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Abstract

Automatic mixing layer height monitoring was performed lmptinuous sodar and ceilometer measurements
in the Inn valley east of Innsbruck, Austria during a wintezasuring campaign on air and noise pollution.
The ceilometer, an eye-safe commercial lidar originallgigieed to detect cloud base heights and vertical
visibility for aviation safety purposes, was operated fooat two months; the sodar was operated for more
than four months. Special software for this ceilometer jates routine retrievals of multiple aerosol layers
and mixing layer height from the optical backscatter data.eisting retrieval method for the mixing layer
height from sodar data has also been enhanced in order tct detdtiple atmospheric layering. Particular
emphasis is given to the detection of thermally stable kgad inversions within the lower valley atmosphere
and their temporal development. Such layers influencefsignily the diurnal variations of air pollution and
traffic noise impact. A comparison is performed with patatiing layer height retrievals from the sodar and
the ceilometer. In clear and cold winter nights sometimesrse layers one above the other can be detected
with both instruments. These multiple layers form due tordgaraction between the mountain wind and the
down-slope winds. In the absence of low clouds and pretipitaeilometers can estimate the mixing-layer-
height fairly well. Ceilometer and sodar partly complemeacth other.

Zusammenfassung

Eine automatische Uberwachung der MischungsschichthiiHarital 6stlich Innsbrucks ist mit kontinuier-
lichen Messungen mit einem Sodar und einem Ceilometer defiihrt worden. Die Messungen gehdrten
zu einer Wintermesskampagne, die die Bedingungen fur Land-Schadstoffausbreitungen erfassen sollte.
Das Ceilometer, ein augensicheres Gerat, welches urdjotiizgr Bestimmung der Hohe der Wolkenunter-
grenze und der vertikalen Sichtweite entwickelt worden, warde fir zwei Monate betrieben, das Sodar
wurde fur mehr als vier Monate betrieben. Eine speziellav@k ermdglicht die Analyse mehrfach Uber-
einander liegender Aerosolschichten und der Mischungdsittbhe aus den optischen Riickstreuintensitaten.
Eine existierende Analysemethode fiir die Mischungssthidte fir das Sodar ist ebenfalls erweitert wor-
den, um mehrfache Schichtbildung zu erfassen. Besondene& @ wird hier auf die Erkennung thermisch
stabiler Schichten und Inversionen in der unteren Talgpimése und deren zeitliche Entwicklung gelegt.
Solche Grenzschichtstrukturen haben einen deutlichefluEsauf die taglichen Variationen der Luft- und
Larmbelastung. Die Algorithmen fir die beiden Fernmedaien werden fir einen Zeitraum, fir den par-
allele Messungen vorliegen, verglichen. Dabei zeigt sielss es in klaren und kalten Winternachten haufiger
zur Ausbildung von mehreren, Uibereinander liegenden 8tdridkommt, die von beiden Geraten erfasst wer-
den. Diese Mehrfachschichtung ist auf ein Wechselspies@wgn dem Bergwind und den Hangabwinden
zuriickzufihren. Solange keine Wolken oder etwaiger Nesddag storen, kann das Ceilometer die Mi-
schungsschichthéhe gut erfassen. Ceilometer und Sodnsteilweise eine gute Ergédnzung zueinander
dar.

1 Introduction of episodes of high concentrations of air pollutants and
noise annoyance near the Earth’s surface which might

The thermal layering of the atmospheric boundary layBg harmful to people and ecosystems. The height of the
and the existence of inversions in this layer or on tHBixing layer (MLH) is defined as the height up to which

top of it have a strong influence on the deve|opme\4@rtical dispersion by turbulent mixing of air pollutants
takes place. Both, thermal layering and MLH also influ-
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the mixing layer most of the aerosol particles in an aifh snow-covered mountains because the heating of ele-
mospheric column are usually confined to atmosphesxiated surfaces is negligible due to the high albedo of the
layers below MLH, the knowledge on MLH can thus benow cover. The therefore low mean wind speed along
employed to convert column-mean optical depths mdae valley axis and the strong radiative cooling of the
sured from satellites into near-surface air quality infoground prevent nearly any vertical mixing and thus the
mation (SFAKIS et al., 1998). MLH depends heavily oninterplay of the weak valley and slope winds can lead
the synoptic weather situation. Over level terrain in Cete complex vertical structures of the valley atmosphere.
tral Europe, MLH can easily reach 2000 m and morkhis includes the formation of multiple elevated inver-
above ground level in spring and summer. sions within a few hundred metres above ground that
The use of modern ground-based remote sensiten persist for many hours. The method byets and

