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Smart-SMEAR is an interface to visualize the data measured at the SMEAR II station in 
Hyytiälä, Finland. It is designed to be an additional tool for data mining and a simple tool 
for working together with trace gas and aerosol data, meteorological parameters and air 
mass back-trajectories, including numerous point sources. The web tool acts as an interface 
to the station database which can be reached with only few mouse clicks. The tool provides 
an overview of such a complicated dataset. The database contains all the data from the start 
of continuous SMEAR II measurements in 1996 until today. Here, we present also some 
examples of how to use Smart-SMEAR. We present examples of one typical atmospheric 
nucleation event day, one local pollution event with low photochemical activity, and one 
long-range-transport pollution day coupled with local pollution events with strong solar 
radiation. Smart-SMEAR, together with its search engine Smart-Search, has proven to be 
an effi cient tool for studying atmospheric chemistry and atmospheric aerosol dynamics.

Introduction

Atmospheric aerosol particles and trace gases 
affect the quality of our life in many ways. 
In polluted urban environments, they infl uence 
human health and deteriorate visibility (e.g. Nel 
2005, Pope and Dockery 2006, Hand and Malm 
2007). On regional and global scales, aerosol 
particles and trace gases have a potential to 
change climate patterns and hydrological cycle 
(Chung and Seinfeld 2005, Lohmann and Feich-
ter 2005, IPCC 2007). Aerosol particles also 
infl uence the radiation-intensity distribution that 
reaches the Earth’s surface, and thus have a 
direct infl uence on the terrestrial carbon sink (Gu 

et al. 2002). Better understanding of the vari-
ous effects in the atmosphere requires detailed 
information on how different sources (including 
biogenic sources) and transformation processes 
modify the properties of aerosol particles and 
trace gases. Trace gases and atmospheric aero-
sols are tightly connected with each other via 
physical, chemical, meteorological and biologi-
cal processes occurring in the atmosphere and 
at the atmosphere–biosphere interface (e.g. Kul-
mala et al. 2004b, Kulmala et al. 2008).

In order to be able to answer wide and deep 
questions related to atmosphere–biosphere inter-
actions and feedbacks, comprehensive stations 
have been established (Hari and Kulmala 2005). 
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The SMEAR (Stations for Measuring the forest 
Ecosystem–Atmosphere Relationships) stations 
nowadays include three stations (SMEAR I, 
Värriö, since 1991; SMEAR II, Hyytiälä, since 
1994, Urban SMEAR III, Kumpula, Helsinki, 
since 2004). Each of them has a comprehensive 
scientifi c program to investigate aerosol and 
trace gas concentrations, biosphere–atmosphere 
interactions, aerosol formation and growth, as 
well as the biogenic background for processes 
leading to aerosol formation (Kulmala et al. 
2001, Järvi et al. 2009).

During the past decades we have grown to 
understand that no discipline of science alone 
can solve, or even explain, global environmental 
problems (e.g. climate change, or effect of pol-
lution on ecosystems and human health). This 
requires multidisciplinary approach and col-
laboration. In order to feed this need, many 
cross-scientifi c and multi-disciplinary joint 
research programs in the fi eld of environmental 
and atmospheric sciences have been started in 
Finland and other Nordic countries (e.g., ABS; 
Atmosphere–Biosphere Studies and CBACCI; 
Biosphere–Carbon–Aerosol–Cloud–Climate 
Interactions). A special feature of these programs 
was to bring together researchers from different 
fi elds and to motivate them to work together in 
solving a common task.

Smart-SMEAR provides means for easy 
hands-on and insights to a complicated dataset. 
The database contains several measured and 
modelled quantities, each requiring special tools 
and knowledge to work with. The web-based 
tool presented here collects and processes all the 
data, so that in practice the users do not have to 
know anything about data treatment. This helps 
to explore the data, and to see relations between 
and behaviour of different quantities without 
losing time in collecting data, pre-treating it and 
learning special plotting tools (e.g. plotting maps 
and surface plots). However, the tool is also good 
for brief checks and for exploration of interest-
ing special cases. Smart-SMEAR is a tool for 
data mining and a simple way to work together 
with air mass back-trajectories and measured air 
quality and meteorological parameters.

