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change has an impact on dispersion parameters.
• Climate
on dispersion parameters is site-dependent.
• Impact
• A slight increase of the separation distances is to be expected in the future.
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In a changing climate it is expected that the predicted temperature rise will also aﬀect wind conditions and
parameters needed to determine atmospheric stability. In this paper we investigate how the changes in wind
conditions and stability will aﬀect the dispersion of airborne emissions. For odorous substances, the separation
distances around livestock farms are calculated to protect the neighbourhood from odour annoyance. This is
done for two Central European sites in Austria with diﬀerent meteorological conditions, situated in areas with
considerable livestock activity, namely around Wels in the north-alpine foreland and at Feldbach in the Raab
valley south of the Alpine chain. Two climate scenarios have been used, namely the time period 1981–2010
(present climate) and the period 2036–2065 (future climate). Slight changes in wind and stability conditions for
the two sites have been obtained, inﬂuencing the changes in separation distances. Although these are only
minor, they show some interesting diﬀerences not expected a priori. We conclude that the climate change signal
has mostly only a low impact on the separation distances. This will not substantially aﬀect the zoning and
licensing of livestock buildings in Austria in the course of this century.

1. Introduction
Beside many other areas, the impact of anthropogenic warming on
air quality is a hot topic (Zlatev et al., 2011). In a more general perspective of air quality issues, this impact is described by the frequency
of the air stagnation (Horton et al., 2014; Huang et al., 2017). Climate
change can aﬀect ambient air pollution in a number of ways through

changes of the emission (e.g. increase of the emission rate by higher
temperature and wind velocity shown for livestock buildings by
Schauberger et al., 2014; Schauberger et al., 2018 and waste treatment
plants by Schauberger et al., 2011)), of the dispersion in the atmosphere, in the atmospheric chemistry, and in the deposition
(Athanassiadou et al., 2010). Interactions between anthropogenic
warming and the emission, shown for fattening pigs by Schauberger
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Alps. According to Chimani et al. (2016), for the area in Upper Austria,
the annual mean temperature is 8.8 °C and the mean annual precipitation amount is 979 mm/year. Following the “business-as-usual”climate change scenario the temperature might increase by ∼+1.4 °C
(∼ ± 0.5 °C) until the middle of the century. The number of hot days
(daily maximum temperature ≥ 30 °C) is expected to increase in this
region to between 4.7 and 5.0 days/year in the middle of the century
compared to the reference period of 1971–2000 with a mean value of
3.3 hot days/year. The region in South-eastern Styria around Feldbach
is, compared to the Upper Austria area, slightly more inﬂuenced by the
Mediterranean and the Eastern European climate. In the recent time
period 1981–2010 a mean temperature of 9.5 °C and an annual mean
precipitation amount of 830 mm/year has been observed. In a “business-as-usual”-scenario a temperature increase of 1.5 °C might be possible. For this region the number of hot days is 6 days in the recent
climate, but might increase by up to 8 days until the middle of this
century.
For this study meteorological parameters are needed which are not
observed and which are therefore derived from regional dynamical
climate model output. With respect of observed temperature, a socalled reference year has been combined from model output based on a
COSMO-CLM (Rockel et al., 2008) simulation for the time period
1981–2010 covering the Alpine Region in spatial resolution of 9 km
forced by ERA-interim reanalysis data (Dee et al., 2011). Out of this
simulation, the meteorological parameters wind direction, wind speed,
radiation balance and total cloud cover needed for the current investigation (Sections 2.2 and 3.1) can be provided for the two diﬀerent
regions on an hourly basis for one year which is representative for a
climate period of 1981–2010. The climate change signal has been derived from EURO-CORDEX regional climate model simulations only for
the mean temperature, which is the most robust signal (Smiatek et al.,
2016; Jacob et al., 2014). The ensemble mean temperature change was
added to the observed temperature, and again out of the regional climate model simulation, a second reference year has been derived which
is representative for the future climate period of 2036–2065. To use
model output directly from EURO-CORDEX climate simulations for the
future is not possible as the temporal resolution of these data is only
daily. Furthermore, the meteorological parameters needed in this study
are not available in the EURO-CORDEX ensemble (see also www.eurocordex.net).