techniques to follow the diurnal variations of the affURK (2004) has to be extended further in order to de-
mospheric layering and MLH seems promisingviEs tect this multiple layering from sodar data. This exten-
et al., 2004). Sound waves are scattered at tempesi@n and its application to a data set from an Alpine val-
ture gradients (either mean or turbulent ones) in the &y are described in this paper. The results will be com-
mosphere, light waves at small particles (Mie scattgrared and complemented by results from a likewise en-
ing) or at air molecules (Rayleigh scattering). Particldgnced analysis scheme based on the one described by
may serve as good indicator of atmospheric layerirf@cHAFER et al. (2004) for ceilometer data. The data set
because — as mentioned above — their vertical distris-from a field study performed in the Inn valley within
ution is heavily influenced by the thermal structure ghe frame of the project ALPNAP which is an ongo-
the atmosphere (BFFand GOULTER, 1986). BEYRICH ing European Union research project focussing on major
(1997) has listed possible analyses which can be madensit routes cutting through the European Alps.
from acoustic backscatter intensities measured by a so-
dar. A more sophisticated method which makes use 2f M ethodology
the acoustic backscatter intensity and the variance of . . . .

. . : .~ Inthe following subsections we will describe the algo-
the vertical velocity component simultaneously is de:

scribed in BMEIS and TURK (2004). A general overview fithms with Wh'Ch the M.LH s derived fro.m ground-
L ST . based acoustic and optical remote sensing data. The
on MLH determination possibilities is given ire8ERT

et al. (2000). Direct detection of MLH from alcoustiCde_rlvatlon will be based on the back_scatter intensity z_:md
. N = in case of the sodar — on the variance of the vertical
backscatter intensities is limited to the order of about 1, . o
\ : velocity component. This is a specialized usage of re-
km due to the rather high attenuation of sound waves : :
. : mote sensing devices that today are frequently used for
in the atmosphere. In contrast, optical remote sens-
) ) Wwind and turbulence measurementsiEELBART et al.,
ing offers much larger height ranges of at least seve . . .
X 4 . 07; BvEIS et al., 2007). In the following we will de-
kilometres, because the attenuation of light waves ‘In . .
: . note with the letter H and an attached number certain
the atmosphere is small unless there is fog, cIoudsqor. . . ; :
N L .~ derived heights which are related to inversions and the
heavy precipitation. An estimation of MLH from optical o . ;
. " . .~ MLH; while we will use the variable z to denote the nor-
backscatter intensities measured by a ceilometer is PLEs| vertical coordinate
sented in 8HAFERet al. (2004, 2005). A first compari- '
son of parallel measurements of the vertical structure®2fl. Acoustic detection of ML H
the atmospheric boundary layer by a ceilometer andF
sodar is described inNEEIS and SCHAFER (2006). tures will be analysed by an automated procedure:
In valleys in mountainous areas, due to local ther- y y P '
mal circulations within these valleys (upslope winds and — the height of a turbulent layer (H1) characterised
corresponding sinking motion above the centreline of by high acoustic backscatter intensities R(z) due
the valley), MLH is often much lower than over level to thermal fluctuations (therefore having a high
terrain. Usually the inversion on the top of the mixing variance of the vertical velocity componemy),
layer persists during the whole day at heights slightly
below the crest height of the surrounding mountains
(VERGEINERand DREISEITL, 1987). The special fea-
tures of mixing layers in valleys on the other hand en-

hance the possibility that the structure and the top of

the mixing layer can be detected by ground-based re- _ the height of a surface-based stable layer (H3)
mote sensing systems. Extremely pronounced forma-  characterised by high backscatter intensities due
tion of shallow stable layers and elevated inversions can g  Jarge mean vertical temperature gradient start-

take place in deep, snow-covered valleys in winter with ing directly at the ground and having a low vari-
clear skies. Mountain and valley winds scarcely form  gnce of the vertical velocity component.

