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Forecasting space weather: The need for ground-based
observations in addition to satellite measurements
I McWhirter, A Aruliah
Atmospheric Physics Laboratory, Department of Physics and Astronomy,
University College London, Gower Street, London WC1E 6BT, UK.
i.mcwhirter@ucl.ac.uk, a.aruliah@ucl.ac.uk

There is a long established need for meteorological weather forecasting. The
meteorological community is massive, and the global coverage of instrumentation is
extensive, yet weather forecasting is still an imperfect science and the meteorological
community calls for even more observations, research and modelling efforts. In contrast,
the space weather community is small, in spite of increasing global reliance on groundbased infrastructure and satellite communications, both of which can be severely
affected by space weather events.
The United States responded to a commercial need for space weather forecasting
around 20 years ago. Europe and the UK in particular have been much slower to act.
The UK Meteorological Office Space Weather Operations Centre was not officially
opened until 2015.
The focus of space weather prediction has so far been on monitoring and predicting the
behaviour of the Sun, which is the driving force behind space weather. However, it is
also necessary to look at the response of the Earth system. Current forecasting uses
computer models derived from observations and assumptions. Clearly, these models are
only as good as the observations on which they are based. These observations are
primarily made by two different methods: satellite drag measurements and groundbased remote sensing techniques. The two approaches do not always give the same
results.
The Atmospheric Physics Laboratory at University College London has been measuring
space weather with its network of ground-based Fabry-Perot Interferometers since the
1980s. This paper presents an overview of on-going research triggered by the discovery
of significant discrepancies (up to a factor of 2) between the winds observed by the
APL’s instruments and winds derived from satellite drag measurements. The APL team,
together with collaborators, including some from the satellite engineering community, are
investigating possible explanations. These discrepancies demonstrate the need to
correlate independent measurements and show the importance of promoting a
symbiosis between ground-based and satellite measurements.
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Determining neutral temperatures in the high-latitude upper
atmosphere
J.M. Chadney(1), D.K. Whiter(1), and B.S. Lanchester(1)

(1) Space Environment Physics Group, University of Southampton, UK
j.m.chadney@soton.ac.uk

The neutral temperature plays an important part in determining the dynamics and
chemical composition of the upper atmosphere. In the thermosphere, heating occurs
mainly through the absorption of solar ultraviolet photons, however, at high latitudes,
there is also significant heating from precipitating energetic particles. Using observations
from the High Throughput Imaging Echelle Spectrograph (HiTIES), located on Svalbard,
we determine neutral temperatures at three different altitudes of the upper polar
atmosphere. This is achieved for the F region, at an altitude of around 250 km, using the
new finding that the neutral temperature in this region can be related to the ratio of the
two auroral O+ doublets at 732 nm and 733 nm (Whiter et al., 2014). From the same
spectral observations, we obtain neutral temperatures at the mesopause, by measuring
the intensity of OH airglow emission lines. In order to separate the various auroral and
airglow emissions seen in HiTIES (O+, N2 1P, OH), which overlap in wavelength, we
have developed a novel spectral fitting method that includes a theoretical model for N2
1P emission. A fit to the N2 model allows a final temperature estimate of the neutral
atmosphere in the E region.
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ALOMAR Observatory, Andøya Space Center – what’s up?
Kolbjørn Blix1
(1) Andøya Space Center, P.O. Box 54, 8483 Andenes, Norway, kolbjorn@andoyaspace.no

The Arctic Lidar Observatory for Middle Atmosphere Research (ALOMAR) is a full-scale
atmosphere laboratory at Andøya (69N, 16E) managed by Andøya Space Center. After
23 years of operation in 2017, the observatory is still developing, and new instruments
are joining the already extensive collection of remote sensing equipment at Andøya.
As part of the newly reorganization of ASC, ALOMAR and the Technology department
(sounding rocket payloads) are now merged into the Space Systems Dept. With the
diversity of work, more people, more technological knowhow and expertise, ASC is
better set to meet future challenges when it comes to development of instruments and
payloads, both for ground based measurements, sounding rockets and RPA.
The new and exciting projects involves optical tracking of space debris, optically pumped
magnetometer (MOM), doppler wind radiometers, resonance lidar (Fe) and lunar
photometry (Cimel). The common denominator for all the new installations is the
possibility to do joint research projects with already existing instrumentation and
research groups connected to ALOMAR.
In addition to participating in ARISE2 (Atmospheric dynamics Research Infrastructures in
Europe) led by CEA and VAOII (Virtual Alpine Observatory) led by DLR, ALOMAR will
also be part of the calibration and validation team on the ESA satellite ADM-Aeolus to be
launched in 2017. The validation activities will be carried out together with partners like
NILU, GOA, FMI, MI and University of Tübingen. We will combine measurements from
lidar and passive instruments like sun photometers and spectrometers and in-situ
measurements using Unmanned Aerial Platforms. ALOMARs location is distinguished
for the validation of polar orbiting satellites due to a 2-4 times higher number of nearby
overpasses compared to mid-latitude sites. At the same time, the number of sites that
can provide such a broad ground truthing data set at comparable latitudes are limited.
To further enhance the functionality of ALOMAR, and to ease remote operations, we
have initiated a reality study – ALOMAR-2020 to be finished by June 2018. Our wish is,
if possible, to fully offer a fully remotely operated observatory by 2020.
A new centralized lidar security system - ALOMAR Lidar Operation Health Administration
(ALOHA), will also be installed in 2017 in cooperation with IAP.
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20 years of the SPMN fireball network: is meteoritic dust
deposition from large fireballs locally increasing sprite rates?
Josep M. Trigo 1
(1)
trigo@ice.cat