et al. (2014), were faded out in this paper to underline the impact of
climate change on the relevant dispersion parameters. To calculate the
ambient concentration of airborne emissions, dispersion models are in
use as the gold standard (Leelőssy et al., 2014). These models are directly driven by standard meteorological parameters like wind speed
and direction, but also by the atmospheric stability, which can be derived by calculation schemes using several other parameters (radiation
balance, cloud cover, time of the day, solar height, variability of the
wind speed etc.). The inﬂuence of the climate change signal on these
dispersion parameters will be analysed in this article.
In a second step the outcome of the dispersion calculation is analysed. We select the emission of odorous substances from conﬁned livestock production, because the perception of odour is one of the most
frequent causes for environmental complaints. The ambient odour
concentration is evaluated by the separation distance, which is determined by percentiles between 85% and 98% of the exceedance
probability of a preselected threshold (Brancher et al., 2017; SommerQuabach et al., 2014). The direction dependent separation distance
between odour sources and residential areas is used to divide the circumjacent area around a source in a zone which is protected from annoyance and a zone closer than the separation distance where annoyance can be expected. This concept has the advantage that those
meteorological conditions are considered most which represent higher
pollution levels (higher ambient odour concentration) than the mean
value (Hou and Wu, 2016).
For assessments of an expected future climate change only climate
models can give an estimate in what way the observed trends might
continue. For the current investigation, two climatic reference scenarios
(for Upper Austria and South-eastern Styria) and future scenarios have
been compiled. It is expected that the predicted temperature rise will
also aﬀect wind conditions and parameters needed to determine atmospheric stability. These parameters are used by dispersion models to
predict ambient concentrations of trace substances, depending on the
emission rate and the meteorological conditions. Of the latter, wind
direction, wind speed, atmospheric stability and the mixing height are
most relevant. Atmospheric stability is seen as the most critical parameter, as it can be determined in various ways, all with a considerable
amount of uncertainty (e.g. Piringer and Schauberger (2013); Piringer &
Joﬀre, Eds. (2005).
Based on the provided climate parameters, discrete stability classes
will be calculated by two diﬀerent methods (KTA 1508 (2006); VDI
3782 part 1 (2009)). All meteorological parameters which run the
dispersion model are available on an hourly basis. A statistical analysis
will reveal diﬀerent sensitivities of these methods to climate change,
depending on the meteorological parameters used. The changes between the current and the future scenarios are of particular interest.
The changes in meteorological input data between the reference
years and the selected investigation areas will result in diﬀerences of
separation distances to protect the neighbourhood from odour annoyance (Piringer et al. (2015); Schauberger et al. (2002)). With respect to
the selected climate scenarios and the variety of the stability schemes, a
bandwidth of aﬀected areas and separation distances will result, with a
possible judgement if and how, in the future, livestock husbandry will
have to adapt to climate change, e.g. with impacts on today's licensing
processes.

2.2. Dispersion model, stability classes, and source data
The dispersion model LASAT (Janicke Consulting, 2013) simulates
the dispersion and the transport of a representative sample of tracer
particles utilizing a random walk process (Lagrangian simulation). It
computes the transport of passive trace substances in the lower atmosphere (up to heights of about 2000 m) on a local and regional scale (up
to distances of about 150 km). LASAT is usually run with the KlugManier stability scheme (TA Luft, 2002). LASAT has been evaluated
using test data sets for diﬀerent applications (e.g. Hirtl et al., 2007;
Hirtl and Baumann-Stanzer, 2007; Baumann-Stanzer et al., 2008;
Piringer and Baumann-Stanzer, 2009; Schatzmann et al., 2010;
Baumann-Stanzer et al., 2014)). More references concerning LASAT
model evaluation can be found at www.janicke.de.
Based on the provided climate parameters, two methods to determine stability classes can be used. The ﬁrst one is the German Klug/
Manier (K-M) stability scheme (TA Luft, 2002). A detailed description
of the determination of Klug/Manier stability classes is found in VDI
3782 part 1 (2009). Table 1 shows the basic scheme.
When there are only cirrus clouds present, the total cloud cover is
reduced by 3/8. Cirrus clouds can be determined by observation of
cloud type or the measured cloud base height. In addition to the correction of cirrus clouds, several further rules for season and time of day
apply which are of concern also for the unstable class V which does not
show up in the basic scheme displayed in Table 1.

2. Materials and methods
2.1. Meteorological data
The two focus regions Upper Austria north of the Alpine chain
(centred around Wels, 48.16 °N, 14.07 °E) and South-eastern Styria
(centred around Feldbach, 46.95 °N, 15.88 °E) are located within class
Cfb (warm temperature, fully humid, warm summers) following the
climate classiﬁcation of Köppen and Geiger (c.f. Kottek et al., 2006).
Both are representative for large areas in Central Europe excluding the
2
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Table 1
Basic scheme for the determination of Klug/Manier stability classes.
Wind speed υ10 at 10 m
height (z0 = 0.1 m)
in ms−1

≤1.2
1.3 to 2.3
2.4 to 3.3
3.4 to 4.3
≥4.4

Table 3
Source data for dispersion calculations; total emission (9 point sources).

