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1. Introduction 

 
MONITRAF records and analyses the effects of intra-alpine and cross-alpine 
road-traffic along the four transit-corridors Brenner, Fréjus, Gotthard and 
Montblanc. The aim of the project is the development of common measures in 
order to reduce the negative effects of road-traffic and at the same time 
improve the quality of life in these alpine regions. Simultaneously, the compiled 
measures for one traffic-axis should not lead to a greater traffic load at another 
axis. 

 

 
Figure 1.1: Overview of the MONITRAF project-areas  

In the context of work package 5 'Fundamentals' of the MONITRAF-project the 
environmental impact regarding air and noise pollution was analysed at the 
alpine passes of Fréjus, Montblanc, Gotthard and Brenner in the following six 
regions:  

 
·  Piemonte (Valle di Susa)  
·  Valle d'Aosta  
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·  Zentralschweiz (Urner Reusstal)
·  Ticino (Leventina, Riviera, Sottoceneri)  
·  Tirol (Unterinntal, Wipptal)  
·  Südtirol (Eisacktal, Etschtal)  

 

2. Data Facts 
 
In all valleys a distinction was made between the situation in the central part of 
the valley and in the upper part of the valley close to the alpine crossing; Aside 
from cross-alpine traffic, inland traffic, destination-traffic and origin-traffic have 
different effects on the environment depending on their position in the valley. 
Only in the Urner Reusstal no such distinction was made, as it is a short valley 
compared to the other valleys and is situated close to the alpine crossing.   

 
Only those components could be analysed for which sufficient data could be 
obtained for the year 2004 from all the six examined valleys: Traffic volume of 
'light' (primarily private cars) and 'heavy' (mostly trucks and buses) vehicles, 
emissions of nitrogen oxides and particles, concentrations of nitrogen oxides 
and particles (PM10: particles with an equivalent diameter up to 10� m), climatic 
conditions regarding wind and inversions.  A series of information could also be 
gathered concerning the noise-situation.  
The data comes from the responsible regional as well as higher-ranking 
national authorities. 

3. Location of measuring and metering points  
3.1. Preliminary remark: 

A distinction was made between air-pollution-measuring points which are 
located close to the road (distance 5-6m) and such, which are located in the 
background. The knowledge of the volume of traffic, which is relevant for the 
pollution-measuring points located close to the road, was determined by 
metering-points located nearby. In this report these metering points were 
named accordingly to the corresponding pollution-measuring points - even 
though those are locally often named differently - so as to minimise confusion 
regarding the large amount of place names.

 

 
The noise measurements shown in the cartographic drawings are partly 
widespread across the valley.  

 
In principal the names of regions and places are always quoted in the local 
language. 
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3.2. Table of measuring points:  
The following table lists all the place-names of measuring points used to 
measure air pollution, volume of traffic, wind-conditions and temperature 
profiles (except those for noise measurements). 

 

Table 3.1: Measuring points used in measuring air pollution, traffic, wind conditions and 
temperature-profiles.

 
Region Valleys central part Valleys upper part Temperature 

profile 

 Close to the 
road 

Background Close to the 
road 

Background  

Piemonte    Susa Bardonecchia 

Valle d'Aosta Châtillon Aosta-
Montfleury 

Courmayeur 
(Capoluogo) 

Morgex Aosta 

Zentralschweiz   Erstfeld Altdorf Erstfeld 

Ticino Camignolo Bioggio Moleno Bodio Moleno 

Tirol Vomp Jenbach, 
Baumkirchen 

Mutters  Schwaz 

Südtirol Schrambach Salurn  Sterzing Bozen 

 
 

3.3. Maps of measuring points: 
 

The following maps show all the measuring points used to measure air 
pollution, volume of traffic, wind conditions and temperature-profiles.  
Hereby following legend (caption) applies:                                            

 

 
 

Measuring points situated close to the transitroad 
Measuring points situated in the background  
Temperature profile 
Traffic metering point (if not in connection with air pollution 
measuring point) 
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Figure 3.1: Map of the measuring points in the Vall e di Susa – Piemonte.  
 
 

 

Figure 3.2: Map of the measuring points in the Vall e d'Aosta.  
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Figure 3.3: Map of the measuring points in the Urne r 
Reusstal – Zentralschweiz.  
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Figure 3.4: Map of the measuring points in the Leve ntina, 
Riviera and in the Sottoceneri – Ticino. 
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Figure 3.5: Map of the measuring points in the Unte rinntal and the Wipptal – Tirol. 
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Figure 3.6: Map of the measuring points in the Eisa cktal and Etschtal – 
Südtirol.  
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4. Volume of traffic and emissions:  

4.1. Preliminary remark: 
 

The volume of traffic was measured in the six MONITRAF-regions and divided 
into 2-7 different categories. A comparable description of the volume of traffic 
which applies to all regions could only be made for two categories:  

·  Light vehicles ('Cars'), primarily private cars and motorbikes; private cars 
dominate this category in all regions.  

