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11:00 - 12:40  |  

Session#1 – Air pollution sources

11:20 - 11:40

AQABA, measurements of trace gases, dust and aerosols in the
Mediterranean and Arabian Basin, overview and first results of a ship born
campaign.

H. Harder1, H. Su1, H. Fischer1, T. Wagner1, C. Pöhlker1, Y. Cheng1, T. Konemann1, J. Williams1, S. Borrmann1,
M. Martinez1, B. Hottmann1, R. Rohloff1, B. Weber1, G. Lammel1, S. Tauer1, J. Schuladen1, U. Pöschel1, J.
Crowley1, S. Bourtsoukidis1, L. Ernle1, F. Drewnick1, U. Kuhn1, N. Sobanski1, S. Dörner1, I. Tadic1, G. Li1, N.
Friedrich1, P. Eger1, J. Lelieveld2, G. Biskos3, M. Vrekoussis4, N. Mihalopoulos5, B. Vrana6, M. Kanakidou5, S.
Bezantakos3, E. Stephanou3, D. Dienhart1, M. Iakovides3, J. Sciare7, R. Prokes6, M. Pikridas7, J. Paris8, J.
Brooks9

1Max Planck Institut for Chemistry, Germany
2Max-Planck-Institute for Chemistry, Germany
3The Cyprus Institut, Cyprus
4University Bremen, Germany
5University of Crete, Greece
6Masaryk University, Czech Republic
7The Cyprus Institute, Cyprus
8Laboratoire des Sciences du Climat et de l’Environnement, France
9University of Manchester, United Kingdom

The Middle East is home to about 350 million people. It is endowed with about half the proven oil and gas
reserves on the planet, and also has rich solar resources. The Middle East also has exceptional environmental
qualities, with extensive deserts, and is among the most water-scarce regions on Earth. It is subject to dust
storms and heat extremes, and in some parts photochemical air pollution is unparalleled (Alizadeh-Choobari et
al., 2014). Model simulations show that climate change in the Middle East is associated with particularly rapid
warming in summer, and that effectively the hot desert climate is intensifying (Lelieveld et al., 2016). When the
surface temperature increases over dry desert soils, relative humidity decreases, which promotes dust
mobilization (Klingmuller et al., 2016). Although the Middle East is a global change hot spot, it receives
relatively little attention, e.g., in reports of the Intergovernmental Panel on Climate Change (IPCC,2013). One
reason is that observational data are insufficient, unavailable or of limited quality.
AQABA was a comprehensive ship borne measurement campaign of reactive gases and particles, to study the
pronounced regional contrasts that occur in atmospheric pollutant and dust concentrations. It took place in
summer 2017 covering a track from Toulon to Kuwait through the Mediterranean and around the Arabian
Peninsula and back. Here we present an overview of the first results from the AQABA campaign.
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11:40 - 12:00

ELEMENTAL CARBON CONTRIBUTION TO CLIMATE IN THE
EASTERN MEDITERRANEAN AND THE MIDDLE EAST

J. Kushta1, G. Georgiou2, I. Stavroulas2, G. Biskos2, G. Kouvarakis3, Y. Proestos2, T. Christoudias2, M.
Pikridas2, N. Mihalopoulos4, J. Sciare2, J. Lelieveld2, 5

1Dr., EEWRC, The Cyprus Institute, Cyprus
2EEWRC, The Cyprus Institute, Cyprus
3University of Crete, Greece
4National Observatory of Athens, Greece
5Max-Planck-Institute for Chemistry, Germany

Elemental carbon (EC) of the atmospheric aerosol is one of the most important contributors to climate
warming. In this study, we investigate the regional climatic impact of EC particles through their feedback on
radiation and interaction with clouds. Initially, we assess the spatiotemporal distribution of EC over the Eastern
Mediterranean and the Middle East (EMME) region resulted from a yearlong simulation using a regional,
coupled, atmospheric chemistry modelling system. Seasonal analysis identifies the main sources with
endpoints over the EMME region and shortcomings in the current emission inventories. Observed
concentrations from two measuring stations located in the Eastern Mediterranean (i.e. on Crete and Cyprus)
are compared with model predictions in order to evaluate the performance of the modelling system and its
applicability in climatic forcing studies. Subsequently, we compare the control simulation with the results from a
sensitivity test considering no emissions of EC in the model domain and analyse the direct and indirect impacts
of EC particles on radiation, clouds and precipitation. We compare the optical and hygroscopic properties of
EC as described in the modelling system with existing field and laboratory measurements and elaborate on the
uncertainty gap introduced to the quantification of its radiative and microphysical forcing over the region.
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12:00 - 12:20

One-year study of sources, seasonal variability and geographical origin of
submicron organic aerosol from high resolution measurements in Athens,
Greece

I. Stavroulas1, 2, A. Bougiatioti2, D. Paraskevopoulou3, G. Grivas3, E. Liakakou3, E. Gerasopoulos3, N.
MIhalopoulos2, 3

1Energy Environment and Water Research Center, The Cyprus Institute, Cyprus
2ECPL, Department of Chemistry, University of Crete, Greece
3IERSD, National Observatory of Athens, Greece

Submicron aerosol chemical composition has been studied for more than an 16-month period in downtown
Athens, Greece, using an Aerosol Chemical Speciation Monitor (ACSM) to characterize the seasonal
variability of the main fine aerosol constituents and decipher the sources of organic aerosol. Organics
contribute overall almost half of the submicron mass throughout the year, with concentrations during wintertime
reaching up to 200 μg m-3. During this season primary sources, including biomass burning (10%), fossil fuel
combustion (16%) and cooking (8%), contribute around 35% to the organic fraction and the rest 65% is
attributed to secondary aerosol. The semi-volatile component of the oxidized organic aerosol (SV-OOA; 31%)
has a clear link to combustion sources and in particular biomass burning, and even a part of the very oxidized,
low-volatility component (LV-OOA; 35%) could also attributed to the oxidation of these primary combustion
sources. The above results highlight the significance of biomass burning in air quality of urban locations such
as Athens during wintertime. On the other hand, during summer when concentrations of fine aerosols are
considerably lower, more than 80% of the organic fraction is attributed to secondary aerosol. In contrast to
winter, SV-OOA has a well-mixed origin, linked to fast photochemical processes and the oxidation of primary
traffic and biogenic emissions. LV-OOA has a more regional character and originates from the oxidation within
a few days of organic aerosol.
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12:20 - 12:40