Nighttime hours

Daytime hours

Total cloud cover
(oktas)

Total cloud cover (oktas)

0/8 to 6/
8

7/8 to 8/
8

0/8 to
2/8

3/8 to
5/8

6/8 to
8/8

I
I
II
III/1
III/1

II
II
III/1
III/1
III/1

IV
IV
IV
IV
III/2

IV
IV
IV
III/2
III/1

IV
III/2
III/2
III/2
III/1

Stack height
Stack diameter
Outlet air velocity
Volume ﬂow rate
Temperature
Odour emission rate
Concentration

The separation distances are calculated on the basis of hourly values
of the ambient odour concentration, calculated by the dispersion
model. By the use of an odour impact criterion OIC, separation distances are deﬁned for a certain protection level. We selected the
German guide line (GOAA, 2008). The one year time series is evaluated
by the exceedance probability of 10% for pure residential areas and
15% for weaker protected areas like commercial/industrial and agriculturally dominated areas, each in combination with a preselected
odour concentration threshold of 1 ouE m−³. For the area closer than
the direction-dependant separation distance, annoyance can be expected, for areas further away a far reaching odour protection can be
expected.
When using a dispersion model like LASAT to calculate separation
distances to protect the neighbourhood from odour annoyance, a
transformation of the hourly mean values calculated by the model to
short-term concentrations relevant for human odour perception is necessary. For Austria, to determine the short-term peak concentrations
required for the assessment of odour perception, the authors developed
a peak-to-mean approach depending on atmospheric stability
(Schauberger et al. (2000) and Piringer et al. (2007); in Piringer et al.
(2015), the latest version is described in detail). The resulting site-independent peak-to-mean attenuation curves are shown in Fig. 1.
The peak-to-mean ratios depend strongly on the stability class. For
unstable conditions (Klug/Manier classes V and IV) the peak-to-mean
factors, starting at rather high values near the source, rapidly approach
1 with increasing distance (Fig. 1). This is in agreement with the premise that vertical turbulent mixing can lead to short periods of local
high ground-level concentrations, whereas the ambient mean concentrations are low. For neutral conditions (classes III/2 and III/1), the
decrease of the peak-to-mean ratio is more gradual with increasing
distance, because vertical mixing is reduced and horizontal diﬀusion is
dominating the dispersion process. The peak-to-mean ratio in 100 m is
then between 2 and 4. For stable conditions (classes II and I, identical
curves due to identical values in Table 2 in Piringer et al., 2015), the
peak-to-mean ratio exceeds 2 only near the source. Stability class III/2
(“neutral”) gives the largest peak-to-mean factor for all distances between 100 and 500 m.

• Dispersion categories V and IV comprise very unstable and unstable

•

conditions, meaning good vertical mixing in the boundary layer.
They do not occur during night-time. Category V occurs only between May and September.
Dispersion categories III/2 and III/1 are classiﬁed as neutral. III/2
occurs predominantly at daytime, III/1 predominantly at night-time
and during sunrise and sunset. These categories are typical for
cloudy and windy conditions.
Dispersion categories II and I comprise stable and very stable conditions, mostly, but not exclusively at night.

The other scheme used is described in KTA 1508 (2006). It uses
again provided climate parameters, the radiation balance in combination with wind speed. The six Pasquill stability classes A, B, C, D, E and
F are assigned to Klug/Manier classes because LASAT uses the Klug/
Manier stability scheme as follows: A … V, B … IV, C … III/2, D … III/
1, E … II, F … I. The stability class is then determined according to
Table 2, using the radiation balance and the wind speed in 10 m.
For all model runs, the same source data are used (Table 3). The
source is assumed non-buoyant, i.e. the eﬀective stack height is equal to
the physical stack height. The source is a livestock building, 3 m high,
120 m long and 30 m wide. Along the main axis of the building, 9 stacks
are located, centred at the middle of the roof, with an equal distance of
13.3 m. Each stack has a volume ﬂow rate of 20 000 m3h-1 and an odour
emission rate of 1500 ouE s−1. The total emission rate of 13 500 ouE s−1
corresponds to 1930 fattening pigs, 113 000 broilers and 940 cattle
(VDI 3894 Part 1, 2011).
Table 2
Scheme to determine stability classes based on the radiation balance and the
wind speed according to KTA 1508 (2006).
Wind speed υ10 at 10 m height

5.0
1.88
2.0
180 000
0
13 500
270

2.3. Determination of separation distances

Klug/Manier classes are numbered from I to V and represent a
simpliﬁed characterization of the turbulence situation:

•

[m]
[m]
[ms−1]
[m3h−1]
[°C]
[ouE s−1]
[ouE m−3]

Radiation balance in Wm−2

3. Results
Limits of catagories

in ms−1

A/B

B/C

0 to 0.9
1.0 to 1.9
2.0 to 2.9
3.0 to 3.9
4.0 to 4.9
5.0 to 5.9
6.0 to 6.9
7.0 to 7.9
8.0 to 9.9
≥10.0

214
214
301
400
495
─
─
─
─
all values

125
126
162
232
305
376
450
─
─
catagory

C/D
60
60
60
63
67
84
108
150
240
D

D/E

E/F

−2
−4
−6
−12
−28
−55
─
─
─

−9
−13
−21
−34
−55
─
─
─
─

This section is split in three parts. First, the climatic changes for
those meteorological parameters which are needed to determine atmospheric stability classes are analysed. This is followed by the presentation of the changes in the frequency of stability classes in Section
3.2. In these ﬁrst two Sections, the meteorological parameters are
analysed which are needed to run a dispersion model. In Section 3.3,
the outcome of the dispersion model, the changes of separation distances, are shown. A discussion of these ﬁndings follows in Section 4.
3.1. Changes in meteorological conditions

Example: If the conditions 2.0 ms−1 ≤ u10 < 3.0 ms−1 and 162 Wm-2 ≥ radiation balance > 60 Wm-2 are fulﬁlled, then category C is used. Before applying the table, correct the values of u10 to one decimal.

The two methods used to determine stability classes (Section 2.2)
need information on wind direction and wind speed, so the change in
these data is shown ﬁrst. The wind regimes at Wels and Feldbach are
3
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Fig. 1. Peak-to-mean ratios depending on stability classes according to the Klug/Manier scheme and the distance from the source (from Piringer et al., 2015).

Fig. 2. Wind roses for Feldbach and Wels (PR = present (1981–2010),
FU = future (2036–2065)).

very diﬀerent (Figs. 2 and 3). At Wels, a site characteristic for the
Austrian north-alpine foreland, we can expect a west-east orientation of
the wind regime as depicted in Fig. 2. The western component is a bit
deﬂected towards WSW, attributable to outﬂow from the Traun river
valley. Westerly airﬂow in Wels is frequently connected with cyclonic
activity. The easterly wind directions stand for fair-weather conditions
or the ﬂow ahead of cyclones arriving from the west. Westerly winds in
Wels show on average slightly higher wind speeds than winds from
east.
Feldbach is typical for valleys south of the Austrian Alps which are
far less windy than the ﬂatlands north of the Alps. The diﬀerences in the
frequencies of wind directions at Feldbach are far less pronounced than
at Wels, resulting in an almost circular shape of directions (Fig. 2). The
mean wind speed at Feldbach is about 1 ms−1 lower than at Wels.
Comparing the distributions for the present and the future climate,
there are almost no changes in the wind directions. As far as wind speed
is concerned (Fig. 3), the future climate scenario shows an increase in
daytime wind speeds at Feldbach by about 0,5 ms−1; during the rest of
the time and at Wels, almost no changes occur.
The average daily course of the radiation balance is as expected
(Fig. 4): outgoing long-wave radiation dominates at night, whereas
between sunrise and sunset, the radiation balance is on average positive, culminating at approx. 300 Wm-2 on average around noon at both
sites. The maximum values at Feldbach are slightly higher than at Wels
because the south-alpine site is positioned further south and less cloudy
and windy than the area around Wels. Only at Feldbach, a slight

Fig. 3. Annual mean of the daily course of wind speed for Feldbach and Wels
(PR = present (1981–2010), FU = future (2036–2065)).

Fig. 4. Annual mean of the daily course of the radiation balance for Feldbach
and Wels (PR = present (1981–2010), FU = future (2036–2065)).
4
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Fig. 5. Frequency distribution of total cloud cover at Feldbach and Wels
(PR = present (1981–2010), FU = future (2036–2065)) at daytime and night.