·  Heavy vehicles, primarily buses and vehicles transporting heavy goods, the latter 
comprising delivery vans (DV), lorries (LO), heavy lorries (HLO) and articulated 
lorries (ALO).  The amount of heavy lorries and articulated lorries amongst all 
heavy vehicles varies greatly for each metering point; the category ' Heavy 
vehicles' may therefore by no means be equated with heavy lorries/articulated 
lorries.  

4.2. Monthly average of daily volume of traffic (MD T) in 2004 

  
The following figures show the monthly average of daily traffic in 2004 for the 
categories 'cars' and 'heavy vehicles'.  A distinction is hereby made between 
the central and the upper part of the valley. 
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Figure 4.1: Monthly average of daily car traffic in  the valleys central and 
upper parts, 2004 .   
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Figure 4.2.: Monthly average of daily heavy-vehicle -traffic in the valleys 
central and upper parts, 2004  
 
 
 
 

Vomp and Camignolo record the highest number of private cars and regarding 
heavy vehicles the two mentioned metering points are then joined by 
Schrambach. It should be mentioned that while at swiss metering points any 
type of lorry is recorded as a heavy vehicle, at austrian metering-points only 
two thirds of all lorries are in this category, and at Italian metering points this 
ratio is unknown. The valleys of Valle d’Aosta and Valle di Susa (Piemonte) 
show consistently lower volumes of traffic.  
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4.3. Determination of nitrogen oxide- and particle- emissions  
 
 

Basically emissions are determined by multiplying the number of vehicles by 
the emission-factor of the respective component. In the Swiss regions the 
emissions of nitrogen oxides (NOx) and particles were determined by 
multiplying the number of vehicles counted for each of the seven categories by 
the correspondent emission-factor per category accordant to HBEFA 2.1 
(Version CH). At the same time, the larger contingent of foreign private cars, 
and hence more diesel vehicles in comparison to the national average on the 
transit-axes, was included in the calculations. In the Austrian region the number 
of vehicles in the existing four categories was likewise multiplied by the 
corresponding emission-factor per category accordant to HBEFA 2.1 (Version 
A). For the Italian regions it was assumed that the fleets of heavy vehicles in 
the central respectively upper parts of the valley were equally composed as 
when compared to those in Austria. The emissions were then estimated on the 
basis of these mean emission-factors. A distinction between central and upper 
part of the valley had to be made, as the fleets of trucks tended to comprise a 
greater number of heavy vehicles the closer they were to the alpine pass 
region.  

4.4. Monthly average of daily nitrogen oxide- and p article-emissions in 2004 
 

The following figures show the monthly average of daily nitrogen oxide- and 
particle-emissions in 2004 for the categories 'cars' and 'heavy vehicles'.  A 
distinction is hereby again made between the central and the upper part of the 
valley. 
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Figure 4.3: Monthly average of daily emissions of nitrogen oxides (NOx) in 
the valleys central and upper parts, 2004.   
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Figure 4.4: Monthly average of daily emissions of particles in the valleys 
central and upper parts, 2004.   
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When it comes to emissions there is a distinct order, i.e. Brenner-Gotthard- Fréjus and  
Montblanc whereby the last two put together lie in the bounds between Gotthard and Brenner. 
The greater differentiation between Gotthard and Brenner regarding emissions in comparison to 
volume of traffic results from the bigger portion of heavy lorries in the collective category ‘heavy 
vehicles’ at Brenner and the smaller share of diesel vehicles in the category ‘cars’ at Gotthard. 
The maximum of emissions is generally reached in summer, the minimum around the turn of the 
year. 
 
 
 

4.5. Annual overview of traffic and emissions 
 
The following two figures provide an overview of the annual average traffic and emissions in 
2004.  
In principal the summary shows the same results as the monthly diagram.   
 
 

 

Figure 4.5: Annual average of daily traffic and daily emissions of NOx and particles in the valleys 
central parts, 2004.  
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Figure 4.6: Annual average of daily traffic and daily emissions of NOx and particles in the valleys 
upper parts, 2004.  

