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Measurements of the number concentration and size distribution of aerosol particles in the size range
of 0.5–20 μm diameter were made with an aerodynamic particle sizer at an Arctic site at Ny-Alesund,
Svalbard in August–September 2007 during the International Polar Year 2007–2008. Data are analyzed
to study the aerosol number concentration–wind speed relationships. The sea-salt particles of marine
origin generated within the Arctic circle are identiﬁed as the main source of the Arctic summer aerosols.
Total number concentration of aerosol particles increases with increase in wind speed, the increase being
more when winds from open leads over the oceanic sector are reaching the station as compared to when
winds from pack ice in other directions are reaching the station. The larger increase with winds from
the oceanic sector is attributed to the enhanced bubble-breaking activity and increased entrainment of
dimethyl sulphide particles at the sea surface. Although, the increase in total aerosol number concentration associated with the winds from the oceanic sector is spread over the whole range of particle sizes,
the increase in coarse mode particles is more prominent than that in the accumulation mode particles.
The age of airmass over pack ice is also an important factor to determine the aerosol concentration over
the Arctic region. The process of rainout/washout of the aerosol particles due to drizzle/snowfall is an
eﬀective sink mechanism in the Arctic environment. The aerosol particle concentration starts decreasing
within a few minutes from the start of these events but requires a few hours to restore to the normal
background aerosol level after the end of event.

1. Introduction
The Arctic is particularly vulnerable to the eﬀects
of global warming and has been found to be shrinking fast in the last few decades. In recent years,
the Arctic temperature increases are reported to
be double as compared to those found at more
southerly latitudes (Hassol 2005; IPCC 2007). Perhaps the most spectacular results of Arctic shrinkage are the sea ice loss and Arctic methane release
(Comiso 2002; Serreze et al. 2007). The prevailing global air currents make the Arctic area the

fallout region for long-range transport of air pollutants from low latitudes. As a consequence, the
pollutant concentration at some places exceeds
the levels at densely polluted urban areas. These
changes, though remote from the population centers, can signiﬁcantly aﬀect the whole planet
through their impacts on global climate. Monitoring and study of environmental factors in Arctic are
therefore likely to provide signals for early detection of future climate changes. Such eﬀorts are
needed to develop policies for planning and management strategies for mitigation of environment
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challenges. Worldwide implications of social, economic and climate change aspects of such environmental changes have led to the organization
of large numbers of international eﬀorts and programmes to study the Arctic environment in recent
years. Declaration of 2007–2008 as the International Polar Year (IPY) by the United Nations was
one such step in this direction. The present paper
describes some aerosol measurements made at NyAlesund, Svalbard during the ﬁrst Indian Arctic
Expedition during IPY.
Atmospheric aerosols are known to aﬀect the
radiation budget of the atmosphere, both directly
and indirectly. However, scarcity of data on the
physical and chemical characteristics of aerosols in
some regions has been one of the factors for the
uncertainty in assessment of the eﬀect of aerosols
in global climate models (e.g., Kasibhatla et al.
1997; Heintzenberg et al. 2000). Recent studies
on climate modeling reveal the importance of the
Arctic region in view of global climate change, as
these models predict the largest increase in the
annual mean temperature over the Arctic (Hassol
2005). Therefore, various characteristics of the Arctic aerosol have been widely studied over the Arctic
ocean (Lannerfors et al. 1983; Covert et al. 1996),
during Arctic haze (Heintzenberg 1981, 1987;
Barrie and Barrie 1990; Leck et al. 2001; Ricard et al.
2002) and fog conditions (Leck and Bigg 1999;
Heintzenberg et al. 2006). Leck et al. (2002) studied
chemical composition, sources and method of production of cloud condensation nuclei (CCN) over
the pack ice covered Arctic ocean in summer. The
ocean surface microlayer, its properties and eﬀects
on gas transfer and the implications vis-a-vis climate change have been reviewed in a series of articles (Liss and Duce 1997). Bigg et al. (2004) and
Matrai et al. (2008) have reported that the Arctic surface micro-layer acts as a source of organic
precursor aerosol.
Recently, more systematic and continuous eﬀorts
were initiated to measure the particle size distribution and chemical composition at Zeppelin station, Ny-Alesund, Svalbard, which is located on
a hill-top 474 m above mean sea level. Measurements at this station show a very strong seasonal
dependence on aerosol characteristics (Strom et al.
2003; Engvall et al. 2008) and the airmass transport and potential sources of new particle formations are reported as important factors modulating
the physical and chemical properties in the Arctic.
Long term aerosol and black carbon measurements
over Arctic are analysed to understand the seasonal
cycle of high concentration of Arctic winter/spring
aerosol and its transition to low concentration
of Arctic summer aerosol (Sharma et al. 2004;
Eleftheriadis et al. 2009; Garrett et al. 2011;
Browse et al. 2012). Recent observations of Hong