fom the acoustic remote sensing data the following fea-

— up to five lifted inversions (H2_1 to H2_5)
characterized by secondary maxima of acoustic
backscatter due to a sharp increase of temperature
with height and simultaneously loa,, and
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The mixing layer height (MLH) is defined as the minat the lowest range gate. The search for elevated inver-
imum of the heights H1, the lowest H2 (H2_1), and HZion is stopped when 5 elevated inversions have been
Details for the determination of H1 and just one lifte€bund or the highest range gate of the available data has
inversion H2 are described inMEIs and TURK (2004). been reached.

The determination of up to five lifted inversions is made The o, values used in (2.2) and (2.3) have been
for the first time in the present study. Acoustic remotetermined by optimizing the automatic application of
sensing by a SODAR also yields wind fields that in prirthe detection algorithm. In doing so it turned out that
ciple could be used for determination of the mixing layero lifted inversions occurred with a varianog lower
height, too. Because the wind information above the ithan 0.7 ms! and that the variance,, in nocturnal
version was not regularly available, wind data have nstable surface layers was below 0.3 thsThe firsto,,
been included into the scheme for the determination thifeshold made it possible to distinguish between inver-
the mixing layer height. sions and elevated layers of enhanced turbulence. The

The height H1 corresponds to a sharp decrease of thter g,, threshold made it possible to differentiate be-
acoustic backscatter intensity R(z) with height z usualtween nocturnal stable surface layers and daytime super-

indicating the top of a turbulent layer: adiabatic surface layers although both types of surface
) layers yield more or less the same level of backscatter
H1=z if(R(z) <88dB (2.1) intensity. Finally MLH from the acoustic remote sens-

andR(z+ 1) < 86 dB andR(z+2) < 84 dB). ing is determined as the minimum of H1, H2_1, and H3:

The dB values are derived from an arbitrary scale be- MLH 5. = min(H1,H2_1 H3) (2.4)
cause the received backscatter intensities cannot be cali- ) )
brated. The R(z) values are specific for the SODAR usé® Optical detection of MLH

in this study, and they are given for illustration purpos%she heights of the near surface aerosol layers (H4. 1 to

only. . o .
Elevated inversions are diagnosed from secondggj) are characterized by minima of the vertical gra-

maxima of the backscatter intensity that are not relat tgt t%ger;%rsr? n%rastlisgtvg:zgmgfqhg urs; ddier:ﬁres;% dael‘;o
to high turbulence intensities. For elevated inversions 8 9 9 '

. . . . . . 1) of the optical attenuated backscatter intensity
stipulate an increase in backscatter intensity below a cef= ) ) )
tain height z = H2 and a decrease above while the tur (2)). SCHAFER et al. (2004) h_ave dISCU.SSEd the prin-
lence intensity is low: C|ple_z of the _retrleval of the height H4 Wl_th the lowest

vertical gradient. For the present study this approach has
: been refined and extended to enable the calculation of u
H2_n=2 if(0R/0741 < 0anddR/d7; 1 > 0 to five lifted inversions. P
andoy, < 0.70 ms 1) Prior to the determination of gradient minima the
(2.2) overlap and range corrected attenuated backscatter pro-
files have to be averaged over time and height to sup-
forn =1,.., 5. The determination of the height of thgress noise generated artefacts. Therefore the H4 val-
stable surface layer H3 is started if the backscatter ules are determined in a two-step procedure. Between
tensity in the lowest range gates is above 105 dB whild0 m and 500 m height sliding averaging is done over
Ow is smaller than 0.3 ms. The top of the stable layer15 min and a height interval h of 80 m. In the layer be-
H3 is at the height where either the backscatter intensityeen 500 and 2000 m h for vertical averaging is ex-
sinks below 105 dB ooy, increases above 0.3 ms tended to 160 m. Two additional parameters have been
introduced to further reduce the number of false hits.
. The minimum accepted attenuated backscatter intensity
H3 =2z if(R(z) > 105 dB Bmin right below a lifted inversion is set to 26QL0°
andR(z+ 1) < 105 dB andoy(z) < 0.3 ms ™) m~1sr~! in the lower layer and 25010~° m~sr!in
the upper layer. Additionally the vertical gradient value
0B/ 07y Of a lifted inversion must be more negative
than—0.3% 102 m~2sr 1 in the lower layer and more
negative than-0.6x 102 m—2sr-1 in the upper layer.
andoy(z+1) > 0.3 ms " andR(z) > 105 dB) If B(z) denotes the measured attenuated backscatter
(2.3) intensity in the height z above ground averaged over
time and height andih is the height averaging interval,
If a surface-based stable layer with height H3 haen the gradiendB/dzin the height z is calculated as
been detected, the search for the first height H2_1 is