Identification and analysis of particulate matter source contributions to the
air quality in mainland Portugal

S. Coelho1, J. Ferreira1, C. Borrego1, M. Lopes1

1CESAM & Department of Environment and Planning, University of Aveiro, Portugal

Air pollution has become a growing concern in the past few years, with an increasing number of acute air
pollution episodes in many cities worldwide. In Portugal, high concentrations of particulate matter (PM) are
frequently recorded, being one of the most critical air pollutants. Citizens’ exposure to particulate matter has
been threatening human health, increasing mortality and morbidity and contributing to a broad range of
negative health outcomes. Strategies to reduce PM air pollution are still need.
Source apportionment modelling provides valuable information on the contributions of different source
activities and source regions to PM concentrations. This information can be useful in designing air quality
management strategies and in understanding the potential benefits of reducing emissions from a particular
source category. Additionally, source apportionment modelling can help in the development of a new
perspective based on the connection between pollution and several everyday citizens’ practices. This is the
main objective of the “ClairCity” Project (Citizen Led Air Pollution Reduction in Cities) that will put citizens and
their behaviours at the centre of air pollution.
In the present work, the Comprehensive Air Quality Model with Extensions (CAMx), forced by the Weather
Research and Forecasting (WRF) meteorological fields, was applied over mainland Portugal for the year of
2010, the base year for ClairCity project. The CAMx Particulate Source Apportionment Technology (PSAT)
was applied to quantify the contributions of multiple source areas, categories, and pollutant types to ambient
pollution, over the case study region.
Preliminary results point to a great influence of the urban contribution from different human activities like traffic
and residential combustion emissions to the PM levels in Portugal. Moreover, since it is Mediterranean
country, PM concentrations in Portugal are often considerably influenced by dust from the Sahara desert
transported by southeast air masses.
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14:00 - 15:40  |  

Session#2 – Climate Change & Air pollution Modelling, Trends and Prediction

14:00 - 14:20

Differential 20th and 21st century warming around the Mediterranean and
the MENA region

P. Hadjinicolaou1, G. Zittis1, J. Lelieveld1, 2

1The Cyprus Institute, Cyprus
2Max Planck Institute for Chemistry, Germany

We apply the WRF model as a regional climate model (RCM) over the MENA-CORDEX domain to downscale,
at a horizontal resolution of 50 km, from 1951 to 2100, meteorological fields from the NCAR’s CESM1 global
climate model (GCM) and under two Representative Concentration Pathway (RCP) future scenarios (RCP4.5
and RCP8.5). The RCM and GCM simulated temperature climatology and temporal evolution are first analysed
for the recent past using the ERA-Interim re-analyses (and other) data. Fourteen sub-regions within the MENA
domain (including the Mediterranean) are analysed. The derived observed trends up to 2016 indicate
geographically differential warming rates, with parts of the Middle East exhibiting more than 0.5 degrees per
decade (partly captured by the model scenario runs). The projected temperature change from the two
downscaling experiments (the RCP 4.5 and RCP8.5) is also analysed for future periods by deriving annual and
seasonal averages for the defined areas around Mediterranean, the Middle Rast and North Africa, in order to
explore future sub-regional hot-spots of warming within the basin. Finally, the 21st century warming rates
projected by the RCM over the sub-regions are analysed, in comparison to the global average warming from
the driving GCM, and the timing and magnitude of the regional and sub-regional temperature change for 1.5
and 2 degrees global warming are deduced.
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14:20 - 14:40

Observed rainfall trends and precipitation uncertainty in the vicinity of the
Mediterranean, Middle East and North Africa

G. Zittis1

1The Cyprus Institute, Cyprus

The present study investigates the century-long and more recent rainfall trends over the greater region of
Middle East and North Africa (MENA). Five up-to-date gridded observational datasets are employed. Besides
mean annual values, trends of six indices of drought and extreme precipitation are also considered in the
analysis. Most important findings include the significant negative trends over the Maghreb, Levant, Arabian
Peninsula and Sahel regions that are evident since the beginning of the 20th century and are more or less
extended to today. On the other hand, for some Mediterranean regions such as the Balkans and the Anatolian
Plateau, precipitation records during the most recent decades indicate a significant increasing trend and a
recovering from the dry conditions that occurred during the mid-70s and 80s. The fact that over parts of the
study region the selected datasets were found to have substantial differences in terms of mean climate, trends
and interannual variability, motivated the more thorough investigation of the precipitation observational
uncertainty. Several aspects, such as annual and monthly mean climatologies and also discrepancies in the
monthly time-series distribution are discussed using common methods in the field of climatology but also more
sophisticated, nonparametric approaches such as the Kruskal-Wallis and Dunn’s tests. Results indicate that in
the best case, the data sources are found to have statistically significant differences in the distribution of
monthly precipitation for about 50% of the study region extent. This percentage is increased up to 70% when
particular datasets are compared. Indicatively, the range between the tested rainfall datasets is found to be
more than 20% of their mean annual values for most of the extent of MENA, while locally, for the hyper-arid
regions, this percentage is increased up to 100%. Precipitation observational uncertainty is also profound for
parts of southern Europe. Outlier datasets over individual regions are identified in order to be more cautiously
used in future regional climate studies.
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14:40 - 15:00

Uncertainty of modelled climate over the Middle East and North Africa
(MENA) region due to land surface schemes

K. Constantinidou1, P. Hadjinicolaou1, G. Zittis1, J. Lelieveld1, 2

1The Cyprus Institute, Cyprus
2Max-Planck-Institute for Chemistry, Germany

The MENA region, including the eastern Mediterranean, experiences changes in temperature and
precipitation, which are expected to be intensified according to future climate projections. The Weather
Research Forecast (WRF) model is used here as dynamical downscaling tool to assess and understand the
effect of land-atmosphere linkages on the climate of the MENA region. In order to study the sensitivity of the
model climate to different land surface schemes (LSS), six different experiments (6 options for LSS: Noah,
NoahMP (dynamic vegetation option = off & on), CLM, RUC (6 & 9 soil layers)) were performed for a ten-year
period (Dec.2000-Nov.2010) forced by the ERA-Interim re-analyses at 50 km resolution over the MENA-
CORDEX domain, producing daily output of relevant meteorological variables. In this work, the model
sensitivity is quantified through analysis of model annual and seasonal climatologies, trends, inter-annual
variability and extremes of different atmospheric near surface parameters based on monthly time-series. Our
ultimate goal is to quantify the model land surface driven uncertainty of future projections of climate change.
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15:00 - 15:20

Proposed new generation atmospheric models for the Mediterranean and
the Middle East.

