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PREFACE 

 

T. PETÄJÄ 

Institute for Atmospheric and Earth System Research (INAR) / Physics, 
Faculty of Science, University of Helsinki (UHEL), Finland. 

  

 

“Aerosol, Clouds, and Trace Gases Research Infrastructure” (ACTRIS) is a pan-European research 
infrastructure producing high-quality data and information on short-lived atmospheric constituents and on 
the processes leading to the variability of these constituents in natural and controlled atmospheres. 

ACTRIS is key to supporting scientific advances in the field of atmospheric research. Fundamental 
understanding of atmospheric physical and chemical processes together with advances in theory, modelling, 
and observations is vital in narrowing gaps in the predictive capability of simulation models from the local 
to the global scale. ACTRIS activities contribute to reducing uncertainties in emission sources, to 
understanding deposition processes that remove short-lived constituents from the atmosphere, and to 
quantifying their potential impacts on ecosystems. More generally, ACTRIS brings essential information 
for understanding global biogeochemical interactions between the atmosphere and ecosystems, and how 
climate-ecosystem feedback loops may change atmospheric composition in the future. ACTRIS is key to 
providing better constraints on climate and weather models by quantifying how atmospheric particles affect 
the Earth’s energy budget, weather patterns, and precipitation. Air pollution is still a major problem for 
public health in Europe and in many other countries worldwide. ACTRIS supports the development of the 
required level of understanding of sources and fates of the air pollutants that negatively affect human health. 
Finally, ACTRIS observations are an important component complementing Earth Observations from space, 
providing unique ground-truthing of remote sensing information collected by current and future satellite 
missions. 

ACTRIS is a long-term activity with a pan-European participation engaged in building a single, pan-
European, sustainable and distributed research infrastructure, to cover both the 4-dimensional (4-D) 
observations (latitude, longitude, height, time) and process understanding for short-lived atmospheric 
constituents. ACTRIS is unique in its architecture and disciplinary coverage within atmospheric and climate 
science. The ACTRIS mission is to integrate, harmonize and distribute the high-quality observations 
provided by first-class facilities for atmospheric research currently located in 19 European countries and 
other locations globally, and to operate the pan-European distributed research infrastructure providing open 
and effective access to unique resources and services to a wide user community of Earth system research. 

The National Facilities (NFs) comprise observational and exploratory platforms, both within Europe and at 
selected global sites, and are responsible for the acquisition of reliable and high-quality data to document 
the 4-D variability of aerosol, clouds and trace gases and their complex interactions. Observational Platforms 
are fixed ground-based stations that deliver long-term data based on a regular measurement schedule and 
common operation standards, including quality assurance and quality control (QA/QC). Observational 
platforms are strategically located in diverse climate regimes both within and outside Europe. Exploratory 
Platforms are atmospheric simulation chambers, laboratory facilities and mobile platforms that enable 
dedicated experiments and contribute with data on specific atmospheric components, processes, events or 
regions by following recommended ACTRIS operation standards. 



 

ACTRIS includes eight Central Facilities (CFs): six Topical Centres (TCs), the Data Centre and the Head 
Office (HO). Each Central Facility consists of several Units hosted in ACTRIS member countries by a 
responsible ACTRIS Research Performing Organisation (RPO). ACTRIS CFs are vital to ensure compliance 
with standard policies and procedures, to coordinate user access to state-of-the-art facilities, and to provide 
services required by the scientific community and other stakeholders. ACTRIS data are harmonized through 
standard quality control measures and are properly archived and accessible to all users for the long term. 

In practice, ACTRIS enables access to high-class long-term atmospheric data through a single entry point. 
ACTRIS offers access to world-class facilities providing researchers, from academia as well as from the 
private sector, with the best research environments and expertise promoting cutting-edge science and 
international collaborations. 

The 1st ACTRIS Science Conference is held on-line from May 11-13, 2022. This is a compilation of 
abstracts submitted to the conference. At the 1st ACTRIS conference, a total of 188 abstracts were submitted 
and classified into six categories: 

1)    Climate Change 
2)    Air Quality 
3)    ACTRIS science with other Environmental Ris 
4)    Integrative ACTRIS science 
5)    Measurement technologies and innovation 
6)    Results from exploratory platforms 

  
These sessions connect to the different scientific focal points of ACTRIS as well as tackle the 
integration of different ACTRIS components and ACTRIS with the other European Research 
Infrastructures. 
  
For each topic, there is a keynote presentation, which will introduce and discuss the current state-
of-the-art within the particular subject. The keynote presentations are given by Ilona Riipinen, Ioar 
Rivas, Celine Degrendele, Urs Baltensperger, Juha Kangasluoma and Gordon McFiggans. Each of 
the sessions consists of five follow-up presentations summarizing recent advances in the topic. Two 
on-line poster sessions are organized to allow for the scientific discussions within the ACTRIS 
community. 
  
The 1st ACTRIS Science Conference is financially supported by University of Helsinki, Finnish 
Meteorological Institute, Academy of Finland via the Atmosphere and Climate Competence 
Center (ACCC, project number 337549) and European Union’s European Union’s Horizon 2020 
research and innovation programme under grant agreement No 101036245 (RI-URBANS) 
and No 871115 (ACTRIS-IMP). 
 
More information about ACTRIS is available via https://www.actris.eu 
 
More information about the 1st ACTRIS Science Conference is available via 
https://www.actris.eu/news-events/events/1st-actris-science-conference 
  
25.4.2022 on behalf of the Conference Scientific Committee and Organizing Committee 
  
  
 
Tuukka Petäjä 
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Praplan, A.P., Thomas, S.J., Tykkä, T., Hakola, H., and Hellén, H.

UNIDENTIFIED REACTIVE EMISSIONS OF NORWAY SPRUCE 388

Rejano, F., Casquero-Vera, J.A., Lyamani, H., Andrews, E., Casans, A., Pérez-Ramı́rez, D., Ca-
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In my keynote presentation I will give an overview on some of our recent activities for improving our 

understanding on aerosol-cloud-climate interactions. In particular, I will highlight studies where access to 

robust long-term in-situ data of aerosols, clouds and related parameters has been of utmost importance in 

gaining novel insights. Furthermore, I will give examples from the European integrated project FORCeS, 

where we have utilized in-situ observational data sets in a novel way 1) for process-based evaluation of 

atmospheric models; 2) in combination of other data sets to yield comprehensive picture of the key processes 

involved in aerosol-cloud-climate interactions. Finally, I will outline some of the key existing uncertainties 

where new campaign-wise and long-term data would be desirable for providing better constraints for 

understanding the role of aerosols and clouds in the climate system. 
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INTRODUCTION 

Aerosols play an important role in Earth's climate. The aerosol particles have in fact a strong influence on 

the radiative budget, both directly, acting as absorption and scattering centers of radiation, and indirectly, 

serving as cloud condensation nuclei (CCN) or ice nuclei (IN). This dual interaction behavior makes it 

difficult to evaluate its role on the global radiative budget, which ranges from negative to positive values, 

associated with a great uncertainty (IPCC, 2014). These considerations apply in particular to mineral dust 

aerosol, which are emitted in the atmosphere from wind stress on surfaces of arid and semi-arid areas and 

represent one of the major aerosol components, contributing about 40% of the global annual aerosol 

emission (Knippertz, and Stuut, 2014). Additionally, mineral dust aerosols are able to uptake and 

heterogeneously react with atmospheric gases, notably volatile organic compounds (VOCs) (Liu et al, 

2013). Among VOCs, glyoxal is an important secondary organic aerosol precursor that could have a highly 

significant interaction with mineral dust aerosol. It is produced mainly by oxidation processes of volatile 

organic compounds of biogenic origin or by anthropogenic combustion processes. It has been observed that 

glyoxal can can take part in oligomerization, hydration and organic acid formation processes after 

interacting with commercial mineral dust samples (Shen et al., 2016). Here we present the first results of on 

the heterogeneous interaction of mineral dust aerosol with gaseous glyoxal (GL) obtained in one of the 

ACTRIS facility, the CESAM atmospheric simulation chamber. These results are part of the CLImate 

relevant processing of Mineral Dust by volatile Organic compounds (CLIMDO) project. 

 

METHODS 

The 4.2m3 CESAM stainless steel atmospheric simulation chamber (Chambre Expérimentale de Simulation 

Atmosphérique Multiphasique, Wang et al., 2011) is used to conduct aging experiments of the interaction 

between glyoxal and mineral dust particles in controlled conditions of relative humidity and irradiation. The 

facility allows the study of heterogeneous gas - particle systems through a large number of techniques for 

monitoring the physical, chemical, hygroscopic and optical properties of the particles over time (filter 

sampling devices, Aerosol Chemical Speciation Monitor, SMPS, OPC, HTDMA, CAPS), as well as the 

characterisation of the gas phase by PTR-MS (Figure 1).  
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Figure 1 - Schematic representation of the CESAM atmospheric simulation chamber and the main on line and off line analytical 

techniques used in the laboratory modelling experiments for this study 

 

Dust aerosols are generated using natural soil samples weighted and transferred to a Büchner flask, placed 

on a vibrating plate (Di Biagio et al., 2017). The vibrations mimic the mechanisms through which wind 

erosion of arid surfaces generates dust aerosol:  saltation and sandblasting (Usher et al., 2003). A nitrogen 

flux allows the injection of the aerosolized dust in the chamber. Prior entering the chamber, particles are 

size-selected using an aerodynamic aerosol classifier (AAC) (Tavakoli et al., 2013) in order to Obtain a 

narrow size distribution of particles with small enough sizes to be able to appreciate a dimensional variation 

from glyoxal condensation. At the same time. The aerosol’s surface concentration must be competitive with 

that of the chamber walls for the uptake. 

The glyoxal gas is prepared by distilling a mixture of solid glyoxal trimer dihydrate crystals and phosphorous 

pentoxide at around 150°C under vacuum conditions. The monomeric glyoxal is collected in an ethanol-

liquid nitrogen cold trap as yellow crystals and left under vacuum to remove impurities.  

 

FIRST RESULTS 

A first series of experiments was conducted on a dust aerosol generated from a real soil sample from Gobi 

Desert, Ningxia Province, China (36°29'14.39"N 107°28'30.75"E). The aerosol was then monodispersed by 

imposing the AAC selection at 300 nm as mobility diameter. The experiments are carried out under humid 

conditions (RH=80%), and with or without irradiation to study the influence of photolysis 1 ppm of glyoxal 

is injected in the chamber after the dust aerosol injection.  

The aerosol concentrations injected in the chamber ranged from about 25 to 35 µgm-3, with a size distribution 

between 100 and 500nm with a main mode at about 230nm in geometric diameter (Figure 2).  
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Figure 2 – Example Size distributions of mineral dust aerosol injected into the simulation chamber after AAC size selection with 

AAC. Sizes are expressed in geometric diameter. It is possible to appreciate the dimensional increase following the glyoxal uptake 

from the difference between dashed and solid line distributions 

 

After the injection of glyoxal, there is an increasing of aerosol mass varying between 0.3 and 3.4 µg m-3, 

while the number remains approximately constant (Figure 3b). The mass size distribution profile evolves as 

well as a result of the particles growth induced by the glyoxal uptake (Figure 3b). 

 

Figure 3 - Mass size distributions (a) and mass and number concentrations time series (b) of the aerosol recorded during an 

experiment designed to follow the glyoxal – mineral dust interaction under humid conditions (RH=80%). The yellow background 

indicates the experimental phases under irradiation. All the concentrations time series are corrected for the dilution and wall loss 

of particles in the simulation chamber as well as the loss of particles that happens in the various instrumental sampling lines 
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The study of the ACSM organic fraction mass spectra provides information on the compositional variation 

of the aerosol following the uptake. The spectra recorded after few minutes of interaction show a significant 

increase in glyoxal marker signals intensity (m/z 29 and 58). The intensity of these signals then decrease in 

the spectra recorded at the end of the experiments (about 4h). The MS profiles recorded before the 

interaction and some hours after it, are similar and dominated by the signals at m/z 28 and 44, often used as 

tracers of the oxidation state of organic fraction of the aerosol (Figure 4). 

 

 

Figure 4 -  ACSM mass spectra of the organic fraction of the aerosol recorded in three phases of the experiment: a) only mineral 

dust aerosol present in the simulation chamber; b) after about 30 minutes from glyoxal injection and c) after about 4h from the 

injection of the dust and 3h from the injection of the glyoxal 

 

CONCLUSIONS 

The first results of the study suggest the presence of a fast glyoxal uptake on submicronic mineral dust 

particles in high relative humidity conditions. This process modifies the mass and the size distribution of 

the aerosol, as well as the chemical composition of its organic fraction. The study of the profiles of the mass 

spectra indicates an increase of the intensity of the peaks that describe the oxidation state of organic matter. 

Further analysis on the data already collected during the experimental campaigns are necessary to better 

define the process and its consequences on the climate relevant chemical-physical properties of the aerosol. 
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INTRODUCTION 

Precipitation formation is a key process in Earth's hydrological cycle (Schneider et al, 2017). Precipitation 

keeps ecosystems running and is hence a major concern of current weather and climate research (Adler et 

al., 2017). Recent shifts in global precipitation patterns were pinned down with the help of large-scale 

measurement data (O’Gorman et al., 2015) and with numerical modeling (Lehmann et al., 2015). Still, the 

origins of these changes are obscure, because precipitation formation is complex and involves a large 

diversity of ice and liquid processes (Heymsfield et al., 2020).  

The precipitation initiation temperature (PIT) at cloud top is critical for the kind of processes taking place 

inside of clouds during precipitation formation and the further evolution of the cloud system. For a given 

PIT, certain processes will not be active, while others will strongly influence precipitation formation. 

Observing and understanding of all these processes is necessary for keeping track of current changes and 

projecting future developments of precipitation formation (Koren et al., 2005; Rosenfeld et al., 2008; 

Myagkov et al., 2016; Bühl et al., 2019). 

Precipitation originating from the ice phase is mostly initiated at cloud top and precipitation particles fall 

downwards through the whole temperature profiles of the clouds. Cloud properties relevant for precipitation 

formation like liquid water path, ice nucleation processes, ice crystal growth and the efficiency of secondary 

ice formation and ice multiplication are all dominated by ambient temperature (Korolev et al., 2020). Most 

of these processes are restricted to a certain temperature interval (e.g., -3…-8 °C for secondary ice 

formation) or have a distinct onset temperature (e.g., -26 °C for deposition freezing). Convective 

precipitation including warm rain is not tied strongly to the actual cloud top but the cloud top temperature 

is still an important parameter in these processes (Senf et al., 2017). However, the difficult differentiation 

between warm or cold precipitation events from spaceborne observations is out of focus of the current paper 

(Mülmenstädt et al., 2015). 

METHODS 

The distribution of global precipitation initiation temperature is analyzed with a data-driven approach based 

on data from the cloud profiling radar aboard of CloudSat satellite. A principal component analysis 

technique is applied to identify regions with similar precipitation characteristics. 'Similarity' between long-

term histograms of precipitation initiation temperature for two given locations on Earth is mathematically 

defined via their Pearson correlation coefficient. The method is subsequently used to analyze the sensitivity 

of ground-based remote-sensing networks to patterns of precipitation initiation temperature globally. Gaps 

in the observation capabilities of current ground-based remote-sensing networks are identified and tentative 

suggestions for optimizing the global sensor distribution are made. 
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INTRODUCTION 

Clouds are considered as a major component of both the climate system and the hydrological cycle.  Our 

level of understanding of the fundamental details of the cloud microphysical processes is still very limited. 

On top, there is a need for in situ cloud data sets due to two significant problems that the community is 

facing: the representation of the population of the cloud and precipitation particles and the uncertainties due 

to fundamental gaps in knowledge of cloud physics (Morrison et al., 2020).  This work introduces and 

extensive dataset of low-level clouds and investigates the impact of air mass origin on microphysical 

properties of low-level clouds. Continuous, semi-long-term, ground based in situ cloud measurements were 

conducted during eight Pallas Cloud Experiments (PaCE) held in autumns between 2004 and 2019. Those 

campaigns were carried out in the Finnish sub-Arctic region at the Sammaltunturi station (67º58´24´´N, 

24º06´58´´E; 560 m MSL), the part of Pallas Atmosphere – Ecosystem Supersite and Global Atmosphere 

Watch (GAW) program.  
 

METHODS 

The Sammaltunturi station (67∘58′24′′ N, 24∘06′58′′ E) is hosted by the Finnish Meteorological Institute 

(FMI) and is located on a top of an arctic fell (560 m a.m.s.l.) in the Finnish sub-Arctic region inside the 

Pallas–Yllästunturi National Park. The Pallas area is located around 180 km above the Arctic circle, and it 

has no significant local or regional air pollution sources. Thus, the Sammaltunturi station provides an 

excellent location for the monitoring of background air composition in northern Europe.  

Two cloud spectrometer ground setups were installed on the roof of the station to measure in situ cloud 

properties: the Cloud, Aerosol and Precipitation Spectrometer probe (CAPS) (Fig.1). and the Forward 

Scattering Spectrometer Probe (FSSP), both made by droplet measurement technologies (DMT), Boulder, 

CO, USA. (Doulgeris et al., 2020, Doulgeris et al., 2022). To monitor the meteorological variables an 

automatic weather station (Milos 500, Vaisala Inc.) was deployed at the station. The Flexible Particle model 

(FLEXPART) was used to create backwards trajectories of air masses. To examine whether the 

microphysical properties of clouds occurred at the station, we divided the air mass source regions into five 

categories, namely Arctic, Eastern, Southern, Western and Local. In Table 1, we present the overview of 

each campaign. 

 
 

Figure 1. The CAPS probe as it was installed on the roof of Sammaltunturi measurement site during 

PaCE2015. 
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Year starting 

date 

ending 

date 

CAPS FSSP Days in 

cloud 

Temperature 

range (◦C) 

2004 25.10 07.11 unavailable On site 9 From -7.4 to 2.9 

2005 30.09 05.10 unavailable On site 7 From -7.7 to 4.1 

2009 11.09 09.10 unavailable On site 19 From -8.2 to 3.3 

2012 14.09 30.10 On site On site 34 From -9.5 to 3.4 

2013 14.09 28.11 On site On site 49  From -12 to 2.2 

2015 24.09 02.12 On site On site 38 From -7.1 to 4.7 

2017 18.09 29.11 On site unavailable 53 From -8.2 to 2.6 

2019 20.09 24.11 On site unavailable 45 From -8.3 to 3.2 

Table 1. Overview of each Pallas Cloud Experiment 

RESULTS  

The data set in current form provides a helpful contribution to cloud microphysics processes can be all found 

at Doulgeris et.,2022. Number concentration (NcCAS) averaged values are similar for every year of the 

measurements and reach scales around ~ 100 #/ccm. However, there are some cloud events during each 

campaign that number concentration had values around 350 - 400 #/ccm. Each year the temperature trends 

and ranges were similar. When the trajectory weight of air masses was over one source region more than 

80%, it was considered that this region represents this air mass type.  Despite that the predominant air mass 

during PaCEs was from the arctic region, the occurrence of clouds at the station was connected ~ 65% with 

air masses coming from the Southern and Eastern region and ~ 15% from the Arctic region. The number 

concentration (Nc) of the low-level clouds was strongly connected with the air mass source region. The 

higher values of Nc were related with air masses from the southern region and the lowest values of Nc were 

related to arctic air masses. 
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INTRODUCTION 

Global warming is primarily a problem of increasing concentrations of carbon dioxide (CO2) in the 

atmosphere. However, anthropogenic emissions of aerosols impact the Earth’s radiation balance and climate 

as well (IPCC, 2013; 2021). Second to greenhouse gases, man-made aerosols have caused the largest 

anthropogenic forcing during the industrial era (Boucher et al., 2013). Even so, the cooling effect from the 

aerosols relative to greenhouse warming has substantially been reduced during the latest four decades 

(IPCC, 2021). The latter is particularly relevant for Europe, where efficient air quality mitigation since the 

early 1980s has led to regional reductions in anthropogenic emissions (Vestreng et al., 2007; Hand et al., 

2012). Emissions of SO2 have been reduced by 73% in Europe during the period 1980 – 2004 (Vestreng et 

al. (2007). This means that anthropogenic aerosols with high loadings in other regions on Earth, even higher 

levels than Europe experienced in the 1980s, are likely masking future warming. The aim with the present 

study is to investigate impacts of reduced aerosol loading and cloud cover on the warming in Europe with 

respect to the summer half year (April – September) and the period 1979 - 2020. The effects on extreme 

warming in Europe from both anthropogenic aerosols and greenhouse gases are most relevant during this 

period of the year. Besides estimates of warming caused by changes in anthropogenic aerosols, results of 

total warming in Europe, for both clear-sky and all-sky conditions, will be presented as well to give a more 

holistic view of climate changes in Europe.    

METHODS 

In the present study, aerosol optical thickness from Modern-Era Retrospective analysis for Research and 

Applications (MERRA-2, Version 2, Randles et al., 2017) and the latest meteorological reanalysis data 

(ERA5) from European Centre for Medium-range Weather Forecasts (ECMWF, Hersbach et al., 2019a) 

have been investigated. Results of ERA5 surface solar radiation downwards for clear-sky and all-sky 

conditions (SSRDc and SSRD, respectively), as well as low cloud cover (LCC) and total cloud cover (TCC) 

will be presented. Changes in SSRD and SSRDc have been investigated in combination with ERA5 upward 

surface terrestrial radiation for all-sky and clear-sky conditions separated (STRU and STRUc, respectively), 

with respect to the reference decade of the 1980s, to estimate changes in near surface temperature. The latter 

is likely caused by decline in anthropogenic aerosols. These estimates are based on energy budget 

approximations and the Stefan Boltzmann law. In addition, validations of ERA5 monthly surface 

temperature (T2m) and SSRD have been carried out against ground-based measurements from and Global 

Historical Climatology Network-Monthly (GHCN-M) version 4 dataset accessed from the NOAA’s 

National Centres for Environmental Information (NCEI) database (Lawrimore et al., 2011) and the Global 

Energy Balance Archive (GEBA, Wild et al., 2017), respectively. 
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RESULTS 

ERA5 T2m agree well against GHCN-M ground-based measurements carried out at 43 sites in France, 

Germany, Spain and Ukraine (normalized root mean square deviation in the range 3.2 – 5.5%). Furthermore, 

results of comparisons between ERA5 SSRD and ground-based data from GEBA are shown in Table 1. The 

table shows that ERA5 agree reasonably well with GEBA, with the exception for ∆SSRD obtained for 

Iberian Peninsula where a deviation of about a factor of two appears. Table 1 shows the data coverage, 

which is relatively low (64%) for Iberian Peninsula. Even so, one reason for the deviation in the trend 

between ERA5 and GEBA SSRD may be that the former overestimate decreases in cloudiness for this 

region.   

Table 1. Comparison between ERA5 and GEBA mean SSRD and trend (∆SSRD) for the periods 1950 – 

2019 and 1979 – 2020, respectively (April – September) 

Country/ 

Region 
Nsites

a / 

Nall
𝑏  

R2 NRMSD 

(%) 

MBE 

(W m-2) 

SSRDGEBA 

(W m-2) 

SSRDERA5 

(W m-2) 

∆SSRDGEBA 

(Wm-2 y-1) 

∆SSRDERA5 

(Wm-2 y-1)  

Eastern 

Europe 

8/423 

(90%) 

0.58 6.7 -0.4 

 
194 20 193 16 0.54 0.15 0.50 0.16 

Germany 

 

6/338 

(82%) 

0.71 3.8 -2.1 191 13 188 12 0.52 0.16 0.52 0.12 

France 

 

8/315 

(78%) 

0.88 4.0 -2.0 221 25 219 23 0.45 0.14 0.49 0.10 

Iberian  

Peninsula 

7/232 

(64%) 

0.38 4.6 1.2 272 15 273 13 0.54 0.11 0.250.05 

aNumber of sites included in the estimates of trends (1979 – 2020), bNumber of compared values in the calculations 

of R2, normalized root mean square deviation (NRMSD) and mean bias error (MBE) for the period 1950 – 2019. 

Percentage values in the brackets denote data coverage for ∆SSRDGEBA with respect to the period 1979 – 2020. All 

SSRD values are included in the estimates of the trend for ERA5.    

 

Figures 1a and 1b show warming estimated for Europe for clear-sky and all-sky conditions, respectively, 

with respect to the summer half year April – September and by comparing the decadal means of 2010s and 

1980s. The estimates are based on Stefan Boltzmann law applied on changes in SSRD and SSRDc. The 

figures show that warming is large for Central and Eastern Europe, while much weaker for Southern Europe.  

 

Figure 1. Warming (TSSRDc and 

TSSRD) estimated for Europe, based 

on reductions in ERA5 surface solar 

radiation downwards for a) clear-sky 

conditions (SSRDc) and b) all-sky 

conditions (SSRD). c) Total 

warming estimated for Europe and 

clear-sky conditions, where the 

Stefan Boltzmann law has been 

applied on changes in ERA5 surface 

terrestrial radiation upwards. d) Total 

warming for all-sky conditions, 

reflected by changes in ERA5 

temperature at two meters (T2m).     

 

 

12



In addition, Figures 1c and 1d show total warming for Europe and strong warming is particularly found for 

Central and Eastern Europe, while also for Iberian Peninsula. Furthermore, when investigating ERA5 LCC 

and TCC large reductions have occurred for large parts of Europe during the latest four decades of the 

summer half year (not shown).  

CONCLUSIONS 

Increases in solar radiation reaching the earth surface caused by decreases in aerosols during the period 1980 

– 2020 and between the months, April – September, have unmasked an enhanced increase in near surface 

temperature of as much as about one degree for clear-sky conditions and somewhat more for all-sky 

conditions in Central and Eastern Europe. This means that also other regions on earth with current high 

anthropogenic aerosol loadings will probably experience significant effects on the warming if aerosol 

concentrations are to decrease in the future. The total warming observed during clear-sky conditions of the 

latest four decades is for large parts of Europe double the change in global annual mean temperature of 

about 1.1 °C, while somewhat lower for all-sky conditions. Although the largest effects from aerosols on 

the solar radiation occurred in the 1980s and 1990s the warming has continued to increase more or less at 

the same rates (not shown) during the latest four decades over large parts of Europe, considering both all-

sky and clear-sky situations. Thus, decline in aerosols can certainly not explain all warming observed and 

particularly not considering the southern Iberian Peninsula. Anthropogenic aerosols over large parts of 

Europe have temporarily masked, until around 1980, rapid warming from increases in greenhouse gases. 

The rapid warming over the Iberian Peninsula is probably caused by greenhouse warming, tropical 

expansion (reported in previous studies), more arid surfaces, reduced cloud cover and decline in aerosols. 

CO2 from fossil fuels is of particularly serious concern, since it can continue to affect climate for thousand 

years. The large regional effect found in this study suggests also the importance for improvements of 

descriptions of climate drivers in regional climate models to realistically assess future climate change.   
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INTRODUCTION 

Submicron aerosol number size distribution measurements are important for understanding processes that 

contribute to cloud condensation nuclei (CCN) production and air pollution, e.g. new particle formation and 

aerosol growth. Characterizing these processes is often based on explaining observed changes in size 

distributions using local measurements. However, it is important to remember that local conditions can be 

expected to give a complete picture of the observed changes only in the case of horizontal homogeneity. 

While horizontal homogeneity is a reasonable assumption in some cases, this issue becomes increasingly 

important in the presence of strong spatial gradients in emissions, which can be caused e.g. by differing 

emission from land and sea areas or from urban and rural areas. Not accounting for changes in air mass 

transport conditions in such environments could lead to ill-informed interpretations of the observed 

phenomena. 

METHODS 

Here we investigate measurements from two sites, Beijing (China; Hakala et al., 2022a) and Hada Al Sham 

(Saudi Arabia; Hakala et al., 2019 and 2022b), that are frequently exposed to air masses from areas with 

high anthropogenic emissions as well as those from more pristine environments. We quantify the level of 

anthropogenic exposure on air masses arriving at the measurement sites by utilizing backward trajectories 

in combination with emission inventories or satellite measurements. 

CONCLUSIONS 

In Beijing, we focus on the connection between new particle formation (NPF) events, emissions of sub-30 

nm particles and the production of large haze-forming particles. We show that apparent interruption of NPF 

event progression can be caused by persistent air mass transport from areas of low anthropogenic emissions, 

whereas continuous growth to large particle sizes is observed with increasing anthropogenic exposure (Fig. 
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1). The latter scenario of increasing anthropogenic exposure is more relevant in describing the situation in 

a wider spatial context, where air masses travel over the populated high emission areas of China.  

In Hada al Sham, the fate of newly formed particles is also uncertain, as the initial growth periods after NPF 

events are typically followed by observations of decreasing particle sizes. If spatial inhomogeneities were 

not considered, such observations would suggest aerosol shrinkage via evaporation. However, our analysis 

shows that these observations can be explained without evaporation as a result of particle transport from 

environments that are less favorable for aerosol formation and growth. The correct identification of the 

cause of this phenomenon is important e.g. for estimating the CCN production from this area, since in the 

case of particle evaporation, the potential for CCN production would naturally be reduced. 

 
Figure 1. Median aerosol number-size distribution as a function of anthropogenic exposure in Beijing. 
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INTRODUCTION 

Atmospheric aerosol particles have both direct and indirect influences on the climate (IPCC,2013). The 

majority of aerosol particles are generally considered to produce negative direct radiative forcing meaning 

they are considered to force cooling of the Earth-atmosphere system. Certain types of particles are instead 

found to exert a positive radiative effect, in particular, the strong light-absorbing BC-containing particles 

(BC, Black Carbon) (e.g. Bond et al.,2013). Currently, the radiative properties of BC-containing particles 

governing their interaction with atmospheric radiation, still have significant uncertainties and remain 

difficult to represent in climate models and remote sensing retrieval algorithms. This is due to the poor 

knowledge on how these spectral optical properties vary at emission and modify during atmospheric ageing 

in link with the variability and modification of the particle physicochemical properties and mixing state. 

Particularly, little knowledge exists on the spectral complex refractive index (CRI) of BC-containing 

aerosols, the basic intensive parameter describing the capacity of particles to absorb and scatter radiation. 

 

Methods 

 

A set of original experiments are performed in the atmospheric simulation chamber CESAM 

(https://cesam.cnrs.fr/) at LISA, Créteil, in order to advance our understanding of the variability of radiative 

properties of BC-containing particles in relation to the processes of formation and atmospheric ageing. 

CESAM allows the simulation of different ageing processes as it provided lifetimes of more than 24h for 

submicron aerosol particles and it enables the measurement of the physicochemical properties (i.e.on size 

distribution, composition, effective density and morphology) at the same time as the spectral optical 

properties by combining in-situ measurement, ex-situ measurement by commercial instrumentation (e.g. 

cavity attenuated phase shift spectroscopy, nephelometer, aethalometer, scanning mobility particle size, 

aerosol chemical speciation monitor) and off-line analysis of aerosol samples collected out of the chamber. 

The latter for example were used to analyse aerosol composition and to retrieve morphological information 

via transmission electron microscopy which will be used in future to initiate shape-advanced optical 

calculations to retrieve the CRI of the aerosol particles. 

 

Three CESAM measurement campaigns on BC-containing aerosols were performed over the course of 

2021. Soot aerosols generated from the incomplete combustion of propane from a commercial diffusion 

flame soot generator (miniCAST model 6204 TYPE C by JING) were chosen as proxy for the BC-containing 

aerosols. Experiments at CESAM were set up in order to explore (i) the change of optical properties for 

fresh soot particles generated with different fuel/oxygen rates and therefore varying sizes and OC/EC 

contents and (ii) the change of the soot optical properties during aerosol ageing.  

Both physical ageing, to evaluate the influence of particle morphological restructuration in dry conditions, 

and chemical/photochemical ageing in humid conditions, to evaluate the changes due to illumination under 

different atmospheric conditions as well as the potential formation of non-absorbing inorganic and organic 

coating on the particles, were simulated.  
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Figure 1: Times series of a photochemical ageing process in an ozone rich environment and the change in optical properties 

measured with cavity attenuated phase shift spectrometers at 450 nm and 630 nm (the protocol of water injection includes 

disconnection of the instruments) [Preliminary Results] 

At the core of the work are for now 26 experiments that allowed the measurement of the soot properties for 

both above-mentioned points thus including experiments focused on the (i) soot generation and (ii) soot 

ageing while also including multiple repetitions to ensure repeatability and control experiments. The 

processes simulated in the chamber during those experiments range from more or less purely physical ageing 

in a dry-dark particle-free air-like mixture (80/20 N2/O2-mixture) up to more complex systems focusing on 

the above-mentioned chemical/photochemical ageing. These simulated atmospheric conditions for the 

ageing did include until this point experiments with and without radiation, relative humidity and additional 

chemical compounds like ozone, sulphur dioxide and α‒pinene, a natural Volatile Organic Compound 

(VOC) in a variety of combinations aiming to ultimately have systems that generate significant amounts of 

the above-mentioned coatings. Besides identifying the influence of the different ageing systems, the 

experiments were set up to allow the identification of the influence of each component of the ageing system 

on the measured properties of the BC-containing aerosol. 

 

 

 

Perspectives 

The first three campaigns resulted in a large database of a broad spectrum of variations. The first analysis 

of the measured properties of fresh soot particles generated with different fuel/oxygen rates indicate that the 

generated BC-containing particles cover a range of different absorbing properties and especially possess 

diverse wavelength-dependent absorption behaviours while also covering a large range of different OC/EC-

ratios and other physicochemical properties. This should allow to indicate and to a large part constrain the 

variability of the optical properties from freshly generated propane soots. 

 

Figure 1 and Figure 2 show both a selection of preliminary results for the measured optical and physical 

properties during one of the photochemical ageing experiments of EC-rich soot. The ageing of the soot was 

performed in a humid (blue line [35% RH]), ozone containing (brown line) and illuminated (yellow line) 
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environment. Changes in both optical and physical properties during the ageing process were recorded. 

While the particle concentration displayed in Figure 1 was not influenced by the processes, the optical 

parameters acquired with four CAPS devices especially visible in the SSA showed a significant change due 

to the ageing. Further, the effective density measured with a DMA-CPMA-CPC setup displayed in Figure 

2 also showed significant differences for the particles measured after the photochemical ageing (brown 

data).  

 

 
 

Figure 2: Effective density for the particle diameter measured with a CMPA-DMA-CPC  for the experiment shown in Figure 1, 
EXP_5_Fresh is measured shortly after soot injection, EXP_5_H2O after the water vapour injection (to 35% RH), and, EXP_5_O3  

shortly after turning on the light [Preliminary Results] 

At this point, the analysis of the physiochemical processes and changes in the spectral optical properties 

during the ageing is still ongoing but key descriptive parameters of the optical properties like MAC, MEC 

and MSC could already be retrieved for differently aged BC-containing aerosols using a variety of different 

methods to calculate both the optical parameters as well as the mass. Further and more complex parameters 

retrieved out of the initial measurements are to follow as well as further ageing experiments to enlarge the 

range of observed ageing states of BC-containing aerosol. In this presentation, we are giving an overview 

of the 2021 campaigns, their initial results and the perspectives for future data analysis and chamber 

experiments. 
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INTRODUCTION 

Atmospheric new particle formation (NPF) events have been observed in various environments and are a 

major source for aerosol number concentration, thereby impacting air quality, human health and climate 
(Gordon et al., 2017; Nieminen et al., 2018). The models for formation rate on particles in smaller size 

ranges (i.e. J1.5, J2, J3, etc.) were developed extensively (e.g. Lehtinen et al., 2007; Paasonen et al., 2012; 

Baranizadeh et al., 2017). Parameterizations concentrating on larger particle sizes, on the other hand, are 
insufficient for global models in terms of implementation and simplicity. Here, we present the 

parameterization for particle formation rates from 5 nm utilizing long-term measurement data from two 

contrasting environments – the boreal forest in Hyytiälä (Finland) and the megacity Beijing (China). As a 

result, the models' applicability in various environments at global scales will be expanded. 

METHODS 

The new parameterizations of formation rates are based on the analysis of atmospheric particle number-size 
distribution (PNSD) measured using Differential Mobility Particle Sizers (DMPS). Sulphuric acid 

concentrations (H2SO4) were measured using CI-APi-ToF MS in both Hyytiälä and Beijing, while formation 

rates (J) were calculated using the methods presented in Kulmala (2012). In this study, we parameterize 5 
nm particle formation rates for Hyytiälä (SMEAR II station, 2016-2019) and Beijing (Beijing University of 

Chemical Technology west campus 2018-2020), comprising data both from new particle formation events 

and non-events. 

Several functional forms were considered for the parameterizations involving different combinations of 

H2SO4 concentrations, temperature (T, [oC]) and relative humidity (RH, [%]) and condensation sink (CS, 

[s-1]). All models were developed applying 5 oC temperature windows from T < -5 oC to T > 20 oC (7 T 

windows applied). 

 

RESULTS AND CONCLUSIONS 

Comparison between the measured and parameterized formation rates for four versions of the 

parameterizations are shown below (correlation coefficients and the p-values indicated in parenthesis for 

each comparison): 

J5 = k0×[H2SO4], r = 0.67 (p < 0.05) 

J5 = k0×[H2SO4]×RHk1, r = 0.8 (p < 0.05) 
J5 = k0×[H2SO4]×RHk1×CSk2, r = 0.83 (p < 0.05) 

J5 = k0×[H2SO4]
k1×RHk2×CSk3, r = 0.86 (p < 0.05) 
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Figure 1. Parameterized particle formation rate against the measured particle formation rate from the models 

using combined Hyytiälä and Beijing data. Model a) J5 = k0[H2SO4], model b) J5 = k0[H2SO4]
k1*RHk2*CSk3.  

The result showed an underestimation of the parameterized formation rate especially for Beijing (Figure 1, 

model a) when considering only sulfuric acid concentration into the model. The parameterizations result 
then showed improved correlation coefficient of the model by introducing RH and CS into the model with 

exponent coefficients, as well as adding an extra exponent on sulfuric acid concentration, which minimized 

the data underestimation (Figure 1, model b). These results demonstrated possibility of testing the models 
on data from other environments (i.e. urban area and Mediterranean region) before being implemented into 

global aerosol models. 
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INTRODUCTION 

A better understanding of the effects of aerosols on the climate system requires long-term observations of 

the concentrations of ultrafine particles, both their number and size distributions in different locations and 

environments. Currently, particle number size distributions (PNSD) in the pristine free troposphere (FT) 

have rarely been studied. Mountain regions are representative of vast spatial areas, often located far from 

anthropogenic emissions, and thus, are the ideal sites for monitoring the temporal variations of aerosols in 

baseline conditions. For these reasons, at the ground based station of Mt. Cimone (2165 m a.s.l., GAW ID: 

CMN) a broad range of observations are continuously carried-out (meteorological parameters, aerosol 

optical-chemical-physical properties, reactive gases concentrations, greenhouse gases concentrations, . . . ), 

including the PNSD.  

Number size distribution measurements also allow for the determination of the frequency of new-particle-

formation (NPF) events. NPF from gaseous precursors contributes significantly to the total atmospheric 

particle concentration globally, and it is estimated to contribute  45% to the global CCN[1]; however the 

abundance of nucleated particles responds in complex ways to variations in precursor gases, existing particle 

concentrations, and other environmental factors that are still not completely understood.  

METHODS 

At CMN, the measurement of number size distributions of particles greater than 9nm has been performed 

since November 2005, as part of the EU EUSAAR FP6 project, and which has been continuously carried 

out also in the framework of ACTRIS-FP7, ACTRIS-2-H2020 and ACTRIS RI. The CMN observatory, 

managed by ISAC-CNR, represents a strategic platform to study the climatology of the free troposphere in 

Southern Europe and the Mediterranean basin [2]. 

This project focuses on the characterization of aerosol number size distributions at CMN during an almost 

16 year long period. Size distributions at CMN were measured by using a differential mobility particle sizer 

(DMPS) from November 2005 to July 2013, and a TROPOS-SMPS ongoing since June 2017. Aerosol 

number size distribution are classified into nucleation mode (9-25nm), Aitken mode (25-100nm), and 

accumulation mode (100-500nm); thus information about the variability of aerosol total number 

concentrations at different time scales as well as in the different size ranges is obtained. In addition, for the 

majority of the time period, an independent measurement of total particle number concentration is also 

available by a CPC (TSI-3772). 

Downshifting the temporal scale, we can focus on the diurnal trends, in order to perform a detailed 

investigation (identification and classification) of new particle formation events following the criteria set by 

Dal Maso et al., 2005 [3], and later refined by Hirsikko et al., 2007 [4]. 
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CONCLUSIONS 

CMN typical aerosol number size distributions are bimodal. The Aitken mode is on average the main 

contributor to Ntot accounting for about 58%, followed by particles in the accumulation and nucleation 

modes with 30% and 12% respectively. On average, CMN aerosol population features a total number 

concentration of 1534 ± 1332cm−3. The number concentration shows large seasonal variations with 

higher values during warm months, almost four times higher than those observed in winter, as is typical 

for mountain sites. On a daily time scale, the maximum of total particles occurs in the afternoon.  

CMN is characterized by a NPF event-frequency of 26.7%, with the highest event occurrence in May and 

August, while non-events are more frequent during winter (Figure 1).  

 

Figure 1. Monthly percentage contributions of class Ia, Ib, II, undefined and non-events of the total 

monthly classifiable days observed at CMN. 

The growth of nucleation mode particles and the time evolution of the nucleation number concentration 

begins, on average, around local noon. The first one lasts almost three hours, with a mean growth rate of 

4.65 ± 1.97nm/h, while the latter lasts more than one hour and a half, with a rate of 0.50 ± 0.56 cm−3s−1. 

The average condensation sink is 0.280·10−3s−1 during a typical non-event day, and 0.483·10−3s−1 

during a typical event day. However, low CS observed before the nucleation onset time can be an 

important factor triggering NPFs, excepting during the winter season.   

ACKNOWLEDGEMENTS 

This work has received funding from the ACTRIS–2 project (EU H2020–INFRAIA–2014–2015) grant 

agreement no. 654109. 

M. Mazzini and D. Orsini grants are financed by CIR01_00015 “ PER-ACTRIS-IT”, in the framework of 

“PNIR – Programma Nazionale Infrastrutture di Ricerca”. 

 

REFERENCES 

[1] M Merikanto, J et al. (2009). “Impact of nucleation on global CCN.” Atmospheric Chemistry and 

Physics 9.21, pp. 8601–8616. 

[2] Bonasoni, P., et al. (2000). “Background ozone variations at Mt. Cimone station.” Atmospheric 

Environment 34.29-30, pp. 5183-5189. 

24



 

[3] Dal Maso, Miikka et al. (2005). “Formation and growth of fresh atmospheric aerosols: eight years of 

aerosol size distribution data from SMEAR II, Hyytiala, Finland”. In: Boreal environment research 10.5, 

p. 323. 

[4] Hirsikko, Anne, et al. "Identification and classification of the formation of intermediate ions measured 

in boreal forest." Atmospheric Chemistry and Physics 7.1 (2007): 201-210. 

  

25



 

IMPACT OF WILDFIRE SMOKE ON OZONE DEPLETION IN THE ARCTIC AND OVER 
ANTARCTICA 

KEVIN OHNEISER1, ALBERT ANSMANN1, RONNY ENGELMANN1, BORIS BARJA2, DIEGO 
VILLANUEVA3, HOLGER BAARS1, PATRIC SEIFERT1, HANNES GRIESCHE1, MARTIN 

RADENZ1, JULIAN HOFER1, DIETRICH ALTHAUSEN1 and CRISTOFER JIMENEZ1 

1Leibniz Institute for Tropospheric Research, Ground-Based Remote Sensing of the Atmosphere, Leipzig, 
Germany 

 

2Atmospheric Research Laboratory, University of Magallanes, Punta Arenas, Chile 
 

3Leipzig Institute for Meteorology, University of Leipzig, Leipzig, Germany 

Keywords:   SMOKE, OZONE, STRATOSPHERE. 

ABSTRACT 

The highlight of our multiwavelength polarization Raman lidar measurements during the 1-year MOSAiC 
(Multidisciplinary drifting Observatory for the Study of Arctic Climate) expedition in the Arctic Ocean ice 
from October 2019 to May 2020 was the detection of a persistent, 10 km deep aerosol layer in the upper 
troposphere and lower stratosphere (UTLS) with clear and unambiguous wild-fire smoke signatures 
(Engelmann et al., 2021). The smoke is supposed to originate from extraordinarily intense and long-lasting 
wildfires in central and eastern Siberia in July and August 2019 and may have reached the tropopause layer 
by the self-lifting process (Ohneiser et al., 2021).  

Temporally almost parallelly, record-breaking wildfires accompanied by unprecedentedly strong 
pyroconvection were raging in the south-eastern part of Australia in late December 2019 and early January 
2020. These fires injected huge amounts of biomass-burning smoke into the stratosphere where the smoke 
particles became distributed over the entire Southern Hemisphere in the UTLS regime from 10-30 km to 
even 35 km height. The stratospheric smoke layer was monitored with our Raman lidar in Punta Arenas 
(53.2°S, 70.9°W, Chile, southern South America) for two years (Ohneiser et al., 2022). 

Another striking stratospheric wildfire smoke event was the injection of enormous wildfire smoke amounts 
above Canada in August 2017. The smoke was transported through the entire Northern Hemisphere and was 
monitored for more than 4 months in Europe within the EARLINET-ACTRIS lidar stations (Baars et al., 
2019).  

The ozone study is based on aerosol lidar observations in the North Pole region (October 2019 - May 2020) 
and over Punta Arenas in southern Chile at 53.2°S (January 2020 - November 2021) as well as on respective 
Network for the Detection of Atmospheric Composition Change (NDACC, 2021) ozone profile observations 
in the Arctic (Ny-Ålesund) and Antarctica (Neumayer and South Pole stations) in 2020 and 2021. 

There are two pathways to influence ozone depletion by aerosol pollution. The particles can influence the 
evolution of polar stratospheric clouds (PSCs) and specifically their microphysical properties (number 
concentration and size distribution). The PSCs are of key importance for the halogen activation. On the 
other hand, the particles can be directly involved in heterogeneous chemical processes by increasing the 
particle surface area available to convert nonreactive chlorine components into reactive forms. Finally, the 
chlorine species destroy ozone molecules in the spring season. 
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The smoke-related ozone loss was of the order of 1-2 mPa that represents a relative ozone loss of the order 
of 5-25% in the height range from 17-23 km. The relative ozone loss induced by smoke was as high as 30% 
in the lowermost stratosphere (at 9 to 13 km height). 

We will show our long-term smoke lidar observations in the central Arctic (2019-2020), in Punta Arenas 
(2020-2021), and in Europe (2017) as well as ozone profile measurements during the ozone-depletion 
seasons in the Arctic and Antarctica. Based on these aerosol and ozone profile data we will discuss the 
interaction between smoke and ozone. 
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INTRODUCTION 

Constraining uncertainties related to aerosol-cloud interactions requires better understanding of global cloud 

condensation nuclei (CCN) concentrations (Rosenfeld et al., 2014; Quaas et al., 2020). While there are in-

situ methods for directly measuring CCN, the available observation data are localized. Extending these to 

global scale requires parametrizations and models that can approximate CCN concentrations based on more 

widely available variables. Previous endeavours have commonly utilized remote sensing retrievals but 

achieving required accuracy is challenging (Rosenfeld et al., 2014, Stier 2016). In this study we develop a 

novel approach which uses machine learning methods combined with in-situ measurements and modelled 

aerosol precursors collected from a reanalysis dataset. The aim is to produce a model that can predict CCN 

concentrations in continental areas. The results can be used to validate global models. 

METHODS 

We approximate CCN concentrations with number concentration of accumulation mode particles with dry 

diameter larger than 100 nm (N100) collected from in-situ measurements at 35 stations, including several 

ACTRIS stations, across 5 continents. Additionally, Copernicus Atmospheric Monitoring System (CAMS) 

reanalysis data containing aerosol, gas, and meteorological variables related to CCN formation are 

retrieved for each measurement station.  

We train linear regression models with daily N100 as target variable and reanalysis data as predictor. We 

investigate how well linear regression models developed with different subsets of reanalysis variables 

perform at individual stations as well as models’ overall performance. Additionally, we evaluate what 

factors affect CCN number concentration based on machine learning methods. Next, we will repeat the 

analysis by fitting an extreme gradient boosted (XGBoost) model and compare the results to linear 

regression model. 

CONCLUSIONS 
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Figure 1 shows the overall performance of a linear regression model. Coefficient of determination (R2) of 

0.63 and 77 % of modelled N100 values laying within factor of 2 from the observations indicate that the 

developed model can estimate N100 at different locations. For XGBoost model the performance is expected 

to improve. 

  

Figure 1. Comparison between observed and predicted N100 with one year of data from 30 stations. 
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INTRODUCTION 

The atmospheric clouds are heterogeneously distributed vertically both in temporal and spatial scale due to 

the transboundary movement and convective upliftment. The clouds play a pivotal role in the global 

energy budget, hydrological cycle, atmospheric circulation, and various chemical activities such as 

formation of secondary aerosols etc. The slightest of change in their geolocation or presence have more 

impact on the climate as compared to greenhouse gases, anthropogenic aerosols, or any other factor for 

that matter (Bourgeois et al., 2015). Furthermore, clouds also modulate the atmospheric boundary layer 

(ABL) which plays a prominent role in vertical mixing and pollutants’ dispersion (Pal and Haeffelin, 

2015). The aforementioned factors stimulate the need to study the vertical structure of the clouds to better 

comprehend the earth’s energy budget and climate change. The literature reveals a few studies which 

investigated the vertical structure of clouds over this region (Arun et al., 2018; Radhakrishnan et al., 2016) 

but a comprehensive study about clouds’ vertical structure is still lacking. For this purpose, a Ceilometer 

was installed at IIT Delhi’s atmospheric observatory near Sonipat in October 2021. In this study, we report 

the first results of cloud base height measurements from Ceilometer during post-monsoon season over 

Delhi-NCR. 

INSTRUMENTATION AND STUDY SITE 

A Ceilometer lidar CL61 produced by Vaisala was installed at atmospheric observatory of IIT Delhi’s 

Sonipat campus (28.95o N, 77.10o E, 228 m amsl altitude). The CL61 system is capable of providing cloud 

base height measurements along with depolarisation measurements in all weather conditions. The system 

employs a pulsed InGaAs laser source as the transmitter which transmits laser pulses at 910nm and to 

receive the backscattered photons, a Si avalanche photo diode (APD) is used. The technical details of 

CL61 are mentioned in table 1 and location map of the study site and photograph of Ceilometer CL61 are 

shown in figure 1. 

Parameter Description 

Laser InGaAs Diode laser at 910nm 

Detector Si APD 

5s Measurement Interval 

Range Resolution 4.8m 

Measurement Range 15.4km 

Measurement Accuracy ±5m 

Table 1. Technical specifications of the installed system CL61 at Sonipat Campus. 
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Figure 1. Location map of the study site and a photograph of the installed Ceilometer CL61. 

METHODS 

The current study reports some of the features of cloudiness over Delhi-NCR region obtained using 

Ceilometer CL61 in post-monsoon season from October 2021 to November 2021. A total of 38 days of 

observations have been used in this study. The Ceilometer reports attenuated backscatter coefficient from 

which cloud base height can be determined at every 5s interval. Additionally, the system also provides 

backscatter coefficient for both co-polarized and cross-polarized channel allowing the linear 

depolarisation ratio (LDR) measurements which can be used to differentiate between solid, liquid or 

mixed phase clouds and precipitation. The Ceilometer CL61 data sets can contain 5 consecutive heights of 

the multi-layer cloud. 

RESULTS AND DISCUSSIONS 

The study reports the cloud measurements over Delhi-NCR region using Ceilometer observations at 

Sonipat campus. The profiles of attenuated backscatter coefficient and depolarisation ratio reported at 5s 

interval have been averaged for 1 minute. Out of total 38 days of observations, clouds were observed on 

17 days and some of the characteristics of these observed clouds are reported here. Figure 2(a) shows the 

vertical profiles of attenuated backscatter coefficient for November 03, 2021 at 01:11 hrs IST. From the 

figure, we can observe two peaks one at 3.88km and other at 4.46km which suggests the presence of two 

layers of mid-level clouds. The lower layer has a base height of 3.66km and top height of 3.98km while 

the upper layer has base height and top height as 4.37km and 4.57km respectively. Similarly, we observed 

the presence of high-level multi-layer clouds on November 19, 2021 at 20:43 IST. The base heights of the 

observed cloud layers were 7.29km and 7.96km. These results suggest that CL61 can detect the presence 

of multi-layer clouds which can be a prominent input for several meteorological and weather applications. 
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Figure 2. Vertical profiles of attenuated backscatter coefficient (km-1 sr-1) for some days on which multi-

layer clouds were detected (a) November 03, 2021 at 01:11 hrs IST and (b) November 19, 2021 at 20:43 

IST from Ceilometer CL61 over Delhi-NCR region. 

Figure 3(a) illustrates the time series of attenuated backscatter coefficient obtained from CL61 for 

November 18, 2021. A high-altitude cloud layer was observed at 8.43km which was there from previous 

day and then it fades away at nearly 1:30 hrs. At 14:22 hrs, another high-altitude multi-layer cloud was 

observed at 9.02km which remained there for the rest of the day. Figure 3(b) shows the time series of 

vertical profiles of depolarisation ratio for November 18, 2021. The depolarisation ratio of first layer at 

910nm suggest the presence of freezing drizzle or marine or smoke pollution or it could be a mixture of 

these particles due to the hygroscopic growth. The depolarisation ratio for other cloud layer at 14:22 hrs 

also show the similar characteristics of the presence of freezing drizzle or marine or smoke pollution or it 

could be a mixture of these particles due to the hygroscopic growth. On some instances, we observed 

higher depolarisation ratio in the cloud layer suggesting the presence of ice crystals in the high-altitude 

clouds. Figure 3(c) shows the time series of vertical profiles of backscatter coefficient for 19th November, 

2021. At 00:30 hrs, a cloud layer appeared at nearly 8.2 km which fades away at 01:30 hrs. Another high-

level cloud layer was observed at 02:30 hrs at 7.3 km height. After 12:00 hrs, there was a constant cloud 

cover of the high-altitude clouds over the station which remained there for the rest of the day. The 

depolarisation ratio of these cloud layers suggests the presence of freezing drizzle or marine or smoke 

pollution or it could be a mixture of these particles due to the hygroscopic growth. Similarly, we observed 

the clouds over the station for other days too, details of which are mentioned in table 2. 
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Figure 3. Time series of vertical profiles of (a) attenuated backscatter coefficient for November 18, 2021, 

(b) depolarisation ratio for November 18, 2021 (c) attenuated backscatter coefficient for November 19, 

2021 (d) depolarisation ratio for November 18, 2021 obtained from Ceilometer CL61 over Delhi-NCR 

region. 

Date Time in IST 

(hrs) 

Cloud Base Height (km) Characteristics 

02/11/2021 20:15 4.61 Drizzle, smoke, marine or combination 

 22:34 2.97 Ice crystals 

03/11/2021 00:22 0.385 Smoke or dust 

07/11/2021 20:21 0.69 Smoke or dust 

08/11/2021 02:04 0.24 Smoke or dust 

10/11/2021 01:55 0.43 Smoke or dust 

 18:44 9.75 Ice crystals or graupels 

11/11/2021 05:50 0.59 Smoke or dust 

12/11/2021 06:34 0.61 Smoke or dust 

17/11/2021 22:49 8.38 Smoke or dust 

24/11/2021 16:54 0.777 Smoke or dust 

 16:56 0.974 Smoke or dust 

30/11/2021 15:10 8.237 Ice crystals or graupels 

 15:27 8.635 Ice crystals or graupels 

Table 2. Depolarisation ratio of the observed cloud layers over Delhi-NCR. 

CONCLUSIONS 

This study reports the first results of the installed Ceilometer CL61 over Delhi-NCR region during 

October and November months of 2021. During this time, multiple cloud layers were observed at low, 

mid, and high altitudes. The depolarisation ratio values suggest the presence of smoke or marine or ice 

crystals in high-altitude clouds and presence of smoke or dust in low altitude clouds. The Ceilometer was 

33



 

able to detect multi-layer clouds. The complete comprehensive study of the cloudiness including seasonal 

analysis will be done in future study.  

ACKNOWLEDGEMENTS 

Authors are grateful to Head, Centre for Atmospheric Sciences and Director, IIT Delhi for necessary 

support. 

REFERENCES 

Arun, S.H., Sharma, S.K., Chaurasia, S., Vaishnav, R., Kumar, R., 2018. Fog/low clouds detection over 

the Delhi Earth Station using the Ceilometer and the INSAT-3D/3DR satellite data. International 

Journal of Remote Sensing 39, 4130–4144. https://doi.org/10.1080/01431161.2018.1454624 

Bourgeois, Q., Ekman, A.M.L., Krejci, R., 2015. Aerosol transport over the Andes from the Amazon 

Basin to the remote Pacific Ocean: A multiyear CALIOP assessment. J. Geophys. Res. Atmos. 

120, 8411–8425. https://doi.org/10.1002/2015JD023254 

Pal, S., Haeffelin, M., 2015. Forcing mechanisms governing diurnal, seasonal, and interannual variability 

in the boundary layer depths: Five years of continuous lidar observations over a suburban site near 

Paris. Journal of Geophysical Research: Atmospheres 120. https://doi.org/10.1002/2015JD023268 

Radhakrishnan, S.R., Arya, B.C., Sharma, C., Kumar, A., Mishra, S.K., Shukla, D.K., 2016. Studies on 

Low Altitude Clouds Over New Delhi, India Using Lidar. MAPAN 31, 137–144. 

https://doi.org/10.1007/s12647-016-0166-4 

 

34



 

SOURCES OF ELEMENTAL CARBON IN A 300-YEAR SVALBARD ICE CORE BASED ON 

ORGANIC COMPOUNDS, TRACE ELEMENTS, RADIOCARBON AND ATMOSPHERIC 

MODELLING 

M. M. RUPPEL1,2, M. KHEDR3, H. KOPONEN4, E. BEAUDON5, P. TUNVED6, S. SZIDAT7, E. 

ISAKSSON8, J.-C. GALLET8, J. STRÖM6, O. SIPPULA4, M. HERMANSON9, S. MANNINEN2 and J. 

SCHNELLE-KREIS3 

1Atmospheric Composition Unit, Finnish Meteorological Institute, Helsinki, Finland.  

2Ecosystems and Environment Research Programme, University of Helsinki, Helsinki, Finland. 

3Joint Mass Spectrometry Center (JMSC), Cooperation Group Comprehensive Molecular Analytics, 

Helmholtz Zentrum Munich, München, Germany. 

4Department of Environmental and Biological Sciences, University of Eastern Finland, Kuopio, Finland. 

5Byrd Polar and Climate Research Center, Ohio State University, Columbus, USA. 

6Department of Environmental Science, Stockholm University, Stockholm, Sweden. 

7Department of Chemistry and Biochemistry, University of Bern, Bern, Switzerland. 

8 FRAM – High North Research Centre on Climate and the Environment, Norwegian Polar Institute, 

Tromsø, Norway. 

9Hermanson & Associates LLC, Minneapolis, USA. 

Keywords: Black carbon deposition, ice core, sources, Arctic. 

INTRODUCTION 

Black carbon (BC) may have caused a quarter of climate warming in the Arctic hitherto but information on 

its deposition patterns and particularly sources are still scarce. Field-based observations separating between 

specific BC sources are essential to evaluate emission inventories used in climate modelling (Bond et al., 

2013). Ice cores collect direct evidence of atmospherically deposited particles in chronological order for 

time periods for which atmospheric monitoring data do not exist. Here, we present unique and 

comprehensive source apportionment data for elemental carbon (EC, proxy for BC) from a Svalbard ice 

core covering 1700 to 2005 by non-polar organic hydrocarbons (n-alkanes and hopanes), trace elements and 

radiocarbon analyses. Hopanes are characteristic of anthropogenic origin as they are released e.g. from 

incomplete combustion of oil and coal (Streibel et al., 2017). n-alkanes (i.e. hydrocarbons with different 

chain lengths) are released by both anthropogenic and natural fossil fuel and biomass combustion processes, 

with different compounds fingerprinting different sources (Schnelle-Kreis et al., 2007). Trace elements have 

long been used to study the influence of natural sources and anthropogenic activity in ice core records (e.g. 

Beaudon et al., 2017), while radiocarbon analyses of BC particles reveals whether they have been produced 

by incomplete biomass or fossil fuel combustion (Szidat et al., 2004). n-alkanes and hopanes have been 

widely used for the source apportionment of BC in atmospheric samples (e.g. Schnelle-Kreis et al., 2007) 

but to our knowledge, this is the first study to investigate n-alkane and hopane fluxes as source indicators 

of BC in an Arctic ice core. We focus on the use of organic compounds in BC source apportionment, 

supported by more traditional trace element and radiocarbon BC source attribution, and atmospheric 

modelling to dissolve EC emission source areas. Particularly, we aim to disentangle the sources of an 

observed rapid EC deposition increase post-1970 which contradicts the observed trend of atmospheric BC 

concentrations across the Arctic.  
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METHODS 

A 125 m deep ice core was collected from the Holtedahlfonna glacier (79°88’15’ N, 13°16’20’ E; 1150 m 

a.s.l.) in 2005. The ice was melted and filtered through quartz fibre filters, and the EC was quantified with 

a thermal-optical method (Ruppel et al., 2014). For this study, water-insoluble 24 n-alkanes and 13 hopanes 

were analysed by thermal desorption gas chromatography time of flight mass spectrometry (TD-GC-

TOFMS) with a methodology adapted from Orasche et al. (2011). 24 trace elements were quantified by 

inductively coupled plasma mass spectrometry (ICP-MS), and radiocarbon measurements of EC isolated 

from the filters were performed according to Uglietti et al. (2016). Unfortunately, original EC filter samples 

had been largely exhausted, and the source analyses could only be performed for 50 organic compound 

samples, 31 trace element samples and 10 radiocarbon analysis samples. To explore the major source areas 

for particles deposited at the Holtedahlfonna glacier and potential changes in the dominant transport patterns 

over the past decades, air mass back trajectories were calculated between 1949 and 2003 with the 

atmospheric transportation model HYSPLIT (version 5.0.0, Stein et al., 2015), using the meteorological 

archives from the NCEP/NCAR Global Reanalysis Data Archive 

(https://wesley.wwb.noaa.gov/reanalysis.html). 

PRELIMINARY RESULTS 

The hopane and n-alkane fluxes agree well with the observed EC deposition trend (Fig. 1). Also, groups of 

trace elements are enriched in different time periods throughout the ice core, possibly indicating different 

emission sources responsible for observed EC peaks in the record. Preliminary positive matrix factorization 

(PMF) results suggest that EC emission sources could potentially be separated to biomass and fossil fuel 

combustion sources, with biomass combustion being responsible for up to 60-95 % of the observed EC 

deposition variation in the ice core. However, this preliminary result needs to be confirmed (or rejected) by 

on-going radiocarbon analyses of the ice core samples. The atmospheric modelling results show that the EC 

transported to the glacier preferentially arrived from clearly different source regions in cases of low vs. high 

recorded EC deposition in the ice core between 1949 and 2003. 
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Figure 1: EC deposition (mg m-2 yr-1) compared to standardised n-alkane and hopane fluxes in the 

Holtedahlfonna ice core. The standardised fluxes of selected n-alkanes (based on their hydrocarbon chain 

length of 22-26 in B and 26-32 in C) and all hopanes in B-D are expressed as standard deviations from the 

mean. The red line in A presents a 10-yr running average of the EC measurements, while the red line in B-

D presents the average of the respective compounds in the samples. The n-alkanes in B are mostly 

associated to emissions from lubricating oil (i.e. anthropogenic emissions) while the n-alkanes for C are 

mostly associated to combustion of biomass. Hopanes are exclusively released by combustion of fuel oil 

and coal. 
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INTRODUCTION 

            Atmospheric aerosols have a significant impact on the radiative forcing of Earth's climate, either 

directly through aerosol-radiative interactions (ARIs), i.e., scattering or absorption of incoming solar and 

outgoing infrared radiation, or indirectly through aerosol-cloud interactions (ACIs) (Boucher, 2015; IPCC, 

2013; Luoma et al., 2019; Ramanathan et al., 2001). The aerosol radiative forcing of the direct effect 

consists of a warming effect and a cooling effect (Boucher et al., 2013; Charlson et al., 1992; IPCC et al., 

2013). The predominant cooling effect results from the scattering of radiation by certain atmospheric 

aerosols (including sea salts, nitrates, sulfates, mineral and organic matter, etc.) that reduce the amount of 

solar radiation reaching the Earth's surface (IPCC, 2013). This phenomenon offsets the greenhouse effect 

and alters the radiation balance (Pandolfi et al., 2018). According to a number of studies, radiative forcing 

by aerosols remains one of the main sources of uncertainty in a climate model estimate due to the strong 

spatial and temporal variations in chemical and physical properties, short lifetime compared to greenhouse 

gasses, and diversity of aerosol sources (Boucher, 2015; Charlson et al., 1992; Lee et al., 2016; Luoma et 

al., 2019). These studies are important for a better understanding of local and long-range transport of both 

anthropogenic pollutants and natural sources and for unbiased long-term trends. Therefore, we focused on 

the temporal variations and sources of light scattering aerosols at a rural site in central Europe. The total 

light scattering (σsp) and backscattering (σbsp) coefficients and associated calculated optical properties such 

as the Ångstrӧm exponent (SAE), backscattering ratio (b), and asymmetry factor (g) are characterized 

considering different time scales (annual, seasonal, monthly, weekly, and diurnal). 

 

METHODS 

           We measured σsp and σbsp at three wavelengths (450, 550, and 700 nm) using the Integrating 

Nephelometer TSI 3563, equipped with a PM10 inlet. Measurements were performed at the rural 

background site National Atmospheric Observatory Košetice (NAOK; 49°34'20.787 "N, 15°4'48.155 "E') 

located in the central part of Czech Republic. Sampling was conducted at five-minute intervals from 

August 2012 to February 2013, and then at one-minute intervals for the remainder of 2019. All data were 
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processed according to the standard monitoring procedure of the European Monitoring and Evaluation 

Program (EBAS-EMEP). Periodic control calibrations were performed with CO2 gas and filtered air to 

ensure credible results. Data processing and statistical analysis were performed using R software version 

4.1.0. Data were referenced to standard conditions, SAE was calculated and used to correct for nonideal 

light source illumination and cutoff error in the near-forward (0°-10°) and near-backward (170°-180°) 

directions using correction factor C (Anderson and Ogren, 1998; Massoli et al., 2009; Müller et al., 2009). 

Further, b and g were calculated. 

 

 

CONCLUSIONS 

 

Preliminary results show that the overall trend for both σsp and σbsp is downward from 2012 to 

2019 (Mann-Kendall test; α=0.05, p < 0.05; except σbsp at 700 nm). The slopes of all aerosol light 

scattering properties are shown in Table 1. 

 

Table 1. Slopes of the annual median trends found for aerosol light scattering properties. 

 450 nm 550 nm 700 nm 

σsp [Mm-1 /year] -3.22  -2.50  - 1.03 

σbsp  [Mm-1 /year] -0.18  -0.18  -0.09  

SAE [/ year] -0.002 -0.010 -0.018 

b [/ year] 0.015 0.012 0.013 

g [/ year] -0.027 -0.021 -0.022 

 

SO2 and NOx concentrations were correlated with σsp and σbsp throughout the period, confirming 

their contribution to light scattering enhancement. Although σsp and σbsp decreased over time, b showed a 

positive slope of the median trend line, indicating more efficient backscattering of light. The possible 

explanation is that the chemical composition of the aerosol changed in favor of cooling (relative increase 

in organic/elemental carbon concentration ratio and more scattering chemical species); therefore, aerosol 

particles become more effective in backscattering at lower aerosol concentrations. The relative shift from 

higher to lower SAE values could be an indication of effective action on industrial/residential emissions or 

greater partial use of alternative energy sources. The smallest particles are mainly produced directly at the 

source (e.g., combustion, heating) or/and as a product of secondary aerosol formation. The trend leading to 

smaller SAE values signals a shift toward larger particles that may be produced by aerosol reactions in the 

atmosphere (so-called aerosol aging). In addition, long-range transport of aerosol particles may have 

become a more significant source of aerosol particles at NAOK.   

 

As can be seen in Figure 1, σsp (and σbsp) reached higher values in the cold season than in the 

summer. Both σsp and σbsp dominated in February, March, and November; 63.2, 58.7 and 58.0 Mm-1 and 

8.0, 7.2 and 7.0 Mm-1, respectively. This phenomenon is probably related to the higher aerosol load in 

winter due to higher energy consumption and poorer dispersion of pollutants due to the lower altitude of 

the planetary mixing layer.  
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Figure 1. The annual and seasonal variation of σsp (Mm-1) at 550 nm. Black line represents median, solid 

black circles represent outliers 

 

The elevated value of SAE in summer indicates enhanced formation of secondary organic aerosol, 

which reaches the highest monthly values of 2.09 in July. This is supported by the correlation of the 

increased isoprene concentration at NAOK and the results published in Mbengue et al. (2021, 2020). In 

contrast, particles remain longer in the atmosphere during the winter season and can overcome several 

chemical reactions during aerosol aging and thus grow, reaching the lowest monthly value in February; 

1.62. The seasonal b-variation proves a size shift towards larger particles as well as a partial change in the 

chemical composition of aerosols towards more backscattering species, e.g. secondary organic aerosols. 

Another reason could be the long-range transport of oxidized/sea-salt aerosol particles during summer. 

The maximum was observed in May, June, and July; 0.16, and the minimum in November; 0.12. The 

maximum values of g were observed in November, February, and March; 0.6, 1, 0.6, and 0.6, respectively. 

Since higher values of g represent a dominance of forward scattering, this suggests less backward 

scattering species in winter, e.g., aerosol mixtures containing carbonaceous substances. 

The diurnal variations of σsp and σbsp were downward from midnight and reached their minimum 

around noon (29.6 Mm-1 and 4.3 Mm-1, respectively) and started to increase to reach their maximum at 9 

p.m. (39.58 Mm-1 and 5.6 Mm-1, respectively). The main reason for this is the higher stability of the 

atmosphere and the lower planetary boundary layer during nighttime. As for the SAE weekly variation, 

larger particles dominated in the middle of the week (minimum SAE on Wednesday and Thursday; 0.8), in 

contrast, smaller particles influenced the rest of the week with the maximum SAE on Sunday; 0.85. The 

daily variation included two maximum peaks, one in the early morning at 3-5 a.m.; 1.86 and the second at 

1 p.m.; 1.85. The largest particles were observed daily between 6 a.m. and 8 a.m.; 1.78. No visible 

variations were observed for b during the week, and the median remained stable at 0.14.  

In addition, the sources of scattered aerosols, particle size distribution, and radiative forcing at 

NAOK are being further investigated to better understand the direct effects of aerosols on local climate. 
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INTRODUCTION 

Accurate knowledge of the physical, chemical and optical properties of aerosol particles is essential to 

reduce current uncertainties associated to their radiative impacts on Earth’s climate. However, the wide 

range of particle sources and complex (trans)formation processes they undergo lead to strong spatial and 

temporal variability of these. The north of France is affected by many anthropogenic sources (e.g. road 

traffic, residential sector, agriculture and industries), maritime transport and oceanic emissions, as well as 

a high frequency of North-Easterly winds leading to aerosol pollution episodes (Favez et al., 2021; Potier 

et al., 2019; Roig Rodelas et al., 2019). Here, we investigate for the first time in situ aerosol optical 

properties and their relation to fine (PM1) particle chemical composition in Northern France, based on a 

multi-annual in situ dataset. 

METHODS 

Since October 2014 near real-time in situ measurements within the fine fraction of aerosols (Table 1) are 

performed routinely on the ATOLL (ATmopheric Observations in LiLle) platform located on the rooftop 

of a University of Lille building (50.6111 N, 3.1404 E, 70 m a.s.l.), 6 km south east of Lille downtown 

area. The ATOLL site is part of the CARA program and of the French ACTRIS (Aerosols, Clouds, and 

Traces gases Research InfraStructure) National Facilities providing high-quality long-term atmospheric 

data. 

Instrument Measured Parameter Time  

resolution 

ACSM Org, NH4, SO4, NO3, Cl (NR-PM1) ~30 min 

Aethalometer (7λ) σabs & eBC 1 min 

Nephelometer (3λ) σscat 1 min 

SMPS Number size distribution 5 min 

 

Table 1. List of in situ instrumentation and measured parameters in the PM1 fraction at the ATOLL site. 

In this study, aerosol optical properties and chemical composition coincident in situ measurements in the 

smallest fraction are combined to assess the particulate pollution specificities at the ATOLL platform via 

the IMPROVE algorithm. This method has been used for estimating the extinction coefficient (σext) over 

remote and urban areas (e.g. USA, China) using fixed Mass Extinction Efficiency (MEE) values for six 

major chemical species of PM. Yet, MEE values vary according to aerosol types and properties, thus 

depending on site, season but also on derivation method (e.g. theoretical, laboratory chambers, and field 
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experiments) (Hand and Malm, 2007). Therefore, the application of such coefficients at different sites with 

no local tailoring can lead to significant uncertainties. To derive specific MEEs for ATOLL over 3 years of 

measurements, we applied a multiple linear regression (MLR) model using the measured optical properties 

(σabs, σscat) and the aerosols mass concentrations of the various chemical species (Table 1). 

RESULTS 

Using literature-based MEE reported for suburban and urban sites over 3 years of measurements at ATOLL, 

we retrieved the σext with a wide range of biases depending on the chosen literature (Figure 1). Applying 

the values reported by the Interagency Monitoring of Protected Visual Environments (IMPROVE) program 

(Pitchford et al., 2007), the reconstructed extinction is retrieved with a slope of 0.77 and a moderate 

correlation (0.72) whereas, employing MLR improves the accuracy of σext retrievals in comparison with the 

observations (r2:0.80, slope:0.85, Figure 1).  

 
Figure 1. Scatter plot of reconstructed versus measured aerosol extinction coefficient at 525 nm for ~3-

year measurements at the ATOLL platform. Solid lines represent the linear least-square fit through the 

data where y-values have been calculated using fixed MEE taken from the literature (Cheng et al., 2008; 

Groblicki et al., 1981; Pitchford et al., 2007; Valentini et al., 2018; Wang et al., 2015; Yao et al., 2010) 

combined with ATOLL PM1 species mass concentrations. Results of the Multiple Linear Regression with 

ATOLL specific MEE values are represented by the pink dots and the solid line in red.  

This multi-annual analysis of in situ dataset at the ATOLL site highlights that ammonium nitrate contributes 

about 26% of the total mass, thus being the predominant species regarding light extinction at 525 nm (35%), 

followed by the carbonaceous aerosols (Org 26%, eBC 25%) and ammonium sulfate (14%). Regarding the 

absorption at 370 nm, organics are responsible of 11% of light absorption, showing significant contribution 

of Brown Carbon (BrC).  

Figure 2 represents the monthly light extinction broken down according to species contribution, a product 

of mass efficiency and changes in the mass concentrations. As expected, light extinction is generally higher 

during the cold months. These months are strongly impacted by aerosol emissions related to solid fuel 

combustion from residential heating (carbonaceous aerosols), and agricultural activities leading to strong 

ammonium nitrate formation during spring. 
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Figure 2. Monthly-averaged variation of the light extinction coefficient at 525 nm (in Mm-1) at ATOLL 

over the period July 2017 – December 2019 for each aerosol species. 

CONCLUSIONS 

This study shows that not considering aerosol heterogeneity among different sampling sites and seasons, 

leads to significant biases in estimates of their extinction. Our analysis of the ATOLL data set in Lille 

highlights the ability of retrieving robust aerosol optical properties from chemical composition 

measurements, constrained by coincident absorption and scattering measurements. Our results support the 

use of site-specific parameters (that reflect various influences, as mixing state, size distribution of aerosol 

components) along with long-term field observations, to derive key aerosol optical properties relevant for 

climate modelling and air quality assessment.  
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INTRODUCTION 

Over the last decades, the evidence on the impacts of air pollution on health has been growing at a high 

pace. At the 80’s the first studies linking the exposure to air pollutants with a higher risk of mortality or 

cancer were published. The initial evidence gathered on that early times (often based on studies of 

occupational health or tobacco smoking) triggered the first release of the World Health Organisation (WHO) 

guidelines for air pollutants in 1987. Note that in these guidelines, the WHO did not yet include PM2.5. One 

of the first studies observing associations between PM2.5 and total mortality was ‘The Six Cities Study’ 

(Dockery et al., 1993). The first studies on cause-specific health outcomes focused on cardiorespiratory 

health, since these two inter-related body systems seemed to be the main target because lungs are directly 

in contact with air pollution. Nowadays, the evidence on the cardiorespiratory effects of the exposure to air 

pollutants is strong and well established for diseases such as low respiratory tract infections, chronic 

obstructive pulmonary disease, lung cancer, myocardial infarction and stroke.  

The Global Burden of Disease study estimated that the exposure to PM2.5 caused 4.2 million deaths in 2015 

(Cohen et al., 2017). However, air pollution and particularly PM, has wide range of deleterious effects on 

human health that are often not accounted in the studies estimating the annual deaths or years of disability 

due to yet insufficient evidence. In the more recent years, the range of diseases or health outcomes explored 

in association with air pollution has been expanded. Exposure to air pollutants has been linked with a variety 

of health outcomes including reproductive health (such as preterm birth, Li et al., 2017), foetal growth 

(Pedersen et al., 2013), diabetes, obesity (De Bont et al., 2019), cognition (Sunyer et al., 2015), mental 

health (Vert et al., 2017), and neurodegenerative diseases such as Alzheimer (Calderón-Garcidueñas et al., 

2020) and Parkinson (Han et al., 2020). For some of these abovementioned outcomes the evidence is still 

limited, but the range of observed effects for air pollution has clearly become multisystemic. Several 

mechanisms have been proposed as explanation for the observed associations between air pollution and 

disease, including oxidative stress and inflammation but also genomic alterations/mutations, mitochondrial 

dysfunction, among others and the observed effects on health are probably due to a synergistic interaction 

of multiple pathways and mechanisms (Block & Calderón-Garcidueñas, 2009; Peters et al., 2021). 

Moreover, some air pollutants, such as PM2.5, have been extensively studied while for others metrics the 

evidence gathering is still in its infancy. As an example, the link between the exposure to ultrafine particles 

(UFP) and an increased risk on mortality has not yet been established due to inconsistent results across and 

within studies. This is the reason why in the new WHO Air Quality Guidelines Report (WHO, 2021) there 

are no guidelines established for ultrafine particles and black carbon (BC). However, the inclusion of a good 

practise statement for both UFP and BC highlights their potential harmful effects. Another interesting fact 

to emphasize about the new WHO guidelines is the strong reduction in the recommended concentrations for 

health protection from the previous report in 2005 for some pollutants. For instance, the recommended 

annual average concentration has been reduced from 10 to 5 µg·m-3 for PM2.5. Thus, new evidence keeps 
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indicating that, even at low concentrations, exposure to air pollutants leads to negative effects on human 

health (Papadogeorgou et al., 2019).  

The effects of air pollution on the brain is currently a hot topic in research with increased number of 

publications over the last decade. The exposure to air pollution, and particularly traffic-related air pollution, 

has been linked with adverse effects on neurodevelopment, including a reduction on the global intelligence 

quotient, lower memory and attention performance, and a higher risk of behavioural problems such as 

Attention Deficit Hyperactivity Disorder (ADHD; Suades-González et al., 2015). Air pollution may 

indirectly affect the central nervous system and the brain itself by the different mechanisms mentioned 

before, but there is also evidence on the translocation of UFP to the brain either through the circulatory 

system (to which UFP can enter via the alveoli) or reach directly to the brain through the olfactory bulb 

(Stone et al., 2017). 

Cohort studies are a good epidemiological observational design to explore the associations between air 

pollution and health in real-life populations. In Barcelona, two projects are involved in evaluating the effects 

of air pollution on brain development.  

The BRain dEvelopment and Air polluTion ultrafine particles (BREATHE) project is the largest 

epidemiological study assessing the exposure of urban children to traffic related air pollutants in schools 

and its potential effects on cognitive development (Sunyer et al., 2015). The key strengths of the BREATHE 

project were the direct assessment of exposure in school classrooms and the school playgrounds (39 

schools), the study of cognitive function trajectories using repeated exams in a cohort of 2897 children and 

the obtention of neuroimaging (magnetic resonance imaging, MRI, in 265 children).  

For all schools, school-hour averaged daily concentrations in indoor (and outdoor) school's environment 

ranged between 13 and 84 (10−111) μg·m−3 for PM2.5 (high-volume filter samples), 6–69 (14–98) μg·m−3 

for NO2 (averages of 7 complete days, Gradko passive tubes), 0.4–2.7 (0.4–2.6) μg·m−3 for BC (MicroAeth 

AE51), 4–31 (10–56)·103 #·cm3 for UFP (DiSCmini), and 0.48–5.22 (0.60–3.24) ng·m−3 for total PAHs 

(Rivas et al., 2014). In general, BC, NO2 and UFP followed the spatial distribution of traffic whereas PM2.5 

was not a good indicator or traffic emissions due to the influence of other sources, including important local 

school-related sources such as mineral matter for those schools with sandy playgrounds or the use of 

chalkboards. Air pollution concentrations above the EU limit values and the WHO recommendations were 

found in a high number of schools. 

Within BREATHE, we discovered a lower cognitive development with age, with those children attending 

schools with higher concentrations of elemental carbon (EC) and UFP showing a smaller improvement with 

age in cognitive development. For example, those children attending schools with higher concentrations had 

a 7.4% (95% confidence interval (CI) [5.6%–8.8%]) 1-year improvement in working memory versus an 

improvement of 11.5% (95% CI [8.9%–12.5%]) in children in less polluted schools (Sunyer et al., 2015). 

Moreover, from the 7 sources identified by Positive Matrix Factorization in the indoor and outdoor PM2.5 

samples, only those generated from traffic were associated with cognitive development. For instance, an 

increase of 3.8 μg·m−3 in indoor traffic-related PM2.5 was linked to 30% (95% CI [6%, 54%]) lower annual 

cognitive growth (Basagaña et al., 2016). Neuroimaging through MRI also indicated a slower brain 

maturation and a smaller size in specific areas of the brain for those children attending to schools with 

highest EC and NO2 and total PAH and Benzo[a]pyrene, respectively (Mortamais et al., 2017; Pujol et al., 

2016). Although a different type of analysis, similar results were obtained in a study involving 6 European 

cohorts with regards to the exposure to air pollution and cognitive development (Julvez et al., 2021). 

However, with the results obtained within BREATHE we were not able to elucidate whether this effects in 

neurodevelopment across the children were permanent or when did this effect start taking place. Did they 

start as early as conception? Some studies have already tried to answer these questions (Guxens et al., 2018), 

however their prenatal exposure estimates were based on models instead of measurements at participant’s 

level.    
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The Barcelona Life Study Cohort (BiSC) is an ongoing project that aims to solve these specific questions. 

BiSC is a pregnancy cohort that recruited 1086 pregnant women and their offspring. The main objective of 

BiSC is to evaluate the associations of a series of environmental exposures (with a special focus on air 

pollution) during pregnancy and the neurodevelopment of the foetus and the child. BiSC was a unique 

opportunity to assess exposure in pregnant women, as no previous study has performed such a 

comprehensive measurement campaign involving this large number of participants with personal monitors.  

Prenatal period is a crucial period of development which makes it a very vulnerable period to adverse 

environment insults. In BiSC, the prenatal exposure assessment during pregnancy has already been carried 

out (measurements during one week at first and third trimester). For evaluating brain development, we 

performed a neurosonography at week 34 of pregnancy and an MRI to a subsample of 132 27-days-old 

babies. No results are available yet but BiSC will attempt to shed light in many aspects such as potential 

effects of air pollution in the brain development since its inception but also the potential translocation of 

particles to placenta and its effect on this very important organ for foetal development.  

As a final statement, air pollutants are diverse, emitted by different sources and have been linked to a wide 

range of negative health outcomes, even at low concentrations. Efforts should be made to reduce air 

pollutants concentrations in order to protect the lungs, the hearts, the brain and, consequently, the life of all 

the inhabitant and, particularly, those who are the most vulnerable ones such as the children.  
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INTRODUCTION

ALICENET (https://www.alice-net.eu/) is the Italian network of Automated Lidar-Ceilometers (ALCs)
operationally (24/7) measuring aerosol profiles and clouds, and contributing to the European E-PROFILE
EUMETNET  program  (https://www.eumetnet.eu/activities/observations-programme/current-activities/e-
profile/. ALICENET is a consortium network coordinated by CNR-ISAC and involving several regional
EPAs (ARPAs)  and Universities/Research centres.  Recent  advancements  in  system technology and a
centralized data processing allow providing homogeneous quantitative information on aerosol optical and
physical properties across the country. This includes aerosol backscatter profiles (Wiegner et al., 2014),
estimation of aerosol extinction, surface area, volume and mass profiles (Dionisi et al., 2018),  information
on the mixing layer (Poltera et al., 2017, Kotthaus et al., 2020) and on presence and vertical displacement
of elevated aerosol layers. The geographical distribution of the ALICENET systems, extending from the
north to the south of the country (Figure 1), allows investigating aerosol features over a wide range of
atmospheric and environmental contexts. In fact, the network covers areas dominated by anthropogenic
aerosols (e.g. the Po Basin and the main urban areas of the country, Milan and Rome, e.g., Diémoz et al.,
2019a, b), those highly affected by desert dust advections (e.g. Sicily, Central and Southern Italy, e.g.
Barnaba et al., 2017, Gobbi et al., 2019, Barnaba et al., 2022), and those influenced by volcanic ash, near
the Etna volcano. In some stations the experimental setup includes polarization-sensitive ALCs, co-located
passive remote sensors (e.g. sun photometers), and surface in situ measurements of aerosol optical and
physical properties. 

Figure 1. Position of the ALICENET active (green dots) and under development (blue dots) stations.
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METHODS

The ALICENET network mostly operates Lufft CHM15k systems, emitting laser light at 1064 nm. The
raw signal of the ALCs is routinely quality checked, and Level 1 profiles (resolution of 15 m up to an
altitude range of 15 km) are provided in the relevant website in near real time. An instrument-specific
overlap correction is applied following Hervo et al.  (2016), and the results are evaluated during clear
atmospheric conditions comparing the profiles with a simulated Rayleigh profile. The ALC calibration is
performed  every  clear  night  using  an  automatic  procedure  based  on  a  Klett  inversion  in  a  selected
molecular zone, and for each day the calibration factors are extracted from a Loess fit. Both the overlap
correction and the calibration procedures account for time-varying instrumental effects.