The aim of Smart-SMEAR is to see as many 
different data as possible at the same time, so that 
one can detect causalities directly from graphs. 

Above all, this tool is very useful for studying 
connections between air mass movements and 
observations on a stationary measurement site. 
Long-range transport of pollutants, effects of 
meteorology during the air mass travel, effects 
of air mass origin, and reasons for new particle 
formation or pollutant episodes are examples of 
problems that this tool can help to solve. Smart-
SMEAR has already been used in three winter 
schools (‘Physics and chemistry of air pollution 
and their effects’ in 2007, 2008, 2009), twice in a 
university course (‘Statistical analysis of obser-
vations using MATLAB’ in 2007 and ‘Statistical 
analysis of environmental fi eld observations’ in 
2008) and in an academic work that resulted in a 
publication (Buenrostro Mazon et al. 2009).

In this paper, we describe the SMEAR II 
station and sampling facilities, present the data 
in SMEAR database, and fi nally describe the 
technical details and usage of web tools Smart-
SMEAR and smart-Search. We also present three 
case studies to show how the data can be effec-
tively presented, and how to answer related 
scientifi c questions. Since Smart-SMEAR is an 
on-line tool, resolution of graphics it produces is 
too low for print purposes. Therefore, the reader 
is encouraged to follow the case studies directly 
at http://www.atm.helsinki.fi /smartSMEAR/.

Methods

SMEAR II station

Data in the database were collected at the 
SMEAR II station (Station for Measuring Forest 
Ecosystem–Atmosphere Relations) in Hyytiälä, 
Finland (61°50´51´´N, 24°17´41´´E, 181 m 
a.s.l.). SMEAR II is a unique fi eld measurement 
station designed for continuous measurements of 
phenomena in which physical, chemical and bio-
logical processes interact. At the station, compre-
hensive long-term studies are carried out by co-
operating aerosol and environmental physicists/
atmospheric chemists and forest ecologists. Fur-
thermore, the station also operates automatically 
during winter, monitoring non-growing season 
processes. The facility is planned and imple-
mented to determine material and energy fl ows 
in the atmosphere–vegetation–soil continuum at 
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different temporal and spatial scales. The station 
is equipped with state of the art instrumenta-
tion for measurements of aerosol microphysics, 
atmospheric chemistry, micrometeorology, gas 
exchange and water balance of trees and soil 
processes (Hari and Kulmala 2005).

The station can be divided into fi ve oper-
ational blocks: (1) atmospheric measurements 
(profi les, radiation and surface fl uxes) accom-
plished using of a 72-m-high tower, (2) radi-
ation and surface fl ux measurements using a 
20-m-high tower, (3) tree measurements (shoot 
scale fl uxes, sap fl ow and stem/xylem diameter 
changes) performed using of a 15-m-high tower, 
(4) soil measurements (profi les and fl uxes) car-
ried out on two catchment areas (watershed with 
weir), and (5) aerosol measurements (size distri-
bution, physical and chemical properties) from 9 
m above the ground.

Database

Currently, the database contains about 170 vari-
ables that can be divided into seven logical 
blocks: (1) gases: NO, NO

x
, SO

2
, O

3
, H

2
O, 

CO
2
 and CO for all six sampling heights, (2) 

meteorological variables: temperature, pres-
sure, RH (relative humidity), wind speed and 
direction, precipitation and visibility, (3) radia-
tion: global radiation, diffuse global radiation, 
direct global radiation (global radiation – diffuse 
global radiation), refl ected global radiation, net 
radiation, PAR (photosynthetically active radia-
tion), refl ected PAR, UVA and UVB radiation, 
(4) aerosols: number concentration and size-
distributions (3–1000 nm, Differential Mobil-
ity Particle Sizer), black carbon concentration 
(7-wavelength aethalometer), optical properties 
(3-wavelength nephalometer), mass concentra-
tions of particle smaller than 1, 2.5 and 10 μm 
in diameter (PM1, PM2.5 and PM10, impactor), 
(5) new-particle formation classifi cation accord-
ing Dal Maso et al. (2005), (6) back-trajecto-
ries calculated using the Hybrid Single-Particle 
Lagrangian Integrated Trajectory (HYSPLIT) 
model (http://www.arl.noaa.gov/ready/hysplit4.
html) for three arriving heights and four days 
back in time (together with trajectory coordi-
nates, also the meteorology along trajectory has 

been saved to database), and (7) emission point 
sources from the European Pollutant Emission 
Register (http://eper.eea.europa.eu/eper/; 10000 
facilities).