C. Pain1

1Imperial College London, United Kingdom

Emphasis is given to novel numerical approaches for accurately simulating and predicting both large scale (km
scale) weather systems, as well as smaller scale (metre scale) urban atmospheric
environments. The methodologies are based on novelties in both mesh-adaptivity, data assimilation, reduced
order and sensor optimisation approaches, which are all implemented within the sophisticated, three-
dimensional CFD platform, Fluidity. The Large Eddy Simulation (LES) simulator within Fluidity is especially
designed for use with unstructured adaptive meshes, allowing anisotropic resolution as well as implementation
on HPCs with hundreds of cores (20 to 1000 cores). This is achieved through hybrid open-MP/MPI
parallelisation which, when combined with the adaptive resolution, makes it ideal for modelling large-scale
spatial problems such as those encountered in large scale weather systems, as well as the atmospheric
boundary layer. The Reduced Order Modelling (ROM) approach, a key to fast predictions, captures dominant
components of large dimensional processes on modest numbers of variables/modes (e.g. 20 ~ 100), greatly
reducing the overall computational load. This fast methodology can and will also be used in data assimilation,
error norm computation for determining mesh resolution and sensor placement optimization, allowing fast
predictions (within minutes as opposed to days) of large-scale weather systems and dispersion of pollutants
within the atmospheric boundary layer. Data assimilation is also employed as the key technique for using
observations to refine models dynamically, as well as to manage observation strategies so that models and
observations can remain consistent (e.g. to maximise real-time predictive ability for, say, 1 or 24 hour average
pollution concentrations). To this end, an atmospheric EnKF (Ensemble Karman Filter) and variational data
assimilation tool is being developed and currently tested for large scale problems within the Fluidity platform.
The final aim and scope will be to implement these techniques in regions such as the Mediterranean and the
Middle East, whose climatic conditions are very different to those encountered in Northern Europe/UK. The
implementation will allow fast predictions of air flows, temperature variations, humidity, as well as atmospheric
pollution levels – thus assessing quickly changes to the climatic conditions and atmospheric pollution within the
region.
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15:20 - 15:40

Multiscale Adaptive Mesh Atmospheric/Air Pollution Predictive Modelling
and Applications

F. Fang1, J. Zheng2, J. Li3, C. Pain1, J. Zhu3, Z. Wang3, D. Xiao1

1Imperial College London, United Kingdom
2Institute of Urban Environment, Chinese Academy of Sciences, China
3Institute of Atmospheric physics, Chinese Academy of Sciences, China

Once air pollutants are emitted into the atmosphere, the dynamic and chemical processes would transport and
transform them continuously. The interactions between these processes involve a wide range of scales. The
highly disparate scales poses a formidable challenge for atmospheric and air pollution modelling. In this talk,
we will introduce a new multiscale model for atmospheric and air pollution prediction and controls. Over
existing atmospheric and air pollution models typically based on static-structured grids using a locally nesting
technique, the advantage of the adaptive unstructured mesh model has the ability to adapt the mesh according
to the evolving pollutant distribution and flow features. That is, the mesh resolution can be adjusted
dynamically to simulate the pollutant transport process accurately and effectively. We will also introduce data
assimilation, machine learning techniques for improved predictive accuracy and uncertainty optimisation and
rapid responding modelling.
The multiscale adaptive mesh modelling capability has been demonstrated by comparing results with those
from existing models and observational data. We have successfully applied this new model to a real-life
scenario in China – simulated the pollutant released from over 100 coal power plants across 55 cities including
Beijing.
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16:10 - 17:50  |  

Session#3 – Climate change & Air pollution Impacts

16:30 - 16:50

Climate change adaptation in Eastern Mediterranean: Desert Dust Storms
and the EU LIFE project MEDEA.

S. Achilleos1, S.I. Papatheodorou1, N. Middleton1, E. Galanakis2, V. Novack3, F. Tymvios4, C. Savvides5, C.
Kaniklidis6, E. Revvas7, M. Neofytou8, P. Kouis8, P. Yiallouros8

1Cyprus University of Technology, Cyprus
2University of Crete, Greece
3Soroka University Medical Center, Clalit Health Services, Israel
4Cyprus Department of Meteorology, Ministry of Agriculture, Rural Development and Environment, Cyprus
5Department of Labour Inspection, Ministry of Labour, Welfare and Social Insurance, Cyprus
6Cyprus Broadcasting Corporation, Cyprus
7E.n.A Consulting, Greece
8University of Cyprus, Cyprus

Over the past decade, several studies have demonstrated that desert dust storm events (DDS) affecting East
Mediterranean countries, have increased in both frequency and intensity probably due to accelerating
desertification and climate change. DDS events have been associated with increased hospital admissions for
asthma, chronic obstructive pulmonary disease, cardiovascular disease; and increased mortality. Beyond
these serious complications, individuals may also suffer from mild discomfort, eye and skin irritation, and
symptomatic exacerbations of pre-existing conditions that require unscheduled hospital visits, and/or use of
excessive medications.

