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THE SECONDNY-ALESUND i PALLAS -SODANKYLA
ATMOSPHERIC RE SEARCH WORKSHOP, NY-ALESUND,
SVALBARD 16-18 APRIL 2007

PREFACE

In March 2004 an initiative was taken to communicate and stimulate the combination of
the efforts in the two Global Atmospheric Watch stations inA3sund, Svalbard and
Pallas, Finland. Tis was pursued through successfuljoint workshop held in Pallas
Sodankylalt was agreed that such workshops should be repeated at regular infémeals.
enhancement of the atmospheric observation pragimthe Arctic is a high priority since
there arefew stations and we know that the Arctic is particularly sensitive to climate
change. Recently the international community has initiated an effort to build a sustainable
Arctic observing network (SAONSAON seeks to develop a set of recommendations on
how to achieve longerm Arcticwide observing activities that provide free, open and
timely access to high quality data (obtaine
realize papArctic and global valuadded services and provide societal biesneSAON
promotes coordination, collaboration and communication among all parties to develop the
recommendations and achieve a lasting legacy of International Polar Yea2 @U@ 7

In Svalbard The Research Councibf Norway is pursuing the same coordiin,
collaboration and communication goals as put forth by SAON albeit for all science
Custodian of this pursuit under the auspices ofRhRsearch Councit Svalbard Science
Forum (SSF). SSF organizes workshops to facilitate communication betwedistscien

It was therefore timely to organize a workshop for atmospheric sciences-Adesiynd.

With support from SSF, The Finnish Meteorological Institute and the Norwegian Polar
Institute the workshop attracted scientists from many of the active inmtgutn Ny
Alesund and Pallas.

The present workshop report contains contributions from the attendees and provides a basis
for continued discussions and cooperation. | want to thank all the attendees for their
contributions and help in making this worksheyrcessful. We are looking forward to the

next meetings that our Finnish friends have offered to ho20i®. By then we expect
SAON to have taken even stronger shape but also that the scientists that attended the
present workshop have published many mapers stimulattby each other through the
meetings and exchange.

I want to thank SSF, Kings Balktd and above all the attendees for their valuable
contributions that made this workshop possible.

Kim Holmén
Norwegian Polar Institute



The year 200Was in many ways an exceptional yelne International Polar Year was
started in MarchThe ice cover of the Arctic Ocean was at its record minimum in
September (Comiso et al., GRL v@5, L01703. In Oslo in December e Inter
governmental Panel on Clate Change anthe former U.S. vicgresidentAl Gore

were awarded the Nobel Peace Prize "for their efforts to build up and disseminate
greater knowledge about mamade climate change, and to lay the foundations for the
measures that are needed to cowattesuch change’And in April The Second Ny
Alesund i PallasSodankyla Atmospheric Research Workshimpk place atNy-
Alesund,Svalbard following the first workshop at Pallas, Finland 2004 Researchers

from Norway, Finland, Sweden, Russia, Korea,fzery, and Japan gathered together

to analyse, report and sgdussvariousscientific questions concerning the atmosphere.
We also had a possibility to visit the Mt. Zeppelin GAW Station offering a chance to
seethe technical solutionsow to makeatmosphed measurements in extrerapviron
mentalconditions Last but not leastve had an opportunity to admire the magnificent
view over Kongsfjorden both from the station and en route from the famous cable car
that had "captured" the prime minister of Swedemeohat earlier.

On behalf of the Finnish participants | would like to thank woekshop participants
andlocal orgarzers, Norwegian Polar Instituteandthe staff of Sverdrup Station and
Kings Bay AS forthe scientifically productive dayshe excellentworkshop arrenge
ments, efficient logistical support and the warm hospitality af\dygund.And | wish

to meet all the members of the dyesund atmospheric research community at
Sodankyla, Finlandn the ThirdNy-Alesundi PallasSodankyléd AtmospheriResearch
Workshop in2010

Jussi Paatero
Finnish Meteorological Institute
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ATMOSPHERIC OBSERVATORY AT TIKSI AS A PART OF THE
IPY PROJECT IASOA

Yrj6 Viisanert, Jussi PaatetpTaneil Uttaf, Tuomas Laurily Heikki Lihavainer and
Alexander Makshtds