increase in the radiation balance around noon is calculated for the future climate whereas no changes at Wels are shown in Fig. 4.
The frequency distribution of the total cloud cover is depicted in
Fig. 5. The class separation is taken from the Klug/Manier scheme
(Table 1). There are 3 classes during daytime and only 2 at night.
Especially at daytime, Feldbach is less cloudy than Wels, both in the
present and the future climate scenario. This agrees well with the
slightly higher values of the radiation balance at Feldbach (Fig. 4). At
night-time, this is also the case, but not as pronounced. The expected
changes in cloudiness between the present and the future climate diﬀer
at the two locations: whereas the percentage of low cloud cover will
decrease and that of high cloud cover will increase by about 5% at
Feldbach, especially at daytime, it is the opposite at Wels (Fig. 5). At
night, Feldbach shows almost no changes, but at Wels, the same behaviour as during daytime is predicted, i.e. lower cloud cover will increase, high cloud cover will decrease, each by about 5%.
Whereas there are only marginal changes between the present and
the future climate scenarios for the parameters wind direction, wind
speed, and radiation balance, a systematic increase of air temperature is
observed at both sites, as expected. The annual mean of the daily course
of air temperature is shown in Fig. 6. For both climate scenarios, the
day-night diﬀerences are larger in Feldbach than in Wels, caused by the
lower winds and clearer skies at the former. Night-time temperatures
are on average higher, daytime temperatures on average lower in Wels
than in Feldbach. The average temperature increase between the present and the future climate scenario is mostly around 1.0 °C at Wels and
1.5 °C at Feldbach.

Fig. 7. Frequency distribution of stability classes determined by (a) cloudiness
and wind speed (Table 1) and (b) radiation balance and wind speed (Table 2) at
Feldbach and Wels (PR = present (1981–2010), FU = future (2036–2065)).

3.2. Changes in stability classes
For this investigation, two methods to determine atmospheric stability have been used (Section 2.2). The results of the diﬀerent methods
and the changes between the two climate scenarios are shown in Fig. 7.
In the two ﬁgures, the stability classes are grouped from very stable
(class I) to very unstable (class V).
There are systematic diﬀerences in the distribution of stability
classes at both sites. At Wels in the present scenario, using the cloudiness method (Fig. 7a), class III/1 with more than 30% occurs most
frequently (neutral at night), whereas using the radiation balance
(Fig. 7b), the stable class I with 35 to almost 40% is most frequent, and
this method delivers also most cases for class III/2 (neutral during
daytime). In the future, both methods show that stability class I will
occur slightly more frequent, with an increase of about 5%. This is the
eﬀect of the reduced cloud amount (Fig. 5). Classes II and III/1 will
occur slightly less frequent, whereas no changes are seen for the other
classes (towards instability).
Feldbach is generally characterized by more stable and unstable
situations and less neutral conditions, compared to Wels (Fig. 7a and b).
The radiation balance method dominates only in very stable conditions
(class I; Fig. 7b). The cloudiness method delivers the highest frequency
for classes II and I (Fig. 7a). For classes III/2, IV and V, the cloudiness
and the radiation balance methods deliver very similar amounts.
Comparing the present and the future scenario, the share for stability
class I will be slightly reduced and that for class III/1 slightly increased
at Feldbach. This is more pronounced for the cloudiness method and is
a direct eﬀect of the increase in cloud amount in Feldbach (Fig. 5).

Fig. 6. Annual mean of the daily course of air temperature for Feldbach and
Wels (PR = present (1981–2010), FU = future (2036–2065)).
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green. Dashed lines represent the future scenario.
In Fig. 8, the shape of the separation distances resembles to some
extent the form of the wind roses (Fig. 2), especially at Wels. Generally,
the separation distances at Wels are larger than at Feldbach. This can be
explained mainly by the more frequent higher wind speeds at Wels
which occur primarily in combination with neutral conditions (Table 1)
with the highest peak-to-mean ratios (Fig. 1). At Wels, the diﬀerences in
separation distances between the scenarios are generally smaller than at
Feldbach, because the changes in the meteorological parameters are
smaller (Section 3.1).
Starting with the separation distances obtained for an exceedance
probability of 10% (Fig. 8a), an increase in separation distances between the present and the future climate is observed at Feldbach, for
both methods to determine stability classes, especially towards north.
This is about additional 30 m, resulting in a separation distance of
200 m north of the livestock unit. Slightly shorter distances are obtained for the radiation balance method. Towards NNE, the increases
are even larger and are more than 50 m for the cloudiness method.
Towards SE, the increase is smaller, especially for the cloudiness
method. The maximum separation distances are then about 180 m, with
again lower values for the radiation balance method.
At Wels, using the cloudiness method to determine stability, the
maximum separation distances for an exceedance probability of 10% in
the current climate are 320 m towards NE and 380 m towards SW. In
the future, a very slight increase of maximum separation distances for
10% to 330 m towards NE and 400 m towards SW are obtained. Using
the radiation balance method to determine atmospheric stability,
slightly shorter maximum separation distances than when using the
cloudiness method are obtained, and the changes between the scenarios
are less pronounced. For the current climate and an exceedance probability of 10%, 320 m towards NE and 350 m towards SW are obtained
as maximum separation distances. In the future, only little changes for
maximum separation distances for an exceedance probability of 10%
are observed.
As already mentioned, an increase in the tolerated exceedance
probability to 15% (Fig. 8b) reduces the separation distances. The most

