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SUMMARY 

 

There is no region on earth where the climate is changing faster than in the 
Arctic. Yet the models used to project future climate are the most uncertain 
in this region. This paradox – that the models are the most uncertain where 
they are the most needed – is partly due to an inadequate understanding 
of several strong feedback mechanisms that are specific to the Arctic 
region. This in turn is explained by the difficulty of studying them and they 
therefore remain largely unexplored.  

Clouds play a particularly important role in the Arctic climate. They are the 
single-most important factor determining the surface radiation budget. In 
the Arctic, low-level boundary-layer clouds dominate. These are at most 
other latitudes known to have a cooling effect on the surface, due to their 
high reflectivity. The reflectivity is sensitive to the number of cloud droplets, 
which depends on the fraction of water-soluble aerosol particles, known as 
cloud condensation nuclei (CCN). In the Arctic low-level clouds constitute a 
warming factor on climate; however, the mechanisms forming them, their 
macro- and microphysical structure, and their removal mechanisms are 
very poorly understood; their dependence on available aerosols and how 
these are formed is also largely unkown. 

ASCOS is a multi-month Arctic field experiment planned for the summer of 
2008. With an integrated study from the sea-ice interface through the 
cloud-topped boundary layer, ASCOS will identify and understand 
controlling factors for the low-level cloud system over the Arctic pack ice. A 
distinct feature of ASCOS is its necessarily interdisciplinary nature, 
including marine biochemistry, atmospheric chemistry, aerosol and cloud 
chemistry/physics, and meteorology. 
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Figure 1. Red and blue boxes outlining the area of study. Transects in and out of the pack ice 
area are included in the outer red box and the blue smaller box encompass the likely area for 
the ice drift component of ASCOS. The sea-ice concentration shown  in the figure (17 August 
2004) is given as an example of the ice extent likely to be encountered during ASCOS, with 
the “marginal ice zone” having 20 - 70% ice cover and the “pack ice region” having between 
70% - 90% ice cover. 
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SCIENTIFIC BACKGROUND 

1. ARCTIC CLIMATE AND CLIMATE CHANGE 

1.1 Background 

The recent decades have seen documented changes in the Arctic climate with 
magnitudes not previously seen during the last century. The three most significant 
changes are an increase in surface air temperature (SAT), a reduction in sea-ice 
cover, and the melting of permafrost area. Other changes in for example cloudiness 

and frequency and intensity of weather 
systems (storms) are also observed but with 
less certain trends.  

According to the Arctic Climate Impacts 
Asessment (ACIA, Impacts of a warming Arc-
tic: Arctic Climate Impacts Assessment, Cam-
bridge University Press 2004), the SAT has, 
since ~ 1970, increased at a rate approxima-
tely twice that of the global SAT increase 
(Figure 2). This increase follows after a 
cooling period from the 1940’s. However, evi-
dence suggest that the warming period in the 
1940’s was regional to the Arctic, and likely 
due to natural variability, while the warming 
since the 1970’s is part of the observed 
global climate change.  

The sea-ice withdrawal is most significant in summer, when the annual cycle in the 
sea ice extent is at its natural minimum, and is most marked in the western Arctic, 
north of Alaska and eastern Siberia (Figure 3). The melting of permafrost areas is also 
substantial, for example causing the number of days when tundra travel is possible to 
be almost cut in half since the 1970’s. 

Scenario simulations with coupled ocean/atmosphere climate models indicate that the 
warming in the Arctic will continue at a rate twice that of the globally averaged 
warming. At the same time, these global models are more uncertain in the Arctic than 
elsewhere. This is borne out by the fact the models have greater difficulties describing 
the current Arctic climate than elsewhere, and also by the fact that they disagree more 
in the Arctic than elsewhere. The projected warming to the end of this century spans 

 

Figure 2. Mean SAT time series for the 
last century relative to the 1961-1990   
time period. The bars indicate individual 
annual averages while the solid line is a 
smoothed time average. 

  

Figure 3.  Sea-ice concentration from satellite observations at the end of September, from 1979 (left) 
and 2003 (right).  
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from near the global average to almost five times the global average warming (see 
Figure 4, from Serreze and Francis 2006). 

1.2 Physical processes 

While there are several hypotheses as to why the Arctic is warming faster than the 
rest of the globe, there is no real understanding of the processes that facilitate the 
high sensitivity of the Arctic climate. Also, the natural variability in the Arctic climate is 
larger than elsewhere. One conclusion from ACIA is thus that although there is a 

larger climate-change signal in 
the Arctic, the variability is also 
so much larger that the “signal-to-
noise” ratio of current climate 
change models is actually lower 
in the Arctic than for example in 
the tropics (ACIA 2004).  

This does not, however, alleviate 
the large impacts on society and 
the ecosystem that is already 
occurring due to the ongoing 
climate change in the Arctic. 
There is therefore an urgent need 
to increase our understanding of 
all aspects of the Arctic climate 
system, to improve the climate 
models so that the results 
become more robust and reliable. 

 
This project rest on two underlying hypotheses:  

1) A factor contributing to the enhanced Arctic climate sensitivity is powerful feedback 
processes acting locally in the Arctic region, enhancing the global warming. 

2) That the climate models perform more poorly in the Arctic than elsewhere is due to 
the fact that these feedback processes are either unique to the Arctic, or at least 
work differently in the Arctic than elsewhere 

The physical processes most important for the warming of the Arctic, and for the 
melting of sea ice, are the vertical fluxes of heat at the surface; radiation and turbulent 
heat fluxes. Clouds affect both, and as a consequence a proper understanding of the 
clouds is necessary. Such physical processes act on a scale too small to be resolved 
directly in climate models and they must therefore be parameterized – modeled as a 
function of the mean state of the simulated atmosphere on a larger scale.  

The development of such schemes has an unavoidable empirical component. New 
schemes are based on theory confirmed by observations, and their performance must 
also be tested against observations. As a consequence, the quality and reliability of 
such schemes, and thus the climate models, is directly dependent on the availability of 
high-quality observations and on the amount of observations available, since the 
schemes must cover the entire range of possible conditions. The final product – the in-
tegrated climate models – must also be evaluated against observations.  

 
Figure 4.  Zonally averaged SAT increase until 2100 in 
several global climate models. Each line shows the results 
from one model as a function of latitude, normalized by the 
global warming for the same time period in the same model. 
The horizontal lines indicate different multiples of the globally 
averaged warming. 
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Figure 5.  Near surface temperature time series from 
AOE-2001, with the temperature PDF inserted. Note the 
peaks at the melting point of fresh and salty ocean water, 
respectively. 

Herein lies an additional problem with the Arctic region – the lack of observations. 
There are few comprehensive data sets as a whole from the Arctic, and even fewer for 
the central Arctic Ocean (80-90°N). One obvious reason for this is the movement and 
deformation of the sea ice, making long-term measurements difficult. Another difficulty 
is the harshness of the Arctic environment, making deployment and running of 
observation system difficult. Consequently, much of the more comprehensive 
observation data sets available come from icebreaker-assisted experiments like the 
Surface Energy Balance of the Arctic (SHEBA, Uttal et al. 2002) and those in the sum-
mers of 1991, (IAOE-91, Leck et al. 1996) and the follow-up experiments in 1996 
(AOE-96, Leck et al. 2001) and in 2001 (AOE-2001, Leck et al. 2004, Tjernström et al. 
2004, see: http://www.fysik.lu.se/eriksw/aoe2001/aoe2001.htm). For the central Arctic 
Ocean there is almost no comprehensive information about the vertical structure of the 
atmosphere available at all, in particular for the lower troposphere. 

 

1.3 The cloud-capped Arctic boundary layer (ABL) 

Only a small change in the near-surface climate has been detected in the summer 
central Artic. This relates directly to the strong surface control by the melting sea ice 
during summer. As long as there is a substantial but melting sea-ice cover present, 
near-surface temperature over the pack ice will not greatly exceed the melting point of 
ice and snow (Figure 5, Tjernström et al. 2004). Still, the sea-ice melt in summer is 
critical, not only for the summer ice cover but also because it sets the stage for the 
next winters freeze up. The more ice that melts during each summer melt, the more 

new ice has to form the following 
winter for a constant ice cover 
(Björk and Söderqvist 2002). This 
relates directly to the surface 
energy balance in summer and 
therefore also depends on the 
summer cloud cover.  

The role of clouds for the Arctic 
climate 

Clouds play a very important role 
for the global climate, but the de-
scription of clouds is still acknow-
ledged as one of the largest un-
certainties in climate modeling 
(e.g. IPCC 2007). The role of 
clouds to the central Arctic climate 
is, however, different in some re-

spects. This is partly due to the ice- and snow-covered surface, causing a high surface 
reflectivity (albedo), also keeping the surface humidity close to saturation. Much of the 
clouds in the Arctic consist of low stratus or stratocumulus clouds and fogs (e.g. Intrieri 
2002, Tjernström 2007). These clouds, while generally considered as having a cooling 
effect on global climate, are in the Arctic a warming factor through most of the year. 
This depends on the greenhouse effect of the clouds, which is larger than the albedo 
effect since the reflectivity of the clouds is similar to that of the surface. 

During the Arctic winter, when no solar radiation reaches the surface, low-level clouds 
are the single dominating factor that determines the surface temperature. During cloud 
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Figure 6.  A schematic picture of the Arctic domain and the bo-
undary layer topped with clouds under a capping inversion and 
sea ice. 

free conditions, the surface temperature drops rapidly until it is in balance with the 
incoming long wave radiation and can, during conditions with low winds, reach very 
low temperatures (- 40 to - 50 ºC), forming very strong semi-persistent surface inver-
sions. Measurements from SHEBA indicated that when a cloud cover appears again, it 
could increase the surface temperature by 10’s of degrees and create a well-mixed 
ABL in a matter of a few hours. 

In summer the situation is diff-
erent. Freeze/melt processes 
at the surface now control the 
surface temperature (Figure 
5) and all excess heat goes 
into the melting of the ice and 
the snow on the ice surface. 
This creates as very moist bo-
undary layer beneath an often 
well-mixed cloud layer (Figure 
8, Tjernström 2007). The 
strong surface control of the 
boundary and cloud layer 
properties often generates 
conditions where the absolute 

moisture increases over the capping inversion, even when there is a decrease in 
relative humidity (Figure 10, Tjernström 2005, 2007). Entrainment of free troposphere 
air into the ABL then becomes a source of moisture, rather than a sink, which is the 
case over most other ocean areas. 

Due to the highly reflective surface, the clouds remain a warming factor most of the 
summer, the only exception being at the peak of the melt season, when open water in 
leads and increased area fraction of melt ponds may reduce the albedo to sometimes 
generate conditions where the clouds have a slightly cooling influence. 

The role of aerosols for the Arctic climate 

Models (IPCC, 2007) have demonstrated that aerosol particles have a cooling effect 
on the Earth, smaller but possibly comparable to the warming effect due to the in-
creased carbon dioxide from man’s activities. This cooling effect arises from two 
processes: a direct effect on radiation in clear air by scattering of sunlight back to 
space, and an indirect effect, due to the control of the cloud droplet concentration by 
the number of soluble aerosol particles. The indirect effect acts by distributing the 
available condensate across fewer and larger or more numerous and smaller droplets, 
depending on the number of available cloud condensation nuclei (CNN). More small 
droplets give the clouds a higher reflectivity and vice versa. Aerosols also affect the 
effectiveness by which clouds loose condensed water through precipitation. Fewer 
and larger droplets are generally assumed to enhance drizzle precipitation, thereby 
reducing the condensed water in the clouds. 

