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Master Degree
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Further education
Summer School
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RESEARCH ACTIVITIES

Current research topics and interests; recent scientific Activities

Scientific topics and interests on which my research activity has focused in recent years include:

1. Study of radiation and energy budgets at the surface in polar regions (both Arctic and Antarctica) and of processes through which atmospheric composition, cloudiness and surface characteristics changes modulate and modify seasonal and inter-annual behaviour.

2. Aerosol measurements and modelling. In situ measurements (physical and optical properties) and passive ground-based remote sensing observations (sun and moon photometry). Study of aerosol effects on radiation balance (forcing) at the surface as well as at the top of the atmosphere.

3. Research on UV fluxes at the surface and their variability as a function of stratospheric processes, with effects on the biosphere and human health.

4. Technological development of new instruments and methodologies to improve observations in remote and marine environments.

5. Promotion of inter-disciplinary and multidisciplinary approaches in polar research, networking activities as well as integration of observing systems, mainly in the Arctic.

More in detail, in the last 10 years, through CCT-IP project/initiative, a lot of attention was devoted to investigate coupling processes at the air-snow-land interface and role played by different processes involving air, aerosols, clouds, snow, ice and land (permafrost and vegetation) in determining budgets and fluxes near surface and Atmospheric Boundary Layer (ABL). Research activities also lead to largely implement/improve complex and multidisciplinary observing platforms at the Italian Arctic Station Dirigibile Italia.

I have been constantly and actively involved in Antarctica, carrying out research related to radiation budget (mainly in connection with activities of BSRN plateau site at Concordia Station) as well as on aerosol properties and direct effects. Much time and effort was devoted to promoting cooperation in the Terra Nova Bay (TNB) area with KOPRI (South-Korea) in order to realize a research hub and a measurement site complementing, on the coast, the Concordia measurements. This will make possible zonal studies of radiation and cloudiness regimes (Concordia and TNB are at the same latitude). Such labour gave rise to a PNRA project coordinated at CNR-ISAC.

In addition to the above-indicated main investigation areas, research activities included also (i) studies on effects of ozone depletion events in the Arctic on UV surface fluxes and their propagation at lower latitudes, (ii) investigation of snow surface albedo (broadband, spectral) and melting process, also developing new systems to measure snow optical characteristics (spectral albedo, BRDF reflectance), (iii).observations of aerosol vertical profiles (stratification) in the polar Atmospheric Boundary Layer (ABL) with tethered balloon (iv) improvement of polar night aerosol measurements thanks to the new lunar photometric technique.

Finally, to improve observation capabilities, in addition to integral snow optical characteristics, many efforts were also devoted to improving radiation, cloud and columnar aerosol measurements over the sea, through development of instruments/systems for continuous measurements on mobile platforms. In particular, a system to perform more accurate radiation measurements from a ship was tested during High North 2017 campaign, with very promising results.

Previous Scientific Activities.

Starting with the work for Master thesis, I carried out my research activity at the CNR Institute of Atmospheric Sciences and Climate (ISAC - formerly FISBAT and than ISAO), on several topics in the field of atmospheric physics, applied meteorology and climatology, most of them connected with radiative transfer processes in the atmosphere. 

In relation to those years, I’d like to note, among others:

(1) use of multi-spectral sun-photometers to retrieve aerosol optical thickness and columnar amount; use of passive remote sensing techniques to retrieve columnar amount of water vapour and trace gases like ozone and nitrogen dioxide.

(2) investigation of the IR irradiance absorption and emission in the atmosphere and their dependence from atmospheric thermodynamic and humidity conditions; evaluation of atmospheric effects for algorithmic analysis of satellite data.

(3) investigation of diurnal behaviour of aerosol stratification in the atmospheric boundary layer and influence of orography.

(4) investigation of the impact that aerosols, clouds and traces gases have on the energy budget of the Earth-atmosphere system, thanks to field campaigns and radiative transfer models .

Since the early 90s, I focused  more and more my research activity on the last topic above. From an experimental point of view, I added to my experience the in-situ measurements of aerosol optical and physical characteristics and measurements of Shortwave (SW) and Longwave (LW) radiation components, so to have capability to perform closure experiments like, for example, in the frame of the EU projects ACE2: CLEARCOLUMN (1996-1999). In addition, from a modeling point of view, I was strongly interested in developing methods to investigate the direct effects of aerosols on a regional scale, profiting from the large amount of satellite data that the "train" approach and fast development of Earth observations start to make available. Beginning with the new millennium I followed as a tutor/supervisor a PhD thesis aimed at developing automatic procedures for an accurate assessment of the effects of aerosol direct forcing on a regional scale. The results of this thesis were presented at various conferences and were the subject of a couple of publications in peer-reviewed journals (cfr. reference 14 and 15 in selected list of publications section)

Between the end of the 90s and the beginning of the new millennium, the study of surface UV radiation also attracted my attention for its relevance to polar ecosystems and the technological challenge to develop an instrument able to provide accurate spectral UV observations and at the same time robust enough to operate unattended in a harsh environment for a long time. Thanks to PNRA support, thanks to cooperation with ENEA, we were able at ISAC to develop a UV-RAD radiometer, that is now operating continuously since 2005-2007 in the three sites of Concordia (in the frame of BSRN station), in Bologna (on the roof of our Institute) and in Ny Alesund (Svalbard-Arctic). Related research activities are dealing with studies of dependence from ozone content, cloudiness, surface and atmospheric conditions (using also radiative transfer models), observations of the short-time (hours-day) variations of UV spectral characteristics, comparison of fluxes on a regional scale (the last two issues connected mainly to stratospheric processes).