 
 

4.6. Daily variation of the volume of traffic 
 
From six metering points in five regions there exist hourly readings of the volume of traffic in 
2004. Consequently an average daily variation of the volume of car- and heavy-vehicle traffic 
can be deduced from these metering points. The following two figures show the mean relative 
daily variations of car- and heavy-vehicle-traffic at five metering points. Relative means that the 
mean value over the whole day for each metering point is 100%. 
As regarding the light vehicles (mostly cars) all the metering points show a similar scene: A swift 
increase between 5 and 7 a.m. and the daily maximum between 4 and 6 p.m. with relatively little 
fluctuation during the day - a typical profile for transit roads. Only in Camignolo there was more 
variation during the day, insofar as the relative volume of traffic in the morning was smaller in the 
morning hours than at the other metering points.  
The heavy vehicles show a swift increase between 4 and 6 a.m., after that little fluctuation during 
the day and an evening decrease after 4 p.m.  
Please note that the time mentioned always refers to the astronomical time, as is customary in 
scientific and meteorological studies.  
The effects of the nocturnal traffic ban for heavy goods transport are clearly visible: At the 
metering points Erstfeld, Moleno and Camignolo a nocturnal traffic ban prevails, at Montblanc, 
where there is no such ban, the number of heavy vehicles circulating by night is clearly higher. 
Although on the Südtirol side of the Brenner pass there is no nocturnal traffic ban, a traffic ban is 
in place on the Nordtirol side of the pass. This leads to a nocturnal reduction at Schrambach 
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although the reduction is not as pronounced as in the Swiss regions. Vomp in Tirol shows a 
nocturnal reduction just like the Swiss regions, but a rapid increase in the early morning, due to 
the geographically only relatively small area which is covered by the nocturnal traffic ban.  

 
 

 
Figure 4.7: Mean relative daily variations of car- and heavy-vehicle-traffic at metering 

points in Tirol, Südtirol, Zentralschweiz, Ticino and Valle d'Aosta.  
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5. Air pollution 
 
The basic data for the pollution with nitrogen oxides (total nitrogen oxides NOx and nitrogen 
dioxide NO2) and fine particles (PM10: particles with an equivalent diameter up to 10� m) are 
comparable for all the regions. These components are described in the following chapter. 
Hereby only the measuring points which lie close to the road were taken into account; they all 
are at a similar distance to the road (5-6m) and are therefore ideal for comparisons. The 
background measuring points are described in the last sub-chapter. The limit values for NO2 
and PM10 differ for the various regions according to the respective national laws: 

 
 

Table 5.1: Limit values for NO2 and PM 10 for the year 2004.   
 

Country Annual average NO2 
[� g/m3]  

Annual average 
PM10 [� g/m3] 

Number of days 
where PM10 mean 

daily value>50 � g/m3  
Austria 45 40 35 

Italy 52 40 35 
Switzerland 30 20 1 

 
There are additional limit values for NO2. In Austria and Italy the limit values are being lowered 
continuously until 2010. 
 
 

5.1. Annual overview of air pollution 
 
The following two figures give a general view of the annual values of pollution with NOx, NO2 
and PM10 in 2004. The measuring points in the Valle d’Aosta (Châtillon and Courmayeur) 
provided only sample measurements (5-6 campaigns per annum, each of which lasted a week). 
The pollution limit values were repeatedly exceeded. The distribution of  NOx-concentrations 
only partly reflects the NOx-emissions. At the examined measuring locations any other source of 
nitrogen oxide-emissions beside the traffic plays a subordinate role, and it can therefore be 
concluded that the distribution differences between emissions and concentrations must arise 
from different diffusion conditions. In the case of particles (PM10) other sources are more likely 
to be of significance. In Moleno (Ticino) a major part of PM10 originates from stoves heating with 
wood, eventually this may also be the case in the Valle d’Aosta (Châtillon und Courmayeur). 
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Figure 5.1: Annual average of air pollution as well as number of days with mean PM 10> 50 µg/m3 in 
the valleys central and upper parts, 2004.
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NO2-concentrations follow changes in NOx-concentrations only in a limited way. The reason for 
this being that the proportion of NO2 amongst total NOx decreases if NOx increases. When 
marking the proportion of NO2 to NOx against NOx on a chart, the result is a non-linear 
dependency.  
The following figure depicts an approximation curve which was generated from earlier 
measurements obtained in Switzerland, Italy and Austria. The current measurements of 2004 lie 
astoundingly well on this curve. This shows that, in general, NO2-formation processes are the 
same everywhere and it is indirectly also a quality affirmation. A general approximation curve 
may not be used however for models where daily- or seasonal irregular changes of emissions 
should be simulated.  

 
 

 

Figure 5.2: NO2/NOx-ratios in dependency of NOx on the basis of annual averages, various 
measuring points near highways in Austria, Switzerland and Italy, several years.  

 
 

 

5.2. Monthly distribution of NOx, NO2 and PM10 
concentrations 
 
The following figures show the monthly average of NOx, NO2 and PM10 concentrations in 2004. 
A distinction between central or upper part of the valley respectively was again made.  
Concentrations are higher in winter than in summer, even though the emissions reach their 
maximum in summer. This can be explained by the diffusion conditions, which are a lot worse in 
winter. It is noticeable that the wintry increase of pollution in Erstfeld (Central Switzerland) and 
partly also at Camignolo (Ticino) is less than at the other measuring points. In general though, 
the ‚hierarchy’ of the pollution level remains that way during the whole year, which means the 
curves seldom cross each other.  
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Conspicuous details are the PM10-concentrations for January and February at Moleno (Ticino) 
(up to over 50 µg/m3) and the monthly NO2-average of 93 µg/m3 in December at Vomp (Tirol).  

