into account separately. The two scattering measurements allow correction for multiple scattering processes involving the deposited particles and the filter matrix. A detailed description of the method is given by Petzold and Schönlinner (2004). Figure 2.5 shows the schematics of the MAAP instrument and figure 2.6 represents the radiation processes to be considered for its measurements and radiative computations. 
[image: ]
[bookmark: _Toc297711582]Figure 2.4. MAAP 5012 operating at CGE’s facilities.

At the present, the MAAP instrument appears to be the most reliable filter-based instrument for aerosol absorption coefficient measurements (Petzold et al., 2002, 2005; Petzold and Schönlinner, 2004; Sheridan et al., 2005; Hitzenberger et al., 2006). The study of Petzold et al. (2005) and Sheridan et al. (2005) showed that the absorption coefficients measured by the MAAP are in good agreement with those measured by photoacoustic spectrometry and simultaneous measurement of aerosol extinction and aerosol scattering. Furthermore, the MAAP filter-based method does not require calibration for the measurement of the aerosol absorption coefficient and doesn’t need post-measurement data corrections or parallel measurements of the aerosol light scattering coefficient (Petzold and Schönlinner 2004; Petzold et al., 2005). The total method uncertainty for the aerosol light absorption coefficient inferred from MAAP measurements is around 12% (Petzold and Schönlinner 2004; Petzold et al., 2005). The absorption coefficient measured by MAAP may be converted into Black Carbon mass concentration (BC in units of μgm-3) via the mass absorption efficiency (6.6 m2g-1) set by the manufacturer. The relation between the absorption coefficient (Mm-1) and Black Carbon mass concentration (µgm-3) is given by    

                                                                                                                  (2.19)
The value for MAC that we used (6.6 m2g-1 as recommended by the manufacturer), based in [Petzold et al., 2002;  Petzold and Schönlinner, 2004], was obtained after comparative studies in different sites, namely a continental background site and an urban site, i.e., for “clean” and polluted conditions, respectively. An average ratio of methods, BC(optical)/BC(thermal) = 0.95±0.04 and R2 = 0.965 for linear regression, were reported. The characteristics of our site fit somewhat in between, as it’s a small urban area, and the sampling site is close to the city core. Uncertainties in the aerosol absorption coefficient and in the BC mass concentration were mentioned to be 12% and about 25%, respectively. The MAAP measurements are absorption measurements. Therefore every material which absorbs at the MAAP wavelength contributes to the measurements of absorption coefficient and it’s considered as BC even if it’s not BC. This is another uncertainty but can be considered as small. More recently, comparison studies carried with a suite of BC methods, including MAAP [Hitzenberger et al., 2006] have shown good agreement, within their standard deviations, although in winter time less agreement was obtained between different techniques [Reisinger et al., 2008] .   
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[bookmark: _Toc297711583]Figure 2.5. Optical sensor of the MAAP. Left: position of the photodetectors at detection angles θ0 =0º, θ1 =130º, and θ2 =165º with respect to the incident light beam (λ MAAP = 670 nm). Right: layout of the MAAP sensor unit, where the arrows indicate the airflow through the sensor unit across the filter tape. Image adapted from Petzold et al. (2005).



[image: ]
[bookmark: _Toc297711584]Figure 2.6. Schematic representation of radiation processes to be considered in the two-layer system consisting of an aerosol-loaded filter layer and the particle-free filter matrix. Image adapted from Petzold et al. (2005).

[bookmark: _Toc297711676]Tapered element oscillating microbalance (TEOM)
The TEOM monitor (Thermo Electron Corporation, East Greensbury, NY, USA) measures the aerosol mass concentration, M (units of μgm-3), at the ground surface in real time. Its time resolution represents an enormous advantage when compared with the typical 24 h integration time associated to the “traditional” gravimetric methods. Ambient air is transported to the instrument and subsequently exhausted. This circulation is maintained by a vacuum pump; in the meantime aerosol particles are retained in a filter located on the top of a vibrating element whose frequency is measured. The instrument computes the total mass which is accumulated on the filter (via the frequency measurement), the mass rate is calculated, and finally the mass concentration is obtained as the quotient of the aerosol mass increase to the total volume of air that passed through the filter for a certain time interval.   
The TEOM comprises the following basic elements: detection unit (figures 2.7 and 2.9), control unit (figure 2.7) and a vacuum pump; the detection unit contains the mass transducer that measures the aerosol mass; the control unit contains most of the instrument’s electronics as well as the flow controllers.

   
[image: ]      [image: ] 
[bookmark: _Toc297711585]Figure 2.7. TEOM’s detection unit. The mass transducer is enclosed within the black component (right picture) under controlled environment.

[image: ]      [image: ]   
[bookmark: _Toc297711586]Figure 2.8. TEOM’s control unit.

Both the sampled air and the mass transducer are heated to a temperature of 50ºC. By doing so the effects of variations in ambient conditions are eliminated. On the one hand the natural frequency of the tapered element depends on its material properties which ultimately depend on the temperature. On the other hand, by keeping a 50ºC constant temperature the relative humidity is kept at very low values and any water that could be present in the particles is eliminated. Therefore one guarantees that there are no mass variations due to relative humidity variations. However, some volatile species are lost, namely some nitrates and organic compounds (Brink, 2004; Charron et al., 2004). Thus TEOM measurements were corrected after being compared with a gravimetric method. Details on the calibration of TEOM measurements are given in the Appendix D.
The filters used by TEOM (Pallflex TX40) (figure 2.9) are made of Teflon-coated glass fiber filter paper and they are hydrophobic. They have circular shape (1.3 cm diameter) with an effective area for collection of 5.3 cm2 and a collection efficiency of nearly 100% (Lee and Mukund, 2001).
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[bookmark: _Toc297711587]Figure 2.9. Pallflex TX40 filters, before and after being used (left), and mass transducer (within the detection unit) open during filter exchange operation. 
The TEOM’s main particularity is the measurement of the aerosol mass collected in the filter. The transducer element is a hollow tube with one fixed end. The other extremity contains the filter. While the instrument is operating the system (tube+filter) vibrates at its natural frequency. This resonance frequency depends both on the bulk material and dimensions of the system and only changes as the aerosol mass deposited in the filter increases. The frequency decreases as the aerosol mass increases. An optoelectronic device converts these frequency changes into mass changes. A feedback system keeps the amplitude of oscillation constant, by feeding the system with the necessary energy to overcome damping. The system tube+filter behaves as an harmonic oscillator. For this simple system the mass, m, the frequency, f, and the spring constant, K, are related by the well known expression 

                                                                                                               (2.20)
Equation 2.19 can be written as

                                                                                                                     (2.21)

where .
The mass of the system includes the filter mass, mF, the tube mass, m0, and the aerosol mass, Δm, i.e.:

                                                                                                   (2.22)
(Patashnick e Rupprecht, 1991) investigated on the validity of the TEOM behaviour as a harmonic oscillator by using test masses. With this configuration the frequency of oscillation depends only on m0 (mass of the tube) and on Δm (test masses), and equation 2.21 becomes

                                                                                                          (2.23)
A linear relation between f-2 and m=m0+Δm was found which validated the harmonic oscillator behaviour of the system. Δm is independent of both the filter and tube masses as the uncertainties associated to the measurements of these masses are eliminated (which is not the case of gravimetric systems where the filters are weighed before being used). The aerosol mass concentration is calculated via

                                                                                                (2.24)
with the knowledge of the volume of air that crossed the filter within the time interval Δt. Q is the air flow (m3s-1) and Vair is the volume of air. The mass transducer has a minimum detection limit of 0.01 μg and a precision of ±1.5 μg/m³ for 1-hour averages.

[bookmark: _Toc297711677]Aerodynamic Particle Sizer (APS)
The Aerodynamic particle sizer (figure 2.10) is an optical counter which measures the particle (aerodynamic) diameter and the number concentration in 52 nominal size bins in the diameter range ~0.5–20 µm (thus providing size distributions) by determining the time-of-flight of individual particles in an accelerating flow field.
[image: G:\fotografias\Work and meetings\CGE\CGE\DSC02370.JPG]
[bookmark: _Toc297711588]Figure 2.10. Aerodynamic Particle Sizer 3321 installed at CGE’s facilities. 

Figure 2.11 depicts a schematic diagram of the aerosol flow within the instrument. The particles are confined to the centreline of an accelerating flow by sheath air. They then pass through two laser beams and scatter light. An elliptical mirror collects scattered light and focuses it onto a solid-state photo-detector, which converts the light pulses to electrical pulses. The velocity of each particle is obtained via the timing between the peaks of the pulses. Each time-of-flight is converted into an aerodynamic particle diameter by means of a calibration curve. The particles sizes are binned into 52 channels (in a logarithmic scale). The APS can measure concentrations up to 1000 particles cm-3 at 0.5 and 10 µm, with coincidence errors inferior to 5% and 10%, respectively. The minimum and maximum concentrations that can measure this instrument are 0.001 and 10 000 particles cm-3, respectively. For solid particles, counting efficiencies range from 85% to 99% (Volcken and Peters, 2005). APS was operated at 5 lmin-1 flow rate and with data averaging time of 5 min. The particle number concentration for a certain channel, n, is obtained as 

                                                                                                                   (2.25)
where c is the particle counts per channel, t is the sample time and Q is the air flow-rate. The total particle number concentration, N is simply the sum over all channels, given by 

                                                                                                                    (2.26)
The number size distribution is conveniently written as dN/dlogD where dlogD is the logaritmic interval between two successive bins, i.e., logDi-logDi-1, and dN is the correspondent total particle number concentration between two successive bins. 
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[bookmark: _Toc297711589]Figure 2.11. Aerosol Flow Through the APS Model 3321. Aerosol in (1), filters (2), inner nozzle/sample flow (1 lmin-1) (3), outer nozzle/sample flow (4 lmin-1) (4), total flow (5 lmin-1) (5), detection area (6), elliptical mirror (7), accelerating orifice nozzle (8), collimated diode laser (9), sheath-flow pump (10), total-flow pump (11), sheath-flow pressure transducer (12), total-flow pressure transducer (13), absolute pressure transducer (14).

	The APS is only used in the context of case studies because it was not operating continuously due to technical problems. Besides, no calibrations were performed and the calibration quality was unknown at the starting time of operation. Therefore the minimum data quality could not be assured and its information was essentially used qualitatively, in particular for comparing magnitudes of fine and coarse particles number concentrations that could help to validate different aerosol episodes. The instrument was calibrated only in November 2010. 
[bookmark: _Toc297711678]Site description
Évora, Portugal (38.5N, 7.9W, 300 m a.s.l) is located in the south-western region of the Iberian Peninsula (figures 2.12 and 2.13). It’s a Portuguese municipality (~1300 km2) with less than 60000 inhabitants. More than 40000 inhabitants reside in the urban area of Évora city, which is the biggest one within a vast rural and sparsely populated region (Alentejo province), to the south of Tagus River and at 140 km southeast of Lisbon. The distance from the capital, Lisbon, is some 130 km. The regional landscape is of low altitude (average height below 250 m a.s.l.) and it consists primarily of soft rolling hills and wide plains. Mediterranean vegetation dominates; cork oaks, olive trees, wheat fields (and other cereals) or the occasional vine comprises the typical agricultural activities as well as grasslands for livestock. 
[image: ]
[bookmark: _Toc297711590]Figure 2.12. Location of Évora, within Portugal, in the western European continent. Source: http://www.ngdc.noaa.gov/mgg/shorelines/shorelines.html.
 
There are no polluting industries either in the city or in the region. Therefore the local aerosol production should be basically related to traffic circulation, kitchen stoves and civil construction. During the colder periods of winter (and fall) wood burning is often used for domestic heating. Regarding traffic circulation, the information obtained from the municipality is sparse; nevertheless it’s possible to estimate the number of vehicles entering in the city as being 12000-15000 day-1. The traffic distribution along the day is characterized by morning and late afternoon peaks (Plano Director Municipal, Município de Évora, 2007) and minimum traffic circulation during the afternoon and, in particular, during night time (fig 2.14). The city spreads over a smooth prominence while its buildings aren’t elevated (mainly comprising one to three floors) thus allowing the city to be, in principle, well ventilated.
Figure 2.15 shows the seasonal frequency distribution of the wind direction and figure 2.16 shows the monthly temperature, relative humidity, wind speed and accumulated precipitation. The climate of Évora is characterized by being hot and dry in the summer and cold and wet in the winter. Similarly, precipitation shows clear seasonality, with maximum rainfall during fall and winter and minimum during summer. Analysis of wind speed data reveals that on average the highest wind speeds occur during spring and summer, with weaker winds in the winter and fall. The prevailing wind directions measured at the site are generally westerly and north-westerly, reflecting the direction of dominant winds in extra tropical latitudes where the Portuguese territory is located.
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[bookmark: _Toc297711591]Figure 2.13. City’s view and location of the sampling site within the city of Évora (yellow star). Source Google maps.
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[bookmark: _Toc297711592]Figure 2.14. Relative magnitude of the hourly traffic density at Évora (adapted from Plano Director Municipal, Município de Évora, 2007).
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[bookmark: _Toc297711593]Figure 2.15. Relative frequency of the wind direction measured at the Évora Geophysics Centre between 2002 and 2009 for the different seasons.
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[bookmark: _Toc297711594]Figure 2.16. Monthly average (a) temperature, (b) relative humidity, (c) wind speed and monthly accumulated precipitation for the period of 2002-2009. The grey bars enclose the quartiles (P25 and P75) for temperature, relative humidity and wind speed.  


[bookmark: _Toc297711679]Datasets 
This thesis includes data from measurements performed in Évora until the end of 2009. However the lengths of the datasets are quite dissimilar for the different instruments because the equipments were installed sequentially in different periods and were not always available, mainly due to technical problems. In the case of the APS, its dataset was constrained to two smaller periods, when the equipment was available in parallel with the other ones. Figure 2.17 shows the temporal scheme of the measurements.
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[bookmark: _Toc297711595]Figure 2.17. Temporal scheme of measurements performed with each of the instruments. 

The nephelometer’s measurements comprise, by far, the longest dataset, as its operation started already in 2002. Next, in the beginning of 2006, the TEOM was installed and the MAAP started collecting data in April 2007. As aforementioned the APS was available for two not so long periods in 2006 and 2007 and therefore the analysis and interpretation of its data will be less deep and more importance will be given to it in the context of aerosol episodes that will be presented in Chapter 4.
In addition, meteorological data of the site (temperature, wind speed, wind direction and relative humidity) were measured during the whole period.      
A summary of the different quantities mentioned in this thesis is now presented. Table 2.1 depicts the primary quantities that come up from the measurements as well as some additional ones derived from those measurements. 

















	Name
	symbol
	comments

	Scattering coefficients 
λ = 450, 550, 700 nm
	σsp(450)
σsp(550)
σsp(700)
	Measured with the nephelometer. Units of m-1.


	Backscattering coefficients 
λ = 450, 550, 700 nm
	σbsp(450)
σbsp(550)
σbsp(700)
	Measured with the nephelometer. Units of m-1.


	Backscatter ratio
	b(450)
b(550)
b(700)
	Computed with the scattering and backscattering coefficients (eq. 2.16). 

	Ångström exponent
	α
	Computed with the scattering coefficients (eq. 2.11). 


	Absorption coefficient 
λ = 670 nm
	σap(670)

	Measured with the Multi-Angle Absorption Photometer. Units of m-1. 

	Extinction coefficient
λ = 670 nm 
	σep(670)

	Sum of the scattering and absorption coefficients (eq. 2.15). Units of m-1. 

	Single scattering albedo
	
	Computed with the scattering and absorption coefficients (eq. 2.14). 


	Mass concentration
	M
	Measured with the Tapered Element Oscillating Microbalance. Units of µgm-3. 

	Black Carbon mass concentration
	BC
	Obtained via the absorption coefficient. Units of µgm-3. 


	Mass scattering efficiency 
λ = 450, 550, 700 nm
	Es(450)
Es(550)
Es(700)
	Computed with the scattering coefficients and mass concentration (eq. 2.17). Units of m2g-1. 

	Black Carbon fraction
	BC fraction
	Ratio of BC mass concentration to total mass concentration, M. 



	Number concentration
	NF
NC
N0.5-10
	Measured with the Aerodynamic Particle Sizer. Units of #cm-3

	Size distribution
	dN/dlogD
	Units of #cm-3




[bookmark: _Toc297711652]Table 2.1. Summary of the aerosol properties measured and computed by means of the combination of the different instruments.

2. Scientific equipment and datasets



[bookmark: _Toc297711680]Aerosol properties measured at Évora
In this chapter the results obtained with the equipments and measurements described in the previous chapters are presented. We start with the analysis of the set of scattering properties measured with the nephelometer, since its measurements cover the largest period, from 2002 to 2009. Then we proceeds with the results regarding the properties measured with the other instruments, namely the TEOM the MAAP, whose measurements started in 2006 and 2007 respectively. Following, the temporal variations of a number of properties, at different timescales, are described and interpreted. For this, both seasonal data and daily variations are taken in account. 
In the following chapter (4), a study on the influence of air mass history in the aerosol properties measured at Évora is presented, where the atmospheric circulation is translated into back-trajectories ending at Évora are related to the observed aerosol properties, and in chapter 5 several case studies are presented.
 

[bookmark: _Toc297711681]Overall results
[bookmark: _Toc297711682]3.1.1. Aerosol scattering properties measured at Évora.
Here, the general characteristics of the measured aerosol scattering properties measured with the nephelometer, concerning the whole period of measurements (2002–2009), are described. Tables 3.1 and 3.2 show several statistical parameters characterizing the spectral scattering, σsp(λ), and backscattering coefficients, σbsp(λ), as well as the derived Ångström exponent, α, and backscattering fraction, b(λ). Corresponding frequency distributions (of the hourly values) were obtained for σsp(λ), σbsp(λ), α and b(λ) and figure 3.1 depicts the results for the wavelength of 550 nm. The Ångström exponent is computed in the spectral range 450-700 nm, α450-700. In the following, 550 nm and α450-700 will be used as reference wavelength and wavelength range if not stated otherwise.
	

	σsp(450) 
(Mm-1)
	σsp(550)
(Mm-1)
	σsp(700)
(Mm-1)
	σbsp(450)
(Mm-1)
	σbsp(550)
(Mm-1)
	σbsp(700)
(Mm-1)

(Mm-1)

	Num. data
	53746
	53744
	53744
	53746
	53746
	53738

	Mean
	60.7
	45.0
	31.8
	7.0
	5.6
	4.9

	St. Dev.
	64.5
	46.2
	30.1
	6.8
	5.5
	4.6

	Median
	44.6
	33.3
	24.3
	5.4
	4.4
	3.8

	P1
	9.8
	7.5
	5.5
	1.2
	1.0
	0.7

	P5
	14.8
	11.5
	8.5
	1.9
	1.6
	1.3

	P25
	26.9
	20.7
	15.5
	3.3
	2.8
	2.4

	P75
	75.8
	55.7
	39.1
	8.8
	7.1
	6.1

	P95
	155.3
	114.1
	78.2
	16.5
	13.2
	11.4

	P99
	252.0
	185.8
	127.1
	27.1
	21.4
	18.4

	Fitting parameters

	xc
	42.6
	32.5
	24.1
	5.2
	4.3
	3.8

	xc St. Err.
	0.84
	0.31
	0.11
	0.03
	0.02
	0.01

	w 
	0.71
	0.70
	0.68
	0.68
	0.66
	0.68

	w st. Err.
	0.02
	0.01
	0.003
	0.005
	0.004
	0.003

	A
	9.47
	9.75
	9.93
	0.98
	0.99
	1.0

	A st. Err.
	0.17
	0.09
	0.04
	0.006
	0.005
	0.003



[bookmark: _Toc297711653]Table 3.1. Statistical parameters of the scattering and backscattering coefficients, at 450, 550 and 700 nm, and respective fitting parameters to lognormal distributions (see Appendix A for details in the statistical quantities).