Abstract:

44th Annual European Meeting on Atmospheric Studies by Optical Methods, 4-8 September 2017, Barcelona, Spain

Estimation of changes in the atomic oxygen density in the
mesopause during the periods of meteorological disturbances
using spectrometric observations of OH (6-2) airglow
Irina Medvedeva1, Anatoly Semenov2
(1) Institute of Solar-Terrestrial Physics SB RAS, Russia, 664033, Irkutsk, p/o box 291;
Lermontov st., 126a, ivmed@iszf.irk.ru
(2) Obukhov Institute of Atmospheric Physics RAS, Russia, 119017, Moscow, Pyzhevsky per., 3,
anasemenov@yandex.ru

We present the results of studying the atomic oxygen density and temperature variations
in the mesopause associated with meteorological disturbances in the lower atmosphere.
We analyzed the data on the OH emission intensity and rotational temperature derived
from spectrometric measurements of the hydroxyl emission (834.0 nm, band (6–2)) at
the Geophysical Observatory of the Institute of Solar-Terrestrial Physics (51.8°N,
103.1°E, Tory) and at the Zvenigorod station of the Obukhov Institute of Atmospheric
Physics (55.7°N, 36.8°E). The OH emission maximum is at the mesopause region height
(~ 87 km). The OH rotational temperature is determined with a 1-2 K accuracy and
corresponds to the atmosphere temperature at the radiation height. The emission
intensity provides information on the dynamics of photochemical processes and
recombination of atomic oxygen at the emission layer heights.
The data on OH(6-2) rotational temperature and intensity were used to calculate
variations in the atomic oxygen density in the mesopause during sudden stratospheric
warmings in 2013 and 2016. In the calculations, we used the photochemical model of
OH emission and the MSIS-E-90 atmospheric model. It is shown, that significant SSW
events can cause an increase in the intensity of OH emission (6-2) and in the atomic
oxygen density at the height of the OH layer up to 3 times. The revealed effect can be
caused by the SSW-related amplification in vertical transfer of the atmospheric
components.
This study was done with a support from the Russian Foundation for Basic Research,
Grant No. 17-05-00192-a, and RF President Grant of Public Support for RF Leading
Scientific Schools (NSh-6894.2016.5). Experimental data recorded by the Angara
Multiaccess Center facilities of ISTP SB RAS were used.
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On the origin of short-period gravity waves and ripples observed at
Davis Station, Antarctica during the period 1999-2013
Mulligan, F.J.1, Rourke, S.1, French, W.J.R.2, Murphy, D.J.2
(1) National University of Ireland Maynooth, Co. Kildare, Ireland, sharon.rourke@nuim.ie
(2) Australian Antarctic Division, Kingston, Tasmania, Australia

Gravity waves (GWs) (horizontal wavelength > 15 km) and ripples (horizontal
wavelength < 15 km) have been detected in the OH airglow layer over Davis Station,
Antarctica (68˚S, 78˚E) during the period 1999-2013 using a ground-based scanning
radiometer. Combining parameters derived from these wave observations with local
wind and temperature measurements, reverse ray-tracing of the waves was performed
enabling us to identify the approximate altitude and geographical region from which they
originated.
A significant number of the detected waves were not amenable to reverse ray-tracing
substantially below the airglow layer but, of the remainder, three distinct seasonaldependent altitude and corresponding geographical source regions were identified. A
large portion of southward-propagating GWs were traced down to the troposphere,
where most GW sources were within a radius of 300 km of the station. There was a
pronounced concentration of wave initiation to the north-west at approximately 100-200
km from the observing point. Recent reports suggest the interaction of planetary waves
with the background wind field as a potential source for these waves. Two smaller
groups of waves were traced to 45- 55 km and 70-80 km. The 45-55 km group were
propagating either eastward or westward at the observing altitude, and their timing
corresponded to the formation and breakdown, respectively, of the polar vortex. The 7080 km group were generated directly to the east of the station, were propagating
predominantly westward at the observing altitude, and they occurred mostly in midwinter.
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Multi-colour Sensor for Airborne Aerosol Measurements and Data
Michael Gausa1, Felix Ritzkowsky2, Sandra Blindheim1
(1) Andøya Space Center, michael@andoyaspace.no
(2) Universität Konstanz