Although the tropospheric aerosol particles have this potential climatic importance 
they presently pose one of the largest uncertainties in model calculations of climate 
forcing due to man-made changes in the composition of the atmosphere. For example, 
applied to the Arctic region even the sign of the net cloud-effect on the surface 
radiation budget in a changing climate is unknown.  
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Figure 7.  Probability of (left) the lowest cloud base and (right) the lowest cloud top, from AOE-2001. 
Note that while most common cloud bases, from a cloud base lidar, appear around 100 meters, the 
most common cloud tops from a cloud radar are also found at low altitudes, around 500 m, indicating 
that one solid low-level cloud is the dominant feature. 

One of the main barriers to improving this situation on a global basis is the difficulty of 
separating the natural and anthropogenic components of the aerosol particles and 
their precursors, given the multiplicity of local sources and the possibility of advection 
from more distant sources. The ultimate goal is to be able to specify the extent to 
which changes in global temperature and weather patterns caused by human 
activities, as compared to other causes, is modified by concurrent changes in 
aerosols. We cannot expect to achieve this goal without first being able to understand 
natural sources and their interactions. In a situation where there are only natural 
sources, a minimal long range transport from anthropogenic sources, a relatively static 
meteorology and a high percentage of stratiform clouds, such as in the Arctic, it might 
be possible to study how particles are formed naturally, grow to sizes where they can 
influence cloud radiative properties or precipitation, and finally how they are lost from 
the atmosphere. 

It is generally accepted that the aerosol concentrations in Arctic are lower than at 
more southern locations (Covert et al. 1996; Heintzenberg et al. 2006), thereby 
making the system most sensitive to change. There are also indications of important 
local sources inside the pack ice that rely on biogenic processes in the ice and in open 
leads. These may be very susceptible to change through a global warming (Figure 6). 
The aerosol particles necessary to facilitate the freezing of super-cooled liquid water 
droplets – ice freezing nuclei (IFN) – are also potentially important. It is assumed that 
a lack of these particles in winter is responsible for the presence of liquid water in 
clouds at very low temperatures. Their role in summer, with relatively higher tempera-
tures, is unclear but a lack of IFN in summer could be reducing the formation of 
precipitation, while a presence of IFN or ice clouds on top of liquid water clouds can 
be controlling the amounts of solid precipitation. 

The role of the atmospheric boundary layer for the Arctic climate 

The boundary layer is the connecting link between the surface and the free 
troposphere, and the turbulent fluxes at the surface together with the radiation fluxes 
define the surface climatology and are what drive the melting and freezing of the Arctic 
sea ice. 
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Figure 8.  Contour plot of the probability of the vertical 
temperature gradient as a function of normalized height, 
from AOE-2001. The height axis is normalized by the 
height to the main inversion base and the solid line 
indicates the moist adiabatic gradient, indicating well-
mixed conditions 

 
Figure 9. In (a) a scatter plot of the jump in absolute moisture 
against the jump in relative humidity across the capping inver-
sion. The relative probability of each is plotted in (b) and (c). 
Data are from all soundings during AOE-2001. 

As most of the cloudiness appears in 
the ABL (Figure 7), the cloud 
processes and the boundary-layer 
processes are in fact inseparable. 
Turbulence in the boundary layer is 
also the agent by which aerosols 
produced at the surface can be 
transported to the cloud layer. 
Boundary-layer turbulence is also lar-
gely responsible for mixing of free 
troposphere air, and any aerosol or 
aerosol precursor, into the ABL and 
down to the surface – a process 
know as entrainment. 

The boundary layer in the Arctic is 
different from most other places in 
several ways. Turbulence is produc-
ed by two main mechanisms, by wind 
shear acting on the turbulent stress 

and by buoyancy; buoyancy can also be a sink for turbulence, primarily in winter. The 
primary source of shear-generated turbulence is located at the surface; significant 
shear can sometimes be present also in the vicinity of low-level wind-speed jets and 
produce turbulence locally. Buoyancy is primarily produced at the top of the boundary-
layer clouds, through cloud-top radiative cooling. In winter, negative buoyancy is often 
a sink for turbulence, when strong and long-lived inversions form by radiative cooling 
at the ice surface in clear 
conditions. Intrusions of warm 
air aloft often generate very 
stable conditions, causing a 
comparatively shallow ABL, 
thus even small changes in 
the fluxes across its bounda-
ries can have substantial ef-
fects.  

Unlike for continental bo-
undary layers, there is only a 
weak diurnal cycle in the sur-
face forcing, except in spring 
when the there is a substantial 
diurnal cycle in the solar 
forcing and the temperatures 
are still well below the melting 
point. This means that there is 
typically no diurnal boundary-layer growth and no collapse in the evening, thus no re-
sidual layer forms. This facilitates propagation of gravity waves into the ABL. The 
strong inversions associated with warm and moist air advection as the ABL adjusts to 
the surface also makes it possible for specific humidity to increase over the capping 
inversion (Figure 9), making entrainment a source rather than a sink for ABL moisture. 
The summer ABL is therefore most often very moist. 
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Figure 10. The diurnal cycle of the summer 
boundary-laye cloud, showing (solid blue) the 
median cloud-base height (m), (solid black) 
the median boundary-layer depth (m) and 
(color shading) the median cloud-radar 
reflectivity (dBZe). 

While there is a very weak diurnal cycle in 
the surface forcing, there is still a significant 
diurnal cycle in the cloud layer itself 
(Tjernström 2007). Interestingly this cycle is 
half a day out of phase with what is observed 
in marine subtropical stratocumulus, where 
the cycle is driven by the diurnal variation in 
the radiative forcing (Figure 10). Tjernström 
(2007) hypothesizes that instead the 
combined effect of ABL decoupling and 
drizzle contributes to regulating this 
variability and that its effect is to generate an 
optically thinner cloud than would have been 
the case if drizzle did not dominate the 
system. Moreover, Tjernström and Mauritsen 
(2007) found significant mesoscale variability 
connected with buoyancy waves that were 

associated with mesoscale fronts presumed to be also triggered by moist dynamics 
connected to frequent drizzle. Thus it appears that drizzle is important to the ABL 
dynamics; Artic clouds often release drizzle, liquid or frozen, that has a strong link to 
cloud microphysics and thus to aerosols. 

The role of the marine biochemistry for the Arctic climate 

As the summer Arctic is relatively much more isolated from anthropogenic aerosol 
sources than winter conditions with a stronger exchange with the mid-latitude, natural 
formation processes of aerosols become important. The marine biosphere is important 
for these processes in mainly two ways. Firstly as a source of primary aerosol partic-
les by bubble bursting over open leads and secondly through production of aerosol 
precursor gases that will aid the growth of the primary particles to reach CCN sizes.  

The most well known example of the latter is the formation of dimethyl sulfide (DMS) 
through planktonic food web processes. DMS is emitted from the ocean surface and is 
subsequently oxidized in several steps in the atmosphere to form CCN sized particles 
with contents of sulfate and methane sulphonate. The marginal ice zone (MIZ) is, in 
summer not only the most productive region in the world’s oceans, but also a region 
with very high DMS production. Over the pack ice area, local contribution to the 
atmospheric DMS concentrations has been shown to be negligible compared to that 
advected from the MIZ. The extremes in environmental conditions for marine life near 
the ice edge are thus very important in controlling the available condensable sulfur 
north of 80oN.  

To further investigate the significance of a primary aerosol source from the open leads 
within the pack ice area a radio-controlled miniature boat was used to collect the <100 
µm thick surface film of the open water between ice floes. Particles in this surface 
microlayer were extremely numerous, ranging between 106 and 1014 ml-1. They were 
often aggregated into compact balls < 70 nm in diameter, closely resembling microcol-
lids or “virus like particles”. Aerosol particles were simultaneously collected from the 
atmosphere. Similarity in morphology, chemical and physical properties of the nu-
merous aggregates and their building blocks, and of bacteria and other micro-orga-
nisms was found in both the air and water. This strongly suggested that the airborne 
particles were ejected from the water, most likely by bursting bubbles.  
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Figure 12. Transition electron micgographs (TEM) of CCN in the 
Aitken (25 - 70 nm; 1st column) mode, the accumulation mode (70 -
1000 nm; 2nd column) and the Coarse (1 - 10 µm; 3rd column) mo-
de sampled over the high Arctic leads. The Aitken-mode particles 
are organically derived, pentametric, virus-like particles (top left pa-
nel) or small microcolloid aggregates with EPS (centre left panel). 
As the sub-micron particles grow, we see the particles resulting 
from deposition of acids/organic vapours on a microcolloid aggre-
gate (top and center middle panels) or typical of a sulphur-contain-
ing particle in which any nucleus has become obscured by the sur-
rounding of a sulphate-methane sulfonate ammonium complex 
(bottom middle panel). Finally, the coarse mode includes single 
source particles, such as sea salt, only present on rare occasion of 
high wind speed > 12 m s-1 (center right) or a bacterium (top right) 
and particles resulting from multiple sources (bottom right), show-
ing sea salt and a bacterium coated with an organic film and by the 
concentric rings typical of droplets of H2SO4. 

Accompanying the particles in both air and water was a gel-like substance, the proper-
ties of which suggest it as having been formed from the exopolymer secretions (EPS) 
of the resident ice algae, phytoplankton and bacteria. EPS gels consist of large, highly 
surface-active highly hydrated (90% water) molecules. They are polysaccarides to 
which other organic com-
pounds such as proteins, 
peptides and amino acids 
are readily bound. The gels 
collapse under the influence 
of ultraviolet light and 
acidification. Their lifetime in 
the atmosphere is therefore 
likely limited. The breakup of 
aggregates when the joining 
EPS gel collapses is most 
likely a sufficient reason why 
the airborne aggregate size 
distribution so closely 
resembles that of the 
surface microlayer aggre-
gates but is shifted to a 
smaller modal diameter (30 
nm instead of 50 nm). On 
average, during the five 
weeks spent in the pack ice 
region during AOE-2001, 
surface microlayer-derived 
particles represented more 
than one-half of the 
collected airborne sub-
micrometre particle and 
more than four-fifths on sun-
ny days when melting of the 
fringes of the ice floes was 
observed. On all days sur-
face microlayer-derived par-
ticles dominated the popu-
lation below 70 nm in dia-
meter, the Aitken mode.  