 
 
 

 

Figure 5.3: Monthly average of NOx-concentrations in the valleys central and upper parts, 2004.   
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Figure 5.4: Monthly average of NO2-concentrations in the valleys central and upper parts, 2004.   
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Figure 5.5: Monthly average of PM 10-concentrations in the valleys central and upper parts, 2004.   
 

5.3. Daily variation of pollution 
 
Using NOx as an example the following two figures show the mean relative daily variations for 
the specified measuring points, again distinguishing between central and upper part of the 
valley. The mean value over each curve is always 100%.  
In all cases there are two maxima, at 8 am and between 5 and 8 pm. In all cases the morning 
peak is more pronounced than the evening peak. The effect of the nocturnal traffic ban is 
superimposed by the different valley-specific diffusion-conditions. 
While measuring points in central parts of valleys with a nocturnal traffic ban record lower 
pollution values also at night when compared to the other measuring points, this does not apply 
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to measuring points in the upper parts of these valleys. Nevertheless even there the nocturnal 
traffic ban shifts part of the air pollution from night- to daytime. 
 
 

 

Figure 5.6: Mean relative daily variations of NOx-Concentrations,2004.   
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The Swiss regions have also been measuring soot and number of particles since the year 2003. 
The number of particles is chiefly determined by the ultra-fine particles up to a diameter of 1 µm, 
which hardly contribute to the total volume of PM10. The soot (e.g. from diesel engines) is also 
mostly found amongst the ultra-fine particles. The following figure shows the mean relative daily 
variation of the four components NOx, PM10, number of particles and soot at the measuring 
point Erstfeld in 2004. 
 
 

 

Figure 5.7:  Mean relative daily variation of NOx, PM 10, number of particles and soot in 
Erstfeld (Central Switzerland), 2004.  

 
 
 
 
Soot and number of particles, that means the ultra-fine particles, show a similar daily variation 
like NOx; they derive primarily from road traffic. As regards to PM10 there are also other sources 
which exhibit a different daily variation.   
 
 

5.4. Air pollution at background measuring points 
 
The background measuring points have different distances to the highways varying from 
approximately 100 to 1000 m. A direct comparison is therefore impossible.  
The following three figures show the annual average concentrations of NOx, NO2 and PM10 at 
these measuring points depending on their distance to the highway.  
A tendency of decreasing values with increasing highway-distance is visible.  
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Figure 5.8: Annual average of NOx and NO2 concentrations at background-measuring points 
depending on the distance to the highway, 2004.  
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Figure 5.9: Annual average of PM 10 concentration at background-measuring points 
depending on the distance to the highway, 2004.  

 
 
 
 

6. Empirical diffusion conditions: The 
relation between air pollution levels and 
emissions  
 
The relation between air pollution levels and the emissions of a specific responsible source (here 
road traffic) is an empirical measure for the existing diffusion conditions, which, in alpine valleys, 
are quite different from those in the flat country.  A certain lorry with a defined emission 
contributes quite differently to the air pollution depending on the region he is traversing and on 
the given meteorological conditions.   
In the empirical model, which Oekoscience has already applied for various regions, this relation 
named �  (tau) is used. Starting point are hourly values; a dynamic background takes into 
account earlier emissions and emissions from other sources, which of course also contribute to 
air pollution.   
The parameter �  portrays the diffusion conditions empirically. �  is therefore strongly dependent 
on the season and time of day and naturally reacts directly to climatic influences. As an 
example, the mean daily variation of �  at the measuring point Schrambach (Südtirol) in 2004 is 
shown, namely for summer, intermediate season and winter, as well as for a persistent inversion 
phase in February.  
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Figure 6.1: Mean daily variation of the diffusion parameter • in the summer, intermediate season and 
winter, as well as in an inversion phase in February, Schrambach (Südtirol) 2004.  
 
The higher �  is the worse are the diffusion conditions. In Figure 6.1. daily- and annual variation 
can clearly be seen. In pronounced periods of inversion �  is especially high.  
In the course of this project such models could not be carried out, also in the Valle d’Aosta and 
in the Piemont hourly traffic values were lacking.  
For those measuring points that lie close to the road however and where the NOx-
concentrations are predominantly generated by road traffic, it is nevertheless legitimate to use 
the relation value between concentration and emission on an annual and monthly basis as a 
value for the mean diffusion conditions. In this way it becomes possible to compare the 
sensitivity of the different alpine valleys not only amongst each other but also to the flatter 
country. 
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Figure 6.2: relation (here ratio) between concentration and emission of NOx at the measuring points 
close to the highways in the MONITRAF-regions and at the measuring point Muttenz (near Basel), 
Swiss flat country.   

