SPATIAL DISTRIBUTIONS OF AEROSOLS IN THE INN VALLEY ATMOSPHERE
DURING WINTERTIME – A DETAILED VIEW
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Abstract: This study analyzes the structure of the wintertime boundary layer in an Alpine valley (Inn Valley, Austria) for
a case of high air pollution. We present airborne aerosol observations collected with particle counters and a backscatter
lidar. The effect of upslope winds on the spatial distribution of pollutants is investigated. An asymmetry in the aerosol
distribution is observed in the cross-valley direction which is related to differences in orientation and albedo of the two
valley slopes. A one-sided thermal circulation, which develops above the sun-exposed slope, is most likely responsible
for the observed redistribution of aerosols during daytime.
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1 INTRODUCTION
With the increase of heavy traffic over the last years, air pollution has become a hotly debated subject.
Heavy traffic along major Alpine transport routes, such as the freeway through the Inn Valley and over the Brenner Pass, has strongly contributed to the air pollution problem in these densely populated areas (Beauchamp et
al., 2004). For the period between 2002 and 2012 an increase in traffic volume of more than 35 percent per
year has been predicted (Thudium, 2003). A major handicap of Alpine valleys, especially in wintertime, is the
frequent decoupling of the valley atmosphere from the background synoptic flow and the build-up of cold pools
with strong surface inversions. Further, the mixing volume in Alpine valleys is smaller compared to the volume
over plains. These effects reduce dispersion of pollutants and exchange of air masses. For a given emission,
the morning peaks of NOx immission can be up to nine times higher in the Inn Valley than over flat terrain
(Wotawa et al., 2000). One of the few ventilating mechanisms are thermally induced upslope flows, which
transport pollutants away from the sources, mostly located at the valley bottom, up to higher levels. However,
in such situations, elevated inversions may exist below crest level which reduce mass flux in the slope layer
and consequently inhibit a complete air mass exchange (Vergeiner et al., 1987). Moreover, during nighttime,
katabatic slope winds may transport pollutants back to the valley floor. For the examination of the spatial distribution of aerosols and the influence of thermally driven upslope winds, two research aircrafts, which carried
an aerosol backscatter lidar and various instruments for in situ observations, conducted several missions in
winter 2006 during the field campaign of two research projects, INNAP1 and INNOX2 , respectively. Herein,
we present preliminary results from a specific case study. An overview of the target area is depicted in Fig. 1.
2 DATASET
2.1 Airborne particle in situ measurements
The MetAir ECO-Dimona HB-2335 is a small research aircraft which carries instruments for in situ observations of meteorological and air chemistry parameters (Neininger et al., 2001). In the present study we
only analyzed aerosol measurements from two different systems. The MetOne is a laser-based particle counter
which outputs the total number of particles with a diameter greater than 0.3 µm. The instrument has a high
temporal resolution of 1 Hz, however, is not optimized for very high concentrations. The GRIMM sensor is
a spectrometer, which measures particle concentrations for 15 size bins between 0.3 and 20 µm. It has to be
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operated at a much lower temporal resolution (e.g., at 1-min sampling intervals) in order to improve distribution
statistics especially for big particles. Herein, GRIMM data was used in order to eliminate the coincidence count
error in the MetOne dataset which was observed for concentrations typically greater than 150 particles per ml.
This new corrected MetOne parameter “fit03” is discussed in the subsequent sections and describes the total
number of particles greater than 0.3 µm. The MetAir Dimona flight pattern consists of vertically staggered
quasi-horizontal legs approximately aligned on a vertically transect across the Inn Valley near the town Schwaz
(see Fig. 1(b)). Due to the narrow valley, legs close to the ground had to be flown as loops instead of straight
lines. Consequently, each leg covers slightly different terrain as indicated in Figs. 2(a) and 3(a).
2.2 Airborne aerosol backscatter lidar
The DLR TropOLEX lidar (Meister et al., 2003) was operated in a nadir-pointing mode on board of the
DLR Cessna Grand Caravan aircraft. In this study we present aerosol backscatter intensity data at a wavelength
of 1064 nm. The horizontal and vertical resolution of the lidar dataset is ∼40 m and 15 m, respectively. A
major contribution to the backscatter signal stems from particulate matter emitted by anthropogenic sources,
such as traffic as well as industrial and domestic burning. The measured backscatter intensity is proportional to
the number and size of aerosols in each resolved volume. A regular flight pattern consists of several repeated
along and across-valley transects. In the present study we restrict our analysis to a selected cross-section being
located close to the MetAir Dimona transect in order to compare lidar and in situ measurements (cf. Fig. 1(b)).
2.3 Additional data
During Intensive Observation Periods (IOP) several radiosoundings were launched from the airport of Innsbruck, located approximately 30 km west of the target area (cf. Fig. 1(a)). Further, data from automatic weather
stations (AWS) located at the valley floor and on top of some surrounding mountains are available.
3 RESULTS
3.1 Synoptic and mesoscale overview
In the present study we focus on the case of 1 February 2006. On this day, morning as well as afternoon
flights had been conducted with both aircrafts. The synoptic situation in the Alpine region was characterized
by a high pressure system. During daytime weak southerly flow, with wind speeds between 2 and 6 m s−1 ,
were observed near crest level. In the valley a thermally induced wind system established. The analysis of the
radiosounding from 08 UTC (not shown) indicates a stable stratification with a strong surface inversion and an
increase of potential temperature of 20 K within the lowest kilometer above ground. A jet-like structure in the
vertical profile of wind speed, with a maximun of 8 m s−1 near 1000 m MSL, reveals the nocturnal down-valley
flow. AWS data show a transition from down-valley to up-valley winds at around 12 UTC. During the whole
day surface winds were generally below 3 m s−1 . Until 14 UTC daytime heating of the boundary layer had
reduced the vertical gradient of potential temperature to 9 K km−1 . Basically, a 500-m deep layer above the
surface was affected by this heating. This is also the layer in which up-valley winds established.
3.2 The morning flight
Figure 2(a)-(b) shows the aerosol concentration and backscatter intensity observed between 09 and 10 UTC.
Aerosols are nearly horizontally homogeneously distributed. The vertical aerosol structure is essentially characterized by three layers. In agreement with the strong surface inversion detected by the radiosounding, highest
backscatter intensities and aerosol concentrations are found in an approximately 100-m deep layer near the
ground. Due to control and safety restrictions on flight operations the MetAir aircraft cannot capture this shallow layer. In a second 200-m deep layer backscatter intensities are already lower by factor of four. In this layer
measured aerosol concentrations are between 20 and 70 particles per ml. Above ∼1000 m MSL the valley
atmosphere is very clean. A first sign of asymmetric behavior can be seen from slightly higher backscatter
intensities and aerosol concentrations above the sun-exposed slope (right side of Fig. 2(a)-(b)). We believe that