	
	α450-700
	α550-700
	α450-550
	b(450)
	b(550)
	b(700)

	Num. data
	53744
	53744
	53744
	53686
	53687
	53686

	Mean
	1.4
	1.3
	1.4
	0.12
	0.13
	0.15

	St. Dev.
	0.4
	0.6
	0.5
	0.02
	0.02
	0.05

	Median
	1.5
	1.4
	1.5
	0.12
	0.13
	0.16

	P1
	0.2
	-0.2
	0.01
	0.07
	0.08
	0.08

	P5
	0.6
	0.3
	0.4
	0.08
	0.09
	0.11

	P25
	1.2
	1.0
	1.1
	0.10
	0.11
	0.13

	P75
	1.7
	1.8
	1.7
	0.13
	0.14
	0.18

	P95
	1.9
	2.2
	2.1
	0.15
	0.17
	0.22

	P99
	2.1
	2.4
	2.2
	0.17
	0.19
	0.29

	Fitting parameters

	xc
	1.14/1.63
	1.12/1.75
	1.08/1.65
	0.12
	0.13
	0.15

	xc St. Err.
	0.17/0.01
	0.23/0.04
	0.33/0.03
	2.86E-4
	1.84E-4
	3.68E-4

	w 
	0.84/0.46
	1.12/0.68
	1.01/0.62
	0.04
	0.04
	0.06

	w st. Err.
	0.18/0.03
	0.22/0.10
	0.31/0.07
	6.12E-4
	3.95E-4
	8.18E-4

	A
	0.04/0.06
	0.06/0.04
	0.05/0.06
	0.01
	0.01
	0.01

	A st. Err.
	0.01/0.01
	0.03/0.02
	0.03/0.03
	1.35E-4
	8.40E-5
	1.27E-4



[bookmark: _Toc297711654]Table 3.2. Statistical parameters for the Ångström exponent, calculated for different wavelength ranges, and hemispheric backscatter function, at 450, 550 and 700 nm. The respective fitting parameters to normal distributions are shown below. In the case of α, a sum of two normal distributions was used.
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[bookmark: _Toc297711596]Figure 3.1. Relative frequency distributions of hourly measurements of (a) scattering and (b) backscattering coefficients, at 550 nm, backscatter ratio, (c) Ångström exponent, α450-700 and backscatter ratio at 550 nm. The solid lines represent the results of the fitting procedure. When the frequency distribution is multi-modal the dashed lines represent the individual modes and the solid line the composite distribution.
The frequency distributions are characterised by long right tails for σsp(λ) and σbsp(λ) while α is left skewed and b(λ) is well represented by a Gaussian distribution (even if only positive values are possible). For σsp(λ) and σbsp(λ) lognormal distributions were fitted while for α and b(λ) a sum of two normal distributions and one normal distribution were used, respectively. All the fittings were obtained with coefficients of determination (R2) higher than 0.99, at 95% confidence level (see appendix A for details on the distributions functions).
Hourly values of σsp(550) were found to be highly variable, ranging from values lower than 10 Mm-1 (less than 5% of the data) up to the most extreme values above 2000 Mm-1, which were recorded during the occurrence of a forest fire plume observed at the site in the summer of 2005. Despite this large range, in fact 75% of σsp(550) were below 56 Mm-1. Figure 3.2 shows the complete time series with the hourly values of σsp(550). The mean and median σsp(550) values over the 8-year period were found to be 45 and 33 Mm-1, respectively, while the mean and median σbsp(λ) values were 5.6 and 4.4 Mm-1, respectively. The average (and median) backscattering fraction, at 550 nm, was about 0.13 for the whole period. If one considers daily values, the scattering coefficient, at 550 nm, varied between 9 and 782 Mm-1 (on 23 August 2005) and the daily backscattering coefficient varied between 1.3 and 91 Mm-1. Seinfeld and Pandis [1998] suggest values of scattering coefficient in the range of 23 to 57 Mm-1 as being representative of clean to average continental background aerosol conditions (see table 3.3 for a set of values found in literature). At Évora, mean daily σsp(550) values were below 57 Mm-1 in three quarters of the days (as the hourly values). It’s also worth to mention that almost one quarter of our measured daily σsp(550) values were lower than the lower limit of 23 Mm-1. With this simple comparison in mind one can characterize the aerosol load at Évora as being essentially of moderate magnitude, from the aerosol scattering point of view.
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[bookmark: _Toc297711597]Figure 3.2. Temporal evolution of the hourly values of the scattering coefficient (550 nm) for the period of 2002 to 2009 obtained with the nephelometer.

The values of α were mainly in the range of 0.2 to 2.0, with mean and median α, for the whole period, of 1.4 and 1.5, respectively. Also, more than 80% of the data was found to be higher than 1.0, which is commonly used as a threshold for considering scattering as being dominated by the sub-micrometer (α > 1) or by the super-micrometer (α < 1) fraction of the particles. These results in conjunction with the following analysis are a sign of the fact that the light scattering, in Évora, due to aerosols is, in general, dominated by sub-micrometer particles. Although no direct information is available from our measurements, one can estimate the sub-micrometer fraction of light scattering, SF, with the aid of information provided by other authors (see Carrico 2000; Sheridan et al., 2001; Doherty et al., 2005) and depicted in figure 3.3 for different environments; a good linear correlation (95% confidence level) between SF and α (R2 = 0.89) is noticeable. The respective regression line has the values (±standard errors) of 0.39±0.03 and 0.08±0.03 respectively for the slope and intercept, i.e.  
                                                                          (3.1)
Considering a value of α = 1.5, then more than 67% of the scattering were caused by sub micrometer particles. 
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[bookmark: _Toc297711598]Figure 3.3. Fraction of light scattering by sub-micrometer particles versus Ångström exponent, after (Carrico 2000; Sheridan et al., 2001; Doherty et al., 2005). The regression line obtained in the linear fitting is also shown.



	Place
	σsp and α
	Author

	Clean Continental Background to average background
	23 to 57 Mm-1
	Seinfeld and Pandis, 1998

	Granada, Spain
	σsp(550) = 60±30 Mm-1
σbsp(550) = 9±6 Mm-1
α = 1.5±0.3
	Lyamany et al., 2009

	Valencia, Spain
	σsp(550) = 97 Mm-1
σbsp(550) = 8 Mm-1
α = 1.5±0.3
	Esteve et al., 2009

	Toulon, France
	σsp(525) = 60 Mm-1
	Saha et al., 2008

	Northern Greece
	σsp(550) = 65 Mm-1 and α = 1.5
	Gerasopoulos et al., 2003

	Israel
	σsp(545) = 60±56 Mm-1
	Derimian et al., 2006

	Remote site in the Negev desert (Israel)
	average (median) σsp(550) = 87±54 (75) Mm-1 and α = 1.4±0.4 (1.5)
	Andreae et al., 2002

	Remote areas of Greece  and Turkey
	σsp(532) = 50 Mm-1 and 45 Mm-1
	Vrekoussis et al., 2005

	Hungary
	σsp(530) = 60 Mm-1
	Molnár and Mészáros, 2001

	Northern Finland
	σsp(550) = 7.1±8.6 Mm-1
α = 1.8±0.7
	Aaltonen et al., 2006


	This work
	average (median) σsp(550) = 42.5 (29.9) Mm-1 and α = 1.4 (1.5)
	



[bookmark: _Toc297711655]Table 3.3. Summary of some measurements reported in the literature regarding long term periods (of at least one year and considering European sites).

Observations of both σsp(λ) and α were combined in figure 3.4 which depicts the probability density of σsp(λ) measurements and the respective values of α; it takes in the information depicted in the individual frequency distributions of figure 3.1 and contains the spectrum of the combinations of σsp(λ) and α. For the sake of a better resolution a maximum σsp(λ) of 350 Mm-1 was used. Data above that value represents only less than 0.3% (in the case of σsp(450)) down to 0.06% (in the case of σsp(700)) of the total number of measurements. Figure 3.4 shows that the large α variability observed for lower values of σsp(450), is considerably reduced for σsp(450) larger than about 60 Mm-1 (figure 3.4a); and as α becomes larger than 1 the cluster of data (full ellipse in fig. 3.4 ), which extends towards large σsp(450) values, corresponds to the situations where an enhancement of small particles led to an increase in the aerosol scattering, presumably of anthropogenic origin. As the 450 nm channel is more sensitive to the smaller particles than the other two channels it is used for tracing the pollution and forest fire aerosol events aerosols whenever the σsp(450) reach the value of 60 Mm-1 and α > 1. A second cluster (dashed ellipse in fig. 3.4 )seems to form for α around 0 corresponding to an increase of the aerosol scattering due to large particles, most probably desert dust from the Sahara. In the 700 nm channel (figure 3.4c), which is more sensitive to larger particles, there is a marked decrease in the density of points, shortly after σsp(700) reach 30 Mm-1. This can be used to consider this value as a threshold for events of desert dust from the Sahara, with the additional criteria of α <1.0.  This second cluster is, by far, smaller (i.e. with less points and lower magnitudes of scattering coefficients) showing that strong dust events at the surface are not very common, a fact which was already suggested for this same site by Elias et al. (2006). 
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[bookmark: _Toc297711599]Figure 3.4. Probability density of the hourly scattering coefficients for the whole period at (a) 450, (b) 550 and (c) 700 nm versus Ångström exponent. The colour scale represents the density of points from blue, with less density, up to red with the highest density of points.

Following the discussion above, a simple separation scheme between different aerosol types was done by using thresholds based on absolute values of the spectral scattering coefficients and of the Ångström exponent; a previous classification scheme by (Elias et al., 2006) was based only in a summer period of measurements and half day averages were considered (instead of hourly), therefore an improved classification criteria was used. The clean/background situation is established for σsp(450) values lower than 60 Mm-1 independently of the Ångström exponent; for σsp(450) above 60 Mm-1 and α >1.0 the situation is considered as polluted, either anthropogenic or smoke from forest fires; the situations of α < 1.0 and σsp(700) > 30 Mm-1 correspond to dust aerosols, namely transported from Sahara. The threshold values are provided in table 3.4. The clean/background measurements comprises almost two thirds of the data, while the other two types include 30.4% (pollution/forest fires) and 6.6% (desert dust).


	Aerosol type
	Measured optical properties

	Clean/background
	σsp(450) < 60Mm-1 (any )

	Pollution and Forest fires
	σsp(450) > 60Mm-1 ( > 1)

	Desert dust
	σsp(700) > 30Mm-1 ( < 1)



[bookmark: _Toc297711656]Table 3.4. Used criteria for different aerosol types in terms of spectral scattering coefficients and Ångström exponent.
[bookmark: _Toc297711683]3.1.2. Aerosol absorption properties/Black carbon, total aerosol mass concentration and other derived properties
Figures 3.5 to 3.7 present the frequency distributions of the aerosol absorption coefficient, σap(670), (or alternatively the BC mass concentration, according to relation 2.18), the single scattering albedo,, and the aerosol extinction coefficient at the wavelength of 670 nm, σep(670), while the respective statistical parameters are shown in table 3.5. σep(670) was computed as the sum σap(670) + σsp(670), where the scattering coefficient at 670 nm was obtained via the Ångström exponent expression given by equation 2.11. The complete time series of the absorption coefficient and BC, measured with the MAAP, from 2007 until the end of 2009, is shown in Figure 3.8. The average and median values for σap(670) over the nearly 3-year study were found to be 8.5 and 6.8 Mm-1 respectively. Similarly to the distributions of σsp(550) and σbsp(550) in figure 3.1, σap(670) is also right skewed, with 90% of the data ranging between 1.7 and 22 Mm-1. Again, a lognormal distribution was fitted to the data. Concerning the single scattering albedo, three quarters of the data are above 0.7 with both average and median values close to 0.8. Its frequency distribution presents a tail to the left; that means that the main deviations towards lower values observed in  should be related to a more absorbing aerosol of anthropogenic origin. This is caused by the increase of absorbing particles as figure 3.9 suggests; in spite of the variability present, a negative correlation between σap(670) and  is evident, and for the higher values of σap(670) the corresponding ω0(670) values are rarely above 0.70.
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[bookmark: _Toc297711600]Figure 3.5. Relative frequency distribution of σap(670) and BC. The solid line represents the results of the (lognormal) fitting.
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[bookmark: _Toc297711601]Figure 3.6. Relative frequency distribution of . The solid line represents the results of the fitting procedure. The dashed lines represent the individual modes.
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[bookmark: _Toc297711602]Figure 3.7. Relative frequency distribution of σep(670). The solid line represents the results of the fitting procedure. 

	

	σap(670)
(Mm-1)
	(670)
	σep(670)
(Mm-1)

	Num. data
	22127
	18580
	18580

	Mean
	8.5
	0.77
	36.0

	St. Dev.
	8.2
	0.11
	24.6

	Median
	6.8
	0.78
	29.5

	P1
	0.8
	0.45
	7.8

	P5
	1.7
	0.56
	11.8

	P25
	3.894
	0.70
	19.9

	P75
	10.1
	0.84
	44.4

	P95
	22.3
	0.92
	82.1

	P99
	44.3
	0.96
	128.6

	Fitting parameters

	xc
	6.4
	0.70/0.82
	29.6

	xc St. Err.
	0.07
	0.16/0.01
	0.2

	w 
	0.71
	0.22/0.16
	0.6

	w st. Err.
	0.009
	0.12/0.03
	0.01

	A
	0.98
	0.02/0.03
	9.87

	A st. Err.
	0.01
	0.03/0.03
	0.07



[bookmark: _Toc297711657]Table 3.5. Statistical parameters for σap(670), (670) and σep(670) (hourly values). The respective fitting parameters are shown below. Lognormal for σap(670) and σep(670) and sum of two normal for (670). The number of data is different for σap(670) and (670) or σep(670) because nephelometer and MAAP were not always measuring simultaneously.
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[bookmark: _Toc297711603]Figure 3.8. Temporal evolution of the hourly values of the absorption coefficient (670 nm) for the period of 2007 to 2009. The right axis is scaled to show the equivalent BC mass concentration.
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[bookmark: _Toc297711604]Figure 3.9. Probability density of the single scattering albedo versus the absorption coefficient. 

Figure 3.10 shows the time series, for the period of 2006 to 2009, with the hourly values of aerosol mass concentration, M. In addition, we now refers to the BC data, instead of the absorption coefficient, in order to retrieve the BC fraction (to total mass M) and for comparing our results with some previous aerosol studies made in Portugal. Some basic statistical parameters are presented in Table 3.6 including the parameters of the lognormal fittings performed over the frequency distributions presented in figure 3.11 (see fig. 3.5 for the BC frequency distribution). The average values (± standard deviation) where found to be 1.3 ± 1.2 µgm-3 for BC mass concentration and 22.7 ± 16.1 µgm-3 for M; their median values are somewhat lower, nearly 1 and 19 µgm-3 respectively, as the distributions of both quantities are positively skewed. In terms of daily averages, BC was found to vary between 0.3 and 5 µgm-3, although in 80 % of days they were in the range of 0.5 - 2 µgm-3. Other long term averages (at least one year) from European sites, classified as urban, exhibit higher BC magnitudes, 1.4-2.9 µgm-3, as compiled by [Ramachandran and Rajesh, 2007]. In the case of kerbsides, the differences of the BC values relative to Évora can be higher up to a factor of six (3-9 µgm-3); less than 4% of daily BC values above 3 µgm-3 were measured at Évora. On the contrary, BC levels for natural sites were reported to be lower, in the range of 0.2-0.5 µgm-3, a type of magnitudes observed at Évora in only 6% of the daily values. Lyamany et al. [2010] reported an average BC value of 3.2 µgm-3 for the urban centre of Granada, which is located in the southeast of Iberian Peninsula with a population almost ten times larger than Évora’s. Published studies conducted in Portugal reported average values for different environments such as the remote Portuguese Azores islands in the middle of the Atlantic Ocean (0.07 µgm-3) [Oliveira, 2006], rural areas in continental Portugal (0.79-1.61 µgm-3) [Pio et al., 1996; Castro et al., 1999; Oliveira et al., 2007; Tsyro et al., 2007] or at urban environments (1.5-5.13 µgm-3) [Pio et al., 1997; Almeida et al., 2005]. The OPAC model [Hess et al., 1998] computes black carbon mass concentration values for different environments, namely for the continental type (0.5 µgm-3), the continental polluted (2.1 µgm-3) or the urban (7.8 µgm-3) environment types.  The average BC fraction for the whole period of measurements at Évora was found to be 6.6 %, which is above the average values reported for rural sites (4-6%), or in the lower range of urban ones (5-10 %) and significantly lower than the BC fraction in kerbsides (9-17%) according to Putaud et al. [2010].
Concerning the values of M one can see that, for example, Putaud et al. [2010] reported median values for urban background sites as being in the range of 24 to 36 µgm-3, while for Évora, average and median M values of 24 and of 19 µgm-3, respectively, were previously obtained by Pereira et al. [2008] for the year of 2006, being similar to the values now obtained for the whole period until the end of 2009.  A yearly average of 40 µgm-3 was obtained by Almeida et al. [2005] in the area of great Lisbon and a value of 64 µgm-3 in Oporto, while an average of 20 µgm-3 was reported [Yttri et al., 2007] at a remote rural site in Bragança, northeast of Portugal. 
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[bookmark: _Toc297711605]Figure 3.10. Temporal evolution of the hourly values of the mass concentration for the period of 2006 to 2009.











	
	BC
(µgm-3)
	M
(µgm-3)
	BC fraction
	Esp(450)
(m2g-1)
	Esp(550)
(m2g-1)
	Esp(700)
(m2g-1)

	N
	22126
	21577
	11464
	17623
	17623
	17623

	Mean
	1.3
	22.7
	0.07
	2.9
	2.2
	1.6

	St. Dev.
	1.2
	17.0
	0.06
	1.8
	1.3
	0.9

	Median
	0.95
	18.8
	0.05
	2.5
	1.9
	1.4

	P1
	0.12
	1.4
	0.01
	0.7
	0.6
	0.4

	P5
	0.26
	4.5
	0.02
	1.0
	0.8
	0.7

	P25
	0.59
	11.4
	0.03
	1.7
	1.4
	1.0

	P75
	1.53
	29.6
	0.09
	3.6
	2.6
	1.9

	P95
	3.38
	52.9
	0.17
	6.4
	4.6
	3.2

	P99
	6.72
	83.4
	0.32
	9.7
	7.1
	4.9

	Fitting parameters

	xc
	0.96
	20.45
	0.05
	2.47
	1.85
	1.37

	xc St. Err.
	0.01
	0.49
	3.08E-4
	0.01
	0.01
	0.01

	w 
	0.74
	0.79
	0.645
	0.52
	0.47
	0.43

	w st. Err.
	0.01
	0.02
	0.0048
	0.004
	0.005
	0.005

	A
	0.4009
	5.32
	0.00962
	0.48
	0.48
	0.47

	A st. Err.
	0.0029
	0.11
	6.23E-5
	0.003
	0.004
	0.005



[bookmark: _Toc297711658]Table 3.6. Statistical parameters for BC, M, BC fraction and Es(λ) (hourly values). The respective fitting parameters to lognormal distributions are shown below. 
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[bookmark: _Toc297711606]Figure 3.11. Relative frequency distribution of M and BC fraction. The solid lines represent the results of the (lognormal) fittings.

Figure 3.12a shows the scattering coefficient, at 550 nm, versus the mass concentration hourly values; the slopes of the lines included in the figure can be interpreted as the mass scattering efficiency, whose variability reflects the variability in the aerosol composition and size distribution. For instance, fine mode particles have higher Esp compared to coarse mode particles because smaller particles scatter light more efficiently, per unit mass, at visible wavelengths. This fact is visible in figure 3.12a in the clusters of data with higher magnitude extending close to the lines representing Es(550) of 1 and 3 m2g-1. They correspond to events of Saharan dust and forest fires (see chapter 5). The frequency distribution of Esp(550) is depicted in figure 3.12b. Considering the whole period of measurements (2006-2009), the majority of the data (more than 80%) was in the range of 1 to 4 m2g-1; the average and median Es(550) were found to be 2.2 and 1.9 m2g-1. These values are comparable to the range 1.7-2.2 m2g-1 or to the average of 1.9 m2g-1 for a “total mixed” (fine+coarse) aerosol reported by (Hand and Malm, 2007) in their extensive review of aerosol mass scattering efficiencies.
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[bookmark: _Toc297711607]Figure 3.12. Scattering coefficient, at 550 nm, versus mass concentration (a) and relative frequency distribution of the mass scattering efficiency at 550 nm (b).