The data are saved in the MySQL database 
that is updated every two hours for meteorologi-
cal, gas phase and some aerosol measurements. 
However, near on-line data are not quality con-
trolled. The quality control is made manually 
every half a year and the database is updated 
with the verifi ed data. The air mass back-trajec-
tories are also updated every half a year.

Web interface

Smart-SMEAR (http://www.atm.helsinki.fi /smart
SMEAR/) is a MySQL database and php-based 
dynamic web page. The graphs are created with 
JPGraph (PHP Graph Creating Library, http://
www.aditus.nu/jpgraph/). The maps are made 
using Google Maps API (http://code.google.com/
apis/maps/).

The value of the tool is its simplicity. To 
some extent it is even oversimplifi ed and many 
variables and ways to explore the data have been 
left out. But they are left out on purpose! Since 
the idea is to give a quick fi rst look and overview 
of only some selected values (slightly more than 
20 variables from only one measuring height).

The only selection that the user can make is 
the date, time and length; and arriving height 
of back-trajectories. Everything else is locked 
and predefi ned. By this way the users are not 
distracted by the complexity of the data and can 
really focus only on the phenomena in question.

The user interface consists of daily plots 
of approximately 20 variables, automatically 
adjustable map for trajectories and aerosol size 
distribution. Additionally, the “Emissions” panel 
provides the user with a fully functional Google 
map interface with emission point sources that 
air mass trajectories are crossing. The Google 
map features zooming and satellite imagery. On 
the emissions panel, the user can also select 
which emitters are shown on the map, the options 
being All (all emitters included), CH

4
, CO, CO

2
, 

NH
3
, NMVOC, NO

x
, SO

x
 and PM10. Only those 

facilities that are in the area currently visible and 
are on the way of air mass trajectories are shown.



450 Junninen et al. • BOREAL ENV. RES. Vol. 14

Smart-Search

Smart-search is an interface (http://www.atm.
helsinki.fi /smartSMEAR/download) for down-
loading data from the SMEAR database. As 
mentioned above, in Smart-SMEAR some of the 
data are not shown, but in Smart-Search all the 
data from the database are available for down-
load. Main additions to the downloadable data 
compared with the data in Smart-SMEAR are 
six sampling heights on the measurement tower, 
more meteorological parameters, precipitation, 
visibility and WMO SYNOP weather codes. 
Also full spectra of solar and global, direct and 
refl ected radiation are available. Aerosol data are 
from the aethalometer (7-wavelength), impactor 
(PM1, PM2.5, PM10), the APS (Aerosol Particle 
Sizer, TSI) and the Differential Mobility Particle 
Sizer (Aalto et al. 2001) measurements.

Users of Smart-Search start by selecting the 
time interval of interest. The interface allows 
users to perform some time-averaging before the 
data are downloaded. Currently options for this 
are raw, 1, 3, 6, 8, 12, 24 hours, week, month, 
year and cyclic averages (hourly, week daily 
and monthly). When anything else than raw 
is selected, standard deviation is automatically 
added to the output. Raw is used as the default. 
Here “raw” means the sampling interval of a 
variable in the database, not the original acquisi-
tion interval. For example, all gas measurements 
are saved in the database as 30-minute averages 
of 1-min data.

The AJAX (Asynchronous JavaScript And 
XML) technology allows one to build web serv-
ices with instant feedback, without a need for 
reloading the entire web page. Smart-Search uses 
the AJAX technology to communicate with the 
database even before the user has made the fi nal 
decision to download any data. When the date 
and averaging time have been selected, the user 
chooses the type of data of interest. The options 
are gases, meteorological, radiation and aerosol 
data. When selecting the data type, Smart-Search 
connects to the database, checks the quality 
of the data and returns a table with download-
able variables and percentages of available data 
during the selected period. Result will also be 
colour coded, green meaning good-quality data 
(< 30% data missing), gray medium-quality data 

(< 70% data missing) and red low-quality data 
(> 70% data missing).