The MEDEA demonstration project titled “Mitigating the Health Effects of Desert Dust Storms Using Exposure-
Reduction Approaches”, is co-funded by the EU LIFE programme and aims to demonstrate the feasibility and
effectiveness of a climate change adaptation strategy to DDS which will reduce exposures of vulnerable
populations at the national and international level and better inform EU policy making. More specifically,
MEDEA will: 1) design easy to implement and sustainable exposure-reduction recommendations to follow
during DDS events; 2) demonstrate which of the recommendations are effective in reducing exposures to DDS
events and related adverse health effects in panels of adults with atrial fibrillation (AF) and children with
asthma; 3) demonstrate the feasibility of applying models for early forecasting of DDS events and timely
notification of the public, targeting susceptible individuals; and 4) transfer efficiently the results to competent
authorities, scientific community, social stakeholders and citizens in Cyprus, Crete, and Israel and network
with target bodies in other DDS-exposed regions in the Mediterranean and Middle East.

The MEDEA partnership brings together an interdisciplinary consortium of eight partners (University of Cyprus,
Cyprus University of Technology, University of Crete, Soroka Clinical and Research Center, E.n.A Consulting
LP, Cyprus Broadcasting Corporation, Cyprus Department of Meteorology, and Department of Labour
Inspection of Cyprus) from Cyprus, Greece and Israel. Between 2017 and 2021, MEDEA project will set-up
and carry out the intervention program in three of the most heavily exposed European regions (Cyprus, Crete,
and Israel). From its beginning the project actively engages regulatory and social stakeholders which will
continue after the project end the replication of the intervention strategies to be developed at the three affected
areas but also in other DDS affected regions of South Europe.

Funding information: MEDEA project is co-funded by the European Union's LIFE programme under Grant
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Agreement LIFE16 CCA/CY/000041
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17:10 - 17:30

Effect of Climate Change on Marine Ecosystems in Gulf: An example of
likely change in calcification among corals

S. Uddin1, M. Behbehani1, A. Al-Ghadban1, M. Al-Murad1

1Kuwait Institute for Scientific Research, Kuwait

The atmospheric levels of carbon dioxide (CO2) and other greenhouse gases have been increasing since the
industrial revolution. This has led to a concerted international effort to control their release and abate the
environmental impacts. The bulk of atmospheric CO2 is removed by photosynthesis and in Gulf region, the
most likely removal pathway for CO2 is by oceanic sequestration. A decade-long time series of pH, sea
surface temperature and salinity in the northern Gulf suggest a drop in pH and increase in salinity and
temperature. Biological effects, like seasonal coral bleaching, suggest that urgent action is required to address
the issue of ocean warming and ocean acidification. Several experiments have been conducted to understand
the biological response to ocean acidification-ocean warming. In this paper, we present the data obtained for
Gulf corals. Coral is being considered because of the fact that coral reefs are crucial ecosystems for the
equilibrium of the oceans, harboring a large part of the marine biodiversity. The Gulf experiences a series of
natural stressors including higher temperature and salinities due to its subtropical location and hyper-arid
climate experiences, in recent years the pH drop is also quite evident in coastal waters. Increased water
temperature (with and without other stressors) hampers the ability of coral symbiosis and might be followed by
massive coral bleaching events. An experimental study was conducted on two species of corals to ascertain
the rate of calcification under two pH condition 8.2 and 7.5 and three temperatures 22.5, 27.5 and 32.5. The
45Ca radiotracer was used to assess the rate of calcium accretion. The gross calcification rate among
Acropora pharaonis at 22.5oC, 27.5oC and 32.5 oC temperature under 8.2 pH varies between 4.36 – 4.77, 3.6
- 3.98, 2.23 – 2.39, while at 7.5 pH these rates were 2.77 – 3.29, 2.89 – 3.52, 1.99 – 2.30, µmol CaCO3 g-1
d-1. The gross calcification in Porites lutea under similar experimental conditions was 4.13 – 4.55, 3.35 – 3.69,
and 2.01 – 2.18 at 8.2 pH and 2.49 – 2.95, 2.53 – 3.12 and 1.65 – 1.88 µmol CaCO3 g-1 d-1. The fact that
there was net calcification at a low pH was higher at 27.5oC rather than 22.5oC temperature suggests
resilience and possibly adaptation to higher temperature among Gulf corals.



W
ednesday, 16 M

ay | O
ral Presentations

Page | 13

17:30 - 17:50

Impact of resilience measures on air pollutants dispersion in Porto’s urban
area

S. Rafael1, B. Vicente1, V. Rodrigues1, C. Borrego1, M. Lopes1

1University of Aveiro, Portugal

Air pollution is an environmental and social issue at different spatial scales, especially in a climate change
context, with an expected decrease of air quality. Air pollution is a combination of high emissions and
unfavourable weather conditions, where wind speed and wind direction play a key role. The urban design
(location and structure of buildings and trees) can both promote the air pollutants dispersion as well as rise
their retention within the urban area. Today, most of the urban areas are applying measures to adapt to future
extreme climatic events. Most of these measures are grounded on nature-based solutions, namely green roofs
and green areas. In this sense, studies are required to evaluate how the implementation of these actions will
influence the wind flow within the urban area and, consequently, how this will influence air pollutants
dispersion.
The main goal of this study was to evaluate the influence of the application of different resilience measures,
such as adaptation strategies to deal with heat waves impacts, in the dispersion of air pollutants, in a built-up
area in Portugal, the city of Porto. For that, two pollutants were analysed (NOx and PM10) and four scenarios
were developed: i) a baseline scenario, which characterizes the current status of the study area, ii) an urban
green scenario, which implies the implementation of a green area inside the domain, iii) a green roof scenario,
which consists in the implementation of green roofs in a specific area of the domain; iv) a “grey” scenario,
which consists in a scenario with absence of vegetation. For that, two models were used in chain, the Weather
Research and Forecasting model (WRF) and the CFD model VADIS (pollutant dispersion in the atmosphere
under variable wind conditions). The WRF model was used to initialize the CFD model, while the last was used
to perform the set of numerical simulations, in an hourly base. The implementation of the green urban area
promoted a reduction of air pollutants concentrations, 16% on average, related to the increase of the wind flow,
which promotes air pollutants dispersion; while the application of green roofs, for the analysed period, showed
an increase of air pollutants concentrations. Overall, the results showed that a strategic placement of
vegetation in cities has the potential to make an important contribution to increase air pollutants dispersion and
so promote the improvement of air quality and sustainability of urban environments.
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9:00 - 10:30  |  

