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Northern hemispheric background and long-range transport of fine and ultra-fine 

particles at the Zugspitze GAW station 
 
Long-range transported pollution (gases, aerosols) can have a decisive influence on regional and 
local air quality. While aerosol concentrations in urban areas originate mainly from local and 
regional sources, individual cases have been identified in locations around the globe when aerosol 
particles were advected from rather distant sources. To facilitate the detection of long-range 
transported aerosol particles in Central Europe, continuous measurements of particle number size 
distributions (diameter range 10-600 nm) started at Zugspitze (2670 m a.s.l.), Germany, in 2004 
following a research project of the German Federal Environmental Agency [1, 2]. The Zugspitze/-
Hohenpeissenberg GAW global station, platform Zugspitze/Schneefernerhaus (SFH), is part of 
both, the World Meteorological Organization’s Global Atmosphere Watch programme and the 
German Ultrafine Aerosol Network (GUAN) [3]. Although a clear case of fine particle transport from 
North America to SHF could be documented in 2006 [4], the true statistical relevance of long-
distance transport into Central Europe has remained unclear. To quantitatively examine long-range 
transport of aerosols to SHF, the spatio-temporal transport probabilities of inert virtual tracers 
emitted upwind were computed using the Lagrangian dispersion model FLEXPART [5]. In 
conjunction with the in-situ measurements at SFH, the transport probabilities allow a look at the 
geographic regions from which the observed particles are likely to originate. 
 
Results 
Continuous particle number size distribution measurements since 2004 suggest that in wintertime, 
the SFH platform is mostly situated above the atmospheric boundary layer [1, 2]. The relatively 
clean air sampled under such conditions can be taken representative of a large area within the 
lower free troposphere. In spring and summer, however, particle number and mass concentrations 
tend to increase due to convective transport of polluted air from lower layers [1, 2]. On the diurnal 
scale, the lowest concentrations are usually observed between 00:00 and 06:00 local time. 
FLEXPART, in contrast to conventional 1D trajectory calculations, provides spatial distributions of 
the residence times of air masses that contribute to the pollution measured at the receptor location. 
Figure 1 illustrates the spatial distribution of the residence times of air parcels arriving at SFH, 
weighted by the measured nucleation mode number concentration (diameter range 10-30 nm). 
Warm colors highlight the regions from which air masses containing nucleation mode particles 
originated on a statistical basis: Central and western Europe, but also the North Atlantic. Since the 
life-time of nucleation mode particles is a few days at maximum, the highlighted regions are 
alternatively representative for the source regions of the particles’ gaseous precursors.  
Spatial integration over residence times fields like in Fig. 1 allow the quantitative attribution of the 
particles arriving at SFH to geographic regions. For Aitken (60-150 nm) and accumulation mode 
(150-600 nm) particles that have a sufficiently long atmospheric life-time, it is justified to associate 
these geographic regions with the potential source areas of these particles.  The probability of 
Aitken mode particles to originate from distant regions was 65% in winter, 55% in spring, 50% in 
autumn, and only 30% in summer. A major potential source region is the North Atlantic, with a 
contribution of 30% in winter and spring, 14% in summer, and 20% in autumn. The calculated 
contributions from southern Europe amounted to 15% in winter, 13% in spring, 7% in summer, and 
12% in autumn. The contributions from the Central and western European boundary layer were 
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calculated to approx. 30% in summer, 20% in spring and in autumn, and 15% in winter. 

 
 

Fig 1: Analysis of the potential source regions of nucleation mode particles (10-30 nm), based on 
nocturnal arrival times (00:00-06:00 UTC), a maximum travel time of 10 days, and biennial data coverage 
(2005-2006). Shown are the contributions from the surface layer (“footprint”). The warmer the colour, the 
higher the probability of particle (or precursor) transport from a specific source area. Yellow colors over 
the North Atlantic suggest that these waters are a source region of ultrafine particles or their gaseous 
precursors. Left panel: summer months, right panel: winter months.  
 
For the accumulation mode, the estimated source contributions were about 33% for Central Europe 
including the Alpine region, slightly below 20% for western, southern and eastern Europe each, 
and less than 5% for northern Europe and the North Atlantic. An alternative visualisation of the 
potential source regions of pollutants is to display average residence time fields for a specific sub-
set of the data, such as periods of extremely high or low concentrations at the receptor site. Figure 
2 exemplifies this method, revealing the mid-latitude Atlantic and Western Europe as the source 
region of low accumulation mode particle number concentration in winter, and eastern, southern, 
and central Europe as the source regions of the highest concentrations in summer. 
 

 
 
A combination of in-situ aerosol observations and Lagrangian transport simulations allowed to 
statistically identify the potential source regions of aerosol particles observed in the lower free 
troposphere over Central Europe. A current limitation of the method is, however, the mere 
consideration of a passive tracer, ignoring life-time aspects of the particles during transport. Future 
developments will therefore need to account for particle formation, intermediate processing and 
deposition to substantiate the statistical conclusions gained here. 
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Fig. 2: Origin of air masses 
with extremely high 
accumulation mode particle 
concentrations (150-600nm) 
at SFH. Left: Regions of 
origin of high concentrations 
in winter (lower 10% of the 
data set). Right: Regions of 
origin of high concentrations 
in summer (upper 10 % of 
the data set). 