One would think that the quality check before 
downloading is time consuming because the 
software has to go through all the data. Luckily, 
the SMEAR database is optimized and the qual-
ity check is done completely in the MySQL data-
base, so no data transfer is involved. This makes 
the process fairly fast and, for example, a quality 
check for one year of gas data takes about one 
second and correspondingly for fi ve years about 
three seconds.

There are several advantages in the current 
approach. The data quality check is made on 
the server side, so the user’s computer is not 
involved and overall performance is less affected 
by the speed of the user’s computer. The data 
quality becomes a selection criterion and this is 
an important feature from the data analysis point 
of view. Now the user is prompted to acknowl-
edge that some data are missing and, depending 
on missing data treatment methods available, the 
user can choose a different period or additional 
variables that would help fi lling the data gap 
(Junninen et al. 2004).

Downloadable data are available in CSV and 
tab-separated fi le formats. A CSV fi le is useful 
when data are imported to MS Excel or Igor Pro. 
A tab-separated fi le is useful when importing for 
example to Matlab.

Usage of Smart-SMEAR

The data visualizer consists of two parts: a selec-
tion panel and graphs. In the selection panel, 
days with new-particle formation are presented on 
a red-coloured background and non-events days 
on blue-coloured background (Fig. 1). For plot-
ting, the date, trajectory arriving-height and length 
are selected. Graphs are generated automatically 
every time one of the selection criteria is changed.

The main view is the map with back-trajecto-
ries for a whole day, representing 24 trajectories, 
one for each hour. Trajectories with an arriving 
time from 00:00 to 12:00 are blue, those with an 
arriving time from 13:00 to 23:00 are red and the 
one that is selected from the hour panel is green. 
The altitudes of air masses along the trajectories 
are shown below the map (Fig. 1).
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Figure 2 presents meteorological parameters 
along trajectories for the selected hour. Available 
variables are the air temperature, potential tem-
perature, pressure, relative and absolute humidi-
ties, mixing height and rainfall.

The measured meteorological and air-quality 
parameters are plotted on the right-hand side 
of the screen (Fig. 3). The data are from the 
SMEAR II measurement towers. The measure-
ments of gas concentrations are conducted at six 
measurement heights, but for clarity only one is 
presented here (67.2 m and 16.7 m for CO). The 
data are plotted for a whole selected day, and 
the selected hour is indicated by a green verti-
cal line. The variables made available are global 
radiation, pressure, temperature, wind speed, 
relative humidity, CO

2
, NO, NO

x
, O

3
, SO

2
, CO 

and H
2
O.

Examples of usage

Case study 1: a nucleation event day

In new-particle formation, gas phase precursors 
nucleate and grow to large sizes (Kulmala 2003, 

Kulmala et al. 2004a). A new-particle formation 
event (22 April 2006) is clearly visible in the aer-
osol size distributions when plotted as an image 
(surface) plot (see upper right corner in Fig. 4). 
The image plot is a three-dimensional plot with 
time in x-axis, aerosol size in y-axis, and loga-
rithm of concentration represented by colour, 
red being the high and blue the low concentra-
tion. New particles are formed before noon and 
are growing slowly (in Hyytiälä about 3 nm h–1) 
to larger sizes. The growth pattern is not easily 
observable when the size distribution is from a 
specifi c time or when only time series of specifi c 
size ranges are plotted. Smart-SMEAR makes by 
default an image plot, together with a size distri-
bution of a selected hour and time series of the 
total number concentration during that day.

In Fig. 4, the aerosol growth pattern is clearly 
visible in the plot in the top right corner. The aer-
osol size distribution plot (11:00) shows a clear 
new mode at 10 nm, and the particle number 
concentration is increasing during the afternoon 
due to new-particle formation.

New-particle formation events are associ-
ated with intensive solar radiation, often also 
with arctic air masses and low concentrations 

Fig. 1. Screenshot pre-
senting the selection 
panel and the back-trajec-
tories map.
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aerosol particles larger than 100 nm in diameter. 
These observations are easily visible in Smart-
SMEAR.