Fresh aggregates with EPS gel on them could act as CCN directly because of the gels 
strong surface-active properties. Those particles that have lost their gel could still act 
as sites for condensation of the oxidation products of DMS. Evidence that this 
happens is the presence of insoluble microcolloids or cores in most (50-90% of total 
number counted) of the predominantly sulfate particles. Their acquistion of sulfuric 
acid provides a much more direct and faster path to CCN status than having to grow 
from nucleated particles. Figure 12 show examples of microcolloids within sulfate 
particles and other types containing a core particle. In summary, it is likely that DMS 
concentration will determine the mass of sulfate produced but will have only a minor 
influence on the number of CCN and thus cloud droplets, which will be dictated by the 
number of airborne particles originating in the surface microlayer of the open leads. 
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1.4 Similar experiments prior to ASCOS 

Not many comprehensive intermediate or long-term experiments have taken place 
over the Arctic pack ice compared to those in other climate regimes, e.g. the tropics or 
mid-latitudes. The longest comprehensive data set is from the SHEBA experiment 
(Uttal et al. 2002). One of the largest discoveries from SHEBA was the fact that liquid 
water was present in clouds to quite low temperatures. SHEBA also generated 
probably the largest data set available on turbulence in the stable and very stable 
surface layer. SHEBA also made important steps towards understanding albedo and 
ice processes. However, while there is a wealth of data on clouds, surface-layer 
turbulence and ice processes, SHEBA had no aerosol component and no 
measurements of ABL structure (apart from the radiosoundings) or of the open lead 
surface microlayer biochemistry. An exception is the spring period, when the SHEBA 
experiment was augmented by the FIRE-ACE (Curry 2001) campaign for a shorter 
period, with aircraft measurements of ABL structure and cloud microphysics. Most 
other experiments, e.g. BASE, have typically been month-long deployments relying 
heavily on aircraft measurements, which are very detailed but gives the experiment a 
“case-study” character. This is the case also for the Mixed-Phase Arctic Cloud 
Experiment (M-PACE, Verlinde 2007), which was partly prompted by the discoveries 
on mixed-phase clouds during SHEBA. M-PACE has excellent aircraft-based 
measurements and continuous surface-based remote sensing in mixed-phase clouds 
during autumn transition, but the majority of the measurements were over or near land 
and the experiment lasted only one month. Within the DAMOCLES program a multi-
year ice drift was set up with the Tara vessel; however, except for a few short periods 
when tethered soundings were deployed, it had no observations of ABL structure and 
no aerosol observations at all (Timo Vihma 2007, personal communication). 

There is an equal lack of detailed and continuous atmospheric chemistry and aerosol 
observations in the central Arctic. IAOE-91 and AOE-96 were devoted to these 
aspects. However, both lacked extensive meteorological measurements and while 
AOE-96 featured a 10-day ice drift, the detailed studies during these experiments 
were mostly conducted during several brief research stations at different locations. 
The major achievements during these expeditions were studies of aerosol nucleation 
and growth and the links to marine and ice biology, in particular concerning the links 
between atmospheric aerosols and the surface microlayer of the open leads. These 
findings together with some results from the SHEBA experiment prompted the AOE-
2001 expedition during the summer of 2001. This experiment is probably the only one 
in the central Arctic where continuous and detailed meteorological observations of the 
ABL structure have been combined with continuous and detailed atmospheric 
chemistry and aerosol as well as for marine biochemistry observations for at least a 
shorter period. This was obtained during a three-week ice drift operation on the 
Swedish icebreaker Oden; the whole experiment lasted two months. 

In summary, while there are several Arctic expeditions, most of them are on or close 
to land and fairly short in duration, and there is essentially only marginal information 
on ABL vertical structure, clouds or cloud microphysics, and on the life cycle of the 
aerosol and its connection to the biochemistry of the open water within the pack ice 
and the MIZ of the central Arctic Ocean. 
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RESEARCH STRATEGY  
2.1  Scientific issues 

ASCOS aims at an increased understanding of processes limiting the life cycle of the 
semi-persistent low-level clouds over the central Arctic Ocean. In summer, this cloud 
cover is broken only rarely, and thus most of the time there is an unbroken cover of 
boundary-layer clouds with cloud bases frequently below ~ 100 m (Figure 7); fog also 
occurs frequently. The increase in down-welling thermal radiation due to these clouds, 
as compared to cloud free conditions, most of the year outweighs the reduction in 
down-welling solar radiation that they cause. This is partly due to the relatively high 
surface albedo of the pack ice, compared to open ocean, and partly due to their parti-
cular microphysics; a relative lack of CCN causes the cloud albedo to be lower than 
for corresponding mid-latitude marine low clouds. Thus the effect on the climate sys-
tem by these clouds is different in the Arctic compared to other areas with frequent 
low-level cloud cover.  

Most other areas with similar wide-spread low-cloud cover are signified by a cool 
surface and a persistent subsidence inversion, e.g. at the sub-tropical west coast of 
continents. While the Arctic certainly facilitates a cool surface, there is no persistent 
subsidence that helps maintain the cloud field, so one may ask why the cloud field is 
in fact so persistent. There are several possibilities. One condition favoring low-level 
clouds is the fact that specific moisture often increases over the ABL inversion. Unlike 
for sub-topic stratocumulus, this makes entrainment a source of moisture and acts to 
maintain the clouds. While this would help maintain an entraining cloud, it is it is still 
difficult to understand why cloud-top cooling and the related turbulence production 
does not produce a cloud layer with a rapidly rising cloud top, as it would in the sub-
tropics if the subsidence did not keep the cloud layer in place.  

One possible explanation is that the clouds have a different microphysics leading to a 
different interplay with radiation and thus turbulence. Low CCN concentration together 
with the small liquid water path corresponding to relatively cool conditions could 
contribute to making these clouds “gray” in terms of thermal radiation, rather than 
“black”, and also reduce their reflectivity. These factors may also impact the radiative 
heating/cooling profiles inside the cloud so that the buoyancy over-turning typical for 
sub-tropical stratocumulus may be less active in the Arctic. Another possibility is that 
the particular CCN and IFN concentrations in the Arctic affect the cloud removal 
processes, i.e. precipitation (drizzle), by changing the phase relations. It has been 
observed that cloud tops often lie in the capping inversion, rather than below the 
inversion as would be expected if their dynamics was similar to sub-tropic stratocumul-
us.  

Hypotheses involving the low CCN and IFN concentrations also imply a possible 
feedback mechanism. The indirect effect of aerosols, i.e. the control of the CCN and 
IFN concentration over the microphysics of clouds and therefore their radiative 
properties is still listed as one of the largest unsolved and potentially most important 
issue in climate science. The fact that the Arctic atmosphere seems to hold a lower 
number concentration of both CCN and IFN compared to, for example, the mid-
latitude oceans, is hypothesized to be one explanation for the Arctic climate system to 
be different in many aspects. A lack of CCN affects both the radiative properties and 
the life cycle of the clouds, while a lack of IFN explains unusual relations between 
liquid and frozen water in the super-cooled clouds. It is therefore of vital importance to 
enhance the understanding of the sources and atmospheric transformations  of aero-
sols, how they are transported in the ABL and how they affect the clouds, in turn 
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affecting the radiation climate. At the same time one must also understand the 
atmospheric conditions that lead to cloud formation and the ABL transport processes 
that facilitate the maintenance of the semi-persistent ABL cloud cover in the Arctic. 

A major problem in discussing possible hypotheses is the fact that very little informa-
tion is available concerning the microphysics of these clouds. As an example we have 
no good idea on the high Arctic cloud-droplet radius distribution, on the distribution 
between cloud water and cloud ice and how much water there is in these clouds, on 
what the concentrations of CCN and IFN, what they are made of or from where they 
come.  

All the parts of the system described above are intimately linked to each other and 
must all be studied together. The cloud processes depend on the cloud microphysics, 
radiation and turbulence. Cloud micro- and macrophysics control the radiative transfer 
in the clouds, which in turn has important effects on the ABL turbulence. Turbulence 
transports biogenic aerosols and trace gases from the surface – these are in turn 
determined by biological processes in the ocean and the ice that critically depend on 
the incoming solar radiation, which is controlled by the properties of the cloud field. 
This local system is then perturbed by larger-scale meteorological processes and by 
the annual cycle in solar radiation. 

2.2 Aim and Objectives 

With an integrated study from the sea-ice interface to the cloud-topped boundary layer 
the overall aim of ASCOS will be to identify and understand controlling processes 
(formation, life time and dissipation) of the boundary later low-level cloud system over 
the Arctic pack ice area north of 80°N. An ultimate goal is to incorporate the results in 
climate models to improve the reliability of climate change projections. A distinct 
feature of ASCOS is its necessarily interdisciplinary nature, which includes marine 
biochemistry, aerosol and cloud chemistry/physics, and meteorology.  

The specific objectives of ASCOS are: 
1. To determine the atmospheric dynamics processes that control the formation, the 

lifetime and life cycle of boundary layer clouds north of 80°N. 

2. To determine the evolution of CCN and IFN, how they form cloud droplets and ice 
crystals and partition water between the liquid and solid phases. 

3. To determine the role of marine biochemical sources for CCN and IFN formation, 
with emphasis on the open lead surface microlayer 

4. To determine the role of boundary-layer clouds for the turbulent exchange of heat, 
momentum, gases and aerosols across the ocean/ice/air interface and with the 
free troposphere. 

5. To test and implement reliable satellite algorithms for area-covering climate 
monitoring. 

6. To provide a high-Arctic mirror-station of intense atmospheric measurements that 
for a limited time will sample data similar to monitoring stations around the rim of 
the Arctic Ocean, for example at Barrow, Alert and Eureka. 

7. To contribute to the data archive over the central Arctic Ocean collected during 
IPY. 

8. To provide a comprehensive data set on the high Arctic climate system, for 
developing and testing of integrated climate models. 
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IMPLEMENTATION 

3. IMPLEMENTATION OF RESEARCH STRATEGIES FOR ASCOS 

3.1 Experimental strategies 

Development of methods to describe these processes in global climate models ulti-
mately rests on the collection of experimental data from the central Arctic Ocean, 
which in practice requires an icebreaker as a platform for the measurements. The 
research aims listed above necessitate an interdisciplinary approach and ASCOS will 
therefore include marine biochemistry, aerosol and cloud chemistry/physics, and me-
teorology, in an intimate collaboration.  

ASCOS will be based on the Swedish icebreaker Oden and the main field phase will 
focus on an ice-drift operation, when the icebreaker will be moored to an ice floe start-
ing near the North Pole and drift passively with the ice. Measurements will also be tak-
en during the transit into the ice-drift station at different distances from the MIZ. 
Additional measurements will utilize airborne platforms. The time frame is centered 
around the ice-melt season, which is the biologically most active period, and into the 
autumn freeze-up, roughly late July through early September.  

A combination of intensive process studies and continuous measurements with high 
temporal resolution will be applied. Ground-based remote sensing will provide 
continuous measurements of boundary-layer and cloud vertical structure, while in situ 
surface and vertical profiling instruments will provide detailed process-oriented 
information on boundary layer dynamics. Continuous ship-based atmospheric 
chemistry and aerosol measurements will be complemented with profiling of trace gas 
concentrations, aerosol number concentrations and cloud microphysics by tethered 
and airborne platforms. Ocean/ice biochemistry will be sampled regularly and under-
ice physical processes will also be monitored continuously. Instruments will be 
deployed both onboard the icebreaker and on the ice. Additionally, aircraft based on 
land will perform complementary detailed measurements of meteorology, gases, 
aerosols and cloud microphysics.  

Post-experiment modeling will include a suite of models, from atmospheric chemistry 
and aerosols box models, Large Eddy Simulation, single column models, mesoscale 
models, to global models. Based on the aims of ASCOS, some of the basic experi-
mental techniques are outlined in the following sections. 