[bookmark: _Toc297711684]Seasonal variations of the aerosol properties 
[bookmark: _Toc297711685]3.2.1. Seasonal variation of the scattering properties measured at Évora
Figure 3.13 shows the monthly aerosol scattering coefficient, at 550 nm, and Ångström exponent obtained at Évora between 2002 and 2009. Only months with at least two thirds of data coverage are considered here. A total of 75 months fulfill this requirement. The monthly median values of σsp(550) range from 22 up to 76 Mm-1 whereas the mean values range from 27 up to 98 Mm-1). The time-series of figure 3.13 shows that in general σsp(550) tends to peak during winter and also during summer periods. Less than one third of the months are characterized by median σsp(550) above 40 Mm-1 and these months are basically concentrated in winter and summer seasons (19 in 23). The monthly median values of  vary between 1.5 and 2, where the highest values, ranging essentially between 1 and 2, are also in the same months referred above.
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[bookmark: _Toc297711608]Figure 3.13. Monthly scattering coefficient, at 550 nm, and Ångström exponent measured at Évora between 2002 and 2009. Full symbols and open symbols represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).

In contrast, the set of months with the lower monthly median values of σsp(550) are within spring, autumn (and some in summer) periods, with the corresponding monthly median values of  having a tendency to be also lower, ranging between 1 and 1.5.
The facts described above are in agreement with the pattern exhibited by the yearly cycles shown in figure 3.14. σsp(λ) displays a bimodal pattern with peaks in winter and summer (figures 3.14a-c) and with the former peak being more prominent. The winter maximum is achieved in January for both the median and mean value (50 Mm-1 and 64 Mm-1 respectively); in summer the median is higher in June (34 Mm-1) while the mean has its maximum in August (56 Mm-1). This is caused, to a large extent, by occasional increases in the aerosol load due to the forest fires smoke reaching Évora. The monthly variation of the Ångström exponent, exhibited in figure 3.15 follows a rather similar behavior and a reasonable positive correlation between monthly median σsp(550) and monthly  was found (R2 = 0.52) as shown in figure 3.16. However, no correlation was found for the hourly values likely because for small timescales the variability of these two quantities of different nature dominates, even if at larger timescales an overall tendency is revealed. The maximum value of the monthly median  is also found in January (1.8) and a second one in both July and August (1.5). This means that the increase in the aerosol load is mainly associated with the enhancement of particles in the sub micrometer range, either with anthropogenic origin or forest fires smoke occurring in the summer season. The increase of σsp(550) in the winter period should result from the combination of local traffic and increased emissions from heating sources (mainly wood burning) and pollution transported to the site amplified by a lower boundary layer thickness due to the lower atmospheric temperatures at the surface during winter; convection intensity is reduced and consequently pollution dilution is suppressed. In summer, the forest fires are greatly responsible for the large input of particles detected at the site (Elias et al., 2006; Pereira et al., 2008) and account for a major increase in the aerosol scattering coefficients. The most intense smoke plumes were observed in August 2003 and particularly in August 2005 when hourly values of σsp(550) as high as 2000 Mm-1 were measured. These two summer periods were the ones with the largest burnt areas ever recorded in Portugal (Autoridade Florestal Nacional, 2009). These facts are reflected in the mean σsp(550) peak value observed in August which appears in figure 3.13. The strong decrease in the number of forest fires and their intensity in 2007 and 2008 summers is perceptible in the σsp(550) values of figure 3.13, as no significant monthly peaks are visible in these periods; this led, for example, to a large difference in the monthly average and median values of σsp(550) between August 2005 (respectively 92 Mm-1 and 39 Mm-1) and August 2008 (respectively 28 Mm-1 and 24 Mm-1).
Also, the difference in the monthly Ångström exponent values between the winter and summer months is substantial, with monthly medians being in the range of 1.5-1.8 and 1.4-1.5 respectively; this is expected to be related with the dryness of the soils and well developed convection in the boundary layer during summer season which should enhance the presence of coarse soil material in the atmosphere. In contrast, during winter (typical rainy season) the relative amount of coarse material is expected to be lower, while the introduction of sub micrometer particles from wood combustion in the atmosphere in winter is more regular than the sporadic transport of smoke to Évora. Lyamani et al. (2008, 2009) and Saha et al. (2008) also reported annual cycles characterized by higher values of scattering coefficient in winter but with magnitudes significantly higher than the ones reported in this study for Évora (average σsp(550) = 84-90 Mm-1 and  = 1.8 and average σsp(550) > 90 Mm-1, respectively). In spite of the large difference in terms of aerosol concentration between Évora and Granada (and Toulon), in winter, the difference between the values of  are less important likely due to similarities in the origin of aerosol particles.
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[bookmark: _Toc297711609]Figure 3.14. Monthly variation of the spectral scattering coefficients, σsp(450), σsp(550) and σsp(700). Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).
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[bookmark: _Toc297711610]Figure 3.15. Monthly variation of the spectral Ångström exponent. Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).
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[bookmark: _Toc297711611]Figure 3.16. Scatter plot with the monthly median  as a function of the monthly median σsp(550) for the months between 2002 and 2009.
[bookmark: _Toc297711686]3.2.2. Forest fires in summer and scattering measurements.
In the last few decades the phenomena of forest fires during summer has been a major problem in Portugal, in particular in the centre and northern regions. It has been considered that one of the main reasons is related with the population movement towards the major urban centres, mainly in the coastal areas; the lack of maintenance, the high atmospheric temperatures and very low relative humidity do the rest.   
Significant areas of forests and agricultural fields were damaged, every year, mainly between June and September, with a large peak in August. In the recent decade the maximum values were achieved in the summers of 2003 and 2005. Figure 3.17 shows the total area burnt in each year since 2000. Until 2005 the burnt areas were well above 1×105 ha, being three to four times larger in 2003 and 2005, and since 2006 a decrease is obvious until 2009.
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[bookmark: _Toc297711612]Figure 3.17. Total area burnt in Portugal in the summers between 2000 and 2009. The data was taken from the Portuguese Bureau of Agriculture.

The smoke from biomass burning has obvious increases the aerosol load and consequently increases the atmospheric turbidity. During summer, the Azores high pressure system leads to winds from the north-western to northern sectors and consequently advection of smoke towards the southern regions, where Évora is located. Measurements of aerosol scattering were available since 2002. These data were crossed with information on forest fires monthly statistics available in the reports from the Portuguese Bureau of Agriculture (available at http://www.afn.min-agricultura.pt/portal/dudf/relatorios). As an example, figure 3.18 shows the daily values of σsp(550) and  obtained during August for the years of 2005 and 2008. During August 2005, large forest fires were occurring whereas they were almost absent in August 2008. The difference between the two years is noticeable both in σsp(550) and in , with consistently higher magnitudes of both quantities in 2005, reflecting not only the higher aerosol load but also the aerosol population of relatively smaller size during 2005, consistent with particles produced in biomass burning and transported to the measurement site. Furthermore, the correlation between the monthly burnt areas and the monthly scattering coefficient, which is related with the aerosol load near the ground, is surprisingly good by noticing that the fires typically do not occur in the outskirts of the site where the measurements were made (fig 3.19). The correlation between  and burnt areas is fairly good, if we takes into account that the “separate” cluster of few points corresponds to the lower burnt areas; the respective values of , around 1.5, indicate that the presence of sub micrometer particles is not an exclusive consequence of the forest fires.
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[bookmark: _Toc297711613]Figure 3.18. Daily scattering coefficient (550 nm) and Ångström exponent for August 2005, when forest fires were frequent and 2008 when no significant forest fires were occurring.
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[bookmark: _Toc297711614]Figure 3.19. Monthly mean scattering coefficient (550 nm) and Ångström exponent as a function of the monthly burnt area, between 2002 and 2009.
[bookmark: _Toc297711687]3.2.3. Seasonal evolution of BC, mass concentration and other aerosol properties  
In section 3.2.1 the seasonal evolution of the scattering properties was assessed. Now we turn our attention to the other aerosol properties. The temporal evolution of BC reveals a clear cycle with the higher and lower magnitudes being observed in winter/fall and spring/summer periods, respectively, as figure 3.20 shows. The BC monthly averages are relatively constant between April and August, in the range of 0.8-1 µgm-3, and start to increase in September until the maximum is achieved in January (2.1 µgm-3), thus representing an increase by about a factor of two. In terms of seasonal averages, BC was found to be in the range of 0.9-1.1 µgm-3 in summer and spring whereas in the fall and winter seasons in the range of 1.5-1.8 µgm-3. Short term measurements of BC in Évora, performed during the first half of June 2006, within CAPEX campaign [Silva et al., 2007], exhibited an average (± SD) value of 1.0 ± 0.6 µgm-3 which is similar to what is reported here for that period of the year. 
The factors contributing to this annual pattern were already discussed when scattering properties were analyzed and should be influenced (i) by the additional input of soot, during the colder period of winter (and fall), due to domestic heating; (ii) some increase in traffic due to worse weather conditions, although that quantitative information on traffic is not available to confirm this statement; (iii) besides these increased emissions related with human activities during the colder seasons there’s a reduced atmospheric dispersion as a result of low boundary layer height and more frequent temperature inversions, resulting in trapping of pollutants in a smaller volume. Hence the concentrations of particles near the ground are higher. In spring/summer the increase in convective activity due to the solar heating of the ground surface induces the opposite effect. 
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[bookmark: _Toc297711615]Figure 3.20. Monthly variation of the Black Carbon mass concentration and extinction coefficient, at 670 nm (2007-2009). Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).

Similar seasonal variations were also observed in urban areas but not in natural background sites where no seasonal variations were observed [Novakov et al., 2005; Ramachandran and Rajesh, 2007]. To give some quantitative examples, Röösli et al. [1999] reported significantly higher magnitudes, 2.2-2.9 µgm-3 (for spring and summer) and 3.5-4.6 µgm-3 (during fall and winter), in Basel area, Switzerland, comparable to the results from [Lyamani et al., 2008, 2010] where an increase of 2.2 to 4-4.5 µgm-3 was observed between the summer and the winter season. In three Portuguese rural environments [Castro et al., 1999; Pio et al., 2007; Tsyro et al., 2007] reported increases from 0.3-0.65 µgm-3 (spring/summer) up to 1.1-1.7 µgm-3 (autumn/winter). [Castro et al., 1999; Pio et al., 2007] reported similar trends but in more polluted urban environments of Coimbra (1.8 up to 4.2 µgm-3) and Oporto (2.7 up to 5.3 µgm-3).   
The seasonal evolution of M monthly values shows some increase during the warmer period (fig. 3.21) with influence of the advection of particles from forest fires occurring in the Iberian Peninsula mainly in the summer of 2006. However, since 2007 a remarkable decrease in both the number and the intensity of the summer forest fires and extent of the burnt areas [Autoridade Florestal Nacional, 2009] have been observed, when compared with previous summers. In addition, since the MAAP started to operate only in 2007 no obvious signal of forest fires smoke was observed in the BC measurements. Besides that, less dry summers don’t favor the emission and presence of regional mineral dust in the atmosphere (due to more humid soils and denser vegetation), which being typically coarse aerosols should have stronger influence on the measured mass concentrations. The monthly variation of the extinction coefficient, shown in figure 3.20 is in agreement with the BC monthly variation but presents an interesting feature. On the one hand, the decrease in the forest fire activity since 2007 is corroborated because no summer σap(670) maximum is observed in figure 3.20. On the other hand the increase of σap(670) observed in September 2007 can be explained on basis of the atmospheric dynamics occurring during large part of this month which suggests the advection of pollution from the continental areas, either Iberian or from the other European regions.
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[bookmark: _Toc297711616]Figure 3.21. Monthly variation of M between 2006 and 2009. Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).

The monthly variation of the BC fraction (fig. 3.22) follows the monthly variation of the BC concentration values, shown in figure 3.20, presenting a maximum seasonal magnitude in winter and a minimum in summer. January is the month with maximum median value above 10% while August presents a median BC fraction below 4%. In fact, all the months between March and September are characterized by median BC fractions lower or equal than 5%. As to the monthly variation of the single scattering albedo, its seasonal behavior (fig. 3.23) is relatively opposite to the BC fraction seasonal patern, varying from a maximum median value, above 0.81 in August to a minimum of 0.72 in winter when the predominance of absorbing aerosols is felt. Both quantities arise from combinations of different equipments and confirm the presence of a more absorbing aerosol during colder periods.
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[bookmark: _Toc297711617]Figure 3.22. Monthly variation of BC fraction between 2007 and 2009. Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).
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[bookmark: _Toc297711618]Figure 3.23. Monthly variation of the single scattering albedo, , between 2007 and 2009. Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).

Figure 3.24 shows the hourly values of BC versus M for winter and summer, the most distinct seasons in terms of absorbing aerosols. Two clusters of data, one for summer (open circles) and the other for winter (black circles), are evident and a certain degree of correlation between BC and M is apparent (a third “desert dust cluster” is discussed below). During winter BC and M are fairly correlated (R2 = 0.61), while for summer the correlation is weak (R2 = 0.38) probably due to the larger importance of non absorbing material and lower levels of BC during the summer season. 
The third “cluster” of data shown in figure 3.24 was recorded during a Saharan dust outbreak that occurred in 21-23 December 2007. The dust was observed at the surface and hourly values of M up to 270 µgm-3 where recorded. During this episode (a period of less than two days) BC variations show to be independent of M variations as they are not correlated at all (R2 is nearly zero). The average value of M = 116 µgm-3 during this episode represents a noticeable increase in the aerosol load during this time, whereas BC values don’t show any particular evolution. 
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[bookmark: _Toc297711619]Figure 3.24. Scatter plot of the hourly BC versus M for winter and summer periods (a) and hourly values of BC and M during a desert dust episode in December 2007.
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[bookmark: _Toc297711620]Figure 3.25. Monthly variation of the mass scattering efficiency (550 nm), Esp(550), between 2006 and 2009. Full circles and open circles represent the mean and median values, respectively, while the light gray bars enclose the quartiles (P25 and P75).
[bookmark: _Toc297711688]Daily variations of the aerosol properties
[bookmark: _Toc292468745][bookmark: _Toc297711689]3.3.1. Daily variations of the scattering properties measured at Évora
Daily patterns of the scattering properties are now analyzed in this section. Emphasis is given to median values in order to minimize the influence of extreme events, so local aerosol features can emerge. A distinction is made between the daily variations during the week days and the weekend, when anthropogenic activities are significantly reduced, in particular during Sunday. Daily variations for the different seasons are also presented. Figures 3.26 and 3.27 show the daily cycle of σsp(550) median values. A pattern is visible, with morning and late afternoon peaks, regarding the week days. This behavior is characteristic of urban areas (Lyamani et al., 2008; Andreae et al., 2008). The P25 and P75 curves also displayed show the same features and indicate consistency of this pattern. The morning peak is closely related to the enhanced traffic activity during morning rush hour and therefore is much less evident on Sundays when typically the city is much less active, in particular during morning period. Saturday is shown to be quite similar to the other week days, which is not surprising as the activities during this day are not significantly suppressed. 
The boundary layer development along the day, together with the increase in convection provides conditions for particle dilution within a larger volume of air. This results in the decrease of σsp(550) at the surface during the afternoon and a minimum around 15:00 is always observed. In the late afternoon the combination of increased anthropogenic activity, due to traffic, and decrease of the boundary layer thickness lead again to the increase in σsp(550), which then decreases until the following day. The general features described above also show seasonal differences. Important differences between the colder and the other periods are related to boundary layer dynamics and to the additional anthropogenic activity associated with wood burning for heating purposes, besides the usual particle production by traffic activity during the entire year. These differences are visible in the patterns observed in figures 3.27, in particular between spring and winter. In spring, for instance, both morning and late afternoon peaks of σsp(550) values have similar magnitudes (about 33 Mm-1); however, in winter the morning peak is not only considerably higher ( about 42 Mm-1) than in spring, but also a large difference for the late afternoon peak is now visible. The magnitude of this second peak (nearly 65 Mm-1) represents a twofold increase relative to spring conditions, and emphasizes the importance of wood burning, which typically begins in the late afternoon and is likely the main reason for the difference (by a factor of 1.5) to the morning peak in winter. 
In spite of higher σsp(550) values in winter, at all times, two periods of the day with minimum values (early morning, 05:00-06:00 and middle afternoon, around 15:00) present the lowest differences in σsp(550) between winter and spring (< 3 Mm-1). Moreover, the absolute minimum is achieved always in the middle afternoon. On the one hand, in both of these periods the source activities are reduced while the particle removal processes are always active; on the other hand, the dilution of particles is enhanced in the developed boundary layer which occurs in the afternoon, after the solar heating of the surface. Both these features contribute to the decrease in the particle load, independently of the season, and probably explain the “approach” of σsp(550) values in these periods of the day for the different seasons. 
Regarding the daily variation of the Ångström exponent, the main characteristics observed are the magnitude of α in spring (1.2-1.3) being always lower than in winter (1.6-1.8) as shown in figure 3.28; the other seasons fall somewhat in between; secondly, in winter the correlation between σsp(550) and α appears to be consistent; this corroborates the connection between the aerosol load and its anthropogenic origin. In contrast, during spring the values of α reveal no particular trend (as suggested by the lack of correlation between σsp(550) and α).
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[bookmark: _Toc297711621]Figure 3.26. Median daily variation of σsp(550) for the different days of the week. The respective quartiles, P25 and P75, are also shown.
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[bookmark: _Toc297711622]Figure 3.27. Median daily variation of σsp(550) for the different seasons of the year. The respective quartiles, P25 and P75, are also shown.
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[bookmark: _Toc297711623]Figure 3.28. Hourly median values of σsp(550) versus α based in the respective daily variations for spring and winter periods.
[bookmark: _Toc297711690]3.3.2. Daily variations of BC, mass concentration and other aerosol properties
The daily variation of Black Carbon mass concentration, BC fraction, total mass concentration, single scattering albedo and extinction coefficient are shown in figures 3.29 to 3.33 considering the different days of the week. In figures 3.29 to 3.32, (BC, BC fraction, M and ), the results for week days are assembled in the same figure due to their similarity. The same applies to σep(670) although the daily variations for each day are shown in this case. 
Concerning the BC and M median values, two maxima are present, one in the early morning and the other one in the evening, being both mainly related with the local traffic rush hours as aforementioned in the previous section; these BC peaks are more pronounced than the ones of the scattering coefficient previously shown (fig. 3.26), and also of the mass (fig. 3.31), likely due to the fact that Black Carbon in Évora can be used as a good tracer for traffic emissions because traffic is the main source. In fact, as Évora has no polluting industries and is not a big populated city, the traffic is basically the major local source. This is also clear from the observation of the synchronized peaks in the BC fraction and BC values. The lower levels of BC as well as of the BC fraction are attained at dawn and during the middle afternoon; during night time, until dawn, the reduction in particle production and their removal by deposition results in the decrease of the aerosol load; during middle afternoon, both the significant decrease in vehicular movement and the increase of the mixing layer height in this period lead to a higher dilution of particles at ground level and therefore to another minimum. 
All seasons are characterized by these features as the diurnal variations are similar throughout the year although the amplitudes vary significantly from season to season and are modulated by the seasonal magnitudes of BC (higher in winter). Both quantities, BC and BC fraction are higher and with more pronounced variation in winter (spanning about 0.8-3.6 µgm-3 and 6-11% respectively) than in summer (spanning about 0.5-1.3 µgm-3 and 3-4 % respectively). This is in agreement with the former discussion on the increase of particle production in winter and on the boundary layer characteristics.  This cycle is also observed in urban environments (Pohjola et al., 2002; Sharma et al., 2002; Latha and Highwood, 2006; Moorty and Babu, 2006; Lyamani et al., 2008, 2010). The influence of traffic in the BC levels is more obvious by observing the curves relative to week days and Sundays where the morning peak is nearly absent in both BC and BC fraction levels. The daily variation of the single scattering albedo (fig. 3.32) confirms the increase in the absorbing characteristics of the particles in the periods of the peaks. Also, a good negative correlation relates it with the BC fraction.
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[bookmark: _Toc297711624]Figure 3.29. Median daily variation of BC for the different days of the week. The respective quartiles are also shown. 
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[bookmark: _Toc297711625]Figure 3.30. Median daily variation of BC fraction for different days of the week. The respective quartiles are also shown.
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[bookmark: _Toc297711626]Figure 3.31. Median daily variation of M for the different days of the week. The respective quartiles are also shown.
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[bookmark: _Toc297711627]Figure 3.32. Median daily variation of  for different days of the week. The respective quartiles are also shown.
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[bookmark: _Toc297711628]Figure 3.33. Daily variation of median values of extinction coefficient (670 nm) for the different days of the week. The respective quartiles are also shown.