We developed a compact and light weight laser
aerosol sensor. The sensor detects scattered light
from molecules and particular matter in a
scattering volume (see Fig.1). The three colour
lasers operates sequentially and one photodiode
measures the intensity for each colour. The sensor
concept is to fly on an unmanned aircraft or
tethered balloon.
First measurements were performed under a
Polish-Norwegian project in Ny Ålesund/Svalbard in 2014.
The present talk introduces the sensor, shows the first measurements and
compares the results with black-carbon densities and co-located lidar
measurements from Christoph Ritter/AWI.
A new version of the sensor is under development, based on the
experiences of the Svalbard field campaign.

Please send the abstract by e-mail to: conf.atmos@event.upc.edu

44th Annual European Meeting on Atmospheric Studies by Optical Methods, 4-8 September 2017, Barcelona, Spain

44th Annual European Meeting on Atmospheric Studies by Optical Methods, 4-8 September 2017, Barcelona, Spain

Status: The Boreal Aurora Camera Constellation (BACC)
Fred Sigernes 1,2, Mikko Syrjäsuo 1,2, Pål Gunnar Ellingsen 1,2, Bjørn Lybekk 3, Espen
Trondsen 3, Lasse Clausen 3, Jøran Moen 3, Jyrki Mattanen 4 and Kirsti Kauristie 4
(1) The University Centre on Svalbard (UNIS), N-9171 Longyearbyen, Norway
(2) Birkeland Centre for Space Science (BCSS), Bergen, Norway
(3) Department of physics, University of Oslo, Norway
(4) Finnish Meteorological Institute, Helsinki, Finland

Abstract: This project describes the deployment a of low cost all-sky color camera
network to study auroral morphology and weather from multi-site locations. The main
goal is to obtain a tool to nowcast and map in real time dark sky conditions, including
phenomena such as aurora, cloud cover, meteor strikes and solar or moon illuminated
high altitude clouds. Two completed camera stations are already tested at the Kjell
Henriksen Observatory (KHO) (2015-2016) and in Ny-Ålesund (2016-2017). Two new
stations are under construction to be deployed to Kevo and Muonio in northern Finland.
A plan is presented to utilize present auroral boreal infrastructure to create a
constellation of cameras.
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Managing optical data at the Kjell Henriksen
Observatory
Pål Gunnar Ellingsen1,2
(1) Department of Arctic Geophysics, The University Centre in Svalbard
(UNIS), P.O. Box 156, N-9171 Longyearbyen
(2) Birkeland Centre for Space Science,UiB

Modern optical observatories generate a large amount of data in the form of images,
videos, text files and supporting data files. For scientists to utilise the potential in this
data it is necessary to organise it in such a way that it is easily accessible and
searchable. There are different ways of doing this. At the Kjell Henriksen Observatory
(KHO) the organisation is now being done through the use of a national storage
infrastructure (NORSTORE) and indexing SQLite databases. The databases contain
minute resolution information on which instrument was running and which spectrometer
wavelengths were recorded. Using the databases it is possible then to query a certain
time, and then get instruments recording at that time. In addition, to the database
lookup, “keograms” were generated, showing recoded data over a year, or a month.
These are made available on the KHO website http://kho.unis.no. For image data
keograms are sorted and stored such that identifying the interesting parts becomes
easy.
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Enhanced incoherent scatter plasma line in the various auroral
forms.
T. Sergienko1, U. Brändström1, I. Häggström2
(1) Swedish Institute of Space Physics, Kiruna, Sweden
(2) EISCAT Scientific Association, Kiruna, Sweden

Secondary electrons formed in the ionosphere during auroral precipitations enhance the
incoherent scatter plasma line to level sufficient for detection. Enhanced plasma line
intensity is strongly depended on a shape of the secondary electron flux, namely energy
and pitch angle distributions. In this study we apply the Monte-Carlo simulation of
auroral electron transport into the Earth’ atmosphere in order to calculate the secondary
electron spectra with very high pitch angle resolution that is needed to obtain correct
one-dimension distribution function. In this report we present the results of investigation
of influence of the auroral electron energy, the atmosphere composition, the background
electron density on the secondary electron spectra and consequently on the intensty of
the enhanced plasma line. The modelling results are compared with simultaneous radar
(UHF EISCAT) and optical (ALIS) measurements.
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Horizontal electric fields at sub-second resolution from images of
auroral O+ 2P emission
Betty Lanchester1, Sam Tuttle1, Björn Gustavsson2, Dan Whiter1, Rob Fear1, Mark
Lester3
(1) University of Southampton, bsl@soton.ac.uk
(2) University of Tromsø
(3) University of Leicester