 

3.2 Brief description of necessary observations, after research aim 

To determine the atmospheric processes that controls the formation, the lifetime and 
life cycle of boundary layer clouds north of 80°N. 

This requires a continuous monitoring of the ABL, surface layer fluxes as well as the 
vertical structure. Continuous vertical profiles of wind speed and direction, temperatu-
re, water vapor and cloud liquid water and ice will be obtained from a suite of surface-
based remote sensing (radars, lidar and microwave radiometers). Surface fluxes will 
be measured using eddy-correlation instruments both onboard the icebreaker and on 
a mast on the ice. By the mast there will additionally be measurements of surface 
(short- and longwave) radiation fluxes. 6-hourly radiosoundings will also be performed. 
Detailed intensive measurements of ABL vertical structure will be carried out for short-
er intermittent periods using tethered-balloon borne instrumentation for mean 
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parameters and turbulence, and with the research aircraft and with a helicopter. An 
array of microbarographs will be used to monitor propagation of gravity waves. 

To determine the evolution of CCN and IFN, how they form cloud droplets and ice 
crystals and partition water between the liquid and solid phases. 

The evolution of the near-surface aerosol (number and mass) in sizes ranging from 
nuclei (3nm in diameter) up to cloud active particle sizes (<100nm diameter) will be 
monitored on board ship. The number size distributions will be continuously measured 
with high temporal resolution using a suite of instruments. Aerosols will be collected 
for subsequent chemical analysis including determination of morphology and state of 
mixture with electron microscopy using various impactor techniques. The 
concentrations of trace gases that cause particle growth and contribute to particle 
mass will also be continuously observed onboard ship. Different platforms to obtain 
information on the vertical structure of aerosols and atmospheric chemistry; tethered 
soundings, helicopter profiles (out of clouds) and flights with a remotely based re-
search aircraft. 

To determine the role of marine biochemical sources for CCN and IFN formation, with 
emphasis on the open lead surface microlayer.  

Sampling of biological, chemical and physical conditions in the surface waters and 
under the ice is a special challenge. The microlayer film will be harvested using 
miniature boats patrolling the surface of the open leads. The concentration and 
properties of the microorganisms, particulate and dissolved organic matter, 
microcollodal aggregates and gels will be determined. Further we will study the 
reaction of gels to ultraviolet light and acidification. Surface bulk water temperature, 
salinity, microcolloidal content, EPS or gels, proteins, amino acids, DMS, DMSP, 
suspended biomass, phyto-, bacterio- and vireo-plankton will be collected in surface 
microlayer and sub-surface waters. Some ice cores will be drilled to study the 
distribution and abundance of gels at the ice-water interface. A system will be 
deployed to study the relative importance of the different processes of bubble 
formation, using a submerged water-proofed laser-mirror-photocell and pulse detector, 
in the centre of a lead (wave action), near its edges (ice melting), and right at the edge 
(escaping from under the ice) will additionally be deployed. 

To determine the role of boundary-layer clouds for the turbulent exchange of heat, mo-
mentum, gases and aerosols across the ocean/ice/air interface and with the free tro-
posphere. 

This requires continuous monitoring of the ABL vertical structure and surface layer 
turbulent fluxes. Continuous profiling of temperature and water vapor will give 
indications of interactions between the ABL and the free troposphere. Detailed profiles 
in the atmospheric surface layer related to eddy-correlation measurements of turbulent 
fluxes on the ice-drift mast will provide details of the surface interaction and correlation 
to the remotely sensed cloud information will provide information on the impact of the 
cloud field on the turbulence structure of the ABL. To examine the capacity of the 
open leads to emit particles to the air a so-called eddy correlation technique will be 
applied on the ice. For in situ measurements of the size distribution and the nature of 
the bubble produced particles (spray) we will artificially introduce bubbles or attempt to 
stimulate release of microbubbles already present. The spray particles will be 
collected for further analyses. 
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To develop, test and implement reliable satellite algorithms for area-covering climate 
monitoring. 

The quasi-continuous observations on the state and vertical structure of the at-
mosphere, from both the surface-based remote sensing array and from radio-
soundings, together with measurements at the surface will provide the ground truth for 
the development of retrieval algorithms for space-borne instruments. 

To provide a high-Arctic mirror-station of intense atmospheric measurements that for a 
limited time will sample data similar to monitoring stations around the rim of the Arctic 
Ocean, for example at Barrow, Alert and Eureka. 

Over the last decade, several monitoring stations with advanced surface based 
remote sensing instrumentation as well as other surface based observations of 
meteorology, atmospheric chemistry and aerosols have been set up around the Arctic 
Ocean. For logistical and other reasons these are all based on land, for example at 
Barrow (Alaska), Alert and Eureka (Canada) and Ny-Ålesund (Svalbard). More are 
discussed for the International Polar year, for example at Tiksi in Russia. ASCOS will 
provide a framework for determining if these observations are representative also for 
the central Arctic climate. 

To contribute to the data archive over the central Arctic Ocean collected during IPY. 

Simultaneously around the Arctic, observations of various kinds and detail will be 
intensively carried out through the International Polar Year. ASCOS will benefit from 
this and other research groups can benefit from the availability of data from ASCOS. 
This will likely be the largest data gathering effort in the Arctic for the next several 
decades. 

To provide a comprehensive data set on the high Arctic climate system, for developing 
and testing of integrated climate models. 

Detailed one-column atmospheric data currently is the backbone for developing and 
testing of process descriptions in climate models. Examples of such very successful 
data sets are that developed from the ARM-sites in Kansas and the North Slope of 
Alaska in Barrow, both in USA. Currently, however, there is a severe lack of 
comprehensive and detailed data from the central Arctic, and the only existing 
reasonably complete data sets are either from SHEBA (one full year ice drift) or from 
AOE-2001 (two months, with a three-week ice drift). Both data sets have limitations; 
ASCOS will build on experience from both. It will, although somewhat limited in time, 
become the most complete and detailed one-column atmospheric and upper ocean 
data set from the central Arctic available. 

 

3.3 Overview of scientific measurements 

The preceding section listed some specific activities in response to the scientific aims 
and objectives. Below the full range of measurements are described. For convenien-
ce, these have been summarized in groups, together with the techniques used. 

Most of the observations will be made during the ice drift, while the ship is moored to 
an ice sheet, and will involve measurements made on the ice, in the to 50 m of the 
surface water (open leads and under ice), on the ship, from a from a tethered balloon, 
a helicopter and a research aircraft. 
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Gas and tracer chemistry characterization 

DMS, sulfur dioxide, sulfuric acid, ammonia, ozone, radon, 210Pb, and 7Be will be 
measured continuously. A fast response system using fluorescent detection (PTR-MS 
(mass spectrometer) will be used for volatile and oxygenated organic compounds 
such as DMS, acetone and acetonitrile. This instrument will allow the measurements 
to follow rapid changes in concentration and can also be used in the helicopter. 
Sulfuric acid detection involves the use of an MS. Lower time resolved (ca 10min) 
DMS and Ammonia and ozone measurements will use similar equipment to that of 
AOE-2001. Radon will be estimated from the emissions of its decay products while the 
remaining two isotopes will be estimated from the radioactivity of high volume filtration 
samples.  

Aerosol physical characterization 

Particle size distributions from 3 nm to 10 µm diameter will be continuously monitored 
as well as hygroscopic properties of selected particle sizes and concentrations of 
CCN, IFN, elemental carbon concentrations. Concentrations of airborne bacteria and 
insoluble material of biological origin (viruses and microcolliodal aggregates) will be 
measured. Surface fluxes of the sub-micron aerosol will be determined. 

A pulse height analyzer attached to an ultra-fine condensation particle counter 
(PHAUCPC), will provide concentrations within the range 2.7–5±1 nm diameter. 
Particle size distributions at larger sizes will be measured by standard differential mo-
bility analyzer (DMPS) techniques but a proposed modification of a droplet aerosol 
analyzer (DAA, see below) that can be used in fog free periods will allow 
unprecedented time resolution in the size range 35-430 nm diameter. The hygroscopic 
properties will be examined using a tandem differential mobility analyzer (H-TDMA). 
CCN measurements will use a continuous flow parallel plate counter that can measure 
the proportion of particles of a given size that are active at specified super-saturations. 
A second instrument using a depletion technique will cover a wider range of super-
saturations. IFN concentrations will be estimated using the CFDC Dave Rogers/Paul 
DeMott technique. A Particle Soot Absorption Photometer (PSAP) will record element-
al carbon concentrations.. Electron microscopy will be used for determination of 
morphology and state of mixture of the both airborne and aqueous phase (water and 
fog) particulate matter including microorganisms. Eddy correlation techniques will be 
used for the aerosol flux measurements, while simple particle counters will both be 
flown on the helicopter and on a tethered system, to measure profiles of aerosol 
concentrations in difference size bins.  

Fog droplet characterization 

A forward scattering probe (FSSP) will be used for the size distributions of fog drops 
and an instrument known as the droplet aerosol analyzer in conjunction with 
differential mobility analyzers will measure not only the droplet size but the included 
and interstitial aerosol size distributions. In addition the size distribution of residues 
from evaporated droplets will be measured by the DAA technique. 

Aerosol chemistry in air and aqueous phase  

High performance cascade impactors (ranging 30nm to 10µm diameter) in conjunction 
with Ion Chromatography (IC) will be used for quantitative bulk aerosol inorganic 
analyses and with High Resolution Gas Chromatography coupled to a High Resolution 
Mass detector (HRGC-HRMS) for the analyses of amino acids, proteins and other 
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organics. The analyses for mineral dust and combustion-derived elements will be 
performed by Particle Induced X-ray Emissions (PIXE). The determination of chemical 
properties, morphology and state of mixture of individual particles is common to most 
of the objectives both in air and in aqueous phase (water and fog). The only method 
presently available that will allow such a study down to particles of the order of 10nm 
is Transition Electron Microscopicity (TEM), with associated chemical tests (e.g. 
dialysis, X-ray analysis, reaction with organic vapours, reactions with solutions of 
various compounds. Laser MS and Aerodyne Aerosol-MS of single particles will 
additionally be applied with the advantage of providing quantitative but some not very 
specific details of the chemistry of large numbers of individual particles. The technique 
is however restricted to particles >120nm in diameter and gives no information on 
physical state. The H-TDMA technique will provide inferred chemistry.  

Continuous lower troposphere characterization 

A suite of surface-based remote sensing instruments will continuously record the state 
and vertical structure of the lower troposphere. A particularly important facility for this 
will be the ARM Mobile Facility. A combination of cloud Doppler radar(s) and a lidar 
will detect clouds, cloud boundaries and cloud phase (liquid or ice). Analysis of the 
Doppler and backscatter signals from the radar, combined with other instruments will 
enable a determination of cloud microphysics properties. Passive scanning 
radiometers will be used to determine the temperature, moisture and cloud liquid-
water profile through the lowest troposphere, while different active sensors from 
NOAA/ESRL and UoL (wind profiler and sodar) will be used to monitor the wind profile 
(speed and direction). The remote sensing instruments will be supported by soundings 
at regular intervals, providing in situ profiles of temperature, moisture and winds 
through the whole troposphere.  