3. Aerosol properties measured at Évora


[bookmark: _Toc292468753]
[bookmark: _Toc297711691]Influence of air mass history on the aerosol properties 
Airborne particles that are detected at a certain site may have been produced locally or transported from elsewhere. In this section the measured aerosol optical properties are associated to back trajectories paths in order to infer, in a simple way, on the influence of the emission sources on the aerosol load and type over Évora, at the surface. 5 day back trajectories arriving at the monitoring site, at 500 m asl (200m agl), were computed at 12:00 UTC for each day. The height of 500 m was chosen to represent the air masses sampled by the instruments, i.e., near the surface. The hourly averages (between 12:00 and 13:00) of measured quantities were used. By doing so, (i) trajectories arrival time corresponds to measurement time, (ii) the local aerosol influence is reduced and hence the possible influence of long range transport is enhanced. 
In spite of their complexity and variability the back-trajectories were classified into five different types according to the sector of origin. Trajectories originating over the Atlantic Ocean were separated into two different types according to the time they travelled over the continent. Therefore, two levels of continental influence were distinguished. About half of the trajectories from the Atlantic were observed to arrive at Évora after a significant path over the Iberian Peninsula; a period of more than one day over land was considered for classifying these back trajectories as MIB (maritime and Iberian Peninsula) as opposed to the maritime trajectories, MT when they remained less than 24 h over the continent (usually by arriving at Évora through the western Portuguese coast). The purpose of the separation between MT and MIB trajectories was to study the influence of the air masses ageing over the Iberian Peninsula in the measured aerosol properties. The average residence times over the Iberian Peninsula were 10 and 46 h for the MT and MIB trajectories, respectively. The back trajectories classification also included the influence of Europe (EU), for air masses from the European continent (from Britain, Central Europe to the northern coasts of the Mediterranean Sea), of Africa (AF), for air masses originated in the African continent, and of the Iberian Peninsula (IB) itself, for air masses originated or staying mainly within the Spanish and Portuguese territories or closely. 
Figure 4.1 shows the features abovementioned, including the frequency of occurrence that a trajectory passes over a certain geographic area as well as the average path for each set of trajectories. The sector with largest influence over the measurements site is the Atlantic area (MT and MIB types), with accumulated nearly 69 % of occurrence. The European sector contributes with 20 % while both the African and Iberian sectors contribute with almost 11 % of occurrence.
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[bookmark: _Toc297711629]Figure 4.1. Probability density plots for back trajectories arriving at Évora, and average path for each trajectory category (lower right figure). The frequency of occurrence for each trajectory category is also shown.
[bookmark: _Toc292468754][bookmark: _Toc297711692]Influence of air mass history in the scattering properties
Figures 4.2 to 4.4 show the relative frequency distributions of σsp(550), α and σbsp(550) according to the different trajectories classification while the correspondent average and median values are shown in the table 4.1. The difference in the respective aerosol properties seems to validate the separation between MT and MIB back-trajectories as statistically significant differences (at the 95% level) were found according to hypothesis tests. The values of σsp(550) are lower (and narrow distributed, essentially below 40 Mm-1) for MT back-trajectories, but as soon as the air masses increase their continental influence (i.e. become MIB as there is more time for the airmass to be influenced by the continent) a fraction of σsp(550) values increase considerably. The Ångström exponent distribution is also shifted towards larger values and values lower than 1 become much less frequent. This simultaneous enhancement both in σsp(550) and  values points up that the increase in the aerosol load is related to the input of fine particles with Iberian origin, presumably in conjunction with the gradual deposition and loss of maritime coarse particles. Also the similarity between the median values of  for the MIB and for the EU and IB back-trajectories (1.6) and the increase in the σsp(550) values for the EU and IB trajectories (from about 29 Mm-1 for MIB to 36 and 42 Mm-1) corroborates the previous statements. Re-circulations of the air masses within the Iberian Peninsula, related with low advection conditions, induce the accumulation of pollutants and leads to the higher values of σsp(550) which characterize the IB trajectory regime. Concerning the African trajectories, they are also characterized by higher values of σsp(550). The frequency distribution of  includes again an important contribution of values below 1.0, which is consistent with the influence of coarse dust particles; however high  values, well above 1.0, still dominate (median = 1.4) and no obvious relation is observed between the values of σsp(550) and α; the highest values of σsp(550) correspond to values of α ranging from 0 up to 2. This means that when trajectories have African origin desert dust particles usually don´t dominate the aerosol at the ground or aren’t even present; in that case the higher aerosol loads are presumably caused by anthropogenic particles. This is in agreement with the long-range transport of mineral dust occurring frequently at high altitudes, as previously noticed by other authors (Elias et al., 2006; Derimian et al., 2006). More often than not the aerosol vertical distribution is not uniform during the desert dust events.  
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[bookmark: _Toc297711630]Figure 4.2. Relative frequency distributions of σsp(550) for each trajectory type (bin size = 10 Mm−1).
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[bookmark: _Toc297711631]Figure 4.3. Relative frequency distributions of the Ångström exponent for each trajectory type (bin size = 0.2).
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[bookmark: _Toc297711632]Figure 4.4. Relative frequency distributions of σbsp(550) for each trajectory type (bin size = 10 Mm−1).

	σsp(550)




	MT
	MIB
	EU
	IB
	AF

	Mean
	23.0
	36.9
	42.8
	54.2
	62.7

	SD
	15.1
	27.2
	30.1
	44.0
	35.5

	Median
	19.7
	28.9
	36.4
	41.7
	50.8



	α
	MT
	MIB
	EU
	IB
	AF

	Mean
	1.1
	1.5
	1.6
	1.5
	1.3

	SD
	0.5
	0.4
	0.4
	0.4
	0.5

	Median
	1.2
	1.6
	1.6
	1.6
	1.4



	σbsp(550)
	MT
	MIB
	EU
	IB
	AF

	Mean
	2.8
	4.8
	5.5
	6.4
	7.5

	SD
	1.5
	3.1
	3.2
	4.1
	3.7

	Median
	2.5
	4.0
	2.9
	5.1
	6.5



[bookmark: _Toc297711659]Table 4.1. Average and median values of σsp(550), α and σbsp(550) for each trajectory type.
[bookmark: _Toc292468755][bookmark: _Toc297711693]Influence of air mass history on the measurements of BC/absorption coefficient, mass concentration and other properties.
As noticed in the previous section the transition from MT to MIB trajectories was characterized by a very significant increase in the magnitude of aerosol scattering. As table 4.2 shows, the total aerosol mass, M, follows the same pattern. The median value of M increases significantly from about 11 up to 17 µgm-3, when comparing MT with MIB trajectories, and raises even towards higher values, 26-29 µgm-3, as considering the transition from the EU to the IB and/or to AF trajectories. However, the dependence of BC on the different trajectory types is smaller. No difference is apparent between the MT and the MIB trajectories (with similar mean BC value of 0.8 µgm-3 and BC medians of 0.7-0.8 µgm-3) and the differences between the “western” (MT and MIB) and “eastern” (EU, IB and AF, with BC in the range of 0.9-1.1 µgm-3) sectors are apparent but of relatively small magnitude. This suggests that in general the BC temporal variations at Évora are mainly controlled by local emissions. Also, the fact that the highest BC fraction mean value is associated to the Maritime regime appears to be the consequence of this fact. The air masses from the Atlantic tend to be associated to lower aerosol loads (Rodriguez et al., 2004; Almeida et al., 2005; Oliveira et al., 2007; Pereira et al., 2008; Lyamani et al., 2010). Therefore, if the local black carbon BC production is kept more or less constant and at low levels, the BC fraction should increase due to the lower aerosol mass concentration associated to the MT trajectories. Pio et al. [1996] measured black carbon mass concentrations associated to different air masses transported towards a northern Portuguese rural coastal site and observed large differences in their BC values (up to an order of magnitude, from ~0.2 to ~2.3 µgm-3 ) between maritime and continental air masses. Like our results, their “maritime samples” had BC (and other anthropogenic tracers) values higher than the BC concentrations found in remote oceanic locations which was attributed to the contamination of local emissions related with regional or mesoscale circulations. In a sub-urban area in the outskirts of Lisbon (20 km from the shoreline) the BC differences were found to be much lower (a factor of 1.5 between “maritime” and “continental” air masses) in a place surrounded by anthropogenic aerosol sources (Almeida et al., 2005). In this study lower factors, in the range of 1.1-1.4, were obtained between “maritime” and “continental” air masses. 
In order to interpret this behavior in function of the different air masses ending in the measuring site Évora we have to consider that, on the one hand, Évora is within an urban area not far away from the local BC sources and on the other hand, bearing in mind that Évora is inland (140 km from the coast), all air masses are necessarily perturbed during its path from the coast before reaching Évora. This is likely an additional reason for the smaller differences found in the BC levels observed at Évora for the different trajectory types. This simple comparison, with the information available, suggests that the significance of long range transport of BC decreases with the increase in urban intensity (which might mask some particles transported from elsewhere) and with the increased distance to maritime influence (which is responsible for a "cleaner" atmosphere).
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[bookmark: _Toc297711633]Figure 4.5. Relative frequency distributions of σap(670) and BC for each trajectory type (bin size = 0.2 µgm-3  for BC).
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[bookmark: _Toc297711634]Figure 4.6. Relative frequency distributions of M for each trajectory type (bin size = 5 µgm-3).








	σap(670)
	MT
	MIB
	EU
	IB
	AF

	Mean
	5.5
	5.4
	7.1
	6.9
	7.0

	SD
	2.9
	2.4
	3.4
	3.3
	3.3

	Median
	4.7
	5.0
	6.2
	6.3
	6.0



	ω
	M
	MIB
	EU
	IB
	AF

	Mean
	0.74
	0.77
	0.79
	0.79
	0.80

	SD
	0.10
	0.08
	0.07
	0.10
	0.08

	Median
	0.76
	0.78
	0.80
	0.79
	0.82



	M
	M
	MIB
	EU
	IB
	AF

	Mean
	12.5
	18.8
	21.4
	27.8
	37.7

	SD
	8.6
	11.4
	13.6
	16.6
	31.7

	Median
	10.7
	16.5
	17.6
	25.5
	29.2



	BC
	M
	MIB
	EU
	IB
	AF

	Mean
	0.8
	0.8
	1.1
	1.0
	1.1

	SD
	0.5
	0.4
	0.5
	0.5
	0.5

	Median
	0.7
	0.8
	0.9
	1.0
	0.9



	BC fraction
	M
	MIB
	EU
	IB
	AF

	Mean
	0.08
	0.06
	0.07
	0.05
	0.06

	SD
	0.08
	0.04
	0.06
	0.04
	0.03

	Median
	0.06
	0.05
	0.05
	0.04
	0.07



	σep(670)
	M
	MIB
	EU
	IB
	AF

	Mean
	22.6
	25.6
	38.2
	36.5
	40.3

	SD
	9.9
	14.1
	21.9
	19.2
	18.3

	Median
	19.6
	22.7
	34.0
	31.1
	37.2



	Es(550)
	M
	MIB
	EU
	IB
	AF

	Mean
	2.2
	2.2
	2.3
	2.3
	2.2

	SD
	2.5
	1.7
	1.5
	1.7
	1.4

	Median
	1.7
	1.8
	2.0
	1.8
	1.6



[bookmark: _Toc297711660]Table 4.2. Average and median values of σap(670), ω, M, BC, BC fraction, σep(550) and  Esp(670) for each trajectory type.




















4. Influence of air mass history on the aerosol properties



[bookmark: _Toc297711694][bookmark: _Toc292468756]Case studies of aerosol events of different types 
In this chapter, some case studies are described and aerosol properties are presented in order to characterize different aerosol types observed at Évora. The case studies cover Saharan dust events, aerosols from forest fires in summer and events of pollution transported from other European regions (i.e. beyond the Pyrenees) or from the Iberian Peninsula itself. 
Only a few episodes are presented in order to take into account combined information of different instruments (until 2006 the nephelometer was the only instrument operating) and emphasis is given to strong events to characterize properties of transported aerosols. A good example is given by “strong” dust observations near the surface, which are scarce. During the time covered by this thesis, the nephelometer measurements show that during periods of air mass transportation from North Africa, dust plumes are either noticed only for a short period or the aerosol shows no dust characteristic whatsoever. Observations of dust plumes transported at high levels were already reported [e.g. Müller et al., 2003; Ansmann et al., 2003; Guerrero-Rascado et al., 2009], while Elias et al (2006), regarding this same site, had already pointed out that “(...) desert dust is rarely observed at the surface” and concluded that “The desert dust layer is transported in the free troposphere, above the boundary layer, and does not extend down to the surface, where fine particles of continental type dominate”.
A database of episodes appears in Appendix F. It’s perceptible that during the periods where North African air-masses influence is reported, the average optical properties are not characteristic of dust particles since the increase in the aerosol load is not strictly related to an important increase in coarse particles (namely the average Ångström exponent is usually of moderate or of high magnitude, i.e., around 1 or higher). This suggests the presence of either a mixture of aerosols, or that fine particles still dominate the aerosol population. 
    
[bookmark: _Toc297711695]Observations of dust events at Évora
One of the dust outbreaks detected near the surface, for a significant time period, occurred in the end of May 2006. The presence of dust was followed by an aerosol event of pollution type. Figure 5.1 shows the time evolution of both scattering coefficient and mass concentration during this period and in figure 5.2 the Ångström exponent is depicted. The null wavelength dependence and low α values observed show that the dust plume was more intense between 27 and 29 May. In 27 May, within about four hours both σsp(550) and M have increased by a factor of four, to above 130 Mm-1 and 140 µgm-3, respectively, while α decreased simultaneously due to the coarse particles arrival. The measured aerosol number concentrations depicted in figure 5.3 are in agreement; the coarse number concentration clearly follows the evolution of the former two quantities while the fine number concentration maintained a low magnitude until the end of 29 May. On 30 May, σsp(550) and M change their evolution: while the measured mass concentration starts a rather monotonically decrease, during the following days, the scattering coefficient does not follow that behavior, instead it shows an enhancement, as well as the Ångström exponent, which corresponds to an input of fine particles also visible in the fine mode concentration (although the coarse mode is still relatively high which suggests a mixed dust-polluted aerosol). The two main peaks observed in σsp(550), in 27 May and  31 May, correspond to Ångström exponents ~ 0.05 and ~1.1 respectively; consequently, one estimates that during the dust event’s highest intensity the coarse particles accounted for about 90% of the light scattering, while, latter during the 31 May σsp(550) peak, light scattering was roughly equally (~50%) due to both fine and coarse particles. The ratio of coarse to fine number concentration was about 1.3 and 0.13, respectively, for these same two periods having different aerosol populations. 
Back-trajectories at several atmospheric levels arrive from the Saharan region since 26 May until 1 June; although on 30 May, the computed trajectories at 300 m already show re-circulations within the Iberia Peninsula, suggesting that the increase in the fine mode particles is related to the accumulation of pollutants or its transport at a regional scale.    
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[bookmark: _Toc297711635]Figure 5.1. Temporal evolution of the scattering coefficient (550 nm) and mass concentration in May/ June 2006. 
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[bookmark: _Toc297711636]Figure 5.2. Temporal evolution of the Ångström exponent in May/ June 2006.
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[bookmark: _Toc297711637]Figure 5.3. Temporal evolution of the coarse and fine number concentrations in May/ June 2006.

Another dust event, which observed near the surface along two days, occurred in December 2007. Its maximum intensity was higher than the event of May 2006, as peaks in the scattering coefficient (550 nm) and mass concentration close to 220 Mm-1 and 270 µgm-3 respectively (figure 5.4) were recorded. Again, the Ångström exponent shown in figure 5.5 decreased, consistently, towards values close to zero due to the input of coarse dust particles (figure 5.6) whose ratio to the fine mode number concentration also increased up to 1.8 during the episode’s peak. 
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[bookmark: _Toc297711638]Figure 5.4. Temporal evolution of the scattering coefficient (550 nm) and mass concentration in December 2007. 
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[bookmark: _Toc297711639]Figure 5.5. Temporal evolution of the Ångström exponent in December 2007. 
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[bookmark: _Toc297711640]Figure 5.6. Temporal evolution of the coarse and fine number concentrations in December 2007. 
[bookmark: _Toc297711696]Observations of events of aerosols from forest fires
Previously the influence of summer forest fires in the aerosol loads at Évora, namely in the measured scattering coefficients along the last decade was pointed out (see section 3.2.2). It was also mentioned that the maximum measured scattering coefficients occurred during these events in August 2005, with observations of σsp(550) above 2000 Mm-1. Figure 5.7 shows a Terra Modis image from this period where the smoke is visible and its advection towards southern regions is perceptible. The set of back-trajectories in the right side of the same figure confirms the transportation of smoke towards the southern regions of the country. This transport of smoke particles during this period was responsible for an outstanding enhancement in the scattering coefficients, and for a large wavelength dependency of the scattering coefficients, as α presented always high magnitude, above 1.5. Some exceptions occur during the periods with lower smoke aerosol concentration where α presented more variability, but still above 1. It’s worth to mention that the highest wavelength dependency (α>1.8) corresponds to the peaks in the σsp(550); these features are visible in figure 5.8.
[image: ]              [image: ]
[bookmark: _Toc297711641]Figure 5.7. Terra Modis image from 23 August 2005 and set of back-trajectories computed for the period from 19 to 26 August 2005.
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[bookmark: _Toc297711642]Figure 5.8. Temporal evolution of (a) scattering coefficient and (b) Ångström exponent in August 2005. Please notice the logarithmic scale in figure 5.8a