Geng et al. (2010) made just one week before
our measurements were made in the same campus, reported that the dominance of reacted seasalt particles of marine origin is followed by those
of carbonaceous and mineral dust particles. The
bubbles bursting at the ocean surface which is primarily a consequence of wave-breaking activity and
starts as soon as the wind speed exceeds 3–4 ms−1
produce both ﬁlm and jet drops and are a potential source of sea-salt particles in the oceanic atmosphere (Blanchard and Woodcock 1957; Blanchard
1963). In the Arctic region, Leck et al. (2002) has
examined the dependence of the aerosol number
concentration on wind speed.
In addition to the particle generation sources,
discussed above, several atmospheric processes act
as sinks for the particles in the atmosphere. Among
them, the rainout and washout processes occurring during rainfall/snowfall events are considered
as the main atmospheric processes for removal of
atmospheric particles in the Arctic. Eﬃciency of
these mechanisms is strongly determined by the
rainfall rate and the size of aerosol particles and
hydrometeors (e.g., Pruppacher and Klett 2000 and
the references therein). Garrett et al. (2011) and
Browse et al. (2012) have demonstrated the importance of this mechanism in the Arctic summer.
The ﬁrst Indian Arctic Expedition during the
IPY 2007–2008 programme provided an opportunity to conduct aerosol number size distribution measurements at Ny-Alesund, Svalbard
(78.9◦ N, 11.9◦ E). Here, the measurements made
from August 8 to September 2, 2007 and their analyses with respect to the wind speed, wind direction
and age of airmass over pack ice are described in
order to identify the source of the Arctic summer
aerosols. Observations made on the wet removal
of aerosols by the scavenging process during the
rain/snowfall events are also examined.

2. The experimental site and set-up
Recognizing the importance of the generation and
transportation processes of the coarse mode particles in the Arctic environment in summer, it
was decided to use an Aerodynamic Particle Sizer
(APS, Model 3321 of TSI Inc.) to measure the number concentration and size distribution of aerosol
particles in the size range of 0.5–20 μm diameter spread over 52 channels during August 8–
September 2, 2007 at the Norwegian Polar Institute (NPI) station in an instrument-park at NyAlesund. Figure 1 shows the map of Svalbard,
an archipelago in the Arctic Ocean. Ny-Alesund
is located at the remote northern settlement of
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Figure 1. Map of Svalbard in the Arctic region showing the location of Ny-Alesund. Inset shows some important locations
and the Indian station ‘Himadri’, alongwith some other research stations.

Spitsbergen and is about 1231 km from the
north pole. The Ny-Alesund township encompasses
only research stations of various nations including
Indian station ‘Himadri’ engaged in environmental
and earth science research (ﬁgure 1). Its population
comprises of only 70 scientists and 30 logistic personnel during the summer period. Limited aircraft
and vehicles are utilized to protect the eco-system
of the Arctic.
Continuous measurements of the particle size
distribution were conducted at every 5-minute
intervals using the APS system with its inlet ﬁxed
at 7 m above the ground and projected to face
the prominent wind direction. The sampling site is
located at the extreme southeast end of the town
such that minimum human activity and vehicular traﬃc contaminate the sampling air. The NyAlesund harbor with limited ship traﬃc is located
about 500 m away from the measuring site and
hence the chances of contamination due to ship’s
smoke are minimum. Although the local airport
is about 2 km away from measuring site and has
very limited air traﬃc, the data during the aircraft landing and take-off periods is not considered
in this analysis. The meteorological measurements
were made using an automatic weather station
with the sensors ﬁxed at 10 m above ground level at
the Alfred Wegener Institute (AWI) station located
100 m away from our sampling site.