 
 
In the alpine valleys of the MONITRAF-project one emission-unit creates a 2-3 fold higher air 
pollution than in the flatter country near Basel. Yet it must be taken into account that the region 
near Basel is by no means ‘flat country’ when compared to other European regions, and that 
close to Muttenz there is significant pollution from other sources, which leads to an increase of 
the blue bar (figure 6.2.). Therefore from an “air-hygienic” point of view the alpine valleys are 
very sensitive regions. 
Mutters (Tirol) poses a special case: The measuring point lies on a precipice above the deep 
gorge of the river Sill and the air masses seldom stagnate at this location. Logically the I/E-ratio 
at this measuring point  is very low. Otherwise the values range between the minimum at 
Erstfeld (Central Switzerland) and the maximum at Moleno (Ticino).  
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7. Climatic aspects 
 
The fundamental climatic elements which determine the diffusion of noxious emissions are the 
layers of different temperatures and the wind conditions. These two elements are described in 
the following. 
 

7.1. Temperature profiles 
 
In the three regions Erstfeld (Zentralschweiz), Moleno (Ticino) and Vomp (Tirol) there exist 
specific measurements of temperature profiles done with several sensors placed at height 
intervals of 20 -70 m. 
In each of the other three regions two makeshift temperature measuring points had to be used 
which had a greater difference in altitude (several hundred meters) and a considerable spatial 
distance. Therefore these other three regions can at the time only provide estimates of inversion 
frequency.  
From these temperature profiles the occurred inversions close-to-ground-level were determined 
for the year 2004, namely depending on the existing time resolution which was either quarter-
hourly or hourly. This way frequency distributions of close-to-ground-level inversions in 
dependency of the time of season or day were ascertained. Hence there exists a comparable 
value of inversion frequency for all regions. The following figures depict these frequency 
distributions for summer and winter 2004. 
 
 

 
 
 

Figure 7.1: Frequency of inversion in the six MONITRAF-regions in summer 2004.   
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Figure 7.2: Frequency of inversion in the six MONITRAF-regions in winter 2004.  
 
 
Because of the less suitable temperature profiles the frequency distributions of the upper three 
valleys (in the diagram) are more uncertain than the lower three, especially in summer and in 
particular the profiles of Bardonecchia and Bozen. In the crucial winter season the inversion 
frequencies range between the minimum at Erstfeld (Zentralschweiz) and the maximum at 
Moleno (Ticino), analogous to the mean I/E-ratios (see chapter 6). In summer Moleno (Ticino) 
likewise stands out, showing by far the highest inversion frequency. In general there are more 
inversions in winter than in summer but apart from that, the regional differences are 
considerable. 
 
 

7.2. Consideration of wind conditions 
 
 
This analysis was carried out in order to examine the relevance of local wind regimes: The 
frequency of thermic upward wind in summer and of downward wind in winter. The latter is 
mostly started up through the gravity of locally and regionally cooled-down air; however it also 
contains various amounts of ‘Foehn’, which was not analysed further in this study.  
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Figure 7.3: Frequency of upward wind in the respective valleys in a day, summer 2004. For Moleno 
the wind measuring facility Lodrino (Ticino) of Meteo-Schweiz was used. 

 
Daily frequencies of upward wind (sector of 60°) re ach 60-80% everywhere,eventhough the 
valleys are completely differently aligned. The local element therefore plays a big role 
concerning the wind regime. It can currently not be explained why the frequency maximum in the 
Etschtal (Südtirol) and the Inntal (Vomp) is reached a couple of hours later than in the other 
valleys.  
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Figure 7.4: Frequency of downward wind in the respective valleys in a day, winter 2004. For Moleno 
the wind measuring facility Lodrino (Ticino) of Meteo-Schweiz was used.  

  
The very frequent wintry downward winds (sector of 60°) in the Etschtal near Salurn 
and in the Valle di Susa are conspicuous, also the restless course of frequency during the first 
half of the day at Vomp (Unterinntal). In the afternoon, frequency decreases everywhere, 
because also in winter there is the possibility of thermic upward wind prevailing. 
 
 

7.3. Connection between inversions and pollution 
 
 
This chapter demonstrates a quantitative connection between inversion frequency and NOx-
concentration. If the mean daily NOx values are entered against the daily inversion frequency 
the result is a scatter-plot, which increases towards higher frequency of inversion. The 
regression line describes this dependency.  
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Figure 7.5: Daily average of NOx-concentration (in % of annual average) against daily inversion 
frequency, Moleno (Ticino) 2004.  

 
The resulting regression lines of all regions are now compared. 