The first half of August 2006 was also characterized by significant forest fires in the centre and northern Portuguese regions. In particular during the second week of that month a significant amount of particles was transported to and detected at Évora. These high particle levels ended on 15 August, in coincidence with new synoptic conditions that led to precipitation in Portugal. Between 7 and 14 of August a total of seven days presented daily average mass concentrations above 50 µgm-3, which is the threshold value of daily PM10 mass concentration according to the air quality legislation. Unfortunately the nephelometer broke down on the 8 of August, but a significant smoke plume was still recorded in parallel with the TEOM’s mass concentration measurements. Peaks in the scattering coefficient above 420 Mm-1 and in the mass concentration close to the 160 µgm-3 were recorded (figure 5.9), while the Ångström exponent (not shown) was relatively constant, around 1.7, corresponding to an estimated contribution of 75% of light scattering due to fine particles (in agreement with the very significant increase in the fine mode concentration shown in figure 5.10). The ratio of coarse to fine number concentration decreased down to 0.06-0.08, even if an increase in the coarse fraction is apparent in figure 4.10. In fact, this enhancement in the coarse fraction was verified to correspond to the lower coarse size range, i.e. 1-2 µm.   
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[bookmark: _Toc297711643]Figure 5.9. Temporal evolution of the scattering coefficient (550 nm) and mass concentration in August 2006.
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[bookmark: _Toc297711644]Figure 5.10. Temporal evolution of the coarse and fine number concentrations in August 2006. 
[bookmark: _Toc297711697]Observations of events of continental polluted aerosols 
One example of a period with significant levels of pollution observed at Évora is now presented. Figure 5.11 shows the hourly σsp(550) and M values between 28 November and 6 December 2007. Several peaks above 200 Mm-1 and 70 µgm-3 were observed respectively in the scattering coefficient and mass concentration measurements. The Ångström exponent shown in figure 5.12 is relatively constant, around 2 or larger (average and median α are 2.1 during this period), which represents a contribution to scattering due to sub-micrometer particles of at least 90% (notice that a similar percentage was obtained, however for the coarse particles contribution to scattering during the dust events discussed in section 5.1). Therefore the enhancement in the aerosol load is clearly caused by a population of small particles. Accordingly, a very good positive correlation between σsp(550) and NF was found, but not with NC (figure 5.13). The temporary decrease in α observed on 3th of December (but still above 1) corresponds to a marked decrease in the aerosol load (in both fine and coarse modes), likely due to precipitation that occurred on that day. Figure 5.11 also reveals that the succession of observed peaks occur during nighttime, while the minimum values of both σsp(550) and M are found during the afternoon; this suggests the influence of the boundary layer in the dispersion of the pollutants during afternoon and the opposite effect during the night, as discussed in section 3.3 (concerning the daily variation of the aerosol properties). The variations of the Black Carbon mass concentration are in agreement with the σsp(550) and M variations. BC peaks, shown in figure 14, as high as 12 µgm-3 (or 80 Mm-1 in terms of absorption coefficient) are visible in this figure being responsible for the significant increase in the BC fraction and in the decrease of the single scattering albedo, as a consequence of the input of this absorbing material. Figure 5.15 shows the (expected) good negative correlation between BC fraction and . 
These aerosol levels seem to be influenced by local sources (traffic plus biomass burning for private heating during these months) and also by possible advection of particles from other continental areas (of Europe and Iberia Peninsula) suggested by the back-trajectories paths depicted in figure 5.16. The European influence observed during the first three days of the abovementioned period was followed by back trajectories of MIB type which crossed the northern and western urban and industrial areas of the Iberia Peninsula.
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[bookmark: _Toc297711645]Figure 5.11. Temporal evolution of the scattering coefficient (550 nm) and mass concentration in November/ December 2007. 
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[bookmark: _Toc297711646]Figure 5.12. Temporal evolution of the Ångström exponent in November/December 2007.
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[bookmark: _Toc297711647]Figure 5.13. Scattering coefficient (550 nm) versus fine mode (a) and coarse mode (b) number concentration.
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[bookmark: _Toc297711648]Figure 5.14. Temporal evolution of the Black carbon mass concentration in November/ December 2007.
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[bookmark: _Toc297711649]Figure 5.15. BC fraction versus the single scattering albedo.
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[bookmark: _Toc297711650]Figure 5.16. Set of back-trajectories, computed for the period between 28 November to 6 December 2007, showing the continental influence of the air masses arriving at Évora during this period.
[bookmark: _Toc297711698]Comparisons between the different aerosol types 
In the previous sections a set of case studies were presented concerning aerosol events caused by dust outbreaks, forest fires and pollution. Table 5.1 summarizes the aerosol properties obtained near the ground surface for the different aerosol types, considering periods where the events were more intense; by doing so, we tried to make visible as much as possible each aerosol type and diminish the inherent variability caused by aerosol mixing. The information depicted in table 5.1 shows clear differences between the aerosol types, and emphasis is given to the intensive aerosol properties as the extensive properties, which depend on the aerosol concentration, can obviously vary widely. Therefore comparing them seems to not be particularly relevant. The Ångström exponent, about 0.2 for desert dust, can be thought as a reference value that characterizes dust conditions under medium-high dust loads. For the other aerosol types, α shows a large increase towards values close to 2, especially for the polluted aerosol. These different magnitudes of α, which illustrate the different wavelength dependence of the scattering coefficients, correspond to noticeably different contributions of fine and coarse modes to the scattering of light. They are also representative of the lower and upper ranges of α measured in Évora between 2002 and 2009. According to the estimations of SF, while the sub-micrometer particles dominated the scattering during the forest fire and pollution events (78-86% respectively) the contrary was observed during the dusty situations, with the scattering being controlled by the coarser particles (86%). The coarse to fine number concentration ratios, NC/NF (1.5 for desert dust, down to 0.05-0.09 for polluted and forest fire aerosols) are in agreement. The expected increase in the absorbing particles during pollution events is revealed; on the one hand there is an increase in the BC mass fraction, on the other hand, there is a decrease in the singe scattering albedo. 

	
	Desert dust
	Forest fires
	Pollution

	σsp(450) (Mm-1)
	122
	463
	209

	σsp(550) (Mm-1)
	120
	322
	145

	σsp(700) (Mm-1)
	114
	211
	87

	α
	0.16±0.11
	1.80±0.04
	1.98±0.09

	M (µgm-3)
	139
	121
	38

	Es(450) (m2g-1)
	0.89±0.10
	3.83±0.18
	5.90±1.90

	Es(550) (m2g-1)
	0.88±0.09
	2.66±0.13
	4.13±1.44

	Es(700) (m2g-1)
	0.83±0.10
	1.74±0.08
	2.48±0.91

	NC/N0.5-10
	0.60±0.03
	0.08±0.02
	0.04±0.02

	NC/NF
	1.5±0.20
	0.09±0.02
	0.05±0.02

	SF
	0.14±0.12
	0.78±0.09
	0.86±0.11

	BC (µgm-3)
	2.0
	-
	5.3

	BC fraction
	0.01±0.004
	-
	0.14±0.05

	σap(670) (Mm-1)
	13.5
	-
	35.3

	
	0.91±0.03
	-
	0.73±0.09



[bookmark: _Toc297711661]Table 5.1. Average optical and physical aerosol properties for different aerosol types. These results account for the periods when each aerosol episode was more intense, in order to isolate, as much as possible, each aerosol type.


Figure 5.17 shows the aerosol scattering coefficient, at 550 nm, versus the aerosol mass concentration measured during events of different aerosol types, namely desert dust, forest fires and pollution. The different mass scattering efficiencies obtained for the different aerosol types (shown in table 5.1) are now represented in figure 5.17 as the slopes of σsp(550) versus M. The computed Es(550) values of about 0.9 and 2.7 m2g-1, respectively for desert dust and forest fires aerosols, are perceptible in figure 5.17a with the data extending below the lines representing 1 and 3 m2g-1, respectively. It’s worth to notice the low variability of the represented values. With a linear fit to the data, slopes (mass scattering efficiencies) of 0.85 and 2.67 m2g-1 were obtained, with very good correlation (R2=0.99) respectively for desert dust and forest fires aerosols. In particular, regarding the desert dust, Formenti (2000) had reported a mass scattering efficiency between 0.65 and 0.89 m2g-1, which shows a good agreement with this work. Concerning the data for the polluted aerosols in (figure 5.17b), although the variability is much larger, it’s clear that the majority of the data is located between the lines corresponding to 2 and 5 m2g-1 (or even above 5 m2g-1 as is clearly perceptible in the figure).            
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[bookmark: _Toc297711651]Figure 5.17. Scattering coefficient (550 nm) versus mass concentration for (a) dust and forest fires and (b) pollution aerosols. The lines and respective slopes (m2g-1) represent the mass scattering efficiencies.
5. Case studies of aerosol events of different types



[bookmark: _Toc297711699]Concluding remarks
[bookmark: _Toc292468758]In this thesis a data series of near surface in-situ measurements of aerosol optical and physical properties obtained during the last decade in a relatively small Portuguese city (Évora), have been analysed. Both scattering and absorbing aerosol properties together with aerosol mass concentration near the surface surface have been analyzed for the 2002-2009 period. Specific aerosol events, exceptionally strong and durable have also been analyzed allowing for the assessment of the climate relevant aerosol properties of different aerosol types reaching the region. One important benefit of the present study is the novel information obtained on the aerosol physical properties near the ground surface from a multitude of instruments and back-trajectory analyses, which fulfils a gap that was still remaining in the south western Iberia Peninsula and complement the information on the aerosol chemical properties existing from other authors for other similar sites of the Iberian Peninsula.
 In general, the aerosol load in Évora, near the surface, can be considered as moderate, in particular taking in account the higher magnitudes that usually characterize the aerosol extensive properties at larger urban or industrial areas. The median values of the scattering coefficient (550 nm), mass concentration and absorption coefficient (670 nm) where found to be near 33 Mm-1, 19 μgm-3 and 7 Mm-1, respectively; the latter corresponds to a black carbon mass concentration close to 1 μgm-3, which accounted for about 5% of the total aerosol mass; moreover, a median single scattering albedo (at 670 nm) of 0.78 was obtained while the mass scattering efficiency (550 nm) was close to 2 m2g-1; the aerosol population was, in general, characterized by a large fraction of particles in the sub-micrometer range. An overall contribution of almost 70% from these smaller particles for the scattering of light was estimated, which was based in the wavelength dependence of the scattering coefficients (given by the Ångström exponent, whose median value was found to be 1.5 for the whole period of measurements. 
The temporal evolution of the aerosol properties, from daily to seasonal scales, was studied and both the influence of local and distant sources could be recognized. The city’s regular activity, corresponding to a large extent to the local traffic dynamics, could be noticed in the daily trends of the several aerosol properties; this influence was reflected in the measured aerosol scattering and absorption properties as well as in the measured mass concentration; a good identifier of this anthropogenic influence was the absorption coefficient (or the black carbon mass concentration derived from the absorption coefficient) whose variations where even more evident. This is expected since these absorbing particles should result essentially from mobile combustion sources whereas the whole aerosol population depends on a wide variety of sources. Regarding specifically the BC mass concentration, the local anthropogenic influence was clearly identified by looking at the differences between these measurements obtained during Sundays and in the other days of the week; to notice that consistent differences were also visible in other aerosol properties both in the extensive and intensive ones.     
Concerning the seasonal cycle of aerosol properties in Évora and apart from the forest fires phenomena during the summer periods, the seasonal trend was characterized by a larger aerosol load in the colder season which was interpreted to be caused not only by the additional input of aerosols, particularly due to domestic heating, but also by the average atmospheric conditions, namely the lower boundary layer height and temperature inversions as well as lower wind speed during winter and fall. For instance, the median absorption coefficient during summer, 4-5 Mm-1 increased up to 8-10 Mm-1 during winter season, while the scattering coefficient (550 nm) reached maximum monthly values in winter, namely in January with average and median values of about 63.7 and 49.4 Mm-1, respectively. The aerosol population also tends to be more absorbing which is corroborated by some decrease in the single scattering albedo from 0.79-0.82 during summer months down to 0.76-0.78 in winter months. Also, the black carbon fraction, in the range of 3-5% during the summer months increased up to 7-11% in winter. However this pattern, which was evident for both the scattering and absorption properties of the aerosols in Évora, was not clearly observed in the aerosol mass concentration. We think that the decrease in importance of re-suspended material during the more cold and wet seasons is responsible for masking that trend (in particular re-suspended dust giving a strong signal in the mass). 
The large scale circulation was shown to have also a noticeable influence on the aerosol properties in Évora. This was done by relating computed back-trajectories, representing air masses paths, to the aerosol properties. The influence of particles from the relatively distant (summer) forest fires could also be recognized in the seasonal variation of the scattering properties whose dataset was long enough to include the most severe summer forest fires (they were responsible for the highest measured scattering coefficients, above 2000 Mm-1, recorded during August 2005) and the following years, which, in contrast, exhibited a significant decrease (in particular concerning the burnt areas). For instance, the summer months of 2005 (the most severe summer), with average scattering coefficient (550 nm) and Ångström exponent in the range of 49-97 Mm-1 and 1.6-1.7, respectively, experienced an aerosol load with totally different magnitude if compared with the summers of 2007 and 2008 (31-42 Mm-1 and 1.2-1.6 for the same scattering properties).        
The prevalence of westerly winds, coming from the Atlantic Ocean, was in general associated to lower aerosol loads. A further analysis also allowed noticing the influence of the continent in the air masses coming from the Atlantic Ocean which frequently resulted in the enhancement of the aerosol loads. For instance, the scattering coefficients were found to increase by a factor of 1.5 as well as their wavelength dependence. A comparable increase was observed in the mass concentration. The situations without dominant advective conditions, corresponding to back-trajectories of short length re circulating over the Iberian Peninsula, were related to even higher aerosol loads. This was also observed for situations characterized by advection from the other European regions to the east and Northeast of the Iberian Peninsula. The absorption coefficient (or the derived Black Carbon) showed less dependency from the large scale circulation as aforementioned for the scattering coefficients and the mass concentration. This should be related to the fact that the measurements were made in an urban environment were local production should dominates the levels of these absorbing particles. Measurements of this quantity in a rural site, away from anthropogenic sources and within this same region, should, in principle, clarify this issue and also elucidate on the actual magnitude of the local production both at the daily and seasonal scales. 
The influence of North African was also reflected in higher aerosol loads where at the surface the signal of coarse mineral dust was not always evident. On the one hand, when the transportation of dust is made at higher atmospheric levels its detection by the in-situ instruments is not possible; on the other hand, the mixing with the other aerosol species present near the surface weakens the signal of these episodes (namely with the wavelength dependence of the scattering coefficients not being very low); in addition, the relatively low mass scattering efficiency of the dust particles also contributes to this point. For example, a 30 μgm-3 dust mass concentration, which is relatively high in this site, results in a scattering coefficient of 26 Mm-1 (using the mass scattering efficiency obtained in this thesis), which is not particularly impressive. 
Finally some aerosol case studies were presented from which climate relevant aerosol properties and parameters of different aerosol "types" could be fairly characterized, in particular  the mass scattering efficiency, the single scattering albedo and the Ångström exponent. A consistent mass scattering efficiency value nearly 0.9 m2g-1 (for 550 nm) was commonly obtained during different Sharan dust episodes. For aerosols from forest fires a mass scattering efficiency (550 nm) of 2.7 m2g-1 was found; for situations of pollution events (industrial/traffic/urban) a larger variability in the mass scattering efficiency was found, but an important quantity of much larger values (up to values above 5 m2g-1) could be observed. Concerning the single scattering albedo an average value of 0.73 was calculated for these situations, which is consistent with a more absorbing aerosol if compared with the desert dust (0.91). As to the Ångström exponent, distinct values were obtained for the more intense dust cases (~0.2) if compared to the other aerosols (~1.8 and 2 for forest fires and pollution). 
6. Concluding remarks
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[bookmark: _Toc297711701]Appendix A. Some statistical definitions
i) The normal or Gaussian distribution whose probability density function is given by 
	

	(A1)


where A is the amplitude, w is the standard deviation and xc is the mean.
 
ii) The lognormal distribution is a positively skewed and non negative distribution given by
	

	(A2)


where A is the amplitude, w is the geometric standard deviation and xc is the modal value. In aerosol science the lognormal distribution is widely used for characterizing aerosol size distributions
                                                                 (A3)
where N is the total aerosol particle number concentration,  is the median diameter, that is, the diameter for which exactly one-half of the particles are smaller and one-half are larger and σg is the geometric standard deviation. 

[bookmark: _Toc292468760]iii) A percentile, Px, is the value of a variable below which a certain percent given by x of observations fall. For instance, P25 and P75, are also called first and third quartiles while the median corresponds to P50 (second quartile). P1, P5, P95 and P99 correspond to the 1st percentile, 5th percentile, 95th percentile and 99th percentile, respectively. 

[bookmark: _Toc297711702]Appendix B. Nephelometer calibration
Calibration of the nephelometer consists in filling the instrument with gases of known but different scattering coefficients and adjusting the zero and span constants for the appropriate scattering values. The zero measurement is the measure of the scattering intensity from aerosol-free air and the instrument background, which is performed with the air filtered by the high efficiency filter. The instrument noise is assessed as the standard deviation of the zero baseline measurements in order to determine the detection limit of the nephelometer. The mean detection limit of the nephelometer amounts to 0.3 Mm-1 as defined by a signal-to-noise ratio of 2. The instrument was calibrated about once a year using CO2 as high span gas and filtered dry air as low span gas; the record of calibration constants is provided in Table B1. K2 sets the total scatter calibration of the reference chopper and K4 sets the backscatter calibration of the reference chopper, while K1 and K3 are constants to account for photon count input pulse width and Rayleigh scatter of air at 273 °K and 1013.25 mbar, respectively. A detailed discussion of the performance characteristics of this commercial instrument is given by Anderson et al. [1996].

	Time
	K2450nm
	K2550nm
	K2700nm
	K4450nm
	K4550nm
	K4700nm

	07/2001
	4.166×10-3
	4.040×10-3
	4.056×10-3
	5.017×10-1
	5.049×10-1
	5.405×10-1

	12/2002
	4.213×10-3
	4.036×10-3
	4.554×10-3
	5.000×10-1
	5.060×10-1
	5.900×10-1

	12/2004
	5.042×10-3
	4.879×10-3
	4.660×10-3
	5.070×10-1
	5.160E-01
	5.320×10-1

	02/2006
	5.573×10-3
	5.280×10-3
	5.239×10-3
	5.254×10-1
	5.253×10-1
	5.145×10-1

	The nephelometer had a break down and some electronics were substituted

	01/2007
	8.635×10-3
	8.472×10-3
	8.535×10-3
	5.245×10-1
	5.233×10-1
	4.511×10-1

	03/2008
	9.620×10-3
	9.340×10-3
	9.550×10-3
	5.180×10-1
	5.230×10-1
	4.530×10-1

	01/2009
	1.053×10-3
	1.018×10-3
	9.943×10-3
	5.249×10-1
	5.115×10-1
	4.562×10-1



Table B1. Time evolution of the calibration constants, K2 and K4 (m-1), at three wavelengths
[bookmark: _Toc292468761]

[bookmark: _Toc297711703]Appendix C. Relative humidity correction for scattering measurements
Relative humidity (RH) is one of the factors influencing the amount of scattered solar radiation by aerosol particles [Horvath, 1996]. If RH increases, then hydrophilic atmospheric particles tend to grow, due to water uptake, and scatter more light. The light scattering humidification factor, f(RH), quantifies the influence of RH on σsp(). It is the ratio between σsp() at high and low RH values. The low RH is usually considered to be lower than 40 % (Kotchenruther et al., 1999; Koloutsou-Vakakis et al., 2001; Maggi and Hobbs, 2003; Targino et al., 2005).

                                                                                               (2)
In order to assess the temporal variation of the scattering coefficients, the influence of RH on σsp() should be eliminated.

[image: ]
Figure C1. Relative frequency distributions of measured ambient RH at the site and measured RH inside the nephelometer’s sensing chamber.


Figure C1 shows the relative frequency distributions of measured ambient RH values at the monitoring site and measured RH values inside the nephelometer’s optical chamber. The difference between the two measured RH values is clear: the lower and less variable RH values measured inside the nephelometer are due to the heating by the lamp in the measuring sensing chamber, whereas the ambient RH values comprise a large range of values. The RH values of the sampled aerosol are constrained mainly in the range of 30-50 %, with average of 40 % and standard deviation (SD) of 10 %. Therefore the measurements of σsp() were performed essentially with the aerosol under dry conditions and the RH corrections are expected to have minor influence in the overall results that follow in next sections. This hypothesis was confirmed as the difference between the corrected and non corrected values was found to be insignificant, and below the detection limit, because only few data were taken under non-dry conditions. In spite of that, corrected values were still used.
Due to the lack of measured f(RH) for the sampling site, functions from the literature, corresponding to different aerosol types, were used. The prevailing aerosol population at the site is of continental type. Anthropogenic aerosols from local or long distant sources as well as smoke aerosols from forest fires and desert dust from Africa were also present. The f(RH) functions were chosen according to these aerosol types which were discussed in section 3.1.1; we then distinguished between measurements made under clean/background continental conditions (the most common situation) and under perturbed conditions. The correction functions for clean/background conditions were based on (Maggi and Hobbs, 2003). The correction functions for pollution data were based on (Carrico et al., 2000) whose results regard to “a continental site influenced by aerosol with anthropogenic origin”. They are very similar to the ones obtained by (Koloutsou-Vakakis et al., 2001) for polluted aerosol and (Maggi and Hobbs, 2003) for biomass burning plumes. Desert dust aerosols were considered as being hydrophobic (Carrico et al., 2003; Fierz-Schmidhauser et al., 2009); therefore no correction for RH was applied when it dominated the aerosol population.