Routine meteorological observations 

Standard continuous measurements of air temperature and humidity, wind speed and 
direction, surface pressure, down welling radiative fluxes, cloud base and visibility be 
taken onboard in support of all programs. Experimental planning will be aided by 
weather forecasts and forecast 3D-trajectories as well as operational satellite 
imaginary. 

Boundary-layer meteorology 

Surface energy balance will be monitored by sonic anemometer and fast hygrometer 
measurements, on a mast in the ice as well as on the icebreaker. Measurements of 
up- and down welling short- and long wave radiation on the ice surface will also be 
measured. Bulk determination of fluxes will be possible through profile measurements 
of temperature and wind speed on the mast, and temperature profiles in the ice. An 
array of microbarographs will be deployed to observe atmospheric pressure variations 
associated with gravity waves. Profiles of ABL structure (mean state and turbulence) 
will also be obtained from a tethered sounding system, including both instruments for 
mean properties and eddy-correlation instruments. 

Characterization of the biology of the ice and open water and of its products 

To study the degradation of EPS we will collect supermicron EPS particles known as 
Transparent Exopolymer Particles (TEP) on filters and (a) photographing them on site 
with an optical microscope, (b) rephotographing them with TEM after exposure to 
varying amounts of UV or exposure to sulphuric acid vapour, (c) identifying the end-
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products of their collapse. Upper surface sea water measurements (>50m) will be 
made of DMS, DMSP (dissolved and particulate) phytoplankton, ice-algae, 
zooplankton biomass and distribution of taxa, bacteria and their enzymes, proteins, 
dissolved amino acids, ammonia, phosphate, silicate, nitrate, total dissolved 
inorganic/organic carbon, oxygen, chlorophyll fluorescence, salinity, and temperature. 
At greater depths (>50-200m), measurements will be made of chlorophyll, pigments 
and total absorption of suspended material, and in situ primary production in the 
euphotic zone and the vertical export of biogenic matter. The vertical distribution of 
organisms within the ice sheet and its brine pockets and under the ice sheet will be 
studied. Measurements of the abundance of bacteria and non-living organic colloids in 
the surface micro-layer will also be made. CTD (conductivity-temperature-depth) 
rosette casts will be used to obtain samples from below the surface. Incubation bottles 
deployed with sediment traps moored to the ice will be used for measuring primary 
productivity, applying the 14C technique. Ice cores will be drilled to obtain the vertical 
distribution of organisms and a diver employed to collect organisms from beneath the 
ice sheet. The surface micro-layer will be sampled with hydrophobic teflon screens on 
remote controlled model vessels. 
 

3.4 Climate monitoring 

While ASCOS primary objectives are to improve the understanding of important 
climate process, to enhance modeling of the Artic climate, such advances must 
always be put in the perspective of observations of the developing climate. Due to the 
special environmental conditions in the Arctic, main instruments in climate monitoring 
are advanced surface-based climate monitoring stations around the rim of the Arctic 
Ocean and satellite sensors. There are problems with both that a program like ASCOS 
can help rectify. 

While surface-based stations, like those deployed at Barrow in USA, Alert and/or 
Eureka in Canada, Ny Ålesund on Svalbard and planned for Tiksi in Russia, provide a 
wealth of data remain on land and their representativity for the central Arctic pack-ice 
region can always be questioned. ASCOS will provide similarly detailed sampling in 
the central Arctic Ocean from which this can be analyzed for the summer 2008 period. 

Satellite sensors measure the radiation emitted from the Earth system in various 
wavelengths from which information on atmospheric structure, clouds and ice 
properties are infered through complex inversion algorithms. However, the inversion 
problem is often ill posed and requires large amounts of calibration data for 
development and testing. As an example, satellite sensors have a particular problem 
distinguishing between the top of Arctic low-level clouds and the ice surface. The lack 
of comprehensive measurements of atmospheric structure in the Arctic makes this 
difficult and the comprehensive measurements during ASCOS will greatly facilitate this 
development. 

3.5 Climate modeling 

Detailed single-column atmospheric data currently is the backbone for developing and 
testing of climate process descriptions in climate models. Examples of such very 
successful data sets are that developed from the ARM-site in Kansas or the North 
Slope of Alaska in Barrow, both in USA. Currently, however, there is a severe lack of 
comprehensive and detailed data from the central Arctic.  ASCOS will will, although 
somewhat limited in time, become the most complete and detailed single-column 
atmospheric and upper ocean data set available. 



 

 

23 

Science and Implementation plan                ASCOS                                    2008-01-05 
 
 
 

Regional modeling using prescribed lateral boundary conditions from e.g. ECMWF to 
constrain the models to the observed large-scale flow, can utilize detailed measure-
ments both to evaluate current model formulations under different conditions, e.g. at 
different model resolutions, and to develop new formulations. Regional modeling – as 
well as operational models – can also be used to determine large-scale advective ten-
dencies to be used in single-column modeling, using the ASCOS data as “ground 
truth”. 

 

3.6 Project milestones 

Planning and preparations 

Workshop I 

The first pre-planning workshop was held in Stockholm 1-3 December 2004, to 
discuss and agree on project goals and outline a strategy for proposal. Based on the 
discussions held, the participating partners (Appendix X) agreed to formulate a 
proposal to the IPY call for “Expressions of Interest” for the 14 January 2005 deadline. 
This was subsequently put together by the co-coordinators of ASCOS and submitted 
to the IPY central office in early 2005. 

Workshop II 

The second workshop was conducted in December 2005, to finalize the science 
discussion from the preceding Ocean Experiment 2001 (AOE-2001), and to start 
planning for the ASCOS field phase. At this time, affiliation with IPY umbrella 
programs was discussed, links to the ICARP II process (the ICARP II meeting in 
Copenhagen had just been held) as well as future proposals. 

Workshop III 

A third planning workshop is planned for September 2007, to finalize the science 
science plan start and the detailed planning for the ASCOS. 

Further Planning Workshops  

Further workshops will be held when the details of the icebreaker schedule has been 
finalized, to plan and develop deployment of instruments and facilities onboard. 

Project planning 

Besides the workshops, project planning will continue practically until the ship leaves 
Sweden in July 2008. A crucial planning effort during 2006-08 is the coordination of a 
wide spectrum of requests for funding and facilities in order to safeguard financial and 
logistical support adequate for (1) the development of instrumentation, experimental 
techniques and models, (2) execution of the field experiment itself and finally (3) the 
subsequent data evaluation and modeling. Funding has now been granted from the 
Swedish Research Council and the Nordic Council of Ministers. An additional proposal 
in Sweden will be submitted to The Knut and Alice Wallenberg Foundation. In the 
Nordic countries proposals are pending at the Academy of Finland and the Finnish 
Nessling Foundation. Proposals have been or will be submitted to other national 
funding agencies outside the Nordic countries in UK (NERC) and in US (NSF and 
ARM). A EU 6th  Framework Program proposal (DAMOCLES) has already been 
granted. Support for the workshops is also provided by the International 
Meteorological Institute (IMI), Stockholm, Sweden, and the Stockholm University 
Climate Research Environment.  
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Planning of the field experiment logistics is carried out in close cooperation with the 
Swedish Polar Secretariat, who will supply the measurement platform – the icebreaker 
Oden. All aspects of the project planning are the result of a collaborative effort 
involving the full scientific ASCOS network; marine biologists/chemists, atmospheric 
chemists, aerosol and cloud physicists, meteorologists and modelers. This will greatly 
facilitate interdisciplinary post-experiment data integration and enhance the usefulness 
of acquired data for modeling purposes. 

Procedures for data quality control and criteria for post-experiment quality assurance 
will be established. Calibration and intercomparison of instrumentation and methodolo-
gies for primary data reduction is an important part of the pre-experiment quality 
control procedure. The interactive data base structure of the ASCOS will be set up 
and tested during the year 2007. 

Field experiment phase 

The ASCOS summer 2008 campaign 

In the summer of 2008, the Swedish Polar Secretariat plans to conduct a suite of 
activities in support of IPY. For ASCOS, the current plan calls for the involvement of 
the icebreaker Oden. The plan is to use the Oden to deploy ASCOS in the central 
Arctic basin; ASCOS will be the main component. An ice-drift operation, starting near 
the North Pole and drifting with the ice is the main component of ASCOS. A rough 
time line calls for a departure from Sweden mid-July aiming to be back late September 
or somewhat later. Figure 1 presents an indication of the location of sampling areas. 
The main activities of the ASCOS program will take place during the ice drift 
operation, when the ship will be moored to a large ice floe, but measurements will also 
be taken on short research stations on transit. 

Post experiment phase 

Data analysis, evaluation and submission 

The first year following the field experiment will focus on primary data reduction and 
analysis of collected samples. Periods of special interest will be determined and given 
priority in the data analysis. Quality assured data should be submitted to the ASCOS 
database by 1 July 2009. For each separate dataset, the data quality should be 
ascertained by clearly stating calibration procedures and criteria used to select good 
quality data. The meteorological data will also be submitted to the DAMOCLES 
database; both databases will comply fully with the IPY data policy of open and free 
access. Intercomparisons of data obtained with different instruments measuring 
related quantities will be performed to test the internal consistency. Three post-experi-
ment Workshops will be essential tools in the data evaluation process, as described in 
more detail below. 

Post-experiment Workshop I 

A first post-campaign workshop will be organized during spring 2009. A first pre-
sentation of the available data will take place, and the integration of results from the 
various groups and measurements will commence. Agreements will be made on 
scientific data evaluation work packages, work sharing, PI responsibilities and 
deadlines needed to meet the project objectives. A tentative list of papers intended for 
subsequent submission to peer-reviewed journals will be set up. Dissemination of 
preliminary project results at various international conferences will be agreed upon. 
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Post-experiment Workshop II 

The results of the various data evaluation work packages will be presented and 
discussed at a second post-campaign workshop scheduled for spring 2010. The data 
evaluation work packages agreed upon on Post-experiment Workshop I are likely to 
be somewhat modified at this stage, since all ASCOS data will have been made 
available before this Workshop. Again, emphasis will be put on interdisciplinary work 
packages and the integration of data and models. Both the detailed process models 
and the regional models - applying various process parameterization schemes – will 
make full use of the available ASCOS datasets. 

Post-experiment Workshop III 

A presentation and discussion of papers before final submission will be made at a 
third post-campaign workshop, in mid-2010. The outcome of this workshop will enable 
the fully integrated results from ASCOS program to be submitted for publication in 
international scientific journals. Dissemination of project results in more popular media 
will also be considered. Furthermore, both preliminary and final project results will be 
presented during a number of international conferences. 

Table 1  Tentative ASCOS time plan, including some important proposal deadlines (p = proposal, pl 
= planning workshop, I = implementation workshop, po = post-experiment workshop, eoi = 
Expressions of Interest). 