! Finnish Meteorological Institute, P.O.Box 50360101 Helsinki, Finland
2 NOAA Earth Systems Research Laboratory, Boulder, Colorado, United States
3 Arctic and Antarctic Research Institute§ Bering str., St.Petersburg 199397, Russia

INTRODUCTION

The International Arctic Systems for Observing the Atmosphere (IASOA,
www.lASOA.org) is an International Polar Year (IPY) Activity (#196) that was formally
endorsed by the IPY committee in Novesnl2005. IASOA is coordinated by the United
States National Oceanic and Atmospheric Administration (NOAA). This activity seeks to
enhance and integrate measurements of the Arctic atmosphere on an International scale
by coordinating the activities of severimospheric observatories in Alaska, Canada,
Greenland, Spitsbergen (Svalbard), Sweden, Finland and Russia. The IASOA key science
guestions focus on efforts to understand the processes driving Arctic weather and climate
within the larger (marine, Cryosplegrbiological and terrestrial) system; the primary
activities involve combining the resources of intensive ssgjier observatories,
distributed networks, campaigns and innovative technologies to provide a comprehensive
Arctic observing system; and themary mission is to understand change and the relative
effects of natural and anthropogenic effects well enough for the global community to plan
mitigation and adaptation strategies. A summary of the Finnish Meteorological Institute's
(FMI) planned activiees at Tiksi in Arctic Siberia, is presented in the following

TIKSI OBSERVATORY

The NOAA with the support of the National Science Foundation (NSF) is currently
upgrading the climate observatory near Tiksi, located close to the delta of Lena river in
northern Siberia, in collaboration with the Russian authorities, e.g. Roshydromet and the
government of the Republic of Sakha (Yakutia). The site is located on the shore of the
Laptev Sea (71°35'N, 128°55'E). The research of the NOAA will focus mostly oneclimat
processes involving the surface radiation balance as affected by clouds and aerosols,
cloud microphysics, satellite validation, circulation patterns, snow and sea ice etc.

The work plan at Tiksi proposed by the FMI consists of four research topics of

atmospheric observations which will compliment the other observations at the site. The

FMI is planning to start research in cooperation with the other IASOA partners on four

activities:

A Atmospheric concentrations of greenhouse gases, especially carbodedand
methane,

A Carbon dioxide and methane exchange between tundra ecosystems and the
atmosphere,

A Aerosol properties relevant to radiative forcing, and

A Atmospheric concentrations of heavy metals and PAH compounds.



1C

OBJECTIVE

Tiksi will efficiently fill t he "black hole" of the atmospheric circumpolar monitoring
activities in the vast area between northern Finland and Alaska. The site provides a
unique opportunity to study the reasons and consequences of the melting permafrost
during the warming of the Atic Siberian climate.
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Fig. 1. Location of Tiksi and other circumpolar atmospheric observatories (Map:
UNEP/GRID Arendal).
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Fig. 2.Candidate site for a clean air facility east of Roshydrayheervatory at Tiksi.

Fig. 3. The town of Tiksi (population about 3000) 5 km northwest of the observatory.
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SEASONAL VARIATION OF AIRBORNE LEAD -210 AT
Mt. ZEPPELIN GAW STATION, SVALBARD 2001 -2005

Jussi PaatefpJuha HatakKa Murat Buyukay, Kim Holmér?, and Yrj6 Viisaneh

! Finnish Meteorological Institute, P.O.Box 503:G0101 Helsinki, Finland
2 Norwegian Polar Institute, Polar Environmental Centre9296 Tromsg, Norway

INTRODUCTION

During the past three decades, there has been increasamgst in the presence of
airborne pollutants in the Arctic region. However, the interpretation of the results has
suffered from the lack of data concerning the transport and removal processes in the
atmosphere.

In this project we have measured concatiin of lead210 in the air at NyAlesund,
Svalbard. The data on atmosphérfPb can be used as a tracer to help to identify natural,
e.g. due to the North Atlantic Oscillation (NAO), and anthropogenic variations in the
transport behaviour of air massand thus also air pollutants in the Arctic region.