A new method to estimate ionospheric electric fields close to a dynamic auroral feature
is presented, which uses optical images of auroral emissions at three wavelengths at
high spatial (100 m) and temporal (0.05 s) resolution. The electric fields vary between 20
and 120 mVm-1 during the passage of a brightening arc feature, lasting about 10 s. The
magnitude of the electric fields increases when the auroral feature brightens. The
method uses modelling of the 732.0 nm emission from the metastable O+ 2P ion at subsecond resolution, and also modelling of prompt emissions at 637.0 nm and 777.4 nm.
The continuity equation for the O+ ions is solved using the flow velocity as a free
parameter, in order to derive the three dimensional evolution of the ions during a
precipitation event. The method optimizes the velocity of the ions, and hence plasma
velocity, to minimize the residual between observed and modelled images of this
emission. The modelled velocities, which vary between 0.4 and 2.4 kms-1, are compared
to SuperDARN velocity measurements, which represent a background flow of 0.6 kms -1.
An excellent agreement is found in both magnitude and direction of the background
plasma motion. The increase in magnitude and the direction of the inferred electric field
during the brightening of the arc feature is in agreement with theories of small scale
auroral arc formation and electrodynamics.
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Estimations of impurity emissions from the Moscow metropolis
basing on optical remote sensing and in-situ measurements
O Postylyakov, N Elansky, Y Verevkin, L Voloboev, N Ponomarev
A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow, Russian
Federation

Moscow metropolis is among the world's 20 largest megacities. Intensive air emissions
of pollutants affect not only the state of the atmosphere above the megapolis, but also
far beyond its limits. To obtain diagnostic and predictive assessments of this impact,
chemical transport models are being actively developed, in particular, COSMO-ART and
SILAM. As initial and boundary data for models, the results of calculations on the global
ICON model are usually used, and the emission values are from the TNO or EDGAR
inventory database, built on indirect data based on information on population density,
fuel consumption, etc.
To date, a large body of experimental data has been accumulated on the chemical
composition and thermodynamic state of the atmosphere in the Moscow region, which
was obtained at stations of Roshydromet, Mosecomonitoring, A.M.Obukhov RAS,
Lomonosov Moscow State University, NPO Typhoon, which allows to proceed to
emission estimates based on measurements and correction of TNO estimates.
Within the framework of the project, the whole volume of data on the concentration of
ground contaminants CO, NOx, SO2, CH4 and PM10, obtained at regularly operated
Mosekomonitoring stations and at the IAPh stations from 2005 to 2014, was
systematized. Observation data of impurity concentrations are supplemented by
measurements of their total content in the atmospheric column NO2 and HCHO,
obtained by differential spectroscopy methods (MAX DOAS, ZDOAS) at stationary
stations and by passing Moscow with DOAS-equipped car. The report collected the first
estimates of impurities in the Moscow region, obtained on the basis of the collected
array of experimental data.
The work was supported by Russian Science Foundation with grant #16-17-10275 and
RFBR grant 16-05-01062 (regarding the development of the differential spectroscopy
method).
Figure. NO2 integral content
measured by DOAS technique
from a car on November 6th, 2011
at Moscow Ring Road, on the
way from Zvenigorod Town to
Moscow, inside Moscow. Red
arrow shows prevailing wind
direction.
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Imaging of Gigantic Jets from Colombia and Curaçao
Oscar A. van der Velde1, Joan Montanyà1, Jesús Lopez1, David Romero1, Haime Pieter 2
(1) Lightning Research Group, Electrical Engineering, Universitat Politècnica de Catalunya
(2) Meteo Curaçao
oscar.van.der.velde@upc.edu