3. Back trajectories and weather
The 5-day backward trajectories arriving at a
height of 10 m at Ny-Alesund at 1200 UT on 4 fairweather days and all other days drawn from the
HYSPLIT transport and dispersion model (NOAA,
Air Research Laboratory) are plotted in ﬁgure 2.
On 4 fair-weather days the backward trajectories originate near north pole and always remain
within 80◦ circle. However, on other days, the air
masses generally travel long distances and atleast
on 5 days, backward trajectories extend up to the
Arctic Circle at 63.5◦ N latitude which is the typical
climatic airﬂow in this region. The airmass backtrajectory analysis at the height of 100, 500, 1000 m
carried out by Hong Geng et al. (2010) at NyAlesund during the same period also show that the
summer time airmasses sampled in these measurements originated from the Arctic ocean and stayed
over it for long time. Further, observations show
that the transport of anthropogenic airmass during summer period is not as eﬃcient as that during the winter period (Eneroth et al. 2003; Strom
et al. 2003). Pole-ward shift of the polar front in
summer weakens the transport of pollutants from
the mid-latitude to Arctic.
The meteorological measurements made at the
AWI station along with our measurements of total
number concentration of the aerosols (0.5–20 μm)
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Figure 2. The 5-day backward trajectories reaching Ny-Alesund at 10 m level at 1200 UT on (a) fair-weather days and (b)
all other days.

during the observation period are shown in
ﬁgure 3. The Arctic winds are characterized by
high directional consistency but show large variations of 0.5–10 ms−1 in wind speed. The dominant
wind direction during this period is northwesterly
with occasional changeover to southeasterly. The
air temperature varied from −1.6 to 6.8◦ C, the relative humidity is mostly above 80% and the atmospheric pressure varied from 994 hPa to 1018 hPa.
The steady decreasing trend in temperature and
relative humidity observed during our measurement period is due to the end of the Arctic summer
period on September 30.

4. Total particle number concentrations
The 5-minute average values of total particle number concentration are plotted in ﬁgure 3. The total
number concentration ranged from 0.11 to 6.06
particles cm−3 with an average value of 0.84 particles cm−3 during observation period from August
8 to September 2, 2007. Heintzenberg et al. (2006)
reported that number concentration of accumulation particles of size 0.25–1 μm during Arctic summer ranged from 0.72 to 1.4 particles cm−3 with an
average number concentration of 1.1 particles cm−3
of geometric mean diameter of 0.427 μm. These values are approximately of the same order as those of
the background aerosol concentration in the Arctic summer. The wet scavenging processes at high
relative humidities and warm temperatures are

Figure 3. Variations of various meteorological parameters
along with total number concentration of particles in the
size range of 0.5–20 μm diameter measured at Ny-Alesund
from August 8 to September 2, 2007.
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Figure 5. Three dimensional particle number size distribution measured at Ny-Alesund from August 8 to September
2, 2007.
Figure 4. The diurnal variations of hourly-averaged total
particle concentration for 4 fair-weather and 8 cloudy (overcast) days at Ny-Alesund.