Session#4 – Atmospheric Monitoring & Composition

9:00 - 9:30

GlobalSMEAR (Stations for Measuring Earth Surface - Atmosphere
Relations)

M. Kulmala1, 2, H. Lappalainen2, 3

1Unviversity of Helsinki, Finland
2University of Helsinki, Finland
3Finnish Meteorological Institute, Finland

The conceptual design towards a Station for Measuring Earth surface - Atmosphere Relations (SMEAR) -
Concept started in 1995 and was first built on continuous, comprehensive observations of fluxes, storages and
concentrations in the land ecosystem – atmosphere continuum (Hari and Kulmala, 2005). Later the concept
has been enlarged to consist all kind of Earth surfaces including megacities. In 2009 Hari et al. proposed the
concept of hierarchy of research stations where flagship stations, like SMEAR II (a Station for Measuring
Ecosystem - Atmosphere Relations ) station in Hyytiälä, Finland, would combined with flux stations and
standard stations to achieve a global and regional coverage. Later Hari et al. 2016 expanded the concept and
proposed concrete actions for global station network. Kulmala (2018) has estimated that as a core of this type
of station network we would need 1,000 or more well-equipped ground stations around the world that track
environments and key ecosystems fully and continuously. Combining data from these well equipped stations
with the data from satellite-based remote sensing, laboratory experiments and computer models would enable
to us to tract and quantify land – atmosphere – ocean feedbacks and solve the air quality chemistry and
physics at a regional and global scales.

The prototype of the most well equipped station implementing the SMEAR Concept is the SMEAR II station.
During the past ten years, the SMEAR II station has been a major contributor to several Pan-European
research infrastructure design, integrated activity and preparation projects that are currently on the ESFRI
Roadmap, such as ICOS (Integrated Carbon Observation System), ACTRIS (Aerosols, Clouds, and Trace
gases Research Infrastructure), AnaEE (Infrastructure for Analysis and Experimentation on Ecosystems),
eLTER (Integrated European Long-term Ecosystem, critical zone and socio-ecological system Research
Infrastructure) and EARLINET (The European Aerosol Research Lidar Network).

SMEAR II also has served a testbed to the development instrument development and data processing system.
Recently University of Helsinki has launched a commercial framework, which enables upgrading of the existing
stations by adding a site specific SMEAR-concept instrument setup (block) together with technical guidance
together with a detailed data exploitation / science plan.
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9:30 - 9:50

THE GLAM AIRBORNE CAMPAIGN ACROSS THE MEDITERRANEAN
BASIN

P. Ricaud1, T.G. Team1

1CNRM, France

The GLAM (Gradient in Longitude of Atmospheric constituents above the Mediterranean basin) airborne
campaign was set up to investigate the summertime variability of gaseous pollutants, greenhouse gases and
aerosols between the western (~3°E) and eastern (~35°E) sections of the Mediterranean Basin, as well as
how this connects with the impact of the Asian monsoon anticyclone on the eastern Mediterranean in the mid-
to-upper troposphere (~5-10 km). GLAM falls within the framework of the Chemistry-Aerosol Mediterranean
Experiment (ChArMEx) program. GLAM used the French Falcon-20 research aircraft to measure aerosols,
humidity and chemical compounds: ozone, carbon monoxide, methane and carbon dioxide. GLAM took place
between August 6 and 10, 2014, following a route from Toulouse (France) to Larnaca (Cyprus) and back
again, via Minorca (Spain), Lampedusa (Italy) and Heraklion (Crete, Greece). The aircraft flew at an altitude of
5 km on its outbound journey and 10 km on the return leg. GLAM also collected vertical profiles around the
landing sites listed above. A combination of model outputs, chemical mapping analyses, and space-borne and
surface station measurements gathered prior to and during the campaign were used to interpret the in situ
airborne measurements. The main outcome of this study is the impact of intercontinental transport on the
longitudinal variability of pollutants, greenhouse gases and aerosols at an altitude of 10 km. The eastern
Mediterranean is affected by air masses from the Arabian Sea surface, and the western Mediterranean is
impacted by air masses from North America (biomass burning) and West Africa (desert dust).
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9:50 - 10:10

New particle formation: from semi-clean to very polluted environments

L. Dada1, C. Yan1, 2, Y. Zhou2, Y. Fu3, J. Kangasluoma1, 2, J. Kujansuu1, 2, T. Petäjä1, 2, M. Kulmala1, 2

1INAR/Physics, University of Helsinki, Finland
2Aerosol and Haze Laboratory, Beijing University of Chemical Technology, China
3School of Environment, Tsinghua University, China

New particle formation (NPF) from precursor gases has been a hot topic in atmospheric chemistry and physics
as it has been observed almost everywhere around the globe. Owing to its contribution to a major fraction of
cloud condensation nuclei 1, NPF affects the climate. Besides, aerosols of different sizes are known for their
effect on human health. Quoting Kulmala 20182, ‘Climate change. Water and food security. Urban air pollution.
These environmental grand challenges are all linked, yet each is studied separately.’ Therefore, it is important
to study the initial steps of the formation of these nanoparticles and their further growth in order to extrapolate
into the future. Although chamber experiments are doing a good job in mimicking atmospheric conditions, to
understand the driving force behind NPF phenomenon, long-term measurements in different environments are
a necessity.
SMEAR II (Station for Measuring Ecosystem-Atmosphere Relations), is located in Hyytiälä, southern Finland,
and covers 22 years of particle, gases and meteorological parameters measurements3. The station is
established within a homogenous belt of Scots pine and acts as a representative of the northern hemisphere
boreal forests. Our dimensions span from ground level to above canopy measurements providing a
comprehensive understanding of NPF in the boreal forest environment. However, the boreal forest does not
represent the whole globe, which made it crucial to extend our measurement locations. The need for a global
observatory resulted in the birth of SMEAR Beijing (January 2018), located in the midst of Beijing city, at the
Beijing University of Chemical Technology. Due to rapid urbanization and increased population in countries
such as China, severe air quality problems are visible. While the contributions of different sources to extreme
haze episodes remain uncertain, our current measurement capabilities in Beijing extend to cover most related
parameters which will in turn solve the mystery behind air pollution.
We will thus use results obtained from the extended data set at SMEAR II station and the brief existing data set
at SMEAR Beijing to show similarities and differences in NPF episodes from semi-clean and urban
environments, respectively. While the deep analysis of both sites will explain NPF in extreme environments
around the world, understanding NPF phenomenon in areas with intermediate characteristics such as the
Mediterranean shore is still a must4.