The retrieval of aerosol backscatter is performed with the forward solution of the Klett inversion algorithm
(Klett, 1981, Wiegner and Geiß, 2012), using an iterative technique to derive the lidar ratio required for
the inversion of the lidar equation. The retrieval of aerosol extinction, surface area and volume is based on
a specifically-developed aerosol numerical model (Dionisi et al., 2018). This uses a Monte Carlo approach
to select the input size distribution and composition parameters within prescribed ranges, and the Mie
theory to derive relevant aerosol optical properties associated to each microphysical combination. Mean
functional relationships linking aerosol backscatter to extinction, surface area and volume are then derived
using a polynomial fit and applied to the inversion of the ALC signal (Figure 2).

Figure 2. ALC range and overlap corrected signal, and the derived aerosol backscatter, extinction, and
volume concentration profiles in Rome, 11 July 2017.

The detection of aerosol  layers is  based on the STRATfinder algorithm (Kotthaus et  al.,  2020).  This
provides the temporal evolution of the mixing layer and the atmospheric boundary layer heights using
variance and gradient analysis of the calibrated and overlap-corrected ALC signal,  and the Pathfinder
approach (Poltera et al., 2017, de Brunie et al., 2017). Under development is the automatic detection of
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elevated aerosol layers, driven by large scale transport and/or extreme events, and aerosol layer typing
(e.g. based on the wavelet technique, Morille et al., 2006). 

The ALICENET retrievals are also evaluated against independent measurements at the different sites. This
is done exploiting both long term datasets of aerosol optical depths from co-located sun photometers,
satellite-derived products, and detailed information from intensive measurement campaigns. Furthermore,
the synergies between ALCs and modelling tools (e.g., atmospheric chemistry models) is being explored
to maximize ALC data exploitation and provide support to others communities.

CONCLUSIONS

The ALICENET setup allows near real time, continuous monitoring of aerosol vertical distribution across
Italy. The geophysical information retrieved within the network can impact a wide range of stakeholder
communities, such as meteorology, air quality and aviation control agencies. Furthermore, the long-term
database  allows  the  evaluation  of  the  aerosol  climatological,  site-dependent  characteristics  along  the
vertical profile, and their interactions with atmospheric processes at different spatial and temporal scales,
such as synoptic and mesoscale circulations (Diémoz et al., 2021, Campanelli et al., 2021), local mixing
(Di Bernardino et al., 2021), and radiative transfer in specific case studies (Fasano et al., 2021) and from a
climatological perspective.
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INTRODUCTION 

Carbon compounds are one of the main components of particulate matter (PM) and together they can make 

up to 80% of PM mass in urban areas (Zioła et al., 2021). Among them, black carbon (BC), also known as 

soot, is considered a direct indicator of the degree of air pollution, because it is emitted only as a primary 

pollutant, mainly as a result of incomplete combustion of biomass and fossil fuels (Torres et al., 2014; Helin 

et al., 2018). The harmful effect of black carbon on the climate, environment and human health makes it an 

important parameter shaping the air quality and requires the monitoring of BC content in the atmospheric 

air (Bond et al., 2013). The concentrations of BC are determined using optical methods, indirectly from 

light attenuation measurements; therefore, the term of equivalent black carbon (eBC) should be rather used. 

The main purpose of this study was to analyze the results of the one-year measurement campaign of eBC 

mass concentrations from urban area of Racibórz. The daily and seasonal variability was assessed and the 

probable sources of air pollution by soot were determined. 

METHODS 

The research was carried out in 2021 at a measurement station located in the geophysical observatory in 

Racibórz (Figure 1), belonging to Institute of Geophysics Polish Academy of Sciences (IG PAS). 

 
Figure 1. Location of the measurement station in Racibórz. 

56



 

The immediate surroundings of the station are meadows and arable fields. At about 200 meters east of the 

station there are National Freeway no. 45 and dispersed residential buildings. Further away – about 1.5 km 

northeast of the sampling site – the city center is located. The nearest large cities are Opava (~24 km, SW) 

and Ostrava (~25 km, S) (Czech Republic) as well as Rybnik (~25 km, E), Jastrzębie-Zdrój (~28 km, SE) 

and cities of the Upper Silesian Industrial District (~42 km, NE) (Poland). 

eBC mass concentrations were monitored continuously using an automated measuring device—a modern 

Aethalometer AE33 (Magee Scientific). In the case of AE33, aerosol light absorption was measured at seven 

different wavelengths (λ) from near-ultraviolet to near-infrared (λ = 370, 470, 520, 590, 660, 880, and 950 

nm). The total BC mass concentration (or eBC) is reported at a wavelength of 880 nm (channel 6). An 

additional advantage of the device is the ability to estimate the effects of the combustion of fossil fuels 

(eBCff) and biomass burning (eBCbb) on the total BC mass (Zioła et al., 2021). The sampling site was also 

equipped with a meteorological station, thanks to which the basic meteorological parameters (air 

temperature, humidity, pressure, wind speed and direction) were measured in parallel with eBC 

measurements. 

RESULTS 

In the measurements of the eBC concentration carried out in Racibórz in 2021, high completeness of the 

measurement series was obtained, amounting to 98% of the time a year, which meets the requirements for 

data correctness, as defined in Directive 2008/50/EC. The figures below present the most important results 

obtained during the annual measurement campaign. 

 
Figure 2. The course of the daily concentrations of eBCff and eBCbb [µg·m−3] against their mean shares 

[%] in the total eBC. 
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Figure 3. The concentrations of eBC for different averaging periods. 

 
Figure 4. The eBC concentration roses for the whole measurement period and separately for heating and 

non-heating season. 

 
Figure 5. Diurnal variations of of eBCff, eBCbb and eBC [µg·m−3] (values averaged over the entire 

measurement period). 
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CONCLUSIONS 

Daily mean concentrations of eBC, eBCff and eBCbb reached values in the range of 0.12–15.00 µg·m−3 

(eBC), 0.09–12.25 µg·m−3 (eBCff) and 0.04–2.75 µg·m−3 (eBCbb), respectively (Figure 2). The concentration 

of eBC, eBCff and eBCbb, averaged over the annual measurement period (2021) was 2.15 µg·m−3 (eBC), 

1.61 µg·m−3 (eBCff) and 0.54 µg·m−3 (eBCbb) (Figure 3). Significantly higher concentrations of the analyzed 

substances were recorded in the heating season compared to the non-heating one. The observed seasonal 

variability resulted from an increase in the activity of local emission sources of fuel and biomass combustion 

in the autumn-winter period and unfavorable weather conditions (low air temperature and wind speed, 

frequent temperature inversions). 

Regardless of the season, the share of eBCff/ eBC was significantly higher compared to eBCbb/eBC, with 

average values  (whole period) of 70.48% and 29.52%, respectively (Figure 2). The obtained results 

indicated the dominant influence of fossil fuel combustion processes – both solid (households) and liquid 

(road transport) – on air pollution by eBC in urban areas. The share of eBCbb/eBC generally did not exceed 

50% and relatively high values were recorded in the fall – September (average: 36.78%) and October 

(average: 35.81%) – and in April (average: 33.01%). The influence of anthropogenic combustion sources is 

confirmed by the eBC concentration rose (Figure 4) – the highest concentrations were recorded with the 

inflow of air masses from ENE – S directions (see Figure 1). 

It was found that – apart from seasonal fluctuations – eBC concentrations also showed marked diurnal 

variations (Figure 5), which may be related to the combined effect of the changes in eBC emissions and the 

variability of meteorological conditions, including the dynamics of the boundary layer. In the course of 

mean 1-hour eBC concentrations, the evening maximum is clearly noticeable. The increasing eBC 

concentrations towards this time of the day might be influenced by both the residential cooking and heating, 

as well as the homecoming traffic overlapping gradually (Cao et al., 2009; Helin et al., 2018). The less 

pronounced morning maximum – characteristic only for eBCff - corresponded to the rush hours during 

commuting to work (Zioła et al., 2021). 
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INTRODUCTION 

The Eric LifeWatch Initiative has among its goals the promotion of specific actions of research, 

technological development and innovation that have reflection and impact on the economic and social 

sectors of the territories on which it operates. The “Thematic Center on Mountain Ecosystem & Remote 

sensing, Deep learning-AI e-Services University of Granada-Sierra Nevada” is a project included in the Eric 

LifeWatch Iniciative. This Action Plan proposed by the Spanish Science and Technology Strategy and the 

University of Granada, has been prepared combining efforts between the scientific world, the public 

administrations (responsible for management), and society, to obtain the best information to curb and 

manage the loss of biodiversity in the Mountain Systems, focusing in the Sierra Nevada National / Natural 

Park.  Eight Work Packages (WP) were defined for the development of this project: 

- WP1. Biological connections 

- WP2. Monitoring watersheds 

- WP3. Adaptative management of mountain forest 

- WP4. Structure, function and ecosystem services 

- WP5. Climate modelling 

- WP6. Sustainable development 

- WP7. Virtual research environment 

- WP8. Remote sensing 

The WP that we describe in this study is part of the WP6 “Sustainable development”, being the objective of 

this WP6 to complement and accompany the proposed scientific, innovate and technological actions from 

the perspective of socio-economic development and the social dynamization in the territory of the Granada 

province and specifically, in the Sierra Nevada National / Natural Park. The working groups defined in this 

WP6 are: 

- WP 6.1. Historical systems of water management in Sierra Nevada: governance, local ecological 

knowledge and ecosystem services 

- WP 6.2. Agrobiodiversity and social and technological innovation for the local communities of the 

mountain: the case of Sierra Nevada 

- WP 6.3. Sustainable tourism management in Sierra Nevada 

- WP 6.4. Monitoring of atmospheric pollution in Sierra Nevada 

- WP 6.5. Awareness of climate change in Sierra Nevada 

- WP 6.6. Scientific dissemination 
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The WP6.4 title “Monitoring of atmospheric pollution in Sierra Nevada”, was defined to the aim of study 

the impacts of global change in the Sierra Nevada Mountain System. Mountains are especially interesting, 

since they can be considered as natural laboratories that can be used to warn about possible changes that 

will eventually affect the entire global system. On the other hand, the over-occupation and massification of 

the rural and remote areas due to the increase of the tourism movement, is affecting the air quality of the 

Sierra Nevada environments, contributing to worsen the air quality levels and affecting the ecosystems. 

With this aim, the objective of the present WP6.4 is to built a network for the observation and investigation 

of air quality in the regional environment of Sierra Nevada, designed to protect the population and the natural 

environment of the Natural Park, against possible atmospheric pollution phenomena that could contribute 

to worsen the air quality. To this end is necessary to know: 

- the influence that neighbouring urban centres and agricultural activities exert on the "health" of the 

National / Natural Park and its ecosystems 

- the rate of emission of organic and inorganic compounds to the atmosphere of the mountain environment 

- the dynamics of aerosols and the ability to increase tropospheric ozone levels 

- the influence of large-scale external emissions that affect Sierra Nevada 

- the variability of pollutants at the troposphere level 

METHODS 

A network of stations to measure atmospheric pollutants has been planned with the acquisition of two mobile 

gas and particle measurement stations (NO2, SO2, CO, O3, VOCs and PM10), the installation of five passive 

dosimeter stations (NO2, SO2, O3 and NH3) and three points with particulate matter collectors (PM10 and 

bulk deposition) to be installed along the northern and southern slopes of Sierra Nevada (Figure 1). The 

network is working for this project since November 2021, until June 2023. The rutinary tasks to obtain, 

systematize and manage the data obtained in the stations are: 

- Measurement and intercomparison of data and campaigns 

- Processing and incorporation of the data in the databases, performing the quality and integrity tests 

- Performing the basic analysis techniques to obtain the chemical profiles of the samples of atmospheric 

particulate PM10 and total particle deposition 

- Publication of information for managers and users 

 

Figure 1. Location of the stations of the WP6.4 network (“Monitoring of atmospheric pollution in Sierra 

Nevada”), in the northern and southern slopes of the Sierra Nevada National / Natural Park. 
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CONCLUSIONS 

The attainment of monitoring the air pollution in the wide area of the Sierra Nevada National / Natural Park, 

intend: 

- Evaluate the air quality with the physico-chemical and meteorological measurements recorded by the 

network (as observed in Figure 2) 

- Prevent a negative evolution of the air quality in Sierra Nevada 

- Report on the status of air quality 

- Promote research and knowledge in relation to air quality 

- Assistance on air quality information in tourist areas 

 
Figure 2. Preliminary data of PM10 concentrations measured by the high-volume samplers located in the 

southern part of the Sierra Nevada National / Natural Park. Detail of the severe dust African event 

occurred in March 2022 affecting the South of the Iberian Peninsula. 
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INTRODUCTION 

Ammonia is a very harmful atmospheric pollutant for ecosystems and the environment regarding the 

eutrophication and acidification of soils and water, but also a gaseous precursor of other major secondary 

pollutants, such as inorganic fine particles: sulphate and ammonium nitrate particles (Seinfeld and Pandis, 

2006), that are particularly harmful to human health. Ammonia and particulate matter (PM) are responsible 

for severe pollution outbreaks over Île-de-France region and Europe (LCSQA, LCSQA 2019), during 

springtime of 2012 (Kutzner et al., 2021), 2014 (Fortems-Cheiney et al., 2016), 2015 (Petit et al., 2017), 

2016 (Tournadre et al., 2020: Viatte et al., 2020) and 2020 (Viatte et al., 2021). In France, the dominant 

source of atmospheric ammonia (NH3) is attributed to agricultural activities, with contributions between 

94% and 98 %, among which 50% is due to manure spreading, and the use of nitrogen-based fertilizers as 

well as emissions from livestock (Ringuet et al., 2016; Génermont et al., 2018; Ramanantenasoa et al., 

2018). 

Despite this major societal and scientific interest, ammonia is one of the least documented precursors of 

PM2.5 in France which is strongly related to the crucial lack of routine ammonia and aerosol speciation 

observations. One of the scientific reasons comes from the difficulty to measure atmospheric ammonia due 

to its sticky, volatile, and reactive nature (von Bobrutzki et al., 2010). A better knowledge of NH3 emissions 
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and associated atmospheric processes thus requires extended observational networks able to assess high 

temporal and spatial variabilities of the atmospheric content of ammonia. Such networks still need to be 

built – especially in France where NH3 measurements are extremely rare. 

The objective of the Multi-Instrumental Analysis of Ammonia Concentrations (AMICA) project is to 

compare the response of different systems for measuring atmospheric ammonia at a rural site in the Île-de-

France region. This measurement campaign is part of a series of ammonia projects that have recently taken 

place in France. 

 

METHODS 

To evaluate the different types of NH3 measurement techniques in the atmosphere, an inter-comparison 

analysis was performed in Autumn 2021 at the INRAE rural site in Thiverval-Grignon, close to the 

AgroParisTech farm around 40 km west from Paris, France (48.84°N, 1.95°E). This intensive AMICA field 

measurement campaign involved 8 research institutes (LISA, LATMOS, LSCE, INRAE Grignon, IMT 

Nord Europe, GSMA Reims, INRAE Rennes, and the Sensing of Atmospheres and Monitoring Laboratory 

of the University of Liege). The instruments deployed included two Cavity Ring Down Spectrometers 

(CRDS), an Optical Feedback Cavity Enhanced Absorption Spectrometer (OFCEAS), a Mid-IR off-axis 

integrated cavity output spectrometer, a direct laser absorption spectrometer, a photo-acoustic analyzer, a 

chemiluminescence analyzer, a mini-Differential Optical Absorption Spectrometer, a wet chemistry denuder 

system, Adapted Low-cost Passive High Absorption analyzers, Radiello sampling systems, DEnuder for 

Long-Term Atmospheric sampling and low cost resistivity-based ammonia sensings. 
 

 

Figure 1. Site set-up including the controlled artificial source (Fortineau et al., 2019) for boosted NH3 

concentrations. 

RESULTS 

The instruments based on different NH3 measurement techniques are compared over a wide range of 

ammonia concentrations from ambient atmospheric to boosted concentrations (10 to 600 ppbv) using an 

innovative 400 m2 ammonia emission system (Figure 1). Measurements from the Integrated Carbon 

Observation System (ICOS) FR-Gri site and the meteorological station of the INRAE Agroclim network, 

located in the direct vicinity, were used to interpret the results. 
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INTRODUCTION 

Marine particles often dominate the total aerosol load in remote locations and thus contribute significantly 

to the global aerosol optical depth, thereby influencing climate through their concomitant direct and indirect 

effects. The origin of these marine particles, specifically whether they are primary or secondary aerosols, 

remains subject to investigation. While several secondary organic aerosol (SOA) molecular classes have 

been identified so far, the complexity of SOA (consisting of thousands of multifunctional compounds, 

including high molecular weight species and oligomers originating from various sources) necessitates 

further research. Marine SOA (e.g., originating from dimethyl sulfide oxidation, dialkyl amine salts or 

marine hydrocarbon oxidation) are formed from atmospheric oxidation of precursors such as volatile organic 

compound (VOCs) through various processes such as heterogeneous reactions, aqueous-phase oxidation or 

photochemistry. We investigate the impacts of these different pathways on SOA composition, size 

distribution and mixing in regard with relevant meteorological, marine biological activity and gas phase 

measurements. 

METHODS 

Here we present preliminary measurements from Mace Head Research Station (53.33°N, 9.90°W) over 

summer months when marine biological activity is high and thus marine SOA formation occurs. A High-

Resolution Time-of-Flight Aerosol Mass Spectrometer (HR-ToF-AMS) (Canagaratna et al., 2015) was used 

to measure organic aerosols (OA), ammonium, nitrate, sulphate, and chloride, whose mass concentrations 

were estimated using standard composition dependent collection efficiency (CDCE). Sea salt and methane 

sulphonic acid (MSA) mass concentrations were estimated by upscaling NaCl and CH3SO2 signals 

(Ovadnevaite et al., 2014). 

Figure 1 shows a time series of some summer 2015 data. There was a clear dominance of pristine marine 

conditions featuring low black carbon (BC) mass concentrations measured by a multi-angle absorption 

photometer (MAAP). During the pristine BC periods marine aerosols featured either sulphate or OA 

dominated periods. In order to identify the relative contribution of SOA, the positive matrix factorization 

(PMF) receptor model, implemented in the multilinear engine (ME-2), was used to separate the high-

resolution OA mass spectrum into different sources using the Source Finder toolkit (SoFi v6.E, Datalystica 

Ltd) (Canonaco et al., 2013). 

CONCLUSIONS 
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Figure 1. Time series showing the PM1 mass concentrations (µg m-3) during August 2015 at Mace Head 

Research Station. Clean marine sector periods are shaded in light blue. 

To further constrain the PMF results, the HR-ToF-AMS derived size distributions were used (Ullbrich et 

al., 2009). Air mass back-trajectories, high-resolution elemental analysis, and gas phase measurements 

from Mace Head were then combined to the PMF analysis to evaluate the potential sources and 

atmospheric processes forming marine SOA. 
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INTRODUCTION 

Ultrafine particles (UFPs) are particles with an aerodynamic diameter of 100 nm or less, has negligible mass 

concentration but is the dominant contributor to the total particle number concentration. Formation of UFP 

in the urban atmosphere is expected to be far less favored than in the rural atmosphere due to the high 

existing surface area for condensation of involatile materials needed for homogeneous nucleation. Previous 

comparative studies between rural and urban site reported higher frequency of NPF events (Peng et al., 

2017) over urban sites in comparison to background sites as well as higher growth and formation rates 

(Nieminen et al., 2018) attributed to the higher concentration of condensable species. The present study 

aims to better understand the environmental factors favoring, or disfavoring, atmospheric NPF over Lille a 

large city North of France and to analyze the impact of such event on urban air quality using a long-term 

dataset (3 years). 

METHODS 

The ATOLL (Atmospheric Observation at LiLLE) station is located in the Villeneuve d’Ascq, Northern 

France (50.63 N; 3.05 E) and only 6 km away from the city center of Lille. A large set of in-situ and remote 

sensing instruments are implemented in ATOLL to characterize physico-chemical, optical and radiative 

properties of particles and clouds. The relevant aerosol instrumental setup for this study consisted of several 

instruments (Scanning Mobility Particle Sizer (SMPS), Aerosol Chemical Speciation Monitor (ACSM), 

aethalometer and nephelometer) used to measure aerosol properties such as, size distributions, chemical 

composition, and optical properties in different size fractions (PM10 and PM1). The measurements used for 

that study were performed from 1st July 2017 to 31st December 2020. Meteorological data including 

temperature, water vapour mixing ratio, and solar radiation were also measured every minute at the sampling 

site. Three-day backtrajectories of air masses arriving at the site at half the boundary layer height between 

July 1, 2017 and December 31, 2020 were computed every hour using the Hybrid Single-Particle Lagrangian 

Integrated Trajectory (HYSPLIT version 5.1.0, Stein et al., 2015) transport and dispersion model.  

The results highlight a strong seasonal variation of the new particle formation event (NPF) frequency, with 

a maximum observed during spring (27) and summer (53). Relatively high values of CS (~10-2) during 

event days suggesting that CS is not the main factor limiting the occurrence of events at this site. Moreover, 
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the airmasses trajectories during event days highlight a specific path along the Eastern North Sea region 

with only a small fraction passing over any continental area and therefore not crossing many aerosols 

sources, while, most of the back trajectories during non-event days pass over large cities (Dunkirk, Paris, 

London, Rotterdam) before reaching Lille.  

CONCLUSIONS 

The results observed over Lille show that high temperature (T > 295K), low RH (RH< 45%) and high solar 

radiation favor the observation of NPF events at AtOLL. The cloud coverage was also highlighted as a 

parameter limiting the NPF occurrences. The average cloud fraction observed is around 0.51 during event 

days and 0.88 during non-event days. Clearly, the cloud fraction, mostly through its parasol effect, is playing 

a major role in the occurrence of NPF events. Moreover, it was shown that NPF has a large influence of 

UFP on air quality especially during summer when the particle concentrations with diameter lower than 

100nm reach in average 10000#/cm-3 during event days instead of 3500#/cm-3 during non-event days. In 

the future, we are planning to study the Urban Canopy Layer (UCL) dynamics on the NPF onsets.  
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INTRODUCTION 

It is crucial to characterize air pollutants in indoor and underground facilities to activate the necessary 

mechanisms so as to protect sensitive populations from exposure to potentially harmful sources. In places 

exposed to motor exhaust fumes, the major pollutants are benzene, CO, NO2, and to a lesser extent, other 

aromatic volatile hydrocarbons and particulate matter (Hwang, S.H., Park, W.M. (2019); Glorennec P. et 

al, 2008). 

Short- and long-term urban PM10 and PM2.5 exposure have been linked to morbidity and premature 

mortality in epidemiological studies (Violante F. S., et al, 2006). As regards emissions from diesel engines 

(DE), they were classified as a group 1 human carcinogen by the IARC (2012), and specific limit values of 

0,05 mg/m
3
 will apply from 21 February 2023 (OSHA, 2022; RD 665/1997, 2021). The majority of the 

particles conforming to the DE are within the respirable fraction (PM4) and most of them are ultrafine 

particles (UFP; 100 nm in diameter or less) (Debia et al. 2016). Previous studies (Debia M. et al., 2017) 

have shown that direct-reading instruments monitoring Particle Number Concentrations (PNCs) are a 

more specific way of assessing exposure to DE than monitoring the common PM respirable fraction 

(PM4) or the elementary Carbon (EC). In fact, DE was identified as the main source of UFPs. 

Although hospital areas are well monitored, the same is not true for the surrounding common areas. Little 

information is available about the health risks associated with time spent in underground parking garages. 

The underground garage is generally in a closed or semi-closed space, where air pollutants discharged by 

motor vehicles are hard to diffuse, resulting in poor air quality and potential health risks. Hospital 

employees and patients are the main users of this type of parking, being the first ones susceptible to 

suffering long-term exposure to the air pollutants present in the parking space. The next group of users are 

vulnerable people attending medical consultations in the Hospital. Therefore, characterization of the air 

pollutants in the hospital underground parking, focused on the range of UFPs and thus, DE, were 

evaluated using direct-reading devices. 

METHODS 

Characteristics of the sampling site  

The car park is located on the side of the hospital building. Pedestrian access to the parking is provided via 

four stairwells and two elevators.. There are 722 parking spaces and 22 motorcycle spaces, distributed on 

two floors, each of 9643 square meters. The first floor provide the access from one side and have natural 

ventilation, while the second floor is fully underground (Figure 1). 
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Figure 1. Parking garage layout Level -2 

From Monday to Friday, more than 1000 cars use the car park daily. When hospital activity is reduced on 

weekends and holidays, the number of cars is very low. Before the Covid-19 pandemic, the car park was 

used by about 20000 cars per month on average, since then, the daily average has dropped to around 

15000 cars.  On one hand, the transit of patients was reduced since citations only allowed one person each 

time. Thus, many people travelled alone by public transport or were brought by a driver who did not have 

to park. Visits to hospitalized patients were also restrained to one person and at certain time slots, 

therefore the distribution of parking visits was also different than it had been previously. On the other 

hand, one of the three  parking was closed due to the location of the vaccination post at that site. This fact 

concentrates, even more, the car presence in this car park. 

All the measurements were carried out in level -2, following the safety criteria of the worst-case scenario. 

Data was collected continuously from the 15
th
 November to the 3

rd 
December 2021 with the Trolex XD 

and on the 1
st 

 December 2021 with the EEPS 3090, CPC 3007 and Nanozen. 

Sampling methodology 

In order to get real time information, Particle number concentrations (PNCs) were measured with a 

Condensation Particle Counter CPC 3007, particulate matter mass concentrations were measured with a 

Trolex XD and Nanozen, Particle Size Distributions (PSDs) were measured with an Engine Exhaust 

Particle Sizer EEPS 3090. A summary of the ranges and specifications can be seen in Table 1. 

Instrument Sampling Principle Main Metric Range 

CPC 3007 (TSI Inc., 

Shoreview, MN) 

Condensation 

nuclei counter 

Particle number 

concentration 

0.010 to 1 µm 

10
5
 part/cm

3
 

EEPS 3090 

(TSI Inc., 

Shoreview, MN) 

Engine Exhaust 

Particle Sizer 

Spectrometer 

Ultrafine 

particle size 

distribution 

(nanoparticles) 

0.0056 to 0.56 μm 

32 Chanels 

Nanozen 

(Nanozen industries 

INC) 

Optical Particle 

Counter (OPC) 

 

Particle mass 

concentration 

and size 

distribution 

PM4 (0.3 to 

4.3μm 

12 Chanels) 

Trolex XAD 

(Trolex Ltd) 

Optical Particle 

Counter (OPC) 

Particle mass 

concentration 

and size 

distribution 

PM10, PM4, 

PM2.5, PM1 

(24 Chanels) 

Table 1. Direct reading instruments used for monitoring the particulate fraction. 
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The CO is monitored by an internal system of the parking. This system activates the mechanical 

ventilation; when CO levels reach 50 ppm, one extraction system starts, when achieving 100 ppm, a 

second one starts, and if it exceeds 150 ppm, the emergency mode is initiated. All the nozzles of the 

devices were pointing towards the East, which is the entrance for cars coming from the first floor (Figure 

1). 

Before sampling, instruments were calibrated according to the manufacturer's instructions, and "zeroing" 

was done every day before sampling. After sampling, filters were changed, slits cleaned daily, and 

batteries replaced to ensure reproducibility and comparability among samples from different days.  

Limits 

Because the safe level of nanoparticle exposure is still debatable, and there are no standard measurement 

techniques or instruments, there are currently no air quality regulations to control exposure to airborne 

nanoparticles. Nonetheless, it is clear that the surface of nanoparticles plays a critical role in their toxic 

effects. Particle concentrations in the environment are a better metric for assessing risks than the mass-

based approach that has been used in the past (and is still used officially). Because nanoparticles have a 

large surface area to volume ratio compared to the same material in bulk (van Broekhuizen et al., 2012, 

INSHT, 2015). 

Because there are numerous nanoparticles with varying sizes and heterogeneous compositions, German 

Institut für Arbeitsschutz (IFA, 2009) proposed a benchmark concentration level based on the PNC instead 

of the classic and official approach based on mass concentration. 

Description Density Benchmark level (8-h TWA) 

Biopersistent granular nanomaterial in the range 1-100 nm >6000 kg/m
3
 20000 part/cm

3
 

Biopersistent granular nanomaterial in the range 1-100 nm <6000 kg/m
3
 40000 part/cm

3
 

Non-bio-persistent nanomaterial in the range 1-100 nm  Applicable OEL 

Table 2. Nano reference values, based on the benchmark level (IFA, 2009) 

The occupational Time-weighted Average (TWA) for respirable dust PM4 is 3 mg/m
3
 (INSHT, 2021), 

while the legislation for environmental air quality allows up to 50 µg/m
3
 (daily outdoors) for PM10, up to 

25 µg/m
3
 (annual average, outdoors) for PM2.5 and up to 20 µg/m

3
 for PM2.5 indoor air quality. It is a 

mass-based approach with similar legislation in most countries. 

Results and discussion 

On a typical day, cars begin to arrive around 7:30 a.m., and the car park is completely full within a few 

hours. Throughout the day, there is a steady stream of cars, mostly belonging to patients, until around 2:30 

pm, when employees begin to leave. 

Table 3 shows the result for PM10, PM4, PM 2,5 and PM1 with the Trolex XD and the Nanozen. All the 

concentrations for those pparticle mass fractions are well below the legislation, increasing in average 

during rush hours. The right side of Figure 2 plots this data statistically, showing a clear deviation to 

higher mass concentrations as the particle size range increases due to contribution of coarse particles, not 

only in mass, but also in diameter. 

Device Sampling time 
PM1 

(µg/m
3
) 

PM 2.5 

(µg/m
3
) 

PM 4 

(µg/m
3
) 

PM 10 

(µg/m
3
) 

Trolex XD Average (24 hours) 2.21 6.29 9.90 16.02 

Trolex XD Average (8:00 to 15:00) 2.49 7.45 12.30 21.16 

Nanozen Average (8:00 to 15:00) -- -- 7.1 -- 

Table 3. Particulate Matter Values for the underground parking spot. 
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Left of Figure 2 represents PM1 concentrations during 24 hours on an average day. It can be seen that the 

concentration remains steady with a small increase in the morning from 8:00 am to 18:00 hours, which is 

also reflected in the right plot of Figure 2, where the mean and median in this particle range are 

coincident, since particcles in the UFP barely contribute to the mass concentration.  

 

Figure 2. Left: PM1 concentration on an average day. Right: Data from particulate matter summarized in 

Table 3 represented statistically.  

Regarding PNCs levels recorded with the CPC and EPPS (Figure 3), an average concentration of 80000 

part/cm
3
 was observed in the parking garage, and the concentration has remained almost stable, being the 

spike peaks caused by vehicles passing near the instrument  

 
Figure 3. Left: Example of Nanoparticle PNC evolution in the parking spot (from CPC 3007). Right: 

nanoparticles PSD (from EEPS 3090) 

According to Table 2, this high concentration of nanoparticles, may be potentially dangerous to health. 

Besides, from the right part of Figure 3, it can be seen that the majority of particles of this concentration 

are below 200 nm, with two modes at around 15 nm and 70 nm, confirming the idea that the widest 

contribution from the air pollutants coming from the motor exhaust are within this UFP range. Further 

comparison of the constituents of these samples will be able to demostrate whether DE is exceeding the 

safe limits.  

CONCLUSIONS 

Particulate matter levels were evaluated in a hospital underground parking facility using direct-reading 

devices. Although there is still no legislation in Spain regarding the levels of nanoparticles, according to 

the German reference levels (IFA, 2009), for amounts more significant than 40000 part/cm
3
, there may be 
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a health risk. In the hospital car park it was found an average of 80000 part/cm
3 
was found with two modes 

at the UFP size range at 15 nm and 70 nm.   

The classic mass concentration average approach states a value of 3 mg/m
3
 for occupational levels. 

Compared with the average levels of dust in the car park PM4 (12.3 µg/m
3
), it stands out as a much lower 

value. Nevertheless, the fact that the number concentration of nanomaterials is much higher than the 

benchmark levels indicates a potential risk. Since most of the fraction of the Diesel fumes,wich is a 

carcinogen substance, falls into the nanoparticle size region, which will soon be regulated, it is 

recommended that people spend the minimum time possible in the car park and that the ventilation be 

improved.  
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INTRODUCTION 

Atmospheric new-particle formation (NPF) contributes to about half of the global tropospheric cloud 

condensation nuclei (CCN) population, thereby affecting Earth’s radiation balance via aerosol-cloud 

interactions. However, the actual roles and mechanism of NPF may vary significantly from location to 

location and are largely unclear in urban environments, which motivates us to conduct this field campaign.  

In this study, we have a campaign which is conducted at the meteorological station “Giorgio Fea”, located 

at the rural site of St. Pietro Capofiume, Bologna, Italy (43°21’ N, 12°34’ E, 11 m asl), which is at the centre 

of the Po Valley in Northern Italy. The Po Valley is considered one of the most polluted areas of Europe 

and the air pollution in this area can be highly typical and representative. This is the first time that using 

such advanced instruments in this area for measuring fog and new particle formation, which helps 

researchers go deeper into the mechanism of the pollution that happens. We aim to investigate what triggers 

and facilitates the atmospheric NPF in the Po Valley. In addition to the permanent measurements at the 

station, we have established the two APi-TOF mass spectrometers (APi9 was equipped with CI inlet and 

APi4 was running with the AP mode.). Particle counters (PSM) were also deployed at the site for the 

measurement of concentrations of aerosol particles of different sizes. Here, we try to conduct a 

comprehensive campaign that includes molecular gas and particle measurement in Europe to answer the 

following scientific questions.  

1. What is the mechanism driving NPF in Po Valley?  

2. What are the key species that drive the growth of particles?  

3. Are the mechanism of NPF and particle growth similar in different urban areas such as Po Valley or 

Beijing, China? 
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INTRODUCTION

Atmospheric composition measurements are deployed on many moutaintop stations in the world with the
view to collect data representative of the free troposphere and the intercontinental scale (e.g. Keeling et
al., 1976; Parrish et al., 2014; Cristofanelli et al., 2013, among many other references). However, the
mountain environment favours vertical mixing of air masses at the local or regional scales (Serafin et al.,
2019),  with potential  influence on the composition of  the  sampled air  masses  (Gheusi et  al.,  2011;
Collaud-Coen  et al.,  2018). The impacts of thermally driven circulations on atmospheric composition
measured at the mountaintop station Pic du Midi was studied in some detail by Hulin et al. (2019). We
intend here to enlarge the scope of this study to all types of meteorological conditions, and therefore give
a general survey on how meteorology impacts air concentrations in gases and aerosols at a mountaintop
observatory. Our area of interest is in the central Pyrenees in southwest France. The Pyrenean Platform
for Observation of the Atmosphere (P2OA), a French ACTRIS observation platform, is composed of two
instrumented sites: the Centre de Recherches Atmosphériques (CRA) near Lannemezan, on a plateau at
600  m above  sea  level;  and  28  kilometres  apart,  the  Pic-du-Midi  (PDM)  observatory,  on  top  of  a
mountain summit at 2877 m asl. 

METHODS

Our base dataset consists of 5 years of hourly data (2015-2019) for 40 meteorological and atmospheric
composition variables collected on both P2OA sites.  This data set was first aggregated into detrended
daily anomalies (to compensate both seasonal and multi-year trends, and neutralize the diurnal thermal
influence). The obtained daily dataset was then analysed  with  two different approaches: a hierarchical
clustering, and specific diagnostics.

Hierarchical clustering is a non-supervised classification method which builds groups of points that are
the closest in the multi-dimension space of all considered variables.  In this space, a point – or event –
represents a daily collection of all variables. Thus, events falling in a given cluster tend to share common
characteristics. Among the 8 classes found by the clustering approach, we will focus here on only four,
having presumably the main characters of: (1) fair weather, (2) atmospheric disturbance, and (3) and (4)
foehn episodes  (especially, the latter two clusters gather situations with southwestern synoptic wind in
the mid troposphere and positive temperature anomaly with respect to the seasonal mean).  Cluster 4
differs from cluster 3 because of globally lower  temperatures, higher humidity and more occurrence of
clouds and rain. Statistics on atmospheric composition variables will  then be considered within each
cluser.

Diagnostics are secondary variables computed from measurement data, and designed to identify specific
meteorological situations well identified in the experience of local PIs. Here we consider four different
diagnostics. The first one is the percentage of days within each class with no rain recorded at CRA (dry
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days). The second one is an anabatic index computed from local diurnal variations of  specific humidity,
and indicating the influence of  anabatic (i.e. upward) transport to PDM due to thermally-driven winds
developing on the surrounding slopes, in the valleys, and eventually at the scale of a  plain-mountain
circulation.  The third diagnostic is the difference of msl-reduced pressure across the  mountain barrier
(ΔP)  – a well documented charateristic of foehn episodes in the Alps. The fourth diagnostic is a binary
index activated when lee waves are detected in altitude above CRA (with a criterion applied on the
variance of  radar-derived vertical  wind speed)  for  at  least  6  hours.  Lee waves are  indeed a  typical
signature  of  foehn  events.  It  is  then  discussed  how  well  the  main  characteristics  of  the  custers  –
suggesting  weather  regimes  –  are  consistent  with  the  diagnostics  related  to  known  meteorological
situations. 

Figure 1 :  boxplots of gas mixing ratios (CO2 (ppm) ; O3 (ppb), radon volumic activity (mBq/m3) and
particule number concentration (cm-3 of air) measured at PDM, summarising their statistical distribution

within each cluster. FW corresponds to the « Fair Weather » cluster, AD to the « Atmospheric
Disturbance » cluster, F1 to the Foehn cluster #1, and F2 to the Foehn cluster #2. 

RESULTS

In Figure  1,  we compare the distributions  of  4  selected composition variables  (CO 2,  O3,  radon and
particle number concentrations) among the 4 clusters mentionned above. CO2 and radon (as well as CO
and CH4, not shown) show similar patterns, with cluster FW having the lowest median, cluster AD  the
highest, and the 2 foehn groups (F1, F2)  intermediate values. As we know that cluster FW is presumably
anticyclonic fair weather, and group AD is wet disturbed weather, this difference can be explained in
terms of both vertical distribution of pollutants in the regional lower troposphere, and vertical transport.
As  radon is  emitted from the continental  surface,  and CO2 mostly  by anthropogenic  activity,  at  the
regional  scale  their  concentration  is  on  average  higher  near  the  ground  than  above  in  altitude.  In
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anticyclonic  conditions,  the  vertically  stable  atmosphere  thus  inhibits  upward  transport  of  CO2 and
radon-rich  air  masses  to  PDM.  In  contrary,  such  transport  is  favoured  in  the  vertically  well-mixed
disturbed atmosphere.  In contrary, O3 shows a mirrored pattern (high values for fair weather, low for
disturbed weather) since ozone concentration increases with height in the lower troposphere (Chevalier,
et al., 2007) – uplift to PDM thus carrying ozone-depleted air.  Median particle number concentrations
show no clear differences between clusters. However, it is known that particle number concentration is
much harder to interpret due to complex processes affecting this variable (new particle formation; wet
deposition; etc.).

We then applied the diagnostics to the individuals of each cluster. As expected, the  first two diagnostics
(percentage of dry days and anabatic index) reveal marked differences between group FW (fair weather)
and AD (atmospheric disturbance) : the first one has 79 % of dry days and 64% of days with anabatic
influence,  while the second group has only 11% of dry days and 37% of days with anabatic influence.
The  latter two diagnostics  (cross–mountain ΔP and lee-wave detection) are  relevant for groups with
frequent foehn episodes. Both clusters F1 and F2 have indeed positive ΔP on average, which means  that
the P2OA is on the downwind side of the Pyrenees. In groups  FW and AD in contrary, the ΔP are
negative (P2OA on the upwind side). Lee-waves are not detected in 100 % of days of culsters F1 and F2,
but  nevertheless  in  a  majority  of  cases  (63  and  72 %,  respectively).  Lee-waves occur  much  more
frequently in these clusters than in the others (in which lee-wave events are not totally absent, however:
5% in FW; 11% in AD). This shows a certain limitation of the non-supervised approach, the hierarchical
clustering being not able to separate meteorological regimes without some degree of ambiguity. This is
presumably due to the high number of variables – including non-meterological (composition) variables.
Nevertheless  our  study  shows  that  our diagnostics  are  mostly  consistent  with  the  main cluster
characteristics, which validates the approach by hierarchical clustering.
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INTRODUCTION 

Positive matrix factorization (PMF) developed by (Paatero, 1997) is a mathematical multiderivative factor 

analysis method, that is commonly used in modeling environmental data sets. A common difficulty with the 

PMF is that the number of factors has to be decided by the user. Also, the method is unable to identify the 

factors automatically, and attaching the PMF factors to the particle sources needs to be done by the user. In 

this study, the sources particles in a street canyon were investigated by applying PMF to one-year number 

size distribution data. The factors were identified based on their diurnal and annual profiles as well as 

external data with particle and gas chemistry. The validity of this approach is also discussed. 

METHODS 

The data used in this analysis was measured between the 1st of January and the 31st of December 2016 in the 

street canyon in Helsinki in southern Finland (Helsinki Supersite, Mäkelänkatu, 60°11’46.91” N 

24°57’7.89” E). The differential mobility particle analyzer with a size range of 11-800 nm was used to 

measure the particle number size distribution data. The instrument had a time resolution of approximately 9 

min and the data was averaged over a 1-hour period for the analysis. The auxiliary data used for identifying 

the sources included the concentrations of NO, NO2, NOx, PM2.5, O3, black carbon (BC), and particulate 

matter with a diameter smaller than 2.5 µm (PM2.5). The program used for the PMF analysis was EPA PMF 

5 from the United States Environmental Protection Agency. The number of factors was selected only based 

on the number size distribution data and the auxiliary data was used later for identifying the factors and their 

sources.  

RESULTS 

Four different PMF factors were found in the data. Each factor is later referred to by numbers: 1 (blue), 2 

(yellow), 3 (orange), and 4 (purple). The number size distributions for the factors are presented in  Figure 

1A. The size distribution of different factors differed clearly: Factor 1 had the mode at the smallest particle 

size followed by Factors 2, 3, and 4. respectively. In Figure 2B the monthly average contributions are 

calculated for the factors. Two of the factors had distinctively different monthly contributions; Factor 1 had 

significantly lower contributions during summer compared to the rest of the year and Factor 3 had higher 

contributions during the warm months from May to September. This indicated that the first factor might 

have been related to traffic as the traffic volumes were smaller in the area during summer. The traffic origin 

of Factor 1 was also supported by its diurnal trend (Figure 1C) as it had a strong peak during morning rush 

hour and a smaller peak during evening rush hour and significantly lower contributions during the weekend 

compared to workdays (Figure 1D). Factor 3 might have been of biogenic origin due to the larger 

contributions during summer. Factor 4 was found to be relatively stable during workdays and weekends and 

had the largest particle size that might indicate it to have been related to long-range transported aerosol. 
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Figure 1 A) Positive matrix factor solution size distribution profiles, B) monthly contributions of different factors, C) 

hourly contributions of different factors during workdays, and D) hourly contributions of different factors during 

weekends. Factor contributions are presented so that the contribution is averaged to 1. 

The correlation of factors with auxiliary data is presented in Table 1. Factor 1 had a high correlation with 

NO, NOx, and NO2 and somewhat correlated with BC even though the particle size of this factor was small 

(Figure 1A), and BC was measured from PM1. Factor 2 had a slightly lower, but still significant correlation 

with NO, NOx, and NO2. Therefore, in addition to the strong diurnal pattern seen in Figure 1C these factors 

were likely to be related to traffic. Factor 3 had a significantly higher correlation with BC strongly 

suggesting a combustion source that undermines the assumption of biogenic origin based on higher 

contributions during the warm period. Factor 4 differed significantly from the other factors having almost 

no correlation with NOx or BC but had a significantly higher correlation to PM2.5. 

 

Factors NO NOx NO2 O3 BC PM2.5 

1 (Blue) 0.74 0.76 0.67 -0.50 0.60 0.29 

2 (Yellow) 0.61 0.65 0.64 -0.42 0.62 0.46 

3 (Orange) 0.60 0.65 0.70 -0.34 0.78 0.53 

4 (Purple) 0.26 0.28 0.30 -0.29 0.43 0.77 

 
Table 1. Correlation coefficients of the different factors from positive matrix factorization analysis with NO, NOx, 

NO2, O3, black carbon (BC), and particulate matter < 2.5 µm (PM2.5) concentrations. 
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CONCLUSIONS 

Notably, PMF can find distinctively different factors for the number size distribution data in a street canyon 

environment. However, there are some difficulties attaching the profiles to different particle sources even 

with auxiliary data. All the found factors seem to follow similar diurnal patterns having a peek at workday 

mornings including a likely long-range transport Factor 4. This indicates that the positive matrix 

factorization may not be completely able to differentiate between the different sources as traffic seemed to 

have some contribution to all factors. That also indicated that traffic-related particles can be found at all 

particle sizes as the modes of the factors were clearly different. However, the significance of this is still 

uncertain. 
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INTRODUCTION 

Emission inventories are considered as essential components in urban air quality management plans (Gulia 

et al, 2015), separated by their spatio-temporal variation to bottom-up and top-down.  Bottom-up approaches 

are site-specific and resource intensive, so the support for their compilation in a consistent basis does not 

exist for every city, while top-down approaches spatially distribute emission totals (country or region, e.g. 

derived from total fuel sales), usually in a coarse resolution grid. Gridded emission datasets constitute a 

substantial input for three-dimensional atmospheric chemistry transport model (CTM) systems, to assess 

measures for emission reductions and improved air quality (Matthias et al, 2018). 

In this study, a newly developed approach is optimized and demonstrated, which exploits credible and 

openly available data towards the provision of high-resolution emission datasets to use CTM modelling in 

the city-scale for research or policy and decision-making purposes. Representative results and conclusions 

are given for the cities of Athens (Gr) and Helsinki (Fi).  

METHODS 

The developed method to arrive at high-resolution area emissions, as well as point and line source emissions, 

follows the generalized framework described in Figure 1. This framework can be applied to any urban region 

in Europe. Sector-specific spatial proxies that are available in 1 by 1 km2 resolution or higher support the 

distribution of regional emission databases to area, point and line sources. The overall methodology includes 

first the general approach to prepare spatial proxies for different sectors and second, the application of these 

proxies in the downscaling approach, called UrbEm (Ramacher et al., 2021). 

In particular, the annual emission totals, provided by Copernicus Atmospheric Monitoring Service (CAMS) 

all across Europe, are here utilized, having a horizontal spatial resolution of 0.1 x 0.05 degree (lon/lat) 

(Kuenen et al. 2022). This database, referred to as CAMS-REG, provides annual emission rates of CH4, CO, 

NH3, NMVOC, NOX, PM10, PM2.5 and SO2 from road, air, rail transport, navigation, mobile machinery, fuel 

production, industrial activities (paper, cement, minerals, metals etc.), stationary combustion, agriculture, 

waste, solvent use and public power. The spatial disaggregation process is based on the publicly available, 

well-established, contemporary gridded datasets of Global Human Settlement Layer (GHSL 2015), 

Copernicus Land Monitoring Service (CLC 2018), European Pollutant Release and Transfer Register (E-

PRTR 2019) and Open Street Map project (OSM). In the frame of the optimization processes of UrbEm, 

the OSM shipping route data are also used to distribute ship emissions, while in addition the OSM railway 

data are used among others for the distribution of the off-road emissions. Further improvements are applied 
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to waste emissions, with the use of CLC “Non-irrigated arable land” class, for the spatial distribution of the 

open burning of agricultural waste. 

 

 

Figure 1. Schematic representation of the UrbEm hybrid approach for downscaling regional emission 

inventories to arrive at urban-scale emission inventories including point, area and line sources. 

All spatial data, either proxies or emissions, are masked by the extent of the selected study area and projected 

to the appropriate coordinate system (e.g. UTM Zones). Although previously the spatial distribution was 
based mostly on the normalized values of the spatial proxies, here these normalized values are also 
calibrated with an area coefficient, which is calculated and applied in each masked cell.  

The developed approach instead of disaggregating the coarse resolution emissions only into areas, explicitly 

handles the -critical for the urban environment- line and point sources. Industrial emissions are appointed 

to their spatial location as provided by E-PRTR. Moreover, road transport emissions are calculated both as 

area and line emissions. In particular, they are downscaled to areas as a first step, based on the population 

density proxy, and then distributed to the road data derived from OSM network, with the use of weighting 

factors based on road type and total road length per grid cell. 

RESULTS AND CONCLUSIONS 

Representative maps of Athens and Helsinki are given in Figure 2, showing the annual emission rates of 

PM2.5 from residential combustion, as provided by CAMS-REG (a and c) and by the optimized UrbEm 

approach (b and d). 

In particular, residential combustion emissions (Figure 2) are in analogy to the number of residences/people 

(population density) and to wood supplies (proximity to wood). For Athens, higher PM2.5 emissions occur 

in the city centre and close to the mountainous areas. Nevertheless, the disaggregation approach succeeds 

to appoint emissions only to the residential areas at the foothills rather than the forest. Similar improvements 

when compared to the coarse database are found overseas near the coastline, as well as at other non-

residential areas (e.g. the National downtown park, east of the pin in Figure 2), where the emitted mass is 

attributed only to the nearby residences. With respect to absolute numbers, it seems that a homogeneous 

distribution of PM2.5 emissions gives a maximum of 0.7-1 ton km-2 yr-1, while this ranges in most cases from 

0.2 to 5 ton km-2 yr-1, given the selected proxy to reallocate this mass.  
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Similarly, for Helsinki, higher PM2.5 emissions occur in the city centre and close to the northeast areas 

(municipalities of Tuusula and Kerava). It is evident that the disaggregation approach succeeds to appoint 

emissions only to the residential areas rather than other non-residential areas (e.g. the Lake Bodom, the 

Central Park (Henttaanmetsä forest) and the Nuuksio National Park in the city of Espoo, in west and 

northwest part of the urban centre in Figure 2d). Also in Helsinki, similar improvements are observed 

overseas near the coastline, compared to the coarse database, where the emitted mass is attributed only to 

the nearby residences. With respect to absolute numbers, it seems that a homogeneous distribution of PM2.5 

emissions gives a maximum of 0.5-1 ton km-2 yr-1, while this ranges in most cases from 0.2 to 3 ton km-2 yr-

1, given the selected proxy to reallocate this mass. 

 

Figure 2. Residential combustion emissions as originally provided by CAMS-REG, for a) Athens and c) 

Helsinki. Same source sector emissions created by UrbEm, for b) Athens and d) Helsinki. 
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Overall, this study introduces a robust methodology to efficiently address potential gaps or inconsistencies 

in urban or other independent high-resolution air quality emissions. The use of regional emission inventories 

as well as their exploitation through disaggregation by utilizing spatial proxies is a credible solution for 

European cities that lack bottom-up emission inventories. Athens and Helsinki are found representative 

paradigms to demonstrate the added value of the developed tool because of their different topographies and 

meteorological conditions. Due to the intense geographical and population inhomogeneity over the urban 

area, the direct use of regional emission inventories for city-scale purposes would fail to represent the spatial 

distribution and range of residential emissions. 

The process is fully automated, providing a user-friendly interface to produce a detailed mapping of 

industrial (point), transport (line) and residential, agricultural and other (area) emission sources for any 

European city (or area) at the desired spatial analysis. The tool -although already operating and supporting 

city-scale model applications- is continuously improving. Newly accessible high-resolution proxies, 

combined with availability of sub-sector emission can optimize the spatial allocation of relevant emissions.  
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INTRODUCTION

Due  to  the  industrial  development,  the  concentration  of  aerosols  in  the
atmosphere  increased  in  many  cities  (Kamińska,  2017).  The  high
concentration of PM10 (particular  matter  with a diameter < 10  μm),  high
relative humidity and low wind speed are conducive to the  occurrence of
smog  conditions  (Mohamadi  et  al., 2012),  especially  during  winter
season.  To understand better  the  phenomenon of  smog,  it  is  necessary to
analyze  aerosol  microphysical  and  optical  properties  not  only  at  the
surface, but also within the atmospheric boundary layer (Stachlewska, 2021).
What  is  more,  the  remote-sensing  with  lidar  techniques  provide  key
information  about  aerosols  with  high  vertical  and  spatial  resolution.
According to WHO (2016), Krakow is one of the biggest and most polluted
cities in Poland. For this reason, Krakow is a suitable location to carry out
smog studies. In the present work, lidar measurements performed in smog
conditions during POLIMOS Krakow-SMOG 2022 are presented.

INSTRUMENTATION AND METHODOLOGY

The  main  aim  of  the  POLIMOS Krakow-SMOG 2022  campaign  was  to
perform  lidar  measurements  of  wintertime  smog  conditions  in  Krakow
(IGF, 2022). Lidar measurements provide data on the vertical distribution of
aerosol and cloud particles and are carried out in a quasi-continous mode.
The  EMORAL  (ESA  Mobile  Raman  Lidar)   lidar  is  able  to  emit  three
different  wavelengths  simultaneously  (1064  nm,  532  nm  and
355 nm) (Wang, et al., 2020).   Data acquisition system splits the collected
radiation,  that  is  scattered backwards into 8 different  channels.  EMORAL
lidar has 3 elastic channels for each of the wavelengths, to detect the elastic
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scattering.  There are also 2 channels for depolarization measurements, for
532  nm  and  355  nm  wavelengths.  The  last  3  channels  are  the  Raman
channels,  able  to  detect  the  Raman-shifted  signals  at  607  nm,  387  nm
(corresponding  to  Nitrogen  raman  scattering  at  532  nm  and  355  nm),
resptectively) and 408 nm (corresponding to water vapour Raman scattering
at  355 nm).  The  spatial  resolution  of  EMORAL lidar  is  3.75  m and the
temporal resolution, during the POLIMOS Krakow-SMOG 2022 campaign,
was set to 2 s.

The  volume depolarization  ratio  δV is  useful  to  characterize  the  spherical
particles  which  correspond  to  the  low  depolarization  values  and  the
non-spherical particles which correspond to the high depolarization values
(Szczepanik, et al., 2021). In this case, high values of volume depolarization
ratio,  for  aerosols,  are  values  greater  than  the  typical  values  of  volume
depolarization  ratio  for  atmospheric  boundary  layer  aerosols,  during  the
campaign (δV > 1.5). The δV was obtained from raw lidar data, as the ratio of
perpendicular and parallel signals for 355 nm wavelength and then calibrated
using the depolarization (90o) calibration (Liu et al., 2013).

To  determine  the  origin  and  trajectories  of  the  air  parcel  transported  to
Krakow  from  different  geographical  locations  the  Hybrid  Single-Particle
Lagrangian  Integrated  Trajectory  model  (HYSPLIT)  was  used
(Stein et al., 2015;  Rolph et al., 2017). 

RESULTS

Figure 1: Photograph of smog presence on January 16th at 08.00 UTC. 

During  the  POLIMOS Krakow Smog-2022  campaign,  there  were  several
smog episodes in Krakow. One of them was the smog episode that took place
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between evening of the 15th and the morning of the 16th January 2022. The
highest amount of pollution was observed in the morning. The photograph of
this smog episode is shown on Fig. 1. The volume depolarization ratio values
for the smog episode are presented in the spatio-temporal graphs, which are
shown on Fig. 2. 

Figure 2: Spatio-temporal observations of volume depolarization ratio
derived from EMORAL lidar on 15th January 2022 (top) and 16th January

2022 (bottom) in Krakow.
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On the Fig. 2 one can see that during the smog episode the near-ground level
aerosols are much more non-spherical than the typical boundary layer aerosol
(δv > 1.5). What is more, the most non-spherical aerosol particles during the
smog episode occur from the ground level to 100 m.a.g.l., that is, at typical
smog heights (AGH, 2021)

The HYSPLIT backward trajectories for 20:00 UTC on 15th January 2022
and 08:00 UTC on 16th January 2022 are shown on Fig. 3.

Figure 3: Transported air mass backward trajectory for the last 
24 hours, arriving at 20:00 UTC on 15th January 2022 (a) and at 08:00 UTC

on 16th January 2022 (b) to the measurement location in Krakow.

The  main  part  of  the  smog  episode  was  observed  in  the  morning  of
16th January 2022. As one can see the air masses from the morning of 16 th

January  2022  were  much  slower  than  the  evening  masses  from  the  15 th

January 2022 (Fig. 3). The curved paths of the transported air masses (Fig.
3b) show, that local circulation also influences the trajectories of the transport
process.  The higher amount  of  pollutants,  in the  morning of  16th January
2022, could be caused because of the slow movement of the air masses and
collecting the pollution from the Silesian and Lesser  Poland voivodeship,
which  have  a  huge  problem with  polluted  air,  especially  during  a  winter
(Bartyzel, et al., 2016) 

a) b)
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CONCLUSIONS

From the analysis of air mass movements and the depolarization values for
smog layers,  it  can  be  concluded that  the  pollution  that  created  smog in
Krakow comes from fossil fuel combustion sources, mainly from areas near
Krakow. Locations not connected to the main heating network of Krakow
must have a different way of heating homes in the winter season. A common
way of heating is the combustion of fossil fuels, which generates pollutants.
Increased heating occurs when the temperature during the day is low, i.e. in
the evening, night and morning hours, thus when the highest pollution occurs.
What is more, the occurrence of smog episodes could be also related to the
evolution of the boundary layer, where the residual layer, typically,  carries
the pollutants from the previous day.
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INTRODUCTION 

Carbonaceous aerosols constitute a major part of ambient fine PM (particulate matter) in urban areas, with 

negative impacts on human health, ecosystems and climate (Ferrero et al., 2021). Residential wood burning 

(RWB) is a major source of organic carbon (OC) and elemental carbon (EC) in areas of Central and Northern 

Europe (Zotter et al., 2017), while the brown carbon (BrC) radiative effects and the contribution to total 

radiative forcing have progressively attracted much scientific interest during the last decade (Bikkina et al., 

2020). In Greek cities, RWB emissions have dramatically increased due to the massive use of wood in 

fireplaces and woodstoves, as a lower-priced alternative for heating, leading to a remarkable seasonal 

increase in OC, EC and PM levels (Gratsea et al., 2017). A recent study (Kaskaoutis et al., 2020) revealed 

that OC and EC concentrations during wintertime were much higher in Ioannina, located in the mountainous 

region of NW Greece, compared to other cities in Southern Greece, like Athens and Heraklion. For a better 

understanding of carbonaceous aerosol properties and atmospheric chemistry, as well as to explore the types 

of the combustion material and radiative effects, two research campaigns took place in Ioannina in the 

framework of the “PANACEA” (Panhellenic infrastructure for atmospheric composition and climate 

change) program, during summer 2019 and winter 2019/20, combining real-time aethalometer 

measurements, chemical analysis of PM2.5 filter samples and air pollutants. This study analyses the chemical 

composition of fine (PM2.5) carbonaceous aerosols, water soluble organic carbon (WSOC), inorganic species 

and various biomass-burning (BB) tracers in Ioannina, under high RWB emissions during winter. The study 

also investigates the absorption characteristics of carbonaceous aerosols and provides first-time estimates 

of the radiative forcing of water soluble BrC (WS_BrC) relative to EC. 

METHODS 

Ioannina is a city of 112,000 inhabitants in the NW part of Greece, lying on a plateau (about 500 m above 

sea level) in the west shore of lake Pamvotis and surrounded by high mountains (~1800–2400 m). The 

measurement campaigns took place in summer (11 July–22 August 2019) and winter (12 December 2019–

17 February 2020) periods, with 24-h (18:00–18:00 LST) PM2.5 sampling on quartz-fiber filters (Flex 

Tissuquartz, 2500QAT-UP 150 mm, Pall), using a Digitel DH-77 high-volume aerosol sampler at ~550 L 

min-1. The sampling site was in a residential area about 2 km away from the city centre. A total of 60 samples 

were collected and analysed for carbonaceous aerosols, inorganic species and saccharides during winter. A 

Sunset Lab OC/EC carbon analyzer (Sunset Laboratory, OR, US) was used to determine OC and EC 

concentrations. The WSOC mass was determined using a Shimadzu TOC-VCSH total organic carbon 

analyser. Measurements of light-absorbing OC (BrC) present in WSOC mass was performed via a UV–Vis 

spectrometric technique (Hecobian et al., 2010). This method measures BrC absorption spectra in the 300-
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700 nm range for water extracts of PM2.5 particles. In addition, the relative radiative forcing of the WS_BrC 

compared to EC, integrated in the wavelength band 300–2500 nm, was estimated according to the approach 

detailed by Srinivas et al. (2016). 

Filter parts (punches of 1.5 cm2) were also used for analysis of inorganic water-soluble species by Ion 

Chromatography. In addition, filter samples were analysed for monosaccharide anhydrides (levoglucosan, 

mannosan, galactosan), monosaccharides (glucose and mannose) and sugar alcohols (myo-inositol, arabitol, 

and mannitol) using High-Performance Anion Exchange Chromatography with Pulsed Amperometric 

Detection (HPAEC-PAD) in a Dionex ICS-3000 system. Furthermore, Aethalometer (AE-33, Magee 

Scientific) measurements of aerosol absorption coefficient at seven wavelengths, along with BC, BCff and 

BCwb concentrations were performed concurrently with filter sampling. Meteorological data (air 

temperature, relative humidity, wind speed) were also obtained at the same sampling site. 

RESULTS 

Figure 1 shows the hourly PM2.5 concentrations recorded using reference-calibrated low-cost PurpleAir PA-

II sensors (Stavroulas et al., 2020), operating at two locations in suburban and urban Ioannina in the 

framework of the PANACEA monitoring network (air-quality.gr). Extreme hourly PM2.5 levels up to 300–

350 μg m-3 were recorded during winter nights, while in summer, values remained mostly below 25 μg m-3. 

The strong spatial correlation (R2 = 0.78) between the sites indicates a well-mixed turbid atmosphere within 

the Ioannina basin. The mean concentrations of major ions in the winter period in a decreasing order, were 

NO3
- (3.3 μg m-3) > SO4

2- (2.5 μg m-3) > K+ (1.3 μg m-3) > NH4
+ (1.0 μg m-3), showing a large cold-period 

escalation of NO3
- and K+ levels. 

 

Figure 1. Hourly PM2.5 concentrations at two sites in Ioannina, NW Greece and the time frames of the 

summer and winter campaigns. 

During the winter campaign, very high OC concentrations (mean of 26.0 μg m-3) were observed, associated 

with a mean OC/EC ratio of 9.9 and mean PM2.5 and BCwb levels of 57.5 μg m-3 and 4.5 μg m-3, respectively. 

Simultaneously, extremely high levoglucosan (Lev) concentrations (mean: 6.0 μg m-3; max: 15.9 μg m-3) 

were measured, highlighting an urban environment severely impacted by BB emissions. This levoglucosan 

concentration was considered among the highest observed around the world, according to the review of 

Bhattarai et al. (2019). The WSOC component accounted for 56 ± 9% of OC in winter, exhibiting strong 

correlations (R2 = 0.93–0.97) with BB tracers (nss-K+, BCwb, levoglucosan), nitrate and light absorption, 

potentially indicating the formation of WS_BrC from fast oxidation processes. 
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The wood-burning contribution to BC mass was 79% in winter, with conspicuous mean BC concentrations 

(4.93 μg m-3) and absorption coefficient values (263 Mm-1 at 370 nm), which are classified among the 

highest observed for urban environments affected by BB aerosols (Srinivas et al., 2016). Very high 

absorption Ångström exponent (AAE470-950) values of 1.88 ± 0.20 and ambient BrC contribution to total 

absorption of 65% at 370 nm were calculated, justifying the predominance of RWB in winter. 

Diagnostic ratios between saccharides were also used to identify the type of used biomass and the burning 

conditions, while ratios between inorganic species and organic aerosol were associated with atmospheric 

chemistry and organic aerosol solubility. The examination of diagnostic ratios involving BB tracers 

indicated the prevalence of prolonged burning of hardwood, that is defined by Lev/Man ratio higher than 

10 and Lev/nssK+ between 1 and 10 (Cheng et al., 2013). Furthermore, the mean Lev/OC ratio (22%) was 

remarkably higher than established literature values. Applying a mono-tracer method based on 

levoglucosan, we estimated very high BB contributions to OC (~92%), EC (~64%) and WSOC (~87%) 

during winter. 

The mean absorption due to WS_BrC at 365 nm was 15.25 Mm-1, indicating an important fraction of 

absorption by soluble organics during wintertime. The WS absorption in winter was highly correlated with 

levoglucosan, OC and EC mass (R2 = 0.7–0.8), justifying the strong effect of RWB emissions on organic 

solubility and absorption. The radiative forcing of WS_BrC relative to EC was estimated 8.3 ± 2.2% in the 

300–2500 nm band, while at short-wavelengths (300–400 nm), it increased to 36%, indicating considerable 

BrC contribution to light absorption in Ioannina during winter, with important implications for radiative 

transfer models. 

 

CONCLUSIONS 

The current study investigated the carbonaceous aerosol absorption properties, chemical composition and 

processing, and the radiative effects of BB aerosols in a medium-sized city in NW Greece (Ioannina), that 

is strongly affected by wintertime smog episodes. The intensity of primary emissions combined with the 

basin-like characteristics, the lake effect and stagnant conditions in a shallow boundary layer, allowed for a 

unique real-world experiment regarding the characteristics and fate of fresh carbonaceous aerosols from 

RWB, studied close to the source. The results showed that during winter, the OC, levoglucosan and PM2.5 

concentrations were at very high levels, approaching those at polluted cities in China and India. Given the 

adverse effects of BB aerosols on air quality, public health and the climate, our study denotes the urgency 

of appropriate mitigation measures to reduce emissions of particulate and air pollutants from domestic 

hardwood burning. 
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INTRODUCTION  

Isoprene and monoterpenes are the most abundant biogenic volatile organic compounds 

(BVOCs) emitted in large quantities from terrestrial plant species. The annual global BVOCs 

emission budget (~1150 Tg C Year
-1

) from the terrestrial ecosystem is almost comparable to 

that of methane (~1000 Tg C Year
-1

). The main global source of isoprene and monoterpene 

are tropical or subtropical and temperate forests. However, the measurements of BVOCs in 

the Indian sub-continent are limited. We have estimated the isoprene and monoterpene 

emission capacities from dominant tree species in the Achanakmar-Amarkantak Biosphere 

Reserve (AABR). Moreover, only one report is available regarding the estimation of area 

average isoprene emission capacity from the Indian tropical forest of Haryana state. 

Fortunately, the studied that was carried out Singh and Varshney (2005) in Haryana tropical 

forest improves our ability to estimate the isoprene and monoterpene emission capacity from 

the Achanakmar-Amarkantak Biosphere Reserve (AABR), although this study predicts only 

the area average isoprene emission capacity. 

METHODS 

The AABR is located in the Anuppur and Dindory forest divisions of Madhya Pradesh and 

Bilaspur and Marwani forest divisions of Chhattisgarh. It covers an area 3,835.51 sq km, with 

forest coverage of 2437.85 sq km (63.56%). It has highly diverse flora, comprised of 1527 

species, most of which are moist deciduous forests (63%). Among 1527 species, (BVOC) 

emission capacities for forty-nine tree species that cover more than 90% of AABR forested 

areas were determined in this study. 

Area Average isoprene and monoterpene Emission Capacity 
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Isoprene and monoterpene emission estimate of AABR is determined as described by 

Guenther et al. (1995) and Guenther (1999). The area average emission capacity (F mgCm
−2

 

h
−1

) is calculated as  

F = Dεγ 

Where D is foliar density (gm
−2

), ε is the landscape average emission capacity (mgCm
−2

 h
−1

) 

at a PAR flux of 1000 μmolm
−2

 s
−1

 and temperature 30
◦
C and γ is an emission activity 

adjustment factor that accounts for the influence of PAR and temperature conditions. The 

influence of light and temperature on isoprene and monoterpene emission is estimated using 

method of Guenther et al. (1993) as 

γ = CL. CT. 

Foliar density of each individual species is calculated by multiplying percentage cover of 

each species with the average leaf area index (LAI) and the specific leaf mass (SLM). The 

percentage covers, SLM(g/m
2
) and normalized isoprene and monoterpene emission rates of 

each individual species are given in Table I. 

Table I. Area average isoprene and monoterpene emission capacity of plant species of AABR 

Name of the plant 

species  

ELA 

(m²) 

DLW 

(g) 

SLM  

(gm
−2

)  

Area 

cover 

(%) 

LAI 

(m²m
−2

)  

F.D 

(gm
−2

)  γ ε 

A.E.C.I 

 (µg Cg
−1

h
−1

)  

A.E.C.M 

(µg Cg
−1

h
−1

)  

A.A.E.C.(I&M) 

 (F mgCg
−1

 h
−1

)  

Bombax ceiba  N/A N/A  141ᵇ  0.2 5ᵍ  1.41 2.06 16.8 1.06 0.53  1.06  

Cassia fistulla N/A N/A  190 0.27 

 

2.56  1.66 16.8 0.08 0.88 0.08  

Acacia catechu N/A N/A  183ᵅ  0.15 

 

1.37  2.06 16.8 BDL  BDL  BDL  

Bauhinia variegata N/A N/A  184.60  0.18 

 

1.66  2.14 16.8 39.78 BDL  0.07  

Lagerstroemia 

parviflora N/A N/A  280 0.6 

 

8.40  2.12 16.8 BDL  0.17 BDL  

Morus alba N/A N/A  172 2.2 

 

18.92 2.10  16.8 24.00  8.12 8.64  
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Dalbergia sissoo N/A N/A  480ᶜ  7.91 

 

189.84 1.95 16.8 71.12 BDL  5.62  

Madhuca longifolia  N/A N/A  215 3.27 

 

35.15  1.91 16.8 57.18 BDL  1.86  

Tectona grandis  0.004 N/A  420 11.17 

 

234.57 1.99 16.8 11.65 BDL  1.30  

Shorea robusta 0.015 1.33 543 42.12 

 

1143.56 2.10  16.8 12.7 3.20  14.04  

Terminalia tomentosa  0.011 1.95 474.92  8.2 

 

194.72  1.08 16.8 3.71 2.38 2.68  

Diospyros 

melanoxylon 0.017 2.23 130.26  1.57 

 

10.22  2.06 16.8 0.35 4.50  0.07  

Pterocarpus 

marsupium 0.004 0.52 141.0  1.83 

 

12.90  2.10  16.8 39.44 3.61 0.78  

Anogeissus latifolia 0.015 N/A  310.60  1.97 

 

30.59  2.10  16.8 BDL  0.44 0.008  

Buchanania lanzan 0.013 1.43 319.51  2.54 

 

40.58  1.55 16.8 27.00  2.12 0.73  

Miliusa tometosa N/A N/A  219ᵉ  2.64 

 

28.90  1.40  16.8 BDL  0.53 BDL  

Embelia robusta N/A N/A  141 0.47 

 

3.31  1.11 16.8 0.13 0.02 BDL  

Eugenia cumini  N/A N/A  315ᵈ  5.13 

 

80.79  2.10  16.8 15.70  2.00  0.90  

Careya arborea  N/A N/A  221 0.09 

 

0.99  1.99 16.8 0.35 BDL  BDL  

Lannea grandis  N/A N/A  314 2.07 

 

32.49  1.85 16.8 11.17 1.74 0.26  

Woodfordia fruticosa N/A N/A  285ᵅ  1.12 

 

15.96 2.14 16.8 29.75 4.52 0.38  

miscellaneous species  

           Emblica officinalis 0.002 0.37  

      

0.17 BDL  

 Terminalia arjuna N/A N/A  

      

BDL  0.78 

  Radermachera 

xylocarpa  N/A N/A  

      

1.87 0.02 

 Zizyphus xylopyra N/A N/A  

      

1.06 2.73 

 Bridelia squamosa  N/A N/A  

      

BDL  0.35 

 Mitragyna parvifolia N/A N/A  

      

0.79 0.26 

 Radermachera N/A N/A  

      

BDL  0.17 
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xylocarpa  

Sub-total 

  

500ᵇ  4.37 5 180.2 2.13 16.8 3.95 4.33 0.358  

Total 

   

100.07 

    

349.2  42.21  38.83  

N/A: not available of individual leaf area and weight; Species designated as below detection limit (BDL) in table are 

assigned emission value of 0.0020 µg Cg
−1

h
−1

; ELA: Estimated leaf area; DLW: Dry leaf weight; SLM: Specific leaf 

mass; LAI: Leaf area index; ε: landscape average emission capacity A.E.C.I.: Average emission capacity of isoprene. 

A.E.C.M: Average emission capacity of Monoterpene. A.A. E.C (I &M).: Area average emission capacity  of both 

isoprene and monoterpene; F.D.: Foliar density; References: ᵅMishra et al., 1998; ᵇRao et al., 2000; ᶜSingh et al., 1992; 

ᵈSharma et al., 1988; ᵉKarlik and Winer, 2001; ᵍSingh & Varshney, 2006 

RESULTS AND CONCLUSION 

At standard conditions (30 °C Temperature and 1000 μmol m
−2

 s
−1

 PAR) the average 

emission capacities across different species showed large variability. For instance, the 

maximum emission capacity of isoprene was found in Dalbergia sissoo (71.12 μg C g
-1

h
-1

) 

and emission capacities for Terminalia arjuna and Acacia catechu were below the detection 

limit (BDL). Isoprene was the dominant BVOCs emitted from the selected plant species. The 

emission capacity of isoprene was ~7 times higher than that of monoterpenes. The average 

isoprene emission capacity of the AABR was 4% more than that of a forest region in 

Haryana. However, monoterpene emission capacity was found to be lower 13% than that of 

isoprene from the same area (AABR). This study highlights the need to estimate BVOCs 

emission capacities in other Indian tropical forests to understand their role in regional 

atmospheric chemistry. 

REFERENCES 

Guenther, A., Hewitt, C. N., Erickson, D., Fall, R., Geron, C., Graedel, T., Harley, P., 

Klinger, L., Lerdau, M., McKay, W. A., Pierce, T., Scholes, B., Steinbrecher, R., Tallamraju, 

R., Taylor, J., Zimmerman, P.: 1995, ‘A global model of natural volatile organic compound 

emissions’, Journal of Geophysical Research 100, 8873–8892. 

100



Guenther, A.: 1999, ‘Modeling biogenic volatile organic compound emissions to the 

atmosphere’, in: C. Hewitt (eds), Reactive hydrocarbons in the atmosphere, Academic Press, 

New York, pp. 97–118. 

Karlik, J. F. and Winer, A. M.: 2001, ‘Measured isoprene emission rates of plants in 

California landscapes: comparison to estimates from taxonomic relationships’, Atmospheric 

Environment 35, 1123–1131. 

Sharma, D. C., Taneja, P. L, and Bisht, A. P. S.: 1988, ‘Biomass productivity and nutrient 

cycling in a Dalbergia sissoo plantation’, Indian Forester 114, N.5, 261–268. 

Mishra, R., Bankhwal, D. P., Pacholi, R. K. and Singh,V. P.: 1998, ‘Biomass status of mixed 

deciduous forest of Shiwalik hills in Haryana’, Indian Forester 124, 1287–1291. 

Singh, K. P. and Singh, J. S.: 1988, ‘Certain structural and functional aspects of dry tropical 

forest and savanna’, Journal of Ecology and Environmental Science 14, 31–45. 

Singh, K. P. and Singh, J. S.: 1992, “Biomass status and nutrient distribution of deciduous 

forest of Chakia, Varanasi’, Indian Forester 101, 887–895. 

Singh, A. P.: 2004, ‘VOC emission from tropical tree species,’ Doctoral thesis, Jawaharlal 

Nehru University, New Delhi, India 

Singh, A. P., and Varsheney, C. K.: 2003. “Isoprene emission from the forest of haryana state 

101



 

ILLEGAL WASTE BURNING POLLUTION, EFFECTS ON AIR QUALITY IN ROMANIA 

L. MARMUREANU1, C. MARIN1,2, B. ANTONESCU1, S. ANDREI1, J. VASILESCU1 and D. ENE1  

1National Institute of Research and Development for Optoelectronics INOE 2000, Măgurele, Romania 
2Faculty of Applied Sciences, University Politehnica of Bucharest, Bucharest, Romania 

Keywords:   waste burning, pollution, carbonaceous aerosols 

INTRODUCTION 

Poor air quality has significant societal and economic consequences. Particle matter with a diameter less 

than 10 µm (PM10) is subject to infringement in Bucharest, Romania's capital. Bucharest is in second place 

after London (out of 432 cities with over 130 million inhabitants) with yearly losses estimated at 

approximately 6.35 billion euros due to air pollution in 2018 (de Vries and de Bruyn, 2020). 

Illegal waste burning has been frequently reported in the national and international press in recent years in 

Bucharest (https://www.reuters.com/business/environment/crime-networks-suspected-burning-tech-waste-

scrap-metalromania-2021-04-16/), several high pollution episodes being associated with these practices. 

Previous research (Hoffer et al., 2020, Hoffer et al., 2021) has shown the toxic effect of the particles 

generated during waste combustion (polyaromatic compounds) as well as the presence of specific markers 

(e.g. stiren) in the Bucharest area.  

The aim of this study is to evaluate illegal waste burning episodes and to assess the organic mass spectra 

pattern that can be further used in source apportionment procedures.   

METHODS 

This preliminary study was conducted between 2020-2022, analysing the documented episodes of waste 

burning pollution reported by mass media. The measurements were performed at the MARS (Măgurele 

Centre for Atmosphere and Radiation Studies) near Bucharest. The sampling site positioned south of 

Bucharest, the capital city of Romania, is influenced by traffic, agricultural practices, anthropogenic 

activities, and waste disposals (Marin et al., 2019, Mărmureanu et al. 2020). 

Finding the contributing sources, particularly illegal waste burning, is a difficult task. To evaluate these 

sources, the organic spectra using Aerosol Chemical Speciation Monitor (ACSM), absorption properties 

derived from the absorption photometer (AE33), Optical Particle Counter (OPC-EDM180), and 

meteorological parameters (e.g. wind intensity and direction) were used in synergy using bivariate polar 

plots and cluster analyses (Carslaw and Beevers, 2013).  

Between 1-3 March 2020, a high pollution episode was reported near Bucharest at Măgurele (Fig. 1), with 

PM 10 concentrations up to 200 µg m-3 linked to fossil fuel burning activities.  High black carbon (BC) 

concentrations over 100 µg m-3 were recorded, the dominant component being highly absorbing at high 

wavelengths. Since in Romania, the recovery of metals from wires is common in poor neighbourhoods, 

illegal waste burning is characterised by high black carbon concentrations associated with fossil fuel 

combustion. Due to these practices, major air pollution occurs a few times per year. Meteorological events 

such as thermal inversions usually exacerbate these pollution episodes. For this case, the calm atmosphere 

(wind intensity 0–5 m s-1) and thermal inversion enhanced the accumulation of pollution at ground level.  
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Figure 1. High waste burning pollution episode recorded near Bucharest in March 2020 (A) left panel -

Time-series BC concentration, fossil fuel with a red line and biomass burning with green line polar plot 

for the dominant direction of BC source relative to Bucharest city, (B) thermal inversion recorded in 

Bucharest, Băneasa on 02.03.2020 

 

In  Fig. 1, the highest concentration of black carbon from fossil fuel was recorded when the wind had a E-

NE direction relative to the sampling site. The direction indicates that Bucharest’s satellite localities located 

at S-E of the capital can be a source of these pollution episodes. 

 

Figure 2. Organic mass spectra obtained during a high waste burning pollution episode recorded at MARS 

on 15 March 2021, (B) in the smaller panel is represented f44/43 triangle plot for the same period 

 

Another high pollution episode occurred in March 2021 being described by mass media 

(https://www.antena3.ro/actualitate/poluare-bucuresti-15-martie-aer-irespirabil-595957.html) as an episode 

of illegal waste burning. This case was characterised by high PM10 concentrations, up to 300 µg m-3, and 
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PM2.5  representing approximately 78% of this fraction. Also, the black carbon aerosols represented 67% 

of PM 2.5 fraction and had a maximum concentration of 150 µg m-3. BC was dominated by fossil fuel 

fractions up to 100% for this event. Moreover, organic fraction from PM1 non-refractory aerosol (NR-PM1) 

had a pattern characteristic for hydrocarbon-like organic aerosols (Fig.2), but also markers for biomass 

burning (m/z 60, 73). The typical mass to charge ratio (m/z) organic spectra signals associated with traffic 

factors resulting from source apportionment analysis (m/z 41/43 and 55/57) for this site from AMS (Aerosol 

Mass spectrometer) data are 0.99 for m/z 41/43 and 1.03 for m/z 55/57 (Marmureanu et al. 2020). In this 

case, our values are 0.65 and 1.45 for m/z 41/43, respectively m/z 55/57. Also, the f44/43 (where f44 

respectively 43 represent the m/z signal to the total organics) triangle plot shows a low degree of oxidation 

of the organic fraction with an f44 value below 0.1, confirming the primary aerosols generation in the 

proximity. 

CONCLUSIONS 

Illegal waste burning represents a big issue in Romania that can lead to concentrations above the limit 

established by national and international regulations. These illegal waste burning events can be assessed 

using a synergy of online instrumentation to identify the chemical pattern. Hydrocarbon like spectra 

obtained during illegal waste burning (mainly from different types of plastics) have particularities, like lower 

ratio in m/z 44 and higher in m/z 55/57 that can be further exploited in source apportionment analyses. 

Analyses of similar high pollution episodes, where BC from fossil fuel reaches high concentrations and 

represents the main fraction from PM2.5, are necessary to confirm the organic spectra pattern.  

 

ACKNOWLEDGEMENTS 

This work was supported by Program 1- Development of the national research-development system, 

Subprogram 1.2 - Institutional performance - Projects to finance the excellent RDI, Contract no. 

18PFE/30.12.2021, by Romanian National Core Program contract 18N/2019, and by the European European 

Commission Directorate-General Environment grant number 07.027737/2018/788206/SER/ENV.C.3 

REFERENCES 

 
de Vries, J. and de Bruyn, S. (2020). Health costs of air pollution in European cities 

and the linkage with transport. Delft, CE Delft. 

Hoffer, A, et al. (2020). Emission factors for PM10 and polycyclic aromatic hydrocarbons (PAHs) from 

illegal burning of different types of municipal waste in households, Atmos. Chem. Phys., 20, 16135–

16144, https://doi.org/10.5194/acp-20-16135-2020, 2020.  

Hoffer, A., et al. (2021). Potential new tracers and their mass fraction in the emitted PM10 from the burning 

of household waste in stoves, Atmos. Chem. Phys., 21, 17855–17864, https://doi.org/10.5194/acp-21-

17855-2021, 2021. 

Carslaw, D. C., & Beevers, S. D. (2013). Characterising and understanding emission sources using bivariate 

polar plots and k-means clustering. Environmental modelling & software, 40, 325-329. 

https://doi.org/10.1016/j.envsoft.2012.09.005 

Marin, C., et al. (2019) Wintertime Variations of Gaseous Atmospheric Constituents in Bucharest Peri-

Urban Area. Atmosphere, 10, 478 

Mărmureanu, L., et al. (2020) Online Chemical Characterization and Source Identification of Summer and 

Winter Aerosols in Măgurele, Romania. Atmosphere, 11, 385. https://doi.org/10.3390/atmos11040385 

104



 

VERTICAL PROFILE OF CARBONACEOUS AEROSOLS DURING WINTER AND SUMMER 

AT EUROPEAN RURAL BACKGROUND SITE 

S. MBENGUE
1
, P. VODIČKA

2
, K. KOMÍNKOVÁ

1,3
, J. SCHWARZ

2
, N. ZÍKOVÁ

2
, R. PROKES

1,4
, K. 

JULAHA
2,5

, J. ONDRÁČEK
2
, I. HOLOUBEK

1,4
, V. ŽDÍMAL

2
 

 

1
CzechGlobe - Global Change Research Institute CAS, Brno, 60300, Czech Republic 

2
Institute of Chemical Process Fundamentals CAS, Prague, CZ-18000, Czech Republic 

3
Department of Geography, Faculty of Sciences, Masaryk University, 61137, Brno, Czech Republic 

4
RECETOX, Faculty of Science, Masaryk University, Brno, 61137, Czech

 
Republic 

5
Department of Atmospheric Physics, Faculty of Mathematics and Physics, Charles University, Prague, 

18000, Czech Republic 

Keywords: vertical distribution, organic - elemental and black carbon, tall-tower in-situ observations, rural 

background. 

INTRODUCTION 

In recent decades, the number of studies on carbonaceous aerosols in the atmosphere has increased due to 

their adverse effects on human health, atmospheric visibility, and the climate forcing (Mauderly and 

Chow, 2008; Bond et al., 2013). Despite the increasing interest, there is a distinct lack of studies on the 

vertical distribution of atmospheric carbonaceous aerosols based on continuous in-situ measurements (Yin 

et al. 2020; Zhao et al. 2019), especially in Central Europe. In this study we attempt to contribute to filling 

this gap. The variability and sources of vertically distributed carbonaceous aerosols were characterized in 

the near-surface layer based on continuous in situ measurements on a 250 m high tall-tower atmospheric 

observation platform. 

METHODS 

Particulate elemental (EC) and organic carbon (OC) were measured simultaneously during winter 

(January-February-December) and summer (June-July-August) 2020 at the National Atmospheric 

Observatory Košetice (NAOK; 49°35'N, 15°05'E),  Czech Republic. The measurements were performed 

with a time resolution of 4 hours at an altitude of 4 m a.g.l and 230 m a.g.l on the high tower using two 

semi-continuous OCEC analysers (Sunset Laboratory Inc., USA). During the sampling campaign, 

equivalent black carbon (eBC) was measured simultaneously every 1 min at 4 m above ground level using 

a multi-wavelength aethalometer (AE33, Magee Scientific, Berkeley, CA, USA). The eBC concentrations 

(eBCSunset) were also calculated from the raw data of the Sunset analysers according to Zikova et al. (2016) 

and compared with eBCAE33. 

CONCLUSIONS 

In this study, the calculated eBCSunset agrees well with eBCAE33 (R = 0.89 and 0.85 for winter and summer, 

respectively). At 4 m a.g.l., EC, eBCsunset and eBCAE33 showed higher values in winter than in summer - 

with winter/summer ratios of 2.05, 1.82 and 2.41, respectively, while OC concentrations were comparable 

with a ratio of 1.04. At 230 m a.g.l, EC and eBCSunset showed a similar seasonal behaviour as on the 

ground (seasonal ratios winter/summer was 1.75 and 2.94 for EC and eBCSunset, respectively), while OC 

showed an opposite seasonal behaviour with a ratio of 0.83, likely due to increased formation of secondary 

organic carbon (SOC) by photochemical activity in summer. This is consistent with the increase in most 

volatile OC subfractions (OC1 and OC2) in summer in the upper part of the tower, where a weaker 

correlation coefficient (R) between OC and EC was also observed compared to the ground. In addition, the 

R correlation between the two heights was < 0.30 for EC and 0.55 (winter) and 0.71 (summer) for OC. 