started at the first range gate above H3, otherwise it startsdB/dz|; = (B(z+ Ah/2) — B(z— Ah/2))/Ah  (2.5)

or

if (ow(z) < 0.3ms?
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height height height

should be noted carefully (see Fig. 1): While we need
the acoustic backscatter intensity itself for the detection
of H1 and H3 and the first derivative of this backscatter
intensity for the determination of H2, we need the first
and the second derivative of the optical backscatter in-
tensity (but not the optical backscatter intensity itself)
i to determine H4. This difference in the processing of
/ / the backscatter intensities is due to the different scatter-
/, | ing processes for acoustic and optical waves: Acoustic

==

— é/ waves are scattered at atmospheric refractivity gradients
and thus at temperature gradient€fNand GOULTER,
1986) while optical waves are scattered at small parti-

scoustc optca vertical gradiont of the cles. Therefore the optical backscatter intensity is pro-

backscatter intensity backscatter intensity m:::;ackscmer portional to the aerosol concentration itself. The MLH

_ _ _ o __on the other hand, which we desire to derive from these
Figure 1: Schematic comparison of MLH determination algorlthmBaCkscatter intensities, is in both cases found in heights
in the case of a nocturnal stable surface layer and an elevated in\ﬁﬁere we have vertical gradients of the temperature and
sion above it. Left: vertical profile of acoustic backscatter intensi%f the aerosol concentration. Therefore, in principle, the
middle: vertical profile of optical backscatter intensity, right: VertiVerticaI distribution of the acoustic backscatter intensity
cal profile of the vertical gradient of the optical backscatter intensitghould look very much alike the vertical distribution of
Lower arrows mark the position of the height H3 (left) and H4_§,¢ /e rtical gradient of the optical backscatter intensity.
(mlddle.and right). Upper arrows mark the heights H2_1 (left) and The analysis of the sodar data and the ceilometer
H4_2 (right). data can be combined to one single MLH information

by forming the minimum from (2.4) and (2.8):

A gradient minimum is characterized by a change of
sign from minus to plus of the second derivative of B(z).
The height interval under examination is searched from . . .
bottom to top for these gradient minima H4_n. 3  Siteand instrumentation

The second derivative of B(z) in the height z is 31 Measurement site

0

MLH = min(MLH ac, MLH o) (2.9)

0%B/0Z|, = (0B/02Z,, pnj2 — 0B/32|, anj2)/Bh. The field campaign of ALPNAP, from which the data
(2.6) in this study are taken, was performed between Octo-

' ber 2005 and February 2006 in the lower Inn valley in
ustria. The target area was centered on Schwaz / Vomp

There i dient mini H4_n in the height
ere 1s a gracient minimum ris_h In the nelg ZQTWZUN/ll" 41 E /540 m a.s.l.), where exceedances

the second derivative of B(z) one range gate below z\§" ! -
not positive, if the second derivative of B(z) in the heig hitrogen dioxide and PM10 are frequently recorded

z is positive, and if the false hit conditions mentione om the existing routine ai_r pollution measurement net-
above are fu’lfilled' work. A SODAR and a ceilometer were operated close