1Kerminen et al. 2012, Atmos.Chem.Phys., 12, 12037–12059
2Kulmala 2018, Nature 553, 21-23
3Hari and Kulmala 2005, Boreal Env. Res. 10: 315–322
4Baalbaki et al. 2018, in Prep
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10:10 - 10:30

Chemical composition of newly formed particles at Agia Maria forest
station, Cyprus

T. Jokinen1, K. Neitola2, R. Baalbaki3, T. Laurila1, J. Sciare2, M. Kulmala1

1INAR/Physics, Finland
2The Cyprus Institute, Cyprus
3University of Helsinki, Finland

Aerosol particles effect air quality and visibility all around the planet, but the chemical composition of aerosol
precursor gases and molecules is still very limited. Only two studies so far (Sipilä et al., 2016, Bianchi et al.,
2016) have solved the step-by-step process leading to aerosol formation in the ambient air so far, while studies
made in controlled laboratories and simulation chambers suggest that aerosol particles can be formed in
various complicated pathways and chemistries.

We organized an intensive campaign in Agia Marina forest station in Cyprus in the spring of 2018 in order to
study the chemical composition of newly formed particles in the Mediterranean atmosphere. This study is first
of its kind studying Saharan dust events and Middle Eastern airmasses.

New particle formation events were observed using complimentary methods of particle counters (PSM and
NAIS) and meteorological parameters. Particle counters that reveal the presence of 1-3 nm particles during
noon, almost daily (these results are discussed in more detail in Baalbaki et al. presentation). Also nighttime
thickening of the so called cluster ion band was detected and it suggest nocturnal molecular cluster formation
events taking place at the site also.

Chemical composition of the neutral precursor molecules and clusters was done with the nitrate based CI-APi-
TOF (Jokinen et al., 2012) that is able to detect minute quantities of sulfuric acid, iodic adic and highly
oxygenated organic compounds (HOM). All these trace gases have been suggested to form new aerosol
precursor clusters in the air.
Time traces and duirnal patterns of the precursors will be discussed further in the poster and connection to
frequently observed new particle formation at the site will be analyzed throughout. We will also present
possibilities of detecting explosives or other low-volatile compounds online from ambient air.

These results will help us understand the dynamics of aerosol particles in yet another environment since most
of the recent studies have been concentrating solely on the boreal forest and arctic regions of the planet.
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11:00 - 12:20  |  

Session#5 – Atmospheric Dust

11:20 - 11:40

Ice nucleation properties of mineral dust particles in the Eastern
Mediterranean

Y. Rudich1

1Weizmann Institute, Israel

Mineral dust is a the main contributor to ice formation in mixed phase clouds. Mineral dust
particles were sampled in Israel during dust events that originated from two desert areas
(North Africa and Syria-Iraq border). The role of particle size on the freezing efficiency was
investigated. Despite the differences in the dust sources, atmospheric path and residence
time, super-micron particles had similar freezing efficiencies. Moreover, the dust particles in
one dust event have shown a reduced ice efficiency, possibly due to interaction with
biomass burning plume that occurred during sampling.
In the second part of the talk we will discuss the relative contributions of ice nucleation
particles (INPs) and secondary ice production (SIP) in the Eastern Mediterranean. We will
present ice nucleation measurements via immersion freezing of insoluble particles collected
during several rain events. The immersion freezing results were compared with satelliteretrieved clouds’
glaciation temperatures, related to the rainwater particles’ chemical compositions and their particles mass
loads. A simple model using these comparisons suggests that primary ice production cannot explain the
observed warmer glaciation
temperatures. This suggests that the role of SIP is much larger than previously was assumed.
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11:40 - 12:00

Change of the dust transport patterns in the East Mediterranean affect the
coarse mode levels in Cyprus.

M. Pikridas1, M. Vrekoussis2, 3, N. Mihalopoulos1, 4, C. Kizas5, C. Savvides5, J. Sciare1

1The Cyprus Institute, Cyprus
2University of Bremen, Institute of Environmental Physics and Remote Sensing (IUP), Germany
3University of Bremen, Center of Marine Environmental Sciences (MARUM), Germany
4National Observatory of Athens, Athens, Greece
5Ministry of Labour and Social Insurance, Department of Labour Inspection (DLI), Nicosia, Cyprus

Particulate levels have been monitored in Cyprus since 1998. However, only a limited number of researchers
have utilized this rich dataset, which currently involves 12 stations throughout the island. The most extended
PM datasets correspond a) to the Agia Marina Xyliatou (AMX) monitoring station established at a remote area
at the foothills of mount Troodos and b) that of the inland capital, Nicosia and involve daily monitoring of
particulate matter with diameters smaller than 10 μm (PM10), 2.5 μm (PM2.5), and 1 μm (PM1) since 1997,
2005, and 2009, respectively. Using this historic dataset, Cyprus PM matter has been characterized with
respect to diurnal, temporal, and interannual variability. Based on the latter, it is shown that prior to 2010, the
particulate levels in Cyprus have remained constant regardless of size fraction. After 2010, PM10 has
decreased by 30% at AMX and has remained at this decreased level since. PM2.5 at the same area has also
decreased following the PM10 trend, yet submicron aerosol concentration has remained stable. The same
trend (decline in PM10 without simultaneous decrease in PM1) was also observed at all remaining urban
agglomerations and industrial areas in Cyprus and has also been verified by satellite observations of Aerosol
Optical Thickness (AOT) Moderate Resolution Imaging Spectroradiometer (MODIS) onboard NASA's Terra
satellite. Therefore the phenomenon was attributed to natural rather than anthropogenic origin. To a large
extent it can be explained to a sharp decrease of regionally transported dust particles by 6.8 μg m-3 since
2010. This was against the general trend prior to 2010 that involved a steady increase equal to 0.5 μg m-3
annually. We show that since 2010 less dust particles are transported from the Saharan desert. To some
extent, this loss is compensated by an increase in dust transport from the Middle East. However, the net
budget is negative. Our results suggest a change in the patterns that govern dust transport in the Eastern
Mediterranean, which in turn affects mitigation policies, and human health in a densely populated region that
includes several cities with 3M inhabitants or more (e.g. Athens, Istanbul, Izmir, and Cairo).
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12:00 - 12:20