 Years -> 

Activity 2004 2005 2006 2007 2008 2009 

ASCOS 
time line 
Swedish VR 
DAMOCLES 
NSF 
IPY  

               |-- 
 

 
 
 

 

--------------- 
 
   p 
p 
              p 
eoi   p 

--------------- 
 

|-------------- 
|-------------- 

            p 
 

--------------- 
 
--------------- 
--------------- 
 p       |------ 
     |---------- 

--------------- 
 

--------------- 
--------------- 
--------------- 
--------------- 

-------------> 
 
--------------| 
--------------| 
-------------> 
-------------> 

Workshops                pl pII                          plII    po          po        

Planning                |-- --------------- --------------- --------------- -----|  

Field prep.   |------------------- -----|  

Field work           |---|  

Data red.    |-------------| 

Data sub.      |-----------| 

Data anal.    |---- --------------- -------------> 

 

3.7 Partnership and management structure 

The scientific network has been organized into 6 strongly linked working parties with 
the principle investigators and specialties listed below : 

PI-1: Biological characterization of organic matter (dissolved and particulate) from the 
open leads during ice melt (Dr. Patricia Matrai, Bigelow Lab., USA) 

PI-2: ?? 
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PI-3: Chemical characterization of precursor gaseous compounds and of the 
particulate phase. (Prof. Caroline Leck, Stockholm University, SWE) 

PI-4: Characterization of the particulate phase including cloud/fog droplets. (Prof. Erik 
Swietlicki, Lund University, SWE) 

PI-5: Boundary-layer meteorology. (Prof. Michael Tjernström, Stockholm University, 
SWE) 

PI-6: Remote sensing NOAA (Dr. Ola Persson, NOAA/ESRL, USA) 

Prof. Caroline Leck and Prof. Michael Tjernström will be co-coordinators for ASCOS 
and will be responsible for the execution of the program activities. A “Management 
Group” will be formed including the main partners. 

 

3.8 Data management 

The development and maintenance of a comprehensive and efficient data archive is a 
necessity for meeting the goals of ASCOS. A centralized data archive will be 
established along with a website for ASCOS, with important information for the project 
but also as a tool for outreach. The integrated database will allow easy and efficient 
access for program members to the variety of measured and modeled parameters ob-
tained (please visit http://www.fysik.lu.se/eriksw/aoe2001/aoe2001.htm, as an examp-
le). The DAMOCLES database will also be utilized. The data will be freely available as 
soon as possible, in compliance with the IPY datapolicy. 

All principal investigators participating in the AOE-2001 will be obliged to submit their 
quality assured data to the central data-base in order to facilitate an integrated 
interpretation of the combined data set. The deadline for data submission provisionally 
set to July 1, 2009. Apart from the database with restricted access, a public Web page 
will be maintained with the purpose to disseminate information regarding the ASCOS 
more freely to all interested parties. 

3.9 Linkages with other programs 

The NASA-funded project “Identification of Atmosphere-Surface Interaction 
Mechanisms During Arctic Sea-Ice Freeze-up” (AMISA) is a directly coordinated sister 
project to ASCOS. Within AMISA, flights are planned from Longyearbyen by a NASA 
P-3 research aircraft essentially during the month of August. The aircraft will 
transverse the ice pack to the ice drift location while releasing dropsondes to generate 
almost-instant cross-section of meteorological parameters. While at the location of the 
ice drift, several patterns will be flown for ice mapping by remote sensing instruments, 
before profiling down to low height for a boundary-layer and cloud mapping mission. 
Each flight will take about 8 hours and about six flights are planned, to span late melt 
season, freeze-up and post freeze-up conditions. AMISA is closely coordinated with 
ASCOS activities and aim to target periods with transient weather systems entering 
the pack ice. 

The OASIS (Ocean-Atmosphere-Sea Ice-Snowpack; http://www.oasishome.net) 
project collaborates with ASCOS and ASCOS will provide a few berths for OASIS 
scientists doing work that is mutually beneficial. ASCOS is part of the EU 6th 
Framework program “Developing Arctic Modeling and Observing Capabilities for Long-
term Environmental Studies” (DAMOCLES; http://www.damocles-eu.org), Work 
Package 2 on atmospheric processes. ASCOS is also an acknowledged SOLAS 
(Surface Ocean Lower Atmosphere Study; http://www.uea.ac.uk/env/solas/) project.  
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Other important links are within the international Polar Year, IPY. Performing ASCOS 
has a value all by itself, but coordinating it with the IPY efforts enhances the value 
significantly. ASCOS submitted an Expression of Interest to the IPY central office and 
was tentatively approved and clustered in the “Clouds, Aerosols and Atmospheric 
Chemistry” cluster. ASCOS is now part of the AICI-IPY (Air-Ice Chemical Interactions 
– IPY coordinated studies) umbrella with clear links to several other important 
projects, including OASIS, iASOA, IAOOS and POLARCAT. 

From a climate science viewpoint, the nearest relatives to ASCOS are the SHEBA ex-
periment and of course the previous three Swedish expeditions IAOE-91, AOE-96 and 
AOE-2001, while links to meteorology and cloud microphysics also exist with M-
PACE. Beyond these, no comprehensive experiments from the central Arctic Ocean 
exist. Several field experiments have taken place to characterize the aerosol at vario-
us regions on Earth eg. ACE-1: ACE-2: ACE-Asia: INDOEX, yet the life cycle of 
aerosol in polar regions are relatively unexplored. Currently the ASTAR program at-
tempts to deal with this, however they attempt no measurements in the high Arctic, 
over the pack ice proper. ASCOS therefore fills an important gap in current know-
ledge.  
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OPERATIONAL LOGISTICS 

4. INTRODUCTION 

The experiment will take place on the Swedish icebreaker Oden that will be deployed 
in the central pack ice mid-summer 2008. Oden will remain in the pack ice until 
transiting out again after the beginning of the freeze-up, approximately mid-September 
2008. 

The experiment will focus on the ice drift, which needs to be as long as possible, 
however, there will also be a few research stations before and possibly after the ice 
drift. These will be undertaken to capture gradients primarily in the biological activity, 
but also to sample air at different distance from the ice edge. 

 

4.1 Operational logistics - Ship based 

Atmospheric sampling of gases and aerosol particles 

The aerosol and atmospheric chemistry programs will be housed in four laboratory 
containers (one of them connected to a pump house located at the port side) on the 
4th deck. For storage of nitrogen, oxygen, hydrogen and helium, liquefied gases and 
other equipment we require storage space above and below deck. Close proximity to 
the laboratory containers is preferred.  

Gases and aerosol particles will have to be sampled with a minimum interference from 
the ship and from the sea/ice surface surrounding the ship. Facing into the forward 
direction, an inlet and air sampling system will erected on top of one of the laboratory 
containers to maximize both the distance from the sea and from the ships 
superstructure. The inlet system consists of two masts extending at an angle of 45° to 
about three meters above the container roof so that the height of the inlet points above 
sea level will be about 25 meters. Additional air sampling lines will run from this 
location to the other three laboratories on starboard side.  

Extreme care must be exercised to prevent contamination of the air samples. During 
atmospheric sampling the ship must remain facing into the wind to prevent 
contamination from the ship's exhaust and vents. Direct contamination from the ship 
will to a large extent be excluded by a condensation nuclei control with a wind sector 
controller. This set-up will enable sampling of air uncontaminated by ship borne 
emissions when the wind is within ±70° of the bow and > 3 ms-1.  

Ship and scientific personnel must constantly be aware of potential sample 
contamination. The scientists on watch must be notified beforehand of ships operation 
that will move the relative wind out of the sampling sector. This concern to avoid 
contamination does not imply that other activities onboard or in the vicinity of the ship 
must be excluded, rather that depending on the local meteorological conditions, the 
person in charge of the atmospheric program would decide which activity that could be 
tolerated during sampling periods. Work on foredeck should for example be avoided. 
In twin-ship operations request to keep the other ship a quarter of a day's voyage 
distance if possible except when coordinating helicopter flights between the vessels or 
in very heavy ice. 
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On board remote sensing 

Space is required on the foredeck and 7th deck for cloud radar(s), wind profiler and 
scanning radiometer and other remote sensing instruments from NOAA/ESRL. 

Balloon launches and met station 

Balloon launches for soundings to measure atmospheric temperature, relative 
humidity and wind profiles will need to take place from the helicopter deck, at least 
twice per day and more often during intensive observation periods. The data from 
these launches will be relayed to the nearest national weather service for publication 
on the Global Trunk Communication. A room or space to store the operational helium 
gas for the balloons is required close to the helipad, and a permanent storage for gas 
bottles, used and to be used, is need at a location where they can easily be 
transported to the helipad. 

Space is also needed to set up a weather station, as high as possible on the ships su-
perstructure, although some instruments could probably be deployed on the roof of the 
AMF container. In addition to the continuous measurements in support of the research 
program, regular weather observations will also be carried out every six hours that will, 
similar to the soundings, be relayed to the nearest national weather service for 
publication on the GTC. 

Helicopter flights 

For vertical and horizontal mapping of aerosols and trace gases 90 hours of helicopter 
time is requested, with onboard space for two instrument operators. Instruments for 
aerosol and tracer measurements will have to be installed on and in the helicopter 
before departure (section 4.3)). The ideal solution would be the use of an all-weather 
(de-iced) helicopter large enough to take sophisticated sampling equipment with 
capability to utilize landing aids on the ship. During previous experiments, a helicopter 
was successfully deployed to measure particle concentrations in the vertical but its 
inability to penetrate cloud meant restricted measurements to clear episodes. 
Compared to previous efforts in 2001 we plan to deploy a more advanced instrumen-
tally equipped payload for semi-continous vertical mapping of boundary layer structure 
with respect to meteorology as well as aerosols and cloud. The payload ACTOS 
(Airship-borne Cloud Turbulence Observation System) is a newly developed system 
(and tested), 110 kg and 4m in length, to measure meteorological parameters (3-di-
mensional wind vector, air temperature, and humidity) including turbulence and turbu-
lent fluxes and several microphysical parameters as particle number concentrations, 
droplet liquid water content, and droplet size distributions with high spatial and 
temporal resolution. 

Marine biochemistry and water sampling 

Sampling will be done daily in the surface microlayer and subsurface water (<1m) of 
the leads for several particulate and dissolved organic parameters as well as gel size 
and number.  Microscale physical vertical sampling will be done in the top 25m. The 
biological post-sampling analyses will be housed in the main lab and one laboratory 
container (microscopy and fluorometry) in close proximity to the main lab. 

Physical Oceanography 

Temperature and salinity profiles will be done with a winched or hand-held small-scale 
profiler in the lead (0-25m). Observations of ice and sub-ice processes will also be 
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made from the ice. Profiles of temperature and salinity, as well as heat and 
momentum fluxes, under-ice melting and temperature and salinity of the ice will also 
be conducted. 

 

4.2 Operational logistics - Work on ice 

All operation on the ice requires basic polar bear protection. 

Meteorological observations 

A main observation site will be deployed on the ice, around one or two instrumented 
mast(s). These will house profile and turbulence instruments, as well as profiles of 
temperature into the ice, radiation sensors and some other miscellaneous instruments. 
For monitoring gravity waves in the atmosphere (wave number and phase speed) a 
network of microbarographs will be deployed around the mast.  
 
A sodar system will also be deployed on the ice, for the remote sensing of the wind 
through the lowest atmosphere (sodar is a sound radar and is sensitive to ambient 
noise; it can therefore not be operated onboard).  
 
