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Abstract. The peak-to-mean concept developed earlier by the authors to calculate odour-related separation dis-
tances is applied here to meteorological input for dispersion models provided by ultrasonic anemometers. In
addition to conventional meteorological input parameters like wind direction, wind speed and stability classes,
three-dimensional sonics provide also turbulence information via the Obukhov stability parameter and the vari-
ance of the wind speed, which can be used directly to determine peak-to-mean ratios depending on the dis-
tance from the source. The influence and importance of these site-specific peak-to-mean ratios on the resulting
direction-dependent separation distances is investigated and discussed.

1 Introduction dispersion model to instantaneous values depending on the
stability of the near-surface layer. The regulatory model is
Odour perception is a biological reaction of humans. The rel-a Gaussian plume model applied for single stack emission
evant time scale is the duration of a single human breathand distances from 100 m to 15km. The model uses a trg
i.e. 4s on average (Kleemann et al.,, 2009). (RegulatoryXitional discrete stability classification scheme with disper-
dispersion models, which usually calculate half-hourly or sion parameters developed by Reuter (1970). It has been
hourly averages of concentrations, have to be adapted somevaluated against a data set from the German environmen-
how to parameterize the relevant short-term odour concentratal programme BWPLUS within the project “Odour emis-
tions. The peak-to-mean concept is a mean to parameterizeion and spread” (Baechlin et al., 2002); results are dis}
short-term concentrations in dispersion models, used in seveussed in Piringer and Baumann-Stanzer (2009). In Piringg
eral European countries and in Australian and US states (foet al. (2007), the possibility to take the necessary meteorg
an overview on regulations in different countries, see Piringerlogical information from three-dimensional (3-D) ultrasonic
and Schauberger, 2013). Schauberger et al. (2012) discussiemometers to arrive at site-specific attenuation curves fq
different definitions of the peak value and models (e.g. Besthe peak-to-mean factor was already discussed. This ap-
et al., 2001) of its reduction with distance. proach is demonstrated herein for two Austrian sites with
For Austria, the authors developed a peak-to-mean apdifferent meteorological conditions. The resulting direction-
proach depending on meteorological conditions used fordependent separation distances are compared to those gb-
the regulatory Austrian Gauss model; this algorithm is tained from the original attenuation curves.
used in the Austrian Odour Dispersion Model (AODM)
and described by Schauberger et al. (2000) and Piringer et
al. (2007). In short, AODM consists of three modules: the2 Method and sites
first calculates the odour emission of a livestock building,
taking also into account the diurnal variation caused by ani-In the next section, the results are presented for two Austriah
mal activity; the second estimates half-hourly or hourly am- sites, namely the city of Linz and the village of Kittsee at
bient concentrations using a regulatory dispersion model, anthe border to Slovakia and Hungary. Both sites are charactef
the third transforms the mean odour concentrations of thézed by flat grass-covered terrain without nearby obstacles.
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Table 1. Ratios of the standard deviations of the three wind componegnts,andoy, to the horizontal wind velocity depending on the
stability of the atmosphere. Values proposed by Robins (1979) are compared to site-specific ratios derived from 3-D ultrasonic anemometer
measurements (OSP).

Stability class ou/u oy/u ow/u
Robins OSP Robins OSP Robins OSP

(a) Linz
2 very unstable 0.2 0.53 0.2 0.53 0.3 0.27
3 unstable 0.2 0.44 0.2 0.42 0.2 0.20
4 neutral 0.2 0.37 0.2 0.31 0.1 0.17
5 slight stable 0.2 0.43 0.2 0.38 0.1 0.18
6 stable 0.2 0.46 0.2 0.43 0.1 0.18
7 very stable 0.2 0.46 0.2 0.43 0.1 0.16
(b) Kittsee
2 very unstable 0.2 0.40 0.2 0.39 0.3 0.19
3 unstable 0.2 0.27 0.2 0.26 0.2 0.12
4 neutral 0.2 0.19 0.2 0.17 0.1 0.08
5 slight stable 0.2 0.19 0.2 0.15 0.1 0.08
6 stable 0.2 0.20 0.2 0.17 0.1 0.08
7 very stable 0.2 0.20 0.2 0.18 0.1 0.07