Case study 2: a pollution day

Short-lived local pollution plumes are detected in 
Hyytiälä when arriving air masses have crossed 
over the city of Tampere or close-by industrial 
facilities (< 200 km). The pollution plumes are 
characterised by simultaneous elevation of par-
ticle, CO

2
, SO

2
, and NO

x
 concentrations, the ele-

vated SO
2
 concentration being associated only 

with industrial emissions. Oxidation reactions of 
NO

2
 by O

3
 can be seen by depletion of O

3
 during 

nighttime pollution plumes. When solar radia-
tion is available, the oxidation of CO and VOC 
by OH radical produces O

3
 so that plumes have 

high ozone concentrations.
Figure 5 illustrates an example of a pollution 

event when metal industry emissions in Harja-
valta about 80 km away from Hyytiälä were 
clearly visible in gas and aerosol concentrations. 
The plume arrived at Hyytiälä at around 18:00 
on 13 December 2007 and lasted for about four 
hours. During that time, the concentrations of 
CO

2
, CO, SO

2
, NO

x
 and particles were elevated 

while of that of O
3
 decreased.

Under sunlit conditions inside plumes, oxida-
tion of VOC, CO and NO produces ozone. This, 
however, was not the case here. In December, 
a day is very short at the latitude of Hyytiälä 
(61.85°), and the sun sets already at 15:00. High 
concentrations of NO

2
 led to the depletion of 

ozone through NO
2
 reaction with O

3
 which pro-

duced the highly reactive nitrate radical. The 
reaction could be verifi ed by the reaction stoichi-
ometry. The increase in the NO

x
 concentration, as 

compared with that one hour before the plume, 
was roughly 2.4 ¥ 1011 molecules cm–3 (9 ppb) and 
the decrease of O

3
 was 2.9 ¥ 1011 molecules cm–3 

(11 ppp). The ratio of the decrease in O
3
 concen-

tration to the increase of NO
x
 concentration was 

1.2, being very close to the theoretical value of 1.
When looking at the trajectories on the emis-

sion map in Smart-SMEAR, it is obvious that 
this plume was caused by metal industry in Har-
javalta. Trajectories circulated over the industrial 
area for several hours at the altitude of 150 m. 
The facility has annual NO

x
 emissions of 25 

tonnes and SO
x
 emissions of 2850 tonnes (Euro-

pean Pollution Emission Registery, http://eper.
ec.europa.eu/). Air masses that are associated 
with the plume have minimal mixing with free 
troposphere and are not diluted since they stay 
below mixing height and very close to the surface 
(< 150 m) during all the time of travel (20 hours).

Fig. 2. Screenshot pre-
senting meteorological 
parameters along trajec-
tories.
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Case study 3: long-range-transport 
episode

During long-range transport both direct emis-
sion and photochemical processes are observable 
from measurements. Long-range-transport epi-
sodes are characterised by high concentrations of 
accumulation size particles (> 100 nm) as well as 
high O

3
, CO, CO

2
, NO

x
 and SO

2
 concentrations. 

The episode is strongest when air mass move-
ments are slow and air travels at low altitudes 
which minimizes vertical mixing and dilution.

27 April 2006 is an example of a day when 
long-range transport was superimposed with 
local pollution from industry and power plants. 
The episode lasted for fi ve consecutive days, and 
during that time the wind direction remained con-
stant, air masses were travelling below mixing 

Fig. 3. Screenshot pre-
senting aerosol data, 
meteorological and gas 
data.
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Fig. 4. Screenshot presenting a new-particle formation day, 22 April 2006. Note that the screen shot is not of a full 
screen.

Fig. 5. Screenshot presenting a pollution event in Hyytiälä on 13 December 2007, only SOx polluters are shown.

height and cloud cover was minimal. These con-
ditions are optimal for the photochemical produc-
tion of O

3
, and concentrations were indeed the 

highest of that year. The daytime O
3
 concentra-

tion was 75–85 ppb, dropping to about 50 ppb 
at nighttime (Fig. 6). In comparison, a few days 
earlier when the air masses came from the Arctic 
sea, the daytime O

3
 concentration was < 50 ppb. 
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The episode was very clearly visible also in the 
aerosol size distribution data, in which the total 
number concentration of > 100 nm particles was 
about 3000 cm–3, being ten times larger than the 
corresponding concentration one day before the 
episode (330 particles cm–3) (Fig. 7). The emis-
sion map in Smart-SMEAR indicates that the air 
pollution originated from St. Petersburg, Russia.