Weak correlation indicates the influence of different emission sources at different altitudes. In general, 
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there were higher concentrations near the ground (Figure 1) and the 4m/230m ratio was higher in winter 

(1.5 for EC and 2.1 for OC), suggesting a greater influence of local sources near the surface. 

Concentrations at 230m could be more influenced by aged, mixed, and long-distance transported aerosols, 

consistent with the higher wind speed observed at this altitude.   

The values of EC, eBC, and OC measured at 4 m altitude showed their highest levels in the morning and 

evening, probably due to local sources (traffic and biomass burning) and diurnal evolution of the planetary 

boundary layer (PBL). At 230 m altitude, EC and OC generally showed an opposite diurnal pattern with a 

maximum around noon, similar to the diurnal pattern of PBL height. Pollutants accumulated in a thin layer 

above the surface during the night and early morning are diluted and transported to higher altitudes during 

midday as a consequence of the enhanced PBL height. 

 

  
Figure 1: Seasonal variations of OC and EC concentrations at different heights. 
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INTRODUCTION 

Organic aerosol (OA) from natural or anthropogenic origin can be directly emitted into the atmosphere or 

formed by secondary processes (SOA) via the oxidation of volatile organic compounds (VOC). Once in the 

atmosphere, SOA are able to influence the climate through their interaction with the radiation and their role 

as cloud condensation nuclei (CCN) (Hallquist et al. 2009). Although the impact of SOA and their important 

contribution to the OA mass, up to 90% (Zhang et al. 2007), their formation pathways are not well 

understood, especially for anthropogenic aerosols (Al-Naiema et al. 2017). Hence, the representation of 

SOA formation and thereby their impact on the environment remains problematic. 

Due to the large contribution of aromatic hydrocarbons in urban areas (about 20-50%) (Qi et al. 2020), many 

chamber simulation studies have been performed in order to understand their oxidations process, among 

them, the photo-oxidation of toluene, m-xylene, benzene (Ng et al. 2007; Hildebrandt et al. 2009; Hinks et 

al, 2018; Qi et al. 2020). Given the limited information regarding the chemical composition of their 

oxidation products, especially at the molecular scale, this study aims to identify molecular tracers by 

combining simulation chamber experiments and different chemical analysis. The presence of molecular 

tracers identified herein will be follow during the ACROSS (Atmospheric ChemistRy Of the Suburban 

forest) campaign, on summer 2022 in the Paris area.  

METHODS 

The CESAM chamber (Wang et al., 2011), specially designed to study multiphase reactions under controlled 

environmental conditions, is used to perform the OH oxidation experiments of different hydrocarbon 

precursors such as toluene, m-xylene, and naphthalene. Different experimental conditions of relative 

humidity (RH) and NOx concentrations were used in the presence of (NH4)2SO4 seed particles and H2O2 

photolysis as the source of OH radicals. The experimental conditions are summarized in Table 1. 

In order to monitor the gas phase, a long path in situ FTIR (Fourier-Transform Infrared Spectrometer), and 

a PTR-TOF-MS (Proton Transfer Reaction Time-of-Flight Mass Spectrometry) are used. To characterize 

the particle phase, we use a SMPS (Scanning Mobility Particle Sizer) and an ACSM (Aerosol Chemical 

Speciation Monitor). In addition, aerosol samples are collected on quartz filters to determine OC/EC by 

Sunset techniques and their molecular scale chemical composition by means of SFE-GC-MS (Supercritical 
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Fluid Extraction Gas Chromatography-Mass Spectrometry), UPLC-Q-TOF-MS (Ultrahigh Performance 

Liquid Chromatography Quadrupole Time of Flight Mass Spectrometry), and ESI/LC-UHR-MS (orbitrap).  

 

 

Table 1. Summary of experimental conditions of photo-oxidation of hydrocarbons performed on 

simulation chamber experiments. 

PREELIMINARY RESULTS 

Figure 1 shows some examples of simulation chamber experiments for OH oxidation of toluene, m-xylene 

and naphthalene under high relative humidity conditions (~60%) and presence of NOx. Briefly, it can be 

observed organic particles formation after the beginning of the photolysis for the three hydrocarbons, in 

addition to some nitrate compounds formation. From the three hydrocarbons under analysis, m-xylene 

shows ta higher generation of organics (up to 370 µg/m3). 

Figure 2 shows some examples of chemical compounds identified in filter samples collected during the 

simulation chamber experiments (i.e., Phthalic acid, benzoic acid, succinic acid, and nitro-cresol). As 

shown, some carboxylic acids and nitro compounds were identified.  
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Figure 1. OH oxidation of hydrocarbons (toluene, m-xylene, and naphthalene). Experiments were 

performed at high relative humidity conditions (60%) in the presence of NOx and (NH4)2SO4 seeding 

particles. The start of photolysis is represented by yellow shading and the blank experiment (photolysis 

without VOC) by the purple. 

 
Figure 2. Oxidation products identified by molecular chemical techniques. 
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CONCLUSIONS 

The photo-oxidation of common hydrocarbons such as toluene, m-xylene and naphthalene were performed 

under controlled conditions in the CESAM chamber, where the formation of organic particles were 

observed. Through the chemical composition analysis, some molecular tracers previously identified in the 

oxidation of hydrocarbons were observed, among them phthalic acid, benzoic acid, and nitro-cresol. Results 

from simulation experiments will be incremented by field measurements at the framework of the ACROSS 

campaign. 
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INTRODUCTION 

Nowadays it becomes increasingly preponderant the need to intervene in the atmospheric field to regulate 
air pollution. The atmospheric particulate negatively affects the environment having a notable effect on the 
Earth’s climate by scattering and absorbing the solar radiation and via aerosol-cloud interactions, (Myhre et 
al. 2015). The absorbing fraction of particles warms the climate, but due to the aerosol-cloud interactions 
and the greater fraction of scattering particles, the total effect of aerosols on the climate is cooling, (Myhre 
et al. 2015). The measuring of absorbing fraction of particulate is fundamental to estimate the direct and 
indirect effects of aerosol on climate and to monitor and analyse air quality. In addition, the particulate also 
affects human health causing irreparable damage to different apparatus. The atmospheric aerosol could be 
of both natural and anthropogenic sources and the latter engrave much more on the fine and ultrafine 
particles. The effect of these activities was evident in the pandemic lockdown in which due to movement 
restriction and a significant slowdown of social and economic activities, air quality has improved in many 
cities with a reduction in water and air pollution in various parts of the world, (Rume and Islam, 2020). The 
amount and properties of atmospheric aerosol particles vary both in time and space depending on the 
proximity of the sources, atmospheric chemistry, and meteorological conditions. In this study, we focus on 
carbonaceous aerosol such as Black Carbon (BC) or defined also as Elemental Carbon (EC). BC is the major 
absorbing component of atmospheric aerosol in the lower atmosphere, it prevalently absorbs in the IR 
region. In addition, among the carbonaceous aerosol there is the Organic Carbon (OC) that has been thought 
to have a cooling effect (i.e., negligible absorption properties); some organic compounds, however, have 
been found to absorb light in the UV and visible (Kirchstetter et al.2004; Andreae and Gelencsér, 2006), 
and have therefore been referred to as Brown Carbon, BrC, (Andreae and Gelencsér, 2006; Alexander et al. 
2008). BrC exhibits intermediate characteristics showing a good resistance in the inert atmosphere up to 
medium temperatures (about 400°C – 450°C) and simultaneously it exhibits a strong wavelength- (λ) 
dependent absorption at near-UV and blue wavelengths, (Sun et al. 2007), this spectral trend gives BrC a 
yellow/brown colour from which the name Brown Carbon derives. At longer wavelengths, that is λ > 550 
nm, the absorption due to BC prevails. (Jacobson, 2001) identified nitrated and aromatic compounds as 
likely absorbers. (Bond, 2001) suggested various levels of aromatization to explain the particle absorption 
spectral variability. The main sources of BC emission are related to combustion: engines (especially diesel), 
wood or charcoal for domestic purposes as well as forest or vegetation fires. 

This work has been conducted by using a double beam absorption photometer at five wavelengths to obtain 
transmission and then absorption data to preliminary monitoring of air quality in the Naples-East region in 
the period from the end of November to mid-March at five wavelengths namely 420,465,522,634, 870 nm.  

METHODS 

A Five wavelengths Dual Beam Absorption Photometer (DBAP5), Len s.r.l (Italy) was used to carry out the 
purposes of this work. The instrument has characterized by a dual-beam system with a measuring chamber 
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characterized by a reference and a measuring cell. A continuous comparison with the blank filter occurs and 
any errors due to possible variations in humidity and temperature, are suppressed. The light intensity is 
measured downstream of the filter in both cells, providing at each instant of time and for each wavelength 
the transmittance (T), whose variation over time provides the absorption coefficient that is provided as a 
product from an attenuated absorption coefficient (Katt) and a correction factor (F), Equation 1. 

𝐾𝐾𝑎𝑎𝑎𝑎 = 𝐾𝐾𝑎𝑎𝑎𝑎𝑎𝑎𝐹𝐹(𝑇𝑇)       𝐸𝐸𝐸𝐸. 1 

 Katt is calculated based on the spot area, 1.35E-5 m2, of the filter on which the particulate matter deposits, 
based on the airflow passing through the filter, 2 L/min, and the time interval in seconds between the two 
measurements, 1 min. However, to consider the type of filter (glass fibre, in this study) and the increase in 
absorption due to multiple scattering within the filter fibres, the correction factor is introduced. The 
correction factor depends linearly on the transmittance and considers the shadow effect that leads to an 
underestimation of the real measure of absorption increasing as the particulate load on the filter increases. 

At starting measure, the light intensity is acquired on the two cells with the 5 LEDs off to obtain the 
background noise that will be subtracted from the subsequent measurements of light intensity. Subsequently, 
the transmittances for each wavelength are normalized. Since the DBAP5 correction factors strongly depend 
on filter transmittance only data with T ≥ 0.7 are generally used (Bond, et al 1999). 

DBAP5 also allows measuring the concentration of BC in µg/m3 via the absorption of light by the aerosol 
deposited on a filter according to equation 2.  

𝐵𝐵𝐵𝐵 =
𝐾𝐾𝑎𝑎𝑎𝑎
𝑀𝑀𝑀𝑀𝐵𝐵

         𝐸𝐸𝐸𝐸. 2 

Where MAC is the impact coefficient of the particulate absorbing mass, 8.8E-6 m2/µg and Kab its absorption 
coefficient at 870 nm, i.e., IR wavelength. 

CONCLUSIONS 

Among the data provided by DBPA5, the BC data are those of main interest. In Figure 1, the BC values are 
reported as averaged daily data with the rainfall and wind information provided from the 
http://centrofunzionale.regione.campania.it/, which takes meteorological data from Camaldoli station. 

BC concentration results to be higher in December and January, the middle winter months when probably 
there was an increase of vehicle traffic and domestic heating. The highest peak was reached on 21st 

December, in Christmas mood. The reported values in the graphs have the main objective to correlate the 
atmospheric phenomena to the Black Carbon trend during the acquisition period. 

 The following image reports in black bars the BC values (µg/m3), in red triangles the rainfall (mm) and in 
the blue spheres, the speed of wind (Km/h).  
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Figure 1  Daily Average of Carbon Black in the period subject of this study. The black bars represent the 
Black Carbon in µg/m3; The red down triangles represent the rainfall in mm; The blue spheres represent 

the speed of wind in Km/h.  

From Figure 1 it is possible to assert that the BC values do not correlate very much with precipitation trends. 
On contrary, a good agreement exists between the BC and speed of wind trends; the very windy days show 
a low BC concentration. In addition, the BC data are reported also as hourly data, showing the trend during 
the day, in which the BC concentration reached very high values. The data were acquired every minute and 
being a huge amount of information, the data are reported subdivided, beginning from the last week of 
November, as shown in Figure 2. 

 

Figure 2 Hourly data in the last week of November. On top, the numbers represent the day of the moth.  
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The image does not display a real trend. The graph is characterized by some peaks in different time slots of 
several days. On contrary, as shown from Figure 3, in December the BC concentration displays two main 
peaks in the early morning and the last hours of the day, about at midnight, nearly every day. There have 
been days in which the BC concentration was near zero, but these results should be considered in association 
with meteorological information. 

 

 

Figure 2 Hourly data of December subdivided into four weeks plus the last three days of the month. On 
top, the numbers represent the day of the moth. 

 In the first days of the new year, the BC concentration seemed to become low, despite the “classic” peak at 
midnight in a few days, Figure 3.   

On the contrary, later, there have been days in which the pollutant reached incredible high peaks; indeed, it 
has been necessary to modify the scale of the second week. Additionally, on some days the acquisition 
covered fewer hours caused by instrumental issues. 
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Figure 3 Hourly data of January subdivided into four weeks plus the last three days of the month. On top, 
the numbers represent the day of the moth. 

The trend continues in February. There are two peaks in the morning and the night and additionally, on some 
days, the trend preserves a similar shape. 

 

 

Figure 4 Hourly data of February subdivided into four weeks. On top, the numbers represent the day of the 
moth. 
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In the last analysis, the first two weeks of March, Figure 5. Some instrumental issues lead to a leak of 
acquisition in the first days. Generally, there is always the presence of the two main peaks and the 
concentration is a little bit lower than the other months. 

 

Figure 5. Hourly data of the first two weeks of March. On top, the numbers represent the day of the moth. 

 These preliminary data show as this area of the city is characterized by a high concentration of 
pollutants because also in the days or in the time in which the BC concentration seems to be lower, it 
assumes anyway value too high to a great quality of air. However, this study lay the foundation for 
future speciation of chemical compounds and for a source apportionment to incide on the origin of the 
pollutant and to better the quality of the environment.  
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INTRODUCTION 

Aerosol particles play a significant role in the atmosphere. Small variations in their chemical composition 
and physical properties generate effects on local air pollution, global climate, and human health. Aerosol 
particles can be composed of carbonaceous material, sulphate, nitrate, ammonium, trace metals, and sea 
salts of different dimensions, from a few nanometres to micrometres. To better understand the mechanism 
by which these particles operate and to counteract their adverse effects, it would be necessary to perform a 
resolved dimensional understanding of the number of particles as well as to perform a thorough investigation 
of their optical properties, the main means used for their characterization. Specifically, the main aerosol 
pollutants are carbonaceous aerosols (Kulmala et al., 2011). Carbonaceous aerosols, including black carbon 
(BC) and organic carbon (OC), represents most anthropogenic aerosols in terms of mass and number 
concentrations. BC in the lower atmosphere is the main absorbing component of atmospheric aerosol, about 
72 % (Feng et al., 2013). On the contrary, OC was thought to have negligible absorption properties, showing 
a cooling effect. (Feng et al., 2013) discovered the fraction of OC, about 19%, which absorbs light in the 
UV and visible (Kirchstetter et al.,2004; Andreae and Gelencsér, 2006), and has been called brown carbon, 
BrC (Andreae and Gelencsér, 2006; Alexander et al., 2008). Brown carbon, a subset of the entire organic 
carbon, exhibits strong wavelength-dependent absorption (λ) in the UV and visible, which is greatest in the 
near UV and blue wavelengths (Sun,  et al., 2007). The remaining 9% is due to the coating effect of sulphate 
and organic aerosols on black carbon (Feng et al., 2013). Unlike black carbon, the absorption efficiency of 
brown carbon is highly variable, likely depending on its sources. (Brown et al., 2018) observed that brown 
carbon uptake does not remain constant in the atmosphere but it tends to become more transparent, and thus 
absorbs less light. (Bergstrom et al., 2007) showed that the absorption coefficient decreases monotonically 
with wavelength and can be approximated by a power-law expression, i.e., described by an Angstrom 
absorption exponent (AAE) whose value depends strongly on the characteristics of the aerosol. So far, 
complete knowledge of the nature of brown carbon remains indefinite. It is not still clear at 100% the 
differentiation path of formation among the several carbonaceous compounds so it is necessary to focus on 
the continuous decrease in thermal resistance and optical absorption. As different are the compounds and 
the properties, so are the sources from which they could derive. The main sources of BC emission are related 
to the combustion of fuels and engines. BrC is emitted by the combustion of biomass, such as the 
biodegradable fraction of products, wastes and residues of biological origin from agriculture, forestry, 
industrial and municipal wastes. Wood and, in general, residues from agriculture, are the most widely used 
biomass components in the field of energy and heat production for domestic heating (Andreae and 
Gelencsér, 2006). The process of combustion at low temperature, combined with the composition of wood 
and the presence of water, generates the macromolecules, polycyclic molecules, and aromatic compounds, 
which could constitute the BrC. The AAE is widely used to characterize particle composition, it can be used 
for the characterization of aerosols (Bond et al., 2013) and can be applied to the breakdown of black carbon 
(BC) and carbonaceous matter sources (Liu et al.,2018).  However, multiple different factors could influence 
the AAE such as particle size, coating thickness, the chemical composition of the coating, particle 
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morphology, etc. (Gyawali et al., 2009). In principle, following the simple core-shell modelling of Mie 
theory, the AAE = 1 threshold for BC is valid for pure externally mixed BC particles with core diameters 
of about <100 nm (Gyawali et al., 2009; Lack and Cappa, 2010; Virkkula, 2021). When the situation 
becomes more complicated, such as BC particles being larger and/or coated with a non-absorbent coating 
AAE values can also reach negative values, e.g., from -0.2 (Liu et al., 2018). The AAE value of about 1 for 
pure BC particles, indicates "weak" spectral dependence of light absorption  (Kirchstetter, et al., 2004). 
When the AAE reaches a value higher than 1, it could be due to an enhancement of the absorption proprieties 
at UV/near UV wavelengths (Kirchstetter, et al., 2004; Yang et al., 2009). Thus, generally, the AAE of BC 
spans between 0,67 a 1,03.  AAE values, which average 1.43 or otherwise are almost always greater than 1, 
indicating appreciable contributions from BrC to particle light absorption at this site. In this study, an 
evaluation of AAE to make a qualitative difference between BC and BrC was pursued. The AAE was 
obtained by using the Transmittance values resulting from an absorption photometer in the winter period, 
from the end of November to mid-March 2022 in the east area of Naples, Italy. 

METHODS 

A five-wavelengths Dual Beam Absorption Photometer (DBAP5), Len s.r.l (Italy) was used to carry out the 
purposes of this work. The instrument has characterized by a dual-beam system with a measuring chamber 
characterized by a reference and a measuring cell. A continuous comparison with the blank filter occurs and 
any errors due to possible variations in humidity and temperature, are suppressed. The light intensity is 
measured downstream of the filter in both cells, providing at each instant of time and for each wavelength 
the transmittance (T), whose variation over time provides the absorption coefficient that is provided as a 
product from an attenuated absorption coefficient (Katt) and a correction factor (F), Equation 1. 

𝐾𝐾𝑎𝑎𝑎𝑎 = 𝐾𝐾𝑎𝑎𝑎𝑎𝑎𝑎𝐹𝐹(𝑇𝑇)       𝐸𝐸𝐸𝐸. 1 

 Katt is calculated based on the spot area, 1.35E-5 m2, of the filter on which the particulate matter deposits, 
based on the airflow passing through the filter, 2 L/min, and the time interval in seconds between the two 
measurements, 60 s. However, to consider the type of filter (glass fibre, in this study) and the increase in 
absorption due to multiple scattering within the filter fibres, the correction factor is introduced. The 
correction factor depends linearly on the transmittance and considers the shadow effect that leads to an 
underestimation of the real measure of absorption increasing as the particulate load on the filter increases. 

At starting measure, the light intensity is acquired on the two cells with the 5 LEDs off to obtain the 
background noise that will be subtracted from the subsequent measurements of light intensity. Subsequently, 
the transmittances for each wavelength are normalized. Since the DBAP5 correction factors strongly depend 
on filter transmittance only data with T ≥ 0.7 are generally used (Bond, et al 1999). 

An Interesting factor in better understanding the aerosol composition is given to the spectral dependency of 
absorption, the Angstronm Absorption Exponent (AAE), defined as: 

                                                             𝐾𝐾𝑎𝑎𝑎𝑎 = 𝜆𝜆−𝐴𝐴𝐴𝐴𝐴𝐴                 𝐸𝐸𝐸𝐸. 2 

And the values of AAE between 870 nm and 420 nm is calculated for Eq. 3 as 

 

 𝐴𝐴𝐴𝐴𝐸𝐸420−870 =
ln (𝐾𝐾𝑎𝑎𝑎𝑎

870

𝐾𝐾𝑎𝑎𝑎𝑎420
�  )

ln (870
420� )

     𝐸𝐸𝐸𝐸. 3 
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CONCLUSION 

The following images show a representation of AAE, reported as hour average data. In each figure, i.e., the 
analysed month, there are vertical dot red lines that subdivide the days in the month and a horizontal dot 
purple line to separate the limit value between the BC and BrC. 

 
Figure 1 AAE values in the last week of November 2021. Numbers on the top represents the day of the month. 

 
In the last week of November (Figure 1) there was ups and downs of the AAE around the limit value, 
represented by the horizontal line, indicating a lack of homogeneity of the data, perhaps attributable to the 
climate not yet purely winter and the reduced need to turn on the heaters. The same discontinuity is shown 
at the bottom of Figure 2, AAE oscillates between the higher and lower value than limit line, in the first two 
weeks of December. On the contrary, for the rest of the month, the values are all above the limit line, 
indicating a strong contribution of BrC, except for the days of Christmas when the contribution of vehicular 
traffic will have had the better.  
It is possible to make the same consideration for the following months, January, the first half of February 
and the first half of March: except some days, almost all days show a great influence of BrC on atmosphere 
absorption, the cold climate and the increase in COVID-19 infection, with most people in own house, 
contributed to these data. The second half of February goes in the opposite direction with an equal number 
of days in which BC prevails and those in which BrC prevails. 
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Figure 2 AAE values of December month. The cardinal number on the top represents the day of the month. 

 
Figure 3 AAE values of January month. The cardinal number on the top represents the day of the month. 
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Figure 4 AAE values of February month. The cardinal number on the top represents the day of the month. 

 
Figure 5 AAE values of the first half of March. The cardinal number on the top represents the day of the month 
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INTRODUCTION 

Organic aerosol (OA) constitutes a large fraction (20–90%) of submicron particulate matter (Zhang et al., 
2007). It is a complex mixture of many classes of organic compounds, which makes tracking of its sources, 
atmospheric processing, and removal challenging. OA is emitted directly from sources (primary organic 
aerosol) or formed in the atmosphere from gaseous precursors (secondary organic aerosol). In urban area, 
the main sources of OA are typically traffic, residential burning, biogenic emissions, industrial emissions, 
cooking and some local sources like coffee roastery (Crippa et al., 2014; Carbone et al., 2014; Saarikoski et 
al., 2019). The aim of this study was to elucidate the chemical characteristics and sources of organic aerosol 
at four different urban locations in Helsinki, Finland. Seasonal and diurnal trends as well as the main sources 
of OA were investigated at the sites. Although the measurements were done between 2008 and 2022, the 
general trends and sources were assumed to be relatively similar independent of the year. 

METHODS 

A total of seven datasets were utilized for the study (Table 1). Measurements were performed at four 
different locations: urban background, city centre, street canyon and detached housing area with residential 
wood combustion. Most of the measurement campaigns lasted around one month, however, there were three 
campaigns with a duration of 3–4 months. Results from four measurement campaigns have been published 
in previous papers.   

 
Measurement site  Season Year Duration of the 

measurement period 
Reference 

Urban background winter-spring 2008-2009 3 months Carbone et al., 2014 

City centre spring 2009 1 month not published 

Street canyon autumn 2015 1 month Saarikoski et al., 2021 

Street canyon spring 2018 1 month Saarikoski et al., 2021 

Urban background summer-autumn 2018 4 months not published 

Detached housing 
area 

winter-spring 2019 3 months Saarikoski et al., 2021 

Street canyon summer-autumn 2019 1 month in preparation 

Street canyon winter 2022 1.5 months not published 
 

Table 1. Datasets used in this study. 
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Measurements were carried out by using high-resolution time-of-flight aerosol mass spectrometer (HR-ToF-
AMS; 2008-2009) and soot particle aerosol mass spectrometer (SP-AMS; 2010-2022). The sources of OA 
were investigated by using the high-resolution ions characteristic for the individual sources. High-resolution 
ions were selected based on the positive matrix factorization (PMF) analyses carried out for the individual 
data sets. A summary of the used signature ions is given in Table 2. Studied PMF factors were hydrocarbon-
like OA (HOA), biomass burning OA (BBOA), coffee roastery OA (CoOA) and biogenic OA with the 
signature ions of C4H9

+, C2H4O2
+, C5H7N3

+ and C5H6O+, respectively. The fractions of the signature ions in 
the PMF factors were used to roughly assess the contribution of HOA, BBOA, CoOA and biogenic organics 
to total OA at each site. 

 

PMF factor Signature ion m/z Fraction in PMF 
factor (%) 

Reference 

HOA C4H9
+ 57.0704 10.3 Saarikoski et al., 2021 

   10.1 in preparation 

   9.70 Saarikoski et al., 2021 

BBOA C2H4O2
+ 60.0211 3.81 Saarikoski et al., 2021 

CoOA C5H7N3
+ 109.0640 2.32 Saarikoski et al., 2021 

   3.40 in preparation 

Biogenic OA C5H6O+ 82.0419 0.35 not published 
 

Table 2. Signature ions used in this study. 
 

CONCLUSIONS 

The seasonal variation of the fractions of the signature ions in OA (fC4H9
+, fC2H4O2

+, fC5H6O+ and 
fC5H7N3

+) are presented in Figure 1. For C4H9
+, the largest fractions were measured at the street canyon site. 

In terms of seasonal trend, the fraction was smaller in summer than in the other times of the year. For 
C2H4O2

+, the largest fraction was measured at the detached housing area. It seems that the fraction of 
C2H4O2

+ was larger in general during colder seasons than in summer, however, the fraction varied largely 
between the sites. Regarding C5H6O+, the fraction was largest in summer, but it should be noted that 
measurements in the middle of the summer were carried out only at the urban background site that was 
surrounded by green areas. However, there was also somewhat similar trend at the street canyon 
measurements. For C5H7N3

+, the largest fractions were measured at the street canyon site that was located 
closest to the local coffee roastery.  

In terms of the PMF factors, HOA had a minimum contribution to OA at the urban background site in 
summer (5%) and maximum contribution at the street canyon site in autumn (50–60%). The largest HOA 
contributions measured in autumn can be partly related to the measurement year as the autumn measurement 
campaign was carried out already in 2015. It has been shown by Luoma et al. (2021) that the emissions from 
vehicular traffic have been decreasing in Helsinki area in recent years due to the technology advancements 
and legislation. BBOA contributed to OA from ~10% at the urban background in winter to 50% at the 
detached housing area in winter. Biogenic OA had a maximum OA contribution of 90% at the urban 
background site in summer whereas for the other seasons and sites the contribution was between 20 and 
60%. CoOA had the largest daily contributions of 25–30% at the street canyon site in autumn. 
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Figure 1. Seasonal variation of the signature ion fractions at various urban locations. Daily average values. 
PMF factor fractions (right y-axis) have been calculated based on the fractions of the signature ions in the 

PMF solutions (Table 2). The data from the winter 2022 campaign at the street canyon is still under 
preparation. 

Regarding the diurnal variations, the fC4H9
+ peaked during morning and evening traffic hours at all sites 

except at the urban background site in 2018 that was somewhat lacking evening traffic hour. The 
measurements at the urban background in 2018 were carried out also in summer and therefore the dilution 
of traffic emissions was efficient in the evening due to the high boundary layer but also the traffic volume 
was small in summer due to the holiday season. The clearest diurnal variation of the fC4H9

+ was detected 
for the street canyon site in 2015 when the measurements were carried out in October. 

The fC2H4O2
+ was largest in the evening and night with the minimum during the day, however, a clear trend 

was observed only at the detached housing area and street canyon in 2015. Highest fractions in the evening 
and night were expected as most of residential heating with wood takes place at that time. The fC5H6O+ did 
not display clear trend at any sites. It seemed to be slightly smaller in daytime at the street canyon in 2015 
and city centre in 2009, but that trend was very uncertain. In general, the oxidation of biogenic VOCs can 
occur both in night-time and daytime due to the several oxidants in the atmosphere. The fC5H7N3

+ indicating 
the contribution of coffee roastery emissions was largest in daytime at the street canyon, which was expected 
as the coffee roastery operated only in daytime. 
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Figure 2. Diurnal variation of the signature ion fractions at various urban locations. The data from the 
winter 2022 campaign at the street canyon is still under preparation. 
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INTRODUCTION 

Climate change and air-quality degradation are strongly related to the composition of the troposphere 
and its oxidative capacity. This is due to the fact that the tropospheric oxidants control the concentrations 
of the key climate and air-quality gases and aerosols (ozone O3, methane CH4, sulfate aerosols, and 
secondary organic aerosols SOA). In the troposphere, the hydroxyl OH radical is known to be the most 
important oxidant, which is indirectly produced through the photolysis of ozone (Sherwen et al. 2016). 
In its turn, O3 is indirectly emitted, and its precursors (nitrogen oxides NOx and volatile organic 
compounds VOCs) control its tropospheric burden through chemical production and loss pathways. 

Furthermore, reactive halogen species (RHS) play an important role in the destruction of O3. These 
species alter the HOx (HO2 + OH) and NOx (NO2 + NO) partitioning. They induce the oxidation of VOCs 
and mercury (Hg). RHS also enhance the formation of new particles (Badia et al. 2019). Moreover, 
halogen species are engaged in the atmospheric oxidizing capacity of the troposphere.  

In the troposphere, the ozone destruction cycle catalyzed by reactive halogen species is summarized by 
the following reactions: 

𝑂𝑂3 + 𝑋𝑋 → 𝑋𝑋𝑂𝑂 + 𝑂𝑂2          (R1) 

𝐻𝐻𝑂𝑂2 + 𝑋𝑋𝑂𝑂 → 𝐻𝐻𝑂𝑂𝑋𝑋 + 𝑂𝑂2         (R2) 

𝐻𝐻𝑂𝑂𝑋𝑋 + ℎν → 𝑂𝑂𝐻𝐻 + 𝑋𝑋          (R3) 

where X = Cl, Br, I. 

Previous studies of tropospheric halogen chemistry have focused on bromine and iodine which are more 
reactive than chlorine (Wang et al. 2019).  

Recently, studies have shown, that for many hydrocarbons, oxidation reactions initiated by atomic 
chlorine Cl are of 2 orders of magnitude faster than those initiated by OH radicals, CH4 oxidation in 
particular (Li et al. 2020). This can lead us to the fact that even at very low concentrations, Cl atoms can 
have a significant impact on ozone formation rates through increasing the rates of the production of 
peroxyalkyl (RO2) radicals. However, and in contrast to the stratosphere, the tropospheric chlorine 
chemistry is not yet well established. 

Our work targets the tropospheric chemistry of chlorinated compounds. It is concerned with chlorine-
35 which is the stable isotope. This isotope is the most abundant and occurs naturally in 75.77% of the 
total chlorine present in the environment. In the atmosphere, chlorine is found in various forms mainly 
particulate, inorganic gas species, and chlorinated organic species, and according to the Scientific 
Assessment of Ozone Depletion: 2018 (Engel and Rigby 2018), the total tropospheric chlorine was about 
3.287 ppt in the year 2016. 

In general, models are built to interpret the observations of tropospheric chlorine and quantify the 
impacts on the tropospheric oxidant chemistry. 
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The objectives of this study are to develop a complete gas-phase chlorine mechanism as well as the 0D 
models to evaluate the chlorine reactivity as a function of various atmospheric conditions (photolysis 
conditions, day or night) and input data.  

METHODOLOGY 

Tropospheric chlorine chemistry is of increasing importance to scientists today. It has been evaluated 
by a number of modelling studies (Badia et al. 2019; Eastham, Weisenstein, and Barrett 2014; Hossaini 
et al. 2016; Li et al. 2016; Peng et al. 2021; Sander et al. 2011; Sander and Crutzen 1996; Sherwen et al. 
2016; Sommariva and von Glasow 2012).  

In our study, we developed the chlorine gas-phase mechanism to include 380 atmospheric reactions 
combined to the RACM air quality mechanism of Stockwell et al. (1997) as shown in Table 1. These 
reactions are classified as the following: 210 thermal organic reactions, 152 thermal inorganic, 4 
photolysis organic reactions, and 14 photolysis inorganic reactions. 

Our updated mechanism is used to interpret recent observations of tropospheric chlorine, describe 
chlorine radical cycling, and quantify their impacts on tropospheric oxidant chemistry.  

These reactions are from the most recent evaluations of international databases: the National Institute of 
Standards and Technology (NIST) kinetic database (Manion et al. 2015) and Jet Propulsion Laboratory 
(JPL) evaluation (Burkholder et al. 2019). For most of these reactions, the selected thermokinetic 
parameters correspond to the most recent experimental data. When experimental data are missing, 
thermokinetic parameters form theoretical works are chosen to be implemented in our model. 

Cl_RACM Class  Species 
Cl_CH4 Methyl chloride CH3Cl 
Cl_MR Chloro methyl radical CH2Cl 
Cl_ETE Chloro-ethelyne (vinyl chloride) CH2=CHCl 
Cl_HC3 Chlorinated (Methanol, dimethyl ether, ethanol, acetylene, 

alkynes, methyl acetate, n-butane, i-butane, butanol) 
Cl_TOL Chloro-benzene C6H5Cl 
Cl_HCHO Formylchloride CHClO  
Cl_ALD Higher chlorinated aldehydes 
Cl_ETH Chloro-ethane (ethyl chloride) CH3CH2Cl  
Cl_DIEN Chlorinated anthropogenic dienes 
Cl_ETHP Chlorinated peroxy radicals from ETH 
Cl_MO2 Chlorinated methyl peroxy radical 
Cl_OLT Chlorinated terminal alkenes 
Cl_ORA2 Chlorinated acetic acid and higher acids 
Cl_CSL Chlorinated phenol (C6H5OCl) 
Cl_PHO Chlorinated phenoxy radical (C6H4OCl) 

Table 1: Cl_RACM mechanism species list 

Our mechanism does not consider the reactions for which the thermokinetic data are assimilated with 
those of other halogen atoms or hydroxyl radicals since these assimilations generate high levels of 
uncertainties as demonstrated by Fortin et al. (2018). 

The chlorine mechanism described above has been implemented into a 0D model to compute the 
chlorine chemistry. This model is characterized by a fixed volume, temperature, pressure, and VOC and 
NOx emissions. In its turn, the model computes the mass evolution of the different species involved in 
this mechanism, chlorinated and non-chlorinated, by solving a differential equation for each of the 
species using a Newton-Raphson algorithm.  
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RESULTS 

Figure 1 displays the temporal evolution of the main chlorinated inorganic species present in the 
atmosphere at the tropospheric level. The day-time reactivity is mostly affected by photolysis reactions. 
The reactivity, during the night, is mainly driven by the nitrate radical and is considered to be negligible 
with respect to daytime reactivity. ClNO2 is referred to as an inorganic reservoir of tropospheric chlorine. 
Wang et al. (2019) found that ClNO2 is the most abundant chlorinated inorganic species in the 
continental surface air during the night.  

 
Figure 1: Evolution of chlorinated inorganic species on January 1st, 2013 

Figure 2 summarizes the main reactions that take place during day and night times for the inorganic 
chlorinated species. The importance of photolysis is clearly represented. The main photolysis reactions 
that take place are the photolysis of Cl2 and ClNO2 which contribute to the main source of atomic 
chlorine during the day. These reactions are the following: 

𝐶𝐶𝐶𝐶2 + ℎν → 2𝐶𝐶𝐶𝐶          (R4) 

𝐶𝐶𝐶𝐶𝑁𝑁𝑂𝑂2 + ℎν → 𝐶𝐶𝐶𝐶 + 𝑁𝑁𝑂𝑂2         (R5) 

The concentration of atomic chlorine reaches a maximum at about 10hr when the actinic flux is 
maximum, then it starts to decrease to be negligible during the night.  
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Figure 2: Day and night reaction schemes of inorganic chlorinated species on January 1st, 2013. 
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CONCLUSION and PERSPECTIVES 

A new gas-phase mechanism of chlorinated species with 380 reactions combined to the RACM air 
quality mechanism has been implemented into a 0D model in order to evaluate the tropospheric chlorine 
reactivity.  

The behavior of the chlorinated species differs between day and night. The daytime reactivity, controlled 
by photolysis reactions, is much more important than the reactivity of the chlorinated species during the 
night. Chlorine nitrite ClNO2 is the main tropospheric reservoir of the inorganic chlorine.  

This work will be extended to establish the organic schemes of the chlorinated species and the relation 
between both organic and inorganic schemes. Furthermore, our mechanism will be implemented into a 
chemical transport model MOCAGE-MetéoFrance. 
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INTRODUCTION 

Carbonaceous particles, consisting mostly of elemental carbon (EC) and organic carbon (OC), constitute a 

major portion of atmospheric PM2.5 particle mass (Saarikoski et al., 2008). EC originates from incomplete 

combustion and its main sources include e.g. traffic, biomass combustion and industrial activities (Bond et 

al., 2013). Organic carbon originates from variety of anthropogenic and biogenic sources. The aim of this 

study was to characterize temporal and spatial variation of carbonaceous aerosols in different background 

environments.   

METHODS 

The EC and OC measurements were conducted at three background sites in Finland; Virolahti, Utö and 

Matorova. The measurements started at the Virolahti rural site in September 2010, at the Utö marine site in 

July 2011 and at the Matorova Arctic site in January 2014. Measurements were conducted until end of 2021. 

A semi-continuous organic and elemental carbon analyser (SC-OCEC, Model-4, Sunset Laboratory, US) 

was used to measure the concentrations of OC and EC in all stations. The used temperature program was 

EUSAAR2 and time resolution of measurements varied from three hours to 24 hours. Measurement 

consisted of 155–1380 minutes of sample collection and 15-20 minutes of sample analysis.  

The highest annual concentrations of OC and EC were observed at the Virolahti site where the annual 

average concentrations of OC and EC varied in the range of 0.96-3.1 µg/m3 and 0.095-0.48 µg/m3 during 

the measurement period, respectively. At the Marine site, the annual average OC concentration was 0.76-

1.6 µg/m3 and EC concentrations 0.090-0.21 µg/m3, respectively. The Arctic site had the lowest 

concentrations both in OC and EC with the annual averages ranging from 0.13 to 0.38 µg/m3 and from 0.010 

to 0.086 µg/m3, respectively. At all the measurement sites, the OC concentration was observed to start to 

gradually increase when temperature rose over sub-zero temperatures (Fig.1). The increase in OC 

concentration was linked to the start of the thermal growing season, which is defined to begin when snow 

has melted from open areas and the daily mean temperature rises above +5°C. However, largest increases 

in OC concentration were seen in temperatures above 10 °C at the Virolahti and Matorova sites. In 

Matorova, the temperature dependence of OC was the largest as the wintertime concentrations were very 

low (in most cases below 1 µg m-3) and OC concentrations were mainly affected by emissions from biogenic 

processes which are activated in summertime. The daily average EC concentrations did not show as apparent 

temperature dependence as the OC concentrations. The highest daily average EC concentrations were 

observed below freezing temperatures, likely due to anthropogenic combustion related emissions. 
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Figure 1. The OC and EC concentrations as function of ambient temperature (⁰C) 

 

CONCLUSIONS 

Overall, the observed OC and EC particle concentrations were low. Clear differences in both observed OC 

and EC concentrations and their sources were observed between the sites. Relatively high concentrations 

observed at the Virolahti site were probably due to the fact that the site is located closer to more populated 

areas, and hence also closer to combustion and energy production sources, than the other two sites in this 

study. As there are no known major local sources on the Utö island, the site is likely mainly been affected 

by the long-range transported emissions and rather constant emissions from marine traffic. In arctic 

Matorova EC and OC were influenced by long-range transport and OC also by biogenic sources  
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INTRODUCTION 

The objective of the project is to establish an air quality analysis, modeling and forecasting system 

platform for the city of Guadalajara, in the state of Jalisco, Mexico. This platform, including the 

implementation of innovative measurement tools (fixed and mobile micro-sensors on vehicles), already 

tested in France and in particular in Paris, constitutes both an operational tool for the state of Jalisco and 

a showcase of French technologies in the field of the “Sustainable City”. 

The AIRED project integrates modeling of emissions, meteorological and topographic data to assess the 

concentration and transport of air pollutants, for multi-scale domains ranging from continental to local 

with a spatial resolution reaching an accuracy of a few meters in the urban environment. The system is 

operational 24/7 and a results visualization platform has been deployed to allow the Secretaría del Medio 

Ambiente y del Desarrollo Territorial (SEMADET) to communicate to the citizens on the of air quality. 

It includes concentration maps of pollutant, but also the Mexican Air Quality Index and a dedicated health 

impact index. The platform also allows the realization of scenario simulations to test regulatory measures. 

 

METHODS 

The figures presented below (Figure 1: Scheme of the modeling platform including the different modules 

 and Figure 2) are a schematic representation of the modeling platform installed for the SEMADET, called 

ARIA Regional. It represents the different modules included in the platform as well as the different 

nested domains. Indeed, in order to account for all the sources, outside and inside the target domain, it is 

necessary to design modeling nests ranging from the Mexico country at the continental level to the 

Guadalajara city at the urban and street levels. The modeling domains have grid resolution of 27 km, 9 

km, 3 km, 1 km and a few meters for the micro-scale modeling respectively, to accommodate the 

mathematical challenges in scaling down the modeling efforts to a higher resolution over Guadalajara. 
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Figure 1: Scheme of the modeling platform including the different modules 

 

 

The modeling platform includes the following modules: 

 

1. Emission inventory 

The emission inventory describes the emission fluxes of different primary pollutants taken into account 

in the model chemical mechanism. Collecting an accurate and complete emissions database and allowing 

the data to be easily updated later is therefore one of the first and main tasks of the project. 

This database is divided into several categories of emission sources (point, mobile, surface) and includes 

both anthropogenic and biogenic emissions. The emission inventory has been collected in the study area, 

at the scale of the city of Guadalajara and the State of Jalisco. For the national scale, we use the EDGAR 

2015 database. However an update of the Mexican national inventory should be available in the coming 

months.  

Inventory exercises had already been carried out within the framework of national or regional projects 

conducted by the Secretaría de Medio Ambiente y Desarrollo Territorial (SEMADET) of the State of 

Jalisco or of the Secretaría de Medio Ambiente y Recursos Naturales (SEMARNAT) from Mexico. These 

inventories provided by SEMADET and SEMARNAT constitute a solid basis for carrying out modeling. 

Figure 2: The modeling domains 

137



For traffic emission sources we used a tool developed by ARIA Technologies and ARIANET: TREFIC. 

This model allows to compute traffic emissions using a GIS road network, a specific Mexican fleet 

description, and COPERT V emission factors. A specific module has also been implemented in order to 

treat the pollution coming from forest fires which are particularly active during the springtime. 

 

2. Meteorological models 

The meteorological models provide the meteorological parameters necessary to the pollutant transport 

calculation (direction and wind speed) and to their chemical transformation (humidity, cloud cover, 

temperatures, pressure, radiation). We implemented 2 different models according to the domain: 

o WRF: complete prognostic meteorological model used for areas 1 to 3. The use of the 

very complete WRF prognostic meteorological model is conventionally applied up to a 

resolution of a few kilometers. Below, even if the computation is technically possible, it 

would mobilize very important computing resources on a daily basis. It is for this reason 

that we have proposed a coupling between WRF and SWIFT. 

o SWIFT, a diagnostic meteorological model is used for zoom 4 on the agglomeration as 

well as the Centro and Miravalle areas, at high resolution, being fed by the results of 

WRF at a higher scale. 

 

3. Site data  

Combined to the dynamic data, it allows computing the dry deposition of pollutants and turbulence in 

street scale modeling. 

 

4. Dispersion Modeling:  

This module takes as input the emission files and meteorological fields in order to calculate the chemistry 

and transport of pollutants. The dispersion models are CHIMERE and FARM as well as PMSS (Parallel 

Micro SWIFT SPRAY) on the Centro and Miravalle zooms. 

o CHIMERE (multi-scale chemistry-transport model) is used for the calculation of 

atmospheric dispersion of pollutants on domains 1 to 3. The use of the CHIMERE 

calculation code up to resolutions of the order of 1 km x 1km is not very used, as much 

for reasons of computation time (the complete chemistry is all the slower to solve as the 

spatial and temporal resolution increases), than because of certain internal limitations of 

the code itself (terms of horizontal diffusion and topography poorly represented). For an 

urban simulation of relatively small local or regional domains (up to 100 km in size) 

defined as Domain 4, it is more advantageous to choose the FARM code. At the street 

level, we will choose the SPRAY model which makes it possible to represent very small 

scale phenomena. 

o FARM, Eulerian model of chemistry-transport (photochemistry taken into account), is 

used for urban sites and allows to go down to the resolution of 1 km² (list of references 

can be found at http://www.farm-model.org/publications/). 

Figure 3: Emission sources included in the Guadalajara inventory: industries, road traffic and area 

sources from left to right 
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o SIRANE is a Gaussian dispersion pollutants model combined with a road network model, 

consisting of different theoretical parametrisations of the transport process in the urban 

canopy and a parametrisation of the atmospheric boundary layer. 

o SPRAY, a three-dimensional Lagrangian-type particle dispersion model, is 

recommended for industrial sites and traffic areas, and allows very high resolutions to be 

achieved (a few meters if necessary). 

 

Figure 4 : Example of SIRANE output results : NO2 concentrations over the Guadalajara city  

 

In forecast mode, the ARIA Regional system provides information on air quality (ozone, nitrogen dioxide, 

particles) up to 48 hours in advance. 

 

5. Outputs:  

o Web API 

Air quality forecast results are displayed through a web API. It includes the calculation of the Mexican 

Air Quality Index. 

 

Figure 5: Example of outputs over the 3 CHIMERE domains (O3 concentrations) 

 

 

o Emission scenarios and model evaluation 

In prospective mode, a dedicated web platform is being designed in order to allow the SEMADET to 

launch emission scenarios. It is thus possible to test the impact of measures intended to improve air quality 

(urban travel plan, limitation of discharges, modification of the rolling stock, limitation of industrial 

discharges, composition of fuels, etc.). 
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The evaluation of model performances can be done using statistical tools such as COMBAS (developed 

by ARIA Technologies) that we delivered to the client. As an example, a first evaluation of ozone 

concentrations at the Miravalle station is presented below. 

 
Figure 6: CO concentrations evaluation for Miravalle station for the January and May episodes 

(modeled results are in green and measured in red) 

 

o Health impact index 

In order to go further than the Air Quality Index and to include the vulnerability dimension, we 

implemented an index – iAIRED - based on social-demographic-economic and healthcare access-

epidemiology factors mapping. The use of such index will support the operational definition of region 

priorities for specific management and surveillance actions on public health resources and risk 

communication. iARED is an index inspired by the Chicago’s Air Quality Health Index mapping 

methodology.  

 

Figure 7: The Health impact index methodology 

 

o Micro-sensors fleet 

In addition to the information generated locally by 10 monitoring stations, this project includes the 

installation and integration of data from 30 mobile sensors and 10 fixed sensors, in the industrial zone of 

Miravalle and in the central Centro of Guadalajara area. The whole system is being integrated in an 

information platform hosted at the University of Guadalajara.  
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Figure 8: Visualization platform of the measurements provided by the sensors 
 

 

CONCLUSIONS 

The objective of the AIRED project was to set up an air quality modeling platform for the city of 

Guadalajara, in the state of Jalisco in Mexico. This platform, including the implementation of innovative 

measurement tools (fixed and mobile micro-sensors on vehicles), constitutes both an operational tool for 

the state of Jalisco and a showcase of technologies French companies in the field of the "Sustainable 

City". The channel is operational 24/7 on the CADS servers for forecasts up to 48 hours and a results 

visualization platform has been deployed to allow SEMADET to communicate on the state of air quality.  
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Ozone and aerosols production is favoured in the Iberian Peninsula due to its high solar radiation and 
temperatures and high pollution levels. Volatile organic compounds (VOCs) are key factors in the 
atmospheric chemistry reactions that can lead to higher levels of tropospheric ozone and particulate matter, 
however very little is known about the dynamics of these compounds in the Iberian Peninsula leading to a 
gap of understanding in the involved atmospheric chemistry. To solve this gap, we present preliminary data 
from the first long-term series of VOCs in two ACTRIS experimental sites, the Montseny Natural Park and 
Barcelona Palau Real for the 2021-2022 period. The Montseny site is a background site located in a rural 
house inside a holm oak forest 60km away from Barcelona city whereas the Barcelona site is considered an 
urban site and is one of the RI-Urbans project site for the 2022-2023 period. Due to sea breeze every day 
wind masses change bringing the oxidized polluted air masses to the background site. The combination of 
the measurements at these two sites provides potential pathways to explore atmospheric chemistry and to 
understand the interaction between the biogenic and anthropogenic VOCs and how this can alter 
atmospheric chemistry. 
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INTRODUCTION 

Semi-volatile organic compounds (SVOCs) are trace contaminants with a vapour pressure comprised 

between 10-9 and 10 Pa that have been characterized by their negative effects on the environment and human 

health. SVOCs are divided between the persistent organic pollutants (POPs) and the chemicals of emerging 

concern (CECs). POPs include polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs), 

polybrominated diphenyl ethers (PBDEs) or polychlorinated dibenzo-p-dioxins and polychlorinated 

dibenzofurans (PCDD/Fs). POPs have been recognized as persistent, bioaccumulative, toxic and prone to 

long-range atmospheric transport. As a consequence, they are regulated by the Stockholm Convention which 

aims to restrict their emissions in order to protect human health and the environment. CECs include novel 

flame retardants (NFRs), currently-used pesticides (CUPs) or polycyclic aromatic hydrocarbons (PAHs) and 

their nitrated and oxygenated derivatives (NPAHs and OPAHs).  

SVOCs can be emitted into the air by a variety of sources including combustion from biomass or traffic (i.e. 

PAHs, PCDD/Fs), agriculture (i.e. OCPs and CUPs) or production and utilization of consuming products 

(i.e. PBDEs, NFRs). Due to their semi-volatile properties, SVOCs partition between the particulate and the 

gaseous phases depending on their physico-chemical properties (e.g. vapour pressure, octanol-air 

partitioning coefficient), the meteorological conditions (e.g. temperature, relative humidity) and the 

concentration and composition of ambient particles (Pankow, 1987; Lohmann and Lammel, 2004; Qiao et 

al., 2020). On the particulate phase, SVOCs can be sorbed on ultrafine, fine and coarse particles which have 

an aerodynamic diameter of <0.01 μm, <2.5 μm and >2.5 μm, respectively. The gas-particle partitioning 

and particle size distribution of SVOCs are crucial processes as they will affect their removal pathways (e.g. 

photolysis, degradation, wet and dry deposition) and thus their atmospheric residence time which is 

influencing their potential for long-range atmospheric transport (Bidleman et al., 1986). SVOCs present in 

the air can be transferred via wet and dry deposition to other environmental media such as soil, water or 

vegetation, from which they can further volatilize. POPs have the particularity to undergo a series of 

volatilizations and subsequent depositions, also known as the “grasshopper effect ” (Wania and Mackay, 

1993; Gouin et al., 2004), which enhances their potential for long-range atmospheric transport to remote 

sites. Indeed, many POPs and several CECs have been found in the Arctic air (AMAP, 2017; Balmer et al., 

2019). 

In this study, I will present several past and on-going projects focused on the atmospheric processes (i.e. the 

particle size distribution, the gas-particle partitioning, the air-surface exchange as well as the long-range 

atmospheric transport) driving the environmental fate of SVOCs. In particular, I will highlight how these 

studies benefited from the support of several research infrastructures (RIs) such as ACTRIS-RI and 

RECETOX-RI.  
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METHODS 

The methodologies used for the studies on the particle size distribution, gas-particle partitioning  and air-

surface exchange of SVOCs have been described elsewhere (Degrendele et al., 2014, 2016a,b, 2018, 2020; 

Okonski et al., 2014; Paragot et al., 2020; Nežiková et al., 2021). The long-range atmospheric transport of 

pesticides was investigated within the Pan-European Study of Pesticides long-range Atmospheric Transport 

(PESPAT). PESPAT took place simultaneously at 29 sites in 17 European countries (Figure 1) in spring 

2020. The sampling sites, which were belonging to the ACTRIS-RI and to the European Monitoring and 

Evaluation Programme (EMEP), were defined as polar (n=3), mountain (6), coastal (6) and rural (14) based 

on geographical location and land use. More than 150 samples (particles on quartz fiber filters and gases (at 

six sites only) on a PUF/XAD/PUF sandwich) were collected using low or high-volume air samplers and 

were Soxhlet-extracted, purified and analyzed by chromatography (liquid and gas) coupled to tandem mass 

spectrometry at the RECETOX-RI and the Laboratory of Chemistry and Environment (Aix-Marseille 

University). In total, 101 CUPs were analyzed including 36 insecticides, 37 herbicides and 28 fungicides. 

  

Figure 1. Map of the ACTRIS and EMEP sites participating to the PESPAT study. 

RESULTS 

Concerning the particle size distribution, most SVOCs investigated (i.e. PAHs, PCDD/Fs, PCBs, PBDEs, 

NFRs, OCPs and CUPs) showed a strong accumulation in the fine fraction, with 35-91% association with 

particles <0.95 µm. However, four CUPs were found predominantly on coarse particles, with 45-70% 

association with particles >3.0 µm. 

Regarding gas-particle partitioning, the particulate mass fractions of individual SVOCs were generally 

increasing with decreasing vapour pressure and temperature. For pesticides, the gas-particle partitioning of 

CUPs was influenced by adsorption onto mineral surfaces while for OCPs or other apolar SVOCs, 

absorption into particulate organic matter seemed to be the dominant mechanism.  

Concerning air-surface exchange, revolatilization from the soil was found to control the atmospheric 

concentrations of PAHs, PCBs, OCPs and PBDEs at a background site. Diurnal variations in the direction 
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of the soil-air exchange were found for few SVOCs, with volatilization during the day and deposition during 

the night.  

Regarding long-range atmospheric transport, the preliminary results (i.e. 51 CUPs only) from PESPAT 

highlighted the widespread presence of pesticides in European air. In particular, several CUPs were found 

at polar sites suggesting that these substances are prone to long-range atmospheric transport. 

CONCLUSIONS 

The use of ACTRIS-RI enabled the characterization of key atmospheric processes driving the environmental 

fate of SVOCs and, therefore, the determination of environmental and human exposure to SVOCs. However, 

one should keep in mind that the atmospheric compartment (and the contaminants present in it) is only one 

of the many factors affecting human health as described by the exposome. Indeed, the exposome 

encompasses life-course environmental exposures (including lifestyle factors) from prenatal period forward 

that contributes to the development of chronic diseases (Wild, 2005; Zhang et al., 2021). Therefore, 

understanding the exposome needs a shift from addressing the individual determinants of health to the 

interdisciplinary assessment of a wide range of factors. In particular, it requires a good characterization of 

environment and health by bridging the expertise in environmental and analytical chemistry, biology, 

toxicology, environmental and human exposure, risk assessment, epidemiology, biostatistics, 

bioinformatics, pharmacokinetics, and geospatial modelling. Research infrastructures are key components 

of the development of such knowledge. However, there is a real need to establish a network of sustainable 

research infrastructures enabling the advancement of exposome research in Europe. The research 

infrastructure for EnvIRonmental Exposure assessmeNt in Europe (EIRENE-RI, https://www.eirene-ri.eu/) 

in which ACTRIS_RI is involved, has been developed with that mission and support an interdisciplinary 

human exposome research in a cross-cutting area of environment and health. 
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INTRODUCTION 

INAR RI (Integrated Atmospheric and Earth System Research Infrastructure) is a next generation, integrated 
research infrastructure (RI), where co-located comprehensive and multidisciplinary measurements enable 
studying complicated interaction and feedback processes between different environmental variables, and 
where observations and experimental measurements support each other in a cost-effective way. The strategic 
planning, leading to joint and coherent operation of various measurements, will improve the repeatability of 
research results, maximize the benefits of running costly measurements, and make better use of the existing 
equipment, personnel, and facilities. INAR RI acts as an umbrella RI, taking care of the implementation of 
the national nodes of a group of ESFRI (European Strategy Forum on Research Infrastructures) roadmap 
infrastructures in the environmental domain in Finland, namely ACTRIS (Aerosol, Clouds and Trace Gases 
Research Infrastructure), ICOS (Integrated Carbon Observation System), eLTER (Integrated European 
Long-Term Ecosystem, Critical Zone & Socio-Ecological Research Infrastructure) and AnaEE (Research 
Infrastructure for Analysis and Experimentation on Ecosystems) (see Fig. 1). INAR RI coordinates the 
Finnish national nodes in these ESFRIs to study atmosphere, biosphere, oceans and their interactions. ICOS 
ERIC and ACTRIS head offices (HOs) are located in Helsinki; ICOS ERIC is an independent legal entity 
and closely cooperates with INAR RI, whereas ACTRIS interim head office is led by INAR RI until the 
establishment of ACTRIS ERIC (foreseen in 2022). The activities of the national nodes are aligned by INAR 
RI towards common targets and are benchmarking the conceptual integration of environmental 
infrastructures in European RI landscape. Coordinated and integrated observations in the atmosphere-

147



ecosystem domain will help the societies to respond and find best practices related to climate change, 
mitigation and adaptation, land-use change, environmental degradation and poor air quality.  

 

Figure 1. Different scales and ‘sister’ infrastructures in the umbrella research infrastructure INAR RI. 
Measurement instruments are different for greenhouse gases (ICOS), aerosols, clouds, and reactive trace 

gases (ACTRIS), long-term measurement of ecosystems (eLTER) and experimental measurements of 
ecosystems (AnaEE), but the location and use of instruments is integrated. In practice this means that 
measurements of different environmental components, their interaction and combined effect can be 

studied in same location. ICOS ERIC is not part of INAR RI but is strongly linked via the activities of the 
national ICOS-FI. Note: two ACTRIS-FI sites are located outside Europe. 

NATIONAL FACILITIES AND SERVICES 

INAR RI integrates the nationally operated facilities into a benchmarking RI in atmosphere–ecosystem 
domain. INAR RI has currently 30 sites (17 of them hosting several co-located infrastructures), several 
laboratories and mobile units and two data infrastructures. The cornerstones of INAR RI are the highly 
instrumented core stations like Pallas-Sodankylä GAW (Global Atmosphere Watch) and the SMEAR 
stations (Stations for Measuring Earth surface-Atmosphere Relations), which provide co-location of 
measurements for the four environmental ESFRIs. The Flagship station is SMEAR II in Hyytiälä, with 
operational, integrated research services across all these ESFRIs.  

INAR RI services include open access to comprehensive multidisciplinary long-term atmosphere–
ecosystem observation data, physical and virtual access to the platforms, technical design, and assistance in 
setting up new measurement sites, hands-on training at the platforms, help in troubleshooting instrument 
malfunctions, and beyond state-of-the-art instrument development, in-depth calibration, and development 
and benchmarking new technologies. 

RI DEVELOPMENT 

INAR RI community has been systematically working for two and half decades towards building an 
internationally leading, integrated multidisciplinary research environment for atmospheric and Earth system 
science to study biosphere-aerosol-cloud-climate-air quality interactions. In 2014–2020, the INAR RI 
community has built, developed and upgraded the INAR RI sister infrastructures ACTRIS-FI, ICOS-FI, 
LTER-FI and AnaEE-FI in Finland, to enable top-level science and to meet international protocols and 
standards in different distributed environmental RIs. In 2021–2025, INAR RI will further develop and 
upgrade the existing sites to guarantee and improve the representativeness and to safeguard the quality of 
the comprehensive measurements: the 13 ICOS-FI sites, out of which 11 sites are already certified for the 
ICOS label and the rest are under that process; the 15 ACTRIS-FI sites to be certified for the ACTRIS label 
within the coming years; the 12 ecosystem sites that contribute to eLTER (preparatory phase) and 12 to 
AnaEE (operational phase since 03/2022) in Europe. Many of these sites are co-located and thus different 
environmental components, their interactions and combined effects can be studied at the same location 
which yields considerable added value for the investments. In the next years, also new sites are established, 
data infrastructure will be developed and co-location will be improved. 
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Furthermore, Finland has an important role in the European level development of these distributed RIs. 
Finland hosts ICOS ERIC and is leading the ACTRIS interim phase and is committed to host ACTRIS 
ERIC, as well as three ACTRIS European Topical Centre Units and one Data Centre Unit. Currently, 13 
countries are on board in the ACTRIS ERIC to be established. Within eLTER, the Advanced Community 
Project, eLTER PLUS, is coordinated by INAR RI. The leading role of INAR RI in eLTER PLUS mandates 
us to conduct a performance test of eLTER by challenging, assessing and strengthening its operations and 
stakeholder engagement in European scale. Additionally, INAR RI personnel are key part of the 
environmental ESFRIs ENVRI community developments in the European level.  
 
INAR RI is also collaborating and finding synergies with other European RIs such as EPOS (European Plate 
Observing System), EMBRC (European Marine Biological Resource Centre) and CERN (European 
organization for Nuclear Research). 
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BACKGROUND 

Current observations are usually fragmented into 1) greenhouse gases, 2) aerosols, 3) air quality, 4) trace 
gases, 5) ecosystems and 6) climate, and the different scientific communities do not typically collaborate or 
even communicate with each other - although these kind of barriers do not exist in nature. However, in order 
to produce reliable data and in-depth understanding, we need an integrated approach to be able to answer 
global grand challenges like climate change, air quality, water and food supply. Such integrated approach 
would also be effective in impact and economy point of view. Therefore, we have developed a SMEAR 
(Stations for Measuring Earth surface Atmosphere relations) -concept. 
 
During the past ten years, the SMEAR II station in Hyytiälä, Finland, has contributed to several Pan-
European research infrastructure that are currently in the ESFRI Roadmap, including ICOS (Integrated 
Carbon Observation System), ACTRIS (Aerosols, Clouds, and Trace gases Research Infrastructure), AnaEE 
(Infrastructure for Analysis and Experimentation on Ecosystems), and eLTER (Integrated European Long-
term Ecosystem, critical zone and socio-ecological system Research Infrastructure). SMEAR has provided 
high-quality data, trans-national access, and contributed to the development of advanced technologies in 
many research fields. Due to its comprehensive concept, SMEAR is capable for providing data also to 
several global Earth Observation systems and networks, such as to WMO GAW, GEO-GEOSS, FluxNet, 
AERONET and SolRad-Net. 
 

POTENTIAL BENEFITS OF CO-LOCATION 
 
There are several benefits that can be, and has already been, gained by the integration of scientific domains 
and co-location of diversity of methodologies and measurements (comprehensiveness). The most important 
impact of such integration and co-location can be seen in scientific results, including quantification of 
feedback loops, detailed understanding of biogeochemical cycles (e.g. water and carbon cycles), 
understanding gas-to-particle conversion in a quantified way, and understanding interlinks of several 
processes. Actually, it seems that the key in very many feedback loops and biogeochemical cycles is what 
happens in a molecular and cluster level (the particle diameter range < 1–3 nm).  
 
The information from different environments in all around the globe is, besides scientists and scientific 
communities, also crucial for policymakers and other stakeholders. There are also side benefits: for example 
the same staff can be utilized with several infrastructures simultaneously due to co-location. On the other 
hand, also the scale and opportunities for training new generation of scientists to use big data provided by 
SMEAR stations is important. Using the SMEAR-concept globally enables us to perform global feedback 
loop analyses, to find out new interactions, feedbacks and processes, and to collect new big data for future 
use to answer questions that we even cannot foresee yet (see also Kulmala, 2018). 
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CARBONSINK+ 
 
As an example of the effectiveness of the integrated approach, we utilise the recently developed 
CarbonSink+ (Kulmala et al., 2020) concept. Forests cool the climate system by acting as a sink for carbon 
dioxide (CO2) and by enhancing the atmospheric aerosol load, whereas the simultaneous decrease of the 
surface albedo tends to have a warming effect.  Using the boreal forest environment (SMEAR II station) as 
an illustrative example, we estimated that accounting for the CarbonSink+ enhances the forest CO2 uptake 
by 10–50 % due to the combined effects of CO2 fertilization and aerosol-induced diffuse radiation 
enhancement on photosynthesis. We further estimated that with afforestation or reforestation, i.e. replacing 
grasslands with forests in a boreal environment, the radiative cooling due to forest aerosols cancels most of 
the radiative warming due decreased surface albedos. These two forcing components have, however, relative 
large uncertainty ranges, resulting in large uncertainties in the overall effect of CarbonSink+. In future, it is 
crucial to study the CarbonSink+ in different environments globally. 
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Atmospheric aerosol particles represent a major environmental risk factor for human health and its study 

in the short- and long-term is of crucial importance to understand weather and the climate system. 

At the Istituto di Metodologie per l’Analisi Ambientale of the Italian National Research Council (CNR-

IMAA) is operative since 2000 an advanced remote sensing atmospheric observatory, called CIAO (CNR-

IMAA Atmospheric Observatory) (Madonna et al., 2011). 

CIAO is located in Tito Scalo, Potenza, Southern Italy (40.60° N, 15.72° E, 760 m asl) in a plain surrounded 

by low mountains (<1100 m asl), less than 150 km from the West, South and East coasts. It operates in a 

typical mountain weather strongly influenced by Mediterranean atmospheric circulation, resulting in 

generally dry, hot summers and cold winters. Due to its features, the site is particularly interesting for 

studying aerosol properties, especially those of natural origin such as desert dust, volcanic aerosol and 

biomass burning. In fact, this site is affected by a quite large number of Saharan dust intrusions per year 

(Mona et al., 2006) and it is located 300 km far from the Etna volcano (Pappalardo et al., 2004).  

CIAO consists of a combination of advanced systems able to provide high-quality long-term observations 

of aerosol and cloud properties such as lidars, radars, ceilometers, radiometers and currently, it represents 

one of the largest ground-based remote sensing station in the Mediterranean Basin and is one of the main 

atmospheric observatories in Europe (Madonna et al., 2011). 

Profiling measurements are valuable for investigating the distribution of aerosol (and other atmospheric 

parameters like clouds or water vapor) in the atmospheric column, however in order to better investigate the 

impact at the surface where the most of human activities are carried out as well as the impact of aerosol on 

the ecosystems, measurements at ground level are fundamental. At ground level indeed in situ measurements 

provide information where the remote sensing techniques are typically blind.  

Additionally, laboratory measurements, like chemical analyses on collected samples, give a better insight 

about the sources of the observed particles. Aerosol in situ measurements, even if limited in space and time 

coverage, are the only way to describe into detail aerosol population characteristics such as mass, size 

distribution, and chemical composition. 

Synergistic approaches combining aerosol profiling and aerosol in situ measurements are a powerful tool 

for addressing relevant open question in aerosol research field like aerosol typing and aerosol impact 

estimations.   

In this context, the CIAO observatory is currently under upgrade including a laboratory for the aerosol in 

situ measurements and characterization. This is funded by an Italian project (PER-ACTRIS-IT) aiming to 

the enhancing of Italian contribution to ACTRIS. This aerosol in situ facility will be proposed as ACTRIS 

National Facility for the aerosol in situ component.  

The CIAO aerosol in situ sampling station is located in a shelter outside CNR-IMAA institute (Figure 1).  
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Figure 1. Location of CIAO in situ measurement station and internal plan of the shelter. 

 

The station will be equipped with several on-line instruments for the aerosol observations as described in 

the follow. 

Under a common shared PM10 inlet, there are: 

 a “dual spot” aethalometer (AE33, Magee Scientific) for the measurement of the aerosol light 

absorption at seven different wavelengths (370-950 nm) and the corresponding equivalent black 

carbon mass concentration (eBC); 

 a Multi Wavelength Integrating Nephelometer (Aurora 3000, Ecotech) for the measurement of the 

aerosol scattering (σscat) and backscattering (σbscat) coefficients; 

 an Aerodynamic Particle Sizer (3321, TSI) to measure the size distribution of particles in the range 

0.5-20 µm. 

Under a common shared PM2.5 inlet, there are: 

 a Time-of-Flight Aerosol Chemical Speciation Monitor (TOF-ACSM, Aerodyne research) for the 

on-line measurement of inorganic (nitrate, sulfate, chloride and ammonium) and organic aerosol 

(OA) concentrations; 

 a Scanning Mobility Particle Sizer SMPS (3938, TSI) to provide the particle number size 

distribution of atmospheric aerosol in the size range from 10 to 800 nm (electrical mobility 

diameter). 

In addition, the station will be equipped with a PMx Monitor (EDM 180, GRIMM) able to provide real-time 

measurement of PM10, PM2.5, PM1 mass concentration, total counts (TC), and particle number size 

distribution into 31 classes (0.25-32 µm). 

Finally, two PM samplers (SWAM 5a-Dual Channel Monitors, FAI Instruments) will be used for the 

continuous simultaneous sampling of PM10, PM2.5 and PM1 on filters and the measurement of their mass 

concentration by beta attenuation analysis. In particular, each sampler is equipped with two independent 

sampling lines so that two different PM fractions can be collected on independent filters simultaneously. 

 

The filters will be then chemically analysed by the following two instruments located in a chemical 

laboratory at CNR-IMAA : 

- an Inductively Coupled Plasma Optical Emission Spectrophotometer ICP-OES (5800, Agilent) to 

determine the qualitative and quantitative elemental composition of the metals present in the 

atmospheric particulate 

- a Multi-Wavelength OC/EC Analyzer (DRI model 2015, Magee scientific) to quantify organic carbon 

(OC) and elemental carbon (EC, closely related to Black Carbon, BC). It monitors both the optical 

transmittance and optical reflectance of the sample simultaneously at 7 wavelengths.  

The combination of the on-line and off-line measurements represents a key feature of the observatory. 

Indeed, the integration of the physical characteristics of the atmospheric particulate with its chemical 

composition in terms of metals, elemental carbon and organic carbon, provides a complete characterization, 

which is essential to comprehend the source and the evolution of particulate matter. Lastly, an ICOS Class 
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1 station will be established in proximity of the ACTRIS site by the end of 2022, thus enabling the 

remarkable possibility of synergic investigation of atmospheric aerosol and greenhouse gases 

The acquisition of all this information at CIAO in conjunction with aerosol profiling will allow  

 to investigate aerosol characteristics at the ground for special cases like desert dust, volcanic 

eruption, biomass burning as identified by lidar measurements 

 to characterize the typical aerosol chemical and dimensional properties at CIAO 

 to assess the uncertainties in the microphysical retrievals using lidar (+ photometer) observation  

 to enhance the aerosol typing methods developed by CIAO team (Papagiannopoulus et al., 2018) 

 to better understand the processes of vertical transport of the particles to the surface 

Measurements at CIAO aerosol in situ facility are planned to start in the second half of 2022. Plans for 

facility implementation and for first measurement campaigns will be presented at the conference. 

ACKNOWLEDGEMENTS 

This work was supported by MIUR (Italian Ministry of University) PON Ricerca e Innovazione 2014-2020 

– PER-ACTRIS-IT – “Potenziamento della componente italiana dell'Infrastruttura di Ricerca Aerosol, 

Clouds and Trace Gases Research”, and by the CIR01_00015 - PER-ACTRIS-IT “Potenziamento della 

componente italiana della Infrastruttura di Ricerca Aerosol, Clouds and Trace Gases Research Infrastructure 

- Rafforzamento del capitale umano” - Avviso MUR D.D. n. 2595 del 24.12.2019 Piano Stralcio “Ricerca 

e Innovazione 2015-2017” and the CIR01_PRO-ICOS_MED “Potenziamento della Rete di Osservazione 

ICOS-Italia nel Mediterraneo - Rafforzamento del capitale umano” - Avviso MUR D.D. n. 2595 del 

24.12.2019 Piano Stralcio “Ricerca e Innovazione 2015-2017”. 

 

REFERENCES 

Mona, L., Amodeo, A., Pandolfi, M., and Pappalardo, G. (2006). Saharan dust intrusions in the 

Mediterranean area: three years of Raman lidar measurements, J. Geophys. Res., 111, D16203. 

Papagiannopoulos, N., Mona, L., Amodeo, A., D’Amico, G., Gumà Claramunt, P., Pappalardo, G., Alados-

Arboledas, L., Guerrero-Rascado, J. L., Amiridis, V., Kokkalis, P., Apituley, A., Baars, H., Schwarz, 

A., Wandinger, U., Binietoglou, I., Nicolae, D., Bortoli, D., Comerón, A., Rodríguez-Gómez, A., 

Sicard, M., Papayannis, A., and Wiegner, M. (2018). An automatic observation-based aerosol typing 

method for EARLINET, Atmos. Chem. Phys., 18, 15879–15901, https://doi.org/10.5194/acp-18-

15879-2018. 

Pappalardo, G., Amodeo, A., Mona, L., Pandolfi, M., Pergola, N., and Cuomo, V. (2004). Raman lidar 

observations of aerosol emitted during the 2002 Etna eruption, Geophys. Res. Lett., 31, L05120. 

Madonna, F., Amodeo, A., Boselli, A., Cornacchia, C., Cuomo, V., D’Amico, G., Giunta, A., Mona, L., and 

Pappalardo G. (2011). CIAO: the CNR-IMAA advanced observatory for atmospheric research, 

Atmos. Meas. Tech., 4, 1191. 

 

154



INTERGRATING IRELAND ‘S ACTRIS, ICOS AND EMEP ACTIVITIES 

D. MARTIN1, D.CEBURNIS1, K.N.FOSSUM1, J.OVADNEVAITE and C.O’DOWD1 

 

1School of Physics, the Ryan Institute’s Centre for Climate & Air Pollution Studies and Marine 
Renewable Energy Ireland, National University of Ireland Galway 

 
Keywords:   Mace Head, ACTRIS, ICOS, EMEP 

 

INTRODUCTION 

Ireland has recently established a nationwide Atmospheric Composition and Climate Change (AC3) network 
which aims to integrate ACRTIS compliant aerosol observations, GHG’s (CH4 and CO2-made under the 
preparatory phase of the ICOS (Integrated Carbon Observing System) programme), and EMEP monitoring 
made at a number of sites in addition to the flagship site at Mace Head (MHD). These collocated 
ACTRIS/ICOS/EMEP sites (Malin Head (MLH), Carnsore Point (CRP), Dublin (UCD) and Oak Park 
(OKP). The consolidation of activities within one umbrella network represents an opportunity to maximise 
integration and involvement in research infrastructures. 

METHODS 

SITES 

The flag ship Mace Head atmospheric research site, on the Galway coast, is the primary site in the national 
atmospheric observation infrastructure.  Since its establishment in the 1950s it has developed into a leading 
global location for atmospheric observations. It hosts a suite of observations designed to provide data that 
enable the independent assessment of the effectiveness of international policies on atmospheric protection 
including for the UN Framework Convention on Climate Change, the Vienna Convention/Montreal Protocol 
on upper atmosphere ozone depletion and the UNECE Convention of Long Range Transport of Air Pollution 
and its associated protocols.  

 

Figure 1 Mace Head Research Station 

 

 

OTHER SITES 
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Carnsore Point is a headland located at what could be considered to be the extreme south-eastern tip of 
Ireland in Co. Wexford. This station is located at approximately 52° 10′ N, 6° 21′ W at an elevation of about 
9 m above mean sea level. The site has clear uninhibited exposure to a southeast through west-southwest 
marine sector and the dominant prevailing winds are south-westerly. The area is remote and there are no 
dwellings close to the site. 

The Malin Head site is a Met Eireann Weather Observing Station situated on a well elevated site at 
about 22 m above mean sea level and located at approximately 52° 22′ N, 7° 20′ W with panoramic exposure 
to the North Atlantic off the north Donegal coast. The dominant prevailing winds are reasonably uniformly 
spread over a sector stretching from westerlies to southerlies with lesser but significant occurrences from 
both northerly and easterly directions. The station has ample exposure to both clean background and polluted 
airflows in a broad range of meteorological conditions. 

The UCD site is the flagship site for the ACSM/AMS subnetwork (known nationally as 
AEROSOURCE). This site is located in the residential South-side of the larger Dublin city area on UCD 
campus at approximately 53° 18′ N, 6° 13′ W. Measurements are taken from the roof of a multi-storey 
building at a total altitude of 35 m above mean sea level. The prevailing wind direction is westerly and the 
site is considered an urban background site, although due to its location the site is exposed heavily to 
localised anthropogenic influence especially during stagnant wind conditions. 

 
 

NETWORK INFRASTRUCTURES 

ACTRIS COMPLIANT OBSERVATIONS 

ACTRIS compliant High-Resolution Time-of-Flight Aerosol Mass Spectrometer (HR-ToF-AMS) and 
ACSM (Aerosol Chemical Speciation Monitor) measurements are made across the AC3 network (Lin et al., 
2020). High time-resolution concentrations and associated composition of particulate matter (PM) are 
observed in Ireland at three strategic sites in parallel: Mace Head (MHD), Dublin at University College 
Dublin (UCD), and Carnsore Point (CRP) (Figure 2). The non-refractory composition is measured by HR-
ToF-AMS at MHD and by ACSM at UCD and CRP. The UCD site participates in the near-real-time data 
acquisition project hosted by the Aerosol chemical monitor calibration Center (ACMCC) that is part of the 
ACTRIS-ERIC European Centre for Aerosol Calibration and Characterisation (ECAC).  

 

                               Figure 2 Location of ACTRIS compliant ACSM measurements 
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ICOS IRELAND 

The 2015 Paris Agreement aims to achieve the objective of the UN Framework Convention on Climate 
Change (UNFCCC), i.e., to prevent dangerous and irreversible climate change, through the collective 
actions of its Parties. These include balancing global greenhouse gas (GHG) emissions and removals during 
this century. Actions to achieve this will be guided by science as well as official reporting and accounting 
systems which inform and guide policy actions and their effectiveness.   Ireland is a Party to the UNFCCC 
and the Paris Agreement and aims to achieve significant reduction of carbon dioxide emissions by 2050 as 
well as neutrality for emissions from agriculture and the land sector, which is responsible for significant 
removals of carbon dioxide.   Agriculture and land use are complex areas and current understanding of how 
they may achieve neutrality is incomplete. The system, termed ICOS-Ireland, aims to expand national infra-
structure and capacity by building on;   

• Scientific understanding of GHG emissions and removals provided by research investment since 
the 1980’s at national, European and global levels  

• The national observational infrastructure and support systems that have been developed over this 
period, including key global sites such as Mace Head, and key ecosystem sites  

• The parallel development of European observational infrastructures and initiatives including the 
ICOS European Research Infrastructure and Copernicus   

• The increasing recognition of the potential and capacity to provide robust top down analysis of 
emissions and removals to support and enhance official reporting and accounting including by the 
IPCC 

 
Figure 3 shows the AC3 ICOS compliant atmospheric GHG (CO2 and CH4) monitoring sites (Ramonet et 
al., 2020) 

 

Figure 3 Location of ICOS compliant GHG measurements 

EMEP 

The Convention on Long-Range Transboundary Air Pollution (CLRTAP), signed in 1979, is one of the 
central means for protection of our environment. It establishes a broad framework for co-operative action 
on reducing the impact of air pollution and sets up a process for negotiating concrete measures to control 
emissions of air pollutants through legally binding protocols. In this process, the main objective of the EMEP 
programme (Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission of 
Air Pollutants in Europe) is to regularly provide governments and subsidiary bodies under the LRTAP 
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Convention with qualified scientific information to support the development and further evaluation of the 
international protocols on emission reductions negotiated within the Convention. monitoring capacity for 
Ireland was established as part of the Irish contribution to the EMEP monitoring under the Convention 
(CLRTAP) (Leinert et al., 2008)  Aerosol measurements include atmospheric aerosol total number 
concentration (cm-3), black carbon mass loading (ng m-3), total particulate mass (PM10), aerosol light 
scattering coefficient and daily high-volume bulk filter samples for PM10 chemical analysis. 

Shown in table 1 are the main AC3 stations and their network assignations. 

Site Networks 
Mace Head (MHD) ACTRIS, ICOS,EMEP 

Carnsore Point (CRP) ACTRIS, ICOS,EMEP 
Malin Head (MLH) ICOS, EMEP 

Dublin (UCD) ACTRIS 
Oak Park (OKP) EMEP 

 
Table 1. Comparison between theoretical predictions and experimental measurements. 

CONCLUSIONS 

The Atmospheric Composition and Climate Change network (AC3) is an established valuable national 
research and monitoring infrastructure that is being developed incrementally and monitors aerosols,  
Greenhouse Gases (GHG’s) and Short Lived Climate Forcers (SLCF’s) in line with best practice from both 
pan European and Global monitoring programmes including ACTRIS, ICOS and EMEP. Station 
infrastructure, instrumentation, visualisation and IT infrastructure have all been significantly improved. 
Given both the national and international importance of climate change, it is critical to maintain a level of 
investment in infrastructure, analytical systems and associated measurements to ensure Ireland is at the 
forefront of this critical area. 
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INTRODUCTION 

Pallas catchment is located at 68°N in Finland, 130 km north from the Arctic Circle and is the most 

northern research catchment not influenced by permafrost. This makes it a possible analog to 

permafrost catchments of the future. Light absorbing impurities in snow, such as black carbon 

(BC), can initiate or enhance snow melt. In clean background areas, surface snow BC 

concentrations are most often < 20-30 µg/l, and these can rise due to melt processes, when water-

insoluble impurities accumulate to snow surface. The role and amount of organic carbon in snow 

(OC, including brown carbon BrC) is less known. 

METHODS 

Our aim was to investigate the atmospheric deposition and enrichment of black carbon in snow in 

Pallas catchment. In addition to BC, OC and total carbon (TC, as the sum of BC and OC) contents 

in snow and in melt water samples were analyzed in samples collected in the Pallas catchment 

during one winter and springtime melt season of 2019. It was of interest to detect BC, OC, and TC 

concentrations in snow during the snow accumulation period, and then following what happens to 

these between snowmelt initiation and the peak flow. The method of snow and water sampling, 

filtering and analysis was according to Meinander et al. (2020). The OCEC thermal optical method 

was used for the carbon analysis. It is the European standard for atmospheric elemental carbon 

(EC). Here EC and BC are used as synonyms for simplicity. 

On 22 February 2019, before snow melt, the surface snow showed BC of < 20 µg/l (min 1.6 and 

max 19.0 µg/l) in 12 sampling locations along the 2,2 km snow survey transect. The bulk snow 

concentrations were < 45 µg/l (min 6.9 and max 44.4 µg/l) and snow depth was 70 - 80 cm. At the 

start of snow melt season, on 30 April, BC values showed higher variability, with a maximum value 

of 428 µg/l on surface snow and two sampling locations with appr. 100 µg/l. Elsewhere, the surface 

concentrations were < 50 µg/l. Snow depth was 37 - 40 cm. On 15-16 May, in the terminal stage 

of snowmelt, the BC detected along the transect was again homongenized, with values < 54 µg/l. 

Snow depth was 16 - 30 cm. The snowmelt lysimeter BC concentrations were < 30 µg/l on 30 April 

and 15 - 16 May.  
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CONCLUSIONS 

 

 
Figure 1. The elemental carbon (EC) contents of surface and bulk snow samples on 22 February 2019, 

before snow melt, along the survey transect of 2.2 km in Pallas research supersite catchment.  

Hence, we detected a notable accumulation of water-insoluble carbonaceous particles of BC in 

surface snow as a result of snow melt. TC in the seasonal snowpack and snowmelt was dominated 

by OC, with an average of 4200 µg/l. In stream water, during snow melt, the carbon compounds 

were found temporally variable, with BC from 0 µg/l (days 24.4.,1.5.,7.5, 8.5.) to 38 µg/l (3.5.), 

and with OC from 455 µg/l (15.5.) to 991 µg/l (24.4.). This indicates that more in depth 

investigation using these data is needed to better understand if water-insoluble carbonaceous 

particles could be rinsed from land to streams during snow melt. We have also water stable isotopes 

from the same samples. 
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INTRODUCTION 

ACTRIS aerosol profile provision in NRT could be a unique opportunity to put in place system for the NRT 
evaluation of dust models. ACTRIS aerosol profile activities started on the heritage of previous expertise 
and implementation will support this action in conjunction with the activities of the World Meteorological 
Organisation (WMO) Regional Center for Northern Africa, the Middle East and Europe of the Sand and 
Dust Storm Warning Assessment and Advisory System (SDS-WAS), known as Barcelona Dust Regional 
Center (www.dust.aemet.es) (Basart et al., 2018). 

ACTRIS aerosol profiling community developed on the heritage of EARLINET (Pappalardo et al., 2014, 
www.earlinet.org) continuing nowadays to support the EARLINET network in all the activities and 
initiatives. Desert dust intrusions involving Southern Europe and the Mediterranean was one of the first 
networking activity into EARLINET. First community paper was an in-depth analysis of Saharan dust 
observations over the network. At that time, measurements were alerted using the models, stations 
performed measurements with their systems which was usually a Raman lidar system working at just one 
wavelength and then data were manually analysed and slowly data were made available on the EARLINET 
database. 

Since 2000, ACTRIS/EARLINET evolved into something more operational, and the expertise gained in the 
last 20 years on desert dust observations and characterization allows for a more detailed analysis and 
potential applications. In the following such methods are shortly described. 

METHODS 

The	 ACTRIS/EARLINET	 component	 counts	 nowadays	 34	 stations	 distributed	 over	 Europe	 and	
beyond	(see	Figure	1).	Additional	3	sites	(reported	in	pink	in	the	maps)	provide	measurements	during	
relevant	event.	Finally,	3	stations	are	in	the	path	for	joining	the	network.		
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Figure	1:	map	of	EARLINET	station	at	March	2022.	
	
	
The	majority	of	the	EARLINET	stations	is	now	equipped	with	multiwavelength	Raman	lidar	system	
with	depolarization	ratio	capability.	This	allows	in	most	of	the	cases	to	identify	the	most	dominant	
type	of	observed	particles	(Papagiannopoulos	et	al,	2018;	Nicolae	et	al.,	2018).	The	depolarization	
capability	is	particularly	relevant	for	discriminating	the	presence	of	aspherical	particles	like	desert	
dust	ones	are.		
	