5. Particle number size distributions

considered mainly responsible for keeping aerosol
concentrations at background level during Arctic
summer. The reduction of atmospheric pressure to
about 994 hPa and the associated changes in relative humidity during August 17–21 were caused
with the passage of a system which produced rain
and snow on August 19 and 20 at Ny-Alesund.
The atmospheric temperatures also reduced from
August 17 to 23. The changes in particle concentration associated with these events are analysed
and discussed in detail in section 7.
Figure 4 shows the average diurnal variation
of the hourly-averaged total number concentration on 4 fair-weather days (August 17, 22, 28,
30, 2007) at Ny-Alesund. The fair-weather days
are categorized as when there are less than 2 octa
clouds, no rain/snowfall, and winds are less than
4 ms−1 . Total particle concentration increases from
0800 LT, remains high up to 1800 LT and then it
starts decreasing. As the sun is available all the time
in the Arctic summer, the diurnal variation in the
particle number concentration may be due to the larger activity of photo chemistry at noon-time when
the solar radiation is maximum. Supporting such
an explanation is the fact that no such diurnal
variation in aerosol concentration, also plotted in
ﬁgure 4, is observed on 8 cloudy days with overcast
skies (August 8, 9, 12, 15, 19, 20, 25, 27; 2007). The
higher number concentrations observed on cloudy
days as compared to those on fair-weather days can
be associated with the marine aerosols produced
due to higher winds approaching from the pole.
The variability of particle number concentration
with wind speed is discussed in detail in section 6.

A total of 7320 aerosol particle size distributions,
each averaged over a period of 5-minutes, were
measured during the period of our observations.
Figure 5 shows the time-series of 3-dimensional size
distributions over the period of measurement. In
general, size distributions are monomodal with a
peak at 0.96 μm diameter and show no typical diurnal variation. Earlier observations of Heintzenberg
(1980) at Ny-Alesund show similar particle number concentrations and the size distribution trends
which are typical of the global background aerosols.
The concentration of accumulation mode particles
(Dp < 1 μm) is higher as compared to those of
coarse mode particles (Dp > 1 μm) in our measurements. This is consistent with earlier observations of the abundance of Aitken/accumulation
mode particles in Arctic summer (Ferek et al.
1995; Heintzenberg et al. 2006; Engvall et al. 2008).
While the number concentration of accumulation
mode particles show large variations with time,
the concentration of coarse mode particles remains
almost constant. Variabilities of these two modes
of particles are further analysed and discussed in
the following sections.

6. Variability of the particle number
concentration with wind speed
and wind direction
The dominant wind direction at Ny-Alesund during August is northwesterly/northerly, occasionally
changing to southeasterly. The polar diagram in
ﬁgure 6 shows that the total particle number concentration increases when winds are northwesterly
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Figure 6. Wind-rose diagram showing the variation of the total particle number concentration with respect to wind direction
at Ny-Alesund.

as compared to those when these are southeasterly.
Total number concentrations are observed to be
less than 2.5 particles cm−3 in 99% of cases when
winds are from the 330◦ –270◦ sector but increase
upto 5 particles cm−3 when the winds are from 270◦
to 330◦ sector.
The total particle number concentration data is
separated when the winds are from diﬀerent sectors. The 5-minute averaged values of total particle concentration are averaged for every 1 ms−1
wind speed range at Ny-Alesund and are plotted in
ﬁgure 7. The error bars and labels in this ﬁgure
show the standard deviations of average values and
the number of samples averaged for a particular
wind-speed range, respectively. The total particle
number concentration remains constant at about
0.5 particle cm−3 upto a wind speed of 4–5 ms−1
and then sharply increases as wind speed increases
from 5 to 9 ms−1 . The number of samples collected
at a given wind speed are labeled and shown in
ﬁgure 7. These large numbers of samples collected
at given wind speed support the reliability of such
increases in total particle concentration with wind
speed.
To study the dependence of particle concentration on wind direction, we have divided our
data into three diﬀerent categories depending upon
whether the winds are (i) from all directions, (ii)
from 270◦ to 330◦ which we shall call as oceanic
sector, or (iii) from 330◦ to 270◦ . The total number
concentration vs. wind speed scatter diagrams for
these three categories are plotted in ﬁgure 8. The

Figure 7. Average total particle concentrations for every
1 ms−1 wind speed interval at Ny-Alesund. The error-bars
and labels show the standard deviation of average values and
the number of samples averaged for a particular wind speed,
respectively.