Gigantic Jets (GJ) are electrical discharges that start as lightning inside tropical
thunderstorms and then grow upward to the ionosphere at 85-90 km altitude. These
phenomena are very rarely observed in the mid latitude regions. Besides the unusual
meteorological requirements for their production conditions, of great interest is the
evolution of the discharge, which we know starts with lightning leaders and ends with
streamers as in sprites. Exactly how this transition takes place has still not been
observed. Therefore, we developed two intensified high-speed camera systems, one of
which has been operated remotely on Curaçao (southern Caribbean Sea) since 2014,
and the other, a slower but more portable system, has been operated from Santa Marta,
Colombia during a campaign in July/August 2017.
The campaign was successful with 4 GJs recorded and 2 cases of interesting “troll”
developments under sprites.
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First experiments on retrieval of distribution of NO2 in
troposphere over urban areas with high spatial resolution basing
on satellite measurements
O Postylyakov1, A Borovski1, A Makarenkov2
(1) A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,
Russian Federation
(2) Ryazan State Radio Engineering University, Ryazan, Russian Federation

Tropospheric nitrogen dioxide is routinely retrieved by OMI/Aura and GOME-2/MetOpA&B with typical spatial resolution of 13x24 km and 40x80 km, respectively. Expected to
launch in 2017 TROPOMI/Sentinel-5P will have resolution of 3.5x7 km.
A series of Russian satellite Resurs-P operate since 2013 in sun-synchronous orbit.
Three Resurs-P satellites are operating now and two more are expected to launch until
2020. A hyperspectral imager GSA is mounted on its board, which resolves more than
230 spectral bands from 400 nm to 1000 nm. It takes image of area of 30-km width and
of several hundreds km length with 30 m resolution. The main goal of the instrument is
natural resource investigation. The instrument has spectral resolution up to 3 nm at 430490 nm spectral region which is used for the retrieval of NO2. GSA resolution is worse
than those what is usually used for NO2 oriented satellite. We investigate opportunity to
retrieve tropospheric NO2 based on GSA images of highly polluted regions of China.
The developed algorithm shows the spatial resolution of about 2 km what exceed other
available now satellite instrument and considered as a target for future GEO
instruments. So it provides the interesting tool for NO2 investigations.
The algorithm and the first experimental results are presented. Figure shows the
comparison of NO2 slant column measured by GSA/Resurs-P and by OMI/Aura.
The work was supported by Russian Science Foundation with grant #14-47-00049.
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The height of green and blue aurora
D K Whiter1, N Partamies2, K Kauristie3
(1) Physics and Astronomy, University of Southampton, UK, d.whiter@soton.ac.uk
(2) University Centre on Svalbard (UNIS), Longyearbyen, Norway
(3) Arctic Research, Finnish Meteorological Institute, Helsinki, Finland

We have utilised hundreds of thousands of images from ground-based all-sky cameras
to perform a statistical study into the peak emission height of green line (O 1S 557.7 nm)
and blue line (N2+ 427.8 nm) aurora over Lapland. The cameras formed part of the
Magnetometer-Incoherent scatter Radar All-sky Camera Large Experiement (MIRACLE)
network, and were stationed across northern Finland and Sweden. From 61,530 pairs of
simultaneous measurements of the peak height of the green and blue emissions we
have determined that in general the two emissions peak at about the same altitude, with
modal values of 113.62 km for green aurora and 113.31 km for blue aurora. This
supports the idea that the dominant excitation mechanism for O 1S in the auroral
thermosphere is an energy transfer process between N2(A) and O, as suggested
previously by several authors. When the green emission peaks at high altitude due to
the presence of low energy electron precipitation, the blue emission most likely peaks at
the same altitude. However, when the blue emission peaks at high altitude (above about
130 km), the green emission most likely peaks several km lower. We suggest that this
situation coincides with a significant decrease in the O/N2 concentration ratio in the lower
thermosphere.
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The Aurora Forecast 3D
F. Sigernes 1, 2, 3
(1) University Centre in Svalbard (UNIS), N-9171 Longyearbyen, Norway
(2) Birkeland Centre for Space Science (BCSS), University of Bergen, Norway
(3) The Kjell Henriksen Observatory (KHO), Svalbard, Norway

Abstract: The Aurora Forecast 3D is a cross platform tool to track down where the
aurora is located in the sky from any location on planet. It renders Earth, planets and
stars in 3 Dimensions (3D) with rotation and scaling in real time. The auroral forecasts
are +0, +1 and +4 hours ahead in time based on the predicted Kp index from the Space
Weather Prediction Centre (SWPC) at the National Oceanic and Atmospheric
Administration (NOAA). The mobile version for Android has reached 6135 installs, 7
months after its release on Google Play 8th of December 2016.
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ASIM – the Atmosphere – Space Interactions Monitor
Victor Reglero1 and Javier Navarro1
(1) Universidad de Valencia
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An overview of new optical satellite instruments for TLE, TGF and
lightning
Ferran Fabró, Joan Montanyà1
(1) Lightning Research Group, Electrical Engineering, Universitat Politècnica de Catalunya
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EISCAT_3D, the new research radar for ground-based
atmospheric and solar-terrestrial science
C-F Enell1, A Tjulin1, C Heinselman1
(1) EISCAT Scientific Association, PO Box 812, SE-981 28 Kiruna, Sweden,
carl-fredrik.enell@eiscat.se