A	method	 for	 the	 determination	 of	 extinction	 dust	 profile	 is	 based	 indeed	 on	 the	 depolarization	
observational	capability	which	has	been	applied	for	a	systematic	model	evaluation	(see	Mona	et	al.	
2014,	Mytilinaios	 et	 al.,	 2021).	 	 EARLINET	Dust	 Extinction	 Coefficient	 profiles	were	 produced	 by	
separating	 the	 pure	 dust	 from	 the	 total	 aerosol	 profile	 following	 the	methodology	 introduced	 by	
Tesche	et	al.	(2009).	Firstly,	according	to	the	separation	equation	(Tesche	et	al.,	2009;	Eq.	14),	the	
pure-dust	backscatter	coefficient	was	separated	from	the	total	particle	backscatter	(Fig.2.b)	using	the	
particle	depolarization	ratio	(Fig.2.a)	to	distinguish	dust	from	spherical	particles,	assuming	a	particle	
depolarization	ratio	value	at	532	nm	equal	to	0.31	(Freudenthaler	et	al.,	2009)	and	0.05,	for	pure-dust	
and	non-dust	particles	respectively.	Then,	the	pure-dust	extinction	coefficient	(Fig.2.c)	was	computed	
multiplying	 the	 dust	 backscatter	 coefficient	 by	 a	 typical	 lidar	 ratio	 at	 532	 nm	 equal	 to	 55	 sr,	
representative	of	desert	dust	particles	detected	over	Europe	(Papagiannopoulos	et	al.,	2018),	mainly	
originating	in	northern	Africa.	
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Figure	2:	Determination	of	dust	extinction	profile	for	an	EARLINET	profile	measured	at	Potenza	

lidar	station	on	22nd	May	2014.	
	
	

	
This	method	has	been	used	for	model	evaluation	purposes	(see	Mona	et	al.,	2014)	in	terms	of	different	
parameters	 like:	 base,	 top	 and	 center	 of	 mass	 of	 dust	 layers,	 dust	 extinction	 values,	 capacity	 of	
reproducing	 the	 vertical	 distribution	 of	 profiles	 (through	 profiles	 correlation	 coefficient)	 and	
columnar	 dust	 optical	 depth.	 Specific	 methods	 were	 defined	 for	 what	 concerns	 lidar	
observation/model	forecast	collocation.	Additionally,	comparison	case	by	case	as	well	as	long	term	
comparisons	were	carried	out.		Specific	statistical	indicators	have	bene	used	for	the	analysis	of	the	
model	performances	 (root	mean	 square	 errors,	 correlation,	 fractional	 gross	 error,	 bias).	All	 these	
methods	were	extensively	used	also	considering	as	inputs	the	LIVAS	database	(Amiridis	et	al.,	2014)	
based	on	CALIPSO	observation,	and	therefore	providing	a	larger	number	of	observations	compared	
to	EARLINET.		
On	the	basis	of	this	experience,	it	is	clear	the	added	value	of	such	a	simple	method	in	providing	dust	
extinction	profiles	and	its	usefulness	in	model	evaluation.		
	
	

FUTURE	PLANS	AND	CONCLUSIONS	
	
Methods	and	approaches	described	here	for	the	dust	model	evaluation	can	be	furthermore	exploited	
and	 enhanced	 for	 operational	 dust	 verification	 as	 it	 is	 considered	 in	 the	 activities	 of	 the	 WMO	
Barcelona	 Dust	 Regional	 Center.	 The	 potentiality	 of	 NRT	 evaluation	 can	 be	 also	 explored	 taking	
advantage	from	the	advancement	in	ACTRIS	aerosol	profling	NRT	provision	gained	through	a	contract	
for	 NRT	 provision	 to	 CAMS	 (namely	 CAMS21b	 project,	 https://www.actris.eu/how-are-we-
funded/actris-cams).		
Additionally,	 the	 estimation	 of	 dust	 concentration	 profiles	 based	 on	 lidar	 (and	 when	 available	
photometer)	measurements	(Ansmann	et	al.,	2011,	2012)	will	be	explored.	For	this	purpose,	the	dust	
extinction	coefficient	profile	can	be	converted	into	dust	mass	concentration	using	conversion	factors	
for	 particle	 mass	 density	 for	 dust	 (Hess	 et	 al.,	 1998),	 and	 then	 using	 column-integrated	 volume	
concentration	for	the	coarse	particles	and	coarse-mode	particle	optical	thickness	(AOT)	obtained	by	
AERONET	photometer	measurements.	In	case	the	lidar-AERONET	measurements	are	not	collocated	
in	time	/space	and	in	order	to	reduce	potential	uncertainties,	a	mean	coarse-mode	conversion	factor	

a b c d 
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can	be	computed	from	AERONET	observations.	This	latter	approach	has	been	used	for	dust	events	
over	Potenza	station,	which	is	an	EARLINET	station	often	affected	by	dust	 intrusions	(Mona	et	al.,	
2006,	2014).	Using	30	cases	of	dust	events	between	2007	and	2014,	the	mean	volume-to-AOT	ratio	
for	coarse	particles	is	equal	to	0.77	μm.		An	example	of	such	application	is	reported	in	Fig2.d,	while	
Figure	 3	 shows	 correspondingly	 forecasts	 provided	 by	 BSC-DREAM8b	 v2.0	 model.	 This	 example	
shows	how	the	model	well	reconstruct	the	vertical	distribution	of	the	desert	dust.	
	
	
	
	

BSC/DREAM8b	v2.0	
Potenza,	22/05/2014	at	18:00,	24:00	&	23/05/2014	at	06:00	UTC	

	

	
	
	
	
Figure	3:	BSC	DREAM	8b	v2.0	forecast	in	correspondence	of	EARLINET	profile	reported	in	Figure	2.	
	
	
	
	
Dust	mass	concentration	and	extinction	concentration	profiles	can	be	very	valuable	for	an	assessment	
of	 the	 uncertainties	 of	 the	 models	 in	 providing	 vertical	 distribution	 of	 the	 dust,	 which	 is	 really	
important	for	different	socio-economic	sectors	such	as	aviation	and	solar	plant	industry,	but	also	for	
air	quality	and	health.	The	presented	methods	can	be	interesting	also	for	future	applications	including	
the	forthcoming	EarthCARE	satellite	mission	equipped	with	an	advanced	lidar.	Finally,	 it	has	to	be	
considered	that	ACTRIS	is	going	to	be	operational	in	2025,	with	more	frequent	measurements,	many	
24H	operational	systems	and	automatic	data	processing	and	provision,	so	the	development	of	this	
kind	of	approach	could	lead	in	the	future	to	added-value	services	provided	by	this	RI	in	the	next	20	
years.		
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SCIENTIFIC BACKGROUND

The recent evaluation of the Global Burden of Disease (GBD, 2020) points to atmospheric pollution as
the fourth cause of premature mortality in 2019. The global costs associated with air pollution by
particulate matter (PM) were estimated at 4.5% Gross Domestic Product by the World Bank (2016). In
Europe, the European Environmental Agency (EEA) recently reported almost 0.4 million premature
deaths in EU-28 during 2018 (EEA, 2020). The significant efforts in Europe to abate air pollution have
remarkably improved urban AQ, to the extent that, in the last decades, ambient levels of several pollutants
decreased markedly (by more than 80% in the case of SO2). For other pollutants such as NO2 and PM, the
decrease reached 30-50%, especially from 2000 to 2010, but much less since then. The last report of the
EEA (EEA, 2020) shows that in 2018 large proportions of the EU-28 urban population were exposed to
NO2, PM10, PM2.5 and O3 levels exceeding the respective current World Health Organization (WHO) AQ
guidelines. Therefore, to implement adequate policies, there is a need for Europe to engage Air Quality
Monitoring Networks (AQMNs) in more harmonized and thorough initiatives to clarify the relationship
between nanoparticle sources. ambient nanoparticle exposures and health effects.

Climate change and environmental degradation are an existential threat to Europe and the world.
Limiting temperature rise to 1.5-degrees Celsius asserted out in the Paris Climate Change Agreement
means that the world needs to decrease fossil fuel production by roughly 6 % every year between now and
2030. The European Union (EU) and many of its member states have set respective goals to move
towards a low-carbon economy and to cut emissions severely. The European Commission has put climate
action as a core of their European Green Deal. A large share of global and European fossil fuel CO2
emissions originate from urban areas and other hotspots like point sources (Seto et al., 2014).
Furthermore, it is expected that a significant part of future emission reductions will occur in urban areas.

167



ACTRIS AND ICOS

Aerosols, Clouds, and TRace gases Research InfraStructure (ACTRIS) consists of state-of-the-art
atmospheric observation sites providing reliable high-quality data on the variability of aerosols, aerosol
precursors and their complex interactions through remote-sensing and in-situ measurement techniques.
More specifically, ACTRIS has observations on surface aerosol levels, including nanoparticle-size
distribution, PM size distributions, nanoparticles, online (aerosol mass spectrometers and aerosol
chemical speciation monitors ACSM) and offline (filter-based chemistry) chemical composition, Black
Carbon, Volatile Organic Compounds as precursors of PM, nanoparticles and O3, radiative properties of
aerosols, and 4D (3-dimensions and online in time) atmospheric measurements. ACTRIS Topic Centres
(TC) and Data Center (DC) support operations at the observation sites and are responsible for defining
and implementing procedures and tools for quality assurance and quality control of measurements and
data.

ICOS (Integrated Carbon Observation System) is an European distributed research infrastructure
conducting standardized, high-precision and long-term observations and facilitating research to
understand the carbon cycle and to provide necessary infor - mation on greenhouse gases The basis of
ICOS’ operations is the measurement network that comprises close to 150 standardized stations across
Europe. The stations are directly supported by national funding. The stations operate in three distinct
domains: Atmosphere, Ecosystem and Ocean. Each of these three fields has its own Monitoring Station
Assembly (MSA) in which the Principal Investigators of the stations are represented to discuss, develop
and improve the scientific and technical bases of the observations. Within each domain, a Thematic
Centre coordinates the observations and supports the stations. In addition to the Thematic Centres, there
are Central Analytical Laboratories (CALs) that provide gas analyses and calibration gases. ICOS
operations are coordinated by ICOS ERIC, which is a specific legal entity for European RIs created by the
European Commission. ICOS ERIC consists of the Head Office, coordinating the RI operations, and the
Carbon Portal, collecting and distributing ICOS data and derived products.

RI-URBANS AND PAUL

Research Infrastructures Services Reinforcing air quality monitoring capacities in European URBAN &
Industrial areaS (RI-URBANS) bridges the gap between the expertises and capacities of AQMNs and
European Research infrastructures, such as ACTRIS. In practice, the project will develop and demonstrate
Service Tools (STs) from atmospheric Research Infrastructures (RIs) can be adapted and enhanced to
better address the challenges and societal needs concerning air quality (AQ) in European cities and
industrial hotspots. RI-URBANS responds to urgent needs to substantially reduce air pollution across EU
by providing enhanced AQ observations in support of advanced AQ policy assessment. We develop and
enhance synergies between and RIs in the atmospheric domain and combine advanced science knowledge
and innovative technologies to develop pilot STs. These will enhance the AQMNs capacity to evaluate,
predict and support policies for abating urban air pollution. RI-URBANS deploys tools and information
systems in the hands of citizens and communities to support decision-making by AQ managers and
regulators. The focus is on ambient nanoparticles and atmospheric particulate matter, their sizes,
constituents, source contributions and gaseous precursors. RI-URBANS will evaluate novel AQ
parameters, source contributions, and their associated health effects to demonstrate the European added
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value of implementing such STs. The project builds on existing initiatives for advanced research driven
AQ observations at supersites from European cities. Five implemented pilots in 9 cities will demonstrate
the ability to integrate complementary STs in AQMNs and data management using FAIR (Findable,
Accessible, Interoperable, Re-usable) principles. RI-URBANS will address all aspects of sustainability,
including efficient curation, preservation, and provision of access to data, training and capacity building,
and how the use of tools will be secured in the future. Finally, upscaling and sustainability will be
provided to the offered AQMNs-RIs interoperable services, using advanced instrumentation, modelling,
source apportionment, integrated citizens observatories and mobile measurements.

PAUL aims to support the European Green Deal by solving specific scientific and technological problems
related to the observation and verification of greenhouse gas (GHG) emissions from densely populated
urban landscapes. These are fossil fuel emissions hotspots and are therefore at the heart of emission
reduction efforts globally. ICOS Cities (this is our public name for the aims to increase our understanding
of specific needs of greenhouse gas emission assessment in urban environments by comparing available
and novel observational approaches and implementing an integrated concept for a city observatory. The
unique feature however is an innovative approach promoting the co-design principles to create services,
models and observations between city administrators and scientists from multiple disciplines including
social and governmental sciences. This project will open the door for services towards cities that support
evidence-based climate action-related decisions and strategic investments.
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INTRODUCTION 

The Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS) is the Pan-European research 

infrastructure (RI) designed to receive high-quality data and information on short-lived atmospheric 

constituents and on the processes leading to the variability of these constituents in the atmosphere. Research 

on land-atmosphere-ocean interactions based on the RI development for consistent measurements is a key 

for the sustainable development of the Arctic. The Northern Siberian Arctic is a region of high significance 

for climate impact and pollution assessment, and where atmospheric aerosol observations are sparse. The 

development of Arctic research infrastructure providing observations of atmospheric pollution and the 

climate change assessment is a crucial issue in this area. RI-URBANS methodology for improving air 

quality monitoring and aerosol analyses infrastructure is based on developing the Service Tools from 

atmospheric RIs which are adapted and enhanced to meet the challenges and societal needs in European 

cities concerning air quality (AQ), as areas with significant levels of air pollution and associated health 

risks. To enhance and promote unique and relevant research and educational opportunities, the university 

research infrastructure is developing on bases of Lomonosov Moscow State University (MSU) that is 

regionally and globally leading organization in research and higher education.  

METHODS 

MSU Aerosol Network is developed to address the aerosol pollution in both urban area and remote Arctic 

region. Its infrastructure includes the Aerosol Complex located in a Moscow megacity and on the island 

Bely in the Kara sea (Fig. 1). The infrastructure of measuring, sampling and data collection has been 

prepared and tested. Automation and synchronization of the instrumentation support the real-time 

measurements. The basic principles of software for the collection of primary data from the instrumentation 

are determined. Converter programs are being developed that allow the automatic conversion of the source 

data into a format convenient for analysis, taking into account a need for creation of a single database 

coming from various instruments. The structure of the Aerosol Complex website provides multi-level 

access to the data received. Methodological bases for processing the initial data have been developed. 

 

Figure 1. MSU Aerosol Network, Aerosol Complex located in Moscow megacity and on the island Bely in 

the Kara sea 
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Moscow Aerosol Complex of MSU is installed at Meteorological Observatory of Moscow State University 

(MSU), located at the territory of the MSU campus, southwest of Moscow city (Fig. 2). It operates for 

development a scientifically-based methodology for improving air quality monitoring and aerosol analyses 

infrastructure in Moscow metropolitan area (PEEX). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Moscow Aerosol Complex MSU location in southwest of Moscow city 

 

Basic principles of the aerosol sampling are developed on standards, protocols and recommendations of 

GAW and ACTRIS. The upgraded methodology for sampler inlets is used for controlled air sampling. A 

method for analyzing the aerosol microphysical properties is based on measurements the particle number 

and size distribution in a wide range of size, from nano to coarse particles, using a diffusional aerosol 

spectrometer (DAS) and optical particle counter TSI OPS 3330. The correlation analysis between the 

particle volume concentration obtained by the optical particle counter and mass concentration PM10 using 

TEOM 1400 is performed. The average number density of PM10 aerosol fraction is estimated. Spectral 

absorption analysis is applied to obtain the aerosol optical properties and the mass concentration of black 

carbon on the basis of the AE33 (Magee Scientific) aethalometer. 

 

Real-time measurements of aerosol pollution in the Moscow metropolitan area are performed with respect 

to particle numbers, size distribution, PM10 and PM2.5 mass, and black carbon. Complementary 24h 

aerosol samples are provided for chemical analyses of ions, elements, and polyaromatic hydrocarbons. 

Urban source contributions are assessed on-line with the comprehensive chemical and physical aerosol 

characterization. According to observation data obtained from the Moscow Aerosol Complex MSU, the 

strict control measures and social lockdowns initiated in spring 2020 in Moscow megacity have had a 

notable decreasing of aerosol pollution. We assessed the effects of a 5 week lockdown comparing in situ 

measurements of PM10, PM2.5 mass and black carbon (BC) (Popovicheva et al., 2021a).The average 

concentration of PM2.5 and BC has decreased by 42% and 75%, respectively, in comparison to the 

following period of economical restoration in summer 2020. A city traffic decrease led to smoothing of a 

BC diurnal dynamics due to a reduced energy load in the morning hours. Changes in the enterprises 

operating regime affected the redistribution of emissions intensities from working days to weekends. 

During the period of recovery of economic activity in the summer of 2020, the emission intensity has 

increased and the direction of BC sources has changed. Recovery of urban emissions following lockdown 

provides the possibility for quantification of the aerosol pollution in the metropolitan area. 

 

Quantification of Arctic pollution is challenging and always associated with large uncertainty. A new 

research Polar Aerosol Complex of MSU has been installed on the Bely island, in the Kara Sea 

(73°20'7"N,70°4'49"E) in April 2019 (Fig. 3). It is located along the main pathway of the air masses entering 

the Arctic from the largest gas flaring regions of Northwestern Siberia, thus, a preferable location for 

measurements and model evaluations of anthropogenic impact. Ground-based in situ black carbon 

measurements as well as physico-chemical aerosol parameters are continuously performed at “Bely island” 

Aerosol Complex (Popovicheva et al., 2021b). Air pollutant transport is simulated, with the aim to identify 

the geospatial source origins of Siberian Arctic pollution, and the respective portions of anthropogenic and 

wildfire contributions. Simulations of BC in the proximity of Siberian gas flaring regions provide credibility 

in BC emission inventories at high northern latitudes. 

    AEROSOL 

COMPLEX MSU 
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Figure 3. Polar Aerosol Complex MSU location on Bely island 

 

CONCLUSIONS 

MSU response to ACTRIS and RI-URBAN methodology for the RI implementation with the developing 

of the aerosol infrastructure in both the most climate sensitive region, the Arctic, and the world's largest 

Moscow megacity. It includes the advanced scientific knowledge and innovative instrumentation that 

enhances the capacity of AQ network to provide necessary observations to evaluate, predict and abate 

aerosol pollution in urban Moscow area and remote Arctic region. The university research infrastructure in 

the Siberian Arctic brings the knowledge to the global stage, increasing understanding and respect towards 

the Arctic region as a whole.  
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INTRODUCTION 

Understanding the hygroscopicity is crucial to estimate the aerosol-cloud interaction of marine aerosol. 

Considering the low aerosol background of the marine boundary layer, the properties of marine clouds are 

particularly sensitive to the change of aerosol microphysics and chemistry. The poor understanding of 

marine aerosol constitute the large uncertainty in climate modelling, particularly in qualifying the influence 

of anthropogenic activities.  

METHODS 

Mace Head Atmospheric Research Station, located in the west coast of Ireland, offered a unique opportunity 

for observing clean marine aerosol. From 2008 to 2014, we deployed HTDMA, HR-ToF-AMS, CCN 

counter, scanning mobility particle sizer (SMPS), aerodynamic particle sizer (APS) to measure the 

microphysics and chemistry of clean marine aerosol. We also used a multi-angle absorption photometer for 

black carbon, which is a tracer of anthropogenic emission, to ensure the cleanness of the selected data. 

RESULTS 

Based on the longest time series of hygroscopicity data of marine aerosol, we report the hygroscopicity and 

chemical composition closure using a High-Resolution Time-of-Flight Aerosol Mass Spectrometry (HR-

ToF-AMS), we found that the mixing state is the major cause for the closure to deviate (Xu et el., 2020). 

We also report a five-year statistical analysis of the seasonal variation of the marine aerosol hygroscopicity, 

the growth factor shown a summertime minimum and wintertime maximum (Xu et al., 2021a). Combing 

hygroscopicity and cloud condensation nuclei (CCN) measurement, we evaluate the impact of size-

dependent hygroscopicity and mixing state on the calculation of CCN number concentration. We found that 

the ignorance of size-dependent hygroscopicity and mixing state can lead to 15% of overestimation of CCN 

in a clean marine atmosphere. By using the ultra-high hygroscopicity of sea-salt, the main component of sea 

spray aerosol (SSA) in wintertime Atlantic, we report the sub-micron number size distribution of SSA 

Compared to the conventional used method that depicted the sea spray aerosol as a ultra-board single 

lognormal mode distribution, the SSA number obtained by hygroscopicity is higher than that of single 

lognormal mode by up to 5 folds, particularly in nano-size ranges. 
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Integration is possible in many different ways. First, intercomparability between identical measurements for 
individual variables at different sites is required, and ACTRIS can demonstrate a long history of successful 

standardisation activities of that kind. Then integration with a sustainable database is required for long-term 

storage and use of data. The next step is integration of different communities. ACTRIS has undergone a 

series of integration processes, starting from projects of individual components such as aerosol in-situ 

measurements (SINGADS, CREATE, EUSAAR), aerosol remote measurements (EARLINET), gas phase 

or cloud measurements (Cloudnet), as well as with chamber activities (EUROCHAMP projects). Further 

integration is then achieved by a combination of different platform types, such a stationary platforms and 

ground-based or airborne mobile platforms. Other dimensions are brought in by a combination of 

measurements and models, or in the interaction with the satellite community. This talk will present various 

examples of successful integration in the past and present, and of opportunities and challenges for the future.  

A series of great integration examples of measurements are the European Aerosol Phenomenology papers 

reporting harmonized data from multiple sites, which started with 1: physical characteristics of particulate 

matter at kerbside, urban, rural and background sites in Europe (Van Dingenen et al., 2004), and continuing 

up to 7: High-time resolution chemical characteristics of submicron particulate matter across Europe (Bressi 

et al., 2021). This talk will provide some insight into the 8th document in this series, on harmonised source 

apportionment of organic aerosol using 22 year-long ACSM/AMS datasets which is currently under review 

(Chen et al., in review).  

An example of a data set derived from remote sensing, airborne, and ground-based in situ measurements is 

given by Düsing et al. (2021). This paper highlights the complexity of comparing multiple aerosol optical 

parameters examined with different approaches considering different states of atmospheric conditions such 

as humidification: While variables for in situ measurements (such as optical properties) are often taken at a 

standardized relative humidity, remote sensing obviously determines the same properties at the actual 

relative humidity, resulting in substantial uncertainties. In addition, there is limited knowledge on the aerosol 

mixing state, the brown carbon (organic material) fraction, and the wavelength-dependent refractive index. 

Therefore, while such measurements allow for better parameterizations of lidar measurements, uncertainties 

for the integration of the data remain.  

A successful integration of chamber and field studies is the combination of data for the elucidation of new 

particle formation (NPF) processes. Kirkby et al. (2016) reported on a new mechanism of NPF where highly 

oxidized molecules (HOMs) were able to form new particles without the help of other nucleating species 

such as sulphuric acid. While there were no doubts on the laboratory data themselves, reviewers brought up 

the question if this mechanism was observed in the field as well. Here, the fact that simultaneous 

observations of exactly this mechanism were obtained at the high-alpine research station Jungfraujoch made 

it clear that indeed this mechanism was found in the field (Bianchi et al., 2016), and the laboratory data 

helped a lot in interpreting the field data, representing an obviously substantially more complex atmospheric 

environment.   
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An example of in situ aerosol measurements of aerosol properties together with integrated modelling 

activities is given by Eirund et al. (2022). They analysed the effect of increased aerosol concentrations on a 

heavy precipitation event observed in summer 2017 over northeastern Switzerland, an event that was 

accompanied by a Saharan dust episode and where the precipitation intensity was considerably 

underestimated by the operational weather forecast model. The authors concluded that increased aerosol 

number concentrations during the Saharan dust outbreak were unlikely to have caused this heavy 

precipitation event. However, we are only at the beginning of understanding the quantitative relationships 

in this complex research area. 

ACTRIS is in an excellent position to take a leading role in further atmospheric integration aspects. Many 

of these will be accessible by bottom-up activities, e.g. through Trans-National Activities (TNA), while 

others might profit from a top-down approach. An excellent TNA example could be a carbon closure, with 

simultaneous gas phase and aerosol measurements and appropriate treatment of semivolatile species, 

including e.g. a combined source apportionment of aerosols and volatile organic compounds. Another 

challenging issue is the coupling of aerosol, cloud and radiation measurements in a cloud. As this will ideally 

include both ground-based and airborne activities, e.g. in a mountainous region, a cloud-kite might be an 

ideal platform for the airborne measurements. Air pollution and health is another wide and rapidly 

developing field, where ACTRIS could play an active role, especially in developing and applying methods 

to provide better links between negative health outcomes and air pollution variables than the mere particulate 

mass, which currently is still by far the most widely used variable used by epidemiologists. Operationally 

applied real-time source apportionment of aerosols might also be a useful application in this context. 

Ground-truthing of satellite data is another important aspect where ACTRIS could possibly develop a more 

important role than in the past. This could be of special relevance for projects related to health, such as the 

Multi-Angle Imager for Aerosols (MAIA) mission, a NASA initiative currently in development, in 

partnership with epidemiologists and health organizations, designed to produce data used in health studies 

to examine the health effects of various types of air pollution (https://www.jpl.nasa.gov/missions/multi-

angle-imager-for-aerosols-maia).  
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INTRODUCTION 

Crustal aerosols influence the atmospheric radiative balance through scattering and absorption processes 

(IPCC, 2018), and by acting as cloud condensation nuclei when sulfation and nitration occur (Levin et al., 

1996). Dust outbreaks may also greatly increase the ambient air levels of PM recorded in air quality 

monitoring networks. Crustal aerosol is produced by wind erosion and resuspension in arid and semiarid 

regions and contributes by about 45 % to the total atmospheric aerosol load (Duce et al., 1991). In particular, 

the Sahara Desert is the largest source of soil-derived aerosols contributing with almost 50% of the global 

dust emissions (Varga et al., 2012). Under specifical meteorological scenarios, the dust emitted by the 

Sahara and Sahel deserts is transported towards the Mediterranean and Europe regions (Escudero et al., 

2005). The low precipitation in the Mediterranean basin favours the long residence time of dust in the 

atmosphere with the consequence impact on air quality and reporting several numbers of annual exceedances 

of the PM10 daily limit value (2008/50/CE European directive) in the Mediterranean countries (Querol et 

al., 2019).  

The frequency of occurrence of African dust events over the Mediterranean basin vary from 30-37% of the 

days in the southern parts of the basin to <20% for the northern ones (Pey et al., 2013), and from 23% in 

the western to 31% in the eastern regions. Specifically, Spain is frequently influenced by the African dust 

air masses. Approximately, >70% of the exceedances of the PM10 daily limit value in most regional 

background EMEP sites of Spain have been attributed to dust outbreaks (Escudero et al., 2007). Southern 

Spain is widely affected by the crustal aerosols from Sahara Desert. The city of Granada (south-eastern 

Spain, 680 m a.s.l.) is located geographically close to Sahara Desert. Around the 35% of the days, the city 

is under the influence of African dust masses. These events increase the PM levels in the city exceeding the 

annual and daily EU limit values of PM10. 

In this context, the main objective of the present work is the multi-instrumental and synergetic analysis, at 

surface level and in the vertical, of one severe African dust event registered in February-March 2021 

affecting the southern of Spain. In-situ and remote sensing instrumentation has been used to characterize 

this severe event. 

METHODS 

In this study, experimental measurements used were collected in the AGORA observatory in Granada 

(Spain). Granada is located in the Western Mediterranean basin and it is frequently affected by long-range 

transport of Saharan dust (Lyamani et al., 2005) and biomass-burning, both from near sources (Alados-

Arboledas et al., 2011) and large distances (e.g. Ortiz-Amezcua et al., 2017). Main local sources of 

anthropogenic aerosols are road-traffic and heating systems during the winter season (Lyamani et al., 2010). 
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Nevertheless, the orographic situation with the city situated in a basin surrounded by mountains makes 

ventilation processes difficult and favors aerosol stagnation (Patrón et al., 2017). 

AGORA includes the UGR station (37.16ºN, 3.61ºW, 680 m a.s.l.), located at Granada as part of the 

Andalusian Institute for Earth System Research, IISTA_CEAMA of the University of Granada. It combines 

long-term monitoring of vertical distribution of atmospheric aerosol, based on active and passive remote 

sensing (Guerrero-Rascado et al., 2008), with in-situ measurements for the characterization of aerosol 

particles (Andrews et al, 2019). AGORA is part of EARLINET since 2004 and is an active member of 

ACTRIS, contributing to the ground based in-situ and remote sensing aerosol component and to the 

CLOUDNET component. 

The measurements of the remote sensing instrumentation of UGR station are a relevant part of this study. 

One of these instruments is a multiwavelength Raman lidar (LR331D400, Raymetrics S.A.) which is 

included in EARLINET network since 2005 and contributes to the ACTRIS research infrastructure. It is 

composed of a pulsed Nd:YAG laser that emits at 1064 (110 mJ), 532 (65 mJ) and 355 nm (60 mJ) by means 

of the 2nd and 3rd harmonic generators. The receiving system has seven channels: three to measure the 

backscatter light at emission wavelengths plus one additional channel to measure cross-polarized light at 

532 nm; two channels at 387 and 607 nm for the detection of Raman scattering from N2 and an additional 

channel to detect the Raman scattering from water vapor at 408 nm. Due to incomplete overlap, atmospheric 

information up to 500 m above the system is limited (Navas-Guzmán et al., 2011). A detailed description of 

this multiwavelength Raman lidar system can be found in Guerrero-Rascado et al. (2008). 

Co-located with the lidar system, the sun/sky/lunar photometer Cimel CE318-T (Cimel Electronique) 

included in the AERONET network makes day and night-time measurements since March 2016. This 

photometer is equipped with a filter wheel (9 narrow filters) covering the spectral range between 340 and 

1640 nm. During daytime, the sun/sky/lunar photometer performs measurements of direct solar irradiance, 

which is used to derive the AOD, and sky radiance; both kind of measurements are used to retrieve detailed 

aerosol properties such as particle size distribution (PSD), complex refractive index (CRI) and single-

scattering albedo (SSA) Additional remote sensing instruments operated from UGR station included the 

CHM-15k Nimbus ceilometer (Lufft) that is part of the Iberian Ceilometer Network ICENET (Cazorla et 

al., 2017).  

The in-situ measurements collected at UGR include several instruments operating under ACTRIS premises. 

In-situ sampling at surface level took place at UGR and SNS including Integrating Nephelometer, 

Aerodynamic Particle Sizer, Multi Angle Absorption Photometer, Scanning Mobility Particle Spectrometer, 

Aethalometer (A33), together with aerosol sampling in quartz fiber filters for determining the mass 

concentration and chemical composition in the laboratory.  

The concentration of PM10 have been obtained from the air quality monitoring stations Granada Norte 

(traffic station) and Palacio de Congresos (urban background station) located in the city of Granada, 

belonging to the Andalusia government (http://juntadeandalucia.es/medioambiente). Chemical species 

concentrations have been obtained at UGR.The chemical species concentrations were obtained by means of 

daily 24h PM10 samples from the research UGR station collected during the dust event. The 24h PM10 

samples were collected on quartz fibre filters by means of a high-volume sampler (CAV-A/MSb) with a 

flow rate of 30 m3/h.  

We have used the remote sensing instrumentation to analyse the atmospheric vertical profile registered under 

the event. The daily evolution of the 355, 532 and 1064nm backscattered signal was gathered by 

MULHACEN multispectral Raman Lidar. In this study, we use the recently developed Generalized 

Retrieval of Atmosphere and Surface Properties algorithm (GRASP; Dubovik et al., 2014). It is a versatile 

and open-source algorithm (www.grasp-open.com) based in the concept of Dubovik and King (2000) 

algorithm which is successfully used by AERONET during the last decades. GRASP algorithm is divided 

in two main independent modules: forward model and numerical inversion modules. The forward model is 

based on radiative transfer and aerosol models and it a convenient tool for sensitivity and tuning studies 
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(Dubovik et al., 2014, Torres et al., 2017). The GRASP versatility allows the retrieval of vertical profiles of 

aerosol optical and microphysical properties by combining different remote sensing measurements from 

different instruments In fact, GRASP was successfully used for the retrieval of the aerosol properties using 

different GRASP configurations and measurements: as the combination of aerosol optical depth (AOD), sky 

radiances and elastic lidar (Lopatin et al., 2013) or ceilometer profiles (Román et al., 2018). GRASP aerosol 

profiles have used as input to radiative transfer models (Granados-Muñoz et al., 2019). 

RESULTS 

The African dust event occurred from February 25 to March 04 was an intense dust event that register daily 

PM concentrations above de European standard limit for PM10 (50 µg/m3, Figure 1). The event occurs in 

two pulses separated by one rainy day. The PM10 concentrations registered similar levels in the traffic and 

the urban background Air Quality stations. The most intense pulse was the second one registering the days 

3 and 4, PM10 concentrations of 100 µg/m3. The principal gaseous pollutants (NO2, NO, SO2, CO and O3) 

didn’t show any increase during these days. 

 

Figure 1. PM10 daily mean concentrations (in µg/m3) during the African dust event, February 25th to March 04th 

2021, in the traffic and urban background Air Quality stations of the city of Granada. 

Figure 2. Severe African dust event showing the PM10 concentration evolution (in µg/m3) and the 532nm 

backscattered signal Mulhacen for the peak days 3 and 4 March 2021. 
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We focus our attention in the days with most intense impact on PM10 levels. In this sense figure 2 presents the days 

3-4 March. Figure 3 presents the evolution of PM10 over the daily evolution of the 532nm backscattered signal 

gathered by MULHACEN, multispectral Raman Lidar, for the days of stronger dust impact, days 3-4 March, 

evidencing the vertical distribution of the dust load for both days.  

 

The presence of heavy dust layers up to  2 km a.g.l. and lofted dust layers from 2 to 5 km a.g.l. indicate the 

heavy dust load affecting to the vertical column from the surface to high altitudes. In the surface, during 

those most intense days, the hourly PM10 concentrations remained above 50 µg/m3 and with similar 

concentrations both at noon and night hours. This situation does not follow the normal behaviour of the 

PM10 daily cycle registered in the urban area. The PM10 daily cycle (non-African days) register two PM10 

peaks associated the traffic-rush hours (one at morning and the second in the late afternoon), with a 

minimum concentration around noon, in coincidence with the maximum vertical extension of the ABL and 

higher particles dispersion, and at night, in coincidence with the decrease in local emissions due to the low 

activity in the city. 

Figure 3 show the Klett-Fernald retrieval of the aerosol backscattering coefficient at 355, 532 and 1064nm. 

The profiles evidence along the selected days the load of scatterers in the vertical profile from low altitudes 

to altitudes of 4 km a.s.l. This situation indicates the presence of dust layers along the vertical with higher 

load of particles in altitudes below 2 km a.s.l. The backscatter associated Angstrom Exponent (AE) reveals 

values close to zero, especially in lofted aerosol layers. In coincidence with the largest backscatter 

coefficient values. 

 

Figure 3. Vertical backscattering coefficient profiles at 355, 532 and 1064nm and backscattered related AE 

retrieved at different times during the most intense days 3 and 4. 

This aspect has been investigated using GRASP code (Lopatin et al., 2013) for the retrieval of aerosol 

volume concentration profiles, from the combination of MULHACEN lidar three channels and the use of 

the CIMEL radiometer operated at AGORA, in the framework of AERONET. This procedure has been 

successfully applied at our station in previous studies. The results evidence that the combination of Remote 

Sensing measurements with GRASP code contributes to offer information on the vertical profile during the 

extreme episode, although it is clear that there is room for improving the retrieval close to the surface, for 

example by improving the overlap features of the lidar, something that will be accomplished in brief.  

Additionally to this approach, we have used the scheme proposed by Roman et al, (2018), where GRASP is 

used with backscattered signal provided by a NIMBUS ceilometer in combination with the CIMEL 

radiometer data, to retrieve the volume concentration profiles, without splitting it in fine and coarse particles. 
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The retrieval offers promising results that could be useful taking advantages of extended networks of 

ceilometers collocated with CIMEL radiometers.  

The results for the chemical speciation of the PM10 samples during the African event evidenced that during 

the episode, mineral matter, calculated from the sum of concentrations of bulk Al, Fe, Ti, P and MN oxides; 

non-sea salt Na, Mg and K oxides; non-sea salt Ca; and the indirect determination of Si oxide and carbonate 

concentrations (Querol et al., 2001), accounted for concentrations from 10-13 µg/m3 in the first pulse of the 

event to 65 µg/m3 the heaviest day in the second pulse, in comparation with the annual mean of mineral 

matter of 9-10 µg/m3. Concerning to the secondary PM10 components, nss_suphate loads increase notable 

during the African dust event from the annual mean registered in Granada. From annual mean concentrations 

around 2 µg/m3, in the second dust pulse the concentration rise to 4.5 µg/m3, due to the well-known 

formation of secondary sulphate on available mineral dust particles (Alastuey et el., 2005).  Similar situation 

is observed for nitrates, the increase of the nitrates triples the concentrations comparing the annual men, 2 

µg/m3, with the concentrations recorded in the second dust pulse, 5-6 µg/m3. The high availability of the 

nitrate oxides in Granada in winter, principally in winter, active the formation of nitrates from the reaction 

between nitrate oxides and mineral dust. Finally, concerning to the trace elements, the concentrations of the 

typical crustal elements such as Be, Ga, Hf, Li, Mn, P, Rb, Sr, Th, Ti, U, Zr, Cs, W, Y and Rare Earth 

Elements (REEs) are markedly higher during the event than in comparison with their annual means. 

CONCLUSIONS 

This work evidences the good combination between the ground based active and passive remote sensing 

data for the generation of vertical information and the in-situ measurements during the frequent African dust 

events occurred in the southeast of Spain. The measurements registered at ground levels, is completed with 

the remote sensing information at the vertical. The synergistic combination of in-situ and remote sensing 

techniques provide a 3D information on these events. With both techniques we can understand the 

synergistic effects of those natural pollution events involving from the meteorology aspects to the health 

assessments aspects. It is necessary improve the retrieval of information in the lower part in the lidar profiles 

(and its products), improving the overlap of the lidar systems by close range telescopes.  
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INTRODUCTION

Characterizing the structure and evolution of the atmospheric boundary layer (ABL) is crucial for
better parametrizing this lowest part of the troposphere in models, as well as for air quality research
and for understanding the water and energy cycle of the Earth system (Fersch, 2020). Highly
resolved observations in space and time are key for a better knowledge about associated processes.
Ground-based remote sensing instruments have proven to be capable of continuously monitoring
vertical structures and the temporal variability of quantities like temperature, water vapor, and
wind in the ABL (Wulfmeyer, 2015). Routine and long-term operation of active and passive
sensors in ground-based networks and their synergistic application are vital for data assimilation and
improvements of weather forecast models (Illingworth, 2007). In this study, we utilize a combination
of microwave radiometer observations for temperature and humidity profiling and a Doppler wind
lidar based classification algorithm to identify turbulent mixing and thermal stratification during
different atmospheric conditions and showcase the ability for network application of these robust
tools. Within ACTRIS, this work will serve as a valuable tool for studying the dispersal of pollutants
at facilities where both in-situ and remote sensing observations are available.

Turbulence is a key process in the ABL dynamics and characterization. Its identification and
classification is possible thanks to highly resolved and continuous measurements of the 3D wind
vector by a Doppler lidar at the JOYCE observatory in Jülich, Germany (Manninen et al. 2018).
Moreover, the turbulent processes in the boundary layer take place in a variably stratified medium,
where the stratification acts as a moderator of turbulence. At this super-site, co-located temporally
highly resolved temperature measurements from a microwave radiometer (MWR) allow character-
izing the stability in the boundary layer and its evolution as well. The present investigation focuses
on the synergy of Doppler lidar and MWR observations to characterize the boundary layer and
quantitatively investigate the interactions between stratification and turbulence generated by dif-
ferent sources. In this manner, we show an example of the potential that simultaneous observations
provide for characterizing the boundary-layer dynamics and evolution.

While weak stratification in the boundary layer is usually well described by similarity theory and
numerical models, strong stratification is more difficult to resolve (Mahrt, 2014). Because of this,
we investigate days with a stably stratified nocturnal boundary layer and the transition to the day-
time boundary layer. Additionally, in order to consider the difference depending on the season, we
provide two showcases: one in winter and one in late spring. The diurnal growth of the convective
boundary layer is investigated by characterizing the stably-stratified conditions in which it develops
and its evolution in the course of the day. A more rapid erosion in the stratification is identified
during May than in winter-case.
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METHODS

Simultaneous highly-resolved measurements of wind and thermodynamic profiles (temperature and
humidity) at the Jülich Observatory for Cloud Evolution (JOYCE) in Western Germany (Loehn-
ert, 2015) are employed in order to characterize the evolution of the boundary-layer processes
during two highly stable-stratified episodes. The first episode took place during winter 2015 (14-
16 February) and the second one in late spring of the same year (1-3 May). In both cases, a
highly stably stratified nocturnal configuration was identified and its erosion in the diurnal cycle
was investigated by identifying and characterizing the turbulence in the boundary-layer. In order
to quantitatively perform this investigation two procedures were utilised and are described in the
following subsections.

Turbulence classification via Doppler lidar measurements

An objective classification of turbulence in the atmospheric boundary-layer is shown in panels (a)
and (b) of Figs. 1 and 2. The method used is based on Doppler wind lidar quantities to detect
turbulent regions and identify different mechanisms of mixing (Manninen, 2018). Sources of turbu-
lence include surface-driven convection during daytime, wind shear derived from horizontal wind
information, and top-down mixing from cloud topped layers. The classification gives insights into
diurnal and seasonal cycles of the cloudy boundary-layer in various climate regimes operationally
and for long-term data sets, which makes it suitable for network applications In future, this classi-
fication shall be available for all ACTRIS national facilities with Doppler lidar observations.

Stability characterization via microwave radiometer temperature profiles

Temperature profiles from a microwave radiometer HATPRO are employed in order to identify
thermally stable layers that act like a moderator for turbulent movements. Two episodes with very
stable nocturnal stratification are analyzed and thermal inversions are identified in the nocturnal
boundary-layer. The employment of high temporal resolution thermal profiles obtained from the
HATPRO, allow us to quantify the nocturnal stability that is later dissolved through diurnal
convection, as well as elucidate its evolution. In order to do so, the most thermally stable layer and
its height are identified every hour during two stably stratified episodes, as it can be seen in panels
(c) and (d) of Figs. 1 and 2. Additionally, on panels (e) we show the temperature profiles for these
days retrieved from HATPRO up to 5000 m. The vertical resolution of the HATPRO is best in the
lowest 500 m above ground ( 100-200 m), however rapidly declines as a function of height to values
greater than 500 m at 1000 m height above ground.

RESULTS

The evolution of two highly stably-stratified cases is investigated. The synergy of wind Doppler
lidar (providing turbulence variables) and a microwave radiometer (providing thermal stability) is
shown to be significantly revealing for the investigation of boundary-layer evolution. This evolution
involves convectively-driven turbulence in a stratified media, which will be further elucidated via
the estimation of parameters that consider both thermal stability and velocity mixing, such as the
Richardson bulk number. Thanks to the fact that at JOYCE all of these variables are continuously
measured, it is possible to closely investigate the diurnal evolution of these parameters, as well as
their variability in height.

Two episodes with highly stable stratification are investigated. Firstly, 14-16 February 2015 is
shown in Figure 1. Before sunrise on 14th February, stably stratified conditions are observed, in
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14.02.2015 15.02.2015 16.02.2015

(a)

(b)

(c)

(d)

(e)

Figure 1: Winter day-cases in February 14th (left), 15th (middle) and 16th (right panels) in which
the atmospheric boundary layer classification is shown (a and b). A differentiation is made between
the cases when there is a connection with the surface and when the turbulent mixing source is not
in the surface (i.e., surface driven versus cloud driven). In (c) and (d), the diurnal evolution of the
maximum gradient of temperature with height (red), which corresponds to the most stable layer
from ground to 1000 m a.g.l. and its height (blue) are shown. Finally, the diurnal evolution of the
vertical temperature profiles up to 5000 m, obtained from HATPRO, is shown in (e).

which inversions dT/dz peak above 5Kkm−1. During the following day-time conditions, dT/dz
reaches values close −10Kkm−1 for a short period between 12 an 14 UTC, indicating a well mixed
boundary layer up to 750 m a.g.l. This surface-driven mixing is enhanced by a cloud-layer around
1000 m height, itself initializing a cloud-top driven mixing. In the nocturnal boundary layer of 15
and 16 February (Fig. 1 (c) and (d) panels) even higher dT/dz > 5Kkm−1 values are observed and
these are more persistent than on the day before. On these two days, the following surface-driven
convective turbulence is shown to only weakly grow in height during the day, hardly reaching higher
altitudes than 600 m. In this case, the strong nocturnal inversion, paired with the weak convective
motions due to the low winter solar irradiation are not strong enough to effectively dissolve the
stable boundary layer.

Secondly, an episode with nocturnal highly stable conditions during spring is investigated. From
1-3 May 2015, it is shown that strong thermal inversions develop, reaching dT/dz > 10Kkm−1

on May 2nd before sunrise. However, the persistence of these thermal inversions is much weaker
than in the winter case. The strong solar insolation increase during May brings forth enough
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(a)

(b)
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(e)

Figure 2: Spring day-cases in May 1st (left), 2nd (middle) and 3rd (right panels) in which the
atmospheric boundary layer classification is shown (a and b). In (b) and (c), the diurnal evolution
of the maximum gradient of temperature with height (red), which correspond to the most stable
layer from ground to 1000 m a.g.l. and its height (blue). The diurnal evolution of the temperature
structure up to 5000 m, obtained from HATPRO, is shown in (e).

convectively-driven turbulence to rapidly dissolve the inversion, as it can be seen in Figure 2 ((a)
and (b) panels). During these spring days at daytime, dissolving thermal inversions are clearly
mirrored in the turbulence classification, which shows that the height of daytime convective layers
reaches 1000 m and higher. Additionally, the thermodynamic stability that can be elucidated with
HATPRO data shows that, although strong inversions can develop during nighttime, well-mixed
conditions are reached in daytime hours of May 1 and May 2 (dT/dz − 10K/km), while the height
of the well-mixed conditions grows during daytime. On May 1 the early formation of clouds around
6 UTC hinders a rapid increase of the convective mixing layer depth; both the mixing layer depth
grows and the stability decreases continuously, but rather slowly until around 13-14 UTC. On May
2 (cloud free before noon), a much more rapid growth of convective mixing layer depth and a well
as decrease of stability is observed. It is interesting to note, that, especially on May 2, there is a
rather rapid break-down of turbulent mixing between 16 and 17 UTC, whereas the temperature
profile still shows a dry-neutral state up to 19 UTC. May 3 differs from the other days due to the
fact, that after a rapid increase of the convective mixed layer depth, a closed cloud deck forms
at 9 UTC, leading to a mixture of surface-driven and cloud-driven turbulent mixing. After the
cloud disappears around 14 UTC, solar radiation is not able to heat the surface enough in order to
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initiate a further surface-driven convective boundary layer. During this day, the static stability in
the boundary layer remains around the moist-neutral gradient.

The present synergy employs Doppler lidar measurements for turbulence classification in transitions
of highly-stratified boundary to convective boundary layer characterized by thermodynamic profiles
derived from a microwave radiometer. The analysis that can be made thanks to these simultaneous
highly-resolved measurements are capable of elucidating the processes in the boundary layer as it
evolves in the diurnal cycle. Furthermore, given that there is a continuous monitoring of these
relevant dynamical variables at JOYCE and other ACTRIS Cloudnet sites, the next step of this
research will analyse averaged diurnal and seasonal statistics as a function of climatological region.
Such analyses are crucial for a better characterization of the lower troposphere and can be used
for improving the boundary layer parametrization schemes of numerical models as well as for air
quality applications, especially in combination with ACTRIS in-situ observations.
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INTRODUCTION 

Atmospheric aerosols are currently a subject of extensive research in atmospheric sciences because they 

have been proved to have a relevant impact on the Earth radiation balance, influencing microphysical 

processes in clouds and climate. They also affect atmospheric chemistry and human health. Among the 

atmospheric aerosols components, the volcanic one can lie for long periods in high atmospheric layers, 

strongly influencing air quality in the regions close to active volcanoes and human health when ashes deposit 

at the ground. Nonetheless, these effects may also be found many kilometres away from the volcanic event 

at a regional scale (e.g. Azzopardi et al., 2013; Ayris et al., 2014). 

The central Mediterranean area represent a natural laboratory to characterize different aerosol types coming 

from local sources or long range transported and whose coexistence makes particularly challenging their 

differentiation.  

On 25th of February 2021 an eruption of Mount Etna with an uncommon transport towards the north (Sellitto 

et al., 2021) was observed in the central Mediterranean area, at Naples station, simultaneously with a strong 

Sahara dust transport event. This exceptional event was characterised by combining active and passive 

remote sensing instruments, air-masses back-trajectories and dispersion models results. Finally, the 

application of a new inversion algorithm to real multi-wavelengths lidar data for the retrieval of the aerosol 

microphysical parameters demonstrates how a clear classification of the aerosol layers can be gained for 

multi-layered atmospheric conditions.  

METHODOLOGY 

The Naples National facility, located at University “Federico II” of Naples (40.838° N, 14.183° E, Elevation: 

118 m), is part of the ACTRIS (Aerosol, Clouds and Trace Gases Research Infrastructure) network 

(Pappalardo, 2018). It is equipped with both active and passive ground-based remote sensing devices for the 

aerosol optical and microphysical properties study. The aerosol characterization along the vertical profile of 

the atmosphere will be achieved by means of a multi-wavelength Raman/elastic lidar system that represents 

the state-of-the art of the lidar devices used to obtain aerosol information. It is based on a frequency tripled 

Nd:YAG laser operating at 355, 532, and 1064 nm with energy of 0.65, 0.15 and 0.1 J, respectively. 
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Repetition rate is of 20 Hz. Lidar telescope is in a Newtonian configuration, with a diameter of 30 cm and 

a focal length of 120 cm. The system allows to monitor the vertical profiles of the backscattering coefficient 

β(z) at 355, 532, and 1064 nm, the extinction coefficient α(z) at 355 and 532 nm, the particle depolarization 

ratio at 355 nm and 532nm and the water vapour mixing ratio. Signals are acquired with a temporal 

resolution of 1 minute and a vertical resolution of 15 m.  

The possibility to obtain β(z) at three different wavelengths and α(z) at two different wavelengths is 

fundamental to have a complete spectral characterization and to retrieve aerosol microphysical proprieties.  

Lidar measurements are firstly analyzed in terms of vertically resolved aerosol optical properties (extinction 

and backscattering). Therefore, using them as input parameters in a new inversion algorithm, microphysical 

properties as a function of altitude and time were estimate and analysed. The algorithm is based on a very 

extensive statistical analysis and on a large number of experimental data. It assumes that the number size 

distribution can be modelled as a superposition of log–normal distributions, each one defined by three 

parameters: mode, width and height. It uses a Bayesian model and a Monte Carlo approach to identify these 

parameters.  

The Naples National facility is also equipped with sun-sky-lunar photometer (CIMEL CE318T) that works 

in the framework of AERONET (AErosol RObotic NETwork). It retrieves aerosol columnar proprieties like 

aerosol optical depth, Angstrom exponent and volume particle size distribution (Holben B. E., 1998).  

To identify volcanic aerosols, the Lagrangian dispersion model FLEXPART is used to verify the presence 

in atmosphere of the volcanic tracer SO2 (Pisso et al., 2019).  

RESULTS AND DISCUSSION 

Elastic/Raman Lidar observations were carried out on 25th of February 2021. Fig. 1 reports the time 

variability of the Range Corrected Signal (RCS) from 08:29 to 16:42 UTC. Two aerosol layers are clearly 

visible, one between 0.7-3.5 km and the other between 7.0-8.5 km. The presence of these layers was 

confirmed by α(z), β(z) and δ(z) profiles. Aerosol depolarization ratio at 532 nm has a larger value in the 

lower layer (24±5%) confronted to the higher one (10±6%). Mean Lidar ratio for the lower layer has values 

of 31±2 sr at 355 nm and 38±6 sr at 532nm, while for the higher layer the values are 77±14 sr at 355nm and 

74±40 sr at 532nm. From these values we can conclude that the aerosols present in the two layers have a 

different source. The lower layer has typical characteristics of aspherical Saharan dust particles (Pisani et 

al., 2011). The higher layer aerosols can be identified as volcanic products using HYSPLIT and 

NMMB/BSC-Dust back-trajectories models and the FLEXPART simulation, that shows how the volcanic 

plume passed over Naples during the 25th of February between 15:00 and 18:00 UTC at the same altitude of 

the higher layer observed with lidar measurements.  

 
Figure 1. Time evolution of RCS signal at 532 nm for 25th February 2021. Signal was retrieved from 8:29 

to 16:42 UTC. The volcanic plume present during Raman measurement is highlighted.  
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For a better characterization of the aerosols in the two layers, optical proprieties were used in the alghorithm 

described in Sorrentino et al. (2021) to estimate the volume particle size distribution. For a comparison, the 

size distribution retrieved from lidar data in the atmospheric column up to 9.0 km is shown in Fig. 2(A) with 

the error band interval reporting the minimum and the maximum retrieved values, while AERONET size 

distribution is shown in Fig. 2(B). The centres of the modes are at 0.20 and 2.16 µm for lidar and at 0.15 

and 1.71 µm for the sun-photometer. Although retrieved with different methods, the two plots are similar, 

even if is worth noticing that sun-photometer last measurement was performed at 15:26 UTC, while Raman 

measurements were performed night-time between 16:12 and 16:42 UTC. Considered the good agreement 

between lidar and sun-photometer size distribution retrieval, we further analysed lidar data to characterize 

the two different layers independently. The Saharan dust plume shows a higher particle concentration in the 

coarse mode fraction, due to a larger mean size expected for the Saharan dust aerosol, with finer particles 

in the accumulation mode possibly related to local, urban aerosol contributions or very fine dust. The size 

distribution linked to volcanic plume shows a predominance of the fine particles mode due to the deposition 

of larger volcanic ash particles during the transport from the volcanic source. 

 

Figure 2. (A) Volume particle size distributions retrieved from lidar data inversion in the atmospheric 

column up to 9.0 km. (B) Volume particle size distributions retrieved from AERONET sun-photometer 

data. 

CONCLUSIONS 

On 25th of February 2021 the simultaneous presence of desert dust transport from Sahara Desert and volcanic 

aerosol plumes from Mount Etna eruption was observed over Naples (Italy). Two distinct aerosol layers 

with a different composition are clearly visible from optical proprieties retrieved from lidar data. A new 

inversion method was applied to estimate the volume particle size distribution from measured lidar data. 

Obtained results showed that the lower layer has a prevalence of coarse dust particles coming from Sahara 

region, while the higher layer is mainly composed by fine volcanic particles arriving from Mount Etna. The 

obtained results demonstrate how the combination of a multi-parametric Lidar with other instruments, like 

sun-photometers and back-trajectories models, allows gaining a clear classification of the atmospheric 

aerosol, even for multi-layered atmospheric conditions. The new information provided by vertically-

resolved lidar inversion of aerosol microphysics proved crucial towards the characterization of this event. 

These results are very promising and the extension of the method to other aerosol typologies will be the 

subject of future studies.  
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INTRODUCTION 

ACTRIS is currently in the implementation phase of its life-cycle aiming at constructing and upgrading the 

Central and National Facilities, both within Europe and at selected global sites, and setting up the user access 

and service provision as well as the governance and management structures. The eight Central Facilities - 

six Topical Centres, the Data Centre and the Head Office – ensure the compliance of the measurements with 

standard operation procedures and data analysis. The National Facilities, which include observational and 

exploratory platforms, are responsible for the acquisition of high quality, reliable and accurate data to 

document the 4-D distribution and variability of aerosol, clouds and trace gases and their complex 

interactions.  

ACTRIS promotes the provision of access to the large variety of high-quality resources and services offered 

by the highly specialized facilities in order to conduct excellent research for the advancement of knowledge 

and technology, to foster collaborations and exchanges of experience, encouraging open science. ACTRIS 

services can be classified as: 

• research services (e.g. access to instrumented observational and exploratory platforms for the 

realisation of experiments under ambient or controlled conditions, etc.) 

• technical services (e.g. provision of measurement quality assurance and quality control procedures 

and tools, etc.) 

• innovation services (e.g. design and co-design of instrumentation, equipment and procedures, etc.) 

• training and expertise (e.g. training of users of ACTRIS data, products and tools and training of 

young scientists and users from new regions world-wide, etc.) 

• outreach services (e.g. outreach to the general public to explain the importance of the atmospheric 

constituents, etc.) 

• data services, training services and other virtual tools provided by the Data Centre. 

User access to ACTRIS services is a function of access type (Virtual, Physical, Remote) and access mode 

(Excellence-driven, Technical need driven, Market-driven), and of the ACTRIS policy concerned.  

Access to ACTRIS data, data products and digital tools provided through communication networks is virtual 

access, which is wide and free, and does not require a selection process because the resources can be 

simultaneously used by an unlimited number of users.  

Physical or Remote access to the ACTRIS services or resources depend on the facilities’ availability and 

require a competitive process. The access is managed by the Service and Access Management Unit (SAMU) 
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of the HO to select most promising users and projects following defined procedures and criteria defined in 

the ACTRIS access and service policy with details of rules, procedures and workflows described in the 

ACTRIS Access Management Plan.  

User access to ACTRIS services and resources is channelled through the Catalogue of Services (CoS), a 

single point of reference for users to search for, view and get all relevant information about the offered 

services. Services are presented in a consistent and standardized way that include a description of each 

service, the specific process and estimated duration of the selection procedure (if any), the available logistic 

and on-site support, costs and fees (if any), duties and responsibilities of the users for using the facility’s 

resources, etc. 

The CoS is integrated in the ACTRIS website and managed by the SAMU as part of the operational tools 

and procedures designed and implemented to interacting with users and providing effective physical and 

remote access to the ACTRIS services.  It is connected to the ACTRIS PASS (Platform for managing user 

access to ACTRIS ServiceS), a web-based tool which manages the access of users to services available via 

physical and remote access, and to ACTRIS DVAS (Data discovery, Virtual Access and Services), the web 

portal which manages the virtual access of users to ACTRIS data and digital tools and services. 

The methodology to develop the CoS and onboard the services during the ACTRIS implementation phase 

is briefly presented in the following.  

 

METHODOLOGY 

The CoS has been designed and developed, during and with the support of ACTRIS Implementation project 

(under Horizon 2020), paying special care to plan content organization, structure and labelling, with the 

study of: 

• how to categorize and organize the services, ensuring that relevant and key information is collected 

for all the services in a coherent manner (structure and service profile);  

• what labels and keywords use to represent the information (tags);  

• how users browse or move through information (navigation);  

• how users look for information (search options);  

• how to be compatible with the Catalogue of Research Infrastructure services (CaTRIS) and 

interoperable the EOSC Portal Catalogue and Marketplace (integration). 

Onboarding the ACTRIS services in the CoS is on-going through the provision of the needed information 

by the relevant providing facilities.  The collection of the needed information is carried out through the 

template and service profile specifically set for this purpose. 

During the implementation phase, the feeding of the CoS will include all the services provided by Central 

Facilities and National Facilities as soon as they will become operational and ready for provision. In 

particular, services by National Facilities will be onboarded only when the ACTRIS label is gained by the 

providing facility. As a transient solution toward the conclusion of the planned labelling process and the 

starting of the operation phase, the services provided by the ACTRIS National facilities in the context of 

Trans National Access programs will be onboarded in the CoS, even if without label. Proper solutions are 

adopted to give evidence in CoS of those services and relevant projects.  

To ensure maximum use and access and to improve the visibility and discoverability of all the relevant 

services, updates of the CoS during the implementation phase to include new services and update or 
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complete missing information of the existing ones. This work of feeding the CoS with service information 

shall also be facilitated through dedicated events and workshops organized by SAMU for ACTRIS services 

providers. 

At the end of the implementation phase, the CoS will contain all the services operational and ready to be 

provided by Central Facilities and National Facilities. 

The CoS is intended and maintained as a living tool to follow developments in the ACTRIS services, and 

regular updates will be planned during the operation phase.  

 

CONCLUSIONS 

The ACTRIS Catalogue of Services is one of the efforts be made by SAMU, as specific Head Office 

outreach service, and ACTRIS community to connect with new users and attract new member countries, 

develop further strategies within ACTRIS and for international collaboration and partnerships, and integrate 

ACTRIS at different strategic levels (national, European and internationally).  

Following the Implementation Phase, ACTRIS will be operational, offering the full and unique portfolio of 

services for short-lived atmospheric constituents research including open access to data and physical and 

remote access to Central Facilities and National Facilities services. 

Fostering the services’ visibility, a transparent, user-friendly and complete CoS is also an optimal tool on 

which to pave the development of innovative services also in collaboration with other RIs in atmospheric 

domain, as well as new trans-national access modalities to support research, technology and innovation. 
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INTRODUCTION 

There is a growing interest in the conversion of the typical lidar products (backscatter and extinction 
coefficients, lidar and depolarization ratios) to other aerosol properties commonly used by, for instance, Air 
Quality Monitoring Networks (e.g., aerosol mass and number concentrations, PM10 and PM2.5) generally 
obtained from in-situ measurements. However, the relation between the physicochemical composition of 
aerosols and their light scattering properties or how well the typical aerosol lidar observations can represent 
these properties at ‘nose’ level are still not well understood, leading to large uncertainties in such 
conversions and preventing the usage of other ground-based instruments for the improvement of the lidar 
retrievals. To increase our understanding in this area, A working group in the RITA (Ruisdael land-
atmosphere interactions Intensive Trace-gas and Aerosol) measurement campaign, in the Netherlands, has 
engaged in an effort for a closure study between the aerosol optical properties retrieved from remote sensing 
observations (multi-wavelength Raman lidar and AERONET sunphotomter) and those derived from 
simulations based on a set of comprehensive aerosol in-situ measurements (SMPS, APS, nephelometer, 
ACSM and filter sampling). In this work, we present the measurements and first results from this campaign. 

METHODS, RESULTS AND CONCLUSIONS 

A model for the aerosol extinction, absorption, total and backscatter coefficients has been built based on the 
measured particle size distribution, relative humidity (RH), and mass concentration of the different chemical 
compositions, with profiles of RH being used to simulate the vertical profiles of lidar-relevant properties for 
direct comparison with the Raman lidar observations. A very good agreement between the modelling results 
and nephelometer observations at ground level was found, providing an important initial validation for the 
modelling of an extensive aerosol property. The simulated humidity-dependent vertical profiles were 
compared to a set of coincident day and nighttime aerosol optical profiles retrieved from the Raman lidar 
observation under different atmospheric conditions. Preliminary results for days with well develop and 
apparently well mixed boundary layer show some cases with relatively good agreement, but also cases with 
a significant underestimation in the backscatter and overestimation in the extinction and lidar-ratio by the 
simulated profiles compared to the observations. Based on sensitivities studies, it is still unclear whether a 
different aerosol composition at ground level or a wrong relative humidity information could be regarded 
as the main cause of the observed discrepancies. Also, errors in the lidar retrievals are being investigated. 
The number of suitable cases for lidar retrievals were significantly limited by the numerous occurrences of 
shallow boundary layer (no extinction retrievals) or by the impossibility for a far-end backscatter calibration 
due to cloud cover. The application of overlap corrections and its errors on the lidar retrievals are discussed. 
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INTRODUCTION 

Ice-nucleating particles (INPs) are key players in the modulation of the optical properties and longevity of 

mixed-phase clouds (e.g., Murray et al., 2021) and can impact the formation of precipitation (e.g., Fan et al., 

2017). Century-long research efforts aimed at quantifying INPs in different locations in the atmosphere, and to 

improve the understanding of the nature and emission sources of them. While this lead to useful 

parameterizations to improve the representation of primary ice formation in clouds (DeMott et al., 2010), our 

knowledge on INPs still needs to be increased. Recent developments of automated INP instruments allow to 

perform ambient INP monitoring (Bi et al., 2019; Brunner and Kanji, 2021; Möhler et al, 2021), and within the 

ACTRIS (Aerosols, Clouds and Trace gases Research Infrastructure) CIS (Cloud In-Situ) unit, we aim at 

building a monitoring network for INPs in different locations in Europe. This will allow to better capture the 

short- and long-term variability of this climate-relevant variable, and to better understand which aerosol 

particles are INPs. 

METHODS 

Here, we present results from high-time resolved INP measurements from the Sonnblick Observatory (SBO), a 

foreseen ACTRIS National Facility and seat of the CIS Unit ECCINT (European Center for Cloud Ambient 

Intercomparison). These measurements started in August 2021, and are a kick-off for the monitoring of INPs 

within ACTRIS CIS. The SBO is an ideal location to investigate ice formation in mixed-phase clouds due to its 

location in the lower free troposphere, where such clouds frequently form. The expansion chamber PINE 

(Portable Ice Nucleation Chamber) was used to quantify INPs at temperatures -15°C and -30°C, relevant for the 

formation of mixed-phase clouds.  

RESULTS 

We will present results on daily and seasonal variability of INPs, namely in the summer, autumn, and winter 

months. Moreover, we will present INP concentration measurements during Saharan dust events. These 

measurements will be compared to existing parameterizations.  
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INTRODUCTION 

On February 24, 2022, Russia launched an invasion of Ukraine. Attacks by Russian forces have been 

reported in major cities throughout Ukraine, including Berdyansk, Chernihiv, Kharkiv, Odesa, Sumy, and 

Kyiv (https://www.statista.com/topics/9087/russia-ukraine-war-2022/#dossierKeyfigures). Explosions 

have injected large amounts of smoke into the atmosphere, which have been partially transported by the air 

masses at long distance. During several consecutive days in Mach 2022, such particles have been detected 

by the ACTRIS instruments operating at the Magurele centre for Atmosphere and Radiation Studies 

(MARS), 6 km South-West Bucharest city.  

MARS operates a large variety of instruments, spanning from ACTRIS compliant aerosol and cloud remote 

sensing and aerosol in situ instruments, up to in situ and column trace gases, micrometeorology and other 

complementary measurement techniques. Most of the instruments operate continuously, providing 

information about the vertical structure and dynamics of the atmosphere, aerosol and clouds physical, optical 

and microphysical properties near surface, and on the vertical (Belegante, L. et al., 2014; Vasilescu, J. et al., 

2017; Stachlewska, I. et al., 2018; Baars, H. et al., 2019; Nicolae, V. et al., 2019; Adam, M. et al., 2020; 

Dandocsi, A. et al., 2020). 

We present in this study preliminary results obtained from the synergy of instruments at MARS. This data, 

although not fully processed (part of it still at a qualitative level), demonstrates that initial but fast 

conclusions can be drawn when analysing side-by-side measurements from different instruments and using 

models to glue the preliminary information. 

METHODS 

Between 14-23 of March 2022 the meteorological context favoured the transport of air masses from Ukraine 

towards MARS, therefore allowing lidars, ceilometers, cloud radars and in situ analysers to detect smoke 

particles generated by recent explosions. The total time the air mass was above a surface (residence time) 

was calculated with FLEXPART v10.4 (Pisso, I. et al., 2019). FLEXPART is a model of particle dispersion 

with a realistic representation of turbulence and the mixture of air masses, including particle deposition 

processes. The input data used in the model is meteorological data from NCEP Climate Forecast System 

Version 2 (CFSv2) 6-hourly Products. For the analysed period, the simulations were performed for 40,000 

particles, the positions of the particles being stored every 3 hours, for the entire air column with steps of 

height of 500 m. Results showed a stationary predominant source in Ukraine for the air masses arriving at 

MARS below 4 km altitude for the entire period. 

In the following we will refer to the day of 19 March because during this day the mixing with aerosols 

transported from other sources (e.g. Sahara) was minimum, as it is shown in Figure 1. 
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   Figure 1. FLEXPART ensemble of particles arriving in Romania (Magurele) on 19th of March 2022 at 

00:00 UTC (left panel) and 21:00 UTC (right panel). 

In Figure 2 we present the retrievals from FLEXPART of the aerosol types arriving at various altitudes for 

the same day, as well as the contribution of the different ground regions. As the first estimate for identifying 

possible surface effects on an air mass, we selected the reception height of up to 2 km. For the classification 

of surfaces and regions with possible sources we used TRACE (Automated time – height-resolved air mass 

source attribution for profiling remote sensing applications) (Radenz, M. et al. 2021). This analysis showed 

that, throughout the entire day, aerosols below 5 km altitude at MARS were collected from Ukraine and 

Europe and that they were mostly generated from grass/crop, although in the evening a small contribution 

from marine aerosols is also present in the upper layers. 

  

   Figure 2. Type (left panel) and sources (right panel) of aerosol particles arriving at various altitudes and 

times over MARS on 19 March 2022. 

CLOUDNET classification scheme (Illingworth, A. J. et al., 2007) applied to data collected at MARS 

(Figure 3) shows the presence of aerosols in the lower layers (below 2 km) but no aerosols above. This is 

due to the fact that the ceilometer is not sensitive enough to detect the thin aerosol layers at higher altitudes. 

Figure 3 also shows that thin clouds (ice and droplets) are sometimes formed on top of the aerosol layer, 

advising on the hygroscopic properties of the particles. 
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Figure 3. Atmospheric scene classification based on cloud radar, microwave radiometer and ceilometer 

data collected at MARS on 19 March 2022. 

The Multiwavelength Raman polarization lidar is not operated continuously, but generally following the 

regular measurements schedule of ACTRIS-EARLINET and Aeolus overpasses. However, during that week 

ACTRIS-EARLINET issued an alert for an even of mineral dust transport from Sahara to Europe, therefore 

we have intensified the lidar measurements. Figure 4 presents the Range Corrected Signal for the 532 nm 

elastic cross channel and the Volume Depolarization Ratio at the same wavelength, four hours observation 

period at night. 

  

Figure 4. Range Corrected Signal for the 532 nm aerosol lidar elastic cross channel (left panel) and the 

Volume Depolarization Ratio at the same wavelength (right panel) measured at MARS on 19 March 2022, 

21:49 – 01:41 UTC. 

The Range Corrected Signal time series shows the presence of a thick aerosol layer up to 2 km altitude (the 

same as CLOUDNET classification), but it also shows thin aerosol layers between 3 and 5 km altitude and 

at 8.5 km altitude respectively. The aerosol layers close to the surface and the thin layers between 3 and 5 

km altitude do not depolarize the laser beam, as shown in the Volume Depolarization Ratio time series. This 

indicates that these layers are mostly composed of spherical particles, probably smoke. Atmospheric 

composition forecasts provided by CAMS for all pressure levels were used for confirmation (Figure 5).  

  
Figure 5. Black carbon concentration time series (left panel) and organic matter concentration time series 

(right panel) from CAMS at MARS for 19 March 2022. 
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The mixing ratios for BC, organic matter, dust and sulphate were selected for 00:00 and 12:00 with a one-

hour step for the forecast data. For the Magurele location, the values of the mixing ratios extracted from the 

CAMS were calculated by interpolating the CAMS values in the 0.4 x 0.4 grid, using IDW interpolation 

(IWD - inverse weighting distance interpolation). The air density, used to convert the mixing ratios to 

concentrations, was calculated according to the IFS CY42R1 model (Benedetti et al., 2009) using 

meteorological data from the ECMWF. The results obtained for black carbon and organic matter show high 

concentrations in the afternoon and in the evening, confirming our hypothesis about the presence of smoke 

aerosols at low levels in the atmosphere. 

Figure 6 presents the AERONET retrievals (Dubovik, O. et al., 2000) for the same date. This data was 

measured by the sun/lunar photometer located at MARS.  

  

Figure 6. Angstrom exponent time series (left panel) and aerosol size distribution (right panel) in the 

atmospheric column at MARS for 19 March 2022, 06:00 – 16:00 UTC. 

The Angstrom exponent 440/870 nm time series shows quite high values, associated with the predominance 

of small particles in the atmospheric column. This is confirmed by a high representation of the fine mode in 

the retrieved size distribution during morning hours. Unfortunately, no retrieval was possible for the 

afternoon data because of the broken clouds detected also by the cloud radar. 

CONCLUSIONS 

The military conflict in Ukraine resulted in numerous explosions generating high aerosol loads into the 

atmosphere. Due to a favourable meteorological context in the 14 – 23 March 2022 time period, some of 

these particles have been transported more than 1000 km away from the source, to the MARS observation 

facility. The site is equipped with a variety of ACTRIS and complementary instruments, allowing to study 

the vertical structure of the atmosphere, aerosol, clouds, and trace gases. From the quick analysis of the data 

measured by lidar, sun/lunar photometer, cloud radar, ceilometer and microwave radiometer, we have 

identified the presence of smoke particles from Ukraine at altitudes below 5 km. This paper presents as an 

example the 19th of March; however, the transport was similar for the entire week. A more quantitative 

analysis is needed in order to properly characterize the particles and confirm these initial conclusions, i.e. 

by the calculation of aerosol optical and microphysical properties from the synergy of photometer and lidar 

coincident measurements, identification of the aerosol types from the combination of multiwavelength lidar 

products, and possibly confirmation from the near surface measurements if the particles were deposited at 

the ground. 
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INTRODUCTION 

The atmospheric boundary layer (ABL) characterization over urban environments is currently a challenging 

and relevant issue, because of its role on weather and air quality modelling and forecast. This lowermost 

region of the atmosphere is the place where the emission of pollutant occurs, is directly responsible for the 

dispersion processes, and its correct modelling is essential for the numeric weather prediction and climate 

models (e.g. Baklanov et al., 2011). It is characterized by a turbulent behavior with significant temporal and 

spatial variations, which makes the accurate measurement and modelling of its internal mixing and its 

interactions with the surface and the rest of the atmosphere a challenging task. 

Wind field is one of the key variables in understanding the complex processes in the ABL. Therefore, 

accurate measurements of wind speed and direction profiles are required by high resolution numerical 

weather prediction models (World-Meteorological-Organization, 2018). Moreover, those wind profiles 

measured over a particular site provide valuable information about local transport or to validate homogeneity 

assumptions for studies comparing close sites. On the other hand, it is important to characterize and 

understand turbulence mechanisms and sources due to their complex interactions with other meteorological 

variables. The turbulent mixing is responsible for the redistribution of momentum, mass, temperature and 

humidity within ABL (Oke, 1992). The sources of turbulent mixing include buoyancy (that produces 

upwards convective mixing), wind shear (mechanical mixing) or radiative cooling in stratocumulus clouds 

producing top-down convective mixing. Turbulence has also a role in new aerosol particle formation and 

cloud microphysics. 

In this context, lidar technique represents a powerful tool to retrieve profiles of several ABL properties. 

Doppler lidars, those measuring the Doppler shift due to the aerosol particles motion by the wind, have been 

developed and improved in the last decades (Frehlich, 2001; Frehlich et al., 1994; Pearson et al., 2009). 

They are currently of great importance to measure the 3D wind field inside the ABL and to study wind 

phenomena such as wind shear (e.g. Nechaj et al., 2019), low-level jets (e.g. Tuononen et al., 2017) or wind 

gusts (e.g. Pantillon et al., 2019). The high temporal resolution has allowed many studies on ABL turbulence 

(e.g. O’Connor et al., 2010; Sathe et al., 2011; Vakkari et al., 2015). Finally, the different products retrieved 

from Doppler lidar measurements can be also combined to classify turbulence basing on its source 

(Manninen et al., 2018). 

In the present work, we analyze the first ever Doppler lidar measurements of wind field with high temporal 

and vertical resolution throughout the ABL over ACTRIS-Cloudnet station at Warsaw, Poland. The 

objective of this study is the characterization of the ABL wind field and turbulent structures over this urban 

site and the investigation of their particular features during the winter season of 2021-2022. 

  

202



 

EXPERIMENTAL SITE AND METHODS 

The city of Warsaw, the capital and the largest city of Poland, has been target of urban studies from different 

perspectives, due to its special features. This agglomeration with more than 3 million residents within 

metropolitan area is located in the centre of the country and the Masovian Plain, favouring regional transport 

of air masses. An important part of its area are covered by forest, crops and urban parks (Gawuc et al., 

2020), and has an exceptional ventilation corridor as it is Vistula river that crosses the agglomeration. 

Despite of this, an important urban heat island effect has been identified (Gawuc et al., 2020), and also high 

concentrations of particular matter have been observed (Reizer & Juda-Rezler, 2016). An important effort 

has been made to understand aerosol sources and radiative impacts (Stachlewska et al., 2018) and to 

characterize the height and behaviour of its ABL (Wang et al., 2020). However, a deep understanding of the 

wind and turbulence profiles within the ABL has never been attempted for this city before. 

The measurements have been taken at the Remote Sensing Laboratory (RSLab), in the Faculty of Physics 

of the University of Warsaw (52.21ºN, 21.03ºE, 100 m a.s.l.). This station contributes with regular 

observations to several networks, among others to Cloudnet (https://cloudnet.fmi.fi/) and EARLINET 

(European Aerosol Researh Lidar Network), that are part of the ACTRIS (Aerosol, Clouds and Trace Gases 

Research Infrastructure, https://www.actris.eu/). The station is also contributing to initiatives to create and 

validate standardized tools and datasets in order to exploit the state-of-the art technology in an efficient and 

homogeneous way, such as PROBE (Cimini et al., 2020) funded by the European Cooperation in Science 

and Technology (COST). 

The vertical wind profiles have been obtained using the measurements from Doppler lidar Stream Line 

(Halo Photonics by Lumibird, distributed by METEK), operating at RSLab since October 2021. The system 

consists of a solid-state pulsed laser emitting at 1.55 μm and a heterodyne detector using fibre-optic 

technology. The emission is done with low pulse energy and high pulse repetition rate (10 kHz), what makes 

the instrument eye-safe. The signal acquisition is performed continuous and autonomously in vertical stare 

mode with a temporal resolution around 2 s, and it also has full hemispheric scanning capability. For the 

regular measurements, conical scans with constant elevation of 70º and 12 equidistant azimuth points are 

performed every 10 min. The instrument operates wiht 30 m range resolution and an effective range from 

90 m to 9000 m. The focus of the optical system is set to infinite, in order to reduce the effect of the focus 

function (Pentikäinen et al., 2020). A more detailed description of the instrument can be found in (Pearson 

et al., 2009). 

The analysis of the data gathered during winter season 2021-2021 was done using the products obtained 

with a standard software processing chain developed at the Finnish Meteorological Institute, called ‘Halo 

lidar toolbox’ (Manninen, 2019). With this chain, raw data are first corrected from the artefacts described 

by Manninen et al. (2016) and Vakkari et al. (2019), and the attenuated backscatter (𝛽𝑎𝑡𝑡) is calculated from 

the signal intensity with the focus function as described by Pentikäinen et al. (2020). From scanning 

measurements, the 3D wind vector profiles are obtained with the method described by Newsom et al. (2017) 

and Päschke et al. (2015). From these wind profiles, wind shear (𝑠ℎ) vector is also calculated from the 

changes in the horizontal wind components (𝑢 and 𝑣) with height, as it can be a source of turbulent mixing. 

For turbulence retrievals, the vertical velocity statistical momenta are calculated from vertically pointing 

measurements with a moving window resulting in an effective temporal resolution of 3 min. The dissipation 

rate of the turbulent kinetic energy, 𝜀, is calculated from vertically pointing measurements using the method 

presented by O’Connor et al. (2010) and is used in this study as an indicator of turbulent mixing. Finally, 

all the calculated quantities are combined to create a bitfield-based classification mask described in 

Manninen et al. (2018), where further details on the software chain and the classification mask are given. 

After the application of the processing chain to the database, an additional criterion was used to ensure 

statistical representativity in order to obtain some statistics of the measured period. Wind retrieval was not 

available for certain time and altitude gates where the signal-to-noise ratio was not enough (using a threshold 

of -22.2 dB), when the quality of the retrieval was not enough (using R2 threshold of 0.95), where 

precipitation or fog was detected or if there were no measurements (because of technical issues). With this 
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in mind, the fraction of the data from the total analyzed period that were available was calculated for each 

hour of the day and altitude gate, and we selected the ones with more than 60 % availability to perform the 

statistical analysis. 

RESULTS 

In Figure 1, the retrieved horizontal wind speed (left panel) and wind direction (right panel) profiles are 

shown for an example measurement day in December 2021. In that figure, white areas represent non-

available measurements (because of lack of enough signal or because of low-quality wind retrieval). In this 

case, valid measurements are available both at low heights (below around 1000 m a.g.l.), correspond with 

region with high aerosol load within boundary layer, and also at some times up to more than 4000 m a.gl. 

when clouds are present. 

The results for this study case show that wind direction was different close to the surface (from S-SW), at 

heights between around 500 and 1500 m a.g.l. (winds from W) and at higher layers (with winds mainly from 

NW). Moreover, highest wind speeds were reported over 3000 m a.g.l. in the available range gastes between 

10 h and 17 h UTC. Finally, it is worth to highlight the presence of a well-defined low-level jet with speeds 

more than 15 m/s starting around 750 m a.gl. before 15 h UTC, that decreased its height below 500 m a.g.l. 

and kept stable during the nighttime. 

    

Figure 1. Diurnal evolution of horizontal wind speed (left panel) and direction (right panel) profiles for an 

example measurement day on 23rd December 2021. 
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During the latest decades the improvements in means of analysing and sharing big data sets have made it 
possible to easily analyse complex data from across the globe. This requires intercomparable data. The 
production of such data sets calls for wide networks producing harmonized data over large geographical 
area and storing and delivering the data in a common way. This requires a lot of coordination. 

International Research Infrastructures are the European answer to these needs. They enable implementation 
of scientific instruments and networks that are too big for any nation to build alone. They also enable a more 
continuous funding scheme for large-scale international operations. 

ACTRIS 

ACTRIS (Aerosol, Clouds and Trace Gases Research Infrastructure) is a research infrastructure for 
observing and providing tools for research on the short-lived components of the atmosphere. 

ACTRIS consists of National and Central Facilities. The National Facilities are the numerous existing and 
to-be-implemented observational sites, mobile research platforms, simulation chambers and laboratories 
producing atmospheric data. The Central Facilities are Head Office, Data Centre and six Topical Centres 
for calibration and operation support for different measurement instruments. 

ACTRIS is currently in implementation phase. Some of its parts are already providing data via the ACTRIS 
Data Centre, and the provision of harmonized ACTRIS data and services is planned to start in 2022.  
ACTRIS aims to be fully operational in 2025. Furthermore, ACTRIS is in its last steps to be established as 
a legal entity, ACTRIS ERIC. 19 countries are currently involved through the Interim ACTRIS Council, 
and 14 of them are already committed to becoming the founding members of ACTRIS ERIC (Figure 1). 

ACTRIS ERIC member states commit to fund their share of the national and international ACTRIS activities 
and gain advantage to their scientific community via ACTRIS.  

ACTRIS SERVICES 

The first and most important ACTRIS service is the data, which will be available for free via the ACTRIS 
Data Centre. The data will be intercomparable due to common measurement and data processing protocols 
and quality controlled via regular calibration of the instruments. Besides data delivery, the Data Centre 
provides virtual tools for processing the data online. 
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Figure 1. Countries involved in ACTRIS in setting up ACTRIS at ministry level (dark cyan) and at 

scientific level only (light cyan). 

Another essential ACTRIS service is to provide physical and remote access to the Topical Centres and to 
selected National Facilities via a competitive selection process. This way the most promising research 
projects will always have access to the best facilities and expertise available.  

ACTRIS also provides training and education related to instruments and processing of atmospheric data. 
Furthermore, ACTRIS gives a stronger voice in the policy making to the related scientific communities. 
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INTRODUCTION

Having the property to either absorb and reflect the solar radiation, clouds are responsible for
balancing the Earth’s energy budget. A combination of microphysical and macrophysical cloud
properties are dictating if the clouds are cooling or heating the atmosphere. To be able to detect
these properties, high resolution data from a synergy of instruments with different type of radiation
emitted are required (Brenguier and Wood, 2009; Luke and Kollias, 2013). Since the 1990s several
networks for cloud observations and satellite missions with the main purpose of measuring clouds
and aerosols have been implemented.

One such network for cloud observation is Cloudnet. The Cloudnet network, was developed with
the main purpose of having continuous high resolution observed datasets of cloud variables. These
data are a crucial factor in operational forecast model improvement (Illingworth et al., 2007).
Cloudnet comprises 20 stations of which the Bucharest–Măgurele, Romania and Galaţi stations
(also located in Romania) are the most eastern ones (cloudnet.fmi.fi, accessed om 16 March 2022).
The Bucharest–Măgurele Cloudnet station is located at the Măgurele Center for Atmosphere and
Radiation Studies (MARS), near the capital city of Romania.

Figure 1: Example of the Cloudnet target classification product for 29/05/2020 for Bucharest-
Măgurele station. (https://cloudnet.fmi.fi/)

The aim of this study is to present for the first time in Romania the statistical properties of clouds
over Bucharest-Măgurele using the Cloudnet instrument suite. The study was conducted based on
continuous measurement between December 2019 - May 2021.
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METHODS

The cloud classification used in this study was based on the target classification provided by Cloud-
net in the target classification algorithm suite (Illingworth et al., 2007; Hogan and O’Connor, 2004).
Targets are classified as: 1) cloud droplets, 2) drizzle or rain, 3) drizzle/rain and cloud droplets, 4)
ice, 5) ice and supercooled droplets, 6) melting ice, 7) melting ice and cloud droplets, 8) aerosols,
9) insects, or 10) aerosols and insects (CLU, 2022). One example of target classification pro-
vided by the Cloudnet algorithm suite for 29 May 2020 (last day of the analysed interval with
target classification) is represented in Fig. 1. The open datasets are available for downloading at
(https://cloudnet.fmi.fi/).

Between December 2019 - May 2021 a total number of 1,327,680 profiles were collected. Of the
total number of profiles, 81% were profiles with hydrometeors and 19% were clear-sky profiles.
For the majority of months during the study period the availability of data was greater than
93%. In this study, we define a cloud as layer of at least 5 consecutive height bins classified as
meteorological targets such as: clear sky; aerosol particles, no cloud or precipitation; insects, no
cloud or precipitation; or aerosol coexisting with insects, no cloud or precipitation. Once the cloud
layer conditions are satisfied, the next step was to determine the cloud type for each cloud layer.
The clouds are classified as: ice only, mixed phase, precipitating mixed phase, liquid, precipitating
liquid (method adapted from (Achtert et al., 2020)).

RESULTS

Hydrometeors were observed mainly bellow 5 km with the exception of Jan and Mar 2021. The
highest number of profiles with hydrometeors (mainly liquid) were recorded in Dec 2020, below 1
km. The lowest frequency was observed in Apr 2020, also corresponding to low values for RH based
on ECMWF data (not shown).
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Figure 2: Heatmap showing the occurrence for ice, mixed-phase, precipitating mixed-phase, liquid
and precipitating liquid clouds base on the method proposed by (Achtert et al., 2020) based on
target classification data from Cloudnet. The values are normalized to the total number of identified
cloud layers for each month.