[bookmark: _Toc292468762]

[bookmark: _Toc297711704]Appendix D. Comparison between TEOM and HiVol sampler. TEOM calibration
TEOM operates at a temperature of 50ºC, which is sufficient to vaporize some semi-volatile material (namely ammonium nitrate and some organic compounds). The loss of volatile compounds has been considered the main reason for the TEOM underestimation of aerosol mass concentrations measurements. In regions were crustal material tends to be important, the differences tend to be lower than in regions where the fraction of volatile material is large [Salter and Parsons, 1999]. In fact, an empirical multiplicative factor of 1.3 was recommended to be used in TEOM equipments for air quality purposes [APEG, 1999], which was defined after comparative studies between TEOM and gravimetric methods [Ayers et al., 1999; Allen et al., 1997; Salter and Parsons, 1999; Soutar et al., 1999; Muir, 2000; King et al., 2000].
TEOM measurements were corrected by means of a comparison between its measurements and the ones obtained with a HiVol instruments (gravimetric method). Two campaigns were undertaken; the first occurred between April and December 2006 while the second occurred between August and October 2009. 
The HiVol PM10 sampler measures the mass concentration of aerosols with aerodynamic diameter smaller than 10 μm which were deposited into a filter (figure D.1). The sample is drawn into the instrument by a vacuum pump at 1.13 m3min-1 flow-rate. Glass microfiber filters (20.3×25.4 cm) EMP2000 (Whatman International Ltd, England) were used and weighed with a Mettler Toledo AG245 analytical balance.
[image: ][image: ]
Figure D.1. HiVol aerosol sampler, Thermo Andersen PM10, operating at CGE facilities. 

Regression analysis was performed on the mass concentrations measured by the TEOM and HiVol in order to retrieve a correction scheme for correcting the TEOM data, as the following relation shows  

                                                                                           (D.1)




where  e  are, respectively, the non-corrected and corrected mass concentrations measured with TEOM. Concerning the regression analysis, the independent variable is accounted by the HiVol measurements, , while the dependent variable is represented by . The results are shown in figure D.2. One notices that the relation between the measurements of both instruments is quite similar for the two periods, in the available range of mass concentration values.

[image: ]
Figure D.2. Mass concentration measured with TEOM versus mass concentration measured with HiVol. The fitting curve is also shown.

	Parameter
	

	slope
	0.60

	Standard error of the slope
	0.02

	intercept
	-0.32μgm-3

	Standard error of the intercept
	0.55μgm-3

	Correlation coefficient (R)
	0.94

	Coefficient of determination (R2)
	0.88



TableD.1. Regression parameters. 



The regression line which is obtained with versus  is

                                                                                            (D.2)

The correction function for the TEOM measurements is obtained making  (as HiVol is the reference instrument), resulting in


or


Finally, using the values of the parameters obtained 

                                                                                    (D.3)


	
	1/m
	-b/a (μgm-3)
	R




	
	
	
	

	DETR, 1999
	1.15-1.30
	-0.05-0.00
	0.89-0.92

	Salter and Parsons, 1999
	1.55
	-6.09
	0.94

	Soutar et al, 1999
	1.5
	5.9
	0.93

	Green et al., 2001
	1.33
	-5.14
	0.91

	Schwab et al., 2004
	1.08-1.34
	0.89-1.56
	0.93-0.98

	Muckler, 1999
	1.31-1.46
	-2.02-4.24
	0.98

	APEG, 1999
	1.3
	-
	-

	This work
	1.67

	0.53
	0.94



[bookmark: _Toc292468766]Table D.2. Comparison of the regression parameters with other studies.

[bookmark: _Toc297711705]Appendix E. Tables of monthly statistical results




	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3459
	88.9
	73.3
	39.2
	68.7
	114.7
	9.3
	18.3
	225.4
	354.0

	Feb
	3399
	81.2
	73.3
	31.1
	59.8
	108.2
	7.4
	13.5
	211.2
	368.9

	Mar
	4904
	53.9
	41.5
	28.1
	43.4
	66.7
	9.9
	15.2
	127.6
	195.0

	Apr
	5421
	46.9
	35.9
	23.9
	35.8
	55.9
	9.4
	14.3
	122.8
	181.8

	May
	5099
	44.8
	30.5
	23.8
	35.3
	55.5
	11.4
	15.2
	108.1
	155.7

	Jun
	4763
	64.2
	42.4
	32.2
	52.9
	87.0
	14.1
	18.9
	143.2
	188.1

	Jul
	4853
	62.0
	52.5
	27.0
	46.9
	79.9
	11.3
	15.2
	160.0
	244.7

	Aug
	4123
	75.7
	155.9
	25.8
	44.7
	82.5
	9.7
	13.8
	199.8
	466.3

	Sep
	4109
	54.7
	40.3
	25.9
	42.9
	70.1
	10.0
	14.5
	134.6
	189.8

	Oct
	4311
	48.8
	38.1
	23.5
	37.2
	62.1
	8.7
	13.2
	124.3
	181.4

	Nov
	4121
	60.1
	51.3
	26.0
	43.7
	75.4
	9.8
	14.3
	164.1
	258.4

	Dec
	5184
	64.0
	49.2
	29.8
	50.8
	82.9
	7.9
	14.7
	159.6
	251.1



Table E.1. Monthly statistics of σsp(450).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3459
	63.7
	52.0
	28.4
	49.4
	82.4
	7.2
	13.6
	159.5
	260.7

	Feb
	3399
	59.7
	52.9
	24.0
	44.1
	78.5
	5.6
	10.7
	152.4
	264.1

	Mar
	4904
	41.8
	32.5
	22.0
	33.8
	51.1
	8.0
	11.8
	98.0
	157.6

	Apr
	5421
	35.3
	26.2
	18.9
	27.5
	41.7
	7.3
	11.3
	89.9
	132.6

	May
	5099
	34.1
	23.2
	18.9
	27.3
	41.2
	8.7
	11.7
	82.0
	120.3

	Jun
	4763
	47.8
	32.0
	24.1
	39.3
	64.5
	10.3
	14.2
	107.2
	149.4

	Jul
	4853
	45.8
	38.8
	20.5
	34.6
	59.0
	8.7
	11.7
	117.8
	188.5

	Aug
	4123
	55.4
	109.9
	19.7
	33.3
	59.6
	7.4
	10.6
	147.3
	326.3

	Sep
	4109
	40.9
	29.9
	19.8
	32.4
	51.8
	7.6
	11.3
	99.9
	142.4

	Oct
	4311
	36.4
	27.4
	18.4
	28.5
	45.7
	7.0
	10.5
	91.1
	138.2

	Nov
	4121
	43.8
	36.5
	20.0
	32.2
	55.2
	7.8
	11.0
	116.5
	180.3

	Dec
	5182
	46.1
	34.4
	22.9
	36.8
	58.7
	6.1
	11.4
	114.3
	176.5



Table E.2. Monthly statistics of σsp(550).


	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3459
	41.2
	32.5
	19.3
	32.7
	53.5
	5.0
	9.4
	101.6
	163.8

	Feb
	3399
	41.4
	35.4
	17.7
	31.2
	54.3
	3.9
	7.8
	104.2
	176.4

	Mar
	4904
	32.2
	26.3
	16.5
	25.5
	39.2
	5.8
	8.5
	76.4
	131.3

	Apr
	5421
	26.1
	17.9
	14.6
	21.0
	31.2
	5.5
	8.6
	63.9
	90.7

	May
	5099
	25.5
	17.2
	14.5
	20.7
	30.4
	6.3
	8.7
	58.7
	92.8

	Jun
	4763
	34.1
	22.8
	17.3
	27.9
	45.1
	6.9
	10.2
	76.1
	105.3

	Jul
	4853
	32.5
	27.3
	15.1
	24.5
	41.0
	6.2
	8.8
	81.8
	133.9

	Aug
	4123
	38.5
	66.8
	15.1
	24.7
	41.3
	5.2
	8.1
	101.3
	215.5

	Sep
	4109
	29.8
	20.2
	15.3
	24.8
	37.7
	5.4
	8.7
	69.1
	98.8

	Oct
	4311
	26.3
	18.6
	14.1
	21.5
	32.3
	5.3
	8.0
	62.8
	95.5

	Nov
	4121
	30.3
	24.2
	14.4
	23.0
	38.4
	5.7
	8.0
	77.6
	114.0

	Dec
	5182
	30.8
	22.0
	16.3
	25.2
	38.8
	4.1
	8.3
	72.6
	116.6



Table E.3. Monthly statistics of σsp(700).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3459
	8.1
	6.6
	3.8
	6.3
	10.4
	1.0
	1.9
	19.5
	33.5

	Feb
	3399
	7.4
	6.3
	3.2
	5.7
	9.9
	0.7
	1.4
	18.2
	30.6

	Mar
	4904
	5.3
	3.9
	2.9
	4.5
	6.6
	1.1
	1.7
	11.7
	17.7

	Apr
	5421
	4.5
	2.8
	2.6
	3.7
	5.5
	1.0
	1.6
	10.4
	13.8

	May
	5099
	4.2
	2.4
	2.5
	3.5
	5.3
	1.2
	1.6
	9.2
	12.5

	Jun
	4763
	5.6
	3.2
	3.1
	4.9
	7.5
	1.4
	1.9
	11.3
	14.1

	Jul
	4853
	5.7
	4.3
	2.7
	4.5
	7.6
	1.2
	1.6
	13.0
	20.1

	Aug
	4123
	7.0
	13.3
	2.6
	4.5
	7.8
	1.1
	1.5
	16.8
	40.7

	Sep
	4109
	5.0
	3.0
	2.6
	4.3
	6.5
	1.0
	1.5
	10.8
	14.2

	Oct
	4311
	4.5
	3.2
	2.4
	3.6
	5.8
	0.9
	1.4
	10.5
	15.0

	Nov
	4121
	5.6
	4.4
	2.7
	4.2
	7.2
	1.0
	1.5
	14.4
	21.9

	Dec
	5184
	6.0
	4.6
	3.0
	4.8
	7.7
	0.8
	1.5
	14.8
	24.2



Table E.4. Monthly statistics of σbsp(550).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3459
	1.68
	0.44
	1.54
	1.78
	1.95
	0.06
	0.74
	2.13
	2.31

	Feb
	3399
	1.43
	0.53
	1.15
	1.50
	1.85
	-0.07
	0.41
	2.12
	2.29

	Mar
	4904
	1.21
	0.55
	0.84
	1.22
	1.63
	-0.13
	0.24
	2.04
	2.21

	Apr
	5421
	1.25
	0.53
	0.91
	1.32
	1.64
	-0.05
	0.23
	1.97
	2.26

	May
	5099
	1.25
	0.42
	0.97
	1.29
	1.56
	0.17
	0.47
	1.87
	2.03

	Jun
	4763
	1.44
	0.31
	1.24
	1.46
	1.65
	0.61
	0.88
	1.91
	2.07

	Jul
	4853
	1.41
	0.38
	1.22
	1.48
	1.67
	0.31
	0.64
	1.92
	2.10

	Aug
	4123
	1.37
	0.45
	1.09
	1.41
	1.71
	0.23
	0.51
	1.99
	2.17

	Sep
	4109
	1.30
	0.47
	1.05
	1.37
	1.63
	-0.14
	0.40
	1.91
	2.10

	Oct
	4311
	1.31
	0.51
	0.99
	1.42
	1.68
	-0.00
	0.29
	1.97
	2.14

	Nov
	4121
	1.46
	0.54
	1.17
	1.62
	1.86
	-0.06
	0.31
	2.08
	2.25

	Dec
	5182
	1.57
	0.58
	1.30
	1.72
	1.95
	-0.17
	0.42
	2.16
	2.32



Table E.5. Monthly statistics of α450-700.


	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	3457
	0.10
	0.02
	0.09
	0.10
	0.12
	0.06
	0.07
	0.14
	0.15

	Feb
	3399
	0.11
	0.02
	0.09
	0.11
	0.12
	0.06
	0.07
	0.14
	0.15

	Mar
	4904
	0.11
	0.02
	0.10
	0.11
	0.13
	0.06
	0.08
	0.15
	0.17

	Apr
	5395
	0.12
	0.03
	0.10
	0.11
	0.13
	0.07
	0.08
	0.17
	0.20

	May
	5099
	0.11
	0.02
	0.10
	0.11
	0.13
	0.06
	0.07
	0.15
	0.18

	Jun
	4763
	0.10
	0.02
	0.08
	0.10
	0.12
	0.05
	0.06
	0.14
	0.15

	Jul
	4847
	0.11
	0.02
	0.09
	0.11
	0.13
	0.06
	0.07
	0.15
	0.16

	Aug
	4119
	0.11
	0.02
	0.10
	0.11
	0.13
	0.06
	0.07
	0.14
	0.16

	Sep
	4109
	0.11
	0.03
	0.09
	0.11
	0.12
	0.06
	0.07
	0.15
	0.19

	Oct
	4308
	0.11
	0.02
	0.09
	0.11
	0.12
	0.06
	0.07
	0.14
	0.16

	Nov
	4121
	0.11
	0.02
	0.10
	0.11
	0.12
	0.06
	0.08
	0.14
	0.15

	Dec
	5166
	0.11
	0.02
	0.10
	0.11
	0.12
	0.06
	0.08
	0.14
	0.15



Table E.6. Monthly statistics of b(550).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	1465
	13.8
	13.5
	5.4
	9.8
	17.4
	0.6
	1.3
	42.2
	69.8

	Feb
	1209
	11.1
	9.6
	5.5
	8.4
	13.1
	0.7
	2.0
	28.4
	47.6

	Mar
	1436
	8.0
	7.6
	4.0
	6.1
	9.6
	1.1
	1.8
	18.3
	40.2

	Apr
	1559
	6.3
	4.9
	3.0
	5.0
	8.3
	0.6
	1.3
	15.7
	25.4

	May
	2191
	6.8
	4.9
	3.6
	5.7
	8.8
	1.1
	1.7
	14.8
	26.5

	Jun
	2055
	6.4
	3.9
	3.6
	5.5
	8.3
	0.9
	1.7
	13.6
	19.4

	Jul
	1917
	5.3
	3.6
	3.0
	4.6
	6.6
	0.9
	1.4
	11.7
	17.8

	Aug
	2132
	5.6
	3.9
	3.2
	4.7
	6.7
	0.9
	1.5
	12.3
	19.6

	Sep
	2012
	8.4
	6.4
	4.3
	6.7
	10.3
	1.1
	2.1
	20.0
	31.5

	Oct
	2210
	9.7
	8.3
	4.8
	7.6
	11.5
	1.1
	2.4
	24.5
	41.9

	Nov
	2064
	11.1
	11.1
	4.6
	7.8
	13.6
	0.9
	1.9
	32.8
	60.2

	Dec
	1877
	11.5
	11.0
	4.8
	8.6
	14.1
	0.5
	1.8
	30.2
	58.1



Table E.7. Monthly statistics of σap(670).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	660
	0.74
	0.14
	0.67
	0.76
	0.84
	0.32
	0.48
	0.94
	0.98

	Feb
	671
	0.77
	0.11
	0.70
	0.78
	0.85
	0.47
	0.57
	0.90
	0.97

	Mar
	1434
	0.77
	0.11
	0.71
	0.79
	0.85
	0.41
	0.54
	0.92
	0.95

	Apr
	1487
	0.78
	0.11
	0.71
	0.79
	0.87
	0.47
	0.57
	0.94
	0.97

	May
	1487
	0.77
	0.12
	0.69
	0.78
	0.86
	0.43
	0.55
	0.93
	0.96

	Jun
	1337
	0.78
	0.11
	0.71
	0.79
	0.85
	0.50
	0.58
	0.93
	0.96

	Jul
	1481
	0.79
	0.09
	0.74
	0.80
	0.86
	0.51
	0.64
	0.93
	0.97

	Aug
	2132
	0.81
	0.08
	0.76
	0.82
	0.87
	0.55
	0.67
	0.93
	0.96

	Sep
	2012
	0.79
	0.09
	0.73
	0.80
	0.85
	0.50
	0.61
	0.91
	0.95

	Oct
	2065
	0.73
	0.11
	0.66
	0.75
	0.81
	0.44
	0.52
	0.90
	0.96

	Nov
	1943
	0.72
	0.11
	0.66
	0.73
	0.80
	0.42
	0.52
	0.90
	0.95

	Dec
	1871
	0.75
	0.11
	0.68
	0.76
	0.83
	0.45
	0.55
	0.92
	0.97



Table E.8. Monthly statistics of (670).


	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	1809
	19.7
	14.6
	9.4
	16.4
	26.6
	0.8
	2.9
	47.0
	69.0

	Feb
	1512
	20.8
	16.2
	10.1
	17.5
	26.9
	1.1
	3.3
	49.1
	78.8

	Mar
	2105
	21.8
	13.5
	11.8
	19.1
	29.3
	1.8
	5.2
	46.9
	61.4

	Apr
	2569
	19.8
	12.6
	11.1
	17.1
	25.4
	1.8
	4.8
	44.1
	63.5

	May
	1874
	23.2
	21.1
	11.2
	17.8
	28.1
	1.7
	4.7
	58.1
	105.6

	Jun
	1394
	24.0
	14.0
	13.1
	21.5
	31.9
	2.1
	5.9
	52.1
	65.9

	Jul
	1455
	24.8
	17.5
	11.5
	21.0
	34.3
	1.3
	3.9
	61.0
	76.8

	Aug
	2141
	28.6
	22.0
	13.3
	23.6
	37.7
	1.8
	4.7
	70.7
	106.2

	Sep
	1711
	25.9
	17.6
	12.1
	20.9
	37.5
	1.5
	5.0
	58.9
	77.2

	Oct
	1687
	20.8
	12.5
	11.3
	18.6
	28.0
	1.4
	4.9
	44.1
	56.2

	Nov
	1345
	21.8
	16.9
	10.2
	17.2
	28.6
	1.0
	4.3
	54.7
	78.5

	Dec
	1975
	22.0
	20.1
	11.7
	18.4
	26.0
	1.8
	4.9
	46.3
	106.6



Table E.9. Monthly statistics of M.

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	1495
	3.3
	1.6
	2.1
	2.8
	4.0
	0.9
	1.3
	6.5
	8.8

	Feb
	1386
	2.9
	1.6
	1.8
	2.5
	3.4
	1.0
	1.3
	6.0
	8.7

	Mar
	2089
	2.2
	1.3
	1.3
	1.8
	2.6
	0.6
	0.9
	4.7
	7.2

	Apr
	2537
	2.0
	1.1
	1.3
	1.7
	2.4
	0.6
	0.8
	4.0
	6.1

	May
	1285
	1.8
	1.0
	1.2
	1.6
	2.1
	0.6
	0.8
	3.3
	5.7

	Jun
	937
	2.0
	1.1
	1.3
	1.7
	2.4
	0.5
	0.8
	3.9
	5.8

	Jul
	1169
	1.7
	1.1
	1.1
	1.5
	2.0
	0.4
	0.6
	3.4
	6.8

	Aug
	1570
	1.7
	1.1
	1.1
	1.5
	1.9
	0.4
	0.6
	3.3
	6.8

	Sep
	989
	1.8
	1.0
	1.2
	1.6
	2.2
	0.6
	0.8
	3.3
	5.6

	Oct
	1191
	1.9
	0.9
	1.3
	1.7
	2.3
	0.6
	0.8
	3.6
	4.6

	Nov
	1024
	2.0
	1.0
	1.4
	1.8
	2.3
	0.8
	1.0
	3.5
	5.7

	Dec
	1962
	2.7
	1.3
	1.8
	2.5
	3.4
	0.8
	1.2
	5.1
	7.3



Table E.10. Monthly statistics of Esp(550).