The ultrasonic anemometer was mounted on top of a 10 nas well as for ultrasonic anemometer data is described in de-
high mast at both sites. At Linz, a site characteristic of thetail in Piringer et al. (2007, 2013).
Austrian North-Alpine foreland, we can expect a west-east
orientation of the wind regime. Westerly airflow in Linz is 3 Reasults and discussion
frequently connected with cyclonic conditions. The easterly
wind directions generally lead to fair-weather conditions bUtThe ratios of the standard deviations of the three wind com-
can also be indicative of the flow ahead of CyCloneS arriv- ponents to the horizontal wind Ve|ocity are d|3p|ayed in Ta-
ing from the West. Kittsee can experience high wind speedsple 1. Besides the values from Robins (1979), which are in-
mainly from northwesterly directions often associated with dependent of a specific site, also those derived from ultra-
frontal systems and storms. The secondary most frequer§onic anemometer measurements (OSP) are given; the two
wind direction is from north-east. This is explained by a to- sets of values differ considerably. At both sites, the ratios
pographical deflection of the regional flow in the area causedjerived from ultrasonic anemometer measurements show a
by the southernmost t|p of the Carpathian mountains in thestrong dependence olj/u ando—u/u on Stab|||ty and gener-
region of Bratislava, north of the site. These wind directions a|ly larger values than suggested by Robins (1979). The de-
show on average lower wind speeds as they are mainly obpendence of,,/u on stability is generally in the range pro-
served in anti-cyclonic conditions. vided by Robins (1979), but lower values are mostly found,
Besides wind data, dispersion models need parameters despecially at Kittsee.
scribing the vertical structure of the boundary layer (the at-  The peak-to-mean algorithm used in the AODM calcu-
mospheric stability) as input. This information can be pro- |ates large peak-to-mean ratios near the source. The reduc-
vided in its simplest form by discrete stability classes ortion of the peak-to-mean ratio with distance due to turbu-
by more sophisticated direct measures of atmospheric turtent mixing is described by exponential attenuation func-
bulence from 3-D sonics. An estimate of atmospheric statjons (Mylne and Mason, 1991; Mylne, 1992). The atten-
blllty is obtained using the standard deviations of the thr66uation curves for the two sites are d|sp|ayed in F|g la-b
wind components and the Obukhov stability parameter (OSPsolid lines: Robins, 1979; dashed lines: OSP). Generally, all
in m~1). Before 3-D ultrasonic anemometers were com- peak-to-mean curves approach the value of 1 after some dis-
monly available, assumptions of the relationship between thgance from the source, usually within a few hundred meters
standard deviations of the three wind components and they |ess. In unstable conditions, the use of OSP from sonics
mean wind speed were used; we followed those proposed byjives larger peak-to-mean factors, whereas in neutral and sta-
Robins (1979) and given in Table 1. The calculation of theple conditions, the differences between Robins (1979) and
peak-to-mean curves both for standard meteorological dat®Sp are not as large and not systematic. The Robins’ (1979)
curves are of course the same in both figures.
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between the curves are far less pronounced. The peak-t
Figure 1. Peak-to-mean ratio attenuation curves dependent on at_megn ratlo_s decrease less using OSP at Kittsee and mQ
mospheric stability (classes 2 to 7) {@) Linz and(b) Kittsee. The ~ fapidly at Linz.
solid lines (ON) indicate the curves derived from Robins (1979) For odour protection, separation distances to protect th
and the dashed lines (OSP) indicate those determined using theeighbours from odour nuisance can be defined by the sq
Obukhov stability parameter from the three-dimensional ultrasoniccalled odour impact criteria, a combination of odour con-
anemometer. centration (mostly a lower threshold of 1 OU (odour unit)
per n?) and a selected exceedence probability according t
a land use category. The separation distances depending
There are sometimes remarkable differences in the peakwind direction are shown in Fig. 2. For each wind direc-
to-mean curves between the two sites. The peak-to-meation, a cumulative frequency distribution of separation dis-
ratios for unstable conditions (classes 2 and 3) using OSRances is obtained (Piringer and Schauberger, 1999). The u
are much greater near the source compared to the curvgser curves show the maximum separation distances (i.e. th
from Robins (1979), and their decrease with distance seemseparation distance for the 100 percentile per wind direction
to be reduced, leading to peak-to-mean ratios at 100 m bethe lower curves those for an exceedence probability of 39
tween about 2.5 and almost 10 (see Fig. 1). According to(or the 97 percentile) for 1 OUT#. For the two sites, the
Robins (1979), a peak-to-mean ratio of only 1 is obtainedsame source data are used (see Table 2).
at 100 m in unstable conditions. At Kittsee, the attenuation At Linz, the maximum separation distances are mostly
curve for class 3 indicates values above 1 several 100 nslightly below 500 m (see Fig. 2a), irrespective of the method
downwind. For neutral and stable conditions, the differencesused. This can be explained by the fact that the peak-to-mea
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ratio at this distance is one (see Fig. 1a). At Kittsee (seehis site (see Fig. 1b) are larger than the site-independent val-
Fig. 2b), the maximum separation distances of more tharues from Robins (1979), the site-specific separation distances
500 m are larger when determined by OSP, because at thigre larger by about 50 m for almost all wind direction sectors.
distance peak-to-mean factors can be larger than 1 for OSP