The frequency of occurrence for all five types of clouds is shown in Fig. 2 normalized by the total
number of profiles measured each month. Single layer ice category is in general higher in spring
and winter (31.9 and 41.3 - 23.3 and 37.4%) with a minimum on autumn. Single layer mixed-phase
category is also pronounced during winter and spring (37.7 - 47.8 %). Single layer liquid category
is more frequent on autumn (10.7%) while multi layer class is more frequent on winter 56.1%.
Single layer ice category is the predominant type for each month during the study period, with the
exception of Jan 2020 (37.5%)
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For all cloud layers identified the cloud top and cloud base were extracted and cloud geometrical
thickness was then calculated. Cloud were more frequently observed during winter compared with
other seasons. Ice clouds were the most frequent type of cloud observed followed by mixed phased
and mixed phased precipitable clouds.

CONCLUSIONS

This study is presenting for the first time a statistical analysis of cloud properties over the Bucharest–
Măgurele Cloudnet stations. Based on the initial Cloudnet target classification, a cloud classifi-
cation scheme was defined in this study. The main finding as: (a) the highest number of profiles
with hydrometeors were recorded in Dec 2020; hydrometeors were observed mainly below 5 km;
above 5 km the frequency of occurrence was less than <20%, and (b) clouds were more frequently
observed during winter compared with other seasons, with ice cloud being the most common type;
the geometrical thickness varied from a median values of 244 m to 3,362 m. Next is to extend this
study to include (i) a longer time period, and (ii) additional parameters (e.g., liquid water path,
ice water content).
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INTRODUCTION 

We present a modular software solution to help automate quality control of measurements, data collection, 

storage and analysis at environmental measurement stations, such as SMEAR (Station for Measuring Earth 

Surface – Atmosphere Relations) (Hari and Kulmala, 2005). Such automation allows one to quickly setup, 

standardize and update dataflows across multiple stations which is crucial for endeavours such as the 

ACTRIS research infrastructure or a global-scale network of environmental observatories (Kulmala, 2018). 

METHODS 

SMEARcore consist of several modular pieces based on open-source software and configuration joining 

them: 

1. Data collectors, which collect raw measurement files from the measurement computers. 

2. Storage, which stores raw and derived files 

3. Analysis workflows which extract and calculate variables and derived data products from raw files. 

4. Databases which store the state of analysis and variables for visualization 

5. Visualization, which allows station operators to view the data products from their browser. 

We have set up and tested this concept at the SMEARest station in Estonia and several campaigns. The 

concept was adaptable to the different environments and requirements of the stations. We could run 

SMEARcore on different hardware from a simple network attached storage to cloud computing on a 

Kubernetes platform, which allows the concept to work without adding additional hardware to the station. 

Constant visualization of data and various ancillary measurements, such as instrument pressures and 

analysed file sizes, has proven to be a useful feature in diagnosing problems in measurements and the station 

infrastructure overall. 

CONCLUSIONS 
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SMEARcore is a solution to station monitoring and building analysis workflows to produce end data 

products automatically and in a standardised manner. We recommend its adoption in future measurement 

stations and campaigns, already from the planning phase. 
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INTRODUCTION 

A number of techniques have been developed for measuring atmospheric aerosols. These may be divided 

into two main categories: in situ and remote. The former are usually performed at the ground level or near 

the surface (measurement masts). Measurements in higher atmosphere, with the use of airborne instruments, 

usually constitute of individual passes (soundings) and cannot provide continuous data from different 

altitudes. Remote techniques use electromagnetic radiation with wavelengths in the vicinity of visible light 

to measure the so called optical aerosol parameters. These may be integrated over a column of air 

(sunphotometers, passive satellite detectors) or provided as vertical profiles with the use of laser light 

emitting LIDARs (Light Detection And Ranging). Measurement range of a LIDAR system is limited by 

both geometric compression factor (overlap function) and signal to noise ratio (SNR). LIDARs vary 

significantly in design and laser power but a typical system may retrieve aerosol backscattering and 

extinction coefficient profiles between approximately 0.5 km and 20 km. While the connection between 

optical and physical aerosol parameters is well understood additional assumptions are required for the 

calculations (e.g. Dubovik and King, 2000). Moreover the retrieval of aerosol microphysical properties 

based on their optical parameters is an ill-posed inverse problem (Veselovskii et al., 2010). Consequently it 

is often impossible or impractical to obtain continuous information on aerosols above ground level, in the 

first few hundred meters of the atmosphere. This region is strongly influenced by the vicinity of the surface 

which results in strong vertical variability of aerosol content. A usual approach is to assume averaged aerosol 

parameters based on columnar measurements. This often leads to significant mismatch between 

concentrations and size distributions assumed above the surface and those measured with in situ instruments 

at the ground level (e.g. Fernandez-Galvez et al., 2013). 

METHODS 

We propose a method for approximation of complete aerosol extinction profiles that utilizes GRASP-OPEN 

algorithm which is based on GARLiC project (Lopatin et al., 2013; Dubovik et al., 2014). The algorithm 

analyses sun-photometer and LIDAR measurements to retrieve aerosol microphysical parameters within the 

LIDAR’s operating range. A tandem of aerosol spectrometers, a scanning mobility particle sizer (SMPS) 

and an aerodynamic particle sizer (APS), are used to provide in situ measurements of aerosol particle size 

distribution at the ground level in a wide range of sizes (2.5 nm – 20 μm). These data are used to approximate 

aerosol extinction coefficient near the surface with the help of the Mie theory. Additional information is 

provided by airborne optical particle counters (OPCs) mounter on unmanned drones (UAVs). The operation 

ceiling of UAV was limited to 120m due to aviation regulations. To complete the profile a fitting function 

was used that allowed merging between ground level and minimal LIDAR data range. We propose the use 

of forth order polynomial with five free parameters. The parameters were calculated based on value and first 

derivative of the profile in the lowermost LIDAR range, value at the surface (size spectrometers) as well as 

the first derivative near the surface derived from drone profiling. The final constraint was provided by the 

requirement of the so called extinction closure, i.e. equality between sunphotometer derived aerosol optical 

depth (AOD) and integrated extinction profile (where the aerosol content above the LIDAR’s operating 

range is assumed to be negligible). 
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CONCLUSIONS 

 
 

Figure 1. The lowermost part of reconstructed aerosol extinction profile at 500 nm. The red line represents 

GRASP retrieval (LIDAR + sun-photometer), the blue × symbol shows value obtained with Mie theory 

based on surface measurements (APS + SMPS), green circles depict measurements with N3 OPC airborne 

detector (UAV), and black dashed line shows an analytical interpolation normalized with AOD. 
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INTRODUCTION 

Local, regional or global air quality, as well as human health or climate change, are highly influenced by 
aerosol loads. Aerosol sizes, chemical and physical properties control their harmful potential and are 
correlated with their sources (Zhang et al., 2019). Usually, the lofted aerosols layers in the atmosphere are 
not influencing the ground base concentrations, specific meteorological conditions being necessary to sense 
the same air masses on the free troposphere and planetary boundary layer (Nicolae et al., 2013). 

In this study, aerosols types derived from Aerosol Chemical Speciation Monitor (ACSM) data collected at 
ground level are compared with aerosols type on vertical profiles derived from multiwavelength Raman 
lidar data, while the potential of layers to be mixed in the planetary boundary layer is assessed using the 
radial wind speed from wind lidar data. The measurements are performed during 2021 summertime at 
Magurele centre for Atmosphere and Radiation Studies (MARS-44.35 North, 26.03 East, 93 m ASL), a peri-
urban area, in the southern-western part of Bucharest, Romania. Magurele_INO is a WMO-GAW station 
and a national facility within ACTRIS (Aerosol, Clouds and Trace Gases Research Infrastructure). The aim 
of the study is to identify the potential influence of long-range transported aerosols at the ground level during 
summertime 2021. 

METHODS 

In this study three components of the ACTRIS national facility (aerosol in situ, aerosol remote sensing and 
cloud remote sensing) infrastructure are used to properly characterise the potential to identify the long-range 
transported aerosols influence at the ground level. 

The source apportionment of organic aerosols from ACSM data was performed using the PMF algorithm 
implemented through ME2 solver on Source Finder IGOR Pro software (Paatero and Tapper, 1994, 
Canonaco et al., 2021). The best factor solutions have been assessed using the profile spectra with m/z 
signals from 13 to 120 and several criteria regarding the marker’s identification and correlations with 
external data. PMF analysis followed the protocol described by Canonaco et al. (2021) and Chen et al, 
(2022), with bootstrap and up to 100 runs per factor. Four factor solution is proper for MARS site during 
2021 summertime, with  two primary organic aerosols (hydrocarbon-like HOA, biomass burning BBOA) 
and two secondary oxygenated organic aerosols (less oxidised oxygenated LO-OOA, more oxidised 
oxygenated MO-OOA). The primary organic aerosols contribution has been retrieved, constraining the data 
with an average HOA spectra specific for the site and the BBOA spectra (Ng et al., 2011). The summertime 
is characterised by higher proportions of secondary oxygenated organic aerosols (OOA), the highest 
proportions being represented by MO-OOA, up to 62% (Figure 1). Usually, higher proportions of secondary 
aerosols during summer are related to local pollution cases or long-range transport of aerosols.  A low 
proportion of primary organic aerosols is observed, with only 20%, out of which BBOA represents 9.75%. 

The NATALI software has been used to assess the aerosols predominant types from multiwavelength Raman 
lidar data (Nicolae et al., 2018). The Natali package is based on an Artificial Neural Networks algorithm to 
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rapidly and better classify the aerosols within lofted layers  using optical data derived from standard products 
of ACTRIS multiwavelength Raman depolarization lidars: lidar ratios at 355 and 532nm, Angstrom 
exponent (355/532), linear particle depolarization at 532 nm, color ratios and color indexes (532/1064 and 
1064/532) (Nicolae et al., 2018).  

Above 200 aerosol layers have been identified during June-August 2021, out of which 44% typed as 
Continental, Continental Polluted and Smoke. Among all predominant types retrieved by NATALI the 
comparison with the ground base information can be performed with these 3 types of aerosols due to the 
similar chemical and physical properties. In Figure 1 BBOA and OOA types from ACSM data are compared 
with Continental, Continental Polluted and Smoke from lidar lofted layers. Increased loadings of OOA time 
series from organic aerosols ACSM data corresponds in some cases with an enhancement of aerosols within 
first lidar layers.  

 
Figure 1. Aerosols type retrieved using NATALI software on multiwavelength Raman lidar data (Smoke-

light green, Continental-brown, Continental Polluted- pink)and oxygenated organic aerosols 
(grey)/biomass burning aerosols (green) timeseries from ACSM data retrieved using PMF method 

 
Figure 2. Backscatter profile (355/532) derived from multiwavelength lidar data and vertical wind speed 

from wind lidar data (26.07.2021) 
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For the analysed period 4 days out of 13 (94 layers) presented favourable meteorological conditions to 
permit downward mixing of the lofted layers observed in the lidar signal. One example of favourable vertical 
wind speeds to facilitate ground deposition of aerosols lofted layers is on 26 th July, when Smoke and 
Continental types are present in the altitude and an increased amount of OOA is evidenced at ground level 
during the following hours (Figure 1). Two layers can be observed near the ground (~1200, 1700m), typed 
as Smoke based on optical properties, mostly due to Angstrom exponent values ranging from 0.8 to 1.4 
during three hours of measurements (Figure 1 and 2). The following hours are characterised at the ground 
by a high proportion of OOA (almost double, reaching up to 10 µg/m3). In the analysed time frame mostly 
the first lofted layers (up to 3km) have the maximum potential to influence the ground base aerosols 
concentration and properties.  

CONCLUSIONS 

The 2021 summer period was characterised by a high percentage of Continental and Smoke types of aerosols 
in the lofted layers, while at the ground base the oxygenated organic aerosols are predominant in the 
Bucharest region. Only several layers near the ground could be associated with the increased concentration 
of organic aerosols. The long-range transported aerosols influenced the ground level aerosol loadings and 
properties in 30% of cases during the analysed period. Continuous monitoring and retrieval of optical 
properties and aerosols types is necessary to quantify the long-range transported particles' influence on the 
local air quality. 
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INTRODUCTION

When predicting the impacts of climate change, the largest uncertainty is related to aerosol–cloud–
radiation interactions (IPCC, 2021). This stems from complex interactions between cloud formation
from aerosol particles (cloud condensation nuclei, CCN), aerosol formation by low volatility vapors
produced by oxidation of biogenic and anthropogenic vapor emissions, and effects of radiation
on photosynthesis and formation of atmospheric oxidants (Petäjä et al., 2009; Ezhova et al., 2018;
Kerminen et al., 2018). As different types of clouds have varying ability to scatter radiation, one step
to improve understanding on processes related to aerosol–cloud–radiation interactions is to analyze
how the processes are affected by the presence of certain types of clouds. Therefore, we developed an
algorithm for cloud type classification at SMEAR II (Station for Measuring Ecosystem–Atmosphere
Relations), and aim to use its results in investigation of aerosol–cloud–radiation processes (Ylivinkka
et al., 2020).

METHODS

The cloud classification bases on three parameters: transmittance and patchiness, derived from
measured and modeled global radiation, and cloud base height, measured by a ceilometer (Ylivinkka
et al., 2020). The algorithm is valid when solar zenith angle (SZA) is less than 70◦ because with
larger SZA pyranometer measurements may be biased. At SMEAR II the SZA limit excludes
observations approximately from mid-October to the end of February. The cloud types classified by
the algorithm are stratus (St), stratocumulus (Sc), cumulus (Cu), nimbostratus (Ns), altostratus
+ altocumulus (As+Ac), cirrus + cirrostratus + cirrocumulus (Ci+Cs+Cc), and clear sky + cirrus
(clear+Ci). The algorithm additionally categorizes multilayered cloud cases, and cases when the
cloud type could not be classified.

CONCLUSIONS

Here, we applied the algorithm to study the cloud types at 9:00–12:00 on new particle formation
(NPF) event and non-event days to gain knowledge on whether events occur solely on clear-sky
conditions. Our results show that during most cases (41 %) events occur when the sky is clear,
but clouds with high patchiness (e.g. cumulus 27 %) or transmittance seem not to prevent NPF
events (Fig. 1). In the future, the algorithm can be used as a tool to, for example, assess and
quantify the relation between cloud types and NPF, the processes behind NPF, such as formation
of precursor gases in cloudy conditions, and the effect of clouds on photosynthesis and emissions of
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biogenic volatile organic compounds. The knowledge on these processes is required to understand
and validate the strength of terrestrial climate feedback mechanisms.

Figure 1: Cloud types at 9:00–12:00 on NPF event and non-event days at SMEAR II during Feb–Oct
2008–2019.
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INTRODUCTION 

Measurements of atmospheric gas-phase chemistry and aerosol particle dynamics requires well-calibrated and 

accurate instrumentation with known uncertainty estimations. This abstract covers the recent developments of 

aerosol instrumentation and mass spectrometry at the University of Helsinki and Karsa Ltd. 

AEROSOL MEASUREMENTS 

Accuracy of the current sub-10 nm measurements. Kangasluoma et al. (2020) presents an uncertainty analysis 

of the current available instrumentation for the measurements of sub-10 nm aerosol particles. The analysis 

covers literature review of the measurements where instrument comparisons are possible, recent data from 

three different experiments with the state-of-the-art instrumentation, and uncertainty estimates based on 

simulated instruments. Based on the analysis, several future efforts are suggested to increase the measurement 

accuracy and reproducibility in the for the sub-10 nm aerosol particles.  

Instrument inversions. Data inversion routines are an important part of the measurement accuracy, as an 

unstable inversion routine can propagate large errors to the inverted size distributions. Sub-10 nm aerosol size 

distribution measurements using SMPSs with bipolar chargers are not disturbed by multiply charged particles, 

therefore linear one-to-one inversions are suggested, as their performance is similar to more complex inversion 

routines (Cai et al. 2019). When multiple instruments are available for the size distribution measurements, the 

instrument functions and raw data can be combined for a single combined inversion, resulting in more accurate 

inverted size distributions (Stolzenburg et al. 2022). Laboratory measurements of stable aerosol sources 

demonstrate excellent performance for the inversions of the PSM data (Cai et al. 2018), while treatment and 

inversion of atmospheric data measured with a PSM requires careful pretreatment and cross checking of the 

inverted size distributions (Chan et al. 2020).  

Importance of CPC counting statistics of a DMPS on the inferred GR and J. We conducted an experiment with 

the Hyytiälä DMPS in which a new ultrafine CPC based on the A20 was measuring in parallel with the 

TSI3776. The aerosol flow rate of the A20 was 2.5 L min-1 compared to the aerosol flow rate of 0.05 L min-1 

in the TSI3776, which turns out in 50 times better counting statistics for the A20, which leads to √50 times 

smaller counting uncertainties. The analysis demonstrates that the GR measured in Hyytiälä for size range 3-

6 nm is strongly affected by the low counting statistics of the 3776, while the statistics in the size range of 6-

11 nm is already sufficient to not affect the inferred GR significantly. J on both size range is measured 

accurately even with the low count statistics. 

Charger ions at atmospheric conditions, charger ion doping, and charger ion time evolution. Aerosol particle 

charging, especially in the sub-10 nm size range, is a likely source of uncertainty for the size distribution 

measurements. The basis for the bipolar aerosol charging studies is the Fuchs charging theory that links the 

charger ion properties to the size dependent charged particle fractions in the region of stable ion production. 

An open question is that what are the charger ion when measured using atmospheric air as the carrier gas. We 
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proposed a joint collaborative project to measure the mobility of the charger ions at eight different sites around 

the world, which provides first measurements of the charger ion mobility distributions with atmospheric carrier 

gas. As the properties of these ions are expected to vary with time and location, we explored whether it is 

possible to stabilize the ion properties by doping the sample flow with selected neutral vapors. Our results 

demonstrate that doping the charger changes the charger ion mobility distributions, and it further alters the 

charged particle fractions. Another uncertainty in aerosol charging is the evolution of the ion populations 

downstream of the charger when there is no ion production. We demonstrate that a simple model can reproduce 

the measured changes in the charger ion populations downstream of a charger, and that the changes in the ion 

population are reflected in the charged particle fractions nearly immediately. Further, the results and model 

demonstrate that the assumption of equal positive and negative ion concentrations may not be valid, and has 

effects on the ion dynamics downstream of the charger through ion recombination.  

MASS SPECTROMETRY 

Measurement of sub-50 nm particle composition. Measurement of the particle phase composition for sub-50 

nm particles is still a challenge because of the very small mass carried by the small particles, which has to be 

separated from the mass of the larger particles. The current methods for the composition measurement rely on 

particle collection on e.g. a filter that are prone to collection artefacts and have low time resolution. We have 

developed an online thermal desorption NO3
- CIMS that samples directly the vapors evaporated from the 

particles (Häkkinen 2020). We produced α-pinene SOA in a chamber and measured the chemical composition 

of the species evaporated from the particles. The instrument exhibits 0.2 ng m-3 detection limit for a single 

compound with one minute averaging and detection limit of ~0.5 μg m-3 for the SOA produced from α-pinene 

with 10 s averaging. Trimers of the oxidation products were evaporated from the particles, suggesting 

oligomerization taking place in the particle phase. 

Isomer separation using DMA-MS. Inherent challenge in conventional mass spectrometry is that isomeric 

species are not separated by their mass. Traditional GC/LC methods have relatively long measurement times, 

require specific columns for specific compounds and are not suitable for low volatility species. We have built 

a DMA-MS system that was shown to be capable of separating isomeric compounds of dihydroxybenzenes: 

catechol, resorcinol and hydroquinone (Bianco et al. 2022), and the experimentally determined order of the 

measured electrical mobilities agrees with the computational mobility predictions. We used the same 

experimental setup to determine the mobilities of the oxidation products of α-pinene (Skyttä 2021). We find 

that most of the observed isomers of the oxidation products are likely cluster isomers, i.e. clusters with different 

reagent ion binding, and not isomeric compound of the oxidation product. Further, by producing pinanediol 

and pinonic acid from standard samples, we confirm that these two compounds are formed in the gas phase 

oxidation of α-pinene. 

MION2. The MION is the first atmospheric pressure chemical ionization inlet that enables the use of two 

reagent ions semi-simultaneously (Rissanen et al. 2019). Here we present second version of the MION that 

improves the previous one in five aspects: 1) the ion optics are optimized such that the reagent ion 

concentrations are increase by a factor of ~10, leading to lower detection limits. 2) one more flow is introduced 

to the ion sources to protect it from the contaminants, such as water, of the sample flow. 3) electrical stability 

has been greatly improved 4) it is possible to connect up to six ion sources to one inlet. 5) electrospray can be 

used as one of the ion sources, enabling the use of new reagent ions. Results of the MION2 calibrations will 

be presented. 

Calibrator for chemical ionization inlets. A known issue in the use of chemical ionization mass spectrometers 

is the lack of atmospherically relevant calibration methods and easy methods to verify the operation of the 

mass spectrometer in field conditions. We present a method used in the Karsa laboratory for monitoring the 

instrument performance. The ‘calibrator’ is a small thermal desorption unit that is connected at the instrument 

inlet. The calibration sample is injected onto a heated filter, and carried to the mass spectrometer with particle 

free air. The system is very simple and requires only compressed air, heating power, a syringe and a sample 
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solution. We will present results from our long term monitoring of the instrument performance in Karsa 

laboratory with standard explosives samples. 
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INTRODUCTION 

In September 2016, 36 spectrometers from 24 in- stitutes measured a number of key atmospheric pollutants 
for a period of 17 d during the Second Cabauw Intercomparison campaign for Nitrogen Dioxide measuring 
Instruments (CINDI-2) that took place in Cabauw, the Netherlands (51.97◦ N, 4.93◦ E). We report on the 
approach of the formal semi-blind intercomparison exercise. While the CINDI-2 campaign was held under 
the umbrella of the Network for the Detection of Atmospheric Composition Change (NDACC) and the 
European Space Agency (ESA), the approach is the basis for the ACTRIS Trace Gas Remote Sensing topical 
center unit for UV-VIS intercomparison in CREGARS. 

This presentation outlines the approach, recapitulates the primary results from CINDI-2 and gives an outlook 
to the work that will be done in ACTRIS-CREGARS. 

 

METHODS 

The three major goals of CINDI-2 were (1) to characterise and better understand the differ- ences between 
a large number of multi-axis differential op- tical absorption spectroscopy (MAX-DOAS) and zenith-sky 
DOAS instruments and analysis methods, (2) to define a robust methodology for performance assessment 
of all participating instruments, and (3) to contribute to a harmonisation of the measurement settings and 
retrieval methods. This, in turn, creates the capability to produce consistent high-quality ground-based data 
sets, which are an essential requirement to generate reliable long-term measurement time series suitable for 
trend analysis and satellite data validation.  

The data products investigated during the semi-blind intercomparison are slant columns of nitrogen dioxide 
(NO2), the oxygen collision complex (O4) and ozone (O3) measured in the UV and visible wavelength 
region, formaldehyde (HCHO) in the UV spectral region, and NO2 in an additional (smaller) wavelength 
range in the visible region. The campaign design and implementation include the measurement protocol, 
calibration procedures and slant column retrieval settings. Strong emphasis was put on the careful alignment 
and synchronisation of the measurement systems, resulting in a unique set of measurements made under 
highly comparable air mass conditions.  

The CINDI-2 data sets were investigated using a regression analysis of the slant columns measured by each 
instrument and for each of the target data products. The slope and intercept of the regression analysis 
respectively quantify the mean systematic bias and offset of the individual data sets against the selected 
reference (which is obtained from the median of either all data sets or a subset), and the rms error provides 
an estimate of the measurement noise or dispersion. These three criteria are examined and for each of the 
parameters and each of the data products, performance thresholds are set and applied to all the 
measurements. The approach has been developed based on heritage from previous intercomparison 
exercises. It introduces a quantitative assessment of the consistency between all the participating instruments 
for the MAX-DOAS and zenith-sky DOAS techniques. 
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EXPERIMENTAL SET-UP 

 

Figure 1. Panoramic view of the CINDI-2 set up in September 2016 on the Cabauw site in the 
Netherlands.  

To allow for optimal synchronisation of the measurements, all the spectrometers participating were 
installed in close proximity to each other on the remote-sensing site (RSS) of the Cabauw station (see 
Fig.1).  The scientific rationale behind this setup was to arrange the instruments in such a way that the 
same air masses could be sampled by all spectrometers instantaneously. 

The choice for the Cabauw site was made due to the location with a relatively free view of the horizon 
over most of the day, influence of different air masses varying from clean to polluted, presence of a wide 
range of ancillary observations necessary to interpret the UVVIS observations. 

 

RESULTS 

The details of the analysis of the intercomparison results are described in Kreher et al. 2020. Figure 2 
(taken from Kreher et al. 2020) shows the final outcome of the intercomparison, indicating the fulfilment 
of intercomparison criteria. 

 

K. Kreher et al.: Intercomparison of NO2, O4, O3 and HCHO slant columns 2197

Figure 22. Assessment matrix for all 36 instruments and eight data products for MAX-DOAS and four data products for zenith-sky mode.
Green indicates that all three assessment criteria have been fulfilled, yellow means that one criterion is not satisfied, orange means two are
not, red means all three criteria have not been met, and black indicates that this data set has at least one extreme outlier. White indicates
when data sets were not measured. The two numbers in each box indicate the rating for each product and instrument according to the dSCD
regression rms (first value) and the rms calculated as part of the data fitting routine (second value). The instruments with the smallest rms
are denoted with the smallest numbers. Note that the instruments are grouped according to their specific design as custom-built, Pandora,
EnviMes, Mini-DOAS or SAOZ.

agree within a few percent for all MAX-DOAS and twilight
DOAS products (apart from HCHO and O3).

This assessment process, undertaken as part of CINDI-
2, provides the UV–visible absorption spectroscopy research
community with guidelines and a procedure on how to assess
the performance of MAX-DOAS and DOAS instruments,
in particular for the inclusion into NDACC (see NDACC
web page for access to the UV–vis Appendix describing
these recommendations). It is expected that a similar level
of consistency as seen during CINDI-2 can be obtained in
the field if recommended settings are implemented and used
by each participant of the network. More control in this as-
pect of homogeneity can be obtained through centralised pro-
cessing, which is the aim of the currently developed ESA
FRM4DOAS project (see http://frm4doas.aeronomie.be/, last
access: 30 March 2020).

The semi-blind CINDI-2 exercise, presented here, con-
cludes with the comparison and assessment of the re-
trieved dSCDs of a limited number of mature data prod-

ucts (NO2, O4, O3 and HCHO). However, additional species
(e.g. HONO, glyoxal, BrO, H2O) were also measured dur-
ing the campaign, some of them being the subject of on-
going studies to be published separately. In particular, the
tropospheric ozone column retrieval has been investigated in
depth (Wang et al., 2018) and a publication on HONO re-
trievals is under way (Wang et al., 2019) as a follow-up of
the first HONO intercomparison during MAD-CAT (Wang
et al., 2017c). In addition to dSCD measurements, the sub-
sequent steps in MAX-DOAS retrievals, i.e. their conversion
into vertical-column and profile information, is also further
investigated in a CINDI-2 profiling working group and as
part of the ESA FRM4DOAS project (Frieß et al., 2019; Tir-
pitz et al., 2020). Furthermore, other aspects of the campaign
measurements are being further exploited, such as mobile car
DOAS observations, reference in situ measurements and in-
strument elevation pointing calibration (Donner et al., 2020).

www.atmos-meas-tech.net/13/2169/2020/ Atmos. Meas. Tech., 13, 2169–2208, 2020
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CONCLUSIONS 

This presentation outlines the set up and strategy for intercomparison of UVVIS instruments. This 
approach is the basis for a contribution to the ACTRIS topical center for Trace Gas Remote Sensing 
(CREGARS). The intercomparison campaigns are intended to take place once every 3 to 4 years. 
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INTRODUCTION 

Oxygenated Volatile Organic Compounds (OVOCs)  are an important fraction of the VOCs and are emitted 

in the atmosphere from anthropological (solvent, industry, transport) and biogenic sources (Legreid et al., 

2007; Placet et al., 2000). Also, oxidation process in the atmosphere can lead to the formation of OVOCs 

(Atkinson, 2000). Aldehydes and Ketones are generally measured following the ISO 16000-3 method where 

DNPH cartridges are used to preconcentrate the sample. The method is very sensitive and allows 

identification and quantification from low ppt to high ppb depending on flow and sampling time (Uchiyama 

et al., 2004). Nevertheless, this technique is time consuming as it is needed to manually elute the DNPH 

cartridge before HPLC-UV analysis. Other techniques allow specific quantification of specific OVOCs such 

as formaldehyde but cannot quantify all OVOCs (Becker et al., 2019). Therefore, there is a need for 

automated and continuous measurement of Aldehydes, Ketones and also Alcohols (which are not measured 

with ISO 16000-3 method). Automated gas chromatograph are widely used for the characterization of VOCs 

in ambient air (Martin et al., 2012). Nevertheless, OVOCs and particularly light OVOCs are often difficult 

to measure without interference. In this article, we present a study on the performance and limitation of a 

dual thermo-desorption gas chromatograph equipped with flame ionisation detector and mass spectrometer 

for the characterization of OVOCs in ambient air. Also, we will present results on a specific module 

dedicated to the measurement of light OVOCs.  

METHODS 

auto-TDGC-FID/MS for C2 to C6 Monitoring 

An automatic gas chromatograph (airmoVOC C2-C6, Chromatotec, France) equipped with a flame 

ionization detector (FID) and mass spectrometer has been used for the monitoring of non-polar molecules 

containing from 2 to 6 carbon atoms. For each analysis, 107 mL of ambient air was drawn into the system 

with a flow rate of 12 mL.min-1 (air sample is integrated over 10 min). The air sample passed first through 

a dryer (airmoDry, Chromatotec, France) to remove the humidity and then hydrocarbons were pre-

concentrated at -10°C on a trap filled with a mixture of Carboxen and Carbopack. The pre-concentrated air 

sample was thermally desorbed at 220°C for 4 minutes and directly injected in a 25 m Al2O3/Na2SO4 column 

(PLOT column, 0.53 mm ID, 10.0 µm dF) located inside the heated oven of the GC. Within the first minute 

of the analytical procedure, the oven temperature rose from 36°C to 38°C. Afterwards a constant heating 

rate of 15°C.min-1 was applied and the temperature reached 202°C. Then the temperature is kept at 202°C 

for 630s before cooling. C2–C6 hydrocarbons were detected by FID and the detection limit has been 

determined to be 0.065 µg.m-3 for N-butane. 

auto-TDGC-FID/MS for C6 to C12 Monitoring 
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For the monitoring of molecules containing from 6 to 12 carbon atoms an automatic gas chromatograph 

(airmoVOC C6-C12, Chromatotec, France) equipped with FID and mass spectrometer has been used. For 

each analysis, 440 mL of ambient air was drawn into the system with a flow rate of 20 mL.min-1 (air sample 

is integrated over 20 min). The compounds were pre-concentrated at room temperature on a trap filled with 

Carbopack mixture. The pre-concentrated air sample was thermally desorbed at 380°C for 4 minutes and 

directly injected in a 60 m MXT 1 column (0.28 mm ID, 1.0 µm dF) located inside the heated oven of the 

GC. During the first 7 minutes of the analytical procedure, the oven temperature rose from 36°C to 50°C. 

Afterwards a constant heating rate of 10 °C.min-1 was applied for 3 minutes followed by a heating rate of 

15 °C.min-1 for 8 minutes. The temperature reached 200°C by the heating time. Then the temperature is kept 

at 200°C for 240 s before cooling. C6–C12 compounds were detected by a FID and the detection limit has 

been determined to be 0.045 µg.m-3 for Benzene. 

Mass spectrometer for C2-C12 monitoring 

Low-resolution mass spectra (MS) were recorded in the electron impact mode (EI, 70 eV) with a single 

quadrupole mass spectrometer (DET QMS, Chromatotec, France). The system is equipped with a heated 

multiplexing system for two streams (200°C) and two heated transfer lines (200°C). The measured 

intensities were computed using VistaMS software and concentration calculations were performed using 

hight intensity on selected ion for each species. The determination of validated results was performed with 

VistaMS. The tuning of the mass spectrometer was performed using Perfluorotributylamine (PFTBA) from 

Sigma-Aldrich. All electronic parameters were saved and used for the whole time of the experiment. 

auto-TDGC-FID with methanizer for light OVOCs 

The monitoring of formaldehyde, acetaldehyde and methanol was performed using automatic gas 

chromatograph equipped with a hydrogenating reactor to convert all OVOCs to methane before 

quantification using FID. The OVOCs were pre-concentrated at room temperature on a trap filled with 

Carbopack. The pre-concentrated air sample was thermally desorbed at 380°C for 4 minutes and directly 

injected in a two-dimensional columns system  (polar and apolar capillary columns) located inside the heated 

oven of the GC. The first column is used for separation of light compounds according to their molecular 

mass. The polar column separates polar from non-polar compounds before identification and quantification. 

Gas supply 

Air generators (airmopure, Chromatotec, France) and Hydrogen generators 99.9999% with dew point below 

-15°C (Hydroxychrom, Chromatotec, France) were used for the flames of FIDs, valve actuations of the auto-

TDGC-FIDs and drying of samples for C2 to C6 analysis. The VOCs content of gas generated by both 

generators was verified experimentally using auto-TDGC-FID and Non-Methanic Hydrocarbon 

Concentration (NMTHC) for both analysers was below 0.1 µg.m-3. 

Standards used for calibration 

Quality controls of the instruments were performed using NIST certified cylinders. TO15 (64 compounds) 

and PAMS 58 (Takachiho, Japan) were used for the calibration of instruments and response factor 

calculations.  

Calibration setup 

For the calibration of OVOCs, a certified gas mixture of TO15 compounds was used at different 

concentrations in the range 0.5 – 10 ppbv. The concentration of each compound in the cylinder is 100 ppbv 

± 10%. To perform the dilution of the cylinder with zero air, 2 mass flow controllers (MFC) from Bronkhorst 

were used. The flow range of the Cylinder MFC was 0-10 mL.min-1 and the flow range of Dilution MFC 

was 0-1 L.min-1. The sample flow rate was 30 mL.min-1. Calibration curves were performed with 6 different 

concentrations with 10 replicates for the first calibration point and 6 replicates for the others. Precision and 

accuracy were evaluated at 4 ppbv.   
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CONCLUSIONS 

The aim of this study was to analyse specifically oxygenated VOCs in ambient air, using an on-line system 

including 2 automatic TDGC-FID coupled to a mass spectrometer, and an auto-TDGC-FID with a 

methanizer. 

C2 to C6 measurement 

Light non-polar VOCs containing 2 to 6 carbons were analysed using the first on-line auto-TDGC-FID/MS 

equipped with an Al2O3/Na2SO4 PLOT column. The system can analyse all light compounds from PAMS 

58 cylinder and some of the molecules included in the TO15 cylinder such as freons, chlorinated compounds 

and carbon disulphide. Nevertheless, light OVOCs such as Methanol, Ethanol, Formaldehyde and 

Acetaldehyde cannot be analysed with the analyser because they cannot be eluted from Al2O3/Na2SO4 PLOT 

column.  

C6 to C12 measurement and performance studies 

The second on-line auto-TDGC-FID-MS equipped with an MXT-1 column is designed to analyse molecules 

containing 6 to 12 carbons and was used for the measurement of OVOCs heavier than Acetaldehyde.    

  VOCs    

 1 Ethanol   

 2 Acrolein   

 3 Acetone   

 4 Isopropyl alcohol   

 5 Methyl tert-butyl ether   

 6 Vinyl acetate   

 7 Methyl ethyl ketone   

 8 Ethyl acetate   

 9 1,4-Dioxane   

 10 Methyl methacrylate   

 11 Methyl isobutyl ketone   

  12 Methyl butyl ketone    

Table 1: List of OVOCs in TO15 standard gas mixture 

The TO15 gas mixture (64 compounds) contains 12 OVOCs that are listed in Table 1. Among these 12 

compounds only ethanol is not retained enough by the trap to be detected. The FID chromatogram of TO15 

standard mix at 4ppb is showed in Fig. 1. The 11 OVOCs detected were identified with their retention times. 

To confirm identifications, mass spectrometry detection and NIST database were used. 
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It is noticeable that coelutions occur between some OVOCs and the other compounds of the cylinder. As 

shown in Fig. 1, MTBE and Vinyl acetate are co-eluted, Ethyl acetate is co-eluted with Chloroform and 

Methyl methacrylate with N-heptane. Fortunately, we can avoid these coelutions with MS detection by 

selected the specific ion for each compound. 

Calibration curves for each OVOCs were performed with six different concentrations of standard mixture. 

The range of concentrations is 0.5 to 10 ppb. The linearity of calibration curves was determined with 

determination coefficient (R²) for FID and MS detection. As reported in Table 2, the determination 

coefficients varied between 0.9829 and 0.9992 for FID and 0.9871 and 0.9995 for MS showing linear 

calibration curves for every compounds. 

The limits of detection (LOD) of the systems were calculated according to the Chinese standard norm for 

ambient air measurement (HJ 1010-2018, 2019). Thus, the LODs were determined with the standard 

deviation of 10 replicates of the standard gas at 0.5 ppb (Table 2). The detection limits ranged from 0.065 

to 0.325 ppb and 0.068 to 2.110 ppb for FID and MS respectively. Except for MEK and MBK, all detection 

limits are at least 50% higher with MS detection.  

The precision and accuracy were calculated at 4 ppb according to the Chinese standard method. The majority 

of the compounds presented relative standard deviations below 10%, but the non-gaussian peak shape of 

oxygenated compounds could be responsible of accuracies over 10% (Table 2). In comparison, Benzene 

accuracies are 0.68% and 3.00 % for FID and MS respectively.  

 

 

 

 

 

 

 

 

Figure 1: FID chromatogram of 4 ppb of 11 OVOCs contained in TO15 standard mix 
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  OVOCs FID Detection   MS detection   

    

Determination 

coefficient  

(R²) 

LOD  

(ppbv) 

Precision at  

4 ppbv 

(%RSD) 

Accuracy at  

4 ppbv (%)  

Determination 

coefficient  

(R²) 

LOD  

(ppbv) 

Precision at  

4 ppbv 

(%RSD) 

Accuracy at 

4 ppbv (%)  

 Methanol  ND  -   -   -    -   -   -   -    

 Ethanol  ND  -   -   -    -   -   -   -   

 Formaldehyde  ND   -   -   -    -   -   -   -   

 Acetaldehyde  ND  -   -   -    -   -   -   -   

 Acrolein 0.9992 0.093 2.04 2.62  0.9990 0.277 10.6 1.67  

 Acetone 0.9960 0.065 5.79 8.27  0.9995 0.253 5.45 2.22  

 Isopropyl alcohol (IPA) 0.9829 0.130 1.12 13.6  0.9871 0.404 7.76 7.87  

 Methyl tert-butyl ether (MTBE) Coeluted   -   -   -   0.9995 0.216 2.78 2.09  

 Vinyl acetate Coeluted  -   -   -   0.9992 0.431 7.49 0.73  

 Methyl ethyl ketone (MEK) 0.9960 0.124 2.52 14.2  0.9899 0.068 4.37 19.8  

 Ethyl acetate Coeluted  -   -   -   0.9928 0.179 6.79 19.28  

 1,4-Dioxane 0.9894 0.150 2.44 29.2  0.9978 0.285 7.29 14.9  

 Methyl methacrylate Coeluted  -   -   -   0.9984 0.273 3.43 5.92  

 Methyl isobutyl ketone (MIBK) 0.9986 0.325 1.46 7.36  0.9979 0.760 8.12 2.34  
  Methyl butyl ketone (MBK) 0.9970 0.270 2.77 7.68   0.9988 0.159 7.79 2.47   

Table 2: Determination coefficients, detection limits, precision and accuracy of OVOCs using FID and 

MS detection 

As shown in Table 2, although the LOD and repeatability are overall better for FID than MS, FID detection 

could not provide analysis of MTBE, Vinyl acetate, Ethyl acetate and 1.4-Dioxane due to the coelutions. 

However, by selecting a specific ion for each species, MS detection allows accurate quantification of these 

compounds. 

Specific gas chromatograph for light OVOC  

As shown previously, methanol, ethanol, formaldehyde and acetaldehyde cannot be quantified using the C2-

C12 FID/MS system. Therefore, a specific analyser has been designed for the separation and quantification 

of these molecules. The three main challenges for this application are: preconcentration, separation and 

capability to measure these molecules with very low response on FID. Analytical solutions have been found 

for all three challenges and we have shown that the system is perfectly suited for the measurement methanol, 

ethanol, formaldehyde and acetaldehyde (Mascles et al., 2021). 

In this work, the performances and limitations of detection of OVOCs in ambient air by dual thermo-

desorption gas chromatograph equipped with flame ionisation detector and mass spectrometer were 

described. Using a TO15 standard gas mixture, 11 OVOCs from acrolein to methyl butyl ketone were 

identified and accurately quantified on the C6C12 system with MS detection. However, for the detection of 

light OVOCs such as Methanol, Ethanol, Formaldehyde and Acetaldehyde a specific module dedicated to 

the measurement of these compounds is required. 
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INTRODUCTION 

Aerosol microphysical properties are retrieved by inversion algorithms that use remote sensing 

measurements as inputs. But a-priori information of the scattering properties of the aerosol particles (i.e. 

phase function) is necessary for the application of these inversion algorithms, particularly for non-spherical 

particles. For the specific case of inversion algorithms using satellite measurements, the use of polarized 

light is permitting further advances because polarization allows the discrimination between scattered light 

from the surface and from particles. Particularly, POLDER acquired 9 years of data of polarized light and 

using a multi-term statistical approach (Dubovik et al., 2011) permitted to retrieve several parameters related 

to aerosol and surface properties. Using POLDER and AERONET heritage the Generalized Retrieval of 

Aerosol and Surface Properties algorithm (GRASP; Dubovik et al., 2014) emerged as an open-source and 

versatile algorithm and its use is planned in upcoming satellites missions such as the Plankton, Aerosol, 

Cloud, ocean Ecosystem (PACE – Remer et al., 2019) or 3MI (Fougnie et al., 2020). GRASP allows the 

combination of many remote sensing instrumentation, both from the space and the ground (Dubovik et al., 

2021) being capable of retrieving aerosol optical and microphysical properties from multiwavelength and 

polarized phase functions (Espinosa et al., 2017). For non-spherical particles GRASP module uses the non-

spherical kernels developed in the framework of AERONET (Dubovik et al., 2006), and further 

measurements are needed to evaluate the capacity of these kernels for polarized light. This can be 

accomplished with an extensive database of polarized phase functions of ambient aerosol, that can be used 

to obtain GRASP inversions and, therefore, to retrieve aerosol properties for better understanding of non-

spherical particles. 

METHODS 

Desert dust is one of the most abundant types of non-spherical aerosols, thus its characterization can be done 

in regions affected by mineral dust outbreaks. The city of Granada (37.2ºN, 3.6ºW, Spain) is characterized 

by frequent advections of North Africa air-masses that lead to dust outbreaks over the city, especially during 

the summer season (Valenzuela et al., 2012; Mandija et al., 2016), although winter/spring intrusions are 

becoming more frequent during the past years (Cazorla et al., 2017; Fernández et al., 2019). In fact, on 

March 15th 2022 the Iberian Peninsula was affected by an extreme dust outbreak (see Fig. 1). The event 

covered the entire Iberian Peninsula and was accompanied by clouds and precipitation in the eastern part. 

In this day, the urban background air-quality stations located in Granada registered PM10 concentrations 

over 900 µg/m3, exceeding the PM10 daily limit value of 50 µg/m3 (2008/50/CE European Directive). 
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Figure 1. Satellite image of the Iberian Peninsula corresponding to March 15th, when the extreme dust outbreak took 

place. (https://worldview.earthdata.nasa.gov/) 

The University of Granada operates the Andalusian Global ObseRvatory of the Atmosphere (AGORA) that 

is equipped with the commercial version of the Polarized Imaging Nephelometer PI-Neph (PN 100, 

AirPhoton) since January 2022. The PI-Neph has a CCD camera, which operates with an imaging technique 

and measures the scattered light at more than a hundred scattering angles simultaneously, with an angular 

range covering from 5º to 175º (Dolgos and Martins, 2014). At the top of the chamber there is a laser module 

which emits a continuous beam that toggles between three different wavelengths, from blue to red (405, 

515, 660 nm). The laser module is followed by a wire grid polarizer and two liquid crystal retarders, allowing 

the measure of various states of linear polarization (vertical, horizontal and diagonal (±45º)). A complete 

set of measurements is done in a minute, including the three wavelengths and the three states of polarization.  

RESULTS 

The instrument has been optimized to operate at the conditions of Granada (medium-polluted city), which 

imply to select appropriate laser powers and CCD gains and time acquisitions. However, during the extreme 

Saharan dust event on 15th March 2022 the optimizations were re-done to avoid the saturation of the pixels 

representatives of scattering angles below 35º. 

 
Figure 2. Un-calibrated phase functions measured with the PI-Neph during the dust outbreak on March 15th. 
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 As an illustration, Figure 2 shows time averaged (5 min) un-calibrated polarized phase functions that were 

measured during this dust outbreak, for the three different wavelengths and the three states of linear 

polarization (vertical, horizontal, and diagonal). Clearly, forward scattering dominates, and we will study 

the differences in light polarization and spectral dependence during this extreme dust event. Post-calibration 

of the instrument will allow us to obtain the calibrated phase functions of dust particles that will potentially 

be used as input in the GRASP code to improve the retrievals for non-spherical particles. 
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INTRODUCTION 

Uncorrected trigger delay between the laser emission and data recording can influence the range corrected 

signals and optical products in the near range of the profiles (first 2-3 km) [1]. This effect is caused by 

higher raw signal values usually found in these regions. When higher raw signals are range corrected 

using wrong altitude values, a negative or positive bias can be seen especially in the near range of the 

profile (this is the range where the effects are more visible). We can conclude that the wrong range 

correction of the lidar signal adds a synthetic offset for altitudes where the aerosol load is significant. 

 

The study will present the effects of the trigger offset on several lidar products. Usually, the trigger 

correction is limited by the range resolution of the lidar acquisition and by the emitted laser pulse length. 

Since the range resolution of typical lidar instruments is limited to several meters, even when the first bin 

of the signal corresponds to the first few meters of the profile, the signal could be affected by the trigger 

offset.  

The study will show how small deviations (1 - 4 m) can influence lidar products derived from a typical 

3.75 m vertical resolution lidar. We will show examples of linear volume depolarization ratio (LVDR), 

linear particle depolarization ratio (LPDR) and Raman derive backscatter (R-back) from the 532 nm 

channels (and corresponding 607 nm channel).  

 
METHODS 

The trigger offset correction is a known issue that once corrected, is usually ignored in the processing of 

the lidar signal. The correction of the trigger is limited by the vertical resolution since each bin of the 

signal corresponds to a certain range window. This limitation could have an effect on the derived lidar 

products since the range corrected lidar signals are strongly affected by the range correction. If we 

consider that the lidar signal has a 3.75 m range resolution, and the first bin indicates the signal collected 

from 0 to 3.75 m, we have a situation similar to the one presented in Figure 1 (Top). If range 

measurements indicate that the channel has an offset of 1m (towards +∞), than the corrected range 

reference altitudes should be corrected according to the example in Figure 1 (Bottom). The 1 m difference 

will have an effect on the lidar signal since the range correction is applied for all lidar channels.   

 

 

Figure 1. Signal correction scheme. 
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The study shows the effects of a small signal shift on different lidar products: LVDP, LPDR, R-back. The 

assessment of each product requires at least two raw data profiles. The simulation shows the effects of 

trigger correction for the case when only one of the used raw profiles has an altitude offset in the range of 

the bin window (1-4 m for a bin window of 3.75 m). Table 1 describes the raw signals used for each lidar 

product and the deviated signal range for each profile.  

Product Raw lidar signals Deviation 

   

LVDR cross and parallel  cross: 1-4 m 

LPDR cross and parallel cross: 1-4 m 

R-back total* and Raman signal Raman: 1-4 m 

   
* total signal is derived from the cross and parallel components 

Table 1. Raw signals used for each lidar product and the deviated signal range. 

The lidar instrument used to perform these studies has a biaxial setup, a 200 mm diameter Cassegrain 

telescope with 1.4mrad FoV and a full overlap below 250m (the depolarization module of the A-lidar 

instrument).   

LVDR: The results show that the LVDR is mostly affected within the first 1000 m – Figure 2 (Left). The 

relative deviation shows that for lower regions, the signal deviates 2.5% for 1 m offset up to 10% for 4 m 

offset. For altitude above 1000 m, the relative deviation is 0.5% for 1 m offset and 2.5% for 4 m offset – 

Figure 3 (Left).       

R-back: In case of the Raman derived backscatter, the results show that the signal is affected by the trigger 

offset within the first 400 m – Figure 2 (Center). The relative deviation shows that the signal deviates 2% 

for 1 m offset and 6% for 4 m offset. For 400 m, the relative deviation is 0.5% for 1 m offset and 2% for 

the 4 m offset – Figure 3 (Center). 

LPDR: In case of the particle depolarization, the signal indicates deviations up to 1000 m – Figure 2 

(Right). We must take into account that the deviations are strongly correlated to the LPDR values. An 

extended analysis will be performed for different case studies – with LPDR ranging in a wider domain 

(0.03 - 0.3). For the current case, the relative deviation shows that close to the ground, the signal deviates 

3% for 4 m offset and 1% for 1 m offset. At 1000 m, the relative deviation is around 1% for all offset 

values - Figure 3 (Right).       

 
Figure 2. Lidar products in case of trigger induced altitude offset (1-4 m) for LVDR, LPDR and R-back. 
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Figure 3. Relative deviation in case of trigger induced altitude offset (1-4 m) for LVDR, LPDR and R-

back. 

CONCLUSIONS 

The study shows the importance of fine trigger offset correction when using lidar products to study the 

lower troposphere. A 4 m offset from the trigger shows a relative deviation of 10% for the LVDR, 7% for 

the R-back and 3% for the LPDR (100 m altitude). A 1 m offset from the trigger shows a relative 

deviation of 10% for LVDR, 7% for R-back and 3% for LPDR. At higher altitudes (1000 m), 4 m offset 

induced by the trigger shows the relative deviation of 2% for the LVDR, 1% for the R-back and 2% for 

the LPDR. A 1 m offset induced by the trigger shows the relative deviation below 0.5% for the LVDR, 

negligible for the R-back and 1% for the LPDR. The range resolution effect can be considered a 

systematic uncertainty that should be added in the error assessment of the lidar products.  

Next steps of the study will describe a detailed method to assess the trigger offset for fine tuning below the 

vertical resolution of the lidar instrument.       
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INTRODUCTION 

Over the past decades, the architecture and design of measurement devices have been considerably 

improved. Moreover, several new measurement techniques and approaches have been developed to enhance 

the operational observation network, in order to better understand the atmospheric dynamics and processes 

and to step towards better forecasts. In this respect, elastic/Raman Lidar systems provided a relevant 

contribution in the atmospheric aerosol monitoring. 

At present, the scientific skills available at industrial level allow the design and development of 

elastic/Raman lidars, at one or more wavelengths, with depolarization channels and scanning capability but 

whose application is still limited to scientific research purposes. This is due to the high development costs, 

the not simple management of the apparatus and the complex process to obtain useful information from 

measured data. In order to overcome those critical points a new compact, transportable and easy-to-manage 

system was developed. Its performances were compared with Lidar systems been part of international 

networks always giving comparable results in terms of detected signals and signal-to-noise ratio. 

Comparison with 10 Lidar participating the “Ultra-Urban Meteorological Observation Experiment” carried 

out in China and with three Lidar systems been part of the Aerosol, Cloud and Trace Gases Research 

Infrastructure (ACTRIS) network will be showed. 

METHODS 

REAL (Reference Aerosol Lidar) is an elastic Raman Lidar system developed by the ALA Advanced Lidar 

Applications s.r.l. in cooperation with the University Federico II of Naples with the aim to provide a wealth 

of information about the atmosphere by paying specific attention to aerosol loading in very large range of 

altitude from 150m to 30km. The system was specifically designed for the China Meteorological 

Administration (CMA) of Beijing in order to realize continuous observation of aerosol profiles in megacities 

by using Lidar devices (Bu et al., 2019). REAL uses a very powerful but compact laser source emitting at 

532nm with a beam divergence <0.3mrad; the repetition rate of 1kHz makes possible high speed scanning 

measurements for studying rapidly space-time variable phenomena. Laser linear polarization purity 

(>200:1) allows to discriminate particulate shape. The system can detect both the co-polarized and cross-

polarized elastic signals at 532nm and the Raman echo at 607 nm. Both analogical and photon-counting 

detection were simultaneously used to combine the weak signal from high altitude with the strong one from 

lower altitude. This is accomplished using an OEM acquisition board specifically developed by ALA. The 

system can be provided with a completely automated swivelling system to perform atmospheric volume 
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scanning, retrieving 3D maps of aerosol evolution with high space and time resolution. In the Table 1 the 

main features of the system are summarised. 

Output wavelength: 532 nm (or 355 – custom) 

Aerosol measurements up to 30 km nighttime, 25 km daytime 

Full overlap at 150 m with very short blind zone (~50 m) 

PBL and cloud detection 

Manual swiveling system from 0° up to 90° 

Real time visualization 

High stability and autonomy in remote use 

Transportability and ease of operation 

Size (power supply included): 573x355x875 mm 

Weight  (power supply included): 75 kg 

 

Table 1. Main features of the REAL Lidar 

The Figure 1 reports the results of the calibration test of the system: in the upper panel the results of the 

telecover test used to compare Lidar signals by different part of the receiving telescope and allowing the 

characterization of a Lidar system performance; in the lower panel the Overlap function of REAL system 

obtained by using the night-time measurements performed on November 12, 2018 at the Lidar Calibration 

Center in Potenza (Italy). 

 

 

Figure 1: Telecover test and Overlap function of the REAL Lidar  
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The REAL performances were tested in different measurement campaigns carried out on 2018. The first one 

was carried out in Potenza-Italy in the frame of the ACTRIS2-TNA. The campaign aimed to compare the 

system performance with the MUSA system operating at CIAO, the CNR-IMAA Atmospheric Observatory 

(Madonna et al., 2010). Other two measurement campaigns were performed comparing REAL Lidar with 

the systems of the Napoli and Lecce Lidar stations part of the ACTRIS network. Finally, the REAL Lidar 

was used in the aerosol calibration test of the “Megacity Experiment on integrated Meteorological 

Observation” in China and their performances were compared with 10 Lidars from different manufacturers 

participating in the joint test at the same site at the same time. In Figure 2 are reported as example the results 

of the intercomparison with the Lidar system located in Potenza. The results of the measurement campaigns 

showed comparable results in terms of detected signals and signal-to-noise ratio. 

  

Figure 2: Comparison between REAL and MUSA measurement carried out in Potenza (Italy) on 

November 12, 2018 

CONCLUSIONS 

A new lidar system was developed in the frame of a cooperation between ALA Advanced Lidar Applications 

s.r.l. and the China Meteorological Administration (CMA) of Beijing. Its performances were compared with 

Lidar systems been part of international networks in Italy and China, always giving comparable results in 

terms of detected signals and signal-to-noise ratio. The joint comparison in China can be used to compare 

the consistency of the signal and to find the equipment quality problems caused by the pre calibration 

problems. The measurement campaign in China verified as the REAL Lidar has the high quality to be used 

as a reference Lidar of the China Aerosol Lidar Network in Mega City of Beijing. 
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INTRODUCTION 

Light-absorbing aerosols, most notably black carbon, are collectively the second leading cause of 

atmospheric warming (Bond et al., 2013). Measurement of aerosol light absorption is still challenging due 

to systematic artifacts influencing current measurement methods. Filter photometers require loading 

saturation compensation and calibration by fixing the filter multiple-scattering parameter (Weingartner et 

al., 2003). 

We developed a photo-thermal interferometer (PTI) which probes the change of the refractive index caused 

by light absorption in (and the subsequent heating of) the sample – the detection is linear and can be traced 

to first principles. Measurement of optical absorption at two wavelengths allows for the determination of its 

wavelength dependence, parametrized by the Ångström exponent (AAE). 

In-situ aerosol absorption instruments can be calibrated with well-defined particles or absorbing gases 

(Arnott et al., 2000). NO2, which absorbs strongly in the blue-green part of the spectrum, is a commonly 

used calibration gas. However, there is a lack of gases that absorb strongly in the red and near infra-red and 

filter photometers cannot be calibrated with absorbing gases.  

Aerosol optical properties can be calculated if the particle shape and the complex refractive index (RI) are 

known. Soot particles form complex agglomerates that make the calculation of mass concentration and 
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optical properties difficult. On the other hand, particles generated by nebulisation of water-soluble pigments 

are spherical, which enables Mie calculations using the measured size distribution.  

We describe a novel photothermal interferometer design, which allows for simultaneous and collocated 

absorption measurements at two wavelengths (Drinovec et al., 2022).  

METHODS 

The photothermal aerosol absorption monitor (PTAAM-2, Fig.1) uses a folded Mach-Zender interferometer 

(similar to Moosmüller & Arnott, 1996; Sedlacek, 2006). Two pump lasers at 532 and 1064 nm are 

modulated at different frequencies and focused in the sample chamber using an axicon (patented) for 

simultaneous measurement. The He-Ne laser probe beam is split in two beams, one of which passes the 

sample chamber, while the other serves as the reference. The quadrature point is maintained using a pressure 

cell. The interferometer signal is detected by two photodiodes and resolved by a dual-channel lock-in 

amplifier measuring at the two respective frequencies.  

 

Figure 1. Schematic representation of the PTAAM-2λ setup. 

The green channel is calibrated traceably to primary standards using ~1 µmol/mol NO2 and calibration is 

transferred to the infrared channel using aerosolized nigrosin (Drinovec et al., 2022).  

We have prepared thin film samples of nigrosin and measured their absorbance (400-1200 nm) using an 

integrating sphere photometer (Shimadzu UV-3600). We used nigrosin film thickness, measured using 

atomic force microscopy, and the absorbance, to determine the imaginary part of the RI. The real part of the 

RI at 1064 nm was determined by a Brewster angle measurement. Nigrosin solution was aerosolized using 

a Topas ATM 226 nebuliser. The size distribution of the aerosol particles was measured using a scanning 

mobility particle sizer (TSI model 3080). These data were used in a Mie calculation of the aerosol absorption 

coefficient for wavelengths between 400 and 1200 nm. We have used this method in PTAAM-2λ to transfer 

the calibration from the 532 nm channel (calibrated with NO2) to the 1064 nm channel. 

This method was verified during the AEROTOX measurement campaign at METAS (Bern, Switzerland) . 

The absorption coefficient of nigrosin at 532 nm was also measured using PTAAM-2λ. The calculated and 

measured absorption coefficients were found to be in very good agreement, with a difference of only 6 %. 

  

243



 

We quantified the instrumental uncertainties (Table 1).  

babs,532nm 4% 

babs,1064nm 6% 

AAE 9% 

Table 1. Uncertainties of the measured parameters. 

We calibrated filter photometers (CLAP, AE33) in green and near infrared with soot, and determined their 

cross-sensitivity to scattering for ammonium sulfate particles, resulting in wavelength and size dependent 

calibration parameters (Fig. 2). 

a) b)  

Figure 2. Scattering artefact of filter photometers the CLAP and the AE33 for different sizes of 

ammonium sulfate particles (a). Multiple scattering parameter C for different sizes of soot (b).  For most 

measurements, the standard error was smaller than the symbol. 

Winter ambient measurements were performed at an urban background location in Ljubljana, Slovenia. The 

results (Fig. 3) show that the absorption coefficient and AAE can be measured reliably for concentrations 

above 5 Mm-1.  Regression with the Aethalometer AE33 has shown similar multiple scattering parameter 

values for ambient aerosols and laboratory experiments.  

  

0 20 40 60 80 100 120 140

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
 CLAP 532 nm

 AE33 -> 532 nm

S
c
a

tt
e

ri
n

g
 a

rt
e

fa
c
t:

 b
a

tn
/b

s
c
a

t

Volume size mode (nm)

0 100 200 300 400 500 600

0

1

2

3

4

5

6
 CLAP 532 nm

 AE33 -> 532 nm

 AE33 -> 1064 nm

P
a

ra
m

e
te

r 
C

: 
b

a
tn
/b

a
b

s

Volume size mode (nm)

244



 

a)  b)  

c) d)  

Figure 3. Absorption coefficient and Ångström exponent measured during the Ljubljana 2020 winter 

campaign (a) and a frequency distribution of the Ångström exponent (b). Correlations between attenuation 

coefficient and absorption coefficient for the 532 nm channel (c) and the 1064 nm channel (d). 

We inter-compared black carbon and aerosol absorption measuring instruments with laboratory-generated 

soot particles coated with controlled amounts of secondary organic matter (SOM). The aerosol generation 

setup consisted of a miniCAST 5201 Type BC burner for the generation of soot particles and a new 

automated oxidation flow reactor based on the micro smog chamber (MSC) for the generation of SOM from 

the ozonolysis of α-pinene. A series of test aerosols were generated with elemental to total carbon (EC/TC) 

mass fraction ranging from about 90 % down to 10 % and single scattering albedo (SSA) from almost 0 to 

about 0.7. A dual-spot aethalometer AE33, a photoacoustic extinctiometer (PAX, 870 nm), a MAAP, and 

two prototype photothermal interferometers were exposed to the test aerosols in parallel.  

We determined the absorption enhancement Ebabs (532 nm) using laboratory measurements with uncoated 

and soot and soot coated with secondary organic matter (SOM). Fig. 4 shows its dependence on the mass of 

organic coating over the mass of uncoated soot RBC=(Mtotal-MBC)/MBC (Kalbermatter et al., 2022). 
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Figure 4. Absorption enhancement due to coating with SOM as a function of the relative coating mass RBC. 

Filter photometers overestimate Ebabs compared to PAX and PTAAM. 

CONCLUSIONS 

We describe the design and operation of the first dual-wavelength photothermal interferometer for 

measurements of aerosol absorption. The instrumental design allows for simultaneous measurement of the 

same sample at both wavelengths.  

We calibrated the instrument with NO2 at 532 nm and the calibration was transferred to 1064 nm using 

aerosolized nigrosin. We were able to use Mie theory to calculate the ratio of the absorption coefficients at 

the two wavelengths due to the spherical shape of these particles. The instrument is one of the few 

instruments able to measure aerosol absorption coefficients at high SSA. We have demonstrated the long-

term stability of the instrument and shown that the determination of the absorption coefficient is artefact-

free. Uncertainties of 4%, 6% and 9% were determined for the absorption coefficients at 532 nm, 1064 nm 

and absorption Ångström exponent, respectively.  

We believe that the demonstrated operation and performance makes the PTAAM-2λ a strong candidate for 

reference measurements of the aerosol absorption coefficient. 
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INTRODUCTION 

The needs of aerosol particle measurement are continuously evolving; therefore, the continued development 
of new instruments is needed. World Health Organization published the new air quality guidelines in 2021 
already discussing about the importance of particle number measurement and giving numerical values for 
clean and polluted air. Although the aerosol particle concentration limit values are still mass based, the need 
for particle number measurement is increasing. A new, compact particle counter (Airmodus A30), with a 
high concentration range has been developed, and presented here. The instrument is designed for to be a 
versatile tool suitable for long term monitoring use, even in high concentration environments, as well as for 
basic aerosol research. The instrument aims to fulfil the requirements of both the CEN/TS 16976 for ambient 
air total particle number concentration measurements, and the upcoming PMP 10 nm for vehicle engine 
emission type approval measurements. 

METHODS AND RESULTS 

The A30 condensation particle counter (CPC) is a laminar flow instrument using n-butanol as working fluid. 
A constant inlet flow rate of 1.5 lpm is divided into sample flow of 0.211 lpm that is controlled using a 
temperature regulated critical orifice and a bypass flow of 1.3 lpm. Bypass flow is used to decrease 
diffusional sampling losses. No internal dilution for the sample is done inside the instrument. The CPC also 
has a water removal function that can be used to remove excess condensate directly from the condenser 
preventing the contamination of the instrument.  

The size dependent detection efficiency of the A30 CPC was measured using silver nanoparticles size 
classified using a Hauke -type DMA. SEADM aerosol electrometer was used as the reference instrument. 
With factory settings the CPC had 50% cut-off at 7.1 nm (Figure 1 A). This is well in line with the CEN/TS 
16976 requirement. Concentration response of the instrument was measured using 40 nm NaCl particles 
(Figure 1 B). According to the calibration the CPC can be used at least up to 150 000 #/cm3 in single particle 
counting mode with less than 10% coincidence error. In single particle counting mode, a constant dead time 
correction is applied. Measurement range reaches above 400 000 #/cm3 using the total scattering mode 
correction. 
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A) B)  

Figure 1. Calibration results for the A30 CPC. A) Size dependent detection efficiency measured using 
monodisperse silver nanoparticles. B) Detection efficiency of Airmodus A30 against a reference 
electrometer measuring 40 nm NaCl particles. Black and dotted lines show 1:1 and 10 % deviations, 
respectively. 

Mobile measurements are among the many use cases of the A30, and with this in mind the response time of 
the A30 was also measured. CPCs response time can be expressed using the time constant, tau, as in e.g., 
Enroth et al. (2018). With this methodology, the 0-95 % response time of the A30 was found to be around 
0.7 s, with both high and low inlet flow settings, making it one of the faster unsheathed CPCs. 

 

Figure 2. Response time of the A30 CPC. 

The A30 was field tested the SMEAR III research station in Helsinki (Järvi, et al., 2009) against the stations 
long term particle counter (TSI 3750), starting in January 2022. At the time of writing, the field testing is 
still underway, but based on the preliminary results the A30 has shown excellent agreement with the 
corrected long term measurement system (Figure 3). The A30 was observed to have very low butanol 
consumption of 10.4 ml/day, which enhances the instruments suitability to monitoring. With this 
consumption rate, the standard 1 litre butanol fill bottle allows for more than three months of unsupervised 
operation. Additionally, the A30 has a low power consumption of 30 W in steady state operation. 
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Figure 3. Airmodus A30 test measurement at the SMEAR III station in Helsinki and concentration reading 
as a function of measurement stations reference total number concentration measured on the first week of 
March, 2022. 

 

CONCLUSIONS 

A new compact CPC was developed, characterized and tested in field. The instrument has a 50% cut-off at 
7.1nm and is capable of measuring concentrations up to 150 000#/cm3 in single particle counting mode and 
at least up to 400 000#/cm3 in total scattering mode. The response time of the instrument was measured to 
be about 0.7s. The CPC was tested in field conditions and the results show excellent agreement with the 
reference instrument. In addition, the A30 had low butanol consumption and relatively low power 
consumption, making it suitable for long term monitoring use. 
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The ion beam analysis (IBA) techniques have proved to be particularly suitable for the study of 
environmental problems. In particular, the particle induced X-ray emission (PIXE) technique is a powerful 
tool useful for the elemental analysis of atmospheric particulate matter samples. In addition to allowing very 
fast analyzes and not requiring any pre-treatment of the samples, minimizing contaminations, it allows the 
simultaneous quantitative analysis of elements with Z > 10 with a high sensitivity (down to µg/g). 
Furthermore, being a non-destructive technique, the same samples can be subsequently analyzed with other 
analysis techniques, expanding the range of chemical species available for a more complete chemical 
characterization of the particulate matter samples. 

Since 2003 in Florence, at the 3 MV Tandetron accelerator of the LABEC laboratory of the National Institute 
for Nuclear Physics (INFN) (Chiari et al., 2021), it is operative a beamline specifically dedicated to PIXE 
measurements of aerosol samples. 

The experimental set-up of this beamline has undergone several technological upgrades over the years that 
have made it possible to fully exploit the advantages of PIXE technique: the use of two different types of 
Silicon Drift detectors (SDD) for X-ray spectroscopy allows to measure both light and heavy elements, 
while the use of multiple detectors of the same type allows to improve the throughput and the sensitivity 
with a consequent reduction of both measurement times and detection limits. 

In this work we present the latest upgrade of this beamline with the purpose of further improving sensitivity 
and measurement throughput. With the latest modifications, the set-up will be equipped with six SDD (two 
for light elements and four for heavy ones), which doubles those of the previous configuration. Moreover, 
the acquisition system of the signals coming from the detectors will be entirely digital. In addition, a HPGe 
detector for gamma-ray spectroscopy can be added to this set-up to perform simultaneous particle induced 
gamma-ray emission (PIGE) measurements. 

This new set-up is available for measurements to external users who can access it through RADIATE's 
Transnational Access to the LABEC laboratory (https://www.ionbeamcenters.eu/radiate/radiate-
transnational-access/) and to the ACTRIS community as a service offered by the Elemental Mass Calibration 
Centre (EMC2) of the Center for Aerosol In-Situ measurement - European Center for Aerosol Calibration 
& Characterization (CAIS-ECAC, https://www.actris-ecac.eu/). 

/ 
Figure 1. Picture of the previous configuration of the set-up of the beamline for atmospheric aerosol 

studies. 
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Figure 1. Project of the new experimental set-up. 
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INTRODUCTION 

A technical report was performed on data obtained during the Krakow Smog Campaign conducted on 

January 10th −30th 2022. The report includes a statistical summary of the measurement and signal quality 

in terms of Signal to Noise Ratio (SNR). The procedure could expose early information of the data in 

terms of the signal quality and the performance of the detector system installed in European Space Agency 

Mobile Raman Aerosol Lidar (EMORAL) which are useful in data calibration and further analysis 

processes. All data collected during the campaign are stored in 317,553 raw data files with a total 

measurement of 238.15 hours or 14,290 minutes and the calculated SNR show high values for all channels 

except for analogue channels 607 nm and 408 nm with the characteristic that the significantly large SNR 

values for photon counting modes and noticeable increases for night time measurements. 

METHODS 

As a sequel to the previous campaign, Krakow Smog 2022 campaign’s main aim was to continue the 

investigation of tracing the source of wintertime smog in one of the largest cities in Poland, Krakow which 

was also denoted as among the most polluted city in Europe by 2019. The campaign was performed from 

January 10th 2022 until January 30th 2022 and was initiated under the framework of the POLIMOS 

program financed by the European Space Agency (ESA). The measurement deployed ESA Mobile Raman 

Aerosol Lidar or EMORAL, a Raman-Mie mobile lidar that was reconstructed in 2018-2019 as the 

product of fruitful collaboration between the European Space Agency (ESA), Faculty of Physics of 

University of Warsaw (FUW), National Observatory of Athens (NOA), Ludwig Maximilians University 

of Munich (LMU), and Raymetrics S.A in Athens. EMORAL has passed all the tests from EARLINET 

required for the Quality Assurance and Quality Check Program, placing it in the reference level for 

validation and calibration of ESA satellite missions as a mobile laboratory that can perform 24/7 

observation (Stachlewska, 2021). With the most recent upgrade, EMORAL now is capable of emitting a 

more powerful laser in three different wavelengths simultaneously, IR at 1064 nm (112 mJ), VIS at 532 

nm (103 mJ), and UV at 355 nm (128 mJ) with a pulse length of 5 ns to 7 ns and repetition 5 rates of 10 

Hz. The receiver is also improved to a new and smaller in size Cassegrain type telescope of 300 mm 

diameter with adjustable field of view (FOV) in the range between 2 mrad to 3.6 mrad. A new data 

acquisition system is also installed which provides 8 channels which each dedicated to different 

measurements. Three elastic channels were designed to detect the elastic scattering from all three 

transmitted lights, another three channels are dedicated to vibrational Raman measurement for Nitrogen 

observation at 387 nm and 607 nm as well for water vapour (H2O) at 407 nm. The last two channels are 

measuring depolarization at 532 nm and 355 nm (Wang et al., 2020) 

The optical properties of the atmosphere are obtained by analyzing the backscatter signal collected by the 

lidar receiver, which is mathematically defined by Eq. 1. 

P(R) = C
Q

R2
(βP + βP)exp (−2 ∫ (∝p+∝m)dr

π

0

) 
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where: P is a backscatter lidar signal, C is an instrumental constant, R is the vector range of the signal, Q 

is the overlap function between receiver and laser beam. The βp and βm are the particle and molecular 

backscatter coefficients, respectively. The αp and αm are the particle and molecular extinction coefficients, 

respectively (Wang et al., 2020). The raw data of backscatter signals P, collected by lidar requires range 

and background correction it can be defined as Range-Corrected Signal (RCS) prior to processing as 

expressed by (Ludwig, 2014) 

RCS = (P − PBG)R2 

where PBG is the background value of the backscatter signal, obtained from the averaged values of P for 

the atmosphere where the aerosol's presence is negligible.  

Table 1 presents a statistical summary of the data collected by EMORAL during the campaign on the daily 

basis. The summary contains the number of files with measurement data and the duration of the 

measurement, which was carried out from January 10 to 29. 

Table 1: Statistical Summary of Data Collected During the Campaign 

Date  
Number 

of Files 

Measurement Duration Acquisition 

Shots In Hours  In Minutes  

10.01.2022  8,107 5.57 334 20 

11.01.2022  34,555 24 1440 20 

12.01.2022  26,757 17.53 1052 20 

13.01.2022  33,813 23.45 1407 20 

14.01.2022  24,413 18.03 1082 20 

15.01.2022  34,368 22.92 1375 20 

16.01.2022  29,205 19.33 1160 20 

17.01.2022  7,637 5.22 313 20 

18.01.2022  34,188 21.88 1313 20 

19.01.2022  32,866 22.92 1375 20/600 

20.01.2022  8,005 13.5 810 20/100 

21.01.2022  903 2.78 167 100 

22.01.2022  1,666 5.15 309 20/100/600 

23.01.2022  11463 8.23 494 20 

24.01.2022  27438 18.03 1082 20/600 

27.01.2022  1765 2.63 158 20/60 

29.01.2022  404 6.98 419 600 

Total  317,553 238.15 14,290 - 

Daily Average  16264 11.9 713.94 - 

 

The first remark from the table is the difference in the daily duration of measurements. The difference was 

due to fact that the system was shut down multiple times during the campaign for two main reasons, bad 

weather conditions such as snow or rain that make it impossible to take a measurement and technical 

activities which include performing a calibration procedure or replacing detectors and instrument-related 

problems. Additionally, as can be seen in the table, there are absents of data for some of the days during 

the campaign, this is also due to the bad weather condition that persisted for the whole day. 
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Second, the changes in the number of acquisition shots during the campaign. These changes were mainly 

due to the limited storage space of the system. For example, as can be seen in the table, three 

configurations were used in the measurement of January 24, because an optimization process was carried 

out to find the best configuration that compensates the limited storage but with neglectable effect to the 

quality of the data which was monitored from the quick Spatio-temporal profiles provided by the data 

acquisition system. These two remarks correspond to the number of files stored by the acquisition system. 

Acquisition shots of 20 means that the acquisition system stores the measured data every 20 shots of 

pulsed and recalling the specification of EMORAL, the transmitter has the repetition rate of 10 Hz which 

can be translated as the system stores the measured data every two seconds. Therefore, it is expected to see 

the number of files increase with the longer duration of measurement and the smaller number of 

acquisition shots. 

Table 2: Selected Time Frame of Obtained Data 

Date Time [UTC] Number of Files 

Day Time Measurement 

15/01/2022 
08:00-09:00 1436 

12:00-13:00 1423 

19/01/2022 08:00-09:00 1442 

Night Time Measurement 

15/01/2022 20:00-21:00 1332 

16/01/2022 
16:00-17:00 1440 

18:00-19:00 1436 

19/01/2022 18:00-19:00 1441 

 

Before computing the SNR values, data are selected based on two main parameters: the weather condition 

and the period of measurement. The desired condition is when there are no clouds present during the 

measurement thus the signal will not be strongly influenced by the backward scatter caused by the clouds. 

A straightforward method was used to determine the condition of the weather, by simply observing the 

Spatio-temporal profile of data for a particular time (see Table 2). While the method used to calculate the 

SNR values is the standard signal to noise ratio shown by: 

𝑆𝑁𝑅 =  
𝑃𝑠

2

𝑃𝑛
2 

Where 𝑃𝑠
2 is squared of signal’s Power and intensity while 𝑃𝑛

2 is squared of noise’s power or intensity. 

The SNR values of the vertical profile of 600 m averaged over one-hour measurements are shown in 

Table 3: 

Table 3. Averaged SNR Values 

Channel 

Averaged SNR (dB) 

Analogue Mode 
Photon Counting 

Mode 

Nighttime Daytime Nighttime Daytime 

355. p 4.852033 4.620814 1033.093 227.5156 

355.s. 6.689392 5.440783 193.8611 52.10469 

532. p. 24.78051 12.66361 179074.2 297.9392 

532.s 5.083733 2.872604 335456.5 12637.82 

1064 23.74692 6.909625 - - 
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387 2.241881 1.677646 222.2608 1.248799 

408 1.0454 1.005391 17661.02 - 

607 1.632199 1.131695 356.3856 1.019411 

 

The table shows the general conclusion of the signals’ quality that the SNR values are higher in photon 

counting modes and during night time measurements which is expected since the absence of sunlights as 

one of the major background sources. Channel 408 photon counting mode could not be calculated because 

of null valued data since the channel was switched off during the daytime measurement. Additionally, the 

photon counting mode of channels 352p, 352s, and 408 (night) return really large SNR values (>1000 dB), 

requiring more investigation to determine what caused it. The SNR values for 408 nm both in analogue 

and photon counting mode have really small values but they performed slightly better after exchanging the 

photomultiplier of the channel. 

 

The signal quality for channels 408nm and 607 nm by Figure 1 and the improvement of lower background 

after the photomultiplier replacement on 17th of January can be observed for channel 407 (Figure 1 (a)) 

albeit still with a rather low SNR. The figures also indicate low SNR for channel 607. However, the 

replacement was conducted on January 22nd and there are no data that fulfil the desired conditions. 

Figure 1. Signal Profiles up to 600 m for 408 and 607 channels 

 
(a) 408 analog 

 
(b) 352.p photon 

 
(c) 607 analog 

 
(d) 352.s photon 

 

CONCLUSIONS 

Study was undertaken as part of POLIMOS Krakow-Smog Campaign conducted by Remote Sensing Lab 

Team from January 10-30 2022. All data collected during the campaign are stored in 317,553 raw data 

files with a total measurement of 238.15 hours or 14,290 minutes and the calculated SNR show high 

values for all channels except for analogue channels 607 nm and 408 nm with the characteristic that the 

significantly large SNR values for photon counting modes and noticeable increases for night time 

measurements. 
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Figure 2. SNR Comparison between Day and Night Time Measurement. 
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INTRODUCTION 

Reliable sub-ppb monitoring of reactive trace gas concentrations is essential for industrial and air quality 

monitoring purposes. Cavity Ring-Down Spectroscopy (CRDS) is the leading technology for achieving the 

highest precision in measuring trace gas concentrations like carbon dioxide, methane, nitrous oxide, or 

carbon monoxide. However, hazardous, corrosive, and reactive gases come with additional challenges like 

the lack of certified primary standards.  

Formaldehyde (H2CO) and ammonia (NH3) are examples of air pollutants that are both relevant to indoor 

and outdoor air quality. Formaldehyde acts as an intermediate in the combustion of methane and other 

carbon compounds in the atmosphere (e.g., in forest fires, automobile exhaust, and tobacco smoke), and is 

associated with adverse health effects, such as irritation of the respiratory tract. Ammonia is emitted by 

agriculture, industry, and traffic. The highest ammonia emissions are usually related to intensive farming: 

manure is produced as a by-product of livestock farming and then used as a nitrogen fertilizer in crop 

production. Intensive manure application and management is severely affecting the nitrogen cycle and 

leading to harmful levels of ammonia in agricultural soils, and to the formation of harmful aerosols in the 

atmosphere.  

Accurate, continuous monitoring of formaldehyde and ammonia are key to quantify current emission 

sources and to investigate atmospheric reaction mechanisms so that reduction options can be developed.  

Here we present a three-fold approach for calibration (validation) of Picarro’s Cavity Ring-Down analyzers 

(CRDS) for reactive trace gas monitoring, like formaldehyde (H2CO) and ammonia (NH3): (i) calibration of 

a golden analyzer, (ii) validation of linearity using a surrogate gas approach, and (iii) accurate determination 

of the zero value. 

METHODS 

We use formaldehyde (H2CO) and ammonia (NH3) as an example to highlight best practices for QA/QC of 

reactive trace gas measurements. Formaldehyde measurements refer to the Picarro G2307 analyzer, and 

ammonia measurements refer to the Picarro G2103 analyzer and the recently released G2509 analyzer that 

allows to measure ammonia simultaneously with carbon dioxide, methane, and nitrous oxide. We 

demonstrate that the calibration (validation) strategy can be applied to other reactive trace gases, such as 

HCl, and HF. 

i. The golden analyzer approach is based on a carefully calibrated inhouse reference instrument 

that is used as a transfer standard to cross-calibrate production units. After initial scaling based 

on the spectroscopy of Saha et al. [1], we present new data of primary formaldehyde standards 

(Apel-Riemer) that are used to adjust the scale of the golden formaldehyde analyzer.  
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ii. The surrogate gas validation approach is based on the principle that the accuracy and linearity 

of the analyzer can be validated using a surrogate gas standard that is non-reactive, 

commercially available, and has a spectral adsorption line adjacent to the primary gas. In the 

case of formaldehyde, methane (CH4) meets these criteria, and using methane standards 

therefore remove the need for regularly measuring formaldehyde standards. In the case of 

ammonia, carbon dioxide (CO2) is recommended as surrogate gas validation  

 

iii. Accurate and regular determination of the zero value of a trace gas analyzer is key to achieve 

the highest data quality. The drift of Picarro’s CRDS analyzers is constrained by the patented 

wavelength monitor which tracks one or more well-defined spectral reference lines. This 

impedes highly undesirable monotonical drift and thereby guarantees unmatched long-term 

stability. For most applications, the zero value only needs to be determined infrequently (e.g., 

together with the yearly span validation). An example of an exception to this is the measurement 

of atmospheric formaldehyde, where more frequent zero referencing delivers the desired low 

ppt performance. We discuss the use of different scrubbing agents (DrieRite, 4,2-DNPH 

cartridges, activated charcoal) in combination with an automated valve switching procedure to 

track the zero drift of the G2307 formaldehyde analyzer (typically <0.33ppb in 72hrs). We also 

demonstrate the effectiveness of phosphoric acid impregnated charcoal (PAIAC) as an 

appropriate scrubbing agent for ammonia. 

 

CONCLUSIONS 

Picarro’s CRDS technology guarantees unmatched long-term stability, and the performance of the 

concentration analyzers only need to be validated on a monthly to yearly basis. Picarro recommends 

validating the linearity of the analyzer using a surrogate gas approach (e.g., methane calibration standards 

for formaldehyde and carbon dioxide calibration standards for ammonia), and to determine the zero value 

by using an appropriate scrubbing agent (e.g,. phosphoric acid impregnated charcoal (PAIAC) for ammonia, 

and DrieRite for formaldehyde).    
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INTRODUCTION 

Within the last decade, limits to particle number (PN) concentration have been introduced in Europe as 
metric for emission control, e.g., for type-approval or periodic technical inspection (PTI) of vehicles 
(European Commission, 2017; Burtscher et al., 2019). To ensure fair implementation of regulations across 
Europe (and worldwide) and data comparability between different air quality monitoring stations, aerosol 
instruments must be traceably calibrated according to standardized procedures. The utilized reference 
aerosols for the calibration of common aerosol instruments, such as condensation particle counters (CPCs) 
and differential mobility analyzers (DMAs), must be stable and reproducible in concentration and particle 
size, ideally monodisperse and non-volatile and comprise a uniform non-reactive material (Hinds, 1982). 
To this end, a new Silver Particle Generator (SPG) from Catalytic Instruments (Catalytic Instruments, 
Rosenheim, Germany) was characterized extensively with regard to aerosol properties. 

METHODS 

The aerosol production in the SPG resembles that of a classic tube furnace, however, the device offers 1-
touch button operation and is simple for the user to set up and configure, and offers long-term stability using 
controlled standardized procedures and operation settings. Out of the box, the SPG has two operational 
modes (Modes 1 & 2 for the smallest and largest aerosol, respectively). These modes merely correspond to 
temperature set points for default flow operation (Mode 1 = 1000 ºC, Mode 2 = 1100 ºC). The user can 
finely tune the temperatures and flows to achieve their desired output (Table 1 and Figure 1). GMD range 
is around 1 nm to 70 nm, and the largest aerosol in significant concentrations (i.e. > 1×103  #/cc) is over 200 
nm in diameter. 

Evaluation of number and size of the generated aerosol were tested with regard to inter and intra-day,long-
term and dilution stability using CPC and scanning mobility particle sizer (SMPS). In addition, shape and 
size of the aerosol and the effect of sintering were assessed using transmission electron microscopy (TEM), 
SMPS and aerodynamic aerosol classifier (AAC). 

 

Temperature GMD (nm) GSD 
1000 5.0 1.18 
1020 11.1 1.22 
1100 71.2 1.45 

 
Table 1. Impact of temperature on the GMD and GSD of the generated silver aerosol. 
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Figure 1: Three example size distributions of aerosol generated from the SPG at different temperature settings. 
 

The SPG produces concentrations up to around 2 ×1010 #/cm-3 of thermally stable, solid, unimodal aerosol 
with geometric standard deviation in the range of 1.18 – 1.45 (Table 1, Fig. 1). The aerosol exhibits an 
intraday stability of around 1% (Figure 2) and day-to-day reproducibility in particle size within 4%. 

 
Figure 2: A plot of the average size distrubtion from 15 hour's use of the SPG. The inset shows the variation in 

concentration and GMD to be to the order of 1 %. 
 

Based on measurements by TEM, the smallest aerosol generated by the SPG are spherical, and the largest 
comprise a fraction of aggregate particles resembling soot in their appearance. Switching to nitrogen as a 
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carrier gas and sintering at 800°C reshaped the aggregate fraction of the aerosol from higher temperatures 
into uniformly spherical particles. 

Suitable applications of the SPG include the calibration of CPCs, DMAs, particle number counters (PNCs) 
and the characterisation of complete particle number - portable emissions measurement systems (PN-PEMS) 
systems. 
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INTRODUCTION 

Carbonaceous aerosols (CA) represent extreme diversity and make up a large and often dominant fraction 

of ambient fine particulate matter (PM2.5). Due to their complex chemical and physical properties, the 

underlying processes controlling the overall impact of CA on climate and human health are still not fully 

understood. Additionally, a lack of long-term and highly time-resolved data of CA components represents 

an additional limitation when studying the impact of specific fractions and their synergistic effects. This 

study presents a newly developed apportionment method of CA based on online and high-time-resolution 

total carbon and multiwavelength aerosol absorption measurements.  