During the very same week as this 44th optical meeting, the EISCAT_3D construction
project will finally officially start. EISCAT_3D is going to be a world-leading international
research infrastructure comprising a multistatic radar system, operating at 233 MHz, and
a dedicated data and computing infrastructure. It will be the first of a new generation of
radars whose capabilities will be realised not only in hardware but by the flexibility and
adaptability of the scheduling, beam-forming, signal processing and analysis software.
EISCAT_3D will be able to operate continuously and observe a 3-dimensional volume
with a higher time resolution than existing incoherent scatter radars. Thus, it is expected
to yield important new detailed knowledge of how the Earth's atmosphere is coupled to
space.

Figure: Test antenna subarray for EISCAT_3D at the EISCAT site in Ramfjordmoen,
Norway. Photo © Craig Heinselman 2017
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Black aurora studies in the ionosphere
Amore Nel(1)(2) , Mike Kosch(1)
(1) SANSA, Hospital Road, Hermanus 7200, anel@sansa.org.za, mkosch@sansa.org.za
(2) North-West University, Potchefstroom.

Black auroras are recognised as spatially well-defined regions of reduced optical
emissions within a much brighter, quasi-uniform diffuse auroral background. The energy
of the precipitating electrons is reduced within the black aurora compared to the
surrounding diffuse aurora. They are usually seen drifting eastward during the substorm
recovery phase. Several theories have been proposed to explain the decrease in
electron energy and flux in this region, but the underlying mechanism is as yet unknown.
The black aurora phenomenon has been studied by both optical and radar methods,
using the EISCAT incoherent scattar radar in Tromso, Norway in conjunction with multiwavelength cameras.
First results derived from optical methods are presented here, which shows
characteristic energies of both inside and outside the black aurora. Future work using
optical results in conjunction with radar data are also discussed.
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Starting of new sun-sky-lunar aerosol observations in the Artic
Ny-Ålesund base
D Mateos1, C Velasco-Merino1, C Ritter2, C Toledano1, R Neuber2, V. E. Cachorro1, R.
González1, and A.M. de Frutos1
(1) Grupo de Óptica Atmosférica, University of Valladolid, Valladolid, Paseo Belén 7, 47011,
Spain mateos@goa.uva.es
(2) Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, Potsdam, 14473,
Germany