Investigating source and trend of atmospheric dust and urban pollution in
central part of Iran plateau using a depolarized lidar, in situ recordings and
satellite data.

H. Panahifar1, H. Khalesifard2, 3

1IASBS, Iran
2institute for advanced studies in basic sciences, Iran
3Center for Research in Climate Change and Global warming, Institute for Advanced Studies in Basic
Sciences, Iran

The Iran plateau (~26°-36° N, ~45°-61° E) from the climatic point of view is part of the region that stretch
from the west Africa all the way to Mongolia near Beijing China and generally referred as the dust belt. This
area can be considered as the host and source of the dust storm within the mentioned region. Some studies
have shown that the Mesopotamian region is responsible for more than 80 % of observed dust events in
Northwest Iran. Another research which has been conducted recently reveals that the effects of dust activities
originated from Arabian Peninsula may extended on Iran Plateau and even up to the central Asia. This
research includes the ground based LiDAR measurements as well as satellite data in synergy with
atmospheric models. The Lidar measurements as a active remote sensing technique, carried out in Tehran
(35.7669°, N 51.3118° E, 1430 m AMSL) since November 2014. According to our measurements, the
strength and frequency of dust event has growth during previous years in Iran plateau. There are few active
dust sources around and inside the Iran plateau. Tigris and Euphrates basin as well as the dry area between
Aral and Caspian seas in Turkmenistan as well as Arabian peninsula have considerable impact on the
observed dust events in west, north and central part of Iran. The Tehran, capital of Iran which is located in
central part of plateau, had been subjected to such dust events especially in spring and summer times but the
geographical location of the city, and its high population made the urban and industrial aerosols very effective
on the atmospheric pollution of the city. Stable atmosphere very frequently occurs in late autumn and winter
times. In such days, the stable polluted boundary layer just rises up to a few hundred meters AGL.
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13:40 - 15:10  |  

Session#6 – Greenhouse Gases & Remote Sensing Observations

13:40 - 14:10

How to spend a greenhouse gas budget without legating large negative
emissions to future generations

P. Ciais1, M. Obersteiner2, J. Bednar2, F. Wagner2, T. Gasser2, N. Forsell2, S. Frank2, P. Havlik2, H. Valin2, I.A.
Janssens3, J. Peñuelas4, 5, G. Schmidt-Traub6

1Laboratoire des Sciences du Climat et de l'Environnement, LSCE-IPSL (CEA-CNRS-UVSQ), Université
Paris-Saclay, France
2International Institute for Applied Systems Analysis, Austria
3University of Antwerpen, Belgium
4CSIC, Global Ecology Unit CREAF-CSIC-UAB, Cerdanyola del Vallès, Spain
5CREAF, Cerdanyola del Vallès, Spain
6UN Sustainable Development Solutions Network, France

The Paris Agreement on climate is based on future emission scenarios that move from a slow decrease of
fossil fuels to large negative emissions in the late-century negative emissions, which pose . Alternative
pathways of early deployment of negative emission technologies need to be considered to ensure that climate
targets are reached safely and sustainably.
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14:10 - 14:30

Remote Sensing of tropospheric pollution from space

M. Vrekoussis1, 2, A. Richter1, F. Wittrock1, A. Hilboll1, L. Alvarado1, J.P. Burrows1

1Institute of Environmental Physics, University of Bremen, Germany
2Energy, Environment and Water Research Center (EEWRC), The Cyprus Institute, Cyprus

The innovative advances in the field of satellite remote sensing enabled the acquisition of global knowledge
about the amounts and spatial distribution of tropospheric constituents. This information is needed when
assessing the impacts of pollution on air quality deterioration, climate change and human health. Herewith, we
present the temporal and spatial distribution of nitrogen dioxide (NO2) and two key volatile organic molecules,
namely formaldehyde (HCHO) and glyoxal (CHOCHO) retrieved in the UV-Vis spectral region from space-
based data collected by the GOME, SCIAMACHY, GOME-2, OMI and more recently by the TROPOMI
satellite sensors. The global composite maps revealed numerous hot-spot areas over the continents affected
by anthropogenic, biogenic and biomass burning emissions.
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14:30 - 14:50

GHGs and AQ measurements over European cities using aerial and ground
platforms as part of the ICARUS air pollution and climate change mitigation
strategy

T. Maggos1, T. Soulos2, M. Lenarčič3, D. Kocman4, T. Kanduč4, P. Panagopoulos1, H. Flocas5, C. Vasilakos1, A.
Gotti6, S. Karakitsios6, D. Sarigiannis6

1NCSR DEMOKRITOS, Greece
2ARTEMIS S.A, Greece
3AEROVIZIJA d.o.o, Slovenia
4Jožef Stefan Institute, Slovenia
5University of Arhens, Greece
6Aristotle University of Thessaloniki, Greece

EC H2020 project named “ICARUS” (Integrated Climate forcing and Air pollution reduction in Urban Systems)
will deliver tools and systems aimed at both assisting policy-makers and city authorities in the selection and
evaluation of future policies and options and informing and motivating citizens towards an environment-friendly
behaviour. In the frame of the above project, future policies and options (both technological and non-
technological) will be evaluated in terms of impact on Air Quality (AQ) and Greenhouse Gases (GHGs)
burdens and on population health as well as in economic terms and compared to a baseline scenario. AQ and
GHG data from ground-based monitoring stations, AQ database, modelled data, field campaigns which are
including Light Manned Aircraft and satellite data are collected, analysed and merged through data fusion
techniques to derive optimized concentration field for the pollutants and GHGs considered.