 

 

Figure 7.6: Sensitivity of NOx-pollution to inversion frequency in five MONITRAF-regions, 2004.   
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The annual inversion frequency is found at the point where the respective regression line 
crosses the 100%-line of NOx. The gradient of the line corresponds to the sensitivity of the NOx-
concentration regarding inversions: a higher gradient (steeper slope) means a greater NOx-
increase per % of inversion frequency increase. Moleno (Ticino) 
and Aosta show a higher sensitivity than the other three measuring points. In general the 
reaction of NOx concentration to inversions is significant; mean NOx-concentrations at 100% 
inversion and otherwise same conditions amount to several times the value which prevail at 0% 
inversion. 
 

 
 
 

8. Noise pollution 
 
Only the two Swiss regions provided a total of three measuring points located close to the 
highways where continuous measurements were carried out. In the Valle d’Aosta 3-6 measuring 
campaigns each lasting a week were carried out every year at three measuring points close to 
the highway. These noise measurements can be compared amongst each other.  
From the Valle di Susa there exist a couple of one-weekly measurements done at different times 
and different places, with different volumes of traffic and at different distances to the highway. 
These are documented merely as information, but can not be compared with the other data. 
From Tirol there existed only few measurements, from Südtirol none.  
 

8.1. Noise pollution in the regions Zentralschweiz,  
Ticino 
and Valle d'Aosta 
 
Noise pollution is declared in decibel (dB), a logarithmic value for sound intensity. A change in 
the sound intensity by the factor 2 causes a modification of the value by 3 dB, independently of 
the starting point. A change in the volume of traffic by 10% with the fleet remaining the same, 
changes the sound-level merely by 0.4 dB. 
The following figure shows the energetic annual average of noise pollution at measuring points 
close to the highways in Central Switzerland, Ticino and the Valle d'Aosta, divided into day 
(6am-10pm) and night (10pm-6am). 
 

 
 



 42 

 

Figure 8.1: Noise pollution (mean values) measured at various locations in Zentralschweiz, the 
Ticino and the Valle d'Aosta in 2004/2005 divided into day (6am-10pm) and night (10pm-6am). Noted 
in parenthesis is the distance to the highway. One scale unit (3dB) corresponds to doubling of 
sound intensity.   

 
 
 

The noise pollution roughly reflects the volume of traffic, however with considerable 
modifications. In Zentralschweiz and the Ticino the sound-intensity at night is only a quarter of 
the daytime value; in the Valle d’Aosta, with the exception of Châtillon, this difference is much 
less pronounced due to the lacking of a nocturnal lorry traffic ban.  
 

8.1.1. Influence of the road surface on the noise p roduction 
 
In September 2004 the existing surface (AB 16 s) at Moleno (Ticino) was replaced on a length of 
300 m on all lanes by a noise-reduced coating (AC 8 Leca). Noise measurements were carried 
out before and after the replacement at a distance of 6.5 m from the normal lane, and were then 
analysed by Tami and Bozzolo et al. (2005). The first results are summarised in the following. 
Two measuring periods were compared: November 2003 – June 2004 (surface AB 16 s) and 
November 2004 – June 2005 (noise-reduced surface AC 8 Leca). The results were standardised 
to one vehicle per half hour, regardless of differences which might have occurred in the 
respective months of comparison regarding volume of heavy vehicle traffic, surface condition 
(wet/dry) or surface temperature.  
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Figure 8.2: Standardised noise exposure per vehicle at Moleno (Ticino) on highway coating AB 16 s 
and on noise-reduced coating AC 8 Leca (source: Tarni and Bozzolo et al. (2005)).   

 
The difference can be seen quite consistently for all months, the non-consideration of various 
side conditions therefore showed no massive effect.  
The mean noise reduction was – 4.2 dB. The total volume of traffic would have had to be 
reduced to 38% in order to achieve the same noise reduction (whereby it’s not been considered 
however, that the noise reduction affects mainly high frequency ranges, see below). 
Additionally the mean noise level for both surface conditions in Moleno and for a drain-asphalt 
surface of another highway in Switzerland (Tenniken) was each standardised for a 
representative month for workdays (6am-10pm).  
While considering the volume of cars and lorries, the speeds driven and the mean surface 
temperatures, as well as under utilisation of the acoustic model SonRoad, all the measured 
third-levels (“Terzpegel”) were related to a reference state (traffic data from Moleno Nov.2004, 
surface temperature of 20°C).  

 

Table 8.1: Comparison of the standardised Leq of the surface coating AB 16 s and 
AC 8 Leca (in Moleno) with a drainasphalt in Tenniken. (Source: Tami and Bozzolo 
et al. 2005).  
 

Location 
(surface) 

Leq measured 
dB (A) 

Correction 
according to 

SonRoad 
dB(A) 

Correction for 
surface 

temperature 

Leq corrected 
dB(A) 

Difference 
with Moleno 

(AB 16s) 
dB(A) 

Moleno 
(AB16 s) 

82.4 -1.3 -0.1 81.0 0.0 

Moleno (AC 8 
Leca) 

78.1 0.0 -0.8 77.3 -3.7 

Tenniken 
(drain-asphalt) 

80.0 -2.5 -0.6 76.9 -4.1 
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Also after applying this method both noise-reduced surfaces show approximately 4 dB less than 
the surface AB 16 s.  
 
