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ABSTRACT

The long-term aerosol measurement series with the
stratospheric aerosol lidar at Garmisch-Partenkirchen
has yielded information on the free troposphere since
1992. By inspecting ten-day FLEXTRA backward
trajectories for two selected years the aerosol
observations could be mostly attributed to long-range
transport, mostly from North America, but also from
Africa and the Pacific area. A pronounced seasonal
cycle was found which peaks in April. The trend of the
observation frequency is negative in the early 1990s and
slightly positive later on. The initial negative trend is
very likely associated with downward transport of Mt.-
Pinatubo aerosol. The results suggest some correlation
of the aerosol observations with descending air masses.

1. INTRODUCTION

Aerosols are excellent tracers of long-range transport.
Long-range transport of trace gases such as ozone has
been extensively studied in the recent past and our
groups have been strongly involved in this rapidly evol-
ving field (e.g., [1-4], see also http://www.esi-to-
pics.com/fmf/2005/july05-AndreasStohl.html). Although
the observation of intercontinental dust transport has a
long history (e.g., [5]) comprehensive investigations of
the free-tropospheric aerosol with lidar have been
sparse.

Within the European project EARLINET (European
Aerosol Research Lidar Network, 2000-2003) one of the
work packages was devoted to the long-range transport
of aerosol [6]. Co-ordinated observations were exten-
sively made for Saharan dust leading to observations of
mineral dust at all stations involved in the project [6,7].
In addition, single case studies of long-range transport
were made. Here, we report on a nine-year climatology
of the free tropospheric aerosol above our station. The
study was limited to Garmisch-Partenkirchen because of
the unique time series available which started as early as
in 1976 for the stratosphere [8] and which has covered
the entire free troposphere since 1992, after the system
modernization. Also, the particularly high signal-to-
noise ratio of our big NDSC (Network for the Detection
of Stratospheric Change) lidar, used for these investiga-
tions, allows us to resolve free-tropospheric aerosol

structures at a level of about 1 % of the Rayleigh contri-
bution.

2. RESULTS AND CONCLUSIONS

The aerosol structures in the free-tropospheric backscat-
ter coefficients at 532 nm rarely exceed 30 % of the
Rayleigh values. Exceptions are pronounced fire
plumes. However, only in the case of two Canadian
fires the Rayleigh value was clearly exceeded in recent
years (e.g., [9]). Our analysis is limited to clearly
discernible structures above 5 % or 10 % of the
Rayleigh backscatter coefficient (i.e., scattering ratio R
= 1.05 or 1.10, respectively). Since aerosol is influenced
by washout we have based our analysis on relating
measurements exhibiting an aerosol structure above the
boundary layer exceeding the respective threshold to the
total number of measurements per month or year.

For the years 1996 and 2000 ten-day FLEXTRA [10]
backward trajectories were calculated for times within
+3 h from the individual measurements during the early
night. After discarding a few uncertain cases 71
measurements remained which are classified as follows:

48 cases with clear contact with a remote boundary-
layer (mostly U.S.A.),

10 cases with contact with a remote boundary layer,
but discernible structures smaller than 5 % of the
Rayleigh backscatter coefficient,

4 cases with a North-American contribution plus
some structure related to advection from the Pacific
area,

4 cases which can only be explained by advection
from the Pacific area,

2 cases with indirect advection from the Sahara
desert via the Atlantic,

3 cases which could not be assigned.

We conclude a very high correlation of even tiny struc-
tures with long-range advection from some remote
boundary layer.

For the nine-year climatology we excluded 83 cases
from the 449 measurements between 1992 and 2000
because of potential exclusive cloud influence, leaking
of Pinatubo aerosol through the tropopause, uncertainty
about the boundary-layer height and other reasons. After



trajectories are available for all years this analysis will
be repeated and is expected to result in a reduced re-
moval of measurements. Because of the limited humber
of data we calculated the monthly fractions as an ave-
rage over several years. The result is shown in Fig. 1.
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Fig. 1: Seasonal cyces of the monthly mean fractions
for the two thresholds R = 1.05 and R = 1.10

The trend results are shown in Fig. 2. For the 5 %
threshold no significant trend is obtained. For the more
pronounced structures exceeding 10 %, possibly in part
those less influenced by washout, a negative trend is
seen during the Pinatubo period, followed by some rise.
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Fig. 2: Annual mean fractions for the two thresholds R
=1.05and R=1.10

The results suggest that the aerosol observations are
positively correlated with subsiding air masses. On one
hand, this is seen by a comparison of the trend before
and after the Pinatubo period, indicating downward
transport even from the stratosphere. On the other hand
the low number of aerosol observations during the cold
season after 1994, in absence of the volcanic aerosol, is
in agreement with the lower probabilty of an export
from the boundary layer expected for this part of the
year. The seasonal cycle also shows some similarity to
the late-winter-spring maximum of ozone [11]. We
cannot exclude that some mechanisms responsible for
these phenomena are the same.
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