Current research topics are in strict and natural connection with the above summarized past research activities, providing a a common thread to all my research activity.

Research and technological activities have been supported by a large amount of projects. To many of them I participated as Principal Investigator (PI) or Head of Research/operational Unit (UO). A detail is provided later in this document. I would like to note here the EU project ACE-2 CLEARCOLUMN (cited before), several PNRA projects devoted to atmospheric investigations in Antarctica, projects supported by the Italian National Space Agency (ASI), national projects (PRIN) founded by MIUR devoted to research in the Arctic, and the international programme PAN-ARCMIP carrying out an airborne campaign in the Arctic during April 2009. In the frame of the FIRSR project AEROCLOUDS and in the frame of the ASI air-quality monitoring project QUITSAT, I had the Responsibility to coordinate the field activities of ISAC-CNR for remote sensing and in-situ optical measurements at the San Pietro Capofiume station.

The results of my scientific activity have been published in more than 90 papers in peer-reviewed international publications and Conference Proceedings, about 30 national papers and reports, and were presented (in oral or poster form) at more than 100 international and national conferences.

Educational and outreach Activities.

With respect to Educational activities, I contributed to and/or coordinated the research work of 10 master thesis, 4 PhD Thesis in Polar Science (Siena University) and Physics (University of Ferrara), 2 short thesis (3 years degree in Physics), and 1 thesis for a post-master degree. In the Academic Year 2007-2008 I was responsible for a module of 20 hours in the course Introduction to Atmospheric Physics and Ocean at the Physics Department of Padova University. 

About outreach activities, I am and have been for a long time involved in the dissemination project Il linguaggio della Ricerca, implemented at the CNR Research Area of Bologna since the beginning of new millennia (http://www.bo.cnr.it/linguaggiodellaricerca/), through which I am able to bring climate and polar science topics in intermediate and high school classes. In addition, since 2016, I contribute to the scientific module of the Master universitario in sviluppo sostenibile, geopolitica delle risorse e studi artici organized by SIOI (Società Italiana per l’Organizzazione Internazionale). To these regular activities, single seminars and other outreach activities held on the basis of individual/specific requests must be added.

In the educational and outreach context it is important to mention the activity developed together with Milano Bicocca University in the frame of YOPP (Year of polar prediction programme), an initiative promoted by WMO in the frame of the broad Polar Prediction Programme. Between October 2018 and the beginning of June 2019, CAPIRE-YOPP (Comprendere lA PrevIsione meteoRologica in antartidE sostenendo YOPP), connected intermediate and high school students with researchers involved in YOPP, promoting an active participation of them to the YOPP Special Observing Period (SOP) in Antarctica. 17 school classes and about 350 students was involved in a set of activities connected to polar meteorology and climate. Activities included in-depth events, seminars, lessons and visit to operational meteo centres. All students were also involved in performing different activities at home. Students got familiarity with the language of scientific research, its methodology and techniques, as well as with topics related to polar meteorology.

Focus on research activities in Antarctica

About activity at high latitudes in the Southern Hemisphere, I participated, since 1988, to 9 Antarctic campaigns, carrying out experimental activities connected with the scientific topics illustrated above. The Antarctic campaigns made me acquire a lot of experience in field activities in extreme environments, and develop and implement solutions to adapt and better use commercial as well as custom instruments in a very harsh environment. The main technological aspects addressed include internal temperature control, use of green energy for remote installations, poor electric ground, strong temperature gradients (10-20°C in 1 m over the Plateau), cleaning of external optical parts.

I promoted international initiatives, among which The Polar Aerosol Optical Depth Measurement Network Project (POLAR-AOD-IPY http://polaraod.isti.cnr.it:8080/Polar/, a bipolar effort developed together with dr. Tomasi) and the project TAVERN (http://www.cnrm.meteo.fr/concordiasi/IMG/pdf/Pellegrini_Brest.pdf) for aerosol measure-ments at Concordia, in the frame of which I am actively cooperating since 2006 with the Finnish research groups of FMI and UHEL.

In 2002-2010, I was responsible for the ISAC-CNR participation to the cooperative programme between our Institute and the NOAA/ERL-Global Monitoring Division (Boulder-Colorado) for common research activities in Antarctica.

In 2004-2010, I was responsible for the ISAC-CNR participation to the cooperative programme between our Institute and the Alfred Wegener Institute (AWI - Bremerhaven) to develop common research activities in polar regions (Arctic and Antarctic) including year-round measurements at Concordia and airborne operations.

