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Figure 2. Number s ize dis tribution at SMEAR I  s tation in December 2017. 

and atmospheric gases. Differential Mobility Particle 
Sizer (DMPS) has been measuring aerosol particle 

number size distribution since 1997 and in August 2017 
Airmodus A20 PSM was installed to allow detection of 

particles down to diameter of 1.1 nm. 
 

SMEAR I station is located in very scarcely populated 

area. Air quality at the station is very good, especially 
in wintertime natural sources of aerosol particles and 

trace gases are weak. Land is covered in snow and 
incoming solar radiation greatly decreases which means 

that photo-chemistry is very limited. In Värriö, polar 
night starts on December 13th and ends on December 

31st. However, several significant local pollution sources 

in Kola peninsula are within 200 kilometers from the 
station (Paatero et al. 2008). When wind direction is 

favourable, SO2 and NOx concentrations can peak ve ry 
high (fig. 1). 

 

 
 

Figure 1. Hourly averaged wind direction and SO2 concentration at 

SMEAR I  s tation in 1998-2017. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Analysis of Atmospheric composition at 

SMEAR I station in December 2017 
 

  
 

 
 

Air masses are often categorized by using temperature 

and humidity as the key characteristics. However, when 
measurements of aerosol particles and atmospheric trace  

gases are available, atmospheric composition can act as  

even better identifier of air mass. Lifetime of aerosols 
and gases in the atmosphere vary from hours to months . 

Sulfur dioxode (SO2) and nitrogen oxides (NOx) both 
have a lifetime of a few days, so the pollution source 

must be relatively close, usually within some hundreds of 

kilometers, to detect traces of these gases. Carbon 
monoxide (CO) has a lifetime of several weeks, so it is 

harder to determine source of it. One important 
anthropogenic source of CO is biomass burning. In 

Finland, especially in winter, wood is an important source 
of energy in households so if an air mass is coming from 

a populated area, CO concentration is likely to increase . 

Concentration of ozone (O3) near surface is typically low , 
but it is a product in photochemical smog, where NOx 

acts as a precursor of O3. 
 

SMEAR I station in Värriö, Finnish Lapland was 
constructed in 1991-1992 and SO2, NOx and O3 

concentrations have been measured since then  (Hari e t 

al. 1994). More variables were included during the 
following years and currently continuous observations 

include measurements of tens of meteorological variables  
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Analysis of DMPS data (fig. 2) shows that number 

concentration of aerosol particles in Värriö during 

December 2017 was very low with a mean of 163 cm-3. 
Clear cases of new particle formation events w ere not 

observed. High SO2, NOx and CO concentrations 
coincide well with easterly wind direction (fig. 3). 
 

Two cleaner periods took place: first one from 3rd to 8th 
and the second one, much more pronounced case from 
24th to 29th. During the latter time period aerosol 

particle number concentration as low as 10-100 cm-3 

was frequently measured. A closer look at the clean 

 

 
 

Figure 4. Backward atmospheric trajectories  for seven arrival times  

from 23th to 29th of December 2017. 

 
 
 
 
 
 

time period suggests that the period can further be 

divided to an extremely clean period (25th-26th) with 

mean aerosol particle number concentration of 20 cm- 3 
and a more typical clean period (27th-28th) with mean 

aerosol particle number concentration of 63 cm-3. 
 
Local wind direction observation at the station is  o ften 

not sufficient to determine origin of an air mass . W ind 
can be strongly influenced by terrain, which is also the  

case in Lapland where several fjeld ranges exist. Thus , 

for this study, HYSPLIT backward atmospheric 
trajectories were also used to explain atmospheric 

composition (fig. 4). 
 

Trajectory model reveals that origin of air mass during 
these days indeed changed even though wind direction 

was nearly constant. Just before the clean period air 

masses formed south and were transported to Värriö 
via Kola peninsula. On the evening of 24 th wind 

direction suddenly changed from easterly to  w esterly. 
For the next two days wind speed was low and air tha t 

arrived to Värriö had circulated over the scarcely 

populated boreal forest of northern Scandinavia. No 
significant aerosol particle or trace gas sources 

contributed to the composition of the air mass. Then, 
on 27th of December wind speed increased again and 

arctic air mass arrived from the arctic sea. It is likely 
that the particles observed at size range of 50-300 nm 

originated from the sea. On the 29th wind direction 

changed again in a way that arriving air mass was 
transported via Kola peninsula industrial sites, which 

can be observed as an increase of SO2, NOx and 
aerosol particle concentrations. 
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Figure 3. Air quality (top), and wind direction and precipitation intens ity (bottom) at SMEAR I  s tation in December 2017. 