Aerosols play a complex and notable role in the Arctic climate because of its dry
atmosphere and high surface albedo. The Arctic is expected to be very sensitive to
global changes in climate; however, there is a lack of knowledge about the spatiotemporal distribution of Polar atmospheric aerosols yet. The high variability they present
makes necessary the establishment of continuous monitoring networks with the aim of
obtaining long-term databases. Since aerosols are so closely related with the Arctic
radiative budget it is necessary to clearly understand how the aerosol-radiation
interaction is modified by aerosol properties. Ground-based networks are the most
reliable method to understand widespread climate change. They allow the validation of
models and satellite products too. In this sense, Alfred Wegener Institute (AWI) is
performing aerosol observations with a Schulz sun photometer and KARL aerosol raman
lidar, among others, in the northernmost human settlement in the world: Ny-Ålesund
(Svalbard, Norwegian archipelago to the east of Greenland in the Arctic Ocean). The
existing database in the French and German joint facility AWIPEV does not allow,
however, the retrieval of complex aerosol optical and microphysical properties, typically
derived from the inversion of sky radiance observations. There is a lack of photometer
observations during the polar night too.
To solve all these disadvantages, the Atmospheric Optics Group (GOA) of the University
of Valladolid and the AWI have started a joint research project which included the
installation of a new generation Cimel sun-sky-lunar radiometer (CE318-T). This kind of
instrument, in the framework of the worldwide AERosol ROBotic NETwork (AERONET),
can provide aerosol properties during summer (sun) and winter (moon) time. This
instrument also follows all the standardized AERONET daylight observations and gives a
large set of aerosol properties that can be combined with lidar and other collocated
instruments using novel algorithms such as GRASP (Generalized Retrieval of
Atmosphere and Surface Properties) open source code.
We present here the preliminary results of the starting of CIMEL observations in the
AWIPEV base in Ny-Ålesund. The instrument is operational since June 1st, 2017.
This work was supported by project POLARMOON (CTM2015-66742-R) of Spanish
Government (MINECO), EU-H2020 under Grant Agreement Nr. 654109 [ACTRIS 2], and
VA100U14 of Consejería de Educación of Junta de Castilla y León. We also are grateful
to Spanish MINECO for IJCI-2014-19477 and PTA2014-09522-I grants.
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15-year measurements of aerosol optical and microphysical
properties in Andenes (69ºN, 16ºE) site
C. Velasco-Merino1, D. Mateos1, C. Toledano1, V. Cachorro1, R. González1, M.A.
Burgos1, S. Blindheim2, M. Gausa2, A. Berjón1, C. Guirado1, A. Calle1, and A.M. de
Frutos1
(1) Grupo de Óptica Atmosférica, University of Valladolid, Valladolid, Paseo Belén 7, 47011,
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An overview on the long-term records of columnar aerosol properties measured in
Northern Scandinavia is provided. The knowledge of the aerosol loading in sub-Arctic
areas is of maximum interest to achieve a correct analysis of the Arctic aerosols and
transport patterns. The purpose of this study is to establish comprehensive aerosol
climatology in the sub-Arctic region (Andenes site, Northern Norway) focusing on optical
and microphysical properties using 15 years of sun photometer data (2002-2016 period).
The instrument used to obtain columnar aerosol data is the sun photometer Cimel-318,
standard instrument of AERONET (Aerosol Robotic Network) network. The core
quantities included in the database are daily values of Aerosol Optical Depth at 500nm
(AOD500nm) and Ångström Exponent between 440 and 870 nm (AE). With respect to
inversion products, quantities such as size distribution, effective radius, sphericity
fraction, single scattering albedo, and refractive indexes are also analysed. These
products are also used as input in a radiative transfer model (see, e.g., Mateos et al.,
2014) for obtaining an estimation of the aerosol radiative effect and its efficiency during
the most extreme aerosol events identified (in this case from 2008 to 2014).
The AOD500nm values are more or less constant from April to September (about 0.1 ±
0.03) meanwhile AE values present a rise from May to August (maximum in July about
1.4 ± 0.4). Small size particles (radios about 0.15 µm) are the predominant size along
the year, with maximum volume concentrations between May and July. Spherical
particles are the most common shape. With respect to aerosol radiative effects, those
events with larger values of AOD500nm present the largest radiative effects. Linear
relationship between radiative effect in the shortwave range and AOD500nm gives a mean
aerosol forcing efficiency of -101.1 Wm-2AOD-1.
This work was supported by project POLARMOON (CTM2015-66742-R) of Spanish
Government (MINECO), EU-H2020 under Grant Agreement Nr. 654109 [ACTRIS 2], and
VA100U14 of Consejería de Educación of Junta de Castilla y León. We also are grateful
to Spanish MINECO for PTA2014-09522-I and IJCI-2014-19477 grants.
Mateos, D., et al. (2014), Atmos. Chem. Phys., 14 (24), 13497–13514.
Rodríguez, E., et al. (2012), Q. J. R. Meteorol. Soc. 138, 471–482.
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Regular variations in the MLT infrared airglow: Empirical model
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Infrared (IR) airglow, appearing at the height of the upper mesosphere and lower
thermosphere (MLT), plays the key role in the formation of the thermal state of the upper
atmosphere and the energy balance at these heights. We present the results of
systematization and analysis of long-term data of rocket and satellite measurements of
the IR radiation of atomic oxygen 63 μm O ( 3P) and carbon dioxide 15 μm CO2 in the
upper atmosphere. The significance of research of spatio-temporal variations in the
infrared O (3P) and CO2 radiation is due to the necessity of considering the features of
the regional variations in the upper atmosphere temperature at prognostic estimations of