The traffic noise spectrum of all three surfaces is equally of interest.  
 

 

 

Figure 8.3: Average traffic-noise spectrums based on a reference-state at Moleno (old condition, AB 
16 s), Moleno (new condition, Leca AC8,-3,7dB(A)) and Tenniken (Drainasphalt,-4,1 dB(A)). (Source: 
Tam and Bozzolo et al. (2005).  

 
 

The effects concern mainly frequencies above 500 Hz, partly also those under 40 Hz.  
 
 

8.2. Noise measurements in the Valle di Susa 
(Piemonte) 
 
From the Valle di Susa there exist a couple of one-weekly measurements taken at different 
places with different volumes of traffic and at different distances to the highway. These 
measurements are documented here merely as information, but can not be used for 
comparisons. Also documented are some short-term noise measurements (1-2 days) from 
railway lines. 
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Table 8.2: Traffic noise in the Valle di Susa (Piemonte) in the area of highway A32 
and the railway line.  

 

 
 
 

These values show that noise from the railway is in general of the same magnitude as road 
traffic noise, partly railway noise is even greater at night than in the daytime. In all the 
MONITRAF-regions except in the Valle d’Aosta there are major international railway lines, 
whose noise-effects may not be neglected. 
 
 
 

8.3. Chronological variations of noise pollution 
 
 
Mean noise levels alone do not suffice to completely describe the noise situation. Likewise to the 
air pollution values, the half-hourly noise values also range greatly around the annual average. 
Within these half hours there are very big variations in noise levels, which is not really the case 
with air pollution, but which is of great importance regarding the actual noise pollution felt by the 
local residents.  
As example the following figure shows the histogram of half-hourly noise levels at Moleno 
(Ticino). 
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Figure 8.4: Noise level distribution at Moleno (Ticino), 2004.  
 
There are half-hour values up to 93 dB. The energetic mean value lies at around 77 dB. An 
example for the fluctuations within a measurement interval of half an hour is shown in the 
following measurement from the Unterinntal (Tirol), (Lercher 2005). 
 
 

 

 
 

Figure 8.5: Progression of noise levels during half an hour at a measuring point in the Unterinntal 
(Source: Lercher (2005).   
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'GZ' and 'SZ' depict trains, which produce short periods of noise peaks; this is further evidence 
for the necessity of taking railway noise into consideration.   
 

8.4. Noise sensitivity in the alpine region 
 
Also concerning noise pollution the alpine regions show a special sensitivity. According to 
Lercher (2005) this can be summarised as follows:   

§ Direct spreading of sound toward the hillsides (no sound absorption on ground or 
structures) �  “amphitheatre effect”. 

§ Winds and inversions amplify spreading of sound. 
§ Greater difference between low basic level and effective level in situ.   
§ Worse protection possibilities (no real “quiet” hillside due to single houses and sound 

reflexion from the slopes)  
§ Restricted use of outdoor areas in plots with large gardens. 
 

A measuring campaign in the Urner Reusstal (Zentralschweiz) showed that inversions caused a 
reduction of sound-absorption-by-spreading of up to 7 dB at a measuring point in the valley floor 
(Heutschi).  
An investigation which has not yet been published found the “amphitheatre effect” also in the 
Wipptal (Tirol), namely certain locations which lie further away from the highway are subjected to 
a higher noise pollution than locations close to the highway (Lercher 2005).  
 
A special noise-measuring campaign with the following objectives was carried out in Camignolo 
(Ticino) in autumn 2005 using 4 additional measuring points (Andretta 2005):  
 
1. Sound on valley hillsides (amphitheatre effect?)  
2. Comparison of locations with different ground absorption of sound. 
3. Spreading of sound at the valley floor under stable and instable conditions in the atmospheric 
layer close to the ground  
4. Modelling of sound spreading with SonRoad-M 
 
It may be expected that with the results of this project the knowledge of sound spreading in 
mountainous regions will increase further.  
 
 

9. Summary 
 
The effects of road traffic on the environment regarding air and noise pollution in the transit 
valleys of Fréjus, Montblanc, Gotthard and Brenner were analysed and compared for the year 
2004. In doing so, a distinction was made between the situation in the central parts of the valleys 
and in the upper parts of the valleys close to the alpine crossing; aside from the cross-alpine 
traffic the inland traffic is of varying importance. Only those components could be analysed for 
which sufficient data could be obtained for the year 2004 from all the six examined valleys: 
Traffic volume of 'light' (primarily private cars) and 'heavy' (mostly trucks and buses) vehicles, 
emissions of nitrogen oxides and particles, concentrations of nitrogen oxides and particles 
(PM10: particles with an equivalent diameter up to 10� m), climatic conditions regarding wind 
and inversions.  A series of information could also be gathered concerning the noise-situation.  
 