METHODS 

CA includes an organic fraction, organic aerosol (OA), and a refractory, strongly light-absorbing fraction 

referred to as black carbon (BC). ). The mass of carbon atoms in CA and OA is called total carbon (TC) and 

organic carbon (OC), respectively. The BC is exclusively emitted from incomplete combustion (fossil fuel 

BCff, biomass burning BCbb), thus having only a primary origin. OA's chemical composition is highly 

diverse and composed of many complex molecular structures. OA is directly emitted to the atmosphere in 

particulate form as primary organic aerosols (POA) by combustion and from biogenic sources, or it can have 

a secondary origin (SOA). Organic aerosol can be further divided into light-absorbing OA, also known as 

brown carbon (BrC), and non-light absorbing OA (OAnon-abs), both with possible primary and secondary 

origin (POABrC, SOABrC, POAnon-abs, SOAnon-abs, respectively).  

Measurements of TC and BC(λ) were performed by the Carbonaceous Aerosol Speciation System (CASS, 

Aerosol d.o.o., Slovenia, EU), which is comprised of a Total Carbon Analyzer TCA08 (Rigler et al., 2020) 

in tandem with an Aethalometer AE33 (Drinovec et al., 2015). Apportionment of different components of 

carbonaceous aerosol relies on specific information available in the measured dataset. Spectrally resolved 

optical absorption measurements are used to differentiate between BC sources (BCff and BCbb) and between 

BC and BrC absorption. The modified BC and BrC tracer method (Ivančič et al., 2022) is used to split the 

OC based on its origin to the primary and secondary component. In the last step the aerosol mass 

concentrations are estimated using specific OA/OC ratios and mass absorption cross-sections. The flow 

chart of eight steps procedure to apportion CA into six components is shown in Figure 1.  
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Figure 1. Flow chart of eight steps procedure to apportion CA into six components: (1) CASS 

measurements of TC, BC and OC. (2) Aethalometer model to apportion BC to BCff and BCbb. (3) Brown 

Carbon absorption model. (4) BC tracer model (primary and secondary OC) (5) BrC tracer model (primary 

and secondary BrC). (6) Mass concentration of primary and secondary OC. (7) Mass concentration of 

primary and secondary BrC. (8). Mass concentration of non-absorbing POA and SOA. 

CONCLUSIONS 

The advanced method was applied to a two-year (between March 2018 and March 2020) TC and BC 

concentration measurements dataset at two contrasting sites in the Los Angeles (LA) Basin, California, 

USA: Central LA and Riverside station. The results of CA apportionment to six components are presented 

as typical diurnal profiles in Error! Reference source not found., where results are split between sites and 

into seasons. 

BCff and POAnon-abs concentrations are similar for both sites with morning and evening traffic rush hour 

peaks. BCbb and POABrC significantly contribute to BC and BrC concentrations in winter nights, suggesting 

the biomass burning for household heating is the major source for both components. SOA contributes up to 

80% and 40% of CA during summer afternoons and winter nights. SOA formation by photooxidation is 

responsible for vast peaks in afternoons. In contrast, night-time SOA formation, driven by aqueous-phase 

reactions and catechol-NO3 formation processes, is estimated to be the major source of SOAnon-abs and 

SOABrC during the nights. Validation of CA advanced apportionment results was performed by 

intercomparison to available tracers for different aerosol sources measured by independent methods, such 

as offline OC/EC, PM2.5, levoglucosan, CO, NOx, and ultrafine particle concentration measurements. 
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Figure 2. Diurnal profiles of CA apportioned to BCff, BCbb, POAnon-abs, POABrC, SOAnon-abs, and SOABrC in 

Central LA and Riverside. 
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INTRODUCTION 

Carbonaceous aerosols are characterized by varying absorption efficiencies and Ångström absorption 

exponents (AAE), depending on emission sources, combustion efficiency, mixing state and atmospheric 

aging (Pokhrel et al., 2016). Source characterization of absorption properties is usually performed by 

dividing them in combustion-related categories i.e. fossil-fuel combustion and biomass-burning 

(Sandradewi et al., 2008). Although BC source apportionment has been extensively pursued (Liakakou et 

al., 2020a) and BrC contributions to total absorption are increasingly being reported in the past few years 

(Liakakou et al., 2020b), research on source-specific BrC absorption is very limited. In this study, we 

describe a new approach using a combination of common assumptions for the differentiation of spectral 

absorption from aethalometer measurements into five components related to black and brown carbon (BC, 

BrC) from fossil-fuel combustion and biomass burning, and to secondary brown carbon. This approach was 

applied on spectral absorption measurements during winter in urban background sites in Athens (Dec. 2016 

– Feb. 2017) and Ioannina (Dec. 2019 – Feb. 2020). The contributions of each of the five components to the 

spectral absorption are examined on seasonal and diurnal scales. Sensitivity analysis was performed in view 

of the methodological uncertainties and supported the reliability of the results. To our knowledge this is one 

of the first studies in Europe attempting an extensive breakdown of aerosol – especially BrC – spectral 

absorption to specific sources and chemical components, and can provide a reference basis for comparison 

with future BrC source apportionment studies. 

 

METHODS 

Aethalometer (AE-33) absorption measurements a 7 wavelengths, obtained at an urban-background site in 

Athens (Thissio) and in a residential area near to the city center in Ioannina, were used for the analysis. 

Using common assumptions regarding the spectral dependence of absorption due to BC (AAEBC=1) and 

biomass burning aerosol (AAEbb=2), and calculating an optimal AAEff value for the spectral absorption due 

to fossil-fuel combustion sources, the total spectral absorption was decomposed into five components, 

corresponding to absorption of BC and BrC from fossil-fuel (ff) combustion and biomass burning (bb), and 

to secondary BrC estimated using the BC-tracer minimum R-squared (MRS) method (Wang et al., 2019). 

More specifically, an optimal AAEff value for Aethalometer Model calculations was estimated, by applying 

the model for varying AAEff (0.8–1.3) and AAEbb (1.6–2.2) values, and then examining the regression 

parameters of Absbb,950 (as calculated by the Aethalometer Model) over a measured BB tracer. Collocated 

online measurements of the ACSM m/z 60 fragment in Athens and levoglucosan analysed in daily filter 

samples in Ioannina, were used as the independent variable (BB-tracer) in these regressions. The optimal 

AAEff values were estimated at 1.18 in Athens and at 1.12 in Ioannina. The methodology for the estimation 
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of the five absorption components is presented in the schematic flowchart of Fig. 1 and is fully described in 

Kaskaoutis et al. (2021). In this approach, the strongest assumption is the consideration of a wavelength-

independent AAEbb = 2, since AAE increases beyond 2 with decreasing wavelength, especially in the 

presence of BB organic aerosols, while it can be lower than 2 at longer wavelengths (Choudhary et al., 

2021). For this reason, it is preferable to use a fixed AAEff value (instead of AAEbb) for the spectral 

estimation of Absff,λ, Absbb,λ, as it is less wavelength-dependent (Dumka et al., 2018). A detailed discussion 

on uncertainties and limitations of the methodology is also provided in Kaskaoutis et al. (2021). 

 

Figure 1: Schematic flowchart of the methodology for the spectral calculation of the 5 absorption 

components. Text in yellow signifies the assumptions made. 

 

RESULTS 

The application of this method for the identification of the absorption coefficients of the five components 

was performed in Athens and Ioannina, NW Greece during winter periods (Dec. 2016 – Feb. 2017 and Dec. 

2019 – Feb. 2020, respectively). Figure 2 presents the mean diurnal variations of the fractional (%) 

contribution to absorption at 370nm for each of the five identified components, providing a direct 

comparison between Athens and Ioannina. In both cities, substantial differences in the contribution of 

various components to the total absorption were found between day and night, due to differences in 

emissions and meteorological dynamics, while BrC and biomass burning aerosols presented higher 

contributions at shorter wavelengths. In addition, large differences can be seen in the percentage fractions 

of the absorption components between the two sites, since in the large urban agglomeration of Athens a 

large fraction of the absorption at 370 nm is due to BCff (36.3%) from traffic, exhibiting a higher fraction 

(58.1%) during daytime, while the mean BCbb absorption was estimated at 18.4%. The mean absorption 

contributions due to BrCff, BrCbb and BrCsec in Athens were 6.7%, 32.3% and 4.9%, respectively (Fig. 2). 

The AbsBCff and AbsBrCff components maximized during the morning traffic hours, as expected, while the 
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AbsBCwb and AbsBrCwb escalated during nighttime due to residential wood burning (RWB) emissions. 

These components were strongly correlated with biomass-burning (BB) tracers (nss-K+, Levoglucosan), and 

with organic aerosol components related to fresh and fast oxidative biomass burning (BBOA and SV-OOA) 

inferred from ACSM in Athens.  

In Ioannina, the contribution of the BrC components were much higher than those in Athens, reflecting a 

highly BB-laden atmosphere, especially during winter nights. Τhe AbsBCff diurnal pattern in Ioannina 

mostly agrees with that in Athens regarding the morning-traffic maximum, which is reasonable since BCff 

is mostly attributed to vehicular emissions. AbsBCff was correlated with NOx (R2 = 0.76), CO (R2 = 0.77) 

and HOA (R2 = 0.48) verifying its association with traffic emissions. Incomplete combustion in engines also 

releases organics contributing to AbsBrCff (Wu et al., 2018), probably explaining the peak in AbsBrCff 

during the morning hours at both sites. Conversely, AbsBCbb and AbsBrCbb maximized during nighttime, 

when RWB emissions intensified. Moreover, BB tracers (BBOA, SV-OOA, nss-K+) were strongly 

correlated (R2 = 0.6–0.9) with AbsBCbb and AbsBrCbb, which supports the efficiency of the methodological 

approach. AbsBrCsec exhibited an increase during nighttime in Ioannina, suggesting that absorbing 

secondary organic aerosols are most probably associated with the fast-oxidation of RWB emissions (Wong 

et al., 2019). 

 

Figure 2. Mean diurnal variation of the absorption coefficient fractions at 370 nm for five identified 

absorption components during wintertime in Athens (a) and Ioannina (b). 

 

CONCLUSIONS 

This work contributes to the growing body of studies on the novel subject of aerosol absorption source 

characterization. It differentiated the spectral absorption coefficients of BC and BrC originating from fossil-

fuel combustion and biomass (wood) burning, while it also considered the absorption by the secondary BrC 

fraction. The total spectral aerosol absorption inferred from aethalometer (AE-33) measurements in Athens 

and Ioannina, Greece during winter periods was thus decomposed into five components (AbsBCff, AbsBCbb, 

AbsBrCff, AbsBrCwb and AbsBrCsec). To estimate the spectral absorption coefficients, assumptions based 

on the Aethalometer and Brown Carbon models were made. The identified absorption components presented 

substantial spectral dependence, with the effects of BrC and biomass burning increasing at shorter 

wavelengths. The results of this approach were verified by comparisons with external markers related to 

traffic or biomass burning, supporting the reliability of the method. The examination of contributions and 

variability of absorption sources on a long-term basis and with different novel methodologies should be a 
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priority, with the objective to reduce estimation uncertainties, which will enable an improved assessment of 

radiative impacts of BC and BrC for climate forcing studies. 
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INTRODUCTION 

Volatile organic and inorganic compounds (VOCs, VICs) react in the gas phase with ozone, nitrate, or 

hydroxyl radicals, creating reaction products of major relevance for atmospheric and indoor chemistry with 

implications for climate and health. These reactions lead to a plethora of generation products with a variety 

of functionalization. An established technique to study these compounds is Chemical ionization mass 

spectrometry (CIMS). However, since there is no universal reagent ion covering all compounds of interest, 

combining ionization techniques is necessary. The recently introduced PTR3 CI-TOF allows rapid switching 

between different primary reagent ions but is limited to positive ionization mode (Breitenlechner et al., 

2017; Hansel et al., 2018; Zaytsev et al., 2019). Here, we present the first dual-polarity PTR3, considerably 

extending the number of possible reagent ions and thus the application range. 

METHODS 

We deployed a PTR3 CI-TOF 10K (IONICON Analytik, Austria), a coupling of a PTR3 ion source to high 

resolution TOF-MS. This instrument reaches sensitivities of 30.000 cps/ppbV at a typical mass resolution 

of >10.000 m/dm. The PTR3 reaction chamber is operated around 75 mbar and allows precise control of the 

reduced field strength (E/N) from up to 120 Td (1 Td = 10−17 Vcm−2) down to field-free for adjusting the 

degree of clustering and therefore the range of possible ion-molecule reaction channels. So far, only positive 

reagent ions (H3O+, NO+, NH4
+) have been used with PTR3. Newly developed bipolar electronics enable 

electrical switching between positive and negative polarity, extending to reagent ions like I- and CH3COO-. 

 

 

Figure 1. Schematic of the PTR3 CI-TOF.  
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CONCLUSIONS 

 

The PTR3 uses three separate ion sources producing specific reagent ions via corona discharge ionization. 

Switching is enabled by electrically selecting one "active" ion source. The respective reagent ion is dictated 

by the CI-gas streamed into the drift region of each source. A counter flow of nitrogen hinders mixing of 

sample and CI-gas transferring only the latter towards the discharge region. Unwanted neutrals are pumped 

away afterwards ensuring clean ionization. Initially, two negative reagent ions were tested (I-, CH3COO-) 

by deploying CI-gas from iodomethane, and acetic acid headspace. Results are compared to positive mode 

using H3O+ and NH4
+.  

To characterize the setup, we conducted a series of oxidation experiments with relevant and well-studied 

VOC precursors, see Figure 2. Our home-built aerosol flow reactor allows us to observe up to 15 minutes 

of the initial reaction, producing a range of compounds from VOC precursors to first and higher-order 

generation reaction products in the gas and particle phases.  In case of particulate samples, volatile 

compounds are removed by an activated charcoal denuder and the remaining particles are evaporated at 

150°C. In this work we compare the chemical response to secondary organic aerosol (SOA) produced from 

the oxidation of limonene with ozone as characterized by different reagent ions.  

 

Figure 2. Exemplary ozonolysis experiment using PTR3 CI-TOF in CH3COO- and NH4
+ mode.  

 

The bipolar electronics offer switching-speeds between ions of the same polarity of down to 1s and between 

polarity within 10 s. This allows quasi-simultaneous tracking of experiments with all three reagent ions 

where preliminary results prove the benefits of I- and CH3COO- for detecting highly oxygenated molecules 

(HOMs). 
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Figure 3. Exemplary electrical switching of ion sources of PTR3 CI-TOF between CH3COO- and I- mode.  
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INTRODUCTION

Suspended in the atmosphere are a wide variety of particles, so called aerosol particles, that have various
effects on air quality, the health of living things, and Earth's climate. The origin of the particles can be
categorized as primary or secondary type. Primary particles are those that are emitted directly into the
atmosphere by the source, for example sea-salt crystals, soot, dust resuspended by the wind, volcanic ash
and biological aerosols (e.g. viruses, bacteria, pollen, spores). Particles of the secondary type originate in
the atmosphere itself, forming in a gas-to-particle conversion process (McMurry, 1979). This spontaneous
phase transition that occurs in the atmosphere is commonly called a new particle formation (NPF) event.
NPF events typically begin in the morning, when solar radiation causes dissociation of different gases,
generating highly reactive fragments, mainly OH radicals (Seinfeld, 2016). These fragments quickly react
with other molecules and form low volatility compounds. These may, under specific atmospheric
conditions, cluster and form stable nano-sized particles (Kulmala, 2012).

Of all the particles found in the atmosphere, a significant fraction has its origin in NPF events (McMurry,
1979). Unlike primary type particles, nanoparticles generated in NPF events are undetectable for most
instruments (Kulmala, 2007). In particular, satellites can not detect NPF events. Despite the difficulty of
measuring this type of aerosol, NPF is a phenomenon that is effectively recorded in different places on
Earth using specially designed systems (Kulmala, 2012). The mechanisms and chemical compounds
responsible for NPF are still uncertain, and this fact is reflected in their parameterization in atmospheric
models.

Figure 1: Number density of different sizes particles as a function of time observed at Marambio Antarctic
station on December 24, 2017. X-axis represents the time of the day at which each measurement is

obtained, Y-axis presents the particle diameter represented on a logarithmically spaced scale, and the color
scale represents the particle number concentration density (also expressed on a logarithmic scale due to the
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high variability in concentration). Thus, each column of the graph contains a single measured PSD and the
whole graph depicts the aerosol temporal evolution.}

Fig. 1 shows an example of temporal evolution of the particle size distribution (PSD) recorded at
Marambio Antarctic station on December 24, 2017. Since NPF events usually occur mainly centered on
hours of solar noon, the established convention is to perform the analysis using one-day spectrogram plots
(Kulmala, 2012). In Fig. 1 around 12:00 UTC-03, an increase in the particles concentration with sizes
close to 10 nm is observed. Between 17:00 UTC-03 and 20:00 UTC-03, the new observed mode evolves
from ~10 nm to ~30 nm, corresponding to a NPF event.

Various methods have been proposed on the way the measurements of PSD temporal evolution should be
process in order to obtain the correct parameters describing the NPF (Dal Maso, 2005; Kulmala, 2012;
Stolzenburg, 1988; Wiedensohler, 1012). As a first step, it is necessary to identify those moments where
an NPF event occurred and subsequently to estimate the parameters that characterize the event, namely the
rate of particle formation (number of new particles per unit of time) and the growth rate of the particles.
The first step is performed by a visual inspection of the measured size distribution data. Although visual
data processing is the standardized method for studying NPF, this type of analysis is loaded with
subjectivities and is time consuming. This subjectivity increases the uncertainties related with comparisons
of the NPF events global statistics. As a consequence there is interest in developing reliable automatic
determination of NPF events. An automatic method, in addition to being time-efficient, would also allow
to standardize and uniformize the results from different collections, largely eliminating the human
subjectivity.

METHODS

Database construction

In this work we analyzed data of the temporal evolution of the particles size distribution (PSD) collected at
the Marambio Antarctic station (64º 15’ S; 56º 38’ O; at 198 masl) with a Differential Mobility Particle
Sizer (DMPS) (Asmi, 2018). Each DMPS measurement produces a data vector that represents the particle
number concentration density function for 25 diameters logarithmically distributed𝑑𝑛

𝑁
 (𝐷

𝑝
) 𝑑𝑙𝑜𝑔(𝐷

𝑃
)

between 10 nm and 800 nm.

The data series contains PSD measurements from year 2013 to 2020 and was manually processed. The
PSDs measured were visually inspected (from 00:00 to 23:50 UTC-03). All observations that contained
errors were eliminated, either because the instrument was not working or it was working outside the
nominal parameters. The data affected by local contamination were also discarded (for example, when
there are plane or helicopter flights on the runway that is 500 m from where the instrument is located).

Category Training Evaluation Totals
E 4149 (132) 1186 (38) 5335  (170)

NE 132086 (847) 36834 (220) 168920 (1067)
Totals 136235 (979) 38010 (258) 174255 (1237)

Table 1. Summary of the manually classified data. NOTE: The values expressed in the table represent the
number of observations, and in parentheses the number of days for each category. Data was classified in

two classes: NPF event (E) and non-event (NE). 80% of the data for training and 20% for evaluation.

The methodology chosen for the automatic detection of NPF events in this work is based on probabilistic
mathematical models, called Hidden Markov Models (HMM). This type of model requires observations
with a category identification data label. Description of the train and evaluation files, each one containing
one-day data are shown in Table 1. In the database processing stage the time instants where a NPF events
occurred were visually determined, following recommendations given by Dal Maso et al. and Kulmala et
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al.. Within each day, moments where an event begins and ends were manually identified, assigning the
“event” label (E) to all those segments, and the "non-event" label (NE) to all the rest. As a result, a labeled
(E/NE) database of 174255 PSD observations from 1237 individual days was created.

Automatic identification of NPF events with Hidden Markov Models

Hidden Markov Models (HMM) are statistical models for the analysis of time-varying signals, and have
been used successfully in several different domains, such as speech recognition (Huang 2001). In all these
fields the same pattern is observed: a temporal variations consisting of series of observation blocks, which
are considered as separate units from each other. These blocks of observations have internal coherence and
can be considered as samples of the same density function, with a different density for each block-unit. It
is also assumed that the production of the block sequences at a given moment is governed by probabilistic
laws. In our case, the unit blocks correspond on one hand to sections where there are no NPF events, and
which have rather stationary dynamics, and on the other hand sections where NPF events appear. Blocks
of NPF events can also be distinguished as a series of sequential stages that always occur in the same order
(formation, growth, decay). In this way, we can describe each PSD state occurring during the day using a
scheme as shown in Fig. 2.

Figure 2: Simplified state diagram of the HMM proposed for automatic determination of NPF events. The
states labeled I and F are Initial and Final nodes of the observation sequence, respectively. Each block has

associated an emission probability from which an observation vector is sampled.

This figure shows a simplified state diagram of the topology of our HMM, which would statistically
represent the daily evolution of the PSD signals. At each time it is assumed that the size distribution
vectors are advancing from the node called Initial (I) toward the Final (F). Each possible signal generated
is derived from the path of the branches starting from node I. When the signal is generated by the upper
branch, the vectors are all derived from the emission probabilities associated with the non-event cases.
Instead, when the signal is generated by the lower branch, initially there is a sequence of vectors emitted
from non-event class, followed by vectors sampled from the probability densities of the internal states of
the event class, to end with another sequence of vectors emitted from non-event class. In this simplified
diagram we assume that each block has a certain probability of repeating itself or following to the next one
in the direction of the arrow, that is, that the branches represent sequences of statistically similar vectors,
but in variable quantities.

Finally, it should be emphasized that the entire Hidden Markov Models environment has powerful
methods developed for the estimation of the distribution parameters. The probability densities and the
transition probabilities are trained to achieve the maximization of the probability of the proposed topology
for the training data set. There are algorithms also that allow to check which situation is more plausible, if
the upper branch (where there was no NPF event) or the lower one (where there was an event) for a given
test sequence. As a result, not only the classification of the signals is obtained according to whether it was
generated by the upper or lower branch, but also the temporal segmentation of each state traveled for that
temporal signal is identified.
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RESULTS

The observation vectors used to train and validate the system contain 10-minute PSD measurements. The
observations are stored in daily files, and each file contains a maximum of 144 observations of dimension
24 (Number of particle size bins). In total, 1237 measurement files were used for the analysis, one per day,
and the total number of observation vectors in those files was 174255. The files were divided into two
parts: 80% to estimate the parameters of the models (training stage), and 20% to evaluate the results
(evaluation stage). Table 1 shows the amount of data available corresponding to each category, in order to
train and evaluate the classification system. A day is considered to be in category E if an NPF event
occurred at any time on that day. There are approximately 95% observations corresponding to category
NE and 5% to category E. When the number of event days and non-event days are compared, only 85% of
the days are categorized as NE, while 15% are categorized as E. Although there are more data labelled to
the NE category than to E category, this fraction of E to NE days is maintained for both the training and
evaluation data series, as this proportion is thought to be representative of these data.

To analyze the performance of the constructed classification system, the categories assigned automatically
were compared against the manually obtained ones in two different ways. First, the number of times that
the system was able to correctly detect whether an NPF event occurred during a day was evaluated,
regardless of the instant in which the event occurred. Second, the result of the classification was analyzed
observation-by-observation to evaluate the capability of the system to detect the instants where a NPF
event was occurring.

Figure 3: Comparison of manual classification and automatic classification. Below the spectrogram are the
categories assigned manually by the researchers (M) and below the categories assigned automatically by
the system based on HMMs (A). The blue labels indicate that there is no NPF event, and the red ones that

there is a NPF event.

Fig. 3 shows an example of the result of the classification performed on 50 observations. In this case, both
manual and automatic classification indicate that a NPF event occurred during that period. In addition we
see that both methods coincide with the instant where the event began but not with the instant where it
ended.

Similarly, we compared the manual and automatic classification of the entire PSD data series used for
model evaluation and the results obtained are shown in Fig. 4. Our system was able of detecting an NPF
event day with 95% confidence (the so called true positive rate, Fig. 4a upper row affected by

). In other words, the system correctly identifies practically all NPF events that are in1/𝑃
2

= 1/0. 1472
the evaluation data series. In addition, it is observed that the system has a false positive rate of 27% (Fig
4a, lower row affected by ).1/𝑃

1
= 1/0. 8527
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Figure 4: The model success percentage shown as confusion matrices with the results of: (a) the daily
analysis and (b) the observation-by-observation analysis. The numbers of each element of the matrix is the

number of times (and the percentage) that the model assigned that category to each observation, taking
manual classification as a reference.

When the results are analyzed observation-by-observation (see Fig. 4.b), the rate of true positive is 75%
and the false positives 16%. The lower number of true positives, but also the false positives, in our
classification system as compared with its capability to classify day-to-day events, is logical due to nature
of the events and data since in this case the alignment of the limits of the events between manual and
automatic classification plays a role.

The number of false positives in both cases is considerable. This means that the classification system
detects more events than were detected manually. Often in practice this is not a major problem since at the
second step, the detected events would be analyzed manually in order to parameterize them. At this stage
the researcher can still reject any events he or she considers falsely categorized.

CONCLUSIONS

Identification of NPF events in measurement data is usually done manually by researchers, which is time
consuming and makes the obtained results strongly subjective. This work presents the use of HMM to
automatically detect NPF events in measurements of the size distribution of atmospheric particles. The
results obtained show the ability of the HMMs to perform this task automatically. It is expected that the
use of this type of system help to obtain more repeatable and systematic results.

Our database consisted on 1237 individual observation days. We used these data for both training (80%)
and evaluation (20%) sets. The constructed system was capable of correctly detecting 95% of the NPF
event days. Although this level of detection is higher than that achieved in previous works, a direct
comparison of the methods is not possible because different data were used. It is recommendable to use
the same databases to properly compare the different automatic analysis methods whenever is possible.

The formation of new particles in the atmosphere is a complex process and its occurrence and parameters
depend on several atmospheric variables. Therefore, to improve the capability of our classification system,
the possibility of incorporate other sources of information to feed the models should be considered, such
as solar irradiance, gas concentrations, and particle size distribution from sizes down to 1 nm. The HMM
environment allows to easily modify the number of features (i.e. dimension of the observation vector) used
to perform the classification.

The classification of the observations was carried out in two categories: there is an NPF event or there is
no NPF event. More complex HMM can be created to classify observations into additional categories.
Researchers could benefit, for example, from having a system capable of identifying various patterns in
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the observations, such as local pollution events or cloud activation. Because HMMs can classify each
observation independently, they can be used to perform near-real-time detection.

Daily files were used both to train and evaluate the system. In addition, NPF events were identified using
one-day spectrogram plots. Future research should consider analyzing without stopping in the end of the
day. This can help detect NPF events that extend for more than one day. A single file including all
one-year measurements may also be automatically analyzed.
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INTRODUCTION 

The Airyx ICAD NO2/NOx monitor measures ambient concentrations of NO2, NOx and NO. NO2 is 
measured directly via spectroscopy, therefore minimizing cross-interferences. Detection limits of 0.5 ppb at 

a time resolution of 2s or 0.1ppb at 60s are achieved. NOx is measured with an additional NO to NO2 

converter based on ozone titration. ICAD systems are used is several research studies, air quality monitoring, 
mobile immission and emission studies. Especially where high accuracy, mobility, low power consumption 

or calibration-free operation are required they have many advantages. Several validation studies which 

demonstrate the accuracy which will be presented.   

The ICAD instrument is available in different housings: waterproof IP64 plastic housing for field 

applications and harsh environments and a 19’-rack version for monitoring and laboratory applications. 

Also, customized solutions are possible e.g. a weight-reduced UAV-version had been manufactured. 

 

METHODS 

Optical, spectroscopic instruments measure trace gas concentrations by relying on characteristic molecular 

absorption features. This enables fast and reliable detection and reduced potential cross-interferences with 

other trace gas species. By using literature absorption cross sections, these instruments even have the 

potential to be calibration free (no need for calibration gases). However, most gas measuring instruments 
need to be calibrated and also rely on stable ambient conditions (temperature, humidity) and are, thus, 

difficult to operate without a lab infrastructure, on mobile platforms or under changing environmental 

conditions. 

To overcome the problems listed above we developed the ICAD instrument (Iterative Cavity Enhanced 

DOAS, [Horbanski et al. 2019]). It combines the DOAS (Differential Optical Absorption Spectroscopy) 

method [Platt et al 1979] with an optical resonator to achieve a few 100m long absorption path in a small 
setup. The long absorption path is crucial to achieve NO2 accuracies in the lower ppb range.  Also, other 

techniques used this combination like CE-DOAS (Cavity Enhanced-DOAS, Platt et al 2008) and BB-CEAS 

(Broad Band Cavity Enhanced Absorption Spectroscopy, Fiedler et al 2003). , The NO2 trace gas is detected 
by its characteristic molecular absorption structure in the  visible spectral range between 430 and 470nm. In 

contrast to CE-DOAS or BB-CEAS, ICAD applies a different spectroscopic analysis algorithm described 

in detail in Horbanski et al. 2019. One large advantage is, that the derived NO2 concentration with ICAD do 

not rely on the absolute intensity, a known problem for the other optical techniques. Absolute intensities 
vary often due to changing instrument temperature, vibration, aging or cross interference by other trace 

gases and thus lead to wrong concentration. While ICAD system, avoid this dependence, they can be built 

simpler and it delivers more reliable results. Even mobile applications are now easily possible.  
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ICAD requires like other optical instruments (CE-DOAS and BB-CEAS) still a calibration. Not necessarily 

with NO2 calibration gas, but with a gas to derive the optical absorption path. This is a drawback of all gas 

instruments for a broad use. To overcome this, we developed a new, purely optical calibration method called 
ICOM (Integrated Calibration by means of Optical Modulation),which can be integrated in the automatic 

measurement procedure and which makes complex calibration with gas bottles redundant while still 

providing a high level of measurement precision. 

 

STUDIES 

We present three main application fields and research studies using the ICAD: 

1. High precision measurements of ambient NO2 / NO 

As NO2/NOx ICAD instrument measures NO2 directly, cross-interferences are minimized as shown in 

comparison campaigns. We present a side-by-side inter-comparison campaign at the Meteorological 

Observatory Hohenpeißenberg (DWD) 2016 the performance of different instruments for NO2, NO and 

NOx were investigated under natural and artificial conditions. The concentration ranged from few ppt 

up to 100ppb.  

The inter-comparison demonstrates excellent performance of ICAD in terms of accuracy and drift. In 
comparison to other techniques, it shows no interferences with relative humidity, temperatures and other 

gas species like HONO. Also, the zero point and calibration are stable and reproducible. Thus, the 

accuracy of NO2 / NO measurements especially at low concentrations can be improved.  

 

Figure 1: HONO interference in NO2 measurements of a chemiluminescence (CLD) and an ICAD 

instrument examined during the side-by-side intercomparison campaign at the Hohenpeißenberg 

observatory, Germany, 2016. 

 

2. Mobile measurements to investigate NO2 / NO maps 

Due to the mobility and low power consumption, NO2 / NO distributions can easily be measured with 

the ICAD instrument on a bike. Such studies can quantify the high spatial and temporal variability of 
NO2 and NO in urban areas. From repeated measurements, the annual mean concentration can be 

extrapolated. At selected locations this derived annual mean is validated by local measurements and 

agree within 10 -15%. This indicate that the NO2 / NO distribution maps are reliable. The maps are 
especially useful to investigate the real spatial variability of NO2 and NO in urban areas, identify urban 
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hot-spots, validate models, perform personal exposure studies or to investigate NO2 level in areas where 

so far, no measurements are available. Several examples in small and larger cities will be presented.  

 

  

Figure 2: Averaged NO2 distribution in Walldorf, 
Germany determined by bike-based measurements 

along the same track for 40 times during 2018 - 

2019). This allowed to identify the areas with the 

highest exposition of people to NO2. 

Figure 3: Distribution of extrapolated yearly 
averages of NO2 in Walldorf, Germany from figure 

2. Here the stationary measurements at two 

locations indicated by squares were used for 

validation. 

 

3. Mobile emission measurements applying ICAD for Plume Chasing 

The Airyx NO2 / NOx ICAD instrument can be used to investigate NO2 / NOx emissions of road traffic. 
The system is therefore further extended by a CO2 sensor. Applying the so called “Plume Chasing” – 

technique, the ICAD is placed in a car with sample inlets placed at the front bumper. Exhaust gas 

measurements are performed by driving behind a target vehicle in real traffic scenarios and sampling 

diluted emission plumes. Thus, remote sensing of emissions become possible. From the ratios of NO2 
or NOx to CO2 the emission can be calculated. We validate our measurements to PEMS (Portable 

EMission Systems) directly measuring on the tailpipe of the target vehicle. The comparison shows very 

good agreement. Our system was used during several vehicle emission studies, especially to investigate 
emission manipulations of trucks or to investigate high emitters. It is also applicable to investigate real 

driving emissions of the vehicle fleet in a city. An overview will be given. 

 

 

 

 

1 

3 

2 

2 
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CONCLUSIONS 

The Airyx ICAD instrument is suitable instrument for laboratory and field measurements delivering high-
quality datasets for measurements of NO2 and NO. It can be used to quantify ambient concentrations as well 

as traffic emissions. Due to its robustness, high precision and fast response times allow for a variety of other 

applications. 

Currently the ICAD technique is adapted for  HONO measurements. In the future it is also planned to 

perform HCHO, ozone and SO2 measurements. 
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INTRODUCTION 

Atmospheric vertical profiling is achieved by LIDAR (Light Detection And Ranging), a remote sensing 
technique which allows to determine the altitude of aerosols and clouds and their dynamics in the 
atmosphere. Two main categories of lidars for aerosols profiling are used: that of high-power, research 
lidars, complex and expensive instruments, which allow a finer analysis of aerosols properties, and that of 
micro-pulse elastic lidars, simpler instruments, compact, automatic and less expensive, which are suitable 
for continuous, unattended monitoring of the atmosphere. 
CIMEL and LOA (Laboratoire d'Optique Atmosphérique) have a long history of collaboration in the 
framework of AERONET, collaboration which materialized into a joint laboratory, AGORA-Lab 
(https://www.agora-lab.fr/), where both researchers and engineers work together for the innovation of 
atmospheric observations by remote sensing techniques. The three main directions of AGORA-Lab regard 
the development of photometers, lidars and their adaptation to mobile observations on different vectors. 
Part of the characterization and developments are done at LOA and ATOLL (ATmospheric Observatory of 
liLLE) platform operated by LOA, University of Lille/CNRS, France, part of the AGORA-Lab facility in 
Lille. 

METHODS 

The CIMEL CE376 micro-pulse lidar is a compact (<1 m height, <50 kg), bi-axial, dual-wavelength (532 
nm and 808 nm), depolarization lidar for continuous, automatic operation. Several sites in Europe are 
equipped with this type of lidar, alongside with a CIMEL photometer. Combined automatic lidar (CE376) 
and photometer (CE318-T) measurements provide the Automatic Aerosol Monitoring Solution (AAMS), 
which allows a better characterization of aerosols optical properties. 
 
LILAS is a high-power, multi-wavelength, elastic-Raman lidar, part of ACTRIS and producing high quality 
research on aerosols and clouds (Hu et al. (2019), Hu et al. (2021), Veselovskii et al. (2021)) at 
ATOLL/LOA since 2015. The system was developed in collaboration with CIMEL. We use LILAS as our 
reference system to intercompare our instruments (CE376 and CE710) at AGORA-Lab facility. 
 
In the framework of AGORA-Lab, the new CE710 high-power, modulable lidar has been developed since 
2020. The first model integrates the 532 nm channels, with polarization capabilities, but it is a modulable 
system so more channels can be added (1064 nm, 355 nm, Raman, etc.). Concerning the size of the system, 
the CE710 lidar is between the CE376 lidar and LILAS, as can be seen in Figure 1. 
 
 

283



 

The three lidars are shown in Figure 1 and their main technical characteristics presented in Table 1. 
 

 

Figure 1. CIMEL CE376 micro-pulse lidar, LILAS high-power lidar and CE710 high-power CIMEL lidar 
at ATOLL platform (LOA/CNRS), part of AGORA-Lab facility in Lille, France 

LIDAR  CE376 CE710 LILAS 
Laser energy 6 µJ 55 mJ 100 mJ 

Repetition rate 4.7 kHz 20 Hz 20 Hz 
Telescope diameter 10 cm 30 cm 40 cm 

Eye-safe yes no no 
Wavelengths (nm) 532, 808 532 

(modulable) 
355, 532, 1064 

Depolarization yes  
(532) 

yes yes 
(355, 532, 1064) 

Raman channels no modulable yes  
(387, 408, 530) 

 
Table 1. Main technical characteristics of CIMEL CE376 and CE710 lidars and of LILAS lidar, multi-

wavelength, research lidar, part of ACTRIS 

RESULTS  

The dual-wavelength, depolarization micro-pulse CE376 lidar equips several sites in Europe and has been 
involved in two field campaigns, the COBIACC (Campagne d’Observation Intensive des Aérosols et 
Précurseurs à Caillouël-Crépigny) campaign in France, summer 2019, focused on the monitoring of 
background and transported aerosols at a rural site, and a mobile campaign, FIREX-AQ (Fire Influence on 
Regional to Global Environments and Air Quality), in the north-western US, summer 2019, where it 
performed profiling of smoke close to the fire source, which has not been done before by other lidar systems. 
An example of products from the continuous monitoring by a CE376 micro-pulse lidar is presented in Figure 
2, showing the PBL variability during COBIACC campaign, especially thanks to the 808 nm channel, which 
has a low overlap (700 m), allowing the sounding of the lowest altitudes of the atmosphere. The continuous 
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measurements of the CE376 lidar during the campaign were useful for the interpretation of the in situ, 
chemical data at the surface, as a desert dust transport up to 6000 m altitude was observed in the lidar data, 
dust intruding also in the PBL. 

 

Figure 2. Lidar measurements by CE376 lidar (RCS- Range Corrected Signal) at (a) 808 nm and (b) zoom 
at 808 nm with the PBL top overlaid; COBIACC campaign, Caillouël, France. 

On the other side, more performant, high-power research lidars allow more precise and in-depth analysis of 
aerosol properties at several wavelengths, using elastic, Raman and even fluorescence channels. The new 
CE710 CIMEL lidar operated alongside LILAS multi-wavelength lidar at ATOLL and allowed the 
observations of a dust event in Lille, North of France, on the night of 2-3 of March 2021. The results showed 
excellent agreement between the two systems, with extinction coefficient of 0.1±0.04 km-1 at 532 nm and 
volume linear depolarization ratios in the range of 0.11-0.2 at 532 nm for the dust layers between 2300 m 
and 7400 m altitude. 

PERSPECTIVES 

The current effort being made on the CE376 micro-pulse lidar for the 2-3 coming years, is to develop a 
robust (mechanical and thermally) version to be operated on various mobile supports. The current TRL is 6 
and the objective is to reach TRL 7 for mobile applications. The goal is here to enhance the capacity of 
atmospheric research infrastructure in support of the space-based observing system and to extend spatial 
coverage of operations and completeness of existing observation platforms. Several projects (OBS4CLIM 
(on TGV), POLAR-POD (on fleet)) at national level have started for fostering these innovative technologies. 
The OBS4CLIM project (2022-2028) will fund 4 such CE376 lidars and a CE710 high-power lidar. A new 
project ATMO-TECH submitted to H2020/INFRA-TECH is now considered to foster on “mobile 
technology for atmospheric monitoring” with the general objectives to provide new products and 
instrumentation, and to develop innovative technologies and more efficient and cheaper atmospheric 
monitoring equipment. 
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The absorbing component of atmospheric aerosol has a significant impact on Earth’s radiative budget by 

acting as a positive forcing agent. Accurate in situ measurements of the spectral absorption coefficient (βabs, 

m−1) and mass absorption cross section (MAC, m2g−1), as well as the determination of their variability in the 

atmosphere are crucial for a better estimate of this impact.  

The Aethalometer [1] is at date the most used instrument for routine measurements of the aerosol absorption 

coefficient at seven wavelengths covering the range going from 370 to 950 nm (370, 470, 520, 590, 660, 

880, 950 nm). This filter−based instrument is based on principle of measuring the light attenuation through 

a filter on which the aerosol sample is continuously collected. The rate of change of the light attenuation 

over the time interval ∆t is linked to the aerosol absorption coefficient via the Beer-Bouguer-Lambert law. 

This measurement technique, which has the advantage of being sensitive to low aerosol signals and so to be 

adapted to measurements in environments with variable aerosol loadings, is however affected by artefacts 

that could seriously bias the retrieved absorption coefficient [1, 2]. These are linked to three causes: 1. the 

accumulation of particles on the filter that reduces the linearity in the detected attenuation signal, therefore 

causing an underestimate of the absorption coefficient for increasing aerosol load (loading effect); 2. the 

scattering from particles deposited on the filter that partly miscounted to contribute to detected attenuation 

and that causes an overestimate of the absorption; 3. the multiple scattering by the filter fibres causing an 

increased optical path and absorption overestimation. The first two artefacts (loading and aerosol scattering) 

has been widely treated in literature and many algorithms are available to correct them in post processing 

[2] and a more recent model (AE33) developed to correct loading effect online based on a dual spot approach 

[3]. On the other hand, the third effect needs to be better constrained. Usually a corrective parameter, named 

Cref, is used to account for the multiple scattering effect. The Cref can be determined by comparison with 

independent aerosol absorption measurements techniques such as the Multi-Angle Absorption Photometer 

(MAAP, online, 637 nm) or the Multi-Wavelength Absorption Analyse (MWAA, off-line, 5 wavelengths, 

375-405-532-635-870 nm [4]). While both the MAAP and the MWAA are still filter-based instruments, 

these integrate both transmittance and reflectance measurements and retrieve what is assumed to be an 

artefact-free absorption coefficient by applying a radiative transfer model to the reflected and transmitted 

light at different angles [4, 5]. As of today, estimations of the Cref from various field and laboratory targeted 

studies have been performed applied to both the AE31 and the new AE33 model and investigating aerosols 

of different types and properties and varying ambient conditions [1, 2, 6-9]. However, consensus is still 

missing on the absolute value of Cref, its dependence on the filter material used in the aethalometer to 
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deposit aerosols, and its possible changes with varying aerosol properties, such as its absorption represented 

by the single scattering albedo (SSA) or its chemical composition, as well as on relative humidity, and it 

spectral dependence. Moreover, very few information is available on Cref for aerosol population with very 

high fraction of BC, such as for the experimental chamber for studying the reaction processes on artificially 

generated soot. The estimate of the Cref parameter and the investigation of its sensitivity to these parameters, 

is of relevance to improve the accuracy of filter based observations. 

METHODS 
 

The Cref parameter was estimated by comparing different filter-based techniques (AE31, AE33 vs MAAP 

and MWAA) based on data collected both in ambient and in controlled conditions. Field observations were 

carried out in July 2017 at three different sites in northern Italy characterized by different aerosol and 

ambient properties: Monte Cimone, a mountain site typically pristine dry environment, San Pietro 

Capofiume, a rural site, and Bologna, a urban site. Field measurements were integrated by simulation 

chamber experiments performed in the CESAM simulation chamber (https://cesam.cnrs.fr/) in order to look 

at: 1. fresh BC-containing aerosols generated using a miniCAST JING (model 6204C); 2. BC-containing 

aerosols aged under different conditions (dry/humid; dark/light; with/without ozone or SO2); and 3. BC-

containing aerosol internally and externally mixed with inorganic and organic material. The CESAM 

chamber experiments are aimed to extend the range of conditions encountered in the field (RH, SSA) and 

look at specific conditions to possibly disentangle the influence of different conditions in affecting the Cref 

variability. 

The values obtained for Cref from field and laboratory measurements range from about 2 to 6 in agreement 

with other results in literature. An example of preliminary results for the Cref at 660 nm from the three field 

sites is provided in Figure 1 below. The probability density function in Figure 1 indicates that despite the 

range of values from the three sites is overlapping, the dominant Cref values are not the same from a site to 

another. Variability of Cref with ambient conditions and aerosol properties is investigated. 

 

 

Figure 1. Probability density function of Cref calculated by comparing AE31 and MAAP in three different 

sites of the Po Valley.  
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CONCLUSIONS 
 

The integration of ambient and chamber data is used in this study to investigate the Cref factor for both 

AE31 and AE33 and its dependence on parameters such as the SSA (absorption fraction), the relative 

humidity, the BC concentration and the organic content. Results from the ongoing analysis will be presented 

and integrated with the literature in order to provide an overview of current understanding.  
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INTRODUCTION 

Modelling atmospheric dynamics is usually a task which employs a combination of theory and simulation. 

Because the theoretical aspect is difficult, given the chaotic nature of most natural fluid flows, studies are 

usually based on comparisons between theoretical results and experimental observations (Bar-Yam 1998, 

Mitchell 2009, Badii 1999, Flake 1998). Spontaneous breaking of scale invariance is commonly considered 

to be the mechanism through which the turbulent energy cascade is considered to operate from the largest 

to the smallest scales, recently, improvements to the typical scale variation � model have been made (Roșu 

2021, Benzi 1984). 

METHODS 

In general, irrespective of the scaling gauge being used, it is considered that energy is injected through 

vortices of length ��, which triggers a turbulent cascade of intermediary �� vortices towards minimal vortices 

of dissipation scale ��. Recently, however, we have expanded upon this model in previous studies and 

successfully implemented it in a practical framework through lidar data (Roșu 2021, Benzi 1984). By 

maintaining a constant �, but by adding a new scale resolution parameter, the following equation: 

                           ����, 	
 = ��2�����                                                          (1) 

leads to preceding vortices that each manifest a different fractal dimension, i.e. leads to multifractal flow 

(Benzi 1984). Because of the scale resolution dependency, 	 shows how rapidly the scales of the turbulent 

cascade decrease in size; naturally, by adding scale resolution dependency, a multifractal character is being 

given to the flow. 

This model can then be linked to a modified form of the logistic map, which approximates under certain 

conditions the behaviour of a velocity mode of atmospheric flow. By using this model with the logistic map, 

a Lyapunov exponent is implied for every stage of the turbulent flow; as such, it becomes possible to 

determine whether or not, for a given set of initial parameters and at a given altitude in an atmospheric 

column, there exist stages in the turbulent cascade that present momentary laminar qualities. The connection 

is performed by following a Galerkin projection of a nondimensional Navier-Stokes equations, which then 

makes it possible to write an arbitrary velocity Fourier mode of these equations with the iterative equation: 

                          ���� = 4 �1 − ��� � ��
��

 ��!
"�
#$ ���1 − ��
                                              (2) 
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in which the term preceding �� itself is % and yields predictable results that conforms to the behavior of the 

standard logistic map (Roșu 2021, McDonough 2004). The minimal velocity &� itself can be calculated 

through a multifractal vortex procedure that requires the minimal turbulent scale (Roșu 2021). 

So far, according to the presented theory, it is clearly suggested that laminar-chaotic and vice-versa 

transitions can occur spontaneously throughout the atmosphere, considering the fact that the rewriting of the 

nondimensional Navier-Stokes equation as a logistic-type equation exposes the possibility of the existence 

of “islands of stability” commonly found in the logistic map. This shows that laminar channels exist and 

propagate throughout the atmosphere, and affect the dynamics of every atmospheric entity. 

Experimental data obtained via a lidar platform must be eventually introduced in order to apply the theory 

and verify the results. The method used to process this data is described in greater detail in our past papers 

and in other works, however they rely on (Roșu 2021, Roșu 2019, Tatarski 1961): 

                              ()��*
 = 1.23 -.� �*
/�
0*11

0                                                      (3) 

with  ()� the logarithm of the standard deviation of light intensity of a source of light observed from a 

distance represented by the optical path *. In past studies we have considered that employing three 2-3 

profiles to calculate the deviation is sufficient, and the method has been successful. After the -.�  profile has 

been determined, it is now possible to calculate, with a degree of approximation, the length scales; this has 

been highlighted in our previous works (Roșu 2021, Roșu 2019). 

The platform used to produce ceilometer data is a CHM15k ceilometer operating at a 1064 �6 wavelength. 

It is positioned in Galați, Romania, at the UGAL-REXDAN facility found at coordinates 45.43N, 28.04E, 65 6 ASL, which is a part of the “Dunărea de Jos” University of Galați (UGAL). The observes the standards 

imposed by the ACTRIS community. From a computational perspective, the necessary calculations are 

performed through code written and operated in Python 3.6. The ceilometer data have been obtained on 

various days and have been selected so as to highlight various evolving atmospheric structures. 

An analysis of the chaotic behaviour of the atmosphere for a given profile can be then done in the following 

manner: after obtaining the sequential vortex length scales at each altitude, % values are calculated which 

can then be used to calculate the corresponding maximal Lyapunov exponents. These can then used to 

quantify the chaoticity of the given stage of the turbulent cascade at a given altitude, by examining these 

coefficients as 8���, 9
. In our previous studies we have hypothesized that, because the turbulent cascade 

proceeds towards the dissipation scale, ascending channels represent upward atmospheric transport and 

descending channels show downward atmospheric transport. Thus, it stands to reason that a preliminary 

analysis should be made using lidar data, and their products, as plots to confirm any such correlations.  

In the following we shall demonstrate that it is possible to quantify the results of such analyses, and to 

determine whether ascending or descending atmospheric laminar channels exist. Their trend can also be 

quantified, and this can then be compared with increase or decrease trends of certain atmospheric features, 

as seen by the 2-3 timeseries. To quantify the laminarity difference between succeeding or preceding scales 

at different altitudes, it is first necessary to create a gradient of the maximal Lyapunov exponents at given 

scales and altitudes as: 

                             Δ8���, 9
 = 8�����, 9
 − 8���, 9
                                            (4) 

This set of data must then be converted to a binary format, so an arbitrary filter is established; if Δ8���, 9
 ≥0.00001, then a value of 0 is imposed. If Δ8���, 9
 ≤ 0.00001, then a value of 1 is imposed. This new set 

of binary-like data shall be denominated δ8���, 9
.  

Then, an “ascending list” and a “descending list” are created, which will be named ↑ δ8���, 9
 and ↓δ8���, 9
 respectively. This is done through the following operation; three rows of δ8���, 9
 data are selected 

at three different altitudes as δ8���, 9�
, δ8���, 9�
 and δ8���, 9@
, wherein 9@ > 9� > 9�. Then, to determine 
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whether or not ascendance exists at a given scale and an altitude 9�, which is the middle of our selected set 

of three altitudes, the sum  δ8���, 9�
 B δ8�����, 9@
 is performed, and if this sum yields 2, then ↑ δ8���, 9
 
is appended a 1; otherwise, ↑ δ8���, 9
 is appended a 0. Consequently, whether or not descendance exists 

at a given scale and an altitude 9�, the sum δ8���, 9�
 B δ8�����, 9�
 is performed, and if this sum yields 2, 

then ↓ δ8���, 9
 is appended a −1; otherwise, ↓ δ8���, 9
 is appended a 0. The sum producing 2 means that 

there exist two diagonal laminar channel values, upwards in the case of ascendance and downwards in the 

case of descendance, that line up. Now, in order to categorically determine if, at an altitude 9�, there exist 

more ascending or descending channels, these two sets of values must be added, then averaged; thus, we 

define an “ascendance index” CD�9
 with the following form: 

                             CD�9
 = 〈↑ δ8���, 9
B↓ δ8���, 9
〉                                            (5) 

In this manner, if at a certain altitude CD manifests positive values, then the atmosphere manifests more 

ascending laminar channels than descending laminar channels, and if CD manifests negative values, the 

opposite is true. Then, in order to further improve our observations and correlation analysis, a Savitsky-

Golay smoothing is performed upon CD�9
, and this creates the final profile of the ascendance index (Press, 

1990). 

CONCLUSIONS 

In order to actually correlate this data for a medium-time scale evolution of 2-3 timeseries data, performing 

the temporal derivative of the 2-3 data at every point in the profile will not be enough, since this will only 

yield the variation from one profile to another. An average of multiple derivatives would be closer to what 

is needed, but for this application and a qualitative comparison a simple geometrical method can be 

employed. In order to interpret this medium-time scale trend, a vector representing the trend can be 

constructed starting from the measurement time at a given altitude of the desired trend measurement; then, 

an angle G produced between this vector and a line perpendicular to the terrestrial surface is considered. 

Finally, it follows that CH�9
 = cos G�9
 is a measure of the ascendency of the trend: positive values indicate 

ascendance and negative values indicate descendance, and we expect that there would exist a match between 

the values of CD�9
 and CH�9
. 

 

Figure 1. a) RCS timeseries, 23/12/2021, Galați, Romania; ascendance index profile, 23/12/2021, Galați, 

Romania. 
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Figure 2. a) RCS timeseries, 01/01/2022, Galați, Romania; ascendance index profile, 01/01/2022, Galați, 

Romania. 

 

Figure 3. a) RCS timeseries, 04/01/2022, Galați, Romania; ascendance index profile, 04/01/2022, Galați, 

Romania. 

 

Figure 4. a) RCS timeseries, 05/01/2022, Galați, Romania; ascendance index profile, 05/01/2022, Galați, 

Romania. 
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For the chosen 2-3 data, the comparison profiles correspond to 23/12/2021 14:46:13, 01/01/2022 12:56:56, 

04/01/2022 20:21:37 and 05/01/2022 12:56:07, and the interest altitudes are 1920 6, 1880 6, 1650 6, 9888 6 and 9000 6. The following angles are roughly observed and inferred: 90° for Fig. 1a, 155° for 

Fig. 2a, 115° for Fig. 3a along with 55° and 110° for Fig. 4a. This results in CH�9
 yielding the values 0, −0.9063, −0.4226, 0.5735 and −0.342; two descending cases, one ascending case, and one static case. In 

Fig. 1b, the ascendance index profile yields −0.0022 (although just a couple of meters upwards the value 

is exactly 0), in Fig. 2b −0.0124, in Fig. 3b −0.0065, and in Fig. 4b 0.0176 and −0.0247. In order to 

compare the two sets of data, they are normalized by dividing each number with its unsigned largest 

counterpart in its respective set; for CH�9
 we obtain the values 0, −1, −0.4662, 0.6327, −0.3773, and for CD�9
 we obtain −0.089, −0.502, −0.2631, 0.7125, −1. The Pearson correlation coefficient between these 

two sets is 0.7736, thus we conclude that the method produces accurate and useful results in predicting the 

vertical dynamics of the atmosphere under many types of conditions and at all altitudes in the range of the 

instrument. 
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INTRODUCTION

In mixed-phase clouds, the variable mass ratio between liquid water and ice as well as the spatial
distribution within the cloud plays an important role for cloud life time, precipitation processes,
and cloud radiative effects. Data sets of vertically-pointing Doppler cloud radars and lidars provide
insights into cloud properties at high temporal and spatial resolution. However, the identification
of liquid cloud droplets in instrument-based retrievals relies on lidar observations, which suffer from
complete attenuation at an approximate optical thickness of τ > 3.

Since cloud radars are able to penetrate multiple liquid layers, they can potentially be used to
expand the identification of cloud phase to the entire vertical column beyond the lidar signal atten-
uation height. VOODOO (reVealing supercOOled liquiD beyOnd lidar attenuatiOn) presents a
deep convolutional neural network (CNN) approach which uses radar Doppler spectra as input to
compute directly the likelihood for the presence of cloud droplets at each data point. The training
of the CNN was realized using output of the Cloudnet processing suite (Illingworth et al., 2007)
as supervisor. VOODOO performs best on stratiform, deep, and multi-layer mixed-phase clouds
observations. The correlation to independently retrieved liquid water path (LWP) from microwave
radiometer (MWR) confirms the ability to reveal liquid layers beyond the lidar attenuation height.

METHOD

We present VOODOO, a novel CNN approach to directly predict the likelihood for the presence
of cloud droplets from radar Doppler spectra. The method is based on the idea of Luke et al.
(2010), which was further investigated by Kalesse-Los et al. (2022). VOODOO utilizes concepts
of computer vision to relate morphologies in a series of multiple consecutive radar Doppler spectra
to the presence of cloud droplets. The optimization was done by supervised learning using the
Cloudnet target classification in regions where both radar and lidar signals are available as a-priori
ground-truth. Validation was done on suitable case studies as well as long-term observations from
two locations, Punta-Arenas, Chile (Radenz et al., 2021) and Leipzig, Germany. The PyTorch
implementation is freely-available via Zenodo (Schimmel, 2022).

CONCLUSIONS

Current lidar-based cloud-phase retrievals suffer from complete attenuation in optically thick clouds
(τ > 3). The presented deep learning approach VOODOO overcomes this issue by exploiting radar
Doppler spectra morphologies to predict the likelihood whether liquid cloud droplets are present
or not. VOODOO has the potential to drastically improve the hydrometeor phase classification
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displayed in Figure 1. A fusion of Cloudnet and VOODOO would surely benefit further cloud
retrievals and the cloud remote-sensing community in general.

Figure 1: Example of Cloudnet target classification (left), where cloud droplets can only be detected
with valid lidar signals and the combination of Cloudnet and VOODOO (right), where VOODOO is
augmenting the liquid detection of Cloudnet. Observations were made on December 30, 2020 at the
Leipzig Institute for Meteorology, Leipzig, Germany. Dashed horizontal lines indicate isotherms
from weather forecast model data. VOODOO was able to 1. fills gaps in the first liquid layer
detected by Cloudnet (T = −5◦C) and 2. predicts liquid droplets at cloud top (T = −15◦C).
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INTRODUCTION 

An intensive observation campaign, the ACTRIS-COVID-19 campaign, was organized in May 2020, within 

the ACTRIS (Aerosol, Clouds and Trace Gases Research Infrastructure, https://www.actris.eu) initiative for 

studying the changes in the atmosphere during the COVID-19 lockdown and early relaxation period in 

Europe. Pollen presence was identified by the continuous lidar measurements at several stations, as spring 

is the typical pollen season. As one important type of biogenic particles, pollen has various climatic and 

environmental impacts. They can affect the solar radiation reaching Earth, thus causing a cooling effect, 

whereas their interactions with long-wave radiation warm the atmosphere. In addition, they can influence 

the cloud optical properties and cloud lifetime by acting as cloud condensation nuclei (e.g. Steiner et al., 

2015) and ice-nucleating particles (e.g. von Blohn et al., 2005), thereby influencing climate. In this study 

(Shang et al., 2022), lidar observations were analysed to characterize atmospheric pollen at four EARLINET 

(European Aerosol Research Lidar Network) stations (Hohenpeißenberg, Germany; Kuopio, Finland; 

Leipzig, Germany; and Warsaw, Poland).   

METHODS 

During the campaign, lidar data were processed in a centralized way using the Single Calculus Chain (SCC) 

tool, with specific configurations and settings, and they were made publicly available. The SCC is a tool for 

the automatic analysis of aerosol lidar measurements developed within EARLINET (D’Amico et al., 2015, 

2016; Mattis et al., 2016). The aerosol optical products after the reanalysis were used, focusing on particle 

backscatter coefficients (BSCs) at 355 and 532 nm and particle linear depolarization ratios (PDRs) at 

532 nm.  

In order to make sure that there is no dust contamination in the pollen properties retrieval, only dust-free 

periods were considered in this study, which were identified using prediction by NMMB/BSC-Dust (Non-

hydrostatic Multiscale Model/Barcelona Supercomputing Center; Pérez et al., 2011; https://ess.bsc.es/bsc-

dust-daily-forecast). Pollen types and concentrations were determined by the model forecasting (SILAM - 

System for Integrated modeLling of Atmospheric composition; Sofiev et al., 2015; https://silam.fmi.fi) 

and/or in situ measurements at the ground level when available. 

A novel method, based on the non-linear least square regression fitting using lidar-derived backscatter-

related Ångström exponents (BAEs) and PDRs, was used for the characterization of the pure pollen 

depolarization ratio. This easy-to-apply algorithm can estimate two coefficients to determine the relationship 

between PDR and BAE. Such a relationship is valid under two constraints: (i) only two aerosol populations, 

depolarizing (e.g. pollen or dust) and non-depolarizing (e.g. non-depolarizing background) aerosols, can be 

assumed in the aerosol mixture, (ii) both the depolarization ratio and the BAE of the two aerosol types 

297



 

should be different. Mathematically (or under ideal conditions), the PDR and BAE of a mixture of 

depolarizing and non-depolarizing aerosols, with whichever mixing rate, should follow the derived 

relationship. Hence, with the knowledge of one parameter (PDR or BAE), the other can be evaluated. 

RESULTS AND CONCLUSIONS 

Under the assumption that the BAE between 355 and 532 nm should be zero (± 0.5) for pure pollen, the 

pollen depolarization ratios were estimated: for Kuopio and Warsaw stations, the pollen depolarization 

ratios at 532 nm were found to be 0.24 (0.19–0.28) during the birch-dominant pollen periods; whereas for 

Hohenpeiβenberg and Leipzig stations, the pollen depolarization ratios were found to be 0.21 (0.15–0.27) 

and 0.20 (0.15–0.25) during the pollen period when there was a mixture of birch and grass pollen. The 

present method was also applied for the aerosol classification, using two case examples from the campaign 

periods. The different pollen types (or pollen mixtures) were identified at Warsaw station, and dust and 

pollen were classified at Hohenpeißenberg station. 

This study shows that automatically retrieved lidar data profiles (using SCC) are suitable for pollen 

characterizations. The method was demonstrated for sites at which we have seldom or no (e.g. Warsaw and 

Kuopio) long-range-transported dust. Additional information, e.g. dust-free period from dust models or 

fluorescence information to identify dust and pollen (Veselovskii et al., 2021), is needed to exclude dust 

impact in the areas where dust is present. The proposed methodology demonstrated a first step towards 

automated pollen detection in lidar networks. 
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INTRODUCTION 

Atmospheric ions are charged aerosol clusters and particles that act as carriers of electric charge in the air. 
They are typically produced by the ionisation of air molecules and that charge is then propagated through 
the atmosphere to larger molecules, clusters, and aerosols. The measurement of atmospheric ions is typically 
achieved by ion spectrometers such as the Balanced Scanning Mobility Analyzer (BSMA; Tammet, 2006) 
or the Neutral cluster and Air Ion Spectrometer (NAIS; Mirme and Mirme, 2013). Differences in ion 
spectrometer design can affect the losses, detection limit and sensitivities in the instruments, and these can 
affect the measured concentrations. In this study, we investigate the differences in atmospheric ion 
concentrations measured by two ion spectrometers measuring at the same measurement site in a boreal 
forest. 

 

(cm-3) 5th percentile 25th percentile Median 75th percentile 95th percentile 

BSMA 0.8 - 2 nm (-) 357.9 564.7 711.3 862.8 1110.1 

BSMA 2 - 4 nm (-) 1.5 6.7 13.8 26.9 96.5 

BSMA 4 - 7 nm (-) 0.0 3.4 9.2 20.9 105.8 

BSMA 0.8 - 2 nm (+) 377.7 581.6 718.8 854.3 1075.6 

BSMA 2 - 4 nm (+) 2.0 7.4 14.2 25.8 71.9 

BSMA 4 - 7 nm (+) 0  3.0 8.0 18.1 89.3 

 
Table 1. Descriptive statistics of the BSMA ion measurements dataset between 2005 and 2021. 

(cm-3) 5th percentile 25th percentile Median 75th percentile 95th percentile 

NAIS 0.8 - 2 nm (-) 242.1 399.3 504.3 617.1 821.8 

NAIS 2 - 4 nm (-) 0.6 1.9 4.0 9.1 44.6 

NAIS 4 - 7 nm (-) 0.3 1.3 2.9 5.8 28.8 

NAIS 0.8 - 2 nm (+) 192.2 340.2 460.2 590.1 800.2 

NAIS 2 - 4 nm (+) 0.2 2.3 5.2 9.1 27.1 

NAIS 4 - 7 nm (+) 0.3 1.1 2.3 4.8 19.1 

 

 
Table 2. Descriptive statistics of the NAIS ion measurements dataset between 2006 and 2021. 
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METHODS 

We have continuously measured ions with the (BSMA at the SMEAR II station in Hyytiälä, southern 

Finland since 2005. Additionally, we have measured ions with the NAIS at the same location, roughly 100 

meters from the BSMA, since 2006. 12 years of parallel measurements in total allows us to investigate the 

long-term trends in ambient ions and investigate how well the two instruments compare to one another and 

what may cause differences between them.  

 

 

 
Figure 1: Comparison between the BSMA and NAIS concentrations in three size ranges, 0.8 - 2 nm (top), 
2 – 4 nm (middle), 4 – 7 nm (bottom). Negative polarization is on the left and positive polarization on the 

right. The coloring is relative humidity. R2 is the squared correlation for the entire dataset, R2
80 is the 

correlation with only data points when RH is below 80. 

 

CONCLUSIONS 

Our results suggest that while the two instruments agree on the long-term trend in general, there are 
significant differences between the two instruments (Figure 1). The BSMA is particularly sensitive to high 
ambient RH, which increases the instrument noise. This effect is seen particularly in the intermediate ions, 
where the actual measurement concentration is low. Eliminating data points where the ambient RH is over 
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80% significantly improves the correlation between the two instruments. Even so, the median 
concentration of cluster ions (0.8 – 2 nm) measured by the BSMA is in general 50% higher than the NAIS 
(Tables 1 and 2). The median concentrations of intermediate ions (2 – 4 nm and 4 – 7 nm) are 200 – 300 
% larger when measured with the BSMA than NAIS (Tables 1 and 2), but this difference is only around 
10 cm-3 in absolute concentration. Overall, the differences in what the two instruments measure are bigger 
than anticipated. However, differences in the exact measurement location, as well as the nature of long-
term field measurements adds uncertainties in the measurement. Further analysis into the time series is 
required to determine what causes these differences.  
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INTRODUCTION 

Dust orientation is an ongoing investigation in recent years. Its potential proof will be a paradigm shift for 

dust remote sensing, invalidating the currently used simplifications of randomly-oriented particles. 

Vertically-resolved measurements of dust orientation can be acquired with a polarization lidar designed to 

target the off-diagonal elements of the backscatter matrix which are non-zero only when the particles are 

oriented.  

METHODS 

We constructed the “Wall-e” lidar system emitting linear and elliptical polarized light at 1064nm and 

detecting various states of polarization of the backscattered light (Tsekeri et al., 2021). The system also 

employs the capability to acquire measurements at off-zenith viewing angles. Moreover, in order to achieve 

good SNR in short measurement times the system is equipped with two laser sources emitting interleaved 

linear and elliptical polarized light and two telescopes for the detection.  

Wall-e provides measurements of orientation flags (i.e., “yes” or “no” particle orientation). The orientation 

flag has values equal to one when there is no particle orientation, whereas it has values different than one 

when the particles are oriented (see more details in Tsekeri et al. (2021)).  

 

RESULTS 

Herein we present measurements of oriented rain and dust particles acquired in Athens, Greece, during the 

preparation of the system for the ESA Aeolus Cal/Val Campaign “ASKOS” at Cape Verde (June 2022). 

Measurements of rain orientation are used to validate the good operation of the system, since the rain 

particles are known to be oriented (e.g.  Seliga and Bringi, 1976). Figure 1 shows the backscattered lidar 

signal (red line), indicating a cloud at 800-1200 m. The lidar signal below the cloud is backscattered from 

raindrops. In the same plot, we see that the orientation flag (black line) indicates “no orientation” inside the 

cloud (the orientation flag is equal to one). Below the cloud, the orientation flag is not equal to one, 

indicating “yes orientation” for the rain particles, as expected. 
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Figure 1. The backscattered lidar signal (red line), and the orientation flag (black line) measured by Wall-e 

lidar at a viewing angle of 60o off-zenith, during rain, at Athens, Greece, on 24 February 2022, 15:37-15:51 

UTC. The backscatter signal shows a cloud at 800-1200 m. The orientation flag shows no orientation inside 

the cloud, whereas it shows orientation for the raindrops below. The minimum height of 600 m marks the 

full-overlap height of the signals. 

 

Figure 2 shows measurements of dust orientation below a cloud. The backscattered lidar signal (red line), 

indicates a cloud at ~2000 m. The lidar signal below the cloud is backscattered from two thin aerosol layers. 

Although no measurements of linear depolarization measurements are acquired, that would prove that the 

two thin layers are indeed dust, the corresponding measurements from the PollyXT lidar at Antikythera (Fig. 

3) show small dust load at similar heights. The orientation flag (black line) indicates “no orientation” inside 

the cloud (the orientation flag is equal to one). Below the cloud, the orientation flag is not equal to one, 

indicating “yes orientation” for the dust particles. 

 

 
Figure 2. The backscattered lidar signal (red line), and the orientation flag (black line) measured by Wall-e 

lidar at a viewing angle of 60o off-zenith, at Athens, Greece, on 22 February 2022, 16:29-16:33 UTC. The 

backscatter signal shows a cloud at ~2000-2100 m. The orientation flag shows no orientation inside the 

cloud, whereas it shows orientation for the (probably) dust layers below. The minimum height of 500 m 

marks the full-overlap height of the signals. 
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Figure 3. Time-height plot of the volume linear depolarization ratio at 532 nm, measured by PollyXT lidar, 

at Antikythera, Greece, on 22 February 2022, 12:00-18:00 UTC. The red box indicates the heights shown 

for the Wall-e measurements in Fig. 2. A thin depolarizing (dust) layer is shown at ~1000-2000 m. 

 

CONCLUSIONS 

The first measurements of particle orientation from Wall-e lidar show the good operation of the system, 

since it detects orientation for particles known to be oriented (raindrops), whereas it does not detect 

orientation for randomly-oriented cloud droplets in the clouds. They also provide the first indication of dust 

orientation, which is planned to be further verified with a large suite of measurements during the ESA 

Aeolus Cal/Val Campaign “ASKOS” at Cape Verde (June 2022). 
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INTRODUCTION

Mixed-phase clouds are important components of the climate system because they play a major role both
for the radiation budget (Tan et al., 2016) and for the hydrological cycle (Mülmenstädt et al., 2015). In this
type of cloud,  ice particles and supercooled liquid water (SLW) can coexist  in the temperature range
between 0 and −38  C. The availability of both ice and SLW allows for riming, i.e., the accretion and∘
freezing  of  SLW  on  frozen  ice  particles.  Riming  is  a  key  process  for  ice  growth  and,  eventually,
precipitation formation (Lamb and Verlinde, 2011; Heymsfield et al., 2020). Detecting and quantifying
riming using ground-based remote sensing observations is a non-trivial task, but of great interest. 

Some approaches based on the mean Doppler velocity (MDV) observed by cloud radars have shown
promising results (e.g.  Kneifel and Moisseev 2020). While there is an evident correlation between MDV
and riming due to the larger density and, thus, increased fall speed of rimed ice particles, it is not always
possible to rely on this relation. The method fails when the assumption that the MDV is equivalent to the
particle fall speed in the observation volume does not hold. This is, e.g., the case in convective systems,
which can cause persistent up- or downdrafts. Also, in complex terrain, orographically induced waves can
shift the observed MDV up or down by several meters per second. In these cases, other radar variables
have to be exploited in the search for the fingerprints of riming, which allow for a quantitative detection of
this process. 

Machine  learning  (ML)  algorithms  offer  ways  to  discern  relationships  from complex  data  sets.  The
interest in ML techniques has been increasing rapidly over the past few years, and exciting advances have
been accomplished  in  many scientific  fields.  Deep learning  is  a  type  of  ML,  where  artificial  neural
networks (ANNs) are trained to make predictions. 

In this work, we show how ANNs can be used to predict riming using ground-based, zenith-pointing cloud
radar  measurements  as  input  features.  We  optimize  and  train  ensembles  of  ANNs  using  different
combinations of radar variables. These variables include the equivalent radar reflectivity factor (Ze), the
MDV, the spectrum width from left to right edge of the spectrum above the noise floor (spectrum edge
width – SEW), and the skewness.

METHODS

Training data are extracted from the “Biogenic Aerosols – Effects on Clouds and Climate” (BAECC;
Petäjä et al., 2016) data set, which contains ground-based remote sensing observations (W-Band and Ka-
Band cloud radar) and in-situ observations by a Precipitation Imaging Package (PIP). Training data are
created by temporally matching PIP-based riming retrievals with cloud radar observations. Ensembles of
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ANNs were trained to predict a FRANN, the ANN-predicted rimed mass fraction, separately for Ka-band
and W-band observations, using three different combinations of input variables:

-  ANN  1  uses  the  equivalent  radar  reflectivity  factor  (Ze),  the  mean  Doppler  velocity  (MDV),  the
spectrum edge width (SEW), and skewness as input features

-  ANN 2 uses Ze, SEW, and skewness.

The trained models are evaluated using four case studies and a longer data set comprising observations of
seven mixed-phase cloud systems. In general, the predictions of ANN 1 and 2 are very similar across all
considered cases,  despite  the  different  input  variables.   It  can be  shown that  the  models  are  able  to
generalize to a new data set, i.e., different radar systems for both considered wavelengths and different
meteorological conditions. The application of both ANNs to a convective wintertime cloud case shows
that the method can also be applied to convective systems. Because ANN 2 does not depend on MDV, it
was applied to an orographic case, yielding high FRANN values for the period during which solid graupel
particles were observed at the site. These findings indicate that retrieving riming is possible even without
the use of MDV.

CONCLUSIONS

This study closes  an important  gap in  our abilities  to quantify the  riming process  with cloud radars.
Further validation, e.g., by comparison of this technique with airborne in situ observations would be a
useful extension of this work. Future applications will focus on longer-term data sets to investigate the
drivers of riming, including orographic conditions.
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INTRODUCTION 

Real-time identification of bacteria and fungi using laser-induced fluorescence technics is challenging 
because they emit much weaker signals than pollen. In 2020, Plair developed Rapid-E+, which extends the 
abilities of Rapid-E (Morrison et al., 2020; Šaulienė et al, 2019.; Tešendić et al., 2020) to detect smaller 
bioaerosols such as bacteria and fungal spores with diameters down to 0.3 µm, while keeping the same or 
even improved capability of measuring large bioaerosols up to 100 µm in size such as pollen. 

Rapid-E+ enables simultaneous measurements of (1) time-resolved, polarization and angle dependent Mie 
scattering patterns, (2) fluorescence spectra resolved in 16 channels, and (3) fluorescence lifetime of 
individual particles. Moreover, (4) it provides 2D Mie scattering images which give the full information on 
particle morphology. The parameters of every single bioaerosol aspired into the instrument can be 
subsequently analysed by machine learning. 

METHODS 

Firstly, pure species of microbes, e.g., Bacillus subtilis (a species of bacteria), and Penicillium chrysogenum 
(a species of fungal spores), were aerosolized in a bioaerosol chamber for Rapid-E+ training. Afterwards, 
we tested microbes under different concentrations.  

We used several steps of data analysis to classify and identify microbes. All single particles were analysed 
by the parameters of light scattering and fluorescence in the following steps. (1) They were treated with a 
smart filter block to get rid of non-microbes. (2) By classification algorithm, we verified the filtered particles 
were microbes based on the calibration data. (3) The probability threshold (defined by the user) step provides 
the probability of being microbes ranging from 0 to 100%. 

Results and Discussion 

We demonstrate how Rapid-E+ identified simultaneously microbes based on the results of Bacillus subtilis 
(bacteria) and Penicillium chrysogenum (fungal spores). Figure 1 shows that by using machine learning, 
Rapid-E+ achieved identification precision of 99% against the background. The further classification 
suggests the precision of 87% and 89% for Bacillus subtilis and Penicillium chrysogenum, respectively. 

 

Figure 1. Rapid-E+ classifies microbes (bacteria and fungal spores) versus background by confusion 
matrix with high accuracy of more than 99%. 
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The developed algorithm was subsequently used to evaluate the performance of microbe classification and 
quantification in real time. The bacteria and fungi were aerosolized again in the chamber with different 
concentrations. Figure 2 shows that Rapid-E+ can classify different types of microbes and then quantify 
them automatically and continuously. 

 

Figure 2. Rapid-E+ classifies and quantifies bacteria and fungi in real time with high time-resolution. 
Bacteria and fungi were generated with different concentrations in the chamber. Rapid-E+ can identify 

them automatically based on the algorithms installed on the machine learning platform. 

CONCLUSIONS 

Rapid-E+ enables the classification of different types of microbes and the quantification of them in real 
time. Rapid-E+ can identify pollen down to the species with similar or even better performance than the 
previous version (Rapid-E). Therefore, Rapid-E+ is an all-in-one instrument which classifies and quantifies 
not only pollen, but also bacteria and fungi. Based on the Rapid-E+ machine learning platform, the user can 
further develop proprietary algorithms for specific microbes (e.g., virus aerosols) and other aerosols (e.g., 
combustion-related particles that contain polycyclic aromatic hydrocarbons)  
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INTRODUCTION 

Quantitative understanding of atmospheric science is at the core of pressing societal challenges relating to 

air quality and human health as well as climate. In many cases, response to these challenges require 

multidisciplinary research approaches in addition to the application, development or modification of 

innovative technological solutions. Whilst engagement with appropriate partners and stakeholders from a 

variety of sectors and disciplines transcends the traditional atmospheric science boundaries, it can present 

substantial opportunities for atmospheric infrastructures. This presentation will describe some of the ways 

we have been pushing the comfort zone beyond the traditional atmospheric applications to address a broader 

set of scientific, technical and societal questions using our Manchester Aerosol Chamber (MAC). 

METHODS 

The presentation will focus on the development and use of the Manchester Aerosol Chamber over the last 

decade or so. Initially aiming to target the properties of aerosol particles so far as they relate to aerosol-

cloud interactions, the capabilities of the chamber were extended to enable a range of diverse applications. 

As a moderately sized infrastructure, the MAC is readily configurable as a multi-purpose facility at relatively 

modest cost. Illustrative examples of the applications of the MAC to traditional atmospheric aerosol science 

applications will be presented, through studies of emissions from real sources to engagement with SME and 
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multinational industrial partners and finally to our new programme of human exposures to pollution under 

the medical oversight of our Clinical Research Facility. 

CONCLUSIONS 

The Manchester Aerosol Chamber has been successfully employed as a facility for a range of purposes both 

within and beyond traditional atmospheric science. This flexibility has enabled diversification of scientific 

output and income streams and exploitation of opportunity that would otherwise be inaccessible. Multi-

purpose operation is not without overhead but has the potential to unlock significant added value to a facility. 
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INTRODUCTION 

Wind is a critical component of the global climate system, because it controls turbulent distribution and 

long-range transport of aerosol, clouds and trace gases. The synergetic measurement of wind and all the 

atmospheric constituents is hence a priority in order to understand the Earth’s climate in detail.   

The present paper presents a measurement technique for the synergetic observation of aerosol properties 

and vertical air motion on a stabilized ship borne platform based on the LiTra-S Doppler lidar module. For 

easy integration on such a mobile platform, (research vessel or aircraft), a compact and robust wind lidar 

system is presented. This compactness is possible by utilising modern fibre optic technology.  

The paper presents first insight into the combined measurements and the technical details of the novel 

Doppler lidar and the ship borne stabilization platform. 

LIDAR DESCRIPTION 

A schematic diagram of a typical fibre-based coherent Doppler lidar is shown in Figure 1. An acousto-optic 

modulator (AOM) is used to cut out pulses from the light of a narrow band continuous wave (CW) reference 

laser. At the same time, it shifts the frequency of the light by a well-known fixed amount. The low energy 

pulses are than amplified by a fibre amplifier and transmitted into the atmosphere. Light scattered from 

aerosols is then coupled back into the system and optically mixed with light from the reference laser. The 

mixing frequency is detected and analysed. The beat frequency is the sum of the frequency shift of the AOM 

and the Doppler shift of the light (which can be positive or negative). In this way, the Doppler frequency 

can be determined and therefore the velocity of the air movement along the line of sight of the laser beam. 

 

Figure 1. Simplified schematic diagram of a fibre-based coherent wind lidar 
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In order to achieve good wind measurements, it is necessary to operate both with diffraction limited optical 

performance as well as with detection at the shot noise limit. This is realised in the compact and robust 

package of the LiTra S. A photo of the 40 x 28 x 13 cm3 sized module is shown in Figure 2. 

 
Figure 2. The LiTra S coherent lidar module 

The lidar can measure the wind speed in up to 10 km, if the weather conditions are favourable. The flexible 

design allows adjustment of both the pulse length and the pulse repetition frequency to choose the settings 

best suitable for the application. The results of a first vertical test measurement at the TROPOS facilities in 

Leipzig is shown in Figure 3. 

 

Figure 3. First test measurements at the TROPOS facilities in Leipzig/Germany (650 ns pulse length, 2 s 

averaging time, noise not filtered) 
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INSTALLATION ON RESEARCH VESSEL 

To gain first experience operating on a research vessel, LiTra S was operated first on the research vessel 

“Sonne” (cruise no. SO284) and then on “Polarstern” (cruise no. PS127) in combination with the TROPOS 

Raman-Polarization Lidar PollyXT and other remote sensing equipment of the OCEANET-Atmosphere 

instrument platform, as shown in Figure 4. In order to compensate for the motion of the ship and to measure 

only vertical wind the lidar module was installed in a stabilized gimbal mount to keep it vertically pointing 

(also shown in Figure 4). The gimbal mount (GSM3000, SOMAG AG) allowed a vertical pointing in a 

range of up to ±5° of the ship’s pitch and roll angles. Because of the permanently changing motion rate of 

the ship a relatively short averaging time period was required. It was found that data sampling at 2 Hz or 

more is favourable if a motion correction of vertical wind is desired. During the measurements, the data of 

the inertial measurement unit (IMU) of the ship was stored with a frequency of at least 10 Hz. Especially 

the ship’s heave velocity as well as the pitch, roll, and yaw angles and their angular velocities were stored. 

With a known location of the lidar with respect to the IMU the ships motion could be subtracted from the 

dataset (e.g., Griesche et al., 2020).  

 

   
Figure 4. Left: The OCEANET-Atmosphere container platform at the 9th deck on board of the vessel 

Sonne. The vertically stabilized Doppler lidar was fixed to the reeling next to the container. Right: LiTra S 

attached to a stabilized gimbal mount installed into an air-conditioned enclosure together with the data 

acquisition system and control PC. 

 

EXAMPLE OF MEASURMENT  

The impact of the heave correction for the wind lidar data can be seen in Figure 5. Before the heave 

correction, the data are mainly overlaid by the ship’s vertical velocity. Especially in the boundary layer 

(Fig. 5, left) the ships vertical motion is visible as vertical stripes in the data. After correction, turbulent 

structures can be seen up to 1500 m height. Above at 2.2 km height, vertical motions in an altocumulus 

cloud layer were observed.  
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Figure 5: Measurements of the lidar signal (top) and vertical wind component (bottom) in the tropical 

Atlantic on 20 July 2021. Red colors refer to 1 m/s updraft velocities, blue colors to downdrafts. Left: 

uncorrected data as derived for the vertically stabilized lidar. Right: same dataset but corrected for the 

ship’s heave and rotation velocity. 

In order to check how well the correction performs the power spectra of the vertical velocities can be used. 

In free turbulence, the slope of the power spectrum follows Kolmogorov’s theorem in a -5/3rd decay. 

Figure 6 shows the power spectral density of the altocumulus cloud from Fig. 5. For the uncorrected case, 

the motion of the ship is clearly visible and superimposed to the turbulence spectrum of the cloud at 

frequencies between 0.1 and 0.3 Hz (3 to 10 seconds) which corresponds to the ships typical motion 

frequency. For the corrected data, the vertical-wind power spectrum is free of the ships influence.  

 

    
Figure 6. Power spectral densities of the vertical wind of the altocumulus cloud from Fig. 5. Left: derived 

from uncorrected vertical wind data. Right: the spectrum of the motion-corrected vertical-wind data show 

the expected -5/3rd slope of free turbulence in the cloud. 
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INTRODUCTION 

Atmospheric simulation chambers (ASCs) are research facilities for investigating chemical and physical 

processes that occur in the atmosphere (Becker, 2006). Inside ASCs, atmospheric conditions and 

compositions are controlled and monitored in real time for periods long enough to mimic realistic 

environments and to study interactions among the atmospheric constituents. The high versatility of ASCs 

allows for a wide application in many fields of atmospheric sciences. 

In Italy, ChAMBRe (Chamber for Aerosol Modelling and Bio-aerosol Research) is a 2.3 m3 stainless steel 

ASC, installed at the Genova Division of INFN and managed in collaboration with the Environmental 

Physics Laboratory of the Physics Department-University of Genoa. At ChAMBRe, the research on bio-

aerosol is focused on the investigation of the airborne bacteria behaviour in different atmospheric conditions 

(Massabò et al., 2018). 

METHODS 

The experimental protocol for chamber studies on bio-aerosols (Danelli et al., 2021), thoroughly tested with 

Gram-positive and Gram-negative bacterial strains, consists of several phases: in vitro bacteria growth, 

injection in ChAMBRe, exposure to desired conditions, bacteria collection and laboratory analysis. The 

survival rate of the airborne bacteria is firstly evaluated in a set of “baseline experiments”, i.e., exposing 

bacteria to clean air, without contaminants or pollutants, and subsequently measured after the exposure of 

bacteria to specific pollutants (gaseous species and/or other aerosol types). During the experiments, the 

bacteria concentration inside ChAMBRe is monitored by a WIBS-NEO instrument. An off-line data 

reduction procedure was developed at ChAMBRe to adapt the WIBS-NEO to the particular operative 

conditions and to improve its performance on counting efficiency and dead time correction. 

So far, two bacterial strains, the Gram-negative E. coli and the Gram-positive B. subtilis, were exposed in 

ChAMBRe to anthropogenic pollutants: NOx and soot particles. First, bacteria were exposed to high 

concentration of characterized soot particles (Black carbon ~ 600 μg m-3) and NOx exhausts (Vernocchi et 

al., 2021), both produced by propane combustion. The effects of NOx only were then separately 

investigated, in two series of experiments in which different concentration of NOx were tested. In the first 

set, bacteria were exposed at the same NOx concentration obtained at the end of the soot production (NO ~ 

200 ppb, NO2 ~ 80 ppb). In the second set, a different ratio between the two nitrogen oxides was chosen 

(NO ~ 100 ppb, NO2 ~ 600 ppb). 

CONCLUSIONS 
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The two bacteria strains showed a different response to the pollutants (Fig. 1): the Gram-positive B. subtilis 

showed an overall decrease of the bacteria viability respect to the more resistant Gram-negative E. coli, 

probably as consequence of the cell envelope structure. 

 
Figure 1. Survival rate of B. subtilis and E. coli exposed to NOx and soot particles compared to baseline 

experiments. 

A second set of “soot experiments” is now ongoing: the two bacteria strains are exposed to aged soot 

particles, previously oxidized inside the chamber.  