regression line relating the total particle concentration N and average wind speed U is expressed as
Log10 N = kU + m,

(1)

where k and m are constants. Table 1 shows the
values of k, m and correlation coeﬃcient (R) calculated from regression line for the three diﬀerent
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Figure 8. Total particle number concentration and wind
speed scatter diagram considering when winds are (i) from
all directions, (ii) from 270◦ to 330◦ , and (iii) from 330◦ –
270◦ .

categories of wind direction and for accumulation/
coarse mode particles. Table 1 and ﬁgure 8 show
that there is no signiﬁcant correlation between
particle concentration and wind speed when winds
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are considered from all directions or from the
330◦ –0–270◦ sector. The correlation between particle concentration and wind speed becomes even
slightly negative when winds are from the (330◦ –
270◦ ) sector, suggesting that the particle concentration, in this case, no longer increases with
increasing wind speed. However, when winds ﬂowing from the oceanic sector (270◦ –330◦ ), the
correlation coeﬃcient between the particle concentration and wind speed increases to the relatively
much higher value of 0.46, which is signiﬁcant at
39% level. Moreover, the value of correlation coefﬁcient further increases to 0.59 in the case where
particles >1 μm are considered. This indicates that
when the winds arrive from the 270◦ –330◦ sector,
there is a tendency of the particle concentration to
increase with the wind speed, which is not seen,
when the wind is from the other sectors. So wind
is one of the contributing factors for the enhancement, though not totally. Table 1 also shows values of k, m and R reported by Leck et al. (2002)
for Arctic measurements, Smith et al. (1989) and
O’Dowd and Smith (1993) over North Atlantic
ocean. The values of R over Arctic region are comparable but those over North Atlantic ocean are
slightly higher than in our case when winds are
from the oceanic sector. Considering the location of
Ny-Alesund, the polar winds approaching from the
oceanic sector have a long journey over the open
ocean during the Arctic summer causing the wavebreaking activity at high wind speed. On the other
hand, when winds are from (330◦ –270◦ ) sector,
they have to travel the last 1–2 days over Svalbard.
The passage of airmass over bare mountain/land
may contribute to mineral dust particles in this
case (Teinila et al. 2003; Hong Geng et al. 2010).
However, in the Arctic summer, about 60% of the
land is covered with ice and glaciers. The passage of airmass over the ice surfaces is not likely
to contribute much to the mineral dust particles.
Our observations conﬁrm that particle concentration does not depend on wind speed when winds
are from the (330◦ –270◦ ) sector.
While investigating the relationship between
total aerosol concentration and wind speed, the
role of local aerosol production over a large icecovered region is considered to be an important factor as compared to that over the open ocean. Leck
and Persson (1996) reported an order of magnitude decrease in aerosol volume concentration after
48 hr of transport from the ice edge. The residence
time of sampled air over pack ice for more than
4 days is considered as selection criterion by Leck
et al. (2002) to study the particle concentration–
wind speed relation. Decrease of particle concentration after a travel time of 24 hr from ice edge
is reported by Heintzenberg et al. (2006) over the
Arctic ocean during diﬀerent expeditions.
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Table 1. Statistics of the dependence of particle concentration on wind direction and wind speed.
Wind direction
Category (i) Winds from all directions
Category (ii) Winds from (270◦ –330◦ )
Category (iii) Winds from (330◦ –270◦ )
Category (ii) Winds from (270◦ –330◦ )
Category (ii) Winds from (270◦ –330◦ )
Leck et al. (2002)
Arctic region
Smith et al. (1989)
North Atlantic
O’Dowd and Smith (1993)
North Atlantic

Particle size
(μm)

Wind speed
(ms−1 )

k

0.5–20
0.5–20
0.5–20
0.5–1
1–20
0.5–1.71

2–12
2–12
2–8
2–12
2–12
5–12

0.055
0.092
−0.005
0.090
0.175
0.094

0.8–3.0

Upto 34

0.089

0.5–16

4–8

0.05

m
−0.45
0.065
−0.31
−0.82
−1.28
−0.67

R

Number of
samples

0.28
0.46
−0.01
0.41
0.59
0.65

7320
2912
4408
2912
2912
Not known

−0.62

0.80

Not known

−1.1

0.75

Not known

Figure 9. The total particle number concentration and wind speed scatter diagrams when the winds are from 270◦ –330◦ in
case of (i) the accumulation mode particles (Dp < 1 μm) and (ii) the coarse mode particles (Dp > 1 μm).