Almost no changes occur for the other stability classes.
To summarize, the two stations show a diﬀerence in the forecasted
changes. Using the cloudiness method (Fig. 7a), Feldbach shows an
about 5% decrease of very stable conditions and the same increase of
neutral conditions at night. At Wels, the opposite is the case: there is an
increase in very stable conditions by about 5% and a slighter decrease
for classes II and III/1. As in Feldbach, almost no changes in daytime
stability will occur.
When using the radiation balance to determine stability classes
(Fig. 7b), small changes for all classes at both sites are to be expected.
Again, these changes will be diﬀerent for the two stations. At Feldbach,
a slight decrease in the frequency occurs for very stable (class I) and
very unstable conditions (class V); for all other classes except IV, a
slight increase in the frequency of stability classes is expected. At Wels,
again mostly the opposite will be the case: the frequencies for classes I
and IV will increase, for all others slightly decrease.
3.3. Odour impact: changes in direction-dependent separation distances
The direction depending separation distances have been calculated
for the two sites, the two stability schemes and for the present and
future climate. They have been calculated for two odour impact criteria
according to GOAA (2008), namely for a threshold of 1 ouE m−3 and
exceedance probabilities of 10% for pure residential areas and 15% for
commercial/industrial and agriculturally dominated areas.
The separation distances are shown as isopleths of the OIC in Fig. 8,
encompassing the area of exceedance of the given thresholds. An increase in (tolerated) exceedance probability reduces the aﬀected area; a
limit value of 15% (Fig. 8b) is thus more unfavourable for residents
than a limit value of 10% (a higher level of protection, Fig. 8a). The
black rectangle in the middle of both charts in Fig. 8 is the livestock
building. The area displayed is 1000 × 1000 m, with the odour source
in the centre. The bold lines depict separation distances obtained by the
method based on the cloudiness, the thin lines those by the method
based on the radiation balance (Section 2.2). Separation distances at
Wels are shown in red and black/grey, those at Feldbach in blue and

a)

b)

Fig. 8. Direction-dependent separation distances (m) for (a) 10% exceedance probability (pure residential areas) and for (b) 15% exceedance probability (commercial/industrial and agriculturally dominated areas) at Feldbach and Wels, both for PR (present climate (1981–2010)) and FU (future climate (2036–2065)); based
on a combination of cloudiness and wind speed (Cl) and of radiation balance and wind speed (RadBal) to determine stability classes; the black rectangle is the
livestock building.
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et al., 2017) but they result in similar protection distances (SommerQuabach et al., 2014).
The current investigation shows, apart from the expected increase in
air temperature (Fig. 6), a varying degree of changes of the input
parameters to the dispersion model between the present and the future
climate scenarios. The smallest changes occur for wind direction
(Fig. 2) and radiation balance (Fig. 4). More relevant – and also different between the sites – are the changes in wind speed (Fig. 3) and
cloud cover (Fig. 5) which aﬀect directly the atmospheric stability
(Fig. 7). The south-alpine site Feldbach shows an increase in daytime
wind speed and an increase in cloud cover. These changes result in a
reduction of very stable and an increase in neutral conditions, especially for the cloud amount method (Fig. 7a). Very stable conditions are
deﬁned for clear skies and low wind speeds at night, neutral conditions
for higher wind speeds and larger cloud amounts, both day and night.
Hence, an increase in wind speed and an increase in cloudiness can
explain the observed changes in atmospheric stability. Especially for the
cloud amount method to determine stability, changes up to 5% in very
stable and neutral dispersion categories have to be expected.
At Wels in the north-alpine foreland of Austria, no changes in wind
speed are observed (Fig. 3), but the cloud amount will change at a similar rate of around 5% as in Feldbach, but it will decrease, both day
and night (Fig. 5). The resulting stability classes will change accordingly: very stable conditions will increase, slightly stable and neutral
conditions will decrease, for both methods to determine atmospheric
stability. Only small changes are observed for the other stability classes.
These contrasting results for the two investigated sites show that the
selected climate scenarios are sensitive to the very diﬀerent local meteorological conditions at Feldbach and Wels. Feldbach experiences
much lower wind speeds than Wels, although when they will increase in
the future; the site is also characterized by more stable conditions than
Wels, even when they will decrease in the future.
The resulting lengths and the changes in separation distances at the
two sites can also be explained quite straightforward, based on the
analysis of the meteorological data. The separation distances have been
determined for the two odour impact criteria according to GOAA
(2008), namely a threshold of 1 ouE m−3 and tolerated exceedance
probabilities of 10% for residential or 15% for commercial/industrial
and agricultural areas, with the latter being more unfavourable for the
neighbourhood. An increase in separation distances means that the area
of neighbourhood protection also increases. Because of the higher wind
speeds and the predominantly neutral stability conditions with the
highest peak-to-mean ratios (Fig. 1), the maximum separation distances
at Wels are more than two times larger than at Feldbach (Fig. 8a and b).
Separation distances have been calculated for the same odour emission
rate, at both sites. The changes in separation distances between the
present and the future climate can be explained directly by the changes
in the meteorological conditions: there is a tendency that maximum
separation distances will slightly increase in Feldbach, due to the increase in wind speed and neutral stability classes; there is a mixed result
for Wels and only small changes, but the maximum separation distances
towards south-west will be reduced in the future, especially for an exceedance probability of 10% for residential areas (Fig. 8a). The most
signiﬁcant changes occur for the cloudiness method at Feldbach. If 15%
are tolerated, no separation distance north of the livestock unit can be
determined in the present climate, probably caused by the combination
of relatively low wind speeds (Fig. 3) and low frequencies of neutral
stability (Fig. 7a) which is associated with the highest peak-to-mean
factor (Fig. 1). In the future scenario, a maximum separation distance of
about 100 m towards north is obtained.
These small modiﬁcations of the dispersion parameters are in good
agreement to the air stagnation index for Central Europe which is
predicted for the near future by Horton et al. (2014). Athanassiadou
et al. (2010) investigated the climate change impact on the dispersion
parameters and the related ambient concentration for the UK with similar results for small sources. The ambient concentration is changing