to each other from the flat valley floor southwest of
H4 n=z if(9B/9Z2l, « < 0andd?B/dZAl, > 0 Schwaz. The period when both instruments were oper-
_N=2f(0B/97];-1 < 0 ando"B/0z; > ated simultaneously ended on January 18, 2006. The Inn
andB(z—Ah/2) > Brin anddB/07|; < 0B/0Zmax)  yjgjley is here a few kilometres wide and the valley axis
(2.7) is orientated from the Southwest towards the Northeast.
The mountains at both sides of the valley are more than

forn=1,..,5. . o 1500 m higher than the valley floor.
The MLH from optical remote sensing is taken as the
lowest height H4: 3.2 Sodar
MLHop = H4_1 2.8) The sodar is a monostatic Doppler sodar DSDR3x7

of METEK (Fig. 2 left) with three separate antennas

(REITEBUCH and BvEls, 1998). Each antenna contains
2.3 Comparison of the two methods seven sound transducers. Two of the antennas are in-

clined 20 from the vertical. The acoustic frequency is
The comparison between the two schemes for the detapout 1500 Hz. The instrument is optimised for long-
mination of MLH from acoustic and optical backscatrange detection up to 1300 m above ground in ideal con-
ter intensities reveals an interesting difference whiditions without external noise sources. Here, a vertical
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Figure 2: DSDR3x7 sodar (left) and LD 40 ceilometer (right).

range of 1000 m for the backscatter intensity, a verthe weather protection glass of the transmitter into the
cal resolution of 20 m, and a temporal averaging ovéeld-of-view of the receiver. A slight contamination of
15 min have been used. The acoustic backscatter intdre glass thus results in a signal amplitude decrease for
sity is mainly determined by turbulent temperature fluclistances above 60 m, but a signal amplitude increase
tuations and strong mean vertical temperature gradiefisdistances below 60 m.
such as inversions. The determination of all three mean
wind components and the variance of the vertical velog- Regylts
ity componenta,, from the Doppler shift in the return
signal require a certain signal-to-noise ratio and th@g. 3 shows backscatter data from the ceilometer and
the vertical range for these variables from sodar me#e sodar for four days in January 2006 which were
surements depends strongly on the meteorological ceharacterized by a very strong stable stratification of
ditions. This range is considerably lower than the one feie valley air mass. The ground was covered with snow
the backscatter intensity and typically varies betweeraad it had clear skies all these days. In the left-hand
few hundred meters and about 800 m. frames of Fig. 3 the optical backscatter intensity from
33 Ceilometer the cei_Iometer reco_rd_ings is displayed _together_with an
analysis of local minima from the vertical gradient of
The ceilometer is a double-lens ceilometer LD 40 (Fig.tBis backscatter intensity in the height interval between
right) from Vaisala (MJNKEL et al., 2004). It measures140 and 500 m (see section 2.2). The latter is an indica-
the optical attenuated backscatter intensity at 0886 tor for the top of a surface-based stable layer or a lifted
averaged over 15 s. This special wavelength has baeversion.
chosen because the absorption by water vapour is muchiWe see persisting surface-based stable layers and
lower here than at 0.91Qm; a wavelength for which especially in the early morning hours and the late
laser diodes are easily available. 0.88% would have evening hours several lifted inversions detectable from
been ideal but no laser diodes were available for thise aerosol distribution. Both features compare well with
wavelength. The typical vertical range of this instrumetthe information from the SODAR acoustic backscatter
is 4000 m; the vertical resolution used here is 7.5 nmtensity which is given by different colours showing
Apart from the very strong backscatter from clouds (th#te layering of the atmosphere by enhanced intensities
is what the instrument had originally been designed fdrright-hand frames of Fig. 3).
and fog, weaker gradients in the backscatter intensity areWe see characteristic patterns which appear during
mainly determined by the number and the size spectr@ach of these days. There seems to be high aerosol con-
of aerosol particles floating in the air. Reliable analysient or even fog in the layer below 100 m in the first half
of the vertical profile of particle-induced backscatter casf the day and increased aerosol content below 400 to
be made from heights above about 140 m. Below thé®0 m during this time. Optical backscatter intensities
height the overlap between the emitted beam and e generally lower in the early afternoon but increase
field-of-view of the receiver is smaller than 30 %. Thagain in the later afternoon. The acoustic backscatter
overlap is O for heights below 60 m. Any signal receiveshows a similar behaviour. There are high backscatter
from distances below 60 mis generated by multiple scattensities in the first half of the day below 200 to 300
tering and scattering of light at dust and dirt particles an (probably due to stable thermal layering becamge
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0 6 12 18 24 0 6 12 18 24
Figure 3: Optical backscatter intensity (brown: high backscatter, dark blue: lmkduatter) measured by the ceilometer and acoustic
backscatter intensity (purple: high backscatter, blue: low backscateaumed by the SODAR on 06, 07, 08, and 09 January 2006 during
24 hours each from above to the bottom. Local minima of the verticalgmadf the ceilometer backscatter intensity are marked by dots
with black shadow in the left-hand frames indicating a surface-baselé &gler or lifted inversions. The acoustic backscatter intensity is
given in the right-hand frames by different colours showing by eoédiintensities the layering of the atmosphere.