Focus on research activities in the Artic 

With respect to Antarctica, my activity in the Arctic started only in 2006, at Ny Alesund (Svalbard) at the Italian station Dirigibile Italy. My first activity was the intercomparison campaign organized with AWI in the frame of the POLAR-AOD-IPY project. At that time, the idea was born to develop our activity at the CNR Arctic station implementing multidisciplinary observing platforms like the Amundsen-Nobile Climate Change Tower and Gruvebadet aerosol lab, to complement at sea leve the activities carried out at Zeppelin Observatory (474 m asl). Such idea was then developed in the Climate Change Tower Integrated Project ( CCT-IP, www.isac.cnr.it/~radiclim/CCTower), whose  overarching scientific goal is to investigate arctic ABL energy budget, and role played by different processes involving air, aerosols, clouds, snow, ice and land (permafrost and vegetation). Thanks to CNR contribution as well as support of two PRIN projects, we had opportunity to implement the ambitious multidisciplinary programme, realizing in Ny Alesund the planned observing platforms, and year by year upgrading them more and more with new instruments and new measured parameters. Research activities and targets since 2009 also grew to include aerosol stratification studies along the ABL thanks to tethered balloon and a dedicated payload/gondola, snow spectral reflectance and spring melting processes, and UV measurements. Involvement in SIOS has recently widened the perspective and interest to the whole Svalbard Archipelago and to the possibility to connect our measurements with those performed on the East coast of Greenland (Villum station). In the frame of the Atmospheric Flagship programme our group is currently strongly engaged in promoting a Svalbard network for ozone and UV measurements. At the same time the vision is also to re-launch POLAR-AOD network and in particular bilateral cooperation with Canada.

Focus on development of Research Infrastructures (RIs)

My first approach with Research Infrastructures was about 10 years ago. In 2008, I led preparation and submission of the I3 proposal ESPNET (European Sun.photometric NETwork). The proposal, submitted to the FP7-INFRASTRUCTURES-2008-1 call received an overall positive evaluation of 11/15, not sufficient however to be funded. Unfortunately, call scheme since then changed from a bottom-up approach to a topic oriented approach, giving no more possibility to submit again the proposal.

Always in 2008, I also contributed to the INFRAPOLAR proposal (European Polar Infrastructures Research Services Platform supporting Climate and Environmental Observations and Monitoring in the Arctic and Antarctic Regions) and in particular to WP2 - Synchronization of European Polar Climate Environmental Observing Assets in the Arctic and Antarctic.

Since 2009, I was and I am involved in the development of the Large Scale Infrastructure SIOS (Svalbard Integrated Arctic Earth Observing System). As first step, in 2009, I coordinated CNR participation to a RCN project SIAEOS. Then, from 2010 to 2014, I continued to coordinate CNR participation to SIOS development in the frame of the EU  SIOS-PP project. Later, from 2015 to 2017, I engaged in the Interim Phase. From 2010 to 2017 I sat in the Steering Board, a role acquired also in recognition of the great commitment and support of CNR to SIOS. As natural development of this hard and long work, at the beginning of 2018 CNR was one of the founding member of SIOS Operational Phase. Currently I seat in the SIOS Board of Directors.

Finally, in the frame of Horizon 2020, since 2015 I have been involved in the ENVRIPLUS (Environmental Research Infrastructures Providing Shared Solutions for Science and Society) project, a Research and Innovation action funded in the frame of the H2020-INFRADEV-1-2014-1 call with the aim to provide a cluster of Research Infrastructures operating in the Environmental Domain. In this project, until the start of SIOS Operational phase, I had the role of connecting SIOS to the ENVRI cluster.

TECHNOLOGICAL DEVELOPMENT ACTIVITIES

During my long research activity at middle as well as high latitudes, I promoted several actions for the improvement of observing instrumentation, developing either technical solutions for the use of commercial instrumentation in harsh environments or new instrumentation/devices. 

In detail, the most relevant original instrumentation/systems developed are:

(i) ASP-15WL photometer and IR-RAD radiometer for continuous and automatic direct solar irradiance measurements (the second one has channels till 3.7 mm) together with a special solar tracker,

(ii) UV-RAD radiometer for the total solar UV irradiance observations, which has 13 very narrow channels covering the region 280-365 nm (FWHM less a 1 nm), 

(iii) a device to automatically dry the sampled air entering CO2 analyzers.

(iv) several thermostating systems, in particular a a PCL-based control unit/tool able to drive different technologies for temperature regulation, selected for their usefulness for operartion in extreme environments.

Currently, interests and efforts are moving along two lines, both aiming at reducing observational gaps: (i) atmospheric observations over ocean and (ii) continuous measurements of optical snow characteristics and radiation components in remote sites. 

With respect to the first target, atmospheric observations over the sea using mobile platforms, we are developing two systems to allow continuous AOD measurements (sun-spectrometer for mobile platforms) as well as to improve observations of radiation components and cloudiness conditions (inertial platform to keep instruments horizontal).

With respect the second target, we are engaged in developing a robust Radiation Monitoring Unit (RMU) without moving part and associated simple/robust devices to measure continuously at very low maintenance the snow spectral reflectance at few (3-4) selected wavelenght channels.

(3) provide power supply to remote installations thanks to renewable energy sources.
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