a global picture of the processes of its cooling at different latitudes at different time
intervals during the year (diurnal and seasonal variation, etc.). Photochemical
atmospheric processes, leading to the origin of the 63 μm O( 3P) and 15 μm CO2
emissions, are analyzed. Based on statistical analysis of published data of rocket and
satellite measurements of the 63 μm and 15 μm emissions characteristics, performed in
the last 30 years, analytical expressions (empirical model) are obtained. This model
allow us to describe the character of the altitude distribution of the O(3P) and CO2
emissions intensities, their seasonal and latitudinal behavior, as well as their
dependency on the solar activity.
It is shown, that the dependence of the behavior of the 63 μm and 15 μm emissions
intensities on the solar activity has non-linear character. It was revealed, that the height
profile of the 63 μm volume emission rate, which maximum is about 100 km, also
depends on the solar activity level. The seasonal variations in the O (3P) and CO2
emissions intensities were analyzed. It was found a slight (about 10%) increase in the
intensity of the 63 μm atomic oxygen emission in summer. The seasonal variation in the
15 μm emission intensity has a minimum in summer and maximum in winter. Latitudinal
behavior of the CO2 emission intensity was investigated. Analysis of dependency of the
annual mean CO2 emission intensity on the geographical latitude revealed, that the
intensity increases in both hemispheres with increasing latitude. In the equatorial region
there is a small maximum in the CO2 emission intensity.
This study was supported by the Grant of the Russian Scientific Foundation (Project No.
16-05-00120-a).
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One of the most challenging topics in the last years has been the retrieval of particulate
matter levels at the surface from remote sensing techniques, which can expand the
spatial and temporal coverage of this magnitude; hence the relationships between
columnar and surface aerosol properties are not a straightforward problem and are
deeply investigated in this study.
Two quantities about aerosol load in the atmosphere are used: columnar Aerosol Optical
Depth (AOD) and ground-level particulate matter with aerodynamic diameter below
10 μm (PM10). Other related parameters such as Ångström exponent (AE) and PM ratio
(PR = PM2.5/PM10) are also used to obtain information about the prevailing particle size.
All these measurements are obtained in two nearby background sites belonging to
AERONET and EMEP networks in the north-central area of the Iberian Peninsula for the
period 2003–2014.
The inter-annual monthly means of PM10 present two separated maxima in March and
August (local minimum in April) which are not apparently followed by AOD cycle. The
inter-annual variability has shown a similar decrease trend for both quantities and a
good linear agreement between their yearly means is evident (R = 0.9). At daily or
monthly time scales these correlations are worse (R = 0.58 and R = 0.74, respectively).
Hence, linear relationships are not always recommended to fit the AOD-PM10
relationship. As regards particle size, the daily PR-AE scatterplot displays a rough-bulk
correlation due to the prevalence of medium size particles over the study area.
This work was supported by project POLARMOON (CTM2015-66742-R) of Spanish
Government (MINECO), EU-H2020 under Grant Agreement Nr. 654109 [ACTRIS 2], and
VA100U14 of Consejería de Educación of Junta de Castile and León. We also are
grateful to Spanish MINECO for IJCI-2014-19477 and PTA2014-09522-I grants. Also
thanks to EMEP (especially to MAGRAMA and AEMET) and AERONET/AERONETEurope staff for providing observations and for the maintenance of the networks.
Bennouna et al. (2016), Long-term comparative study of columnar and surface mass
concentration aerosol properties in a background environment, Atmos. Environ. 140,
261-272.
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In this work, we present the preliminary results of aerosol optical depth (AOD) and
Angstrom parameter (AE) retrievals from spectral direct irradiance measurements
obtained with an EKO MS-711 spectroradiometer at the Izaña Atmospheric Observatory
(IZO) during the Saharan dust events occurred between the 20 th and 28th June 2017.
The results obtained have been compared with AOD and AE from a CIMEL AERONET
(Aerosol Robotic Network, http://aeronet.gsfc.nasa.gov) photometer.
IZO is part of the Global Atmospheric Watch program and it has actively contributed to
international radiation networks and databases such as AERONET since 2004. In July
2014 the Izaña Observatory was appointed as the WMO-CIMO Testbed for Aerosols and
Water Vapour Remote Sensing Instruments (WMO, 2014). As equipment of this
infrastructure an EKO MS-711 has been acquired recently. This instrument performs
spectral direct irradiance measurements from 300 to 1100 nm, with a full width at half
maximum of 3.35 nm (Egli et al., 2016).
We have calibrated the EKO MS-711 using the Langley technique (Shaw, 1983). Once
calibrated, total spectral optical depth of the atmosphere was obtained from absolute
direct solar irradiance measurements.
Quality assessment has been performed by comparing the EKO AOD with coincident Cimel/AERONET AOD data at 340, 380, 440, 500, 675, 870 and 1020 nm during the dust
episode (total 319 measurements coincident) in a large AOD range (from 0.01 to about
0.65 in 500nm). The straightforward comparison between both measurements for all
wavelength shows an excellent agreement, more than 99% of the variance agree (Pearson determination coefficient, R > 0.99). Regarding AE, the results show quite fairly
good R of 0.85.
Egli, L., Gröbner, J., Hülsen, G., Bachmann, L., Blumthaler, M., Dubard, J., Khazova, M., Kift, R., Hoogendijk, K., Serrano, A.,
Smedley, A., and Vilaplana, J.M.,: Quality assessment of solar UV irradiance measured with array spectroradiometers. Atmospheric
Measurement Techniques, 9(4), 1553-1567, 2016.
Shaw, G. E.: Sun photometry. Bulletin of the American Meteorological Society, 64(1), 4-10,1983.
WMO: Commission for Instruments and Methods of Observation, Sixteenth session WMO no. 1138, Saint Petersburg, Secretariat of
the World Meteorological Organization, 2014.