Following statements can be made for all examined valleys:  
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·  In the alpine valley one emission unit generates a 2-3 fold higher concentration of 
pollutants than in the flat country.  

·  The reasons for this are the topography (hindrance of lateral diffusion of emissions and 
channeling of wind) and the climate (frequent development of inversions); and this 
although the valleys are topographically very different (different alignment of valley axes, 
different topographical structures). 

·  Road traffic dominates as cause for the pollution with nitrogen oxides, for PM 10 this is 
not so clear. 

·  Local wind conditions comprising thermic upward winds during the day (especially in 
summer) and gravity-generated downward winds in winter, prevail.  

·  The frequency of inversions shows an annual average of 30-40%, in one case even 50% 
and is therefore significant.  

 
Furthermore following central statements can be made:  
 

·  The share of inland traffic in the total traffic volume varies greatly within the valleys and 
also amongst the valleys.  

·  At a great number of measuring points the pollution limit values were exceeded. 
 

·  The seasonal and daily distributions of inversion frequencies varied greatly amongst the 
valleys.  

·  The situation of the valleys also shows a negative impact regarding noise pollution: The 
“amphitheatre effect” carries sound to locations higher up, which at the same distance 
from the noise source in flat country would be much less affected; also in inversion layers 
the resulting sound absorption is less than without inversion.  

 
 
As a whole all the examined transit valleys have turned out to be sensitive regions; yet in a 
scientific study each region should be seen individually. 
 
 

10. Picture gallery 
s. next three pages. 
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11. Assessments done by regional 
environmental authorities 
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13. Recommendations 
 
1. General recommendation 
The great efforts of the authorities in the alpine transit regions which are joined together by 
MONITRAF to protect the environment should be continued.  
 
2. Data situation 
The administrative authority which assesses the environmental situation in its region should  
possess up-to-date data of traffic on the transit axes, of air and noise pollution, and of the 
climate. Chronological resolution should rely on hourly values at least. All data should be 
available on electronic data carriers. Traffic should be subdivided into vehicle categories (as 
many as technically possible), and at least the heavy-goods transports should be recorded 
separately. Air pollution-measurements done close to the roadside should comprise at least 
nitrogen oxides and PM 10, if possible also soot, number of particles and VOC (volatile organic 
compounds).  At a greater distance from the main road, if possible also on hillside locations, 
ozone measurements should be performed. The data concerning the climate should include at 
least the vertical temperature-layers (inversions) as well as the wind conditions at the pollution 
measuring point.  
 
3. Noise measurements 
Because of the mountain-specific sound-effects (amphitheatre-effect on hillsides, amplified 
horizontal spreading of sound in inversion layers) noise-measurements should not be done 
without. Also mountain-specific sound effects must be investigated better than they have been 
until now; therefore parallel measurements at different locations are necessary.  
 
4. Locations of measuring points for air-hygiene 
Starting point of this recommendation is the guideline 1999/30/EG passed by the EU council on 
the 22.April 1999, appendix VI: “Location of sampling points for measurements of sulphur 
dioxide, nitrogen dioxide and nitrogen oxides, particles and lead in the air”. There it says that 
sampling points should be located in such a way that „ the data of regions and congested urban 
areas are obtained, where the highest concentrations occur to which the population will 
probably……. be subjected“. Further: „ traffic measuring points ….which measure nitrogen 
dioxide should not be located further than 5 m from the roadside.  
Per region there should be at least two measuring points for air pollution: Close to the transit 
axis in 5-6 m distance from the roadside and regionally at 100-1000 m distance, but still in “air-
hygienic” connection to the transit axis. 
 
5. Quality control 
For measurements concerning gaseous substances there should be regular calibrations, 
whereby the interval depends on the specific instrument. With PM-10 measurements there 
should be at least a once-a-year phase where a parallel reference measurement is taken with a 
gravimetrical PM 10-determination. It is suggested that, in all MONITRAF-regions if possible, a 
common quality control is performed on-site with a mobile calibration-platform. 
 
6. Evaluations 
For every year of measurements there should be a consolidating analysis concerning traffic 
(emissions), pollution and climatic aspects, whereby the effects of emissions and climatic 
influences on the air pollution are investigated, this also in order to evaluate the effectiveness of 
possible measures and eventual developments connected with traffic.  
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7. Development of a common platform 
The installation of a permanent common platform of the partaking regions is suggested, where 
the accordance regarding measurements and investigations, analyses and statements, 
measures and appearance can be further developed. The platform serves to exchange 
information and coordinate activities. It can be set up in writing (in form of a bulletin) and /or 
orally (conference), about twice a year.  

 