Lead210 is formed in the atmosphere from the radioactive noble gas -22@on
emanating from the Earth's crust. 99 % of the airbéffRen originates from land and

only 1 % from the sea (Baskaran et 4B93). Owing to the long halife (22 years) of

2%p, its removal from the atmosphere is governed by the different scavenging processes
affecting the aerosol particles carrying it rather than radioactive decay.

MATERIALS AND METHODS

The sampling s& was at Mt. Zeppelin Global Atmosphere Watch (GAW) station, Ny
Alesund, (78°58" N, 11°53" E), on the western coast of Spizbergen (Fig. 1), the largest
island in the Svalbard archipelago (NILU, 2005; WMO, 2005). The station is located 474
m above sea level

High-volume aerosol particle samples have been collected onto glass fibre filters
(Munktell MGA). Three samples per week have been collected with filter changes on
Mondays, Wednesdays, and Fridays. The air flow is about 3é@@maay. One out of 25

filters is left unexposed and is used as a field blank sample. The sampling programme was
started in December 2000.

The exposed filters together with field blanks were assayed®io six months after the
sampling with an automatic alpha/beta -flass proportional counter instrument
(Mattsson et al., 1996). The measurement is based on the alpha counting ajrthenn
daughter nuclidé*®Po. Usually the one sigma standard deviation of the radioassay varies
between 5 and 10 per cent.
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Mt. Zeppelin,\Ny—Alesund, Svalbard
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Fig. 2. On the left the inlet of the filter sampler. The red heating cable prevents the blocking of the inlet by
snow and ice.
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RESULTS AND DISCUSSION

The observed"%b activity concentratianpresent a clear seasonal variation with highest
concentrations in winter. This is attributed to the small amount of precipitation, reduced
air chemistry and stagnant mixing conditions in the troposphere during the Arctic night.
These factors increase therosol residence time and thus the accumulatiéi®b into

the air. The phenomenon is similar to the Arctic haze, accumulation of soot and sulphate
particles into the Arctic atmosphere during the winter. The maximum concentrations are
quite comparabléetween the High Arctic and northern Finland (Paatero et. al., 2003;
Paatero and Hatakka, 2000).

The minimum #*%b activity concentrations occur in the High Arctic in summer when the
continuous solar radiation induce efficient vertical mixing of tlopdshere. Also the
amount of precipitation, which causes wet deposition, and atmospheric chemistry induced
by solar radiation, are at their seasonal maximum. This is in agreement with observations
in northern Finland. However, the concentrations are exgerlin the High Arctic.

Seasonal Variation of Airborne Lead-210 at Mt. Zeppelin,
Svalbard, 2001-2005
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Fig. 3. Seasonal variation of airborfi8Pb rBg/m3) at Mt. Zeppelin GAW station, Svalbard 208005.
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TRACE GAS MEASUREMENTS AT PALLAS

Juha Hatakka, Mika Aurela, Marko ll@aand Tuomas Laurila

Finnish Meteorological Institute, P.O.Box 50360101 Helsinki, Finland

INTRODUCTION

The number of stations and components measured at Pallas continue to increase. A new
wetland flux station, Lompolojankka, was establishedd@3 At Sammaltunturi GAW
station atmospheric hydrogen concentration measurements were started in 2006.

SAMMALTUNTURI

The CQ measurements continue with a NDIR based system at Pallas. The system was
updated to use LiCer000 analyser in 2006, and a negt of 6 cylinders of
WMO/CCL standards were acquired in 2007. The whole time series for the station as
daily means is depicted in fig. 1, showing ca. 2 ppm increase a year. Results agree
quite well with flasks collected for NOAA's Cooperative Air SamglMetwork since

2002, on the average FMI's results are 0.12 ppm lower (with FMI's scale based on
standards from year 2000).

Daily Average CO, Concentration, Sammaltunturi

410

400

390

380

370

360

CO, Concentration (ppm)

350

340
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fig. 1. Daily average C{xoncentration, Sammaltunturi station at Pallas

The CH,, CO, NO and SE measurement were started 002 at Sammaltunturi with a
GC, and the system continues operating. A new set of 3 cylinders of WMO/CCL
CH4/CO standards were obtained in 2005. Alsg,30Dyx and ozone concentrations are
measured at the station.
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In connection with EUROHYDROS projectreew instrument, Peak Laboratories Peak
Performer 1, was installed in 2006 to measure atmospheric hydrogen concentration. It is
based on RGD (Reduction Gas Detector), and one measurement takes 5 minutes to run.
A working standard cylinder is measured asgvteird sample. A proper calibration for

the system is still missing: working standard and instrument response is currently

calibrated with a single 102 ppm (2 %) standard using a gas blender. This situation will
improve during 2007.