is simultaneously very low) and increased intensities @wening when a new stable surface layer forms. Sec-
to 500 to 700 m during this time. The backscatter is rendary lifted inversions can already be detected from
duced during the afternoon hours but re-appears in tins Figure, especially from the acoustic backscatter de-
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Figure4: H1 (dots), up to five acoustically-detected lifted inversions H2 (shoticabars), acoustically-detected surface-based inversions
H3 (vertical lines starting from the ground), and optically-detected liftedrsions H4 (horizontal bars) for four days (January 6-9, 2006).
The lowest height H4 and the minimum of H1, H3, and the lowest heightrelplatted in bold.

60 dB
Figure 5: Acoustic backscatter intensity (left; purple and red: high, green: low)vand direction (right; green: down-slope winds, red:

down-valley winds, and blue: up-valley winds) from the sodar measents on January 29, 2006. The lines in the two Figures have been
analysed from the wind direction changes in the right-hand frame.
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picted in the lower right frame. Please note when looka section 2.1 and 2.2. During the first half of the day the

ing for secondary lifted inversions that —

according teodar data indicate a continuously increasing tempera-

what has been stated in section 2.3 — secondary maxitme in the layer between the ground and about 100 m
in the acoustic backscatter intensity correspond to véindicated by the longer lines starting from the ground
tical gradients in the optical backscatter intensity. This Fig. 4, here high backscatter intensity occurs together
can most clearly be seen in the lowest two frames faiith very low gy,). Starting around noon, the layer below
100 to 150 m becomes slightly better mixed and the ver-
Fig. 4 shows a comparison of the MLH derived frontical temperature gradient nearly vanishes in this layer
the backscatter intensities shown in Fig. 3 and dlje but the stable stratification re-establishes after sunset.
information from the sodar using the methods describ&gpecially during night-time we see several lifted inver-

January 9, 2006.
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Figure 6: Mean diurnal variation of mixing layer height in m plotted against the hotitekeday (left) and frequency distribution of the
mean daily-averaged mixing layer height in % plotted against the height fight)(in the Inn valley for January 1-18, 2006.
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Figure 7: Frequency of the occurrence of multiple lifted inversions in % in the heightval between 140 and 1000 m from ceilometer
data (left) and in the height interval between 60 and 1000 m for the satka(riight). “0” means that no lifted inversion was detected.