On 27 April 2006 also three local pollution 
episodes occurred. They originated from Finnish 

paper mills and power plants. Episodes arrived at 
Hyytiälä at 02:00, 05:00, and 21:00. The episodes 
were best visible in total particle number concen-
trations (Fig. 7), and also in SO

2
 concentrations 

(Fig. 6). The fi rst two episodes took place before 
the sunrise and had sharp peaks in SO

2
 and parti-

cle concentrations. These two episodes were most 
likely caused by emissions from a power plant 
in Lahti that has an emission index 1900 tonnes 
year–1 for SO

x
 (Fig. 8). The third episode taking 

place around 21:00 was caused by the Stora Enso 
industrial plant for pulp located in Heinola. Both 
factories are located about 100 km away from 
Hyytiälä. During the following day, the Saint 
Petersburg pollution episode was continuing but 
back trajectories moved slightly north from the 
area of Lahti and Heinola and there were no sharp 
peaks in particle concentrations. However, there 
was one SO

2
 episode that could be pinpointed to 

UPM-Kymmene Oyj paper mill in Lappeenranta 
(data not shown).

Conclusions

The SMEAR II facility offers the capability to 
study cross-disciplinary environmental problems 
under the conditions of the natural boreal pine 

Fig. 6. Screenshot presenting gas concentrations 
measured at 67.2-m height on 27 April 2006.

Fig. 7. Screenshot presenting aerosol size distribution 
and total number concentration on 27 April 2006.
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forest. The combination of the SMEAR II setup 
and instruments for forest–atmosphere interac-
tions with the holistic view of aerosol particles, 
atmospheric chemistry, fl uxes and tree and soil 
process is unique in the world.

The recent development of comprehensive 
stations has given us huge amounts of con-
tinuous data (Kulmala et al. 2008). In order to be 
able to work with these datasets, improved tools 
are needed. Smart-SMEAR is an answer to this 
need. In practical use, Smart-SMEAR has shown 
to be effective in giving basis for case studies 
and look for larger datasets.

Smart-SMEAR can be used for rapid visuali-
sation of daily, weekly, monthly and annual data-
sets. In order to be able to refi ne proper research 
questions, an overview of the data is needed. 
Besides, it has also been used for educational 
purposes and knowledge transfer.

In future, Smart-SMEAR will be further 
developed by including more data into it and 
by expanding to other two SMEAR stations. At 
fi rst, the aerosol optics and aerosol chemistry 
data will be included as well as size and number 
concentrations of coarse particles and cloud con-
densation nuclei.

Acknowledgements: Authors thank the entire personnel of 
Hyytiälä forestry station, especially Toivo Pohja, for valuable 
help. We also thank the Academy of Finland Centre of Excel-
lence program (project nos. 211483, 211484 and 1118615) 
and European Commission for fi nancial support.

References

Aalto P., Hämeri K., Becker E., Weber R., Salm J., Mäkelä 
J.M., Hoell C., O’Dowd C.D., Karlsson H., Hansson 
H.-C., Väkevä M., Koponen I.K., Buzorius G. & Kul-
mala M. 2001. Physical characterization of aerosol 
particles during nucleation events. Tellus 53B: 344–358.

Buenrostro Mazon S.B., Riipinen I., Schultz D.M., Valtanen 
M., Dal Maso M., Sogacheva L., Junninen H., Nieminen 
T., Kerminen V.-M. & Kulmala M. 2009. Classifying 
previously undefi ned days from eleven years of aerosol-
particle-size distribution data from the SMEAR II sta-
tion, Hyytiälä, Finland. Atmos. Chem. Phys. 9: 667–676.

Chung C.E. & Seinfeld J.H. 2005. Climate response of direct 
radiative forcing of anthropogenic black carbon. J Geo-
phys Res. 110, D11102, doi:10.1029/2004JD005441.

Dal Maso M., Kulmala M., Riipinen I., Wagner R., Hussein 
T., Aalto P.P. & Lehtinen K.E.J. 2005. Formation and 
growth of fresh atmospheric aerosols: eight years of 
aerosol size distribution data from SMEAR II, Hyytiälä, 
Finland. Boreal Env. Res. 10: 323–336.