LOMPOLOJANKKA

Lompolojankkéa station lies in a small wetland (aapa mire) at an elevation of 270 m
a.s.l.,, ca. 3 km NW from the forest flux site Kenttdrova and 4 km NE from
Sammaltunturilts measuring programme includes £OH, and ozone concentrations,

and various hydrongeorological parameters including e.g. air and soil temperatures,
different radiation components and water table depth. The exchange,dndCCH
between atmosphere and the ecosystem is measured continuously by eddy covariance
(EC) method. Since 2006 tHeC measurements have been complemented by flux
measurements using automatic chambers. Lompolojankkd mire is a level 3
NITROEUROPE site, and in 2007 the programme will be expanded to inclg@e N
concentration and flux measurements.

Hourly average methaneoncentrations from the Sammaltunturi and Lompolojankka
stations are presented in fig. 2. Lompolojankka sample was taken at height 3 m above
the ground (wetland). Wetland site concentrations reach much higher (ca. 4 ppm) values
during summer if atmospherimixing is weak, due to wetland being a source of

methane. During wintertime the wetland site concentration follows much more closely
to that measured at Sammaltunturi.

Hourly CH, Averages, Sammaltunturi and Lompolojankka
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CARBON DIOXIDE AND M ETHANE FLUX MEASUREMENTS AT
THE GAW STATION OF PALLAS -SODANKYLA

Tuomas Laurila, Juha Hatakka, Mika Aurela, Jiteikka Tuovinen and Yrjo Viisanen

Finnish Meteorological Institute, P.O.Box 50360101 Helsinki, Finland

INTRODUCTION

At the Finnish PalsSodankyla GAW station, concentrations of trace gases, including
carbon monoxide and methane, are measured on the top of an arctic mountain,
Sammaltunturi. To improve our understanding how northern ecosystems act as sources
and sinks of these trace gasesl how they contribute to the concentration variations,
we measure the biosphestmosphere exchange of these gases on an ecosystem scale
using micrometeorological methods. Within the Pallas area, we runoceddyiance
measurements of G@luxes in a spuce forest at Kenttdrova and €&nd CH, fluxes in

a northern wetland (aapa mire). At the other node of the GAW station, Sodankyla, we
measure C@fluxes in a Scots pine forest. At all these sites, the micrometeorological
flux measurement systems alsoaetsensible heat and latent heat (evaporation) fluxes
and a suite of meteorological parameters. In this presentation, we show examples of
these fluxes together with trace gas concentrations at Sammaltunturi.

RESULTS

The seasonal cycles of the tropospt concentrations of COand CH are most
pronounced in the high northern latitudes. For,QGfiis is due to the terrestrial
vegetation acting as a sink in summer and a source during the other seasons (Fig. 1).
CH, concentrations are lowest in late sumymaren though the CHemissions from
wetlands are highest in summer. This is due to the efficient photochemical sink in the
atmosphere in summer.

The spruce forest of Kenttarova is a small source of ©Qhe atmosphere in winter

until late April, when a temperature exceeds 0 °C and photosynthesis commences
(Figs. 1 and 2). The net uptake of carbon increases gradually in early summer in warm
weather. The net fluxes to the forest are highest in July, about 0.4 mgn€e&" at

noon. The concentrationg GO, begin to decline in late April, reaching the minimum

in August. The nature of concentration variations is very different in winter and
summer. In winter, the variations mainly reflect the loagge transport of CQOin
changing air masses, while inmmer the shotterm diurnal variations constitute the
dominant pattern.