Figure 9 shows the scatter diagrams of particle concentration with wind speed separately for
the accumulation mode and the coarse mode particles when the winds are from the oceanic sector.
The k, m and R values for these two modes are
given in table 1. The correlation between total
number concentration and wind speed is higher for
coarse mode than for the accumulation mode particles. These results support the result of Leck et al.
(2002) that ﬁlm drop generation is less dependent
and the jet drop production are more dependent
on wind speed in Arctic pack ice area than over the
open ocean. The dominance of jet drop mode over
the Arctic ocean under the prevailing high winds
reported by Nilsson et al. (2001) also supports our
observation.

7. Changes in particle size distribution
during rainfall/snowfall events
Events of drizzle or snowfall occurred on several occasions during our observation period at
this station. Figure 10 shows the 3-dimensional
time-series of particle size distribution during the
events of rain/drizzle and snowfall on August
19 and 20, 2007, respectively. The northwesterly
winds with speed of about 5 ms−1 prevailed during these events. Unfortunately, the exact amount
of rain/ snowfall was not available so we could
not compare the relative scavenging eﬃciencies of
rain and snow. During the spell of drizzle from
0000 UT to 1100 UT on August 19, snowfall was
also noticed on the hills surrounding Ny-Alesund.

Physical properties of the arctic summer aerosol particles

209

Figure 10. Three-dimensional particle number size distributions measured during events of rain on August 19, 2007 and
snowfall on August 20, 2007 at Ny-Alesund.

A dramatic reduction in concentration of particles
of <1 μm diameter was observed with the start
of drizzle activity at the station. Particle concentration continued to be low till 1300 UT whereas
the drizzle had stopped at about 1100 UT. The
aerosol size distribution retained its normal values
at about 1600 UT. In this event, the atmosphere
took about 4–5 hours to retain its normal level of
the background particle size distribution.
In the event of snowfall, the Ny-Alesund station experienced frequent spells of snowfall from
0000–0430 UT and again a few spells of snowfall from 1000–1400 UT on August 20, 2007. The
aerosol particle size distribution shows a decrease
in particle concentration associated with snowfall
activity at the station (ﬁgure 10). The concentration of particles of <1 μm diameter decreased
after 0000 UT and remained low upto 0700 UT
with marginal increase at about 0004 UT. As
the snowfall at the station stopped at about
0430 UT, the aerosol size distribution also started
to retain its normal background level and attained
it at about 0800 UT. The particle size distribution also showed a decrease in particle concentration corresponding to a few events of snowfall that occurred between 1000–1400 UT. During
these periods also, the aerosol particle concentration retained its normal background level only at
1700 UT.
Figure 10 clearly shows that both, rain and snow,
eﬀectively remove the aerosol particles of all sizes
from the atmosphere. Rainfall, in particular, seems
to rapidly and greatly reduce the concentration of
smaller particles, even in the range of Greenﬁeld
Gap. The fact that coarse mode (>2 μm) particle concentration is very low during rainfall period,
indicates that impaction mechanism of scavenging
is very eﬀective in this case.