The relationship between bacteria viability and different type of soot particles and gaseous species will be 

presented at the conference, together with a focus on the experimental set up and the data reduction 

procedure. 
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INTRODUCTION 

The climate of the Arctic is currently experiencing drastic changes exceeding the ones observed in other 

parts of the globe. A conceptual idea of the driving mechanisms behind the phenomenon of Arctic 

amplification is established in the literature: Feedback mechanisms, that can intensify the effect of a single 

change. An essential component of these feedbacks are clouds and aerosol particles. It is the interaction 

between clouds, aerosol, and radiation that is still associated with the largest errors bars when quantifying 

Arctic amplification.  

METHODS 

Measurements with the shipborne remote-sensing supersite OCEANET-Atmosphere were conducted during 

the PS106 expedition in the Arctic summer 2017. OCEANET-Atmosphere comprises among other 

instruments a multiwavelength polarization lidar PollyXT and a microwave radiometer HATPRO. For 

PS106, the OCEANET-Atmosphere facility was complemented for the first time with a motion-stabilized, 

vertically pointing Doppler cloud radar Mira-35 (Griesche et al., 2020). The cloud radar Doppler velocity 

was corrected for the ship’s vertical movement. The stabilization and the correction enabled, e.g., the 

derivation of eddy dissipation rates from the Doppler velocities. A data set of cloud microphysical and 

macrophysical properties was derived by applying the synergistic Cloudnet algorithm to the combined 

measurements of cloud radar, lidar, and microwave radiometer (Illingworth et al., 2007). The set of Cloudnet 

retrievals were improved based on the observations made during the PS106 expedition to account for the 

complex structure of the Arctic cloud system (Griesche et al., 2020). A low-level stratus cloud mask was 

developed, which can detect clouds down to a height of 50 m above the ground, to account for the frequently 

occurring low-level clouds. Additionally, a new approach for the continuous determination of the ice crystal 

effective radius was introduced. 

The OCAENET-Atmosphere was deployed aboard Polarstern during the entire MOSAiC year (Engelmann 

et al., 2021). The PollyXT lidar and the HATPRO microwave radiometer measurements were combined 

with the ARM Ka-band cloud radar observations to derive a Cloudnet data set, complemented by the new 

developments made for the PS106 campaign, for the MOSAiC year. To account for the high variability of 

the Arctic clouds two Cloudnet data sets were generated, separated at 3 km height. The lower one uses the 

Polly-XT near-field channel and the KAZR general sensitivity mode, the higher one the Polly-XT far-field 

channel together with the KAZR moderate sensitivity mode.  
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INTRODUCTION 

Despite the wide use of lidars in environmental studies (e.g. Gondal and Mastromarino 2000, Weibring et 

al. 2003), both in a coordinated way (e.g. Nicolae et al. 2020) and at single sites (e.g. Matejicek et al. 2006), 

there is still a need of interdisciplinary studies that are combining physical research of the atmosphere with 

in-situ analyses of airborne dust pollutants. Within activities of the pan-European Aerosols, Clouds and 

Trace Gases Research Infrastructure (ACTRIS) from the Roadmap of the European Strategy Forum for 

Research Infrastructures (ESFRI), the ACTRIS-Poland Pilot Measurement Campaign was conducted in 

August 18-20, 2021 in Warsaw – the capital of Poland. During the campaign both passive and active remote 

sensing at the ACTRIS observational platform were conducted. Aerosol was concurrently sampled by using 

a hot air balloon as the ACTRIS mobile research platform. This pilot study aimed at comparing the test 

results from two different measurement techniques with the intention of using the obtained results to 

improve the models of the spread of pollutants in the troposphere. In order to better understand the changes 

in the chemical and phase compositions of polluted urban air and to identify sources of tropospheric 

aerosols, samples of suspended aerosols were collected and subjected to detailed mineralogical 

investigation. Mineralogical investigation enables precise identification of the source categories or even 

point sources of tropospheric pollution (Jabłońska et al. 2003, Jabłońska and Janeczek 2019, Smołka-

Danielowska et al. 2021). 

 

METHODS 

Research teams of two mobile laboratories from the University Laboratory of Atmospheric Control (ULKA 

University of Silesia in Katowice) and the Remote Sensing Laboratory (RS-Lab University of 

Warsaw) were concurrently carrying out ground-based and balloon-borne measurements of the troposphere 

over Warsaw. Ground-based atmospheric profiling was performed remotely using a Raman-polarization 

lidar, a solar photometer, a microwave radiometer, and meteo-sensors at the 

EARLINET/AERONET/CLOUDNET Station at RS-Lab UW, located next to the station’s building and on 

the roof of the Faculty of Physics of the University of Warsaw. Real time profiling of air quality was 

performed from the National Mobile Laboratory (NML ULKA UŚ), equipped with measuring apparatus 

mounted in the basket of a hot air balloon. Measurements included: meteorological parameters (temperature, 

pressure, wind speed, and relative humidity), concentration of aerosol particles in the size-range of 0.3 to 

10 μm, the quantity of nanoparticles, concentration of gases (NO, NO2, NH3, SO2, CO2, benzene, 

formaldehyde, ozone), and total volatile organic compounds (VOC). Samples of particulate matter with 

aerodynamic diameter of 10 μm (PM10) and 2.5 μm (PM2.5) were collected and afterwards analyzed for 

phase/mineral composition.  

321



 

Collected aerosol samples were observed using a Quanta 250 scanning electron microscope coupled to an 

energy dispersive X-ray spectrometer at the Institute of Earth Sciences, University of Silesia. Analyses were 

performed in a high vacuum mode using the electron beam accelerating voltage of 15 keV. Backscattered 

electron (BSE) images were obtained at the operating conditions. 

RESULTS 

During the measurement campaign on August 18-20, 2021, the air quality was good and very good as 

suggested by low concentrations of the analyzed gases. The average PM10 concentration ranged from 

22,43 μg/m3 to 41,07 μg/m3, while the average concentration of PM2.5 ranged from 3,01μg/m3 to 10,08 

μg/m3 (Table 1). The highest concentrations of PM10 and PM2.5 were recorded during a hot air balloon 

flights. 

 

Table 1. Concentration [μg/m3] of PM10 and PM2.5 during the measurement campaign in Warsaw in 

August 2021.  

 RS-Lab*  

18 Aug 

RS-Lab*  

19 Aug 

Balloon  

19 Aug 

Balloon  

20 Aug 

 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 

average 10.08 41.07 3.01 24.96 7.59 32.41 9.48 22.43 

min   8.06 13.66 1.96 4.18 6.16 12.84 5.65 8.06 

max 14.10 91.61 4.91 71.56 10.50 119.96 17.60 105.06 

RS-Lab* - RS-Lab platform on the roof of the Faculty of Physics building, the University of Warsaw 

 

The size distribution of the collected dust particles is shown in Table 2. 

 

Table 2. The size distribution (%) of dust particles. 

 

Size range RS-Lab*  

18 Aug 

RS-Lab*  

19 Aug 

Balloon  

19 Aug 

Balloon  

20 Aug 

< 5 μm 67.5 66  83.5  78,5  

5 - 10 μm 13.0 16   7.5  18,5  

> 10 μm 19.5 18   9.0   3.0 

TOTAL 100.0 100.0 100.0 100.0 

RS-Lab* - RS-Lab platform on the roof of the Faculty of Physics building, the University of Warsaw 

 

Significantly more coarse particles (>10 μm) were observed atop the Faculty of Physics building than in the 

balloon at an altitude of 850 m; whereas, the opposite was recorded for particles <5 μm (Table 2). On the 

other hand, the share of these particles at the hot air balloon platform at a height of 850 m above ground 

level is clearly half or even a quarter lower. The proportion of particles below 5 μm clearly increases. (Table 

2). 

 

The mineral composition of PM5 is shown in (Table 3). Quartz, feldspar, mica and abundant carbonates are 

geogenic (natural). The anthropogenic constituents of PM5 include: aluminosilicate glass (fly ash), black 

carbon, and iron oxides, and Na sulfates. Iron oxides and carbonates are predominant constituents of 

suspended particles collected in the RS-Lab platform. They were also abundant in samples collected at the 

850 m altitude during the hot air balloon flight on August 19. However, PM5 samples collected during the 

balloon flights are dominated by Na (+Ca) sulfates (20 and 37 vol.%). Their occurrence is interesting since 

Na2SO4 is rather typical of maritime aerosol. The acicular shape of the sulfate crystals (Fig. 1) is indicative 

of fast crystal growth from highly supersaturated solution. Probably, Na sulfates originated in the 

atmosphere as a result of in-situ gas-to-particle conversion.  
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Figure 1. BSE image of acicular crystals of Na (+Ca) sulfates (marked with an arrow) and their EDX 

spectrum. Carbon peak is from the carbon disc on which dust particles were placed for analysis. 

 

Table 3. Mineral composition of particles < 5 μm (% vol.) 

 

COMPONENTS 
RS-Lab* 

18 Aug 

RS-Lab* 

19 Aug 

Balloon 

19 Aug  

Balloon 

20 Aug 

Quartz 4 3 8 4 

Feldspars 2 2 5 3 

Other aluminosilicates (micas, glass, clays) 9 23 12 8 

Al oxides - - 1 - 

Mn oxides - - - 5 

Fe oxides 33 34 27 12 

Ca/ Ca+Mg carbonates  37 25 11 5 

Na/Ca/Al phosphates - - 4 1 

Na and Ca sulfates 7 5 20 37 

NaCl 2 1 7 20 

Plastic 1 1 2 3 

Carbon particles (black carbon, other) 5 6 3 2 

TOTAL 100 100 100 100 

RS-Lab* - RS-Lab platform on the roof of the Faculty of Physics building, the University of Warsaw 

 

 
Figure 2. Overview of 24/7 PollyXT lidar observations during 18-20 August 2021.  

Lidar observations at RS-Lan in Warsaw were conducted with the PollyXT lidar. Measurements depicted 

in Fig.2 show complicated aerosol and cloud structures throughout the whole 3-days period. Majority of 
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aerosol load was confined to the lowermost atmosphere. Notably, unusually strong and persistent over these 

days inversion layer at ~2.5 km was captured with noon and midnight radiosoundings conducted at 

Legionowo WMO-12374 station located 25 km North of RS-Lab station (not shown for brevity).  

Table 4. Averaged meteorological values 

Daily mean 18 August 2021 19 August 2021 20 August 2021 

T [C] 16.9 18.6 18.8 

RH [%] 57.3 61.3 69.6 

V [m/s] 3 2.6 1/9 

 

The daily mean temperatures and relative humidity increased slightly during the measurement campaign at 

the ground level, while low wind speed further decreased (Table 4). The mean columnar values of the 

photometer-derived Aerosol Optical Depth measured at daytime were very low of 0.22, 0.24 and 0.23, on 

each consecutive day, whereby Angstrom Exponent was of 1.1 on the first day, increased to 1.25 on the 

second day, reached 1.5 in the mining of third day to rapidly decrease to 0.75 on the last day. This results 

are consistent with in-situ observations at the RS-Lab roof platform and the hot air balloon flights.  

The air mass backward trajectories calculated using Hysplit Model indicated several days of uniform inflow 

with no mixing up to 3 km form W and NW. This is consistent with the lidar observations and unusually 

persistent inversion layer captured by radiosounding. 

CONCLUSIONS 

Mineral composition of the collected airborne dust particles differ significantly depending on the height of 

sampling in the lower atmosphere. Samples collected atop the Institute of Physics building (RS-Lab 

platform) are enriched in both natural (quartz, feldspars, carbonates) and anthropogenic (iron oxides, fly 

ash) pollutants. Samples collected at the height of 200 to 850 m contain sulphates and chlorides as dominant 

solid phases probably originated in-situ in the atmosphere as a result of gas-to particle conversion. Lidar 

data showed that the greatest load of aerosols occurred in the lower atmosphere (<2 km). A decrease in wind 

speed favours the persistence of local pollutants in the lower atmosphere. Moreover the strong inversion 

layer can prevent their mixing and dilution (Stachlewska et al. 2018). 

The occurrence of plastic particles in dust samples, particularly at higher altitude is noticeable and suggest 

their transport from distant sources. Long-range transport of different types of aerosol particles, natural, e.g. 

mineral dust (Szczepanik et al. 2021), biomass-burning aerosol (Janicka et al. 2017), and anthropogenic 

pollutants from highly industrial areas of Western Europe (Stachlewska et al. 2017) are frequently measured 

with remote sensing in Warsaw. However, combining the mineralogical analyses with remote sensing 

clearly shows how to overcome the limitations of both methods. 

The mineralogical study of individual dust particles is important as they provide direct information on the 

chemical and phase composition of local pollutants and those involved in long-distance transport. The 

results of studies such as presented herein are helpful in creating models of the spread of pollutants in the 

troposphere. 
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INTRODUCTION 

About 1000 Tg of biogenic volatile organic compounds (BVOCs), of which 15% are monoterpenes, are 

emitted into the atmosphere every year (Guenther et al., 2012). Limonene is the fourth-most abundant 

monoterpene species, which contributes about 10% of total monoterpene emissions (Sindelarova et al., 

2014). Emitted BVOCs are mainly oxidized by the hydroxyl radical (OH) in the atmosphere during 

daytime and by ozone (O3) and nitrate radicals (NO3) during night time. The reaction of BVOCs with 

oxidants leads to the production of organic peroxy radicals (RO2). Their chemistry depend on the 

concentration of nitrogen oxide (NO) in the atmosphere. In a polluted environment with high NO (> 1 

ppbv) concentrations, NO is the dominant loss for RO2 and OH can be regenerated from a radical reaction 

chain. In a remote environment with low NO concentrations (< 0.2 ppbv), reaction with HO2 is the 

dominant loss for RO2. Radicals regeneration is suppressed in the RO2+HO2 reaction.  

Limonene has two C=C double bonds and theoretical studies show that RO2 radicals derived from 

limonene oxidation by OH and O3 could undergo unimolecular reaction with a reaction rate constant up to 

100 s-1 (Møller et al., 2020; Chen et al., 2021), which could affect the chemical budget of radicals. In this 

study, the oxidation of limonene by OH and O3 is investigated in experiments in the atmospheric 

simulation chamber SAPHIR at different NO concentration levels from nearly 0 ppbv to up to 1 ppbv. 

METHODS 

Limonene, radicals (HO2, OH, and RO2), OH reactivity (kOH), O3, NO2, NO, HONO, and photolysis 

frequencies were measured during the experiment. Limonene concentrations were monitored by a gas 

chromatography coupled with a flame ionization detector as well as a proton-transfer-reaction time-of-

flight mass spectrometer (PTR-TOF-MS). OH concentrations were measured by instruments making use 

of laser-induced fluorescence (LIF) and differential optical absorption spectroscopy (DOAS). HO2, RO2, 

and OH reactivity were also measured with a LIF instrument. Trace gas concentration in the experiments 

are modelled using the Master Chemical Mechanism version 3.3 (MCM 3.3.1) and compared against the 

limonene, radicals, and OH reactivity measurements.  
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CONCLUSIONS 

Model simulation results show that OH reactivity is overestimated by 5 – 10 s-1 (20 – 25% of the reactivity 

from the injected limonene) in all oxidation experiments at different NO concentration levels. Modelled 

RO2 concentrations are overestimated by 50 – 300% and HO2 concentrations are underestimated by 20 – 

90%, with the largest deviations are found in experiments with low NO concentrations. Modelled OH 

concentrations however, agree well with the measurements if HO2 concentrations are constrained with 

measurements in the simulation. This suggests there is a missing HO2 source from the oxidation of limonene 

in the MCM model. Sensitivity simulations are conducted and the results suggest that an additional 

conversion of the RO2 derived from the oxidation of limonene to HO2 is required to improve the model-

measurement agreement of HO2, RO2, and OH reactivity. The rate of the RO2-to-HO2 conversion in the 

sensitivity runs to achieve a good agreement between the model and measurements is about 0.01 – 0.05 s-1 

(Figure 1), which could be related to the underestimated reaction rate constants of the RO2-RO2 reaction for 

limonene-derived radicals in the MCM model.  

 
Figure 1. Modelled and measured (blue dots) OH reactivity (kOH), OH, RO2, and HO2 concentrations in the 

limonene oxidation experiments under low NO (~0.1 ppbv) condition. The black line is the modelling 

result without the additional conversion of RO2 to HO2, whereas the red line is the modelling result with 

the additional conversion of RO2 to HO2. The dotted lines indicate the time when limonene is injected into 

the chamber. 
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INTRODUCTION 

Spatial information and resolution of vertical structure of the atmosphere are generally achieved by remote 
sensing techniques. At ground level, local observations are made inside the cities, over the oceans and in 
remote areas, limiting the scientific knowledge to one particular location. Satellite measurements allow the 
mapping at global level, but the atmospheric products need to be validated and calibrated by ground 
measurements. Remote sensing measurements are important for the calibration and validation (Cal/Val) of 
global atmospheric satellite products, but the ground-based observations around the world are limited to 
some points, thus under sample the areas of interest (localized emissions, urban pollution or marine aerosols 
over the ocean). More observations sites and mobile platforms will help to fill this gap. 
Networks of stationary instruments are quite a fundamental tool to provide datasets for satellite Cal/Val. 
Both column-integrated and height-resolved (profile) properties are needed for assessing data and product 
quality of radiometric and profiler sensors onboard existing and coming Earth Observation missions. 
Looking at the AERONET map which is the densest worldwide network, very little data is available over 
the ocean. Efforts are currently made in that direction to enlarge the ground-based observation system over 
the ocean. Recent development is expected to enhance the capacity of the maritime component of 
AERONET (MAN) as well as the ACTRIS mobile exploratory platforms.  
On the atmospheric profile point of view, efforts are currently being made in the frame of ACTRIS, 
especially with lidar. In the frame of the ACTRIS implementation phase, efforts are made to upgrade and 
automatize existing multi-wavelength lidar. Another development direction is the design and operation of 
automatic compact mini-lidar that are easier to embark on mobile platforms like ship, airplane, car and train. 
In addition, both lidar types benefit from co-located automatic sun/sky photometers to enhance the retrieval 
of aerosol characteristics which is requested by space agencies for Cal/Val.  
 

DEVELOPMENTS FOR MOBILE OBSERVATIONS 

For a long time LOA has been cooperating with CIMEL in the framework of AERONET, collaboration that 
resulted in a joint laboratory AGORA-Lab (https://www.agora-lab.fr/), to foster innovation for atmospheric 
observation and monitoring purposes, focused on photometer and lidar instrumentation. One direction of 
innovation are the mobile aerosol monitoring systems. The objective is to achieve instrumental readiness 
level for photometers and lidars that are able to operate 1) on slow vectors (ship) and 2) on fast vectors (car, 
aircraft, train). An automatic mobile photometer has already been developed in collaboration with CIMEL, 
on the CE318T model, enabling mobile observation, at least on slow platforms like ships. In the frame of 
AGORA-Lab, development of innovating lidar is also considered. The current need is to have more 
autonomous multi-wavelength lidar, lidar with new observation capability and also to have compact mobile 
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lidar that could be setup alone somewhere on a mobile vector. Finally, mobile exploratory platforms 
deployed during field campaigns are needed for satellite Cal/Val. 
 

MOBILE PHOTOMETER 

A ship-borne photometer of CIMEL CE318T type was permanently installed in early January 2021 for 
mobile observations aboard the French research vessel Marion Dufresne in the frame of the MAP-IO 
(Marion Dufresne Atmospheric Program - Indian Ocean) research program. The ship-borne version of 
CIMEL instrument has been developed by CNRS at LOA to enable measurement of atmospheric aerosols 
from mobile platforms, and to expand and automate the AERONET coverage to the vast ocean, an area 
which is currently manually operated within the Maritime Aerosol Network (MAN) branch of AERONET. 
The instrument is engaged mainly in the Southern Hemisphere/Indian Ocean to provide high frequency (3 
min) Aerosol Optical Depth (AOD) and column-mean Ångström Exponent (AE). Data is transmitted via 
satellite to CNRS/Lille, France, where it is processed to produce spectral AOD, water vapor content, 
Ångström Exponent and sky radiance.  

 

Figure 1. (Left) Ship-borne version of CIMEL CE318T set up on board Marion Dufresne vessel and (right) 
example of AOD mobile observations close to Madagascar island and South Africa during the SWING 
campaign, 2021.  
 
The continuous operation of ship-borne photometer provides valuable information on aerosol optical 
properties over the ocean, in relatively pristine conditions, like in the example shown in Figure 2, presenting 
AOD levels below 0.2 at 532 nm close to Mayotte island, with higher aerosol loading (0.1-0.2) correlated 
with finer particles (AE of 1-1.5), while low AOD (<0.1) correspond to the predominance of coarse particles 
(AE <0.5).  
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Figure 2. Examples of maps of Angstrom Exponent, water vapor and AOD at 532 nm from sun and moon 
photometer mobile observations close to Madagascar island during the SWING campaign, 2021.  
 

MOBILE LIDAR 

LOA's expertise on mobile field campaigns has strengthened since 2015, when the MAMS (Mobile Aerosol 
Monitoring System, Popovici et al., (2018)) started its development. MAMS instrumented vehicle has since 
then allowed mapping the 3D vertical spatio-temporal aerosols variability with lidar, photometer and in situ 
measurements during movement, through various campaigns in France. 
Additionally, LOA's expertise was requested for two mobile campaigns, one in China (Beijing and North 
China Plain region) in May 2017 during MOABAI (Mobile Observation of Atmosphere By vehicle-borne 
Aerosol measurement Instruments) campaign and the FIREX-AQ (Fire Influence on Regional to Global 
Environments and Air Quality) campaign in western USA in summer 2019, led by NOAA and NASA. 
An example of AOD mapping and vertical sampling of aerosol distribution during MOABAI campaign 
(Popovici et al., (2022)) is presented in Figure 3. The fast sun-tracking PLASMA (Photomètre Léger 
Aéroporté pour la Surveillance des Masses d’Air, Karol et al. (2013)) photometer allowed measurements at 
fine-scale of AOD and Angstrom Exponent, while the synergy of lidar, photometer and in situ optical 
measurements on board allowed to derive the extinction coefficient profiles and aerosols mass concentration 
profiles along the road. 

 
Figure 3. AOD mapping (440 nm) at different spatial scales (5, 50 and 250 km grid), in Beijing city and 
North China Plain (top) and aerosol vertical distribution (extinction and mass concentration profiles) close 
to Tianjin port (bottom) during MOABAI campaign in May 2017 (Popovici et al. (2022)) 
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Two SUVs (DRAGON Mobile Units (DMU)) were equipped with PLASMA (CNRS) and CE318T 
(CIMEL) photometers (both mobile versions), in addition to mini-automatic lidar (Figure 4). PLASMA is a 
mobile, small-size, compact sun photometer able to track the sun during fast movements, but is provides 
only direct sun measurements. During the FIREX-AQ campaign, the CIMEL CE318T photometer adapted 
for mobile measurements was not ready enough to perform measurements during movement, so only 
stationary measurements at interesting points were performed, from its setup point on the roof of the car. 
The biggest achievement during FIREX-AQ campaign was that it proved we are able to embark compact 
remote sensing instruments and install them quickly on site to access harsh environments and get close to 
the fires source, which has not been done before by other remote sensing instruments. Two cars equipped 
with mobile lidars allowed to sample the smoke plume dispersion regionally in different directions (NE and 
SE from the fire source) as shown in Figure 4, an example for the 204 Cow fire in Oregon state. This type 
of spatial information is especially valuable for smoke dispersion models. 
 

 

Figure 4. (Top) DRAGON Mobile Units (DMU), DMU1 equipped with CIMEL CE318-T mobile 
photometer and CIMEL CE376 micro-pulse lidar and DMU2 equipped with PLASMA mobile photometer 
and CIMEL CE370 micro-pulse lidar; (Bottom) 3D vertical and spatio-temporal distribution of smoke layers 
(lidar RCS at 532 nm) close to the source from 204 Cow fire in Oregon in August 2019, during FIREX-AQ 
campaign. 

PERSPECTIVES 

The future instrumental developments on CIMEL mobile instruments (photometers and lidars) focus onto 
the improvements of the robustness to mechanical stress (vibrations, accelerations) and to harsh 
environments (sea-spray, temperature variations and extremes). 
On the visualization and scientific analysis part, the future steps consist in adapting the existing data 
processing and aerosol retrievals to mobile observations and to integrate variables (in situ data, meteorology) 
that help better understand the processes. 
Development on the mobile lidar involve the new CIMEL micro-lidar (CE376), which is a bi-wavelength 
(532/808 nm), possibly measuring depolarization at 532 nm as an option (current TRL is 6). The current 
effort being made for the 2-3 coming years, is to develop a robust (mechanically and thermally) version to 
be operated on various mobile supports. The goal is to enhance the capacity of atmospheric research 
infrastructure in support of the space-based observing system and to extend spatial coverage of operations 
and completeness of existing observation platforms. Several projects (OBS4CLIM (on TGV), POLAR-POD 
(on fleet)) at national French level have started for fostering these innovative technologies. A proposal is 
currently under preparation to answer an H2020/INFRA-TECH call on “mobile technology for atmospheric 
monitoring” with the general objectives to provide new products and instrumentation, and to develop 
innovative technologies and more efficient and cheaper atmospheric monitoring equipment. 
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INTRODUCTION 

The arctic sea ice features a unique environment marked by drastic seasonal changes. The variation of light 

and temperature conditions as well as changes in the ice dynamics and structure (e.g., thickness, mobility, 

lead opening and melting) greatly affect the concentrations of aerosol-forming precursor gases emitted in 

the arctic atmosphere. Our present knowledge remains very limited regarding the aerosol processes in 

pristine areas where: (1) the emissions are very small, (2) the vegetation quasi non-existing, (3) the 

ecosystem activity is slowed down by extreme temperatures, or (4) the binary state of photochemistry which 

is continuous during the summer season but suppressed in the polar night. Additional considerations are 

also motivated by the drastic modification of polar landscapes and ice coverage due to increased variation 

of the regional arctic climate (IPCC, 2021). 

In here, we present an overview of condensable and reactive trace gas molecules and ions measured on 

Research Vessel Polarstern during the year-long Multidisciplinary Drifting Observatory of the Study of 

Arctic Climate (MOSAiC) expedition. We link the observation of the atmospheric gas composition with 

formation of new particle and more generally their contribution to the aerosol phase in the central arctic 

ocean.  

METHODS 

Our instrumentation was set on a laboratory container, installed at the bow of the research vessel for the 

whole duration of the MOSAiC expedition. The chemical composition of condensable traces gases was 

analysed qualitatively and quantitively by a Chemical Ionization (CI) Atmospheric Pressure interface Time 

of Flight (APi-TOF) Mass Spectrometer (TOFWERK AG., Jokinen et al, 2012) using nitrate as reagent ion. 

Additional measurement for naturally charged ion was done with an APi-TOF placed in the second 

laboratory container. The aerosol instrumentation was carefully selected to catch the formation of an aerosol 

particle from its birth to growth into a cloud-forming nucleus. The formed aerosol population (including ion 

clusters) was measured by the means of several additional particle (and air ion) counters that, in all giving 

size distributions from atmospheric aerosol particles ranging from ~1 nm up to cloud condensation nucleus 

sizes. 
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RESULTS  

For the first time, continuous time series of compounds such as sulfuric acid (SA), methane sulfonic acid 

(MSA) or iodic acid (IA) were obtained from in-situ measurement in the central arctic ocean for more than 

a year-long period. The seasonality and patterns of these different compounds will be presented during the 

conference and well as the link of these vapours and ion clusters with new particle formation processes in 

the arctic. We present in Figure 1 the monthly averaged values measured for SA, MSA and IA during 

MOSAiC. Therein, MSA concentrations are elevated in the warm season, correlating strongly with biogenic 

indicators (e.g., chlorophyl). Iodic acid concentrations also increase in early spring but drastically and right 

after sunrise. Interestingly, the drop in the IA levels is associated with a completely melted ice field which 

shows that, as opposed to MSA observations, the ice layer is needed to promote iodine emissions. On the 

other hand, SA maximum concentrations are the highest during the Jan-Mar period indicating an 

anthropogenic transport from continental aeras to the north pole.  

 

 

Figure 1: Monthly median concentration measured for Sulfuric acid (SA, red), Methane sulfonic acid (MSA, blue) 

and Iodic acid (IA, black) during the MOSAiC expedition. 25th and 75th percentiles are shown as shaded aeras. 

Figure Boyer et al. (in prep.). 

 

CONCLUSIONS 

The MOSAiC expedition was a unique platform to study in detail the reactive trace gases of the arctic 

atmosphere over a multi-seasonal measurement operation. With the first year-long continuous measurement 

of condensable vapours, we are now able to map out the complete seasonal variations of key gas-phase 

precursors such as sulfuric acid, methane sulfonic acid or iodic acid in the high arctic environment. Our 

observations showed that these precursor vapours have very distinct behaviour along the polar year and their 

concentrations are linked to very different emission processes. Combining the observation of the gas- and 

particle- phase, we also discuss the plausible contributors of aerosol formation especially during the critical 

times and seasons affecting the ice structure i.e., melting and refreezing. 
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Disentangling the convoluted effects of vertical motions and aerosols is critical for the understand-
ing of heterogeneous ice formation and requires comprehensive observations. We will present a
study on the impacts of orographic waves, surface coupling, and aerosol load on the frequency
of heterogeneous ice formation in stratiform clouds using ground-based remote-sensing observa-
tions. For the study, multi-year ACTRIS-Cloudnet datasets from Punta Arenas (53.1°S 70.9°W,
Chile, > 2 years) and the northern hemispheric sites of Leipzig (51.4°N 12.4°E, Germany, 2.6 years)
and Limassol (34.7°N 33.0°E, Cyprus, 1.5 years) were obtained by mobile remote sensing facility
LACROS (Leipzig Aerosol and Cloud Remote Observations System). The study relies on syner-
gystic retrievel based on the data of a 35-GHz cloud radar, a PollyXT Raman polarization lidar,
a 14-channel microwave radiometer, a Doppler lidar, and a disdrometer, which are all part of
LACROS. The datasets at Limassol and Punta Arenas resemble the first multi-year ground-based
remote-sensing datasets in the Eastern Mediterranean and in the western part of the Southern
Ocean, respectively.

The cloud properties were extracted from the synergistic dataset and the following key results on
the efficiency of heterogeneous ice formation emerged: The apparent lack of ice forming clouds
at Punta Arenas below −15◦C can be related to orographic gravity waves, which allow persistent
liquid saturation. These clouds could be identified by the autocorrelation function of the in-cloud
vertical air velocity. Additionally, a correlation between the surface-coupling of a cloud and the
likelihood of ice formation was found for Punta Arenas and Leipzig. At T > −10◦C clouds coupled
to the aerosol-rich boundary layer, were found to contain ice more frequently. Taking both effects
into account, free-tropospheric, fully turbulent clouds at Punta Arenas form ice less frequently than
their northern-hemispheric counterparts. This difference is linked to the lower abundance of INP
in the free troposphere over the Southern Ocean.
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INTRODUCTION 

Atmospheric aerosols are an essential climate forcing agent and play a critical role in global climate change 

(IPCC, 2022). The effect of aerosols on Earth's radiative budget is determined by their optical properties, 

including scattering and absorption. Changes in these properties will thus alter the radiative forcing of 

aerosols. There are still large uncertainties in evaluation the radiative forcing of aerosol due to the lack of 

information on vertical distribution of these parameters because: (1) in-situ observation at ground level, 

column-integrated measurements or satellite retrievals may not be sufficient to derive vertical profiles of 

aerosol properties, (2) modelling studies are sensitive to the vertical distribution of absorbing aerosol 

properties due to, e.g. climatic impacts are depending on the location of the black carbon aerosol layer, (3) 

PBL dynamic is dependent on the vertical profile of the particle size distribution and therefore, has important 

implications on haze formation, etc. However, while vertical aerosol properties in the atmosphere provide 

essential information for climate research, the data availability is very limited or may not be available, due 

to the difficulty of the data sampling. Vertical profiles measurements of aerosol parameters using airborne 

instrument are a good option to fill these gaps of atmospheric data.  

Remotely piloted aircraft systems (RPASs) and their integration with sensors for atmospheric measurements 

on Earth’s atmosphere, have demonstrated its capability of atmospheric profiling providing data to 

characterize the vertical structure of the lower troposphere. RPASs cover large areas and have access to 

unreachable locations, which increase operational flexibility and resolutions over surface observations. El 

Arenosillo facilities are ready to build a complete dataset by atmospheric data measured both on-board 

RPASs and ground-based in situ measurements at Southwest of Europe. The motivation of this work has 

three ways, first the introduction of an RPAS-based atmospheric observation facilities at south-west Spain, 

the evaluation of the performance of ATLANTIC RPAS for atmospheric research and finally, the 

presentation of the first results of the in-situ vertical aerosol characterization using customized and miniature 

instruments.  

METHODS 

El Arenosillo area and ESAt and CEDEA facilities. El Arenosillo area is located in the southwest of the 

Iberian Peninsula, in a protected rural-coastal environment (the Doñana National Park), 0.7 km from the 

coast of the Atlantic Ocean, in the mouth of the Guadalquivir valley, and close to the Mediterranean Sea 

and North African coast. Previous research has shown that this area can be impacted by dust, biomass 

burning, marine aerosol and anthropogenic emissions (from industry/population centers in the Guadalquivir 

valley), depending on the air flow patterns. El Arenosillo consists of several facilities, among them are El 

Arenosillo Atmospheric Sounding Station (ESAt) and El Arenosillo Test Range (CEDEA). In this work are 

presented the capacities and synergies for atmospheric climate research of ESAt and CEDEA facilities, in 

relation to the deployment of RPASs as platforms for atmospheric sensor integration. 
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ESAt (37.18N, 6.78W, 40 m a.s.l) (Figure 1a) has been involved since mid-60’s supporting activities for 

atmospheric research programs. As example, this observatory delivers data to the World Ozone and 

Ultraviolet Radiation Data Centre (WOUDC) and World Data Centre for Aerosols (WDCA) of the Global 

Atmosphere Watch (GAW). Additionally, it is included in the NOAA/ESRL collaborative aerosol network, 

AERONET/NASA and MPLNEt/NASA Networks. Recently, ESAt has been accepted as part of the 

Integrated Carbon Observation system (ICOS), thanks to the greenhouse gases monitoring at three heights 

(10, 50 and 100 m) using the 100 m tower available within its facilities as platform. More information 

regarding the atmospheric aerosol characterization in this area can be found e.g.: in Toledano et al. (2007a; 

2007b) where a description of integrated-column data is shown and in Sorribas et al. (2015a; 2015b; 2019) 

describing the in-situ aerosol in terms of sub- and super-micrometer size ranges as well as optical properties 

(scattering, backscattering and absorption). In-situ aerosol activities from ESAt, are also involved in the 

Aerosol, Clouds and Trace Gases Research Infrastructure (ACTRIS, www.actris.eu). 

CEDEA is located close (0.5 km) to the ESAt (Figure1a), and has been working since mid-60’s supporting 

activities for aeronautical and scientific programs. CEDEA is considered one of the most capable 

instrumented Test Range in Europe for certification, qualification, research and development activities 

related to manned and unmanned aeronautical systems. It counts with a big segregated air space over the 

sea, which reaches 150 km x 77 km and Flight Level Unlimited (UNL). The air space is divided in six zones, 

each of which can be used for atmospheric research under NOTAM’s publications. CEDEA airfield consists 

of a 400 m long, 35 m wide and 303º orientation runway, diverse hangars (e.g. Figure 1b) and electronic 

and mechanical laboratories. It also has the technical staff and the equipment to perform the flight tests such 

as communications systems, radars, optronics tracking systems, meteorological and control centres.   

 
Figure 1. El Arenosillo consists in several infrastructures, some of which are: (a) ESAt as atmospheric 

observatory at ground level and CEDEA as RPAS test centre and (b) several hangars. 

Description of El Arenosillo RPAS fleet. The available El Arenosillo RPAS fleet used for atmospheric 

observations consists in different medium-size fixed-wing and multi-rotors platforms, which are selected 

depending on the weight and volume of the payload to be shipped and the required flight specifications. 

Figure 1 shows some of the available RPASs, (a) Banshee, (b) ATLANTIC SCR and (c) DJI Matrice 200 

RTK. While ATLANTIC and Banshee are used for applications requiring long horizontal and vertical 

distances to be covered, copters are used for more focused studies in the lower atmospheric layers (down to 

500 m). Additionally, ATLANTIC is used for research requiring a low flying speed, while the Banshee is 

the alternative for studies where flying speed is not a constraint. For example, Banshee has been used as 

airborne platform for vertical profiles of spectral and broadband solar irradiance for several spectral ranges 

since 2015 (Vilaplana et al., 2018). More recently, studies on the vertical distribution of atmospheric 

aerosols have been developed with ATLANTIC platform.  

ATLANTIC is a Class I RPAS commercialized by SCR (https://scrdrones.com). The aircraft has a 50 kg 

maximum take-off weight and 3.8 m wingspan. The aircraft is powered by a 120 CC, 2-stroke/2-cyclinder, 

electronic injection, petrol engine. Take-off and landing require < 400 m of runway. ATLANTIC is capable 

of flight at a maximum service ceiling of 3500 m (a.m.s.l.), cruises at 31 ms-1 and has a total endurance of 

up to 5 h. A typical climb rate during flights is 2 m s-1 (if data collection is averaged over 15 s, the vertical 
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and horizontal resolutions are 30 m and 525 m, respectively). ATLANTIC flights autonomously based on 

pre-programmed paths and it is monitored and controlled in real-time by a mobile Ground Control Station.  

 
Figure 2. Part of El Arenosillo RPAS fleet. (a) Banshee, (b) ATLANTIC SCR and (c) DJI Matrice 200 RTK. 

RPAS aerosol package. The aerosol package consists into different modules: an inlet, a drying system and 

an aerosol sampling module. Aerosol and inlet modules were designed and built by Brechtel Manufacturing 

Inc. (ACCESS Model 9400, http://www.brechtel.com). It includes a Single channel Tricolor Absorption 

Photometer (STAP), a miniatured Optical Particle Counter (mOPC), an advanced Mixing Condensation 

Particle Counter (aMCPC) and a filter sampler (CHEM). The inlet module is an isokinetic system sampling 

to bring aerosols with diameters lower than 2.5 µm into the drying module, the CHEM device and finally 

the scraft piece (through which the excess flow is removed from the sample system). Figure 2b shows the 

outside of the sample inlet system, located in the nose of the aircraft. The drying module consists into two 

NafionTM tubes which removes water vapour from the sample and brings aerosol with a relative humidity < 

40% into the mOPC, aMCPC and STAP devices. 

 

STAP (Figure 3a) performs aerosol light absorption measurements at three wavelengths (450, 525 and 624 

nm) by means of a filter-based technique. It uses a single 10-mm glass-fiber filter with 2 filter spots: one as 

reference spot, while the other is sampled. CHEM (Figure 3b) allows to perform time-resolved filter 

sampling thanks to eight filter channels, each one of which can be used during the characterization of 

different atmospheric layers. mOPC (Figure 3c) measures particle size distribution between 0.19 and 3 µm 

with a counting efficiency of 100% over this size range and with a resolution of 10 size bins per diameter 

decade. aMCPC (Figure 3d) measures the total particle concentration below 2 µm, with a D50 value of 7 nm 

and 1s- time resolution. aMCPC uses gentle turbulent mixing to rapidly establish the supersaturation field 

and grow particles and it results in much faster response times of 180 ms.  

 
Figure 3. Suite of in-situ aerosol instruments available at El Arenosillo. (a) STAP, (b) CHEM, (c) mOPC 

and (d) aMCPC devices. 

The ground-based in-situ measurements at ESAt provide a good framework for performing Quality 

Assurance / Quality Control procedures before and after flight operations, in order to guarantee a good data 

quality for RPAS aerosol devices, and also for extension and validation of measured vertical profiles.  

Aerosol instrumentation at ground level. The following instrumentation is operating routinely at ESAt and 

is used for comparison with RPAS aerosol package before and after flight operations. A Scanning Mobility 

Particle Sizer (SMPS) and an Aerodynamic Particle Size (APS) are used to measure the particle size 

distribution for dry diameters within (14.5 nm- 20 µm) size range. The SMPS consists of an Electrostatic 

Classifier (TSI Inc., Model 3080) and a Condensation Particle Counter (TSI Inc., Mod. 3775). Number size 

distribution between 14.5 and 697 nm electrical mobility diameters were recorded with a time resolution of 

10 min, by using rates of 0.3 and 3.0 l min-1 for aerosol and sheath flows, respectively. APS (TSI Inc., Model 
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3321) measures the particle size distribution between aerodynamic diameters of approximately 0.5 to 20 

µm. One distribution is recorded each 30 minutes. Q-assumption was applied to make comparable the size 

distribution measured by SMPS and APS (Sorribas et al., 2015a). An Ultrafine Condensation Particle 

Counter provides total concentration of particles with diameter greater than 3 nm. The Continuous Light 

Absorption Photometer (CLAP) is a NOAA-designed and built instrument to measure aerosol absorption at 

467, 528 and 652 nm by means of a filter-based technique as STAP device. For inter-comparison between 

STAP and CLAP data, STAP data were adjusted to CLAP wavelengths using Angström empirical formula. 

 

CONCLUSIONS 

RPAS trajectographic comparison. An on-board GPS provides the location of the ATLANTIC RPA 

during the whole flight projected in the WGS 84 geodetic reference system. This information is collected 

by the autopilot and transmitted using a radio link to the Ground Control Station, where is supervised and 

recorded. Afterwards, the recorded time histories of the RPA wgs84 coordinates are projected into the local 

UTM Cartesian reference system used in CEDEA. In order to study the accuracy of the recorded position, 

a comparison has been made with the trajectory reconstruction provided by the CEDEA trajectographic 

systems. A net of sensors implemented by optronic tracking systems, tracking RADAR’s and telemetry have 

been available for comparison. Results are shown in Figure 4. 

Figure 4. Trajectory data comparison (Coordinates system: UTM projection, ED50 datum, Grid 29 S) 

between ATLANTIC GPS and CEDEA systems. (a) Altitude, (b) X-coordinate and (c) Y-coordinate. 

Data received at the ATLANTIC Ground Control Station are recorded in information packets every 4 

seconds, losing the initial real-time resolution at which it is received. Therefore, although the comparison 

shows a good agreement between the data, it is intended to be improved, either by modifying the packages 

that GPS sends to the autopilot or installing an independent autopilot on ATLANTIC RPA to send the real-

time position data to the CEDEA Control Centre. 

Comparisons between RPAS and ground instrumentation. RPAS instruments were directly compared side 

by side with the permanent instrumentation at ESAt. The parallel operation between STAP and CLAP 

devices was required in order to clarify the uncertainties associated with STAP. Two measurements were 

put on a comparable basics: corrections for transmission through the filter, flow, spot size and particle 

scattering (using nephelometric data) were applied for each data set. CLAP absorption coefficients at 467.6 

nm, 528.7 nm and 653.0 nm and nephelometer scattering coefficients at 450 nm, 550nm and 700 nm, were 

adjusted at STAP wavelengths using the Ångström dependence. Average time of 1-min for each data set 

was used for comparison (Figure 5).  

Good agreement is observed within PM1 size range with high correlation coefficient (R = 0.98) for all 

wavelengths. The largest difference between STAP and CLAP data is related to the slope of the fit, with 

0.87, 0.89 and 1.0 for 467, 528 and 652 nm, respectively. Therefore, STAP data lie from 12% to 0% of the 

underestimation of CLAP data, which is become less important with increasing wavelength. The STAP data 

within PM10 also underestimated the CLAP data, but with worse results. Thus, the underestimation of STAP 

data at 467 and 528 nm is 36% and 30% at 652 (slopes of the fit with values of  0.64 and 0.70, 

respectively). This can be explained if both instruments are measuring different size fractions. While CLAP 

measures particles down to 7 µm, STAP detects particles down to 2.5 µm, according to the manufacturer. 
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Figure 5. Comparison of absorption coefficient measured with STAP and CLAP at 528 nm and PM1 and 

PM10 size ranges. In each panel, the parameters of the fits and the R correlation are shown. The linear fit in 

red and the polynomial fit is in green. Information related to 468 and 654 nm is explained in text. 

Total particle concentration measured by aMCPC was compared to those measured by an ultrafine particle 

concentration (UCPC) and a scanning mobility particle sizer (SMPS). UCPC, SMPS and aMCPC have a 

size detection limit of 3 nm, 14.1 nm and 7 nm, respectively. All instruments were operated to similar flow 

in order to make comparable the diffusional loss through their inlets. Figure 6a shows the results for 

comparison using an average time of 1-min. Good correlation is observed, being the correlation coefficient 

(R) higher than 0.993. aMCPC underestimate the total particle concentration by 9% (slope of the fit with a 

value of 1.09) if compares to UCPC and overestimate it by 7% (slope of the fit with a value of 0.93) if 

compares to SMPS. These differences may be related to the different size detection limit of each instrument. 

Particle number size distribution by mOPC was compared to those measured by SMPS+APS using an 

average time of 30-min (Figure 6b). The high time resolution is due to the APS time resolution of 30-min. 

Good agreement is found between all systems within the entire mOPC size range. 

 
Figure 6. (a) Comparison of total particle concentration (N) measured by aMCPC&UCPC (black points) 

and aMCPC&SMPS (red points). The 1:1 line is in blue. Slopes of the fits and the R correlation are shown. 

The fit for aMCPC&UCPC is in black and that for aMCPC&SMPS is in red. (b) Comparison of particle 

number size distribution (dN/dlogD) measured by mOPC (red points) and SMPS-APS system (black points). 

Preliminary vertical characterization of aerosol at El Arenosillo. Aerosol vertical profiles were collected 

during flights on 4 February and 18 March 2022 at 13-14 UTC and 12:05-14:15 UTC, respectively. The 

flight plans were performed in a spiral pattern of  900 m diameter on Atlantic Sea and in front of El 

Arenosillo coastal area, and a maximum altitude of 3000 m above mean sea level. Figures 7a, 7b and 7c 

shows diverse aerosol properties during 4 February 2022 and Figure 7d during 18 March 2022.  

During 4 February flight, a relative constant and low value for total particle concentration with values  200 

cm-3 (Figure 7b) for altitudes higher than 400 m was observed, which correspond to a typical un-polluted 

atmosphere. It corresponds to the vertical profile of the absorption coefficient in Figure 7a, although values 

of 5 Mm-1 were observed at 1000 m, which may be a remember of desert dust air masses coming to El 

Arenosillo area during previous days. Higher total particle concentration was observed for altitudes lower 

than 400 m, with values of  6000 cm-3, which corresponds to the mean total particle concentration at El 

Arenosillo area. As Figure 7c shows, particle concentration at altitudes lower than 400 m were in diameters 

lower than 200 nm. 
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During 18 March, an exceptional episode of dust particles from Sahara Desert was observed in the Iberian 

Peninsula. It may be elucidated if number size distribution in Figures 7c and 7d are compared, given that 

more particles with D > 500 nm are observed for altitudes lower than 1000 m and higher than 2700 m. 

 

 
Figure 7. Vertical profiles of aerosol properties during 4 February 2022, (a) absorption coefficient, (b) total 

particle concentration for particles with D > 7 nm and (c) particle number size distribution. During 18 March 

2022, particle number size distribution is shown in Figure (d). Red/Blue Lines in (a, b): 

ascending/descending flights. 
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INTRODUCTION 

In 2018, the European Space Agency (ESA) launched the first Doppler lidar into space, ALADIN, onboard 

the Aeolus satellite. Since then, the satellite has continuously measured horizontal wind speed in the line-

of-sight (HLOS wind) of the laser beam at a global scale, providing full coverage of the Earth wind fields 

with few interruptions. The satellite is place in a Sun-synchronous orbit at 320 km, with a repetition cycle 

of one week. Aeolus presents a variable vertical resolution divided into 24 bins: 500 m for the bins between 

0 and 2 km, 1 km for the bins between 2 and 16 km and 2 km for the bins between 16 and 30 km (Flamant 

et al., 2008; Reitebuch, 2012). ALADIN consists of a set of two interferometers, one aimed to measure the 

Doppler shift produced by molecules and another one tracking particles in order to retrieve Rayleigh and 

Mie winds, respectively (Flamant et al., 2008). Additionally, the satellite uses a backscatter-ratio-based 

scene classification that allows determining if a bin lies inside a cloud or in a clear region of the atmosphere 

(Rennie et al., 2020). Thus, Aeolus manages to provide four separate wind estimations. However, only two 

of them are classified as scientifically valid, namely Mie cloudy and Rayleigh clear (Rennie et al., 2020). 

These are the ones considered to be validated in this work.  

Prior to the satellite launch, ESA promoted several calibration and validation (Cal/Val) campaigns around 

the globe with different agencies and networks. These campaigns have focused on the Cal/Val of wind 

products (L2B) with ground-based instruments (Baars et al., 2020, Martin et al., 2021) and Numerical 

Weather Prediction (NWP) models (Martin et al., 2021). Additional studies have worked with the spin-off 

aerosol optical products (L2A) (Baars et al., 2021; Abril-Gago et al., 2022). On the other hand, Aeolus’ 

processing chain is constantly being updated in the form of baselines updates, in order to solve potential 

retrieval errors. In this sense, baseline 10 (B10) was the main reprocessing of the products, which entailed 

the removal of some well-known biases, like hot pixels or mirror temperature differences. This works deals 

with the Cal/Val activities of Aeolus HLOS wind products, of B10 and ahead, based on a set of 

radiosoundings launched at the ACTRIS Andalusian Global ObseRvatory of the Atmosphere (AGORA) 

facility in Granada (Spain, 37.164°N, 3.605°W, 680 m asl).  

AGORA is dedicated to investigate the atmosphere, its characteristics, properties and components. The main 

station is located in the city of Granada, a region with significant presence of anthropogenic aerosols 

(Lyamani et al., 2010). Due to its location with respect to continental Europe and Africa, the station is a key 

spot to study continental aerosol and mineral dust particles, as outbreaks of these particles are common in 

the region (Guerrero-Rascado et al., 2008, 2009; Lyamani et al., 2010). Aeolus overpasses the station twice 

per week on Thursdays, making Granada a key station to validate the satellite’s products. Prior to the orbit 

shift (ANX 4.5) that occurred in June 2021, the satellite overpassed the station at around 24 km, at 06:24 

(ascending mode) and 18:04 (descending mode) UTC, approximately. After the orbit shift (ANX 2.0) the 

satellite overpasses the station at around 70 km at 06:17 and 17:57 UTC, approximately.  
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METHODS 

A campaign consisting on the launching of several radiosondes coincident in space and time with the Aeolus 

overpasses has been performed at the station. The location of the station fulfills ESA’s established 

requirements for both overpasses and orbit configurations in order to participate in the Aeolus Cal/Val 

activities, as the station lies between 100 km from the orbit (Straume et al., 2019, Wu et al. 2022). The 

radiosoundings’ vertical resolution, of the order of meters, is much finer than Aeolus vertical resolution. 

Thus, the resolution of the radiosonde wind measurements must be degraded in order to match Aeolus’ one. 

Furthermore, Aeolus retrievals is limited to the line-of-sight (LOS) of the laser beams, so that Aeolus only 

provides the LOS projection of the horizontal wind speed, i.e. the HLOS wind speed. Hence, Aeolus LOS 

projection of the radiosonde horizontal wind measurements is obtained. A bin-to-bin comparison, between 

Aeolus and the radiosonde HLOS wind measurements, is ultimately performed.  

Aeolus products come with a set of quality flags (QF) and error estimates. All of the QF are considered in 

order to assess the validity of each HLOS wind estimation. Additionally, following previous L2B studies, 

HLOS wind estimates are also considered to identify classified if a HLOS wind estimation is valid or not. 

In our case, 4 and 8 m/s are taken as the maximum Mie and Rayleigh error estimates (Witschas et al., 2020) 

and only HLOS wind speed bins with lower error estimates are considered.  

RESULTS 

Figure 1 illustrates an example of the Aeolus Rayleigh HLOS wind speed products along the 20770 orbit at 

which the satellite overpassed Granada on the 24th March 2022.  

 

Figure 1. Aeolus L2B Rayleigh HLOS wind speed profiles for the 20770 satellite orbit                            

which overpassed Granada on the 24th March 2022. 

Considering the settings described in the Methods section, a statistically significant set of radiosoundings 

coincident in space and time with Aeolus overpasses are obtained and analyzed. Preliminary results found 

at Table 1 yield that the potential biases of the Rayleigh clear HLOS winds is much smaller than the ones 

of the Mie cloudy channel. Additionally, Mie cloudy bins are scarcer. On the other hand, Table 2 presents 

the result of the linear fitting between Aeolus and the radiosondes HLOS wind results. It can be seen that 

the sets of values fit linearly with an acceptable linear correlation coefficient. Furthermore, the slope for the 

Rayleigh clear HLOS wind speed is closer to the 1:1 relation, presents a higher linear correlation coefficient 

and is more statistically significant.  
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Channel Number of pairs Mean difference (m/s) 

Mie cloudy 48 7.77 ± 12.05 

Rayleigh clear 141 1.43 ± 7.31 

 

Table 1. Number of pairs considered and mean difference between Aeolus and the radiosondes          

HLOS wind speed for the Mie cloudy and Rayleigh clear configurations. 

Channel Slope (m/s) Intercept (m/s) R 

Mie cloudy 0.81 ± 0.11 1.78 ± 0.86 0.73 

Rayleigh clear 0.98 ± 0.05 1.40 ± 0.62 0.87 

 

Table 2. Slope, intercept and linear correlation coefficient for the Aeolus and the radiosondes             

HLOS wind speed for the Mie cloudy and Rayleigh clear configurations. 

CONCLUDING REMARKS 

The Cal/Val activities will continue with eventual radiosonde launches at the Granada station. Additionally, 

the activities might extend to other AGORA facilities. Specifically, an intensive Cal/Val campaign is 

planned to take place in the rural Guadiana-UGR station (Spain, 37.91°N, 3.23°W, 370 m asl). 
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INTRODUCTION

Atmospheric aerosol plays a key role in the Earth’s energy balance and climate in several ways. It impacts
on the radiation budget in the lower atmosphere, by absorbing and scattering solar and thermal radiation,
which yields a cooling or warming effect depending on its optical and microphysical properties. It is
essential in formation of clouds and their lifetimes, directly affecting precipitation patterns. And it also
shows chemical interactions with minor constituents, which has an impact on their abundances. Therefore,
the atmospheric aerosol has the ability to strongly impact on climate, environment and even health (IPCC,
2021). Then, in order to quantify and assess the influence of the aerosol, its optical and microphysical
properties, like light extinction coefficient, aerosol optical depth, aerosol size distribution or aerosol single
scattering albedo, must be monitored worldwide.

In particular, mineral dust is a very important aerosol type in the terrestrial atmosphere. It constitutes
around 75% of the global aerosol mass load and 25% of the global aerosol optical depth (Kinne et al.,
2006). Granada (South-eastern Spain) offers a unique opportunity to study mineral dust aerosol. The
proximity of North Africa, known to be the Earth’s largest source of mineral dust (Liu et al., 2008),
combined with atmospheric dynamics, provides the city with frequent intrusions of mineral dust
(Navas-Guzmán et al., 2013). Thus, Saharan mineral dust has been widely characterized using passive and
active remote sensing at Granada in previous studies (e.g. Alados-Arboledas et al., 2003, Lyamani et al.,
2008, Guerrero-Rascado et al., 2009).

In this work, Saharan dust events (DE) that occurred during nearly 20 years (2005-2021) are analyzed
using AERONET Sun photometer (CIMEL CE318) measurements carried out at the AGORA-UGR
station (37.16°N, 3.61°W, 680m asl). The AERONET data used, i.e., aerosol optical depth (AOD),
Angstrom Exponent (AE), fine mode fraction (FMF), single scattering albedo (SSA), and modal radius
distribution, corresponds to version 3, Almucantar Level 1.5 Inversion. A characterization in terms of
frequency, duration and intensity of DEs is performed along with an statistical analysis of their aerosol
columnar optical and microphysical properties, aimed to unveil long-term trends.

METHODS

DEs have been first identified using simultaneous measurements of fine mode fraction at 550 nm (FMF550)
and single scattering albedo at 440 nm (SSA440), following the methodology proposed by Lee at al.,
(2010). Those events that satisfy the criteria: 0 < FMF550 < 0.4 and 0 < SSA440 < 0.95 will be classified as
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dust. DE duration is estimated using the condition of AE < 0.75, and HYSPLIT model (Draxler and
Rolph, 2003) has been used in order to identify potential DE origins and to analyze particle columnar
properties associated to all DEs found in the AERONET database. For that purpose, seven-day
back-trajectories of air masses arriving at Granada at several altitudes ranging between 500 and 10000 m
have been calculated using PySplit tools (Warner, 2018). Furthermore, extreme dust events (EDE) have
been also identified, following the criteria proposed by Cariñanos et al., (2022), by which an event is
considered extreme when AOD440 exceeds 95th, 97th and 99th percentiles of the whole series.

RESULTS

Figure 1 shows the number of days per year with presence of mineral dust along the whole period as
detected with the AERONET database. It can be observed that every 4-5 years, a local maximum in the
number of days with presence of dust is reached.

Figure 1. Number of days identified as DE according to Lee et al. (2010) methodology applied to
AERONET database at Granada from 2005 to 2021. Black line represents the percentage of dusty days wrt
the total number of days per year.

Figure 2 shows Box-Whisker plots for instantaneous AOD440 measurements from extreme dust events
(EDEs) identified as the values above the percentiles 95th, 97th and 99th (from left to right) for the summer
climatological season (June-July-August). It can be observed that such events have become more frequent
in the last 7 years, and the most extreme events become more intense.
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Figure 2. Box.Whisker plots per year for AOD440 following the EDE criteria percentiles 95th, 97th and 99th,
(from top to bottom). Orange lines represent the 50th percentile. Top and bottom lines of the box represent
25th (Q1) and 75th (Q3) percentiles, respectively. Whiskers represents 1.5 times the interquartile range
(IQR = Q3 - Q1). Circles represent outliers (outside the 1.5 times IQR range).

CONCLUDING REMARKS

This study shows a clear trend in the extreme dust events (EDE), according to AOD440 measurements
taken by the AERONET station at AGORA-UGR (Granada, Spain). In the last 7 years, EDEs during the
climatological summer season have become more frequent and more intense. Further analysis is currently
conducted concerning duration, origin and particle columnar properties of the DE.
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INTRODUCTION 

Aerosol particles play an important role in physical and chemical processes that occur in the 

atmosphere. They are emitted to the atmosphere directly from anthropogenic and biogenic sources 

and they can activate as cloud condensation nuclei (CCN) or ice nuclei (IN), making them 

essential elements to regulate the precipitation and hydrological cycle (Wozniak et al., 2018). 

Additionally, they can modify cloud optical properties and cause a significant impact on Earth 

energy balance and consequently, on global climate.  

Primary biogenic aerosol particles (PBAPs) such as pollen are released from vegetation into the 

atmosphere and they have been identified as potential IN and giant CCNs (Steiner et al., 2015). 

Also, CCN can be formed by condensation growth of smaller particles. The importance of 

biogenic vapours has been shown both in model and in observational studies. However, the 

understanding about their contribution to the CCN budget is still unclear.  

Among aerosol properties, their hygroscopicity is crucial in determining their ability to take up 

water and activate as CCN. Hygroscopic properties of inorganic compounds are well defined, 

while hygroscopicity of organic aerosols (OA) is much more complex due to the different origin 

and transformation processes that these particles undergo in the atmosphere. OA show 

hygroscopic parameter (κ) values ranging from 0 up to 0.3 (Lathem et al., 2013). Several recent 

studies show that CCN activity is correlated with organic hygroscopicity (e.g., Mei et al. 2013) 

which generally increases with oxidation level (Thalman et al., 2017). 

In this study we present preliminary results obtained from BioCloud Campaign which was 

performed during June-July 2021 in Sierra Nevada National Park and whose aim was based on 

determining the influence of primary and secondary biogenic particles (consisted mainly of 

organic compounds) in CCN and IN budgets.  

 

METHODS 

The experimental site (SNS) is located in South-Eastern of Spain at 2500 m asl and it was 

equipped with a CCN counter (CCN200, DMT) sampling mono- and polydisperse particles at 

different supersaturations (0.1%, 0.2%, 0.4%, 0.6% and 0.8%) and an Aerosol Chemical 

Speciation Monitor (ToF-ACSM, Aerodyne) to characterise submicron non-refractory particles 

and to determine the mass concentration of inorganic (nitrate, sulfate, ammonium, chloride) and 

organic species. To measure aerosol size distribution from 4 up to 20000 nm, we used two 
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Scanning Mobility Particle Sizer (SMPSs 3082, TSI) coupled with long- and short Differential 

Mobility Analyzers (DMA, 3085 and 3081, TSI) and connected to Condensation Particle 

Counters (CPCs, 3775 and 3772, respectively), and an Aerodynamic Particle Sizer (APS, 3321, 

TSI). We also used a Rapid-E (Plair) to measure fluorescent particles, a Hirst-type volumetric 

trap (Hirst, 1952) to identify and quantify pollen and spores, and an aethalometer (AE33) and 

gases monitors to determine black carbon, NO2, NH4, SO2, O3 and CO concentrations. 

Additionally, off-line analysis of volatile organic compounds (VOCs) using Tenax and DNPH 

cartridges and PM10 filters was performed (2 samples/day). Filter samples were also collected to 

determine the ice nucleating ability of aerosol particles using a droplet freezing assay (UNAM-

DFA, Ladino et al., 2022). 

 

RESULTS AND CONCLUSIONS 

On one hand, BioCloud campaign was characterized by low frequency of new particle formation 

events (NPF) compared to previous campaigns. On the other hand, we observed a high 

contribution of fine and coarse organic aerosol particles, being 80% of the submicron aerosol 

fraction comprised of OA. Observations show that the organic aerosol might influence the CCN 

activity due to the similar diurnal cycle of OA mass concentration and CCN concentration (NCCN) 

(Figure 1a), denoting a correlation between OA and NCCN. Both diurnal cycles show its maximum 

values at midday (between 12:00-18:00 UTC) and it could suggest that OA particles, locally 

transported or emitted, can activate as CCN. 

 

Figure 1. Mean diurnal evolution of a) CCN concentration at 0.2% supersaturation and organic 

mass concentration; and b) total particle concentration, concentration of particles smaller than 

25 nm and concentration of particles with sizes between 25-100 nm. 

a. 

b. 
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The total particle concentration (Ntot) between 10-500 nm shows a clear diurnal cycle as well, 

with a marked peak between 13:00-14:00 UTC (Figure 1b). The concentration of nucleation 

particles (<25 nm, N25) and particles in the diameter range from 25 nm to 100 nm (N25-100) are 

also shown and present the same diurnal cycle (Figure 1b), starting to increase at 9:00 UTC and 

reaching maximum values between 13:00-15:00 UTC. N25-100 presents the greatest concentrations 

to Ntot along the whole day.   

Regarding aerosol hygroscopicity, mean κ value at 0.2 % supersaturation was 0.22, with 

activation fractions ranging between 0.01 and 0.67 (mean value of 0.19). These results evidence 

the low hygroscopicity and activation ability of aerosol particles during the study period at Sierra 

Nevada. Concerning the ice nucleating ability, particles were able to act as IN via immersion 

freezing with T50 (temperature at which 50% of the droplets freeze) values from -27.1°C to -

30.8°C. These values denote a high influence of organic material (according to chemical analysis) 

and low contribution of dust.   
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INTRODUCTION 

The retrieval of height-resolved microphysical properties of tropospheric aerosol, such as particle size 
distribution (PSD) and complex refractive index m (m = n-ik), is of great interest in the field of aerosol 
remote sensing since the end of 1990s when accurate extinction (α) and backscattering (β) coefficients were 
able to be provided by high-performance multiwavelength (MW) Mie-Raman lidars. Plenty of retrieval 
algorithms based on the combination of linear constrained methods with regularization (for the retrieval of 
linear parameters such as PSD) and look up tables (LUTs, for the retrieval of non-linear parameters such as 
m) have been proposed and applied to various scenarios (Veselovskii et al., 2002; Veselovskii et al., 2010; 
Müller et al., 2013). However, these traditional retrieval algorithms mostly invert 3β (β at 355 nm, 532 nm 
and 1064 nm) + 2α (α at 355 nm and 532 nm) data or 3β + 2α + δ (depolarization ratio at 355 nm or 532 
nm) data and are not capable of effectively incorporating more information from extra measurements or 
climatology data, which makes the retrieval underdetermined, resulting in non-unique solutions. What’s 
more, the number of individual solutions is proportional to the size of the LUT and sophisticated post 
processing is needed to constrain the solution space. On the other hand, with the development of the Mie-
Raman-polarization-fluorescence lidar like LILAS (Hu et al., 2021), and with the increment of multi-source 
synergic observations, more aerosol property parameters such like aspect ratio distribution or spherical 
fraction are required to describe the aerosol more completely. To this end, in this study, we propose a non-
linear retrieval algorithm based on maximum likelihood estimation (MLE). Compared with the traditional 
retrieval algorithms, this algorithm largely decreases the number of individual solutions and reduces the 
difficulty in identifying the solution space due to the removal of LUTs. By introducing measurements which 
could be described by linear or non-linear forward models, and by regarding a priori constraints as virtual 
measurements, this algorithm also reduces the underdetermination of the system. Besides, by some non-
linear tricks like logarithmic transformation, it avoids any negative retrieval. At this preliminary stage, we 
developed and tested the basic version of the algorithm that retrieve PSD and m from 3β + 2α data. There is 
no doubt that more lidar measurements and information from synergic observations or climatology data will 
be incorporated in future studies. 

METHODS 

The basic idea of the MLE inversion model is to regard the errors in lidar measurements and virtual 
measurements (i.e., a priori constraints) as independent Gaussian errors and construct the likelihood function 
of retrieval parameters, then convert the inverse problem to an optimization problem by maximizing the 
likelihood function. The errors are expressed as differences between the lidar measurements (or virtual 
measurements) and forward calculations. From this aspect, it is equivalent to a multi-term non-linear least-
square fitting problem, weighted by measurement or a priori covariance. For the forward calculations of 
extinction and backscattering, we exploit the databank of Dubovik et al. (2006). The virtual measurements 
contain the smoothing constraints to PSD and a priori information on m. At present, the a priori value and a 
priori standard deviation of n are set to 1.5 and 0.1, respectively. At the same time, we set 2 sets of a priori 
constraints for k, corresponding to absorbing aerosols and non-absorbing aerosols. To avoid any negative 
solution, logarithmic transformation is performed. That is, we substitute original measurements and retrieval 
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parameters with their logarithms and reconstruct the likelihood function. Correspondingly, we conduct 
exponential calculation to the solution to restore it back to the original domain. 

To search possible radius ranges of the objective aerosol, retrievals are performed for a set of inversion 
windows covering a radius range from 0.05 μm to 15 μm. The individual solutions meeting the criteria about 
size distribution shape and less than the threshold of fitting error are selected, of which the average is 
regarded as the final solution of the retrieval	 including the retrieved PSD, n and k. Next, total volume 
concentration Vt and effective radius Reff are calculated from the retrieved PSD. 

NUMERIC SIMULATIONS 

To test the performance of our retrieval algorithm, synthetic lidar measurements produced by known aerosol 
models are input into the algorithm. The retrieved parameters and integral parameters will be then compared 
with the original aerosol models. Here, we use the multi-modal log-normal pdf to model particle volume 
size distribution: 

𝑣(𝑙𝑛 𝑟) =
𝑑𝑉!
𝑑𝑙𝑛𝑟 = *

𝑉"
√2𝜋𝜎#,"

exp 2−
(𝑙𝑛𝑟 − 𝑙𝑛𝑟#,")%

2𝜎#,"%
4

"&',(

, (1) 

where the subscript i indicates the fine mode (i = f) or coarse mode (i = c). In each mode, 𝑉" represents the 
volume concentration, 𝜎#," the geometric standard deviation, and 𝑟#," the mode radius. All the parameters of 
the aerosol models are listed in Table 1. 

PSD	parameters	
Type 1 𝑉) = 1, 𝑟*) = 0.2	µm, 𝜎) = 0.4 
Type 2 𝑉+ = 1, 𝑟*+ = 1.2	µm, 𝜎+ = 0.6 
Type 3 𝑉) = 2 3⁄ , 𝑟*) = 0.2	µm, 𝜎) = 0.4, 𝑉) = 1 3⁄ , 𝑟*) = 2	µm, 𝜎) = 0.6 
Type 4 𝑉) = 1 6⁄ , 𝑟*) = 0.2	µm, 𝜎) = 0.4, 𝑉) = 5 6⁄ , 𝑟*) = 2	µm, 𝜎) = 0.6 

Complex	refractive	index	m	
n 1.4, 1.45, 1.5, 1.55, 1.6 
k 0.001, 0.005, 0.01, 0.015, 0.02 

 
Table 1. aerosol models used for generating synthetic measurements 

Firstly, the algorithm is applied to these synthetic measurements free from measurement error. Figure 1 
shows an example of the retrieved VSD corresponding to Type 2, n = 1.6, k = 0.01. The selected individual 
solutions are within the shaded area and the averaged solution is represented by the solid line. To assess the 
retrieval accuracy, we calculated the relative differences of Vt, Reff, k and absolute differences of n between 
the retrieved values and true values for all the cases in Table 1. Table 2 lists the differences corresponding 
to 75 percentile and 90 percentiles (in paratheses). It can be seen that for error-free synthetic measurements, 
retrieval results of 𝑉! and 𝑅,)) for Type 1 and Type 3 own better accuracy than Type 2 and Type 4. More 
than 75% of the retrievals have accuracies better than 24%, 19% and 0.042 for Vt, Reff and n, respectively. 
For the retrievals of k, the difference is less than 50% when the true value is greater than 0.001, while the 
difference is higher than 300% when the true value equals 0.001, which might be explained by the lack of 
sensitivity of the algorithm to low imaginary parts. 
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Figure 1. retrieved volume size distribution for Type 2, n = 1.6, k = 0.01. The selected individual solutions 
(shaded areas) and averaged solutions (blue solid line) and the true distribution (dashed line) are shown  

 
 𝑉! 𝑅,)) 𝑛 𝑘 

Type 1 13% (14%) 8% (9%) 0.030 (0.036) 49% (367%) 
Type 2 24% (29%) 19% (27%) 0.031 (0.045) 43% (411%) 
Type 3 18% (20%) 16% (19%) 0.034 (0.051) 55% (404%) 
Type 4 23% (37%) 19% (28%) 0.042 (0.050) 55% (424%) 

 
Table 2. retrieval differences of Vt, Reff, k (relative) and n (absolute) corresponding to 75 percentile and 90 

percentiles (in paratheses) for all the cases in Table 1. The synthetic measurements are free from error. 

Next, to evaluate the influence of measurement error, random noise with the standard deviation of 10% is 
added to the synthetic measurements. For every case in Table 1, retrieval is repeated for 100 times and 
corresponding retrieval differences of Vt, Reff, n, k are calculated. Table 3 lists the differences corresponding 
to 75 percentiles which we take as the estimated accuracies for different aerosol types when the measurement 
error of 10% standard deviation is considered. The differences corresponding to 90 percentiles are also 
provided in paratheses. Compared with the results shown in Table 2, it can be seen that the aerosol type that 
provides the best accuracy (i.e., Type 1) when inverting the error-free data is most influenced by 
measurement error. On the other hand, the imaginary part is the least influenced parameter, proving the poor 
sensitivity of the measurements to this quantity. 

 𝑉! 𝑅,)) 𝑛 𝑘 
Type 1 26% (37%) 21% (36%) 0.04 (0.06) 51% (400%) 
Type 2 24% (34%) 22% (32%) 0.04 (0.06) 52% (428%) 
Type 3 25% (43%) 28% (52%) 0.04 (0.06) 52% (452%) 
Type 4 35% (52%) 36% (53%) 0.05 (0.06) 65% (460%) 

 
Table 3. retrieval differences of Vt, Reff, k (relative) and n (absolute) corresponding to 75 percentiles and 90 

percentiles (in paratheses) for all the cases in Table 1 when 10% measurement uncertainty exists. 

We also explore the possibility of quantifying the influence of measurement error on an individual solution 
through error propagation. We found when measurements are distorted by less than 10%, the variation of 
retrieval parameters could be approximated with acceptable accuracy by the first order differential of the 
inversion model, if the iteration number does not change. However, the difference between the standard 
deviation estimated by error propagation and that derived from random experiments often exceeds 50%. At 
least two reasons we have found so far for explaining such difference: measurement error can larger than 
10% and the iteration number changes due to the influence of measurement error. To fully assess the 
feasibility of calculating retrieval uncertainty by error propagation, further studies are needed. 
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APPLICATION TO REAL LIDAR MEASUREMENTS 

We apply the algorithm to the LILLAS measurement on 10 April 2015 during 00:00-02:00 UTC, in Dakar, 
when dust episodes were observed and retrieved by Veselovskii et al. (2016). The measured extinction and 
backscattering profiles, together with the ones fitted by the retrievals from 1500 m to 4500 m are shown in 
Figure 2(a), (b), from which we see the overall fitting error is less than 10% for extinction, and less than 5% 
for backscattering. The retrieval results of Vt, Reff, n, k derived by our algorithm and in Veselovskii et al. 
(2016) are shown in Figure 2(c)-(f) (the profile of k is not provided in their paper but a mean value about 
0.007 was given). The comparison shows the retrieval results of Vt and Reff derived from our algorithm 
generally coincide with the lower limit provided by Veselovskii et al. (2016), while the retrievals of n are 
in better agreement. The retrieval results of n and k are consistent with typical dust aerosols. According to 
the variations of Vt and Reff, the loading and sizes of the aerosol particles decrease as the increase of altitude. 

 
 

Figure 2. (a)-(b): measurements (solid lines) and retrieval fitted measurements (dashed lines) of extinction 
coefficients (a) and backscattering coefficients (b) on 10 April 2015 for the period of 00:00 – 02:00 UTC; (c)-
(f): comparisons of retrieval results derived from our algorithm (blue solid lines) and from Veselovskii et al. 

(2016) (red hollow circles with error bars). The retrieval results of k are not provided in that paper but a mean 
value about 0.007 was given. 

Fig. 3 shows the volume size distributions retrieved by our algorithm and by Veselovskii et al. (2016) at 
different altitudes, together with the AERONET retrieval on 9 April at 18:00 UTC for comparison. 
Generally speaking, our results agree well with those in Veselovskii et al. (2016), except that more larger 
particles are retrieved in that paper. It can also be seen that the AERONET retrieval is more similar with our 
results in shape but slides to larger radii. The reason could be the spectral dependency of the imaginary part 
is not considered in our algorithm. 
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Figure 3. volume size distributions retrieved by our algorithm (solid lines) and by Veselovskii et al. (2016) 
(dashed lines) at different altitudes, together with the level 1.5 AERONET retrieval on 9 April at 18:00 UTC. 

CONCLUSIONS 

We develop an aerosol retrieval algorithm based on maximum likelihood estimation (MLE) to retrieve 
microphysical properties of tropospheric aerosol from lidar measurements. Compared with traditional 
retrieval algorithm based on regularization methods and look up tables (LUTs), this algorithm is more 
flexible to incorporate different types of measurements and a priori information. At present, the input 
parameters are 3β + 2α measurements and aerosol type (absorbing or non-absorbing). As a result, particle 
volume size distribution (VSD), refractive index m = n-ik are retrieved and total volume concentration, 
effective radius are calculated from the VSD. We tested the algorithm with error-free synthetic 
measurements and synthetic measurements distorted by random noise with 10% standard deviation. The 
corresponding retrieval accuracies are summarized in Table 2 and Table 3, respectively. We demonstrated 
the first order approximation of the inversion model holds for estimating the variation of retrieval parameters 
when measurements are distorted by less than 10% and the iteration number does not change, while the 
feasibility of estimating retrieval uncertainty using the first order approximation needs further study. To 
further validate the algorithm, we applied it to a real measurement case. The retrieval results could well 
interpret the measurements and agree with the results provided by a previous study (Veselovskii et al., 2016). 
In the very near future, the first version of the algorithm will be implemented into the AUSTRAL 
(AUtomated Server for the TReatment of Atmospheric Lidars) processing framework to more efficiently 
evaluate the code with real lidar data and finally implement automatic retrievals. In parallel, we plan to 
incorporate more lidar-measured quantities such as depolarization and fluorescence measurements into the 
MLE algorithmic frame to improve the retrieval performance and accuracy. 
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INTRODUCTION 

As large-scale wildfires are increasing in frequency and intensity, biomass burning aerosol (BBA) particles 

from wildfires are an important atmospheric component. BBA is usually composed of organic carbon, black 

carbon, tarballs, ashes and gases. It contributes around 75% to the total carbonaceous aerosol burden in the 

atmosphere and more than one third to the total black carbon emission, thus directly impacting the earth’s 

radiative forcing and the climate change. Moreover,  the indirect impacts of BBA are more and more 

recognized in recent years. Many recent studies reported that BBA particles can affect the cloud formation 

and precipitation by acting as cloud condensation nuclei (CCN) and ice nucleating particles (INPs) (Kanji 

et al., 2017, Jahn et al., 2020, Jahl et al., 2021). Recent studies also found that the aging of BBA particles 

during the transport could enhance the capability of acting as INPs. Howerver, the heterogeneous nucleation 

of ice cristals is still insufficiently understood and the role of BBA in this process is unclear. Jahn et al., 

2020 concluded that the mineral phases derived from plant inorganic material that decomposes and reforms 

during combustion are significant ice-active components  and could active ice formation in mixed-phase 

clouds over a wide range of temperatures (up to -13 oC). Knopf et al., 2018 presented that the amorphous 

state of the organic matter of BBA could derivate the ice nucleating pathways and complicates the 

mechanism of IN. To improve our understanding about BBA acting as INPs, observational data in ambient 

atmospheric conditions are important, but rarely available.  

In 2020, wildfires in California emitted huge amount of smoke particles into the atmosphere. The smoke 

plumes were transported to Europe and detected by the multi-wavelength Mie-Raman polarization 

fluorescence lidar LILAS in Lille, France (Hu et al., 2019, Veseloskii et al., 2020).  With the fluorescence 

channel at 466 nm (excitation wavelength: 355 nm), LILAS is able to detect smoke particles, which are 

fluorescent particles, in the cloud layers.  During this smoke episode, LILAS observed different scenarios 

of smoke particles acting as INPs, including deposition nucleation, immersion freezing or contact freezing.   

OBSERVATIONS AND RESULTS 

In September 2020, long-range transported BBA plumes were frequently observed in the upper troposphere 

and lower stratosphere over the platform ATOLL (ATmosphere Observation in LiLle) in northern France.  

On 20 September, BBA plumes spreading from the planetary boundary layer to the upper troposphere were 

observed mixing with clouds at 3000-10000 m, as shown in Figure 1a. In the night observations, LILAS 

observed ice crystal formation below super-cooled liquid water (SCLW) clouds when interacting with BBA 

particles. Figure 1b shows the enhancement of depolarization ratio below the SCLW cloud layers, which 

indicates that SCLW clouds dissipated and ice crystals precipitate. The averaged results are shown in Figure 

2.  The fluorescence backscattering signal, shown in Figure 2b is very sensitive to the presence of BBA 

particles because BBA particles contain fluorophores such as humic-like substance. This case suggests that 

aged smoke particles can potentially nucleate ice at -20 oC to -15 oC through immersion or contact freezing. 

Figure. 3 shows the lidar observations on 17-18 September 2020. Ice crystals, represented by high 

depolarization ratios, appeared in the smoke layer at 8600 m at 22:30 UTC. Lidar observations of the BBA 
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plume before (20:30—22:00 UTC) and during (22:30—23:00) the appearance of the ice crystals is averaged 

and plotted in Figure 4(a-d). Fluorescence signal was detected in the ice layer, indicating that the ice 

formation is likely initialed by smoke particles through deposition nucleation. The temperature was about -

41 oC to -35 oC and the relative humidity (RH) to ice was about 100%--120%. 

 

Figure 1. (a) The range corrected lidar signal at 1064 nm on 20 September 2020. (b) The volume linear 

depolarization ratio at 1064 nm corresponding to the time interval in the red rectangle indicated (a).  

 

Figure 2. (a) Averaged lidar derived depolarization ratio (red) and temperature profile from radio sounding 

measurements. (b) Fluorescence backscattering coefficient before (magenta) and after (red) smoothing. (c) 

Water vapor mixing ratio (pink) measured by radio sounding and the calculated relative humidity (RH) with 

respect to liquid water (cyan) and ice (grey). The averaged time interval is 03:30—04:00, 20 September 
2020. The radio sounding station is Beauvechain, Belgium, which is about 100 km to the lidar site. 

Collocated radio sounding measurements are not available. 

(a) (b) (c) 
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Figure 3. Lidar observations of BBA plumes in the night of 17-18 September, 2020. (a) Lidar range corrected 

signal at 532 nm and (b) volume linear depolarization ratio at 1064 nm.  

 

Figure 4. The profiles of averaged parameters in two consecutive periods: 20:30–22:30 UTC, 17 September 

2020 (before the observation of ice crystals and in lighter colours) and 22:30–23:30 UTC, 17 September 

2020 (during ice crystal observation and in darker colours). The dash-dotted line represents the altitude 

where the ice crystals appeared. (a) Backscattering coefficient at 532 nm, (b) fluorescence capacity at 466 

nm, (c) fluorescence backscattering coefficient, (d) PLDR at 1064 nm. Radio sounding measurements are 

shown in (e): temperature and (f): water vapor mixing ratio and RH. 

CONCLUSIONS 

 

Aged smoke particle plays an important role in ice cloud formation in the atmosphere. Observational data 

are important for determining and validating required conditions for ice nucleation by aged smoke particles. 

This study presents two scenarios of ice crystal formation through BBA particles in the mode of immersion 
freezing and deposition freezing. Future studies will be focused on the characterization the ice-nucleating 

ability of smoke particles using lidar measurements, collocated radiometer measurements and model 

simulations.  A new lidar (LIFE: Laser Induced Fluorescence Explorer) dedicated to fluorescence 

measurements, will be built and operated at LOA in the frame of OBS4CLIM project. LIFE will be a 

companion of LILAS for enhancing aerosol characterization in various situations and also contribute to 

PYROSTRAT program (ANR) in studying smoke particles in the stratosphere. 
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INTRODUCTION 

The aerosol optical depth (AOD) is a measurement of aerosol distributed within an air column from the 

instrument to the top of the atmosphere (AERONET/GSFC). Also, according to the National Oceanic and 

Atmospheric Administration (NOAA), AOD is a measure of the extinction of the solar beam by dust and 

fog. In other words, particles in the atmosphere (dust, smoke, pollution) can block sunlight by absorbing or 

scattering light. There are not enough understanding on the AOD over Maceió city, in the northeast of Brazil 

(NEB), and this paper aims to contribute on that problem by analysing the time series data of AOD550nm, 

downloaded from the Moderate-Resolution Imaging Spectroradiometer (MODIS). Furthermore, this paper 

analyses the statistics between the Net Radiation (Photosynthetically Available Radiation or PAR) and the 

AOD550nm.  

METHODS 

The studied area is the 509.6 km² of Maceió, in Alagoas State, at NEB. With averages of 7m for elevation, 

8 km/h for wind speed, 25°C for temperature and 87% for humidity, Maceió has a population of 1,025 

million people, according to the Brazilian Institute of Geography and Statistics (IBGE, 2020). Also, 

according to IBGE (2020), Maceió has a car fleet of 364,114. AOD550nm and PAR data were collected by 

downloading the variables from the earthdata web page, which consists of tables and NetCDF (Network 

Common Data Form) files for 9,5°S for latitude and 35,5°W for longitude, at Maceió. The specific data are: 

Photosynthetically Available Radiation [MODISA_L3m_PAR.2018] Einstein 𝑚−2𝑑𝑎𝑦−1, and Combined 

Dark Target and Deep Blue AOD at 0.55 micron for land and ocean [MOD08_M3.6.1], starting in January 

of 2007 and ending in December of 2021. Thus, by running NumPy, Pandas and Matplotlib in python for 

data analysis, the covariance and correlation were put in place between the dataset to understand the statistics 

more clearly.   

CONCLUSIONS 

There are reasonable conclusions on how AOD550nm interact and affect with the net radiation (PAR), 

which are showed in the next figures. Thus, figure 1 shows the actual dataset obtained from MODIS for 

AOD and PAR. It is the chart plot for both variables in its specific location (9.5°S, 35.5°W, at Maceió). 

 

 
Figure 1 – PAR and AOD550nm time series for Maceió. Source: giovanni.gsfc.nasa.gov 
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Figure 2 shows the scatter plot, correlation matrix and matrix of coefficients of determination. Thus, figure 

2 displays an easy reading of the data analysis with Pearson correlation of 0,3 between the 2 variables, and 

Pearson correlation for the coefficients od determination of 0,094. Therefore, AOD550nm are not interfering 

significantly on the radiation over Maceió. 

 Figure 2 – Data analysis for AOD550nm and PAR. Source: the author. 

Figure 3 displays the time series analysis combined with 2 years of forecast prediction of both variables. 

The outgoing plot is very similar in both predictions, denoting the mean stability of all the time series dataset 

at Maceió. This mean that there are not significantly change over the net radiation (PAR) by the AOD550nm.   

 Figure 3 – Dataset time series analysis. Source: the author. 

Although Maceió is a small developing city, in terms of international population and area average, the 

AOD550nm must be watched carefully, even though its low influence over the net radiation, to prevent the 

serious problems that major cities are facing now with high rates of AOD550nm influencing the net radiation 

budget. The public and private sectors must act now and not let the levels of aerosols rise over Maceió, 

which could have direct affect over the people’s health and life quality and unbalancing the atmosphere over 

the city.   
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INTRODUCTION 

An advanced multiwavelength polarization Raman lidar is operating since October 2020 in Limassol, 

Cyprus to continuously monitor aerosol and cloud layers in the Eastern Mediterranean up to 30 km height.  

The PollyXT-CYP will be a key research infrastructure of the Cyprus Atmospheric Remote Sensing 

Observatory (CARO). CARO will consist of two high-tech containers housing the PollyXT-CYP lidar and 

state-of-the art doppler lidar, cloud radar and radiometric equipment which will be used to measure the air 

quality, the dust transport, and the cloud properties over Cyprus. The CARO will become National Facility 

of the Republic of Cyprus for Aerosol and Cloud Remote Sensing Observations and ACTRIS National 

Facility of the ERATOSTHENES Centre of Excellence.  

The PollyXT-CYP is hosted by the ERATOSTHENES CoE for its permanent operation aiming to link the 

Centre to ACTRIS and PollyNet. Its task will document the complex mixture of the different aerosol species 

and clouds over the Eastern Mediterranean. 