In spring, global radiation provides an increasing source of heat to the surface (Fig. 2).
First it is mostly converted to sensible heat flux to the atmosphere. After the snowmelt
and commencement of photosynthesis, when stomatal gas exchange becomes effective,
larger mart of the available energy is used for evapotranspiration.
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Fig. 1. Half-hourly CO, concentration aBammaltunturand CQ flux between the Kenttarova spruce
forest and the atmosphere. Positive fluxes indicate a nee@lax from the forest.
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Fig. 2. Air temperature and hatourly global radiation, sensible heat and latent heat fluxes at
Kenttarova.
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SODANKYLA -PALLAS SATELLITE CALIBRATION AND VALIDATION
SITE: AN OVERVIEW

Jouni Pulliainen, Esko Kyrd, Timo SukuvaaiRagel Kivi
Finnish Meteorological Institute, Arctic Research Centre

Tahtelantie 62, FB9600 Sodankyla, Finland
(jouni.pulliainen@fmi.fj

A major handicap in the utilization of Earth observation data has been the lack of
reference and validation data with a high absolute accuracy and with a proper
temporal and spatial coverage. The availabilityirositu data has limited both the
calibrationof spaceborne instruments and the development and validation efageb
biophysical parameter retrieval algorithms. Moreover, the recent research indicates
that in many cases the assimilation of satellite data with grbasdd observations is

a necessjt in order to obtain accuracy characteristics required for operational or
research endse applications, such as climate trend analyses. Actually, the proper
validation of satellite data retrieval algorithms can be considered as a continuous
activity spanimg over the lifetime of a single satellite mission and also covering the
use of historical satellite data sets.

Dense groundbased observation networks monitoring atmospheric and surface
envirormental characteristics only exist in densely populate@sarelowever, in
remote regions, such as arctic, subtic and boreal zones of Eurasia and North
America, the monitoring networks are typically sparse. In contrast to the general case,
the Sodankyl&allas site is covered with dense weather, hydrologicdl emviron

mental monitoring networks and specialized research stations. The Sodaakgti

site is located in northern Finland north of the Arctic Circle and it is a good-repre
sentative of boreal and swaloctic Eurasian environment in a transition zdrem

marine to continental climate (a transition from marine to continental in the west to
east direction). The site providés situ monitoring and high spatial resolution land
cover data sets that are not available for other regions north of thedatit@®. A

special feature of the site is that it is the westernmost part of the Eurasian taiga belt
that reaches close to the Pacific Ocean in its easternmost extent. As the Rusgian
environmental and climate monitoring network has declined ¢indkee ear |l y 906 s,
SodankylaPallas site provides data and a research infrastructure (available e.g. for
measurement campaigns) that are not available elsewhere in that particular ecological
and climate region.

The data sets available for the SodaniBddlas region include the weather and
atmospheric parameter monitoring data from the Finnish Meteorological Institute
(FMI), land cover characteristics and hydrological monitoring and modelling data
from the Finnish Environment Institute (SYKE), and seléatata sets form other
Finnish research institutes and universities. Intensive stations equipped with a large
variety of atmospheric sampling, profiling and automatic surface parameter
measurement systems are located near the town of Sodankyla (ArciézdReSentre

of FMI with a permanent staff of around 30 persons), and at/in the vicinity of Pallas
Mountain. Additional data sets are available fram situ and aerial monitoring
campaigns.
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The available data sets range from pewge monitoring observatins to regionally
distributed information. The data sets are relevant for spage remote sensing
instruments with a high or coarse spatial resolution, as well as for atmosphere or
surface mornoring instruments. The available reference data alsolenéte analyses

of mixed pixel effects that are highly relevant for the utilization of satellite ebser
vations with a coarse spatial resolution. Selected data sets from the SodRallaga

site are currently available from the wsérvice of FMIARC (http://fmiarc.fmi.fi).

The data include e.g. vertical profiles of atmospheric constituents, such as ozone,
columnar observations on various atmospheric characteristics, contimuaitu
sampling of aerosol particles amdsitu analyses of atmospheric gas composition and
boreal forest canopy to atmosphere gas exchange tér@stcs. Also soil tempe
ratures, soil moisture, leaf (needle) moisture, snow conditions (including snow depth)
are continuously monitored.