sions which are detected equally by the sodar and ifigd. After 19:00 CET the down-valley wind starts to
the ceilometer. In the late morning and around noon aalew again and the vertical structure from the morning
ditional lifted inversions are mainly found by the sodamnours is re-established. The right-hand frame of Fig. 5
only. In the afternoon the layer underneath the secodemonstrates that this layering is also visible from the
height H4 from below found from the ceilometer data iwind direction recordings made with the sodar. We see
a layer with up-valley winds which appear more or legbat layers dominated by slope winds and layers dom-
regularly between noon and about 7 p.m. Otherwise @aated by down-valley winds appear alternatingly one
ways down-valley winds are found. The evening of Jaabove the other. The up-valley winds in the afternoon
uary 7 shows an example where the sodar clearly selestroy this structure only temporarily. The main reason
the formation of a new near-surface inversion in heighfisr the formation of a larger number of relatively thin
between 100 and 200 m which is not supported by te&able layers one above the other in a larger valley is the
analysis of the ceilometer data. Inspection of the respéateraction of nocturnal down-valley flow and nocturnal
tive frame in Fig. 3 shows that at that time there watown-slope flows. Both flows are nearly laminar due to
some fog at the surface. their small flow speed and high thermally stable strati-
Fig. 5 shows a special case with extremely prdication. Therefore the interaction between the different
nounced vertical layering in the Inn valley. This hapayers is very small and the layers can persist for hours
pened on January 29, 2006. The acoustic backsaaithout dissipating each other by friction. Unfortunately
ter intensity (left frame of Fig. 5) shows several sethe ceilometer was not available after January 18, 2006.
ondary maxima below 700 m during the first half of the Fig. 6 shows statistical evaluations of the mixing
day. This structure is interrupted around noon when tlayer height in the Inn valley for the period January 1-
down-valley wind system is stopped and is replaced 3, 2006 using the combined MLH results from both in-
up-valley winds in the lower layers (below about 200 retruments (see (2.9)). We see (left-hand frame) that in
until 14:00 CET and then below 400 m). The quite higiinter this height has only a very small diurnal variation
backscatter intensities in the lower 200 m between 15:@@h slightly higher values in the second half of the day.
and 18:30 CET show that also this flow is stably strathis behaviour is explainable from what is seen in Fig.
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4. There it was shown that the surface-based stable layeiBoth, sodar and ceilometer are able to depict differ-
is broken up only for a few hours in the afternoon. Bugnt aspects of these special features. The sodar shows the
the lowest lifted inversion which has been detected lwind conditions and — from a combination of backscat-
the sodar (H2_1) usually persists also during this bredkf ando,, data — the thermal structure. The ceilome-
up period. The daily mean mixing layer height varieter sees the vertical aerosol concentration profiles which
between 75 m and about 425 m with a peak frequenagise from this wind and temperature structure. The in-
(right-hand frame of Fig, 6) of about 30 % at 100 nfiormation from both instruments is partly complement-
above the valley floor. The four days displayed in Figig each other. The combination of the results from the
3 and 4 are examples for such a very low daily meamalysis of the acoustic and the optical backscatter inten-
mixing layer height around 100 m. sities gives quite a complete picture of the vertical lay-
The occurrence of multiple lifted inversions is a speering in an Alpine valley. The high temporal resolution
cial feature observed in Alpine valleys. Such a large this data is a great advantage compared to radiosonde
number of lifted inversions within a few hundred oflata twice or four times a day. This high temporal res-
meters above ground level have rarely been obsenadtion permits a statistical evaluation of the occurrence
by SODAR in level terrain. The authors are not awai multiple vertical layering in a valley.
of any study describing such a phenomenon. Fig. 7 Possibilities for further studies could easily be imag-
shows the occurrence frequencies of multiple layerimged. It could, e.g., be interesting to investigate if there
in the Inn valley in the period January 1-18, 2006 as a temporal delay between the acoustic and the op-
seen by the two instruments. Isolated data points frdioal information. This would give an indication how
the ceilometer indicating inversion heights of more thdast the aerosol distribution reacts to changing thermal
1000 m have been ignored in these statistics. When castructures of the atmospheric boundary layer (see also
paring the two statistics one has to keep in mind that tkseIs and SSHAFER (2006)). This would not only help
LD40 ceilometer does not give MLH information belowto understand boundary layer dispersion processes but
140 m. On the other hand the sodar very often detectsvaould also give further hints for the interpretation of
inversion below 140 m. So it makes sense to compare thi@ical backscatter intensities with respect to boundary
columns 0 to 4 in the left-hand frame of Fig. 7 with théayer structures. The multiple layering of the valley at-
columns 1 to 5 in the right-hand frame of this Figuranosphere which has been found in this study has large
Doing so the results from the ceilometer and from thimplications on the dispersion of air pollutants and traf-
sodar data are quite similar. The result shows that t#io noise in the valley. This has still to be investigated in
lifted inversions above the usually stable surface layfarthcoming studies..

were very common in January 2006 (30 to 35 % of al|
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