The system is continuously running and since the first observations in Limassol, PollyXT-CYP 

demonstrates the complex aerosol conditions over Cyprus. In this work, lidar techniques and innovative 

concepts to study aerosol–cloud interaction based on the first continuous observations in Cyprus will be 

presented. 

From the first days of the PollyXT-CYP observations, in late October 2020, the lidar observed a pronounced 

and well-aged stratospheric aerosol layer with a backscatter maximum around 10km height and clear 

wildfire smoke signatures. For example, between the 27th of October to the 1st of November 2020, the lidar 

observed smoke plumes from the extreme wildfires on the west coast of the U.S. The smoke travelled over 

the Atlantic Ocean and triggered the heterogenous ice formation at the height of 10km. Saharan dust was 

also detected between 2-5 km and liquid clouds were formed on the top of the dust layer. 

This smoke event offered the unique opportunity to study the influence of organic aerosol particles (serving 

as ice-nucleating particles, INPs) on cirrus formation in the upper troposphere. An example of a closure 

study will be presented to explain our concept of investigating aerosol–cloud interaction in this field.  
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Figure 1. Smoke plume (around 10 km height) and dust aerosols (below 5 km height) over Limassol, 

Cyprus in 1rst of November 2020. The range-corrected 1064 nm signal is shown in arbitrary units (a.u., 

logarithmic scale). 

Although PollyNET (Baars et. al. 2016) delivers automatically calculated Particle Linear Depolarization 

Ratio (PLDR) profiles, the lidar observations presented in this work were manually analysed. To keep the 

uncertainties in the derived aerosol quantities at an acceptably low level of < 10 % for the backscatter 

coefficients and depolarization ratios of the order of 20%–25% for the particle extinction coefficients and 

lidar ratios, large vertical signal smoothing and regression window lengths of 500 to 2500 m and signal 

averaging times from 30 min to several hours were applied.  

Auxiliary data are required in the lidar data analysis in the form of temperature and pressure profiles in order 

to calculate and correct for Rayleigh backscatter, extinction, and light-depolarization contributions to the 

measured lidar return signals. In the data analysis, gdas meteorological profiles were used. The retrieval of 

aerosol microphysical properties such as particle volume, mass, and surface area concentration and the 

estimation of cloud-relevant properties such as Cloud Concentration Nucleous number Concentrations 

(CCNC) and Ice-Nucleating Particles number Concentration (INPC) is performed by means of the 

POLIPHON (Polarization Lidar Photometer Networking) approach (Mamouri and Ansmann, 2016, 2017; 

Marinou et al., 2019; Ansmann et al., 2019, 2021). Lidar input datasets are the height profiles of the 532 nm 

backscatter coefficient and the PLDR.  

 

Figure 2. Wildfire smoke backscatter, extinction, extinction-to-backscatter ratio (lidar ratio), Angström 

Exponent and Particle Linear Depolarization Ratio. Mean profiles for 27 October 2020 are shown. Lidar 

signals are smoothed with vertical window lengths of 370 m (backscatter) and 750 m (extinction, lidar 

ratio). Error bars indicate the uncertainty (1 standard deviation) in the optical properties.  

369



 

ACKNOWLEDGEMENTS 

This work was supported by the Eratosthenes Centre of Excellence and the EXCELSIOR project that 

received funding from the European Union [H2020-WIDESPREAD-04-2017: Teaming Phase2] project 

under grant agreement no. 857510, and from the Republic of Cyprus. CUT team acknowledge the Research 

and Innovation Foundation of Cyprus for the financial support through the SIROCCO 

(EXCELLENCE/1216/0217) and AQ-SERVE (INTERGRATED/0916/0016) projects. The PollyXT-CYP 

was funded by the German Federal Ministry of Education and Research (BMBF) via the PoLiCyTa project.  

 

REFERENCES 

 

Ansmann, A., Mamouri, R.-E., Hofer, J., Baars, H., Althausen, D., and Abdullaev, S. F. (2019). Dust 

mass, cloud condensation nuclei, and ice-nucleating particle profiling with polarization lidar: 

updated POLIPHON conversion factors from global AERONET analysis, Atmos. Meas. Tech., 12, 

4849–4865. 

 

Ansmann, A., Ohneiser, K., Mamouri, R.-E., Knopf, D. A., Veselovskii, I., Baars, H., Engelmann, R., 

Foth, A., Jimenez, C., Seifert, P., and Barja, B. (2021). Tropospheric and stratospheric wildfire 

smoke profiling with lidar: mass, surface area, CCN, and INP retrieval, Atmos. Chem. Phys., 21, 

9779–9807. 

 

Baars, H., Kanitz, T., Engelmann, R., Althausen, D., Heese, B., Komppula, M., Preißler, J., Tesche, M., 

Ansmann, A., Wandinger, U., Lim, J.-H., Ahn, J. Y., Stachlewska, I. S., Amiridis, V., Marinou, E., 

Seifert, P., Hofer, J., Skupin, A., Schneider, F., Bohlmann, S., Foth, A., Bley, S., Pfüller, A., 

Giannakaki, E., Lihavainen, H., Viisanen, Y., Hooda, R. K., Pereira, S. N., Bortoli, D., Wagner, F., 

Mattis, I., Janicka, L., Markowicz, K. M., Achtert, P., Artaxo, P., Pauliquevis, T., Souza, R. A. F., 

Sharma, V. P., van Zyl, P. G., Beukes, J. P., Sun, J., Rohwer, E. G., Deng, R., Mamouri, R.-E., and 

Zamorano, F. (2016). An overview of the first decade of PollyNET: an emerging network of 

automated Raman-polarization lidars for continuous aerosol profiling, Atmos. Chem. Phys., 16, 

5111–5137. 

Mamouri, R.-E. and Ansmann, A. (2016). Potential of polarization lidar to provide profiles of CCN- and 

INP-relevant aerosol parameters, Atmos. Chem. Phys., 16, 5905–5931, https://doi.org/10.5194/acp-

16-5905-2016. 

Mamouri, R.-E. and Ansmann, A. (2017). Potential of polarization/Raman lidar to separate fine dust, 

coarse dust, maritime, and anthropogenic aerosol profiles, Atmos. Meas. Tech., 10, 3403–3427. 

Marinou, E., Tesche, M., Nenes, A., Ansmann, A., Schrod, J., Mamali, D., Tsekeri, A., Pikridas, M., 

Baars, H., Engelmann, R., Voudouri, K.-A., Solomos, S., Sciare, J., Groß, S., Ewald, F., and 

Amiridis, V. (2019). Retrieval of ice-nucleating particle concentrations from lidar observations 

and comparison with UAV in situ measurements, Atmos. Chem. Phys., 19, 11315–11342. 

370



 

ANNUAL VARIABILITY OF ATMOSPHERIC BOUNDARY LAYER IN MARAMBIO 

(ANTARCTIC PENINSULA) USING CEILOMETER CL51 PROFILES 

G. MARINCOVICH1, E. ASMI2, G. ULKE3, E. O. CONNOR2 and E. WOLFRAM1 

1Servicio Meteorológico Nacional/SMN, Av. Dorrego, 4019, Buenos Aires, Argentina.  
 

2Finnish Meteorological Institute/FMI, Erik Palmenin aukio 1, FI-00560 Helsinki, Finland. 

 
3Departamento de Ciencias de la Atmósfera y los Océanos DCAO, Facultad de Ciencias Exactas y 

Naturales, Universidad de Buenos Aires, Buenos Aires, Argentina. 
 

Keywords:   CEILOMETER, ANTARCTICA, ATMOSPHERIC BOUNDARY LAYER, SEASONAL 

VARIABILITY. 

 

INTRODUCTION 

The atmospheric boundary layer by definition is the lowest layer in contact with the surface of the Earth and 

responds to its forces within a time scale of an hour or less. The boundary layer height (BLH) varies both in 

time and in space generally extending from hundreds of meters up to some kilometres.  A better knowledge 

of the boundary layer structure and dynamics is fundamental to understand, for example, the atmospheric 
composition at the surface level and the evolution of air pollutant dispersion and disposal in the atmosphere 

as well as many boundary layer meteorological phenomena, such as the development of deep convection on 

different spatial scales. At cold regions, the boundary layer is typically shallow having a frequent 
temperature inversion at the surface which prohibits efficient mixing of the surface pollutants. Only very 

view year-round studies of the Antarctic BLH at high temporal resolution exist, which is our main goal here. 

METHODS 

We explored the feasibility of determining the atmospheric boundary layer height (BLH) from in situ 

observations and remote sensing measurements obtained at the Marambio station, in the Antarctic Peninsula 

(64.25°S - 56.64 ° W, 198 m a.s.l). For this purpose, the BLH was estimated from the retrievals of a Vaisala 
CL-51 ceilometer and from radiosonde profiles. We included in the analysis the hourly data from the surface 

meteorological station. The measurements were available from January 2017 to May 2018. We analyzed 

the evolution of BLH in different time scales, for example, daily evolution and seasonal behavior and finally, 
we studied the influence of surface meteorological variables. BLH from ceilometer backscatter profiles was 

determined using a free license software STRAT2D (STRucture of the ATmosphere 2D), described in 
detail by Morille et al (2007) and the BLH from soundings based on measured temperature and 
humidity profiles. 

CONCLUSIONS 

Our results confirm that ceilometer aerosol backscatter profiles can be used to determine BLH with 
sufficient precision for most of the year at Marambio. The height of the layer is shallow throughout the year, 

being slightly higher in winter than in summer, with the mean annual BLH between 250 – 300 m (Figure 

1). The daily variation is imperceptible, consistent with that corresponding to the associated meteorological 

variables.  
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Figure 1. Seasonal variability of monthly median (black line) boundary layer height (BLH) at Marambio. 

Boxes present the 25th and 75th percentiles in data and whiskers present the extremes. Different methods 

were tested for BLH determination, for which the averages are indicated with the pink and blue lines. 

The annual and daily dynamics of BLH were determined for the first time at this Antarctic site. Our study 

encourages the use of operational ceilometers for further scientific studies and establishes a good 
methodology to determine the BLH in continental sites with the use of operative ceilometers in the fifteen 

main Argentine airports where the SMN gives meteorological services to support aeronautical operations. 

ACKNOWLEDGEMENTS 

This work was supported by the Academy of Finland Climate Forcing Aerosol (ACFA) project (grant no. 

335845), Academy of Finland Flagship funding (grant no. 337552) and the European Union’s Horizon 2020 
project ACTRIS-IMP (grant no. 871115). The authors wish to thank Finnish Meteorological Institute (FMI) 

and National Weather Service of Argentina (SMN) for providing the ceilometer data and meteorological 

measurement data, respectively. A special thank you also for the year-round technical personnel at 

Marambio for assisting in measurements and for Finnish Antarctic Research Program (FINNARP) and 

Argentinean Air Force (FAA) for all their help in logistics. 

REFERENCES 

Morille, Y., M. Haeffelin, P. Drobinski and J. Pelon (2007). STRAT: An automated algorithm to retrieve 

the vertical structure of the atmosphere from single channel lidar data. Journal of Atmospheric and 

Oceanic Technology, 24(5), 761-775. 
 

372



 

THE CONTRIBUTION OF ACTRIS TO THE JOINT AEOLUS TROPICAL ATLANTIC 

CAMPAIGN IN CABO VERDE  

E. Marinou1, H. Baars2, P. Paschou1, R. Pirloaga3, E. O’ Conor4, G. Močnik5, N. Siomos1, R. Engelmann2, 

A. Skupin2, M. Lenarčič5, C. Zenk6,7, E. Silva7, E. Rodrigues7, P. Silva7, S. G. Maqueo Anaya2, H. 

Gebauer2, J. Bühl2, M. Radenz2, B. Antonescu3, A. Nemuc3, D. Ene3, L. Pfitzenmaier8, P. Seifert2, I. 

Mavropoulou1, T. Georgiou1, C. Spirou1, E. Drakaki1, A. Kampouri1, I. Tsikoudi1, A. Gkikas1, E. 

Proestakis1, M. Haarig2, A. Floutsi2, A. Ansmann2, M. Bervida5, L. Drinovec5,9, U. Ja1godič9, B. Žibert9, 

K. Kandler10, A. Sudharaj10, F. Marenco11, M. Kezoudi11, C. Keleshis11, J. Sciare11, B. Heese2, D. 

Althausen2, U. Wandinger2, D. Nicolae3, P. Kollias1, V. Amiridis1, Rob Koopman12, Jonas Von 

Bismarck13, and Thorsten Fehr12. 

 

1National Observatory of Athens (NOA), Athens, Greece 
2Leibniz Institute for Tropospheric Research (TROPOS), Leipzig, Germany 

3National Institute of Research & Development for Optoelectronics, INOE, Magurele, Romania 
4Finnish Meteorological Institute (FMI), Finland 

5University of Nova Gorica, Ajdovščina, Slovenia 
6GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany 

7Ocean Science Centre Mindelo (OSCM), Mindelo, Cape Verde  
8University of Cologne, Cologne, Germany 

9Haze Instruments d.o.o., Ljubljana, Slovenia 
10Technical University of Darmstadt, Darmstadt, Germany 

11The Cyprus Institute, Nicosia, Cyprus 
12European Space Agency (ESA), Noordwijk, The Netherlands  

13European Space Agency (ESA-ESRIN), Frascati, Italy 

Keywords: dust, marine, campaign, Aeolus validation 

INTRODUCTION 

The Joint Aeolus Tropical Atlantic Campaign (JATAC) comprise several weeks of measurements during 

Summer and Autumn 2021 in the Saharan dust outflow reaching the Cabo Verde Islands and the US Virgin 

Islands. The ground-based component of JATAC campaign, named ASKOS, consist of a full ACTRIS 

remote sensing super site, which was set up specifically for the campaign at the Ocean Science Centre 

Mindelo (OSCM) in Capo Verde. The science guiding the ASKOS campaign and its measurements are 

presented herein. Through ASKOS multi-sensor measurements, a better understanding on the dust 

characteristics, dust transport above the Atlantic Ocean, and it’s interaction with cloud and precipitation can 

be reached. A second intensive ASKOS campaign is scheduled for June 2022 where the ground-based 

measurements will be enhanced with radiation, polarization and in-situ measurements tailored for dust 

particles.  

CAMPAIGN AND MEASUREMENTS 

The Joint Aeolus Tropical Atlantic Campaign (JATAC) was performed in Summer and Autumn 2021 at the 

Cabo Verde Islands and the US Virgin Islands, with the main aim to provide reference measurements for 

the validation of the ESA Aeolus products and to collect information for ESA’s upcoming missions (e.g. 

EarthCARE) and satellite concepts (e.g. WIVERN). Furthermore, JATAC supported a range of scientific 

objectives related to the evolution, dynamics, and predictability of tropical weather systems in the outflow 

of Saharan dust, dust interaction with cloud microphysics and dust impact on the development of tropical 

storms over the Atlantic Ocean.  
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The ASKOS component of JATAC campaign started in July 2021 with the deployment of a full ACTRIS 

aerosol and cloud remote sensing super site at the Ocean Science Center Mindelo (OSCM, Cabo Verde), 

including a multi-wavelength-Raman-polarization lidar PollyXT (Engelmann et al., 2016), an AERONET 

sun photometer, a Scanning Doppler wind lidar (Manninen et al., 2016), a microwave radiometer and a W-

band cloud radar belonging to ESA fiducial reference network (FRM4Radar). Additionally, ESA’s novel 

reference lidar system eVe, a combined linear/circular polarization lidar with Raman capabilities, was 

deployed, which can mimic the observations of the space-borne lidar onboard Aeolus satellite (Paschou et 

al., 2021). By mid-August, the CPEX-AW campaign started their operations from the US Virgin Islands 

with NASA’s DC-8 flying laboratory in the Western Tropical Atlantic and Caribbean with the Doppler 

Aerosol Wind Lidar (DAWN), Airborne Precipitation and Cloud Radar (APR-3), the Water Vapor DIAL 

and HSRL (HALO), a microwave sounder (HAMSR) and dropsondes. In September, a European aircraft 

fleet was deployed to Sal (Cabo Verde) with the DLR Falcon-20 carrying the Aeolus Airborne Demonstrator 

(A2D) and the 2-µm Doppler wind lidar (AVATAR-T component), and the Safire Falcon-20 carrying the 

high-spectral-resolution Doppler lidar (LNG), the RASTA Doppler cloud radar, along with in-situ cloud 

and aerosol instruments (CADDIWA component). Based on Mindelo, the Aerovizija Advantic WT-10 light 

aircraft was equipped with filter-photometers and nephelometers for in-situ aerosol characterisation 

(CAWA-AW component) and was operating in close coordination with the ground-based observations on 

OSCM. More than thirty-five flights of the four aircraft were performed, with seventeen Aeolus orbits under 

-lights, two with simultaneous observations of three aircraft, with a perfect collocation of Aeolus above the 

ASKOS ground-based site. Figure 1 shows the ground-based instrumentation of ASKOS component of 

JATAC campaign with the ACTRIS aerosol and cloud remote sensing facility on the left and the ESA eVe 

polarization lidar on the right.  

 

Figure 1. The ground-based instrumentation of ASKOS/JATAC campaign: (left) the ACTRIS aerosol and 

cloud remote sensing facility (right) the ESA eVe polarization lidar. 

During the intense September 2021 operations, different aerosol types as well as different cloud phases was 

observed over the area. Figure 2 shows the PollyXT lidar backscatter coefficient at 1064 nm, and the volume 

depolarization ratio at 532 nm, along with the advection wind lidar measurements above the OSCM site. 

Figure 3 provide the information of the location and phase of the clouds observed with Cloudnet instruments 

(Illingworth et al., 2007). Marine aerosols was observed inside the boundary layer that extends up to 1 km 

altitude, topped by a Saharan dust layer that reached 6 km altitude. Three different dust events were 

observed. The first one had significant spatiotemporal homogeneity, which is ideal to fulfil Cal/Val 

objectives. The second one had strong horizontal and vertical gradients in composition and concentration 

and a significant anthropogenic component, making it ideal for an in-depth analysis with the synergistic 

airborne in-situ dataset. After 22 of September, volcanic aerosols from the Cumbre Vieja volcanic eruptions 

(la Palma, Canary Islands) was observed (between 24 – 26/9), mixed in the local boundary layer and partly 

above in the dust layer of the 3rd dust event and relevant Aeolus overpass. Low-level cloud, formed on top 

of the boundary layer, were frequently present above Mindelo site. Few events with mid-level mixed-phase 

clouds formed above 5 km, resulted to rain. Finally, cirrus clouds were also observed at 13 km altitude.  
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Figure 2. PollyXT lidar attenuated backscatter coefficient at 1064 nm (top), volume depolarisation ratio at 

532 nm (center) and Halo wind lidar advection (bottom) over OSCM/Mindelo during the ASKOS-JATAC 

campaign in September 2021. 

Figure 3. Cloudnet target classification over OSCM/Mindelo during the ASKOS-JATAC campaign. 

An inter comparison between the ground-based lidars was performed, which yielded an excellent agreement, 

giving confidence that they can act as ground-truth for Aeolus (for more details on the comparison see 

Paschou et al. contribution in this conference). The lidar systems were used to validate the Aeolus aerosol 

and wind products. It is noted here that Aeolus track was shifted before the campaign to pass exactly above 

the ASKOS site, in order to reach best collocation with the ground-based measurements. An example for 
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the evaluation of the backscatter and extinction aerosol products of the Aeolus mission is provided in Figure 

4, for the overpass on 10th of September. The different colours (yellow, orange, green) correspond to the 

different Aeolus algorithms. The light blue colour correspond to the Aeolus-like backscatter coefficient from 

eVe lidar (for more details on the eVe Aeolus like products see Paschou et al., 2021). The spike at around 6 

km is due to a cloud in the top of the dust layer, which was filtered from the ground-based measurements 

but could not be separated from the satellite retrievals. The first comparisons to the Aeolus aerosol products 

showed that the backscatter coefficient was well retrieved in the Saharan dust layer with some of the 

algorithms, but the lowermost aerosol layers below 2-3 km could partly not be resolved with the current 

operational algorithm suite. The evaluation will be updated using the latest released products, which are 

foreseen to be improved in these altitudes also. The backscatter coefficient products found to have a better 

agreement that the extinction coefficient products, with the later having noisier satellite retrievals. 

 

Additionally, wind observations from the ground-based scanning Doppler lidar were used to validate the 

Aeolus wind products above the island (not shown here). As a next step, closure studies between the airborne 

in-situ and the ground-based measurements will be performed which will lead to an intensive insight in the 

microphysical aerosol properties. These studies will help to understand the representativeness of the ground-

based supersite in the context of the regional aerosol distribution and thus give valuable information for 

validation activities for current and future spaceborne lidar and radar missions, in a region of the world 

where measurements are sparse. 

CONCLUSIONS 

An aerosol and cloud ACTRIS super site was deployed in Capo Verde during the JATAC 2021 ESA-NASA 

Joint campaign. To this end, partners from different ACTRIS institutes were coordinated, and the campaign 

provided an unprecedented amount of quality assured datasets in the region. The datasets are used for 

satellite evaluations and is foreseen to be used for more applications, such as the improvement of desert dust 

modelling and sea salt emission estimations, the investigation of the impact of particle orientation from 

mineral particles and ice crystals, the evaluation of new space-based products (e.g. dust deposition). In this 

context, another intensive ASKOS campaign is planned for June 2022 on the Sao Vicente Island, covering 

the prime Saharan dust outbreak season, and comprising of a bigger instrument suite with additional 

measurements of radiation, polarization and electricity, along with and novel in-situ UAV-based 

measurements reaching altitudes up to 6 km. 
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INTRODUCTION

Clouds are nonlinear dynamic systems with many degrees of freedom which play a major role in the
climate system [1]. Two ingredients are necessary for clouds to form: water vapour and hydrophilic
aerosols (or CCN, condensation cloud nuclei). Water vapour-cloud-aerosol interactions are thus impor-
tant to understand how clouds form and how they evolve up to their dissipation. Despite the complexity
of such interactions, certain non-trivial aspects of the macrobehavior of a cloud are predictable without
considering the full complexity of the dynamic system [2]. Indeed, provided that the essential physics
be caught, we can gain in the understanding of clouds and their behaviors. Here we propose a nonlinear
bulk model which is able to describe the physics of a water vapor-aerosol-cloud–rain system. The model
is inspired from species competition dynamics. It consists in a set of three nonlinear coupled differen-
tial equations. Compared with real observations, it is shown that this model reproduces efficiently the
macrobehavior of clouds.

METHODS

Clouds formation is, metaphorically speaking, a motor engine where water vapor is the fuel and CCN
the spark plugs. No matter how much you add spark plugs, the engine will not ignite or go faster if it
runs out of fuel. Similarly, no matter how much CCN there is in an air mass, liquid water content (Lc,
in g/m3) cannot increase if the air mass has no more water vapor. Hence, for an air mass, Lc cannot
be greater than the water vapour mass content (Lv, in g/m3). The model we propose is an extension
of that developed by Pujol and Jensen [2] in the sense that water vapor is considered explicitely. The
model is the following ODE nonlinear system (t is time):
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where Lr is the rain water content (in gm−3), N0 the aerosol content (in m−3) and Nd (in m−3) the
number of cloud droplets. The model is thus a double-scheme model with a distinction between Lc

and Nd (the difference resides in the size spectrum). Moreover, {Ac, K, kr, Ar, kc} is a set of kinetic
constants and x an arbitrary mass (a constant) that separates cloud droplets from raindrops. All of
these constants must be chosen according to the situation (maritime, continental, coastal or insular,
mountainous, etc.) in which cloud formation is wished to be investigated. As it can be noted, this model
is typical of a competition species dynamics (viz. prey-predator model). From these equations, several
other interesting quantities are available. At time t: (1) Lc,d = Lv −Lc is the remaining available water
vapour, or the potentially available (if water vapor condenses) cloud droplet content; (2) Ll = Lc + Lr

is the total liquid water content; (3) Na = N0 − Nd is the concentration (in number) of the remaining
CCN in the air mass, if we assume the identity one droplet formed = one aerosol lost (because disolved
or included in the droplet). The methodology is the following: (1) we present some results considering
theoretical evolutions of Lv(t) (the fuel) and N0(t) (the spark plug) which can model realistic temporal
changes in the humidity and the CCN content of the atmosphere; (2) we consider realistic data of Lv(t)
and N0(t) provided, respectively, by the microwave radiometer (RPG-HATPRO G5) and the aerosol
counter (SMPS) of the ATOLL (ATmospheric Observations in liLLe) platform (U. Lille, LOA, France)
Fig. 1 1; (3) These data serve to adjust the constants of Eq. 1 in order to minimize the difference
between model and observations. Once done, the outputs of the model are compared with different sets
of observations.

(a) (b)

Figure 1: (a) RPG-HATPRO-G5 and (b) ATOLL platform (from https://www-loa.

univ-lille1.fr/observations/plateformes.html?p=lille

RESULTS

The behavior of the model is first tested using theoretical functions for N0(t) and Lv(t). These functions
can be constant, sinusoidal, decreasing exponential or a serie of pulses with random or deterministic
magnitude and duty cycle. Such functions should represent how surrounding “feeds” an air mass in
terms of CCN and water vapor. The example presented in Figure 2 has been obtained for a constant
aerosol content (N0 = 100m−3) and a humidity (Lv) which is a sinusoidal function. Cleary, our model
exhibits oscillations with periodic occurrences of cloud and rain. Note the orders of magnitude obtained
for Lc and Lr which are realistic. Similar plots have been obtained with different theoretical functions
for N0(t) and Lv(t), in the sense that the model behave in agreement with what observations seems to
show.

Figure 2: Evolution of Lv, Lc, Lr, and Nd for a 24 h-simulation with a constant CCN concen-
tration (N0) and sinusoidal water vapour content (Lv).

Eq. 1 are now fed with in situ measurements typical of an urban context: for that, we have used
data from the aforementioned ATOLL platform (continental situation). For the case study in Lille, a
72 h-simulation is shown in Figure 3. Compared with the in situ data of the microwave radiometer,

1Humidity data from the RPG-HATPRO G5 are available by email to the P.I. (olivier.pujol@univ-lille.fr).
Aerosol data from SMPS are available by email to the P.I (suzanne.crumeyrolle@univ-lille.fr).
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it can be seen that the model reproduces well the evolution of Lc, as well as the orders of magnitude
(Fig. 4). We also see that there is a close agreement between the model and the radiometer in terms of
the absence/presence of a cloud.

Figure 3: (a) Evolution of Lv, Lc, Lr, and Nd. (b) Evolution of Lc,d, Ll and Na. It is a 72 h-
simulation with N0(t) and Lv(t) provided, respectively, by the SMPS and the RPG-HATPRO-G5
(ATOLL station).

Figure 4: Same as Fig. 3 but comparing Lc(t) between radiometric measurements and the model.

In another context (maritime and coastal situation), the model gives also very good results. A
72 h-simulation in Saint-Denis (Reunion Island) with measurements of Lv and N0 obtained from the
AEROMARINE field campaign [3] as input data is presented in Fig. 5. These data are typical of the
Indian Ocean [4]. Again, the model provides a good estimate of the evolution and values of Lc.
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Figure 5: Same as Fig. 3 but with data from the AEROMARINE field campaign [3].

Figure 6: Same as Fig. 4 but with data from the AEROMARINE field campaign [3].

Our model being fast (simulation time is less than 5 s for a 72 h-simulation) and showing quite good
behaviors for aerosol-water vapor-cloud-rain interactions, it has been coupled with more complete 2D or
3D models. For this, it has been adapted on a 2D grid and its outputs have been compared with those
provided by the ECMWF. Here, we present a 2D approach to Eq. 1 with a 24 h-simulation (02/10/2019)
over the Indian Ocean, in a box between 20◦ S and 21◦ S (longitude) and 54◦ E and 55◦ E (latitude).
The global spatial distribution and orders of magnitude of Lc are well estimated by our set of equations.

Figure 7: Difference, at four different times, in Lc between our model outputs and the ECMWF
outputs. Initial state is obviously the same.
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INTRODUCTION 

Volatile organic compounds (VOCs) play an important role in the atmospheric chemistry, especially in the 

oxidative capacity of the lower atmosphere. Besides their role as ozone and aerosol precursors, VOCs 

contribute directly and indirectly to the radiative forcing and in turn to climate change. In order to identify 

climate trends, comparable datasets at regional and temporal scales are essential. For that purpose, long-

term, traceable and high-quality data of VOCs are needed. However, the lack of stable and traceable 

standards to the international system of unit for some VOCs, together with effects linked to reactivity with 

surfaces (i.e. memory effects, decomposition artefacts) and to ozone and humidity interferences, are 

common issues for sites monitoring VOCs in the atmosphere 

METHODS 

The EMPIR project "Metrology for Climate Relevant Volatile Organic Compounds" (MetClimVOC, 2020-

2023) − a joint effort between National Metrological Institutes and ACTRIS Topical Centre for Reactive 

Trace Gases In Situ (CiGas) among others − pursues to overcome these limitations for climate-relevant 

VOCs prioritized by stakeholders (WMO-GAW, AGAGE, ACTRIS, EMEP). The project will produce 

novel SI-traceable reference gas mixtures at atmospheric amount fractions with a well-defined uncertainty, 

which will fulfil the Data Quality Objectives of the monitoring networks (1 nmol/mol to 1 μmol/mol with 

expanded uncertainty < 5% for oxygenated VOCs and terpenes). Thanks to these reference gas mixtures, 

sampling and analytical methods used in monitoring stations will be optimized in order to have high-quality 

data with a full uncertainty estimation on real air measurements. 

PROJECT OUTCOME 

We present the first results of the project focusing on how this novel calibrations procedures and analytical 

methods improve the quality of the data and therefore the observations of VOCs trends. In particular, the 

novel reference gas mixtures are used to study effects on sampling and analysis, such as artefacts due to 

ozone or humidity. 
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INTRODUCTION 

eVe lidar is a combined linear/circular polarization lidar system with Raman capabilities that operates at 

355 nm (Paschou et al. 2021). The lidar is implemented in a dual-laser/dual-telescope configuration that can 

point at multiple azimuth and off-zenith angles (Figure 1). The emission unit consists of two lasers one 

emitting linearly polarized light and the other circularly polarized light at 355 nm. Additionally, both lasers 

emit light pulses at 532 and 1064 nm providing thus the opportunity of a future upgrade to a multiwavelength 

lidar system. In the receiver unit two telescopes are used for collecting the backscattered light. The collected 

backscattered lidar signals are then optically separated through two Wavelength Separation Units (WSUs) 

and are recorded by 5 PMT channels in total (4 polarization and 1 Raman) with raw signal height resolution 

of 3.75 m. More specifically, the WSU below telescope 1 (WSU1) utilizes a linear polarization anlayzer 

with two polarization sensitive channels for measuring the depolarization in the elastically backscattered 

signals from linear emission. An additional Raman channel is deployed in WSU1 in order to detect the 

inelastically backscattered lidar signals from linear and circular emission. On the other hand, the WSU 

below telescope 2 (WSU2) utilizes a circular polarization analyzer and two polarization sensitive channels 

for measuring the depolarization in the elastically backscattered signals from circular emission. As such, the 

eVe lidar retrieves the profiles of the particle backscatter and extinction coefficients, the lidar ratio, the 

volume and particle linear depolarization ratios, and the volume and particle circular depolarization ratios 

at 355 nm. 

 
Figure 1: The eVe lidar (left) with its dual-laser/dual-telescope configuration design (right). 
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The eVe lidar was designed to provide the Aeolus mission with ground reference measurements of aerosols 

and clouds. The lidar fulfils its main aim of Aeolus product validation due to its dual-laser/dual-telescope 

configuration that allows eVe to simultaneously reproduce the operation of the ALADIN lidar onboard 

Aeolus mission, i.e. circularly polarized emission, as well as the operation of a traditional lidar system. i.e. 

with linearly polarized emission. ALADIN is the payload instrument of Aeolus, an ESA Earth Explorers 

Core mission designed to provide profiles of the horizontal line-of-sight (HLOS) wind component in the 

troposphere and the lower stratosphere (Stoffelen et al. 2006; Tan et al. 2008) as well as profiles of the 

optical properties of aerosols and clouds (Flament et al. 2021). For the validation of the Aeolus products, 

the Joint Aeolus Tropical Atlantic Campaign (JATAC) was held in July and September 2021 at the remote 

tropical islands of Cape Verde. Airborne and ground-based instrumentation has been deployed during 

JATAC in order to provide reference measurements of the wind profiles, and the aerosols and clouds optical 

properties.  

In the ground-based component of JATAC (ASKOS) two lidar systems were deployed among other passive 

and active remote sensors, the eVe and the PollyXT lidars. The eVe lidar which is the ground reference for 

the Aeolus aerosol and cloud products has been performed targeted measurements during the Aeolus 

overpasses and the overflights of the experimental aircrafts carrying the airborne instrumentation. On the 

contrary, PollyXT is an automated multiwavelength polarization-Raman-Water vapor lidar (Engelmann et 

al. 2016) that has been recently set up in the aerosol and cloud remote sensing facility in Mindelo, Cape 

Verde for a 24/7 operation. The PollyXT lidar emits linearly polarized light at 355, 532 and 1064 nm at 5o 

off-zenith and retrieves the profiles of the particle backscatter and extinction coefficients (355, 532 and 1064 

nm), the lidar ratio (355, 532 and 1064 nm), the volume and particle linear depolarization ratios (355, 532 

and 1064 nm), the Angstrom exponent (355/532 nm and 532/1064 nm), and the water vapor mixing ratio. 

Since the two lidar systems were performing collocated measurements during the ASKOS/JATAC 

operations a lidar intercomparison study has been performed in order to evaluate their performance. 

 

LIDAR INTERCOMPARISON 

The lidar intercomparison study has been performed on 16 September 2021 (Figure 2). According to the 

nighttime lidar retrievals, marine aerosols are observed inside the PBL (below 1 km) with low depolarization 

values and lidar ratio of approximately 20 sr (355 nm), while above 1 km and up to approximately 6 km 

dust particles form a dust layer with lidar ratio of 50 sr (355 nm) and particle linear depolarization ratio of 

approximately 0.25 (355 nm). 

 

Figure 2: Height versus time plot of the volume linear depolarization ratio from PollyXT indicating the aerosol 

conditions of the atmospheric scene over Mindelo and the timeframe of the retrievals of the optical properties for 
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PollyXT (red rectangle) and eVe (blue rectangle) lidars during the lidar intercomparison measurements on 16 

September 2021. 

 

Since the PollyXT lidar performs polarization measurements using linearly polarized light, only the eVe 

products from the linear emission can be used for the lidar intercomparison. Thus, the lidar products that are 

intercompared are the particle backscatter and extinction coefficients, the lidar ratio, and the volume and 

particle linear depolarization ratios at 355nm. The averaged profiles from PollyXT (including both far-field 

and near-field channels) lidar have been retrieved within the timeframe from 20:00 to 20:19 UTC and the 

averaged profiles from eVe lidar have been retrieved a few minutes later within the timeframe from 20:16 

to 20:54 UTC (Figure 2). Although the lidar products from each lidar has been derived using their 

corresponding processing software, the same window length (750 m) has been applied by each software for 

smoothing the lidar signals aiming to provide as homogeneous retrievals as possible between the two lidars. 

In addition, for the intercomparison purposes the eVe lidar measurements were performed while pointing at 

5o-off zenith in order to reproduce the operation of PollyXT lidar.  

Figure 3 shows the averaged profiles of the particle optical properties obtained from eVe and PollyXT lidar 

that are intercompared. Below 1 km inside the marine PBL, the backscatter coefficient reaches values up to 

7.5 Mm-1sr-1, the extinction coefficient values are up to 100 Mm-1 and the lidar ratio is approximately 20 sr. 

In addition, low values of the volume and particle linear depolarization ratios are observed (less than 0.02 

and 0.05 respectively) for the suspended marine aerosols. On top of PBL, the dust layer extends up to 6 km 

where the backscatter coefficient ranges from 3 to 4 Mm-1sr-1, the extinction coefficient ranges from 100 to 

220 Mm-1, and the lidar ratio is approximately 50 sr. The volume linear depolarization ratio ranges from 

0.06 to 0.09 while the particle linear depolarization ratio is approximately 0.25. The intercomparison in 

Figure 3 denotes a very good agreement between the eVe and PollyXT profiles for all lidar products 

validating the good performance of both systems. The observed deviations in the particle extinction 

coefficient and the lidar ratio profiles are attributed to the nosier PollyXT signals compared to eVe that 

result to noisier profiles of the lidar products for PollyXT. 

 

Figure 3: Comparison of the profiles of the common lidar products at 355 nm between eVe (blue solid line) and 

PollyXT (red dashed line for the far-field retrieval; purple dashed line for the near-field retrieval) lidars acquired 

from the collocated eVe and PollyXT measurements on 16 September 2021. The lidar products (from left to right) 

the particle backscatter coefficient, the particle extinction coefficient, the lidar ratio, and the volume and particle 

linear depolarization ratios.  
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INTRODUCTION

Biogenic volatile organic compounds (BVOCs) represent a variety of molecules that vegetation emits  into
the atmosphere. By reacting with atmospheric oxidants, such as the hydroxyl radical (OH), ozone (O3), or
the  nitrate  radical  (NO3),  they  affect  atmospheric  chemistry  and  processes.  Because  models  often
overestimate OH concentrations in comparison to direct observations, BVOCs have been suggested as
potential missing OH sinks. Di Carlo et al. (2004) found unexplained (or missing) reactivity in a temperate
forest that exhibited a similar temperature dependence as biogenic emissions. Reactivity with regard to an
atmospheric  oxidant  is  defined  as  the  inverse  of  the  lifetime  with  regard  to  that  oxidant.  Important
fractions  of  missing reactivity  have been observed in  forested environments  (see  Yang et  al.,  2016),
including the boreal forest (Sinha et al., 2010; Nölscher et al., 2012; Praplan et al., 2019). Only a handful
of studies focused on reactivity emissions from trees (Kim et al., 2011; Nölscher et al., 2013; Praplan et
al., 2020), with mixed conclusions. All  were based on total OH reactivity measurements.  In the study
presented here, we analysed BVOC emissions from Norway spruce (Picea abies) with total O3 reactivity
instrumentation alongside thermal desorption gas chromatography coupled to mass spectrometry (TD-GC-
MS).

METHODS

A branch from a ca. 50-year- old spruce at the boreal forest station for measuring ecosystem-atmosphere
relations (SMEAR II) in Hyytiälä, Finland, was placed in a 6-litre dynamic flow-through enclosure made
of  fluorinated  ethylene  propylene  (Teflon™ FEP)  between  23  August and  10  September  2021.  The
enclosure was flushed clean air produced by a zero air generator (Parker Balston® Zero Air Generator
HPZA-7000, Parker-Hannifin Corporation, Cleveland OH, USA). The temperature in the enclosure as
well as the temperature difference between needles and enclosed air (10 measurements) was recorded with
a leaf-and-air-temperature conifer type sensor (LAT-C; Ecomatik GmbH, Dachau, Germany). Total OH
reactivity and total O3 reactivity were measured with the comparative reactivity method (CRM; Sinha et
al.,  2008;  Praplan  et  al.,  2017)  and the total  O3 reactivity  monitor  (TORM;  Helmig  et  al.,  2021),
respectively.  An  in  situ  online  TD-GC-MS  instrument  consisting  of  a  thermal  desorption  unit
(TurboMatrix 350), gas chromatograph (Clarus 680) and a mass spectrometer (Clarus SQ 8 T), all from
PerkinElmer Inc. (Waltham, MA, USA) was used to determine the chemical composition of the emissions
(in particular terpenes and lightly oxidised compounds) as in Hellén et al. (2021). Using a very simple
model  based  on  reactions  of  identified  BVOCs  with  O3  and  the  Kinetics  PreProcessor  (KPP  2.2.3)
software  (Damian  et  al.,  2002),  the  expected  ozone  decay  (Δ[O3])  in  the  TORM  reactor  has  been
calculated to compare with Δ[O3] directly measured by TORM.

CONCLUSIONS

In this study,  Δ[O3] is used instead of total O3 reactivity for comparing the expected and unexplained
reactivity, as fast reacting compounds identified (e.g., β-caryophyllene) would lead to an overestimation of
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the total O3 reactivity based on Δ[O3] from TORM. The average fraction of unexplained Δ[O3] throughout
the measurement period was 73% and range from 0 to 4.5 ppbv. One (or a few) compound reacting fast
with O3  (reaction rate  k > ca. 10-15 s-1  cm-3) with emission rates similar or greater than  β-caryophyllene
could cause the unexplained signal. As these compounds have not been detected by the deployed TD-GC-
MS  system,  they  are  unlikely  compounds  similar  in  chemical  structure  to  terpenes.  Slow  reacting
compounds  would  require  emissions  higher  than  the  highest  emissions  reported  so  far  from various
forested environments to explain the whole unexplained signal. It cannot be excluded that compounds
reacting slowly with O3 might contribute to a small fraction of the unexplained Δ[O3].

An exponential relationship between the needle surface temperature and the unexplained Δ[O3] was found
(Fig. 1). This is similar to the relationship between BVOCs and needle surface temperature, indicating that
the unexplained  Δ[O3] stems likely from unidentified emissions. Furthermore, the  β-value, according to
the Guenther algorithm (Guenther et al., 1995), is 0.146, which is a similar value that has been observed
for the temperature dependence of semi-volatile compounds such as sesquiterpenes (C15H26; e.g. Hellén et
al., 2021).

Figure 1. Unexplained ozone decay (Δ[O3]) in the TORM reactor as a function of the needle surface
temperature inside the branch enclosure (dots) and exponential fit (line) according to the Guenther

algorithm for biogenic emissions.
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INTRODUCTION 

Aerosol particles that can form cloud droplets at a certain level of ambient water vapour supersaturation 
(SS) are called Cloud Condensation Nuclei (CCN). The size and chemical composition of aerosol particles 
determine its ability to activate as CCN and, therefore, aerosol properties can affect indirectly cloud 
properties (the so-called aerosol-cloud interactions). As particle size has a relevant role in aerosol activation 
as CCN, the activation properties of an aerosol population are highly dominated by the particle number size 
distribution (PNSD) of ambient aerosols. Among different locations, urban areas are characterized by a great 
variety of aerosol sources (most of them related to anthropogenic sources) and by complex atmospheric 
processes that take place. Statistical cluster analysis of the PNSD can be used to successfully identify the 
main aerosol sources and processes occurring in urban areas (e.g., Brines et al., 2014). The objective of this 
study is twofold: first, to identify the main aerosol sources and processes affecting the Granada urban area 
(Southern Spain); and second, to determine how these affect CCN properties. This study will allow us to 
improve our understanding of the influence of anthropogenic sources on aerosol-cloud interactions. 
 

METHODS 

The study site is located in an urban area in southern Spain (Granada, 37.16º N, 3.58º W, 680 m a.s.l) where 
the submicrometer aerosol particles and CCN concentration are dominated by anthropogenic sources 
(Casquero-Vera et al., 2021; Rejano et al., 2021). The measurement period covers from April to November 
of 2020. A CCN counter (CCN100, DMT) was deployed to perform polydisperse CCN measurements at 
different supersaturations (0.25, 0.50 and 0.75%). The aerosol size distribution from 4-500 nm was 
measured by nano-SMPS and SMPS (TSI model 3938). Ancillary measurements such as equivalent black 
carbon (eBC) and ozone mass concentrations were used to improve the cluster classification. All data have 
5-minute time resolution with the exception of ozone, which has 10-minute resolution. 
 
The k-means clustering technique was used in order to provide insight into which phenomena have the 
greatest impact on the aerosol activation properties of CCN. This k-means cluster analysis was performed 
over the aerosol size distribution across 137 size bins (spanning the size range from 4 nm up to 500 nm). A 
10-clusters solution was proposed to group data according to Davies-Bouldin criteria for an appropriate 
number of clusters that reduce the possibility that any cluster combines spectra from different sources or 
processes. The resulting clusters were identified taking into account the shape of the size distribution, the 
frequency of occurrence of each cluster (monthly and diurnal variability) and ancillary measurements (eBC 
and O3). Afterwards, the resulted clusters were grouped into 5 main aerosol population types according to 
similar physical properties and occurrence.  

Different activation properties of aerosol are calculated from CCN polydisperse measurements and PNSD 
measurements. The critical diameter (Dcrit) was calculated integrating the PNSD from its upper limit to the 
diameter at which the integral value equals the simultaneously measured NCCN (SS). An effective 
hygroscopicity parameter (κ) was retrieved using κ-Köhler theory from aerosol size distribution and CCN 
concentration measurements. 
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RESULTS AND CONCLUSIONS 

Results show that the measured aerosol size distributions can be classified into five main aerosol population 
types, namely nucleation, growth, traffic, aged traffic and aged. Traffic and NPF events (including freshly 
nucleated particles and first stage growth particles) are the most frequent aerosol populations in this urban 
environment, representing around 80% of all observations.  

 
 

Figure 1. Boxplot of the CCN concentration (NCCN), activation fraction (AF), critical diameter (Dcrit) and 
hygroscopicity parameter (κ) for the different aerosol population classification at SS=0.25%. The red line 
represents the median value; blue box represents the interquartile range (percentile 25 to 75), and whiskers 

represents the maximum and minimum values, without considering outliers values. 

At low SS values, aged traffic and aged aerosol populations are the most important sources of CCN (Figure 
1).  The highest activation fraction was observed in the aged aerosol population followed by the aged traffic 
population, whereas the growth aerosol population showed the lowest value. According to the 
hygroscopicity parameter values, traffic particles show the lower hygroscopicity. However, those particles 
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could have a great impact on the CCN concentration when undergo ageing process since aged traffic 
particles show the highest κ value (Figure 1). 
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INTRODUCTION 

The boundary layer is the main dilution factor of gas and aerosol sources but high uncertainties remain 

on its variability, in particular in southeastern France. Atmospheric dynamics that take place there are 

complex due to the presence of the sea in the west and the south and by hills in the north and the east. 

Previous studies took place in 2001, with the ESCOMPTE (Expérience sur Site pour COntraindre les 

Modèles de Pollution atmosphérique et de Transport d’Emissions) measurement campaign (Cros et al 

(2004)) and focused on two typical meteorological situations : sea/land-breeze (Bastin et al., 2005, 

Bastin et al., 2006) and mistral (a strong-regional-northwestward-colder wind blowing over southeastern 

France from the Rhône valley, Drobinski et al., 2005) regimes. However, this program only focused on 

the summer season and the variability of the boundary layer height is still little known in winter (Riandet 

et al., 2022). 

METHODS 

This study is based on a field campaign performed in this area from December 14th, 2021 to February 

28th, 2022. An urban site was equipped with a CIMEL CE376GPN lidar in the city center of Marseille, 

measuring at 532nm. Wind measurements are available for each site. The boundary layer height was 

retrieved with the wavelet transform technic for lidar systems. The Lidar depolarisation ratio is used to 

better trace the origin of the aerosols layers.  

 

CONCLUSIONS 

Limitations of the instrument and of the wavelet method are discussed before presenting the boundary 

layer height temporal variability in winter through 2 typical meteorological situations encountered in 
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Marseille, e.g. sea/land breezes and Mistral. This study represents the first study of boundary layer height 

over Marseille in winter and results are compared to the ESCOMPTE measurement campaign to 

characterize the seasonality of the boundary layer height in this region. 
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INTRODUCTION 

The lidar-photometer synergetic observations are widely used for monitoring of atmospheric aerosols 

properties. In particular, measurements of both remote sensing instruments on board mobile platforms offer 

the capability to study the spatio-temporal variability of aerosols in an extensive range of scenarios.  

Therefore, the CIMEL CE376 micro-pulse lidar providing measurements at 532 nm and 808 nm, 

depolarization at 532 nm, coupled with sun/moon photometers providing spectral Aerosol Optical Depth 

(AOD) were integrated for mobile monitoring of aerosols properties.     

A first collocated CIMEL CE376 lidar– photometer database on a mobile platform called DMU (Dragon 

Mobile Unit) was obtained during the field campaign FIREX-AQ (Fire Influence on Regional to Global 

Environments and Air Quality) organized over the Northwestern US in summer 2019 (FIREX-AQ white 

paper, 2019). Since then, algorithmic and instrumental assessment took place at ATOLL (ATmospheric 

Observatory of liLLe) platform operated by Laboratoire d’Optique Atmosphérique, University of Lille. 

METIS, an operational CE376 lidar, continuously performing and co-located with photometers and 

with LILAS high power CIMEL CE710 lidar, part of ACTRIS, are considered for test and data 

validation, prior any other mobile campaign.  

 

RESULTS AND DISCUSSION 

During FIREX-AQ campaign, the installation of remote sensing instruments in the mobile platform DMU 

followed the design of MAMS (Mobile Aerosol Monitoring System) described in Popovici et al. (2018). 

The DMU performed measurements along the roads around the major fire sources.  Although the extreme 

conditions such as high temperatures, topography and the presence of thick smoke plumes limited the 

performance of the instruments, it allowed the investigation of smoke optical properties close to the source. 

As results, spectral AOD and Angstrom Exponent (AE) spatial distributions were obtained from the 

photometer. Applying the AOD constrained Klett inversion method in BASIC code (Mortier ,2013) on the 

lidar-photometer filtered dataset, extinction profiles and column-integrated Lidar Ratio (LR) were also 

derived. Volume Linear Depolarization Ratio (VLDR) profiles providing qualitative information on the 

sphericity of aerosols thanks to the depolarization channels at 532 nm were also derived. Previous studies 

of fresh smoke transported one day far from source reported LR of 60-85 sr for 532 nm (Alados-Arboledas, 

2011; Tesche et al., 2011) that are in agreement with the values observed for study cases during the 

campaign.  
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Since the FIREX-AQ campaign, instrumental improvements were achieved, especially for the 

depolarization measurements on the METIS CIMEL CE376 lidar. Algorithmic and instrumental 

assessments that took place at ATOLL platform provided us a set of data convenient for validation using as 

reference LILAS lidar. Study cases are selected for comparisons of aerosol retrievals when both lidars are 

under similar operation conditions. Extinction profiles are retrieved with a two-wavelength lidar inversion 

for METIS and Raman method for LILAS. The results show good agreement when comparing extinction 

profiles at 532 nm, despite the lower SNR (Signal to Noise Ratio) on the micro-pulse lidar. VLDR profiles 

at 532 nm derived from METIS show an offset up to 0.02 in the molecular region with respect to LILAS. 

These differences in VLDR profiles are related to the optical elements in the reception modules of the lidars, 

requiring a better characterization, especially for the interference filters.  

 
CONCLUSIONS  

From the first mobile campaign involving a CIMEL CE376 lidar coupled with photometer, we were able to 

obtain height resolved and column integrated optical properties of smoke aerosols at different ageing states, 

despite the harsh environmental conditions that limited the performance of the instruments. Also, a first 

assessment of lidar performances and limitations were achieved in the frame of the next CE376 

version development. For soon coming campaigns involving CE376 lidar-photometer embarked on 

mobile vectors, we are positive on obtaining valuable information on aerosols optical properties such 

as spectral extinction and depolarization in variable scenarios. 
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INTRODUCTION 

Observations of condensable gases that can act as aerosol precursors have been interest of many recent 

studies but the understanding of the seasonal behaviour of these gases or their trends are not yet understood 

due to lack of long-term measurements. We have started long-term measurements of chemical composition 

of aerosol precursors in the Finnish subarctic in 2019. We conducted our measurements  about 150 km north 

of the Arctic Circle at the SMEAR I (Station for Measuring Ecosystem–Atmosphere Relations) Finnish 

subarctic field station, located in the Värriö strict nature reserve. The station is relatively close (∼ 300 km) 

to the Kola Peninsula industrial sites. The station encounters clean air masses from the Arctic as well as 

pollution from Kola Peninsula.  

METHODS 

We use a nitrate-based chemical ionization atmospheric pressure interface time-of-flight (CI-APi-TOF) 

mass spectrometer. Measurements were done on top of Kotovaara hill (390 m a.s.l.) surrounded by ∼65-

year-old Scots pine forest. We measure species such as sulphuric acid, iodic acid, highly oxygenated organic 

compounds (HOM) and methane sulfonic acid with high time resolution and precision. 

CONCLUSIONS 

We have measured concentrations of the most common compounds related to new particle formation: 

sulphuric acid, methane sulfonic acid, iodic acid and the total concentration of highly oxygenated organic 

molecules (Jokinen et al., 2022). Our observations show that sulphuric acid originates from both 

anthropogenic and biological sources and has a clear diurnal cycle but no significant seasonal variation, 

while methane sulfonic acid shows a more distinct seasonal cycle, with concentrations peaking in the 

summer. We have also observed relatively stable iodic acid concentrations that do not vary depending on 

the season or between new particle event or non-event days. HOMs are abundant during the summer months 

and low in the autumn months (Figure 1.). We have studied the wintertime new particle formation at the site 

in detail, as the sulfur dioxide concentrations in the air masses coming from Kola Peninsula are often high 

(occasionally over 30 ppbv, Sipilä et al., 2021). During these pollution cases, new particle formation and 

growth was initiated by the formed sulphuric acid even though the solar radiation intensity was very low. 

Our mass spectrometric measurements have already at this point shown interesting features of the chemical 

composition of aerosol precursors in subarctic environment. The measurements have been designed to start 

a long-term measurement series of atmospheric aerosol-forming trace gases in Finnish Lapland, and they 

are ongoing to this day. 
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Figure 1. The monthly median concentrations of highly oxygenated organic compounds st SMEAR I 

station 
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INTRODUCTION 

Volatile organic compounds (VOCs) are emitted in vast amounts to our atmosphere. There, they can react 

with ozone (O3), the hydroxyl radical (OH) or nitrate radical (NO3) and form more, oxidized VOCs. 

Estimations of the number of different VOCs go up to 1 000 000 compounds just with ten carbon atoms or 

less (Goldstein et al., 2007). Measuring those compounds is very challenging as they strongly depend on 

the surroundings and their concentrations can be very low. They have various impacts on climate change, 

atmospheric chemistry and air quality. A way of determining how many VOCs are not measured is by 

looking at the total OH reactivity of the ambient air and compare it with the reactivity of all measured VOCs. 

In case there is no discrepancy, most of the VOCs have been measured, in case of big discrepancies, a large 

fraction of VOCs has not been identified. In remote locations this missing OH reactivity in ambient air is 

close to 50% on average (Ferracci et al., 2018). A way to find the sources for the missing OH reactivity, is 

to investigate the OH reactivity from emissions. This can be done by using chambers, where some part of 

an ecosystem (e.g. a branch, part of a wetland) is placed and then flushed with VOC free air. By using such 

a setup, oxidation processes are minimized and the measured reactivity is mainly caused by primary 

emissions.  

 

METHODS 

The measurements were conducted in the subarctic Lompolojänkkä wetland (67.9973°N, 24.2095°E) in the 

Pallas-Yllästunturi National Park (Aurela et al., 2015). The measurements were conducted between 1 July 

and 2 August 2018 and used a 60 cm x 60 cm x 25 cm Teflon soil chamber, which was flushed with 4 to 5 

Lpm of zero air (Zero Air Generator HPZA-7000, Parker Balston, USA). The emissions of the wetland were 

then sampled by an in situ gas chromatograph- mass spectrometer (GC-MS) and an instrument measuring 

total OH reactivity using the comparative reactivity method (CRM; Sinha et al., 2008). The GC-MS 

consisted of a thermal desorption unit (Turbo Matrix 650) followed by a gas chromatograph (Clarus 680) 

and a mass spectrometer (Clarus SQ8 T), all manufactured by Perkin-Elmer (PerkinElmer Inc, USA). An 

in-depth description of the VOCs measured, as well as technical details can be found in Hellén et al. (2020). 

The CRM is a custom build instrument, using pyrrole to indirectly measure the total OH reactivity (see 

Praplan et al., 2017).  

 

CONCLUSIONS 

Overall, the campaign average total OH reactivity of emissions (TOHRE) was 0.029 m s-2. The calculated 

OH reactivity of emissions (COHRE), from the measured VOCs, could explain only 46%, leaving the 

remaining 54% as missing OH reactivity of emission (MOHRE). Isoprene dominated the COHRE with 42% 

(of TOHRE), followed by the sesquiterpenes with 3%. The remaining VOC classes of monoterpenoids, 

methyl vinyl ketone, green leaf volatiles, aldehydes and “other VOCs” contributed to TOHRE with less than 

1% each. The missing reactivity could not be explained by measurement uncertainties which were 29% for 
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TOHRE and 34% for COHRE. Kim et al. (2011) has so far been the only study with TOHRE measurements 

of an isoprene dominated source (red oak). In this study, no significant MOHRE was found. This reinforces 

the argument that oxidation processes should play minor roles, and the MOHRE most likely is caused by 

missing primary emissions. 
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INTRODUCTION 

The atmospheric ions also known as “air -ions” carry electric charge in the atmosphere. Their mobility in 
the atmosphere affects the air conductivity (Tinsley, 2008). Further, they are of considerable interest because 

they play a primary role in atmospheric new particle formation and thus have the capacity to impact cloud 

formation, air quality and climate (Manninen et al., 2010; Waring and Siegel, 2011). The charged air 
molecules can undergo chemical processes with trace gases and pre-existing aerosol particles to form 

increased number of charged particles (Chen et al., 2016). These charged particles, which are in the range 

of 1.7-7 nm typically increase during a new particle formation (NPF) event (Manninen et al., 2009; Leino 

et al., 2016). In this study, we present case studies of ion-clustering events in Ny-Ålesund, Svalbard during 
the polar night. The polar night in Svalbard is referred to a period the dark period that lasts from November 

to mid-February. These months are windier than the other months in Ny-Ålesund. Also the ground has a 

stable snow cover during these months (Maturilli et al., 2013). Our aim is to investigate the formation of 
air-ions during the typical conditions of polar night in this remote location where the impacts of climate 

change is recorded twice as large as the global average (IPCC, 2007) and to understand their possible 

implications on NPF processes in Svalbard, Arctic. 

METHODS 

The air-ion concentrations were measured through Neutral Cluster and Air Ion Spectrometer (NAIS, Airel 

Ltd.) instrument which was installed in the Gruvebadet laboratory in Ny-Ålesund, Svalbard (Fig.1) as part 
of continuous measurement research program of Institute of Atmospheric and Earth System Research, 

University of Helsinki (Research in Svalbard project no: 11031). NAIS measures both naturally charged 

and neutral particles from ~ 2nm (0.8nm for ions) to 40 nm to study new particle formations.  

 

Figure 1: Study site (A) shows the location of the northernmost village, Ny-Ålesund (B) Gruvebadet 

laboratory situated at the base of Zeppelin mountain in Ny-Ålesund, Svalbard. 
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The meteorological data (wind speed and wind direction) was obtained from the free meteorological data 

service https://seklima.met.no/, maintained by the Norwegian Meteorological Institute. 

RESULTS 

We analysed the data for the cluster and intermediate ions from the period of November 2019 to February 

2020. No occurrence of proper regional event (Maso et al., 2005) was observed during this period of polar 
night. Probably due to lack of any significant amount of precursor vapours and oxidation chemistry which 

could help in the particle growth. However, this period was characterized with ion bursts indicative of ion 

clustering, occurring during high wind conditions. We found four interesting cases, 10th November 2019, 

12th December 2019, 19th January 2020 and 14th February 2020, during this period, when clustering took 
place only when the wind speeds started to increase and touched a threshold of atleast 6 m s-1 (Two cases 

studies shown in Fig .2). 

 

Figure 2. Two cases of wind-induced events in Ny-Ålesund, Svalbard during polar night (A) ion-

clustering on 10th November 2019 (B) ion-clustering on 12th December 2019. Note that clustering was 
intense in the positive ions. 

 

Such events, during strong wind episodes have been observed in Antarctica (Virkkula et al., 2007, Chen et 
al., 2017) and a high altitude site in Jungfraujoch in Switzerland (Manninen et al., 2010). We also observe 

a close connection of wind speed and cluster ion concentration mainly in the range of 0.8-1.9nm. These 

observations are consistent with the observations made at Dome C, Antarctica during the polar night and 
high wind conditions (Chen et al., 2017). One possible explanation could be that the during these strong 

wind conditions the snow and ice crystals, accumulated on the ground were re-suspended by turbulence into 

the overlying air and further up, where they further collide with each other and become electrically charged, 

producing ions (Pomeroy and Jones, 1996). Further, another significant observation was that the clustering 
was more intense in the positive polarity in all case studies (Fig.2). This could indicate that some vapours 

are also released from the snow, when it was re-suspended from ground, which assists in the clustering 
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process. However, further investigation is needed to fully understand these wind induced events and their 

potential impacts on NPF in the remote regions. 

 

 

CONCLUSIONS 

Ion formation during strong wind conditions has been previously studied in some remote and high altitude 

sites but the studies are relatively sparse and the process is still not fully understood. In this study, we present 
some case studies of wind induced ion formation events from Ny-Ålesund, Svalbard, during polar night-

winter conditions. The ion formation showed increased dependency on high wind speed. A wind speed 

threshold of 6 m s-1 was observed, above which intense ion clustering was observed. The observations are 

similar to the case studies reported in previous studies carried out in Antarctica. The processes behind such 
events needs to unravelled to understand different pathways of new particle formation especially in remote 

places. The investigation on particle concentration and other meteorological conditions like occurrence of 

fog would be carried out to better understand these interesting observations in the Arctic. To probe into 
more details of the occurrence and climate implications of such wind-induced events we, we aim to compare 

such events with other Arctic sites in the future. 
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INTRODUCTION 

A new cloud remote sensing station has been recently set up in Galati, Romania. The station is equipped 

with three instruments, which started to work synergistically as an observation platform in the beginning 

of February 2022: a cloud radar, a multichannel microwave radiometer and a ceilometer. We present here 

the first observations of clouds, vertical temperature profiles, boundary layer, liquid water path, acquired 

with these new instruments during March and April 2022.  

METHODS 

The cloud station is located in Galati, in the SE of Romania, at 45.435° N, 28.037° E and aims at 

observing cloud cover and associated parameters: cloud fraction, liquid water content and other properties, 

by using a set of three instruments that meet the minimum requirements imposed by ACTRIS 

documentation.  

The RPG cloud radar is a dual polarization, frequency modulated continuous wave, Doppler radar (RPG), 

operating at 94 GHz, providing vertical profiles of the reflectivity, Doppler velocity, and other  moments 

of the velocity distribution. The radar works as a vertical sounder of the atmosphere (Figure 1).  The radar 

is accompanied by a disdrometer that measures precipitation using a laser of 650 nm. The ceilometer is a 

LUFFT backscatter lidar using a solid state laser operating at a wavelength of 1064 nm, reaching a height 

of 15 km (Figure 2), delivering cloud base heights, boundary layer information. Liquid water path, 

temperature and humidity profiles can be obtained from the RPG HAPTRO radiometer, receiving in K and 

V domains (22.24 – 31.40 GHz and 51.26 – 58.00 Ghz) (Figure 3).  

 

Figure 1.Cloud radar 

 

Figure 2. Ceilometer 

 

 

Figure 3. Radiometer  

406



 

All three instruments are mounted on an open, large, terrace at the third floor of the building hosting the 

instruments, i.e. about 10 m height (40 m altitude). The station operates all three instruments starting with 

February 2022. Data from all three instruments are fed to the Cloudnet site in real time, starting with 

March 2022.  

We will present here some observations made during March and April 2022, i.e. the first months when all 

three instruments observed the atmosphere in a coherent way and on a continuous basis. A statistics of 

total number of hourly observations of full cloud versus clear sky is built, which is then compared with 

previous ERA-5 hourly data for the same site and season.  
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INTRODUCTION 

Three different aerosol classification methods that were developed within the European Aerosol Research 

Lidar Network (EARLINET) are used to characterize the lidar observations over Finokalia station: 

Mahalanobis distance automatic aerosol type classification (MD), Neural Network Aerosol Typing 

Algorithm (NATALI) and the Optimal Estimation Method (OEM). The strengths and limitations of each 

classification scheme to provide the predominant aerosol type over the background station of Finokalia in 

Crete (35.338°N, 25.670°E; 250 m asl), using a 3b+2a+1δ lidar configuration, are discussed. 

METHODS 

Multiwavelength depolarization Raman lidars are used effectively for aerosol detection and 

characterization, as they provide vertically resolved information on the extensive and intensive aerosol 

optical properties (Burton et al., 2012; Groß et al., 2013). These lidar-derived optical properties are the 

particle backscatter (b) and extinction coefficients (a), the lidar ratio (LR), the extinction Ångström 

exponent extinction (AE) and backscatter Ångström exponent (BAE), color ratios (CR) and the particle 

linear depolarization ratio (PLDR). 

During the last years, several aerosol typing schemes have been developed utilizing the lidar observations 

to provide the predominant aerosol type or/and the aerosol mixtures in the atmospheric column (e.g., Groß 

et al., 2013; Baars et al., 2017; Nicolae et al., 2018; Papagiannopoulos et al., 2018). These algorithms 

classify the aerosol layers either by their physical features (i.e. shape and size, Baars et al., 2017; Floutsi et 

al., 2019) or their source (Nicolae et al., 2018; Papagiannopoulos et al., 2018). MD, NATALI and OEM 

methods are developed within ACTRIS/EARLINET. NATALI and MD assign lidar observations to pre-

specified aerosol classes, based on the lidar-derived intensive properties and OEM is a nonlinear 

regression scheme that determines the statistically most-likely contribution of an aerosol component. The 

three automated aerosol classification methods are briefly described below and their performance is 
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evaluated for a Saharan dust outbreak that was observed on 19 and 20 of April 2017 over Finokalia 

station. 

The NATALI algorithm typing is based on the ability of specialized artificial neural networks to resolve 

the overlapping values of the intensive optical parameters, calculated for each identified layer derived 

from multiwavelength Raman lidar profiles. NATALI identifies the predominant component and the 

aerosol type (high-resolution typing) using the combination of all mean-layer-intensive optical parameters. 

Several filters are applied to the data, and only layers that pass the defined criteria are further considered 

for typing (Nicolae et al., 2018). In the high-resolution typing, NATALI distinguishes up to 14 aerosol 

types (i.e., Continental, ContinentalPolluted, Dust, Maritime/CC, Smoke, Volcanic, Coastal, 

CoastalPolluted, ContinentalDust, ContinentalSmoke, DustPolluted, MaritimeMineral, MixedDust and 

MixedSmoke).  

The Mahalanobis distance classifier assigns lidar observations to a maximum of eight aerosol classes in 

the high resolution mode (Dust, Volcanic, MixedDust, PollutedDust, CleanContinental, Mixed-Marine, 

PollutedContinental, Smoke), based on the mean-layer-intensive. The intensive properties considered are 

the backscatter-related Ångström exponent at 355 and 1064 nm (BAE355∕1064), the lidar ratio at 532 nm 

(LR532), the ratio of the lidar ratios (LR532 ∕ LR355) and the particle linear depolarization ratio (PLDR532). 

Threshold distance values are applied to reject layers as outliers that do not belong in any cluster 

(Papagiannopoulos et al., 2018). Such cases correspond either to aerosol types that are not taken into 

account in the definition of the reference clusters (e.g., pure marine, pollen particles) or to cases where at 

least one of the optical properties is biased.  

The aerosol typing retrievals from NATALI and MD classifier are further compared with retrievals from 

the OEM-based aerosol typing scheme. The methodology is based on the optimal estimation method. 

Based on different combinations of lidar-derived intensive aerosol properties, the statistically most-likely 

contributions of an aerosol component to the observed aerosol mixture can be determined (Floutsi et al., 

2019). The four aerosol components considered to contribute to an aerosol mixture comprise of two fine 

modes (Fine Spherical Absorbing and Fine Spherical Non-Absorbing) and two coarse modes (Coarse 

Spherical and Coarse Non-Spherical). These four components and their optical properties have been 

selected from lidar-based experimental bases at 355 and 532 nm. Their microphysical properties (such as 

their shape, refractive index and effective radius) serve as a priori for the retrieval scheme and are in 

accordance with EarthCARE’s Hybrid End-to-End (HETEAC) classification scheme (Wandinger et al., 

2016). Using an initial guess, the lidar ratio, particle linear depolarization ratio and extinction-related 

Ångström exponent are calculated (forward modeling for the wavelengths 355 nm, or 532 nm or both 

simultaneously) and then compared with the lidar measurements. The process stops and aerosol typing is 

provided, in case the calculated and measured optical properties match within an acceptable range, 

otherwise, the iterative process continues, adjusting the solution at each step until convergence is met. The 

final product is the contribution of the four aerosol components to an aerosol mixture in terms of relative 

volume along with their respective uncertainties. 

Table 1 summarizes the lidar-derived intensive properties used in the classification schemes applied in the 

high resolution mode.  

 

Table 1. Lidar-derived intensive properties used in the classification of the Mahalanobis distance 

automatic aerosol type classification (MD), the Neural Network Aerosol Typing Algorithm (NATALI) 

and the Optimal Estimation Method (OEM). 

MD NATALI                OEM 

BAE355∕1064 BAE355∕532, BAE532∕1064 LR532 

LR532 LR355, LR532 PLDR532 

LR532 ∕ LR355 AE355/532  

PLDR532 PLDR532  

 CI355∕532, CI532∕1064 
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Finokalia region, in Crete, in East Mediterranean is located away from anthropogenic sources, mainly 

affected by natural sources and mixtures of maritime aerosols, with the anthropogenic contribution being 

representative for a broader region. The strong north winds that often affect the location, contribute to the 

prevalence of marine aerosols that are transported from the Aegean Sea, and continental aerosols that are 

transported from northern urban centres. Elevated dust layers originating from deserts or semiarid areas in 

Africa and aged smoke particles are also transported and detected above Finokalia. 

Multi-wavelength continuous lidar observations over Finokalia, were acquired between the 1st and 30th of 

April, in the framework of Pre-TECT and A-LIFE (https://www.a-life.at/), organised by the National 

Observatory of Athens (NOA) and the University of Vienna, respectively. These measurements provide 

the basis for the analysis of the predominant aerosol components over the broader Eastern Mediterranean 

region.   

The Polly
XT

 that belongs to NOA operated in Finokalia during the whole campaign period (Engelmann et 

al., 2016). The system is a multi-wavelength Raman polarization lidar system with the capability to emit 

light at 355, 532 and 1064 nm and detect elastically backscattered light from atmospheric constituents at 

355, 532 and 1064nm (aerosol and cloud), and inelastically backscattered light from nitrogen molecules at 

387, 407 and 607nm. The combined use of two receivers, a near and a far-range telescope, enables the 

retrieval of aerosol optical properties from the upper troposphere (~0.8 - 14 km a.g.l.) down to complex 

boundary layer structures (~0.2 - 2 km a.g.l.). The system provided a 24/7 unattended operation. 

In the following, we present a case study that took place on the 19 and 20 of April 2017. Ancillary data are 

used for the classification of the air masses observed (i.e., 5-day Hysplit back- trajectories and dust, sea 

salt and smoke transport model forecasts). The air masses are characterized by the transport of Saharan 

dust from northern Africa at altitudes of ~2.7 km, the transport of continental aerosols at altitudes of ~1.7 

km, and the transport of marine particles from the Mediterranean Sea at altitudes of ~0.5 km above 

Finokalia. The FLEXPART-WRF output (not shown here) denotes the dust-prone area of northern Africa 

(Morocco and northern Algeria) as the most likely source of the observed dust layers. The altitudes of the 

aerosol layers and the performance of the classification methods are presented in Figure 1.  

The aerosol layers exhibit optical properties representative of large, non-spherical dust particles, with 

Ångström exponent mean values close to zero and particle linear depolarization ratio up to 0.2 were 

identified from 3.2 - 4.1km, 4.4 - 5.6km and 5.3 - 5.8km and are classified with NATALI and MD as dust 

or polluted dust (dust + polluted continental and/or dust + smoke) and as Coarse Non Spherical by the 

OEM-based typing scheme. Both NATALI and OEM identified the aerosol layers in the lowest part as 

marine layers (Coarse Spherical) in the lowest part of the lidar profiles. However, MD classified these 

layers as polluted continental. Although Finokalia is a coastal site, a low percentage of marine layers 

(<2%) is found by MD, can be mainly attributed to the fact that the algorithm’s marine reference cluster 

corresponds to mixed marine layers (Papagiannopoulos et al., 2018). This general disagreement in the 

presence of marine and continental particles is already mentioned in the performance of NATALI and MD 

in the urban station of Thessaloniki (Voudouri et al., 2019).  

 

 

CONCLUSIONS 

Lidar aerosol classification schemes based on intensive optical properties developed within 

EARLINET/ACTRIS are used to provide the characterization of the aerosol layers observed over 

Finokalia station. This is the first time that the three classification schemes are applied to a lidar station. In 

the future the performance of the classification schemes on different ACTRIS sites that provide 

continuously lidar observations is going to be tested. 

A general good performance of the MD, NATALI and OEM in the dusty layers (100%) is found, due to 

the clear dust signature-high depolarization ratio values. A good performance (98%) for the Clean 

Continental particles can also be seen, while the mismatched cases for Marine particles point out the need 

for better characterization of the pure marine cases in the latter one. Generally, NATALI and OEM show a 

lower percentage of unclassified layers, compared to MD. The performance of the classification schemes 

will further be evaluated in different relative humidity conditions, to investigate possible links between 

untyped or differently typed layers and high water vapor concentrations. 
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Assessment of the existing EARLINET/ACTRIS aerosol-type classification schemes to future satellite 

missions (e.g., EarthCARE) is ongoing, as the comparison and evaluation of the different classification 

methods is the only way to have a better insight into the possibility of inferring the aerosol source from the 

observed optical properties. 

 

 
Figure 1. Αerosol typing retrievals from the night-time lidar measurements of 19 and 20 of April 2017 

over Finokalia with (a) NATALI, (b) Mahalanobis distance automatic aerosol type classification and (c) 

Optimal Estimation Method. 
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INTRODUCTION 

Annual, monthly and seasonal cycles of the aerosol optical properties observed over the Arctic Lidar 

Observatory for Middle Atmosphere Research (ALOMAR) in Andøya (69.2780 N, 16.0080 E, 380m), 

Northern Norway, are presented. Collocated sunphotometer measurements and ground based lidar 

observations are analyzed to derive the columnar and layering aerosol optical products. 

 

METHODS 

Aerosol observations are performed at the combined European Aerosol Research Lidar Network 

(EARLINET) and Aerosol Robotic Network (AERONET) site of Andenes, at Andøya island (69.2780 N, 

16.0080 E, 380m), Northern Norway.  

A multi-wavelength depolarization lidar is operating since 2005 (Pappalardo et al., 2014) as part of the 

Arctic Lidar Observatory for Middle Atmosphere Research (ALOMAR). The lidar configuration is a 

monostatic, biaxial system, operating with a pulsed Nd:YAG solid state laser. The first (1064 nm), second 

(532 nm), and third harmonic (355 nm) frequency are emitted with a 30 Hz repetition rate. The set-up of 

the system includes three elastic channels at 355, 532 and 1064nm, one Raman channel at 387 nm and one 

depolarization channel at 532 nm (Frioud et al. 2006). The final products calculated with the Single 

Calculus Chain processing algorithm (SCC; D'Amico et al., 2015) are the aerosol backscatter coefficient at 

355, 532 and 1064 nm, the linear particle/volume depolarization ratio at 532nm and the aerosol extinction 

coefficient at 355nm. All products are publicly available in the EARLINET database 

(https://www.earlinet.org). 

The lidar is collocated with a multiband sunphometer (Holben et al., 1998; Velasco-Merino et al., 2017), 

installed in ALOMAR since 2002, as part of the AERONET global network. The sunphotometer 

observations allow the retrieval of the aerosol optical depth (AOD) for up to 9 wavelengths (i.e., 340, 380, 

440, 500, 670, 870, 1020 and 1640nm). Sky radiance at 6 wavelengths completes the sunphotometer 

measurements. Since 2016 the AOD is also derived at night (polar winter) using Moon irradiance 

observations. From the spectral AOD distribution, the Angstrom exponent and the fine mode fraction 

(FMF) are derived, along with the particle volume size distribution and other optical properties. The 

products are publicly available online (http://aeronet.gsfc.nasa.gov). 

Annual and monthly cycles of the columnar aerosol optical depth (AOD) derived with the sunphotometer 

at three wavelengths are presented in Figure 1. A general decrease of the AOD values is shown, followed 

by a strong increase during 2019. The yearly mean AOD values (at 340 nm) range from 0.018 to 0.19. The 

monthly cycle shows a maximum around 0.15 (at 340 nm) during July and August and minimum values 

close to 0.018 in February. A secondary maximum appears at 0.14 in April. Possible aerosol sources of 

these high AOD values are transported biomass burning events (soot component) from Central Europe or 

North America. In a next step, the climatological circulation patterns of the air masses arriving at 
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ALOMAR are planned to be analysed in order to determine the seasonal variations of the aerosol 

properties along with the aerosol sources.  

 

 
 

Figure 1. Yearly mean aerosol optical depth (AOD) (left) and monthly mean aerosol optical depth (right) 

values at 340, 675 and 1020 nm, observed at ALOMAR. 

 

In general, mineral dust, continental, biological species, soot and sea spray particles can act either as cloud 

condensation nucleus (CCN) in liquid water clouds or as ice-nucleating particles (INP) in mixed-phase 

and ice clouds. Combined lidar and sunphotometer measurements are already used to estimate height 

profiles of CCN and IN (Marinou et al., 2019), retrieved with the POLIPHON (Polarization Lidar 

Photometer Networking) method (Mamouri, and Ansmann, 2014). Up to now, an extended global 

AERONET analysis has been performed to create a global data set of dust-related POLIPHON conversion 

factors (Ansmann et al., 2019). However, future work remains the investigation of the conversion 

parameters for anthropogenic aerosol particles (i.e., rural background aerosol, forest fire smoke) by using 

the AERONET observations at very different places with various fine-mode aerosol and climatic 

conditions around the globe.  

Long-term CCN measurements in the Arctic have been reported and analysed with major focus on 

seasonal variability and links to aerosol size distribution from sampling at the Zeppelin observatory, 

located at Svalbard. Chang et al., (2018) show that CCN number concentrations have a general distinct 

annual pattern with highly increased values during the spring period, constant high during summer and a 

strong decrease towards annual minimum in autumn and early winter. The high spring CCN concentration 

is linked to long-range transport of polluted air masses from lower latitudes (Arctic haze). 

Thus, a question that arises is whether the combined lidar and sunphotometer retrievals can provide CCN 

or/and INP from measurements performed at the arcic ALOMAR station. This is further connected to the 

question which aerosol components (continental particles, soot component from transported layers) 

possibly can act as CCN or/and INP. In a next step, the retrieval of INP concentration profiles over the 

subarctic station of ALOMAR is planned by combining particle concentration profiles derived by lidar 

measurements with INP efficiency parameterizations. 

 

 

CONCLUSIONS 

Almost 15 years of ground-based lidar and photometer observations have been analysed, in order to 

characterise the aerosol particle over the Arctic Lidar Observatory for Middle Atmosphere Research 

(ALOMAR). An average Aerosol Optical Depth value of 0.11± 0.03 at 340nm is found from the 

sunphotometer measurements. A general decrease of the AOD values over the years is shown, with yearly 

mean AOD (340nm) values ranging from 0.018 to 0.97. 
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INTRODUCTION

Atmospheric new particle formation (NPF) significantly influences climate, by providing seed
aerosols for cloud condensation nuclei (CCN), thereby affecting the surface albedo and net ra-
diative balance. The Arctic region is more susceptible to the changes in radiative balance, with
estimates suggesting an increase in temperatures of 2◦ - 3◦ C over the last 30 years, which is twice
the global average (Shindell, D. and Faluvegi, G., 2009). In this study we focus on modeling NPF
events at Mt. Zeppelin, Svalbard (N78◦56′, E11◦53′, 474 m a.s.l) during the period of 1st - 25th May
2018. NPF was observed on 55 % of the measurement days, at different layers of the Atmospheric
boundary layer (ABL) and air mass directions. The aim of this study is to model NPF events, by
taking into account the spatial distribution of NPF events, its dependence on air mass direction
and to explore the contribution of possible sources (anthropogenic and biogenic emissions) to NPF.

METHODS

The Aerosol Dynamics, gas and particle phase CHEMistry and radiative transfer model (ADCHEM,
(Roldin et al., 2019)) is used to model the concentrations of gases and particles along the air mass
trajectories ending at Mt Zeppelin, Svalbard and starting 7 days upwind. In this work ADCHEM
is used in tandem with Flexpart Version 10.4 (Pisso et al., 2019), an air mass trajectory model.
ADCHEM is employed as a one dimensional column model that solves the diffusion equation, with
40 linear vertical grid cells extending from 10m up to 2500 m a.s.l. The air mass trajectories
were calculated using the Lagrangian particle dispersion model, FLEXPART with meteorological
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input from European Center for Medium-Range Weather forecasts (ECMWF) Integrated Forecast
System (IFS). The air-mass trajectories were calculated for 7 days backwards in time and arriving
at the measurement station every 3rd hour, for the entire modelled period.

The biogenic emissions (isoprene, α-pinene, β-pinene, limonene, carene etc.) were estimated us-
ing Model of Emissions of Gases and Aerosols from Nature (MEGAN v2.04). The primary bio-
genic ocean and anthropogenic emissions, including marine emissions of dimethyl sulfide (DMS)
and halogens were estimated using Copernicus Atmosphere Monitoring Service (CAMS) global
(CAMS-GLOB-ANT and CAMS-GLOB-OCE) inventories. Additionally, NH3 emissions from
seabird colonies were derived using a combination of global emission inventories and NH3 air-sea
flux parametrizations for open ocean.

In this work we used combined chemistry which includes the revised multiphase DMS chem-
istry (Wollesen de Jonge et al., 2021), MCMv3.3.1 and Peroxy radical auto-oxidation mechanism
(PRAM) (Xavier et al., 2019; Roldin et al., 2019), with the aim to model particle formation event
for air-masses arriving at Mt. Zeppelin Svalbard, during the simulated period.

CONCLUSIONS

Figure 1: The uppel panel shows the measured particle size distribution at Gruvebadet. The lower
panel shows the simulated particle size distribution.

Figure 1 shows the comparison of measured and modelled particle size distribution at Gruvebadet,
Svalbard. In the model, new particles are formed via ion-mediated H2SO4−NH3 nucleation, with
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the initial particle growth mainly driven by condensation of H2SO4, while the secondary PM10

MSA and SO2−
4 contribution was mainly formed by oxidation of MSIA and SO2 in the aqueous

phase.
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Roldin, P., Ehn, M., Kurtèn, T., Olenius, T., Rissanen, M. P., Sarnela, N., Elm, J., Rantala, P.,
Hao, L., Hyttinen, N., Heikkinen, L., Worsnop, D. R., Pichelstorfer, L., Xavier, C., Clusius, P.,
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INTRODUCTION 

Tropospheric aerosols play an important role in air quality and climate that is still uncertain. A better 

characterization of their sources and of their spatio-temporal variability is needed to reduce these 

uncertainties. Furthermore, the detection of aerosol gradients in the low troposphere allows the 

determination of the boundary layer height, which is a key parameter controlling the concentration of 

atmospheric aerosols and gases, but which is still uncertain - mostly from the difficulty to detect it from 

observations. Remote sensing technics of tropospheric aerosols can provide datasets to address both 

problematics, providing observation datasets that can help to reduce these uncertainties.  

METHODS 

Since 2018, continuous remote sensing observations of aerosols in the troposphere have been developed in 

the Aix-Marseille region, South-East of France, in the framework of the ACTRIS-France Research 

Infrastructure, of the PHOTONS-AERONET National Observation Service and of the COoL-AMmetropolis 

research project. One rural site and one urban site have been equiped since 2018 and 2021 respectively with 

automatic Lidars (CIMEL CE376 model) operating 24h/24 in the green light range (532 nm) and also 

equiped with a depolarized channel. At the urban site, the Lidar is equiped with a second wavelength in the 

NIR light range (808 nm). The first site (named OHP-GEO) is located at the Observatoire de Haute Provence 

(80 km North of Marseille) and is one of the five national observation platforms of ACTRIS-France. The 

second site (named MLP) is located in the center of Marseille city, and is currently under evaluation to likely 

eventually join the ACTRIS-France infrastructure. This site is operated in collaboration with the regional 

air quality agency ATMOSUD. Furthermore, automatic data are collected by METEO-France with a Vaisala 

CL31 ceilometer at the Marseille-Marignane airport (20 km north-west of Marseille) ; boundary layer height 

timeseries extracted from these data are available under demand to METEO-France. The quality control and 

the inversion of both LIDAR data are performed using the CHECK and BASIC softwares provided by LOA 
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(Mortier et al., 2013 ; Popovici et al, 2018). Every night, the OHP-GEO LIDAR data are pushed by FTP to 

the national AERIS database where they are automatically treated. The products are eye-controlled to be 

validated eventually. Bi-daily radiosounding data collected at Nîmes (100 km north-west of Marseille) and 

more rarely at the OHP-GEO site are used for the Lidar data treatment. Furthermore, photometers data are 

available at both OHP-GEO and MLP sites and are used to constrain the Lidar data inversion (Figure 1). 

 

 

 

 

Figure 1. Map of the sites (in the south-east of France). The colors correspond to the main equipments of 

each site : blue for LIDARS and photometers, violet for ceilometer and green for  radiosoundings. 

 

CONCLUSIONS 

The analyzes of the Lidar, ceilometer and radiosounding datasets provide estimates of the height of the 

atmospheric boundary layer and of its spatio-temporal variability, in a region that is characterized by a 

complex topography, by its proximity to the Mediterranean Sea (with the intrusion of marine air masses on 

Marseille city and a regime of land-sea breezes that can occur from the coast to more than 100 km inland : 

Bastin et al., 2006) and a strong level of urbanization generating urban heat islands which impact the 

dynamics of the atmosphere. These different parameters control the variability of the boundary layer 

(Riandet et al., 2022) and are further addressed in the companion study presented by Riandet et al. The 

datasets also yield information to characterize the nature of the aerosol layers detected at both OHP-GEO 

and MLP sites. Tropospheric plumes of aerosols originating from the long-range transport of remote sources 

were identified at the OHP-GEO site through the calculation of the Lidar depolarization ratio at 532 nm, 

e.g. pyrogenic aerosols (2020 Californian fires : Xueref-Remy et al., 2022, Figure 2), desertic ones (2021 

Saharian dusts : Xueref-Remy et al., 2022) and volcanic ones (ETNA 2022 eruption : Sellitto et al., 2021). 

Remote souces but also local sources such as traffic and sea salt sprays can also be detected over the urban 

site. 

 

 

 

 

 

 

 

Figure 2. Backscattered light profiles (532 nm) measured by LIDAR at the OHP-GEO site in September 

2020 (top : polarized channel ; bottom : depolarized channel), showing plumes of pyrogenic aerosols 

(white contours) outcoming from Californian fires identified by their optical properties. 
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