The SdankylaPallas satellite calibration and validation site is coordinated by the
Arctic Research Centre of the Finnish Meteorological Institute {KRIC) and the
activities of the site are related e.g. to the Nordkalotten Satellite Evaluation co
operation Ntwork (NorSEN), and to the Global Atmosphere Watch (GAW) network.
NorSEN network operations are coordinated by the satellite data centre -G{FEMI
Currently, FMIARC receives preesses and delivers MODIS and OMI data from
EOS Terra/Aqua satellites ar€DS Aura satellite, respectively. During 2007 FMI
ARC starts the receiving, processing and archiving of neatineal UV-data from
METOP, the polar orbiting satellite of EUMETSAT equipped e.g. with GOME2
ozone monitoring instrument (EUMETSAT O3SAF). EUMEAT operations are
now in the testing phase and a major METOP &AAL campaign will be carried out

in Sodankyld in summer 2007.
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AEROSOL MEASUREMENTS AT THE PALLAS GAW STATION
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Finnish Meteorological Institute, Research and Development, P.O. Box 503,
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BACKGROUND

The Pallas GAW (Global Atmosphere Watch) station is located in the northern Finland

and maintainedy the Finnish Meteorological Institute (Hatakka et al., 2003). Aerosol
measurane nt s have been made principally at two
24A070E, 565 m above the sea | evel) and Ma
sea level) These two sites are located six kilometres apart from each other. The higher
altitude station, Sammaltunturi, is inside clouds during 10 % of the days, making it
possible to conduct cloud microphysical measurements along with aerosol measurements
(Komppua et al., 2005). The Matorova station is situated practically always below the

cloud layer.

MAIN FINDINGS

Aerosol particle number concentrations (diameter >10 nm) have been measured in Pallas
since 1996 and particle number size distributions sinc@®.2Bigure 1 shows a 1year

time series of measured total particle number concentrations. A clear seasonal cycle can
be seen, with larger concentrations observed during the spring and summer (typically
10002000 particles chl) and substantially lower coentrations (down to a few tens
particles crt®) during the winter time. This pattern reminds somewhat that reported for
Spitsbergen, in which the high particle number concentrations during the summer were
ascribed to biogenic activities (Heintzenber andkl.4994). The seasonal cycle of Arctic
haze, caused by the lomgnge transportation of anthropogenic pollution, is distinctively
different with peak concentrations observed during the winter and early spring (e.g. Quinn
et al., 2007).

The aerosol resedrdn Pallas started from analyzing aerosol formation events. By such
events we mean the nucleation of nanomsize particles from precursor vapors in the
atmosphere and their subsequent growth to larger sizes. Aerosol formation events are
observed frequdly in polar and Arctic air masses and they are taking place
simultaneously at the two measurement sites in Pallas (Komppula et al., 2003a). The
annual frequency distribution of the events was found to be bimodal, with the maxima in
spring and autumn arslightly lower frequencies during the summer. Very few events are
occurring during winter. Comparing our aerosol measurements to those made in
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Fig. 1. Daily-average total particle number concentrations measured in Pallas.

Varrio 6 7 A4 6 6 N, 5@ ankrans Balias) re2ealed that aerosol formation covers in
many cases a spatial scale of several hundreds kilometres in Northern Finland (Komppula
et al. 2003b, 2006). A detailed analysis of the aerosol formations events at four Nordic
stations showed mg similarities, including the annual cycle of the events and the
average particle growth rate of about 3 nm ho{dal Maso et al., 2007). Compared with
Northern Finland, events were found to be roughly twice more frequent in southern
Finland and Swedefabout 50% of the classified days).

The above analysis suggests that atmospheric aerosol formation might influence the
whole aerosol particle budget, and thereby aerosol climatic forcing, over the Nordic
countries. By combining five years of aerosol measwent data from three stations
(Pallas, Varrio and Hyytiald), Tunved et al. (2006) showed that boreal forests in Northern
Europe are able to maintain a relatively large natural aerosol particle population (1000
2000 particles ch) during the late springo early fall period. These particles can be
considered natural, since they seem to be formed via the oxidation and subsegtent gas
particle conversion of terpenes emitted by the forests. The calculated mass increase of this
natural particle populationac be explained by the conversion of abotit0%6 of the
emitted terpenes into particulate matter (Tunved et al., 2006).