signiﬁcant changes occur for the cloudiness method at Feldbach. If 15%
are tolerated, no separation distance north of the livestock unit can be
determined in the present climate, probably caused by the combination
of relatively low wind speeds (Fig. 3) and low frequencies of neutral
stability (Fig. 7a) which is associated with the highest peak-to-mean
factor (Fig. 1). In the future scenario, a maximum separation distance of
about 100 m towards north is obtained, whereas only a small increase
towards south to about 100 m occurs. Using the radiation balance to
determine atmospheric stability, a separation distance of about 60 m is
obtained towards the north in the current climate, increasing to about
100 m for the future climate scenario. Towards south, maximum separation distances are around 100 m, independent of the climate scenario and the method to determine atmospheric stability. Compared to
an exceedance probability of 10% (Fig. 8a), a shift of the maximum
separation distances from SE to S is observed.
At Wels, the separation distances are again larger, but the changes
between present and future climate are smaller than at Feldbach.
Compared to 10% (Fig. 8a), they are reduced to about 220 m towards
NE and 250 m towards SW in the present climate (Fig. 8b); in the future,
the maximum distances are about 230 m in both directions, leading to a
slight increase towards easterly directions and a slight decrease towards
SW.
4. Discussion
Climate change can aﬀect air quality in a number of ways
(Athanassiadou et al., 2010). For odorous substances and ammonia as a
proxy for odour, the climate change signal has an impact on the
emission not only by the temperature related production by bacterial
activity and the release of these chemical compounds, but also by the
wind velocity ((Geels et al., 2012; Schauberger et al., 2013;
Schauberger et al., 2018; Skjøth and Geels, 2013; Sutton et al., 2013).
In our approach we assume an annual mean value of the odour emission
rate to emphasize the impact on the dispersion parameters (wind speed
and direction, and the stability of the atmosphere), which are the main
focus of this paper. The impact of the outdoor situation on the indoor
climate of the livestock buildings (temperature, ventilation rate, animal
activity) was faded out (Schauberger et al., 2014, 2018).
For some substances, the atmospheric chemistry is relevant. In
general it is assumed as a working hypothesis that odorous substances
behave like inert gases without chemical reactions or adsorption
(Schauberger et al., 2012). There are some indications that this working
hypothesis needs to be revised in some aspects (Trabue et al., 2011). For
other pollutants (e.g. ammonia), the atmospheric chemistry is well
elaborated. For bioaerosols, the viability of the bacteria and viruses in
the atmosphere is a key factor (DasSarma and DasSarma, 2018), which
is also related to climate change (van Leuken et al., 2016).
In this paper we emphasize on the climatic changes of the meteorological parameters necessary to run the Lagrangian particle diﬀusion
model LASAT to calculate direction-dependent separation distances
around a ﬁctitious, but typical livestock unit at two Austrian sites situated in areas with considerable livestock activity, however characterized by diﬀerent climatological conditions. Wels in the North-alpine foreland shows main wind directions from south-west and northeast, a good ventilation and a tendency to neutral stability. Feldbach in
the Raab valley south of the main Alpine chain experiences frequent
calm wind conditions and a large abundance of stable conditions. At
both sites, the same livestock building was assumed, and the same
climate periods, 1981–2010 for the present climate and 2036–2065 for
the future climate, were applied. For both sites and for both climate
scenarios, the two odour impact criteria OIC were used to determine the
separation distances, namely those of the German GOAA (2008). Both
use a threshold of 1 ouE m−3 but diﬀerent exceedance probabilities:
10% for residential and 15% for commercial/industrial areas. This
guideline is widely applied in Germany and Austria. Beside this German
odour impact criterion, many other national OIC are in use (Brancher
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facilities, location-sensitive results as presented in this study can be
valuable tools for land use planning and zoning.