Gu L., Baldocchi D., Verma S.B., Black T.A., Vesala T., 
Falge E.M. & Dowty P.R. 2002. Advantages of diffuse 

Fig. 8. Screenshot pre-
senting air mass 48-hour 
back trajectories. Blue 
lines are before noon tra-
jectories, red lines after-
noon trajectories and 
green line is the trajec-
tory arriving at Hyytiälä at 
05:00.



BOREAL ENV. RES. Vol. 14 • Smart-SMEAR 457

radiation for terrestrial ecosystem productivity. J. Geo-
phys. Res. 107(D6), doi:10.1029/2001JD001242.

Hand J.L. & Malm W.C. 2007. Review of aerosol mass 
scattering effi ciencies from ground-based measure-
ments since 1990. J. Geophys. Res. 112, D16203, 
doi:10.1029/2007JD008484.

Hari P. & Kulmala M. 2005. Station for Measuring Ecosys-
tem–Atmosphere Relations (SMEAR II). Boreal Env. 
Res. 10: 315–322.

IPCC 2007. Climate change 2007: The physical science 
basis. Cambridge University Press, New York.

Järvi J., Hannuniemi H., Hussein T., Junninen H., Aalto P.P., 
Hillamo R., Mäkelä T., Keronen P., Siivola E., Vesala 
T. & Kulmala M. 2009. The urban measurement station 
SMEAR III: Continuous monitoring of air pollution and 
surface–atmosphere interactions in Helsinki, Finland. 
Boreal Env. Res. 14 (suppl. A): 86–109.

Junninen H., Niska H., Tuppurainen K., Ruuskanen J. & 
Kolehmainen M. 2004. Methods for imputation of miss-
ing values in air quality data sets. Atmos. Environ. 38: 
2895–2907.

Kulmala M. 2003. How particles nucleate and grow. Science 
302: 1000–1001.

Kulmala M., Vehkamäki H., Petäjä T., Dal Maso M., Lauri A., 
Kerminen V.-M., Birmili W. & McMurry P.H. 2004a. For-
mation and growth rates of ultrafi ne atmospheric particles: 
a review of observations. J. Aerosol Sci. 35: 143–176.

Kulmala M., Suni T., Lehtinen K.E.J., Dal Maso M., Boy M., 
Reissell A., Rannik Ü., Aalto P.P., Keronen P., Hakola 
H., Bäck J., Hoffmann T., Vesala T. & Hari P. 2004b. A 
new feedback mechanism linking forests, aerosols, and 
climate. Atmos. Chem. Phys. 4: 557–562.

Kulmala M., Hämeri K., Aalto P.P., Mäkelä J.M., Pirjola L., 
Nilsson E.D., Buzorius G., Rannik Ü., Dal Maso M., 
Seidl W., Hoffman T., Janson R., Hansson H.-C., Viisanen 
Y., Laaksonen A. & O’Dowd C.D. 2001. Overview of the 
international project on biogenic aerosol formation in the 
boreal forest (BIOFOR). Tellus 53B: 324–343.

Kulmala M., Kerminen V.M., Laaksonen A., Riipinen I., 
Sipilä M., Ruuskanen T.M., Sogacheva L., Hari P., Back 
J., Lehtinen K.E.J., Viisanen Y., Bilde M., Svennings-
son B., Lazaridis M., Torseth K., Tunved P., Nilsson 
E.D., Pryor S., Sorensen L.L., Hõrrak U., Winkler P.M., 
Swietlicki E., Riekkola M.L., Krejci R., Hoyle C., Hov 
O., Myhre G. & Hansson H.-C. 2008. Overview of the 
biosphere-aerosol-cloud-climate interactions (BACCI) 
studies. Tellus 60B: 300–317.

Lohmann U. & Feichter J. 2005. Global indirect aerosol 
effects: a review. Atmos. Chem. Phys. 5: 715–737.

Nel A. 2005. Air pollution-related illness: effects of particles. 
Science 308: 804–806.

Pope C.A. & Dockery D.W. 2006. Health effects of fi ne 
particulate air pollution: lines that connect. J. Air Waste 
Manage. Assoc. 56: 709–742.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.275 841.890]
>> setpagedevice