Figure 1: (a) Topography of the Eastern Alps. (b) Close-up of the Inn Valley. The red box in (a) indicates the subdomain
shown in (b). The red thick line (A1A2) in (b) represents the flight track of the DLR Cessna Grand Caravan. A black box
in (b) surrounds the area covered by the MetAir aircraft.
MetAir Dimona, fit03 [n/ml], 01−Feb−2006 08:55:00 to 10:10:00 UTC

Backscatter at 1064 nm, 01−Feb−2006 09:13:24 to 09:15:08 UTC
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Figure 2: Vertical transect across the Inn Valley of (a) aerosol concentration (number per ml; MetAir Dimona) and (b)
backscatter intensity (arbitrary units; DLR TropOLEX). Black markers in (a) represent local terrain height for each data
point. Orography in (b) is white. Vertical profile near the valley center of (c) aerosol concentration and (d) backscatter
intensity based on data taken from (a) and (b), respectively. The median in (d) is shown as solid line and the 25 and 75
percentiles as gray shaded area. Figures are for the morning flight on 1 February 2006. See text for further explanation.
MetAir Dimona, fit03 [n/ml], 01−Feb−2006 13:40:00 to 14:12:50 UTC

Backscatter at 1064 nm, 01−Feb−2006 14:08:55 to 14:10:35 UTC
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Figure 3: As in Fig. 2 but for the afternoon flight on 1 February 2006.

this feature is caused by upward aerosol transport within the developing slope wind layer. Yet, the shaded side
of the valley remains unaffected by this developing wind regime.

3.3 The afternoon flight
Until 14 UTC an asymmetric aerosol distribution has established with strong differences in aerosol concentrations between the two valley sides (Fig. 3(a)-(b)). It is most likely that thermally induced upslope winds are
responsible for the transport of aerosols along the sun-exposed slope up to an elevation of ∼1400 m MSL. In
contrast, no such vertical transport can be found on the opposite, north-exposed slope—most likely the result of
missing upslope winds. Differences in the snow coverage between the two slopes may have contributed to this
effect. A similar event characterized by an asymmetric aerosol distribution, presumably induced by a thermal
circulation, has been discussed by Gohm et al. (2006). The vertical transport of aerosols by slope winds reduces
near-surface concentrations, however, detrainment of aerosols from the slope wind layer causes higher aerosol
concentrations a mid-valley levels. A striking feature is the existence of two aerosol layers which spread horizontally from the sun-exposed slope towards the valley center. This pattern appears to be related to winds that
partially separate from the slope wind layer and transport aerosols towards the other side of the valley. The
same cross section (not shown) half an hour later indicates transport of aerosols back to the slope and down to
the valley floor. It appears that this is the time when the thermal circulation starts to reverse.
3.4 Comparison of lidar and in situ measurements
A direct comparison between individual point measurements of backscatter intensity and concentration is
difficult due to the different spatial and temporal coverage of the two datasets. The MetAir Dimona conducts
a whole vertical transect, consisting of several legs, within a period of approximately half an hour. A similar
transect, consisting of a single leg, is executed by the DLR Cessna within a few minutes. A better way to
compare both systems is to create vertical profiles based on selected data taken from a 2-km wide subdomain
which covers the flat part of the valley (e.g., data from −1km ≤ x ≤ 1km in Fig. 2(a)). These profiles are
plotted in Fig. 2(c)-(d) for the morning flight and in Fig. 3(c)-(d) for the afternoon flight. Figure 2(d) and
Fig. 3(d) show the median of the backscatter intensity together with the 25 and 75 percentiles. The percentiles
described the variability of the backscatter signal within this 2-km wide band. The in situ data in Fig. 2(c)
and Fig. 3(c) represent individual point measurements taken from the same region superposed with a spline fit.
The qualitative agreement of both systems is excellent. Individual aerosol layers can be detected in both type
of profiles. For this specific day a backscatter intensity of 10 normalized arbitrary units relates to an aerosol
concentration of approximately 100 particles per ml for aerosols greater than 0.3 µm. The high spread around
the median in Fig. 3(d) shows the large horizontal heterogeneity across the valley and indicates the limited
representativeness of a single vertical profile in certain situations.
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