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	1464
	2.1
	2.0
	0.8
	1.5
	2.6
	0.1
	0.2
	6.4
	10.6

	Feb
	1209
	1.7
	1.5
	0.8
	1.3
	2.0
	0.1
	0.3
	4.3
	7.2

	Mar
	1436
	1.2
	1.2
	0.6
	0.9
	1.5
	0.2
	0.3
	2.8
	6.1

	Apr
	1559
	1.0
	0.7
	0.5
	0.8
	1.3
	0.1
	0.2
	2.4
	3.9

	May
	2191
	1.0
	0.7
	0.6
	0.9
	1.3
	0.2
	0.3
	2.2
	4.0

	Jun
	2055
	1.0
	0.6
	0.6
	0.8
	1.3
	0.1
	0.3
	2.1
	2.9

	Jul
	1917
	0.8
	0.5
	0.5
	0.7
	1.0
	0.1
	0.2
	1.8
	2.7

	Aug
	2132
	0.8
	0.6
	0.5
	0.7
	1.0
	0.1
	0.2
	1.9
	3.0

	Sep
	2012
	1.3
	1.0
	0.7
	1.0
	1.6
	0.2
	0.3
	3.0
	4.8

	Oct
	2210
	1.5
	1.3
	0.7
	1.1
	1.8
	0.2
	0.4
	3.7
	6.3

	Nov
	2064
	1.7
	1.7
	0.7
	1.2
	2.1
	0.1
	0.3
	5.0
	9.1

	Dec
	1877
	1.7
	1.7
	0.7
	1.3
	2.1
	0.1
	0.3
	4.6
	8.8



Table E.11. Monthly statistics of BC.


	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	900
	0.13
	0.11
	0.07
	0.11
	0.17
	0.01
	0.02
	0.32
	0.63

	Feb
	555
	0.09
	0.05
	0.06
	0.08
	0.11
	0.01
	0.03
	0.17
	0.26

	Mar
	665
	0.06
	0.06
	0.03
	0.05
	0.07
	0.01
	0.02
	0.16
	0.30

	Apr
	1298
	0.06
	0.06
	0.03
	0.05
	0.07
	0.01
	0.02
	0.13
	0.27

	May
	1109
	0.06
	0.07
	0.03
	0.04
	0.07
	0.01
	0.02
	0.18
	0.36

	Jun
	691
	0.06
	0.05
	0.03
	0.05
	0.07
	0.01
	0.02
	0.16
	0.30

	Jul
	651
	0.05
	0.05
	0.03
	0.04
	0.06
	0.01
	0.02
	0.12
	0.28

	Aug
	1391
	0.04
	0.05
	0.03
	0.03
	0.05
	0.01
	0.02
	0.10
	0.20

	Sep
	946
	0.05
	0.03
	0.03
	0.04
	0.06
	0.01
	0.02
	0.12
	0.17

	Oct
	1193
	0.07
	0.04
	0.05
	0.06
	0.09
	0.02
	0.03
	0.16
	0.22

	Nov
	1028
	0.08
	0.06
	0.04
	0.07
	0.09
	0.01
	0.02
	0.16
	0.30

	Dec
	1028
	0.10
	0.06
	0.07
	0.09
	0.12
	0.01
	0.03
	0.20
	0.28



Table E.12. Monthly statistics of BC fraction.

	Month
	N
	Mean
	SD
	P25
	Median
	P75
	P1
	P5
	P95
	P99

	Jan
	660
	42.0
	28.9
	22.8
	35.7
	54.3
	2.8
	9.5
	95.6
	155.3

	Feb
	671
	51.3
	35.0
	25.6
	42.1
	71.5
	5.4
	11.6
	120.8
	176.4

	Mar
	1434
	36.5
	25.6
	19.5
	30.0
	45.6
	8.2
	11.3
	85.5
	136.9

	Apr
	1487
	29.3
	15.5
	18.8
	25.6
	35.0
	9.6
	12.4
	59.9
	84.3

	May
	1484
	30.7
	14.9
	19.5
	27.4
	38.2
	9.1
	12.8
	60.7
	78.2

	Jun
	1337
	28.2
	13.7
	19.2
	25.1
	33.4
	8.8
	12.2
	57.5
	78.0

	Jul
	1483
	29.1
	21.8
	16.7
	24.1
	36.6
	7.0
	11.0
	63.0
	86.5

	Aug
	2132
	31.3
	17.5
	18.6
	27.9
	39.4
	7.7
	11.2
	66.0
	87.8

	Sep
	2012
	41.1
	26.5
	21.5
	33.8
	52.9
	8.8
	13.4
	91.9
	123.5

	Oct
	2069
	36.2
	22.5
	20.8
	31.0
	44.3
	8.2
	12.0
	82.0
	119.3

	Nov
	1943
	38.7
	27.7
	20.6
	31.1
	47.1
	7.8
	11.1
	97.8
	142.5

	Dec
	1875
	45.5
	32.8
	24.4
	36.8
	57.1
	5.5
	13.0
	107.5
	177.2



Table E.13. Monthly statistics of σep(670)
[bookmark: _Toc292468767]

[bookmark: _Toc297711706]Appendix F. Data base of aerosol episodes observed between 2002 and 2009
A data base with aerosol episodes is here presented and a short description of the trajectories likely responsible for the enhancement of aerosol load is made; ranges of aerosol properties are shown, based on daily averages, and examples of back-trajectories representative of the periods are depicted.


	Measurements
Ranges of aerosol properties in terms of daily averages
	Comments

	

	
13-16 Apr 2002

	σsp(550) = 77-151 Mm-1.
α=1.6-1.7
b~0.10
	Trajectories with European influence related to an increase of the aerosol load with pollution characteristics.
[image: http://ready.arl.noaa.gov/hysplitout/308624_trj001.gif]

	
25-27 Apr 2002

	σsp(550) = 63-130 Mm-1.
α=1.4-1.8
b~0.10-0.13
	Trajectories also with European influence related to an increase of the aerosol load with pollution characteristics.
[image: http://ready.arl.noaa.gov/hysplitout/318701_trj001.gif]

	
30 May-3 Jun 2002

	σsp(550) = 58-97 Mm-1.
α=1.4-1.6
b~0.11-0.13
	Mainly continental influence (MIB+ IB trajectories). Possible African influence in altitude, but with no dust signal at the surface. 
[image: http://ready.arl.noaa.gov/hysplitout/378716_trj001.gif]

	



23-30 Jun 2002

	σsp(550) = 63-106 Mm-1.
α=1.3-1.5
b~0.10-0.12
	Trajectories of MIB / IB types of short length led to relatively high aerosol load of pollution or smoke from forest fires.
[image: http://ready.arl.noaa.gov/hysplitout/358723_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/318729_trj001.gif]

	
18 Jul-2 Aug 2002

	σsp(550) = 94-229 Mm-1.
α=1.4-1.9
b~0.09-0.16
	Trajectories of MIB and IB types and possible transportation of pollution/smoke from forest fires during this period. African influence in altitude but no dust signal was recorded at the surface. 
[image: http://ready.arl.noaa.gov/hysplitout/368736_trj001.gif]

	
18-26 Mar 2003

	σsp(550) = 54-89 Mm-1.
α=0.7-1.1
b~0.11-0.13
	Trajectories with north African influence and several plumes with dust characteristics observed during this period.
[image: http://ready.arl.noaa.gov/hysplitout/328746_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/388752_trj001.gif]

	
30-31 May 2003

	σsp(550) = 46-60 Mm-1.
Α=0.9-1.1
b~0.11-0.13
	Trajectories of short length as well as from Africa (in altitude). Short term dust plumes observed. 
[image: http://ready.arl.noaa.gov/hysplitout/358762_trj001.gif]

	
13-24 Jun 2003

	σsp(550) = 53-95 Mm-1.
α=0.6-1.2
b~0.09-0.13
	This period was characterized by Iberian and African influence. Some dust plumes were recorded as well as smoke from forest fires. 
[image: http://ready.arl.noaa.gov/hysplitout/338768_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/338771_trj001.gif]

	
5-13 Jul 2003

	σsp(550) = 63-196 Mm-1. α=1.2-1.5
b~0.09-0.12
	Trajectories mainly with Iberian influence (IB and MIB) led to transportation of smoke from forest fires possibly mixed with pollution.

[image: http://ready.arl.noaa.gov/hysplitout/328784_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/328777_trj001.gif]

	

30Jul-14 Aug 2003

	σsp(550) = 78-225 Mm-1.
α=0.9-1.8
b~0.11-0.15
	Smoke from forest fires was transported towards the measurement site, as well as some dust plumes due to African influence in some periods.

[image: http://ready.arl.noaa.gov/hysplitout/358805_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/368800_trj001.gif]


	
21-24 Aug 2003

	σsp(550) = 88-188 Mm-1.
α=1.1-1.3
b~0.08-0.09
	Observations of smoke from forest fires transported from northern regions in the context of MIB type trajectories.
[image: http://ready.arl.noaa.gov/hysplitout/358810_trj001.gif]

	
10-15 Oct 2003

	σsp(550) = 45-123 Mm-1.
α=1.5-1.8
b~0.10-0.14
	Periods with high aerosol load, likely pollution. Trajectories of IB and MIB types. 
[image: http://ready.arl.noaa.gov/hysplitout/358821_trj001.gif]


	
5-7-Nov 2003

	σsp(550) = 68-75 Mm-1.
α=1.0-1.4
b~0.12
	Plumes of desert dust observed during this period characterized by African influenced trajectories.
[image: http://ready.arl.noaa.gov/hysplitout/368827_trj001.gif]

	
20-21 Nov 2003

	σsp(550) = 77-95 Mm-1.
α=1.1
b~0.12
	African as well as IB influenced trajectories. Observations of desert dust.
[image: http://ready.arl.noaa.gov/hysplitout/378836_trj001.gif]

	
12-17 Dec 2003

	σsp(550) = 59-98 Mm-1.
α=1.5-1.9
b~0.10-0.15
	Trajectories of MIB type and observations of a polluted aerosol. 
[image: http://ready.arl.noaa.gov/hysplitout/328841_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/338839_trj001.gif]


	
21-23 Jan 2004

	σsp(550) = 118-159 Mm-1.
α=1.7
b~0.12-0.14
	Trajectories of MIB type and high aerosol load with pollution characteristics.  
[image: http://ready.arl.noaa.gov/hysplitout/328849_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/328851_trj001.gif]


	
3-20 Feb 2004

	σsp(550) = 68-280 Mm-1.
α=1.3-1.7
b~0.10-0.12
	Long period with consistently high aerosol loads. During this period the trajectories were African influenced and of IB type. Latter influence from Europe. In spite of the African influence, the measurements suggest no clear influence of dust at the surface. 

[image: http://ready.arl.noaa.gov/hysplitout/318861_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/388857_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/318859_trj001.gif]


	
3-18 Mar 2004

	σsp(550) = 31-127 Mm-1.
α=0.7-1.8
b~0.10-0.14
	Period with trajectories influenced from Europe, IB and Africa. Several strong plumes of dust characteristics were observed during this period.
[image: http://ready.arl.noaa.gov/hysplitout/358867_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/318868_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/388870_trj001.gif]

	
21-26 May 2004

	
	Trajectories of AF and IB types. Some observations of desert dust.
[image: http://ready.arl.noaa.gov/hysplitout/378875_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/338876_trj001.gif]

	
2-13 June 2004

	σsp(550) = 60-136 Mm-1.
α=1.3-1.7
b~0.09-0.12
	Trajectories of short length (IB) and AF influence mainly in altitude. Pollution and some observations of dust.
[image: http://ready.arl.noaa.gov/hysplitout/308878_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/368882_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/308888_trj001.gif]

	








1-8 Oct 2004

	σsp(550) = 63-105 Mm-1.
α=1.7
b~0.10-0.13
	Trajectories with European and African influence during this period. Pollution and some short-term dust observations.
[image: http://ready.arl.noaa.gov/hysplitout/368896_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/378898_trj001.gif]

	
19-30 Nov 2004

	σsp(550) = 66-181 Mm-1.
α=1.5-1.8
b~0.09-0.12
	Trajectories of MIB and IB types and gradual influence from Africa. Pollution type aerosol during this period.
[image: http://ready.arl.noaa.gov/hysplitout/358905_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/348907_trj001.gif]

	
7-11 Dec 2004

	σsp(550) = 79-108 Mm-1.
α=1.9
b~0.12-0.14
	African and European influenced trajectories, but an aerosol of pollution type was observed during this period. 
[image: http://ready.arl.noaa.gov/hysplitout/378919_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/318921_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/358917_trj001.gif]

	
1-17 Jan 2005

	σsp(550) = 67-138 Mm-1.
α=1.9-2.0
b~0.11-0.14
	Long period with high aerosol loads and strong peaks of pollution. During this period the trajectories were of MIB type. Latter they were gradually arriving from Africa but no observations of dust were made.
[image: http://ready.arl.noaa.gov/hysplitout/378928_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/388930_trj001.gif]

	
23-24 Jan 2005

	σsp(550) = 112-133 Mm-1.
α=2.0-2.1
b~0.13-0.15
	Trajectories of MIB type and pollution episode.
[image: http://ready.arl.noaa.gov/hysplitout/338934_trj001.gif]

	
4-5 Feb 2005

	σsp(550) = 87-108 Mm-1.
α=2.0-2.1
b~0.15
	EU trajectories and pollution observations.
[image: http://ready.arl.noaa.gov/hysplitout/378949_trj001.gif]


	



12-13 Feb 2005

	σsp(550) = 91-100 Mm-1.
α=1.8-2.0
b~0.12-0.14
	Trajectories of IB type, with short length. Pollution observations.
[image: http://ready.arl.noaa.gov/hysplitout/308952_trj001.gif] 


	
15-21 Mar 2005

	σsp(550) = 63-143 Mm-1.
α=0.5-1.3
b~0.10-0.12
	Mainly trajectories with African origin. Observations of dust aerosols during this period.
[image: http://ready.arl.noaa.gov/hysplitout/398957_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/348959_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/368962_trj001.gif]

	
17-24 June 2005

	σsp(550) = 55-109 Mm-1.
α=1.5-1.8
b~0.09-0.14
	Trajectories of short length and observation of pollution/smoke aerosols.
[image: http://ready.arl.noaa.gov/hysplitout/339047_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/329053_trj001.gif] 

	
21-23 Jul 2005

	σsp(550) = 56-91 Mm-1.
α=1.6-1.7
b~0.10-0.14
	Trajectories of MIB type and African influence in altitude. Observation of pollution/smoke aerosols.

[image: http://ready.arl.noaa.gov/hysplitout/329071_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/329073_trj001.gif]

	
5-6 Aug 2005

	σsp(550) = 56-129 Mm-1.
α=1.6-1.7
b~0.12-0.15
	Trajectories with European influence and African influence in altitude. Observation of pollution/smoke aerosols.
[image: http://ready.arl.noaa.gov/hysplitout/399078_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/379079_trj001.gif]


	
11-24 Aug 2005

	σsp(550) = 46-782 Mm-1.
α=1.7-1.9
b~0.10-0.15
	Trajectories of MIB, IB and EU types. Observations of strong smoke plumes during this period. Highest aerosol loads observed until now. 
[image: http://ready.arl.noaa.gov/hysplitout/389083_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/379084_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/349085_trj001.gif]

	

21-24 Jan 2006

	σsp(550) = 93-137 Mm-1.
α=1.7-1.8
b~0.10-0.11
M = 19-29 µgm-3
	Trajectories with European influence during this period and observations of pollution aerosols.
[image: http://ready.arl.noaa.gov/hysplitout/309099_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/349100_trj001.gif]

	
30 Jan-2 Feb 2006

	σsp(550) = 66-117 Mm-1.
α=1.9-2.0
b~0.11-0.15
M = 20-40 µgm-3
	Trajectories with European influence and later African influence. Aerosol of pollution type.
[image: http://ready.arl.noaa.gov/hysplitout/339101_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/379102_trj001.gif]

	
4-14 Feb 2006

	σsp(550) = 77-129 Mm-1.
α=1.2-1.8
b~0.11-0.14
M = 24-52 µgm-3
	Trajectories mainly with European influence. Also some African influence likely responsible for the observations of a short-term dust plume. 
[image: http://ready.arl.noaa.gov/hysplitout/399104_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/339105_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/379108_trj001.gif]

	
25-27 Apr 2006

	σsp(550) = 70-98 Mm-1.
α=1.2-1.3
b~0.11-0.12
M = 35-55 µgm-3
	Trajectories of IB type and African influence. Observations of a dust plume.
[image: http://ready.arl.noaa.gov/hysplitout/359115_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/339117_trj001.gif]

	
27 May-2 Jun 2006

	σsp(550) = 56-105 Mm-1.
α=0.2-1.3
b~0.10-0.14
M = 30-96 µgm-3
	Mainly African trajectories and circulation paths over the Iberian Peninsula. Observations of dust and polluted aerosols.
[image: http://ready.arl.noaa.gov/hysplitout/399119_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/369120_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/379125_trj001.gif]

	
17-23 Jun 2006

	σsp(550) = 44-123 Mm-1.
α=1.4-1.5
b~0.09-0.13
M = 24-40 µgm-3
	Circulation paths over the Iberian Peninsula and trajectories of MIB type. 
[image: http://ready.arl.noaa.gov/hysplitout/309130_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/389133_trj001.gif]

	



29 Jun-1 Jul 2006

	σsp(550) = 62-133 Mm-1.
α=1.5-1.7
b~0.10-0.12
M = 27-46 µgm-3
	Trajectories of MIB type.
[image: http://ready.arl.noaa.gov/hysplitout/389137_trj001.gif]

	7-20 Jul 2006

	σsp(550) = 53-103 Mm-1.
α=0.7-1.6
b~0.10-0.14
M = 26-55 µgm-3
	Influence of the different regions during this period. African trajectories, circulations over the IB and European trajectories. Some dust plumes were observed during this period.
[image: http://ready.arl.noaa.gov/hysplitout/329140_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/349142_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/359145_trj001.gif]


	
4-15 Aug 2006

	σsp(550) = 50-182 Mm-1.
α=1.4-1.7
b~0.13-0.17
M = 28-83 µgm-3
	Trajectories mainly of MIB type. Transport of smoke from forest fires towards the measurements site.
[image: http://ready.arl.noaa.gov/hysplitout/349150_trj001.gif]

	
22-23 Aug 2006

	M = 35-36 µgm-3
	Trajectories of MIB type with short length. Transport of smoke from forest fires towards the measurements site.
[image: http://ready.arl.noaa.gov/hysplitout/399155_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/329158_trj001.gif]

	
4-9 Sep 2006

	M = 39-59 µgm-3
	Mainly trajectories of MIB and IB types. Possible influence from Africa in altitude.
[image: http://ready.arl.noaa.gov/hysplitout/349162_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/349165_trj001.gif]

	
9-10 Oct 2006

	M = 36-37 µgm-3

	Trajectories of MIB type and possible African influence in the aerosol load.
[image: http://ready.arl.noaa.gov/hysplitout/369167_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/309169_trj001.gif]

	




24 Nov 2006

	σsp(550) = 52 Mm-1.
α=0.4
b~0.10
M = 53 µgm-3
	African influence and observations of a strong dust plume during this day.
[image: http://ready.arl.noaa.gov/hysplitout/329174_trj001.gif]

	
20-21 Jan 2007

	σsp(550) = 74-199 Mm-1.
α=1.4-2.0
b~0.09-0.13
M = 27-43 µgm-3
	Trajectories of MIB type. Observations of an aerosol of pollution type. African influence in altitude, but without influence at the surface.
[image: http://ready.arl.noaa.gov/hysplitout/359180_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/399182_trj001.gif]

	
1-6 Feb 2007

	σsp(550) = 67-93 Mm-1.
α=1.9-2.1
b~0.11-0.16
M = 16-26 µgm-3
	Low advective conditions with trajectory re circulations over the IB leading to an increase in the pollution levels.
[image: http://ready.arl.noaa.gov/hysplitout/369185_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/309186_trj001.gif]

	
13-15 Apr 2007

	σsp(550) = 79-92 Mm-1.
α=1.8-2.0
b~0.11-0.12
M = 31-34 µgm-3
	Low advective conditions with trajectories influenced from European sector. Observations of some pollution peaks.