less than 10% not only for the mean value but also for several percentiles. Doherty et al. (2017) concluded that the impact of climate
change on air quality and the related human health will be dominated
by emission changes rather than changes of the dispersion of pollutants
in the atmosphere. This can also be expected for odour and the related
separation distances.
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5. Conclusions
Acknowledgements
The main focus of this investigation is the impact of the changing
climate on the dilution of airborne emissions. This was demonstrated by
the emission of odorous substances from a livestock building. Based on
the ambient odour concentration, calculated by a dispersion model, the
separation distances around this livestock farm were determined to
protect the neighbourhood from excessive annoyance. A considerable
increase in these distances would exert additional pressure on livestock
farming, apart from possible losses from increased indoor heat stress
due to rising air temperatures (Mikovits et al., 2018).
Separation distances have been calculated with the Lagrangian
particle dispersion model LASAT, applying the peak-to-mean approach
by Piringer et al. (2015) to account for the ability to detect odour in the
time scale of a single human breath (approx. 5 s). We compiled two
climate data sets, one for the current climate (1981–2010) and one for
the period 2036–2065 (future climate) at two sites representative for
livestock husbandry in Austria but discernible in average climate conditions, the area of Wels in the north-alpine foreland and the Raab
valley at Feldbach south of the main Alpine chain. For all scenarios, the
same source data have been used (Table 3). Separation distances have
been calculated for two odour impact criteria OIC according to GOAA
(2008), namely 10 and 15% exceedance probability, each in combination with an odour threshold of 1 ouE m−3.
In general, only small changes in the input parameters to the dispersion model have been calculated for the two climate scenarios
(Sections 3.1 and 3.2). This leads nevertheless to diﬀerences of the
changes of separation distances at the two sites investigated (Fig. 8a
and b):
The changes in separation distances between the current and the
future climate scenarios are larger at Feldbach than at Wels. The most
signiﬁcant change is seen at Feldbach when using the cloudiness
method to determine stability for an exceedance probability of 15%
north of the livestock unit: in the present climate, no separation distance north of the livestock unit can be determined; in the future scenario, a maximum separation distance of about 100 m towards north is
obtained (Fig. 8b), probably caused by the combination of relatively
low wind speeds (Fig. 3) and low frequencies of neutral stability
(Fig. 7a) which is associated with the highest peak-to-mean factor
(Fig. 1). Generally at Feldbach, a slight increase in separation distances
from the present to the future climate has to be expected, especially
when using the cloudiness method. At Wels, only small changes in separation distances are predicted, with a tendency of a slight reduction
of the largest separation distance when using the cloudiness method
(for an exceedance probability of 10%) and varying changes when
using the radiation balance method.
These results demonstrate the relevance of the investigation. Local
meteorology exerts a profound impact on a site-speciﬁc quantity like
the separation distance to protect the neighbourhood from odour annoyance. Because of the relatively complex interaction of the meteorological parameters and the peak-to-mean factors when determining
separation distances for given exceedance probabilities, no a priori
forecast is possible. In a region of interest, separation distances will
increase or decrease in a future climate scenario. A decrease will certainly lead to a relief for planning and zoning purposes. If the outcome
of such an investigation is an increase like in Feldbach, practice will
show in the future which increases will be tolerated and which will
cause technical or legal eﬀorts to overcome these unwanted changes.
Due to the durability of today's investment decisions for new livestock

The project PiPoCooL Climate change and future pig and poultry production: implications for animal health, welfare, performance, environment
and economic consequences is funded by the Austrian Climate and Energy
Fund in the framework of the Austrian Climate Research Program
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