8. Discussion
Several past long-term measurements at Zeppelin
station in Ny-Alesund are made at a higher elevation (474 m). The present studies are carried
out at low elevation which are important in view
of lower boundary layer height, weak convective
mechanisms, increasing local activities and low ice
cover over oceans during summer seasons in the
Arctic environment. This is particularly important
in view of the marked diﬀerences observed in optical aerosol parameters by Tomasi et al. (2007) at
coastal and high altitude sites in Antarctica. Continuous measurements or at least periodic checks
of this type are essential to keep a watch considering the growing importance of diﬀerent aspects of
the global warming and its largest impact in the
Arctic area (Hassol 2005).
Arctic climatology, generally, dictates that the
long-range transport of anthropogenic aerosols
from southern latitudes is weaker in summer than
in winter. Long term aerosol and black carbon
measurements made at Zeppelin station and over
north American Arctic and Canadian Arctic show
high concentration of anthropogenic particles in
the Arctic haze which can be attributed to longrange transport from the northern/central Russia
and Europe during Arctic winter/spring (Sharma
et al. 2004; Eleftheriadis et al. 2009). The backward
trajectory analysis also suggests that the transport
from anthropogenic sources is not eﬀective due to
the absence of suﬃcient pressure gradient in the
summer (Engvall et al. 2008).
The summer Arctic aerosols are characterized
with high Aitken mode and very low accumulation mode particle concentrations (Ferek et al.
1995; Heintzenberg et al. 2006; Engvall et al. 2008).
Present observations at Ny-Alesund conﬁrm this.
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The airmasses arriving at the Arctic region during
the summer period are from cleaner regions following oceanic routes and thus their transport is much
slower (Stohl 2006). The source of summer Arctic particles is mainly identiﬁed as of marine origin. Concentration of reacted sea-salt particles is
followed by carbonaceous and mineral dust particles, with minor contribution of sulfate, water soluble organic matter and black carbon (Hong Geng
et al. 2010; Tomasi et al. 2012). During the summer
period aerosols at Ny-Alesund are also impacted
by Asian dust events, smoke generated by boreal
forest ﬁres in Siberia or biomass burning in the
Eurasian region (Tomasi et al. 2007). The longterm trend of the summer aerosol optical depth at
500 nm was estimated to be between 1.6% and 2%
per year over 30 years (Tomasi et al. 2007).
The enhanced photo chemical activities due to
all-day-long daytime in the Arctic summer results
in the production of nitric acid that reacts with seasalt particles. Also, the rapid increase of shipping
traﬃc due to the sea ice melt in summer in these
regions contributes to an increase in the level of
NOx and some precursor secondary aerosols (Hong
Geng et al. 2010). The solar radiation to oxidize the
biogenic precursor gases released due to ice melting increase during summer. The Arctic ocean is a
strong source of dimethyl sulphide (DMS) in summer time. The DMS concentration during the Arctic summer increases signiﬁcantly as compared to
the background concentration (Ferek et al. 1995).
The increase in ice melting in summer in the open
leads to increase in the biological activity of the
region resulting in enrichment of DMS and its biogenic precursor DMPS, dissolved combined–amino
acid (DCAA), proteins and chlorophyll-a in microlayer, which work as potential sources of the Arctic summer aerosols (Bigg et al. 2004; Matrai et al.
2008).
Our observation of the average aerosol number concentration of 0.84 particles cm−3 represents the background concentration in the Arctic
region. The concentration of accumulation mode
particles is found to be higher than that of coarse
mode particles in the Arctic summer. The fresh
and reacted sea-salt as well as carbonaceous and
mineral dust particles are the main components
of particles in the Arctic summer. The mineral
dust particles from bare land may contribute to
the aerosol generation mechanism. Also, the DMSderived aerosols and the wind-generated aerosols
due to wave-breaking activity over the open ocean
are the main sources for the observed aerosol concentration at Ny-Alesund. The release of trapped
DMS under sea ice may also contribute to the
aerosol concentration.
The bubble bursting activity over the open
oceanic surface introduces both ﬁlm and jet drops