[image: http://ready.arl.noaa.gov/hysplitout/339188_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/359196_trj001.gif]

	
23-24 Apr 2007

	σsp(550) = 59-89 Mm-1.
α=1.2-1.5
b~0.13
M = 53-65 µgm-3
	European influenced trajectories of short length and possible African influence in altitude. Short-term dust plume observed.
[image: http://ready.arl.noaa.gov/hysplitout/349202_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/339205_trj001.gif]


	
3-8 June 2007

	σsp(550) = 57-88 Mm-1.
α=1.6-1.9
b~0.10-0.14
M = --
σap(670) = 5-11 Mm-1.
BC = 0.8-1.7 µgm-3
	Trajectories of MIB type and gradual influence from European sector. 
[image: http://ready.arl.noaa.gov/hysplitout/369206_trj001.gif]  [image: http://ready.arl.noaa.gov/hysplitout/379215_trj001.gif]


	
29-31 July 2007

	σsp(550) = 50-81 Mm-1.
α=1.1-1.6
b~0.09-0.15
M = 39-51 µgm-3
σap(670) = 6-13 Mm-1.
BC = 1-2 µgm-3
	Trajectories of MIB type and African influence in altitude. Short-term dust plume observed.
[image: http://ready.arl.noaa.gov/hysplitout/339226_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/349233_trj001.gif]

	
3-13 Aug 2007

	σsp(550) = 54-101 Mm-1.
α=1.0-1.9
b~0.10-0.16
M = 27-60 µgm-3
σap(670) = 4-11 Mm-1.
BC = 0.7-1.7 µgm-3
	Trajectories of short length around Iberian Peninsula and later trajectories of MIB type. Also some African influence. 
[image: http://ready.arl.noaa.gov/hysplitout/359235_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/379237_trj001.gif]

	
26-30 Aug 2007

	σsp(550) = 50-73 Mm-1.
α=1.3-1.8
b~0.12-0.14
M = 25-54 µgm-3
σap(670) = 6-11 Mm-1.
BC = 1-1.7 µgm-3
	Iberian re circulations and African influence visible in short-term dust plumes observed.
[image: http://ready.arl.noaa.gov/hysplitout/379247_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/339244_trj001.gif]

	
1-21 Sep 2007

	σsp(550) = 50-129 Mm-1.
α=1.4-1.9
b~0.10-0.14
M = 28-56 µgm-3
σap(670) = 8-15 Mm-1.
BC = 1.3-2.4 µgm-3
	Variety of trajectory types changing with European influence and also short trajectories within the IB. African influence in altitude, but no evidence of dust at the ground surface. Possibility of smoke from forest fires. In this period some forest fires were occurring after an insignificant forest fires season.
[image: http://ready.arl.noaa.gov/hysplitout/359253_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/319255_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/339258_trj001.gif]

	
8-14 Nov 2007

	σsp(550) = 50-136 Mm-1.
α=1.8-2.0
b~0.14-0.15
M = 29-58 µgm-3
σap(670) = 10-23 Mm-1.
BC = 1.5-3.4 µgm-3
	Trajectories of MIB type and European influenced also.
[image: http://ready.arl.noaa.gov/hysplitout/359267_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/309263_trj001.gif]

	
29 Nov-7 Dec 2007

	σsp(550) = 50-122 Mm-1.
α=1.4-2.1
b~0.11-0.14
M = 21-29 µgm-3
σap(670) = 11-29 Mm-1.
BC = 1.7- 4.4 µgm-3
	Trajectories of MIB type.
[image: http://ready.arl.noaa.gov/hysplitout/349278_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/359279_trj001.gif]

	

21-22 Dec 2007

	σsp(550) = 68-119 Mm-1.
α=0.5-0.9
b~0.13-0.14
M = 70-136 µgm-3
σap(670) = 11-14 Mm-1.
BC = 1.6-2.2 µgm-3
	Trajectories with African influence leading to a dust outbreak with a strong dust signal.
[image: http://ready.arl.noaa.gov/hysplitout/379281_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/359283_trj001.gif]

	
15-23 Jul 2008

	σsp(550) = 39-100 Mm-1.
α=0.7-1.7
b~0.10-0.17
M = -- 
σap(670) = 6-11 Mm-1.
BC = 0.9-1.7 µgm-3
	Variety of trajectories with different origins; African, European and re circulations within the IB. Several plumes with dust characteristics were detected during this period.
[image: http://ready.arl.noaa.gov/hysplitout/31484_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/30479_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/34481_trj001.gif]

	
26-31 Aug 2008

	σsp(550) = 45-57 Mm-1.
α=1.1-1.4
b~0.10-0.12
M = --
σap(670) = 5-9 Mm-1.
BC = 0.7-1.4 µgm-3
	Trajectories of short length within the IB, related to low advective conditions and African influence. Some dust plumes were detected.
[image: http://ready.arl.noaa.gov/hysplitout/30497_trj001.gif] [image: http://ready.arl.noaa.gov/hysplitout/38494_trj001.gif]

	
11-12 Oct 2008

	σsp(550) = 61-74 Mm-1.
α=0.4-0.6
b~0.11
M = --
σap(670) = 6-7 Mm-1.
BC ~ 1 µgm-3
	Trajectories of short length and African influence. Some dust plumes were detected.
[image: 389417_trj001][image: 379418_trj001]

	
23-27 Dec 2008

	σsp(550) = 67-108 Mm-1.
α=1.8-2.0
b~0.12-0.15
M = 18-39 µgm-3
σap(670) = --
BC = --
	African influence but no clear signal of desert dust near the ground surface.
[image: http://ready.arl.noaa.gov/hysplitout/33508_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/35506_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/36510_trj001.gif]

	
9-11 Jan 2009

	σsp(550) = 62-79 Mm-1.
α=1.8-1.9
b~0.13-0.16
M = 14-27 µgm-3
σap(670) = 10-24 Mm-1
BC ~ 1.5-3.7 µgm-3
	Trajectories with European influence.
[image: 369425_trj001][image: 309426_trj001][image: 399427_trj001]

	




16 Feb-1 Mar 2009

	σsp(550) = 43-107 Mm-1.
α=0.8-1.3
b~0.10-0.14
M = 20-33 µgm-3
σap(670) = 9-22 Mm-1
BC ~ 1.3-3.3 µgm-3
	Trajectories with European influence as well as African influence.
[image: http://ready.arl.noaa.gov/hysplitout/31519_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/32523_trj001.gif]

	
15-27 Mar 2009

	σsp(550) = 40-111 Mm-1.
α=0.1-1.0
b~0.12-0.15
M = 25-50 µgm-3
σap(670) = 7-18 Mm-1
BC ~ 1.0-2.7 µgm-3
	Trajectories with European influence as well as African influence.
[image: http://ready.arl.noaa.gov/hysplitout/37530_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/37533_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/37535_trj001.gif]


	
19-21 May 2009

	σsp(550) = --
α=--
b~--
M = 32-46 µgm-3
σap(670) = 3.3-9.4 Mm-1
BC ~ 0.5-1.4 µgm-3
	Trajectories of MIB type. 
[image: 399430_trj001][image: 389431_trj001]

	
20-21 Jul 2009

	σsp(550) = 32-37 Mm-1.
α=0.8-1.0
b~0.14-0.15
M = 37-40 µgm-3
σap(670) = 9-11 Mm-1
BC ~ 1.4-1.7 µgm-3
	Trajectories of MIB type and African influence in altitude.
[image: 339442_trj001][image: 379443_trj001]

	
11-18 Aug 2009

	σsp(550) = 31-63 Mm-1.
α=1-1.4
b~0.11-0.16
M = 31-41 µgm-3
σap(670) = 6-10 Mm-1
BC ~ 0.9-1.6 µgm-3
	Trajectories with European influence as well as African influence.
[image: http://ready.arl.noaa.gov/hysplitout/32543_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/37547_trj001.gif]


	
29-31 Aug 2009

	σsp(550) = 39-62 Mm-1.
α=0.8-1.2
b~0.12-0.15
M = 35-46 µgm-3
σap(670) = 9-11 Mm-1
BC ~ 1.4-1.7 µgm-3
	Low advective conditions. Possible African influence.
[image: 319446_trj001][image: 309447_trj001][image: 349449_trj001]


	






7-15 Sep 2009

	σsp(550) = 42-94 Mm-1.
α=0.8-1.3
b~0.10-0.14
M = -- 
σap(670) = 9-14 Mm-1
BC ~ 1.5-2.2 µgm-3
	Trajectories with European influence as well as African influence.
[image: http://ready.arl.noaa.gov/hysplitout/32558_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/39553_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/39555_trj001.gif]


	
26 Sep-2 Oct 2009

	σsp(550) = 37-78 Mm-1.
α=1.1-1.4
b~0.10-0.13
M = 25-36 µgm-3
σap(670) = 6-16 Mm-1
BC ~ 0.9-2.4 µgm-3
	Trajectories with European influence as well as African influence.
[image: http://ready.arl.noaa.gov/hysplitout/31468_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/32469_trj001.gif][image: http://ready.arl.noaa.gov/hysplitout/35470_trj001.gif]

	
28-30 Oct 2009

	σsp(550) = 37-65 Mm-1.
α=1.2-1.3
b~0.12-0.15
M = 27-36 µgm-3
σap(670) = 13-14 Mm-1
BC ~ 2 µgm-3
	Trajectories with African influence and re circulation over the Iberian Peninsula.
[image: 379450_trj001][image: 399452_trj001]

	
10-13 Dec 2009

	σsp(550) = 56-78 Mm-1.
α=1.3-1.6
b~0.10-0.13
M = 18-21 µgm-3
σap(670) = 9-15 Mm-1
BC ~ 1.3-2.3 µgm-3
	Sequence of trajectories of MIB type and African and European influenced.
[image: 359453_trj001] [image: 369456_trj001] [image: 319457_trj001]
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 379102 Job Start: Tue May 10 16:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity

Meteorology: 0000Z 01 Feb 2006 - reanalysis
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This T ot & NOAA product. Tt was produced by & web user_

Job ID: 399104 Job Start: Tue May 10 16:43:08 UTC 2011
Source1 lat:385 lon.:-7.9 height: 500 m AGL

Trajectory Direction: Backward _ Duration: 120 hrs

Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Feb 2006 - reanalysis
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This Ts ot & NOAA product. Tt was produced by & web user.
Job ID: 339105 Job Start: Tue May 10 16:
Source 1 lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Feb 2006 - reanalysis
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This T ot a NOAA product. Tt was produced by a web user.
Job ID: 379108 Job Start: Tue May 10 16:
Source 1 _lat:38.5 lon.
Trajectory Direction: Backward _Durati

S height: 500 m AGL
20

hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Feb 2006 - reanalysis
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 359112 Job Start: Tue May 10 16:
Source 1” lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs

Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 22 Apr 2006 - GDAS1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 339117 Job Start: Tue May 10 16:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs

Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 22 Apr 2006 - GDAS1
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This T ot & NOAA product. Tt was produced by & web user_
Job ID: 399119 Job Start: Tue May 10 16:56:30 UTC 2011
Souce { " lat:3se lon: 7.9 height; 500 m AGL
Tralectony Direcion: Backward ~ Duration: 120 1

Eiical Motlon Calculation Wethod: - Model Verical Velocity
Meteum\ugy 0000Z 22 May 2006 - GDAS 1
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This T ot & NOAA product. Tt was produced by & web user._
Job ID: 369120 Job Start: Tue May 10 16:50:23 UTC 2011
Source 1 lat:ase lon: 7.9 height; 500 m AGL
Tralectony Direcion: Backward ~ Duratlon: 120 1

ical Motion Calcuiation Method: - Model Vertcal Velocity
Meteum\ugy 0000Z 29 May 2006 - GDAS 1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 379125 Job Start: Tue May 10 17:
Source 1 lat:38.5 lon.:-7.9 height: 2000 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ Model Vertical Velocity
Meteorology: 0000Z 29 May 2006 - GDAS1

117 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 309130 Job Start: Tue May 10 17:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 15 Jun 2006 - GDAS 1

:50 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 389133 Job Start: Tue May 10 17:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 15 Jun 2006 - GDAS 1

:48 UTC 2011
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This T ot & NOAA product. Tt was produced by a web user.
Job ID: 389137 Job Start: Tue May 10 17:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 29 Jul 2006 - GDAS1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 329140 Job Start: Tue May 10 17
Source 1 lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 08 Jul 2006 - GDAS1

159 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 349142 Job Start: Tue May 10 17
Source 1 lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 08 Jul 2006 - GDAS1

114 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 359145 Job Start: Tue May 10 17
Source 1" lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 15 Jul 2006 - GDAS1

:48 UTC 2011
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This T ot & NOAA product. Tt was produced by & web user_
Job ID: 349150 Job Start: Tue May 10 17:18:20 UTC 2011
Souce t ' [at:3se lon: 7.9 height; 500 m AMSL
Tralectony Direcion: Backward ~ Duratlon: 120 1
ciical Motlon Calgulation Method: - odel Verical Velocity

Meteum\ugy 0000Z 01 Aug 2006 - GDAS1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 329158 Job Start: Tue May 10 17:
Source1 lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _  Model Vertical Velocity
Meteorology: 0000Z 22 Aug 2006 - GDAS 1

:46 UTC 2011
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This T ot & NOAA product. Tt was produced by a web user.
Job ID: 349162 Job Start: Tue May 10 17:
Source1 lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _  Model Vertical Velocity
Meteorology: 0000Z 01 Sep 2006 - GDAS 1

:48 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 349162 Job Start: Tue May 10 17:
Source1 lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _  Model Vertical Velocity

:25 UTC 2011

Meteorology: 0000Z 01 Sep 2006 - GDAS 1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 369167 Job Start: Tue May 10 17:
Source 1’ lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 08 Oct 2006 - GDAS1

:46 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 309169 Job Start: Tue May 10 17:
Source1 lat:38.5 lon:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 08 Oct 2006 - GDAS1

:03 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 329174 Job Start: Tue May 10 17
Source 1 lat:385 lon.:-79 height: 1500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _  Model Vertical Velocity
Meteorology: 0000Z 22 Nov 2006 - GDAS 1

:22 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 359180 Job Start: Tue May 10 17:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 15 Jan 2007 - GDAS 1

:02 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 399182 Job Start: Tue May 10 17:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 15 Jan 2007 - GDAS 1

:08 UTC 2011
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This T ot & NOAA product. Tt was produced by a web user.
Job Start: Tue May

Job ID: 369185
Source 1 _lat:38.5 lon.
Trajectory Direction: Backward

Vertical Motion Calculation Method:
Meteorology: 0000Z 01 Feb 2007 - GDAS1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 30918 Job Start: Tue May 10 17:
Source1 lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Feb 2007 - GDAS1

:04 UTC 2011
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This Ts ot & NOAA product. Tt was produced by & web user.
Job ID: 339188 Job Start: Tue May 10 17:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 08 Apr 2007 - GDAS1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 359198 Job Start: Tue May 10 17:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity

:03 UTC 2011

Meteorology: 0000Z 15 Apr 2007 - GDAS1
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This T ot & NOAA product. Tt was produced by & web user_
Job ID: 349202 Job Start: Tue May 10 18:01:20 UTC 2011
Souce { ' lat:38e lon: 7.9 height; 500 m AMSL
Tralectony Direcion: Backward ~ Duratlon: 120 1

Eiical Motlon Calculation Wethod:  Model Verical Velocity
Meteum\ugy 0000Z 22 Apr 2007 - GDAS1
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This T ot a NOAA product. Tt was produced by & web user_
Job ID: 339202 Job Start: Tue May 10 18:02:45 UTC 2011
Source 1 " lat:38e lon: 7.9 height; 500 m AMSL
Tralectony Direcion: Backward ~ Duratlon: 120 1

ical Motion Calcuiation Method: - Model Vertcal Velocity
Meteum\ugy 0000Z 22 Apr 2007 - GDAS1
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This Ts ot a NOAA product. Tt was produced by a web user.
Job ID: 369208 Job Start: Tue May 10 18:
Source 1’ lat:38.5 lon.:-7.9 height: 500 m AMSL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 01 Jun 2007 - GDAS 1
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 379212 Job Start: Tue May 10 18-
Source 1 lat:38.5 lon.:-7.9 height: 1000 m AMSL
Trajectory Direction: Backward _Duration: 120 hrs
Vertical Motion Calculation Method:__ Model Vertical Velocity
Meteorology: 0000Z 01 Jun 2007 - GDAS 1

:37 UTC 2011
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 33922 Job Start: Tue May 10 18:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 29 Jul 2007 - GDAS1
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This Ts ot & NOAA product. Tt was produced by & web user.
Job ID: 349233 Job Start: Tue May 10 18-
Source 1 lat:38.5 lon.:-7.9 height: 2000 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _ _ Model Vertical Velocity
Meteorology: 0000Z 29 Jul 2007 - GDAS1

110 UTC 2011
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This Ts ot a NOAA product. It was produced by a web user.
Job ID: 350235 Job Start: Tue May 10 18:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method: _  Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2007 - GDAS1

:25 UTC 2011
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This T ot & NOAA product. Tt was produced by & web user_

Job ID: 379237 Job Start: Tue May 10 18:20:43 UTC 2011
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL

Trajectory Direction: Backward _ Duration: 120 hrs

Vertical Motion Calculation Method: _  Model Vertical Velocity
Meteorology: 0000Z 08 Aug 2007 - GDAS1
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This T ot & NOAA product. Tt was produced by a web user.
Job ID: 379247 Job Start: Tue May 10 18:
Source 1 lat:38.5 lon.:-7.9 height: 1000 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2007 - reanalysis

119 UTC 2011
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This T ot & NOAA product. Tt was produced by a web user.
Job ID: 339244 Job Start: Tue May 10 18:
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2007 - reanalysis
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This Ts ot & NOAA product. Tt was produced by & web user.
Job ID: 350253 Job Start: Tue May 10 18:
Source 1" lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Sep 2007 - reanalysis
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This T ot & NOAA product. Tt was produced by a web user.
Job ID: 319255 Job Start: Tue May 10 18-
Source1 lat:385 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Sep 2007 - reanalysis
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This Ts ot & NOAA product. Tt was produced by a web user.
Job ID: 339258 Job Start: Tue May 10 18-
Source 1 lat:38.5 lon.:-7.9 height: 500 m AGL
Trajectory Direction: Backward _ Duration: 120 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 0000Z 01 Sep 2007 - reanalysis
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TS s o 2 NOAA product Tt was produoed by a we usor
Job ID: 350267 b Start: Tue May 10 183
S P 385 ton 7.9 hoh: 560 mAC
Tralectory Direcion: Backward. ~ Duraton: 120 hrs

ertical Motion Calculation Method:  Model Vertical Velocity
Meteum\ugy 0000Z 01 Nov 2007 - reanalysis

110 UTC 2011





image247.gif
Source * at 38.50N 7.90 W

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectory ending at 1200 UTC 11 Nov 07
CDC1 Meteorological Data

I -
! 3
(g:r\,$ 7 tg
Moy S
{5
500

TS s ok NOAA product Tt was proddoed by a we usor
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ertical Motion Calculation Method:  Model Vertical Velocity
Meteum\ugy 0000Z 01 Nov 2007 - reanalysis
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