A tethered sounding system will be operated on the central site, where a tethered kite 
or kytoon will be used to lift different payloads through the lowest few kilometers of the 
atmosphere. This system operates with a winch. A small hut or similar is required near 
the mast, to house computers etc for the site. Ships power by cable, at least 6000 W, 
is also required.  
 
Near open lead edges a system will be deployed to study the relative importance of 
the different processes of bubble formation, using a submerged water-proofed laser-
mirror-photocell and pulse detector. 

Sampling of sea ice and marine biology  

Some ice cores will be drilled to study the abundance and sige of gels at the ice/water 
interface. Further to examine the capacity of the open leads to emit particles to the air 
a so-called eddy correlation technique will be applied at two locations on the ice. One 
system will be mounted in the central instrumented mast (see above) and the other on 
an arm stretching out over an open lead at a height of 0.5 m. All instrumentation will 
run on batteries. An experimental bubbler and seawater spray collector will be 
deployed from the lead station.  

Physical oceanography and ice 

A station will be erected on the ice for observations of under-ice processes. Through 
holes in the ice, instruments will be erected that will measure detailed profiles of 
temperature and salinity in a few meters below the ice. Fast measurements of 
temperature and velocity will allow a calculation of the heat and momentum fluxes 
under the ice. A lead station will have occasional detailed profiles of temperature and 
salinity in the water column (0-25m) 
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4.3 Expedition Time table (Year 2008) 

Departure   Arrival 

Leg 1: Stockholm – Svalbard 23 July  29 July 

Leg 2: Svalbard – MIZ  31 July  02 August 

Leg 3: MIZin    03 August  05 July  

Leg 4: PIZin    06 August  09 August 

Leg 5: PIZdrift    10 August  10 September 

Leg 6: Transit to Svalbard  11 September 15 September  

Leg 7: Svalbard - Stockholm 16 September 22 September  

 

Total sea/ship days:  62 

Comments 

Stop-over may have to be executed at Longyearbyen or Ny-Ålesund, Svalbard, for 
off/on-loading of the containers and staff. In the case Oden has engagements in the 
Arctic prior to ASCOS, departure from Sweden may become substantially earlier, and 
ASCOS will embark in Longyearbyen. ASCOS will disembark in Longyearbyen. 

 

4.4 Activities in different regimes 

Sampling in open water (OW): Estimated total sampling time, 1 days 

Sampling will be performed during very slow steaming faced upwind (through 
seawater and air intake).  

Sampling in marginal ice zone (MIZ) in: Estimated total sampling time, 2 days  

A transect of 3 stations representing a gradient in properties of ice, upper ocean 
particle dynamics, oceanographic and productivity conditions are sought. In addition, 
one high-intensity station is required. The ship should be facing upwind and moored to 
an ice sheet. 

Sampling in pack ice zone (PIZ) in: Estimated total sampling time, 2 days 

In addition to continuous seawater sampling from the ship water intake during 
steaming, a few relatively short stations along with two longer stations will be 
executed. Total time in the pack ice before ice-drift will be 10 days. 

Sampling in (PIZ) drift: Estimated total sampling time, 44 days 

During the drift operation the ship would be moored to a large ice-sheet and faced 
upwind, allowing for combined ship/helicopter/on ice operations. This means there will 
be a need to be able to move the ship as the wind direction changes. As a rule no 
activity forward from the bridge will be allowed. 

 

4.5 Capabilities to be provided by the ship 

The following systems and associated support services are essential to the cruise. 
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Sufficient consumables, back-up units, and on-site spare parts and technical support 
must be in place to assure that operational interruptions are minimal. All instruments 
are expected to have current calibrations and all calibration information shall be 
included in the data package. 

(a) Data (temperature, pressure, wind speed and direction) from the operational 
weather station on the ship should be automatically recorded (1 minute mean value) 
together with cloud base height, ship position, speed and heading. 

(b) To improve on weather prognostics during the expedition, 6-hourly SHIP ob-
servations should be reported to ECMWF.  

(c) Prognostic weather maps are needed during the expedition. They will be used 
together with prognostic 3-dimensional backward trajectories in order to allow air-
sampling program with a maximum of sample information. 

(d) It would be helpful for ASCOS if the technical program could include data on ice 
cover, video recording of ice surface, time lapse photos in downward and upward 
hemispheres and ice contamination patterns around the ship. 

(e) Navigational systems including high resolution GPS.  

(j) Diving security for divers to scrape ice algae from underneath the ice. 

(k) Dry compressed air (8bar, 300L/min) to the main aerosol sampling container. 
Attached filters for removal of oil and water is required. Power, tap water, Milli-Q 
water, drain and telephone connections to all vans. 

(l) Freezer space (2 m3) for air and seawater samples. 

(m) Refrigerator space (2-3 m3) for air samples (no chemicals). 

(n) Bench space in main laboratory (dry 10 m; PM = 5m), (wet 3 m; PM= 1-2m), 
access to running sea water and excellent Milli-Q water 

(o) Access to ship’s crane and zodiac. 

(p) Access to ship’s helicopter. 

(q) Access to ship’s gyro output for satellite receiver. 

(r) A ship’s dedicated HAZMAT Locker containing capacity flame cabinets and 
capacity corrosion cabinet, plus some available storage on the deck/vans. 

(s) Pedestal mount for satellite antenna on top of forward mast. 

 

4.6 Disposition of data and reports  

Data responsibilities 

It would be very helpful for the scientific party if the Ship Meteorologist could be 
responsible for the disposition, feedback on data quality, and archiving of data and 
specimens collected on board the ship for the primary project. It would further be 
desirable if the Ship Meteorologist is also responsible for the dissemination of copies 
of these data to participants on the cruise and to any other requesters. The ship could 
assist in copying data and reports insofar as facilities allow. The ship will provide the 

Program Coordinators with copies of the following data: 

Sightings log (position, speed, course, distance upwind) of maybe Polarstern 
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Navigational log sheets 

Weather observation sheets 

Weather maps 

Large scale cloud structure (satellite) 

Data on ice cover, video recording of ice surface and ice contamination patterns 
around the ship. 

CTD cast logs 

CTD calibration reports 

CTD data in ASCII format 

Ship operation evaluation report 

A Ship Operations Evaluation Report will be completed by the Chief Scientist and 
given to the Director of the Swedish Polar Secretariat, for review and additions before 
printed. Ideally such a report could be the first issue in a continuing series of Arctic 
Ocean cruise reports e.g. following the format of the AWI-Polarstern/ Reports on Polar 
Research/Berichte zur Polarforschung series. 
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APPENDIX B 
 

 

Waypoints and estimated ship times: 

Sweden to Svalbard :    7 days 

Stay-over at Svalbard:    1 day 

Transit to MIZ and sampling in OW:  2 days 

MIZ transit and sampling:    5 days 

PIZ transit and sampling:    5 days 

PIZ ice drift:      32 days 

Transit ice-drift to Svalbard:   5 days 

Svalbard to Sweden:    5 days 

Sum       62 days 
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APPENDIX C 
 

 

Personnel per program: 

Sub program Approx. # of staff 

Atmospheric chemistry/physics 10 

Marine biology/chemistry 5 

Boundary-Layer Meteorology 10 

OASIS 5 

Additional 2 

Total 32 
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APPENDIX D 

 
Instrumental Techniques/Models and Research Group Involved and a indication 
of which scientific aim it will serve. 
 

 

Table 1. Physical characterisation of aerosol particles, fog and ice crystals for the 
quantification of the Indirect (Direct) forcing. (see below for acronyms) 

 
 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

 
Aerosol number size distribution 
(3 nm – 10 µm) diameter  
 
 
 
 
Vertical aerosol and cloud structure 
Tethered Balloon/Helicopter 
 
Cloud/fog element size distribution 
(0.5- 48 µm) diameter 
 
CCN spectrum  
 
Droplet-to-dry size relationship 
 
Aerosol light scattering (3xλ) 
 
Ion-spectrometer 
 

 
PHA-UCPC, 
UDMPS: DMA+UCPC (TSI 3010)
DMPS: DMA+CPC (TSI 3010), 
APS, OPC, fast responding CPC 
(TSI 3760+2x3010) 
 
PCP (TSI8020), radiosonde 
 
 
FSSP-100 
 
 
DMA-CCN 
 
DAA 
 
TSI-Neph. 
 
 

 
 

IFT, LU, FMI,  
 

 
IFT 

 
LU, UoL 

 
 

FMI 
 
 

LU 
 

LU 
 
? 
 
? 

 
2 
 
 
 
 
 
2 
 
 

2, 4 
 
 

1, 2 
 
2 
 
 
 
2 

 
State of mixture (hygrscopic growth) 

 
H-TDMA/ UF-TDMA 
 

 
? 

 
2 

 
Ice crystal and Ice nucleus counters 
 
Liquid water content 
 
Cloud base chemical collector 
 
Vertical cloud droplet distribution 

 
CFDC technique 
 
Gerber PVM100 
 
Impactor 
 
? 

 
ETH 

 
MISU 

 
MISU 

 
? 
 

 
2 
 
2 
 
2 
 

1, 2 
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Table 2. Chemical characterisation of aerosol particles, fog and ice crystals for the 

quantification of the Indirect (Direct) forcing. (see Appendix E for acronyms) 
 
 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

 
Aerosol mass distribution 
(30 nm - 10 µm) diameter 
 
marine biogenic (SO42-, MSA, 

NH4+), seasalt (Na+, Cl-, NO3-) 
amino acids, other organic acids 
 
crustal (Fe, Si, Ca) 
antrophogenic (V, Sb) 
 
soot (EC) 
OC and EC thermography 
 
 
mass resolved over size 
Total suspended aerosol mass 
(<10 µm) diameter 
 
Single particle off-line analyses 
(10nm - 10 µm) diameter 
 
(120nm - 10 µm) diameter 

 
 
 
 
IC/ HPLC-MS/MS 
+impactors: 12-stage SDI high 
flow, 4-stage BCI (dublicate) 

 
 
PIXE, INAA 
2-stage SFU 
 
 
Light absorption 
 

 
Gravimetrically 
Gravimetrically 

 
 
Collection by dual 
impactors/TEM 
 
Mass spectrometry detection 

 

 
 
 
 

MISU 
 

MISU 
 

 
LU 

 
 

MISU 
IFT/INWG 

 
 

INWG/ 
MISU 

 
 

MISU/LU 
 
 

ETH 

 
2 
 
 

2, 3 
 
 
 

 
2, 3 

 
 

2 
 
 
 
2 
 
 

 
2, 3 

 
 

2, 3 

 
Fog sampling-chemistry/biology 
 

Passive collector MISU, UU, 
LU 

2, 3 
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Table 3. Measurements related to seawater and vertical export biological activities 
(see Appendix E for acronyms) 

 
 
 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

 
DMSP(p)/(d)/DMS(aq) 
 

GC/FPD PM 3 

 
DOC 
 

DIC analyser PM 3 

 
POC include, EPS 
 

PON CHH analysers, Photos PM/MISU 3 

 
Pigments 
 

Turner fluorometer PM 3 

 
POP 
 

Spectrophotometer PM 3 

 
PSi 
 

Spectrophotometer PM 3 

 
Phytoplankton 
 

Microscopy PM 3 

 
Microzooplankton 
 

Microscopy PM 3 

 
Mesozooplankton 
 

Dissecting microscope PM 3 

 
Faecal pellets 
 

Dissecting microscope PM 3 

Grazing Incubation chamber/ 
Dissecting microscope PM 3 

 
Primary production 14C 
 

Incubation in production bottles PM 3 

 
Vertical export 
 

Sediment traps ? 3 
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Table 4.  Measurements, related to ice-algae biological activities (see Appendix E for 
acronyms) 

 
 
 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

 
DMSP(p)/(d)/DMS(aq) 
 

GC/FPD PM 3 

 
chlorophyll-a*, 
 

Fluorescence JI/PM 3 

Salinity, temperature 
Deep and shallow 

CTD-Sondes/ 
Guildline AutoSal salinometer 
??? 