As part of the above methodology, a newly constructed N.A.S.A Awarded light aircraft, named Pipistrel Virus
Sw, equipped with high-tech scientific instrumentation was used to perform the aerial mapping over 3
Mediterranean cities (Athens, Thessaloniki and Ljubljana). The main goal was to evaluate Green House Gases
(GHGs) and Volatile Organic Compounds (VOCs) concentrations inside and outside the mixing layer over
three different areas of the cities. In parallel, AQ and GHGs data were monitored from the corresponding
ground monitoring stations. More specifically for the aerial campaign, a special design sampling equipment
was mounted in the aircraft while sampling performed through inlets located under the wing. Sampling took
place during summer and winter time over a rural, an urban background and an urban area of the cities.
Detailed meteorological parameters were provided by both the aircrafts instrumentation as well the forecast
models from the Atmospheric Modelling group of University of Athens. Results showed differences between
the sampling heights and areas over the 3 cities, indicating the impact of mixing layer in the concentration
values of the measured compounds under different flow patterns. In addition, ground-based AQ monitoring
data were used in source apportionment models with the ultimate scope to develop an approach for estimating
changes in concentrations caused by changes in emissions when a policy/measure is applied
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14:50 - 15:10

How can ground based Doppler Lidar systems can help modeling and
forecasting Air Quality?

F. Aboubi1, L. Thobois1, R. Parmentier1

1LEOSPHERE, France

Cities greatly modify the environment, creating unique meteorological and climatological phenomenology.
Dense, congested road traffic and local industries may produce high levels of particles favoring pollution events
when associated with stable conditions and low wind. Many features in cities can influence atmospheric flow,
turbulence regime and the microclimate. They can modify the transport, dispersion, and deposition of
atmospheric pollutants, within and downstream of urban areas.
Ground based Doppler Lidar, standardized in 2017 by ISO (ISO 28902-2-2017) is valuable remote sensing
technology to monitor local and high resolution atmospheric parameters in the first few hundred meters of the
urban atmospherics boundary layer -ABL- (wind, turbulence, ABL height, aerosol optical backscatter profile).
This presentation will describe several research projects in France, China and Chile and the contribution of
Doppler Lidar systems to better understand, model and forecast Air Quality. We will introduce the status of
pioneering operational ground based Doppler Lidar systems networks in operation in Europe, the USA and
China.
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15:40 - 17:40  |  

Session#7 – International Networks & Regional Initiatives

15:40 - 16:10

The Chemistry-Aerosol Mediterranean Experiment (ChArMEx, 2010-2020)

F. Dulac1

1LSCE, CNRS-CEA-UVSQ, IPSL, Université Paris-Saclay, France

ChArMEx is one of the sister projects of the multidisciplinary regional programme MISTRALS (Mediterranean
Integrated Studies at Regional and Local Scales; http://www.mistrals-home.org) coordinated by the French
research agency CNRS-INSU. It consists in a multilateral federative research effort involving a network of
scientists from more than 30 countries. The overarching scientific objective of ChArMEx is an updated
scientific assessment of the present and future state of the tropospheric chemistry in the Mediterranean region
and of its impacts on regional air quality, climate (together with the sister project HyMeX), and marine
biogeochemistry (together with the sister project MERMEX). The strategy of ChArMEx includes (i) instrumental
developments, (ii) the development of a network of monitoring stations, (iii) large regional campaigns including
aircraft, balloons, oceanographic ships and super-sites, (iv) targeted campaigns mainly performed in large
urban-industrial areas but also in specific environment such as Mediterranea forests, (v) the analysis of long-
term remote sensing and model outputs, and (vi) various chemistry-transport and chemistry-climate models.
ChArMEx related studies on emissions and sources, chemical processes and ageing, aerosol-radiation
interactions, aerosol deposition, variability and trends, and future evolution have brought many new results.
Many of them can be found in a special issue (https://www.atmos-chem-phys.net/special_issue334.html) and a
large database is available upon user registration (http://mistrals.sedoo.fr/ChArMEx/). In this presentation the
main programmatic and scientific achievements of the project will be illustrated and perspectives for the last
years of the project will be given.
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16:10 - 16:30

Pan-Eurasian Experiment (PEEX) Program

H. Lappalainen1, 2, M. Kulmala1

1University of Helsinki, Finland
2Finnish Meteorological Institute, Finland

The Pan-Eurasian Experiment (PEEX) program was initiated as a bottom-up approach by the researchers
coming from Finland and Russia in October 2012. The PEEX China kick off meeting was held in November
2013. During its five years in operation, the program has established a governance structure and delivered a
science plan for the Northern Eurasian region.
The main scientific mission of the PEEX program is to understand large-scale feedbacks and interactions
between the land-atmosphere-ocean continuum in the changing climate of northern high latitude and in China
(Kulmala et al. 2016, Lappalainen et al. 2016). The PEEX Science Plan (Lappalainen et al. 2015) addresses
the scientific aims and large-scale research questions of the program. The focal points in the PEEX research
are e.g. on the net effects of various feedback mechanisms connecting the biosphere, atmosphere and human
activities. These feedbacks can either hinder or speed up the climate change.

PEEX has also introduced a concept design for a seamless modelling platform and ground-based in situ
observation systems for detecting land-atmosphere and ocean-atmosphere interactions. Today, PEEX has an
extensive researcher’s network representing research communities coming from the Nordic countries, Russia
and China. PEEX is currently carrying out its research activities on a project basis and promoting the SMEAR
(Stations Measuring the Earth Surface Atmosphere Interactions) concept in Russia and China. PEEX has just
released it’s Silk Road agenda together with the DBAR Initiative Lappalainen et al. 2018). The near-future
challenge is to achieve a successful integration of the methodological approaches of the socio-economic
research to environmental sciences and to release the 1st scientific overview of the PEEX region.
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