(Blanchard and Woodcock 1957; Blanchard 1963).
In the central Arctic ocean, the production of ﬁlm
drops (Dp ∼ 100 nm) of organic nature and jet
drops (Dp ∼ 1000 nm) due to wind-driven source
have been observed by Leck et al. (2002). This
result is well evident in our observation of higher
correlation of coarse mode particles with increasing
wind speed (ﬁgure 6). Also, at lower wind speeds
smaller waves generated over open oceans produce
smaller and fewer bubbles in the colder water of
pack ice. Another source of particle production is
the air bubbles injected while ice melts (Drake 1968).
The winds approaching Ny-Alesund from the
oceanic sector during summer, have a long journey
over the open ocean. Our observations of increasing
particle concentration with increase in wind speed
in this sector, strongly support the fresh sea-salt
particles generation with enhanced bubble breaking activity at higher wind speeds over the Arctic open ocean. Recent observations of O’Dowd
et al. (2004) show that such mechanisms may generate particles in both coarse and ﬁne modes. Also,
more DMS production over the open ocean may
contribute to higher particle concentration in the
ﬁne mode during the Arctic summer. Our result
of greater correlation of the coarse mode particles
with wind speed as compared to that of accumulation mode particles is consistent with the ﬁeld measurements of O’Dowd et al. (1997) and Leck et al.
(2002). Further, it shows higher eﬃciency of winds
for the generation of particles in coarse mode. On
the other hand, when the winds are approaching
from the south-east direction over the ice covered
region of Svalbard, the airmass has to travel more
than 24 hours over ice covered glaciers/mountains.
The observation of smaller aerosol number concentration during southeasterly winds supports its
reduction during the passage of airmass over ice
covered region.
Our observations eﬀectively demonstrate that
during the drizzle/snowfall events the scavenging
of aerosol particles by the drizzle/snowfall is an
eﬃcient process in the Arctic environment. Our
results are in agreement with those of Andronache
(2003) that aerosol size distribution of coarse mode
particle is drastically aﬀected very shortly (in the
fraction of one hour) after rain starts. Stressing
the importance of the scavenging mechanism on the
Arctic summer, Garrett et al. (2011) showed that
the fact that surface air in the Arctic is clean in
summer is less due to inhibited transport of pollutants from mid-latitudes, and more due to eﬃcient wet scavenging. Model results of Browse et al.
(2012) also show that transition of high wintertime
concentration to the low summertime concentration is controlled by the transition from ice-phase
cloud scavenging to the more eﬃcient warm cloud
scavenging in the late spring troposphere. Results

Physical properties of the arctic summer aerosol particles
of both Garrett et al. (2011) and Browse et al.
(2012) suggest that the seasonal cycle in Arctic
aerosol is driven by a temperature-dependent scavenging process in which removal of aerosols is more
eﬃcient at high relative humilities and warm temperatures. These results lead to an interesting scenario where a warmer and wetter Arctic in future
may also be cleaner due to negative Arctic climate
feedback.
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9. Conclusions
The main conclusions from our observations
made at Ny-Alesund, Svalbard during August–
September period in the International Polar Year
2007–2008 are as below:
• The number concentration of aerosol particles in
the size range of 0.5–20 μm diameter ranges from
0.11 to 6.06 particles cm−3 with an average value
of 0.84 particles cm−3 . The total number concentration exhibits a diurnal variation with a maximum at noon hours on fair-weather days. However, no such diurnal variation is observed on
cloudy days with an overcast sky. As the airmass
persists over the Arctic region for 4–5 days, the
aerosols measured at Ny-Alesund are attributed
to be mainly of marine origin and the reacted
sea-salt particles.
• The particle number concentration increases
with the wind speed when winds approach NyAlesund from the oceanic sector. However, such
an increase in particle concentration with wind
speed is not observed when winds approach this
station from other directions.
• While the increase in total particle number concentration with increase in wind speed from the
oceanic sector is spread over the whole size range
of particles, the increase in coarse mode particles is more prominent than that of accumulation
mode particles.
• Age of the airmass over pack ice is also a factor, other than wind speed, to determine particle
concentration when winds are southwesterly at
Ny-Alesund.
• The process of rainout/washout of particles due
to drizzle/snowfall is eﬀective in the Arctic summer. The particle concentration starts decreasing
within a few minutes from the start of event but
requires a few hours to be restored to the normal
background level after the end of event.
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