Deep: ?, 
Shallow: 

UiB 
3 

total-N (-nitrogen)*  
total-P(-phosphorous)*, 
(total-Si (-silica)* 

Technicon Autoanalyzer JI/PM 3 

species composition of ice protists 
biomass -"- Microscopy JI/PM 3 

 
photo-heterotrophy relations 
 

Microscopy JI/PM 3 

*= samples will be frozen and measured after the return from ASCOS 
 
 
 
 
 
Table 5. Measurements, related to microbiological ice/seawater activities (see 

Appendix E for acronyms) 
 
 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

DMSP(p)/(d)/DMS(aq) GC/FPD PM, 
MISU(?) 2 

Bacterial production Incubation in microvials UU 2 

Bacterial enzymatic activity Fluorometry UU 2 

Bacterial abundance Microscopy UU 2 

Composition of the lead surface film Small boat collector UU 2 
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Table 6.  Measurements, related to new particle formation from the gas phase, and 
the atmospheric photochemical oxidation potential (see Appendix E for 
acronyms) 

 

Parameter Instrument/Method 
Research 

group 
Scientific 
objective 

DMS(g) GC/FPD MISU 3 

H2SO4(g) MS ? 2, 3 

MSA MS ?  

OH.(g) MS ? 2, 3 

SO2(g) HPLC/FD MISU 2, 3 

NH3(g) PTR-MS UoI 2, 3 

O3(g) UV-photometer (Dasibi) MISU 2, 3 

H2O(g) Rotronic YA100 Sensor MISU/ship 2, 3 

UV-radiation Various MISU 2, 3 

 
 
Table 7. Tracer measurements related to air mass origin and vertical exchange 

processes (see Appendix E for acronyms) 
 

 
Parameter 

 
Instrument/Method 

Research 
group 

Scientific 
objective 

Aerosol number size distribution 
(3 nm - 10 µm) diameter  

UDMPS: DMA+UCPC (TSI 3010) 
DMPS: DMA+CPC (TSI 3010), 
OPC,fast resp. CPC (TSI 
3760+2x3010 

IFT, LU, 
FMI 

1, 2, 3 

O3(g) UV-photometer (Dasibi) MISU 1, 2, 3 

DMS(g) GC/FPD/and flourine-induced 
chemiluminescence 

MISU 2, 3 

SO2(g) HPLC/FD MISU 2, 3 

222Radon(g) β-counting of short lived progeny FMI 1, 2 

210Pb(p) α-counting of short lived 210Po FMI 1, 2 

Berryllium-7 γ spectrometry FMI 1, 2 
220Radon (g) γ spectrometry FMI 1, 2 

Soot PSAP, Light absorption MISU 1, 2 

3-dimensional trajectories ? MISU 1, 2 
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Table 8.  Meteorological instruments/observations for the study of the ABL structure 
and processes. (see Appendix E for acronyms) 

 

Parameter Instrument/Method Research 
group 

Scientific 
objective 

Standard meteorological 
observations (wind, temperature, 
pressure, humidity, visibility, clouds, 
cloud base height and weather). 

Sensors on weather station 
automatically logged. Hourly 
manual observation including 
fotograph 

MISU, Ship 1-8 

Vertical structure of wind, 
temperature and humidity 

Radiosoundings, Vaisala 
DigiCORA MW11 and rs90 
sondes 

MISU, FMI, 
Ship 

1, 4, 6 – 8 

Ice cover, cloud cover, large scale 
weather situation 

NOAA satellite images (visible 
and infrared) 

NOAA, 
MISU, Ship 

1-8 

Continuous vertical profiles of wind 
and turbulent structure (lower level) 

SODAR UoL 1, 4, 6 – 8 

Continuous vertical profiles of wind, 
temperature and turbulent structure 
(deeper layer) 

Wind profiler ? NOAA-
ESRL ? 

1, 4, 6 – 8 

Vertical structure of clouds and 
aerosol < 1km 

Cloud Radar NOAA-
ESRL 

1, 2, 4 – 8 

Vertical profiles of temperature, 
humidity, winds, turbulence and 
turbulent fluxes, clouds and 
aerosols < 1-2km 

Tethersonde UoL 1, 2, 4 – 8 

Vertical profiles of temperature, 
humidity and clouds < 1km 

Scanning Microwave Radiometer 
? 

NOAA-
ESRL ? 

1, 4 – 8 

Integrated cloud liquid water Microwave Radiometer NOAA-
ESRL 

1, 4 – 8 

Surface layer mean wind, 
temperature and humidity profile 

Anemometers, PT100 + 
termoelements and Rotronic 
YA100 sensors mounted on a 20 
m mast  

MISU, UoL 1, 4, 6 – 8 

Surface layer profile of turbulent 
fluxes of mometum, heat and water 
vapor. 

Sonic anemometers and fast 
humidity sensors mounted at 2 
highs in the mast (same as 
above), sonic mounte on board 

MISU, UoL 1, 4, 6 – 8 

Surface radiation fluxes (up- and 
down-welling, long- and short-wave) 

Pyranometer and Pyrgeometers 
by the mast 

MISU 1, 4, 6 – 8 

Ice temperature profile PT100 sensors buried at different 
depth in the ice floe. 

Bjerknes 
Center 

1, 4, 6 – 8 

Sea surface surface temperature  ?, Profiles under the ice? Ship(?), 
UiB 

1, 3, 4,  
6 – 8 

Gravity wave pressure patterns Micro-barograph array UoL 1, 4, 7, 8 

Cloud/fog liquid water content Gerber PVM100 ITM 1-2, 4,  
5 – 8 

Cloud/fog element size distribution 
(0.5- 48 µm) diameter 

FSSP-100 FMI 1-2, 4,  
5 – 8 
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Table 9. Instruments particularly related to open lead fluxes 
 

Application Model/Type 
Research 

group 
Scientific 
objective 

    

    

    

    

 
 
 
 
 
 
 
 
 
Table 10. Instruments particularly related to helicopter profiles 
 

Application Model/Type 
Research 

group 
Scientific 
objective 
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Table 11. Models to be used in analyzing the data set and to assess the regional 
climatic forcing. (see Appendix E for acronyms) 

 

Application Model/Type 
Research 

group 
Scientific 
objective 

DMS gas-phase oxidation scheme Detailed chemical box model MISU 2 

Gas-phase and aerosol dynamics 
Detailed box model 

(AEROFOR2) 
MISU, LP 2 – 3 

Aerosol dynamics Box-model FMI 2 – 3 

Aerosol-cloud interactions Box-model ETH,LP, 
MISU 

 

2 – 3 

Regional 
chemistry/transport/deposition 

Eurlerian 3-dimensional model  

(MATCH) 
MISU, 
SMHI 1 – 3 

Boundary-layer turbulence Large Eddy simulation UoL 1, 4 

Boundary-layer/mesoscale dynamic 
model including chemistry and/or 
cloud microphysics 

Eulerian 3-dimensional model 
 

MISU 

 

1 - 2, 4 

 

Dynamic meteorology system with 
nesting capability including tran-
sport package 

Eulerian 3-dimensional model 

(COAMPS) 

 

MISU, NRL 

 

1, 2,  

 

Global climate model Atmospheric version, Community 
Climate Model (CCM3) MISU  

 
 



APPENDIX E 
 
List of Acronyms and Abbrevations 

 
AMBL Arctic Marine Boundary Layer 
ATDD (NOAA/ATDD) Atmospheric Turbulence and Diffusion Division 
ARM Atmospheric Radiation Measurement program 
BPMAC Photochemical Box Model for Atmospheric Chemistry 
BCI Berner Cascade Impactor 
CCN Cloud Condensation Nuclei 
CIRES Co-operative Institute for Research and Environment Studies 
COAMPS Coupled ocean Atmospheric Model Prediction System 
DMA+UCPC Differential Mobility Analyzer+Ultrafine Condensat. Particle Counter  
DMA+CPC Differential Mobility Analyzer + Condensation Particle Counter  
DMPS Differential Mobility Particle Sizer  
DMS Dimethyl Sulfide 
DMSP Dimethyl Sulfonium Propionate 
DOC Disolved organic carbon 
ECHAM European Center (MWF) Hamburg Model 
ECMWF  European Centre of Medium-Range Weather Forecasts, UK 
EPMA Electron Probe Microanalysis 
ETH  Institute for Atmospheric and Climate Science, Switzerland 
ETL (NOAA/ETL)  Environmental Technology Laboratory 
FMI Finnish Meteorological Institute 
FSSP Forward Scatter Spectrometer Probe. 
GATECH Georgia State Institute of Technology 
GC/FPD Gas Chromatography/Flame Photometric Detection 
GCM General Circulation Model 
HPLC/FD High Performance Liquid Chromatography/Fluoresence Detection 
IC Ion Chromatography 
INAA Instrumental Neutron Activation Analysis 
INWG Institute voor Nuclaire Wetenschappen, Gent 
ITM Institute of Applied Environmental Rerearch, Stockholm University 
IFT Institute for Tropospheric Research, Leipzig, Germany 
JI Dept. of Ecology and Systematics, University of Helsinki 
KB Keith Bigg, Australia Antarctic Society 
LANL Los Alamos National Laboratory, New Mexico, USA 
LP  Liisa Pirjola, STADIA, Helsinki, FINLAND 
LIDAR Light Detection and Ranging 
LU Department of Nuclear Physics, Lund Technical University 
MATCH Multiscale Atmospheric Transport and Chemistry Model 
MISU Department of Meteorology, Stockholm University 
NCAR  National Center for Atmospheric Research 
NILU Norweigan institute for Air research 
NOAA National Oceanographic and Atmospheric Administration 
NRL Naval Research Laboratory 
OPC Optical Particle Counter 
PAM Portable Automated Mesosnet 
PIXE Particle Induced X-ray Emission 
PennS Pennsylvania State University 
PM Partrica Matrai, Bigelow laboratory for Ocean Science, USA 
POC Particulate organic carbon 
PO Particulate organic phosphorous 
PSi Particulate organic silica (should be PSi) 
RASS Radio Acoustic Sounding System 
SCPC Scanning Condensation Particle Counter  
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SDI Small Deposit Area Impactor 
SODAR Sonic Detection and Ranging 
TDCC Thermal Diffusion Cloud Chamber 
TDMA Tandem Differential Mobility Analyzer 
TEM Transmission Electron Microscope 
UoL University of Leeds 
UU Uppsala University, Sweden 
UDMPS Ultrafine Differential Mobility Particle Sizer  