only. For practical applications, separation distances for the, Concluding remarks

odour impact criteria, i.e. a combination of the odour thresh-

old and a prescribed exceedence probability (here 3%, equathe comparison of separation distances derived with the
to the 97 percentile), are more important than the maximumsite-independent Robins’ (1979) approach and site-specific
distances. The former are displayed in Fig. 2 as thick linesyltrasonic anemometer data has been undertaken for two
As wind direction in meteorology is defined as a wind com- sjtes in Austria in flat terrain without nearby obstacles. For
ing from a certain direction, the separation distance e.g. fomeighbourhood protection it is important to use a method
East wind is stretching to the West of a source. The use othat will predict the likely largest separation distances. The
the 97 percentile leads to a considerable cut-off in each windesults suggest that in low wind speed/elevated turbulence
direction so that the maximum separation distances of abou¢onditions, such as in Linz, the Robins’ (1979) peak-to-
500 m reduce to approximately 200 to 300 m, depending ofmean factors tend to provide the largest separation distances
the meteorological conditions on site. The largest separatiofisee Fig. 2a). In high wind speed/low turbulence condi-
distances are calculated for the main wind direction sectorstions, such as in Kittsee, OSP determined from 3-D ultra-
It is worth noting that this is also a result of the larger abun- sonic anemometers results in larger separation distances (see
dance of data in these sectors. Fig. 2b). These results are preliminary, but more ultrasonic
At Linz, the Robins’ (1979) based site-independent at-data will likely be available in the future to support or deny
tenuation curves display very often the largest separationhis hypothesis.
distances, especially for the main wind directions. This is  The use of site-specific attenuation curves will increase the
caused by the lower site-specific peak-to-mean factors ageliability of dispersion calculations used for regulatory pur-
larger distances in neutral and stable conditions, compared tgoses (e.g. when licensing livestock farms) particularly under

those derived from OSP (see Fig. 1a). However, the peak-toynstable conditions. This approach is recommended when-
mean factors in Kittsee are higher at larger distances than obaver applicable.

tained from the standard procedure, causing the larger OSP-
derived separation distances there.
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