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SUMMARY IN SWEDISH  

Vägnät är kända för att orsaka ett brett spektrum av effekter på sin 
omgivning och ökningen av transportinfrastruktur är en av de viktigaste 
drivkrafter för att förändra markanvändning globalt. Det sätt vägar 
förstör landskapet ibland förändras drastiskt ekologiska mönster och 
funktioner med stora konsekvenser för biologisk mångfald och 
ekosystemtjänster . Påverkan från vägar har studerats i årtionden. Denna 
studie syftar till att föreställa sannolika effekter av trafikbuller i den 
nuvarande transporten infrastruktur på nationell nivå i Sverige. Studien 
omfattar kartläggning av potentiella konfliktområden mellan väg och 
ekologiska nätverk genom att definiera “road effect zones”  runt vägarna 
baserade på trafikvolym, omgivande vegetation typ, marktäcke typ och 
därmed ljudnivån för varje segment av vägarna. Det försöktes hitta 
påverkan av trafikbuller på områden som är viktiga för naturen som 
nyckelbiotop områden, ängar, betesmarker och våtmarker.  En metod 
som kallas "Calculation of road traffic noise" (Crtn) valdes för beräkning 
av buller som genereras av trafikflödena.  

Analysen utfördes genom att använda data på vägarna från den 
nationella vägdatabasen, och SAMPERS, mark uppgifter omfatta 
uppgifter om bevarande av biologisk mångfald och nationella databaser 
om naturvärden. Analysen utfördes med en rumslig prognos baserad på 
ett geografiskt informationssystem (GIS), med Sverige som en fallstudie. 

Dessutom är modellen körs för två scenarion. Först ljudnivå mer än 55 
dB eftersom det kan vara svårt irriterande för djurlivet. Då modellen 
körs för buller högre än  45 dB för att se resultatet eftersom det finns 
andra indikationer som visar att buller högre än 45 dB kan få allvarliga 
effekter på vissa arter. Enligt resultaten är 813 hektar naturvärden utsätts 
för bullernivåer högre än 55 dB, samma vis, är 2190 hektar som beskrivs 
områden med naturvärden utsätts för buller högre än 45 dB. Studien 
som basinformation och en bred förutsägelse av de viktigaste effekterna 
på den biologiska mångfalden på landskapsnivå och regional skala. 
Effekter förutsägelse av alternativa planeringsscenarier kommer att 
underlättas med hjälp av GIS-baserade prognosmodeller och bistå 
beslutsfattandet om fördelning av framtida vägar. 
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ABSTRACT  

Increased utilization of terrestrial vehicles requires devotion of huge efforts to provide 
road infrastructure for increased accessibility. Meanwhile, there is no doubt that 
transportation infrastructure has major impacts on ecosystems, ecological processes 
and biodiversity at a landscape scale. These impacts result from habitat loss, 
fragmentation and degradation, spreading of invasive species, noise pollution, road 
mortality but also more unknown impacts such as altered isolation patterns.  

This study aims to picture probable impacts of noise in the current transportation 
infrastructure at a national scale in Sweden. The study involves mapping of potential 
conflict zones between roads and ecological networks by defining road-effect zones 
around roads based on traffic volume, surrounding vegetation type, land cover type 
and consequently noise level for each segment of the roads. Focal to this study are 
impacts of noise on areas of importance for nature conservation like key habitat areas, 
meadows, pastures and wetlands.  

A method called “Calculation of Road Traffic Noise” (CRTN) was selected for 

calculation of noise generated by traffic flows in Sweden. The analysis was 
performed by using data on roads from the National Road Database and SAMPERS, 
land cover data, data on biodiversity conservation, and national databases concerning 
nature values. The analysis was done with a spatial prediction model based on a 
Geographic Information System (GIS), using Sweden as a case study.  

According to the results, 813 ha of nature values are exposed to noise levels higher 
than 55 dB; same wise, 2190 ha of outlined areas with nature values are exposed to 
noise higher than 45 dB. The study provided baseline information and a broad 
prediction of main impacts on biodiversity at landscape and regional scales. Impact 
prediction of alternative planning scenarios will be facilitated using the GIS-based 
prediction models and assist decision making on allocation of future roads. Using such 
methods when discussing future localization of road infrastructure will be useful for 
integrated sustainability assessment and strategic environmental assessment. Thus, it 
provides possibilities for minimizing adverse impacts of infrastructure on biodiversity 
at an early planning stage.  

1. INTRODUCTION 

1.1. Background 
For a long time exponential growth in number of cars has caused many 
adverse effects on wildlife and general natural values. One of these 
effects is noise resulting from traffic flows, causing significant 
disturbance for species living near roads. For instance, many animals like 
birds, mammals and amphibians use sound signals to defend territories, 
to attract mates, to keep their group or even to alert for predators; thus, 
increasing traffic noise disturbs birds and animals (Reijnen and Foppen, 
1994). Birds, amphibians and mammals react differently on traffic noise.  
For example, some birds sing at a higher pitch as a behavioral response 
to traffic noise to conquer low-frequency noise (Parris et al., 2009), or in 
some cases they alter the time spent singing (Sun and Narins, 2005; Díaz 
et al., 2011). Although the above mentioned adaptations may reduce the 
problem, it can still be considered as an unwanted change resulting from 
stress. Moreover, not all species have the possibility to adapt their 
behavior. Traffic noise may also lead to increased mortality risk, reduced 
reproductive success and consequently decreasing population densities 
(Reijnen and Foppen, 1994).  
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Forman and Deblinger (2000) showed that roughly more than half of the 
bird species living aside busy-traffic roads get negatively affected. 
Moreover, Reijnen et al. (1996) reported that species with high 
conservational value are more strongly affected by traffic noise. 

Besides, impacts from noise are visible in everyday life of human beings 
as well. According to the World Health Organization (2000) traffic noise 
cause psychological effects in humans such as raised stress levels, sleep 
disruption, hearing loss, work-related stress and increases risk of 
accidents. Hence, outdoor activities can be considered vital for human 
psychological restoration (Grahn and Stigsdotter, 2003). An abstract 
should not exceed a half A4 page and not to exceed 300 words. An 
abstract presents the content of the thesis in a dynamic and provocative 
manner. It is not a summary and not just a short version of the entire 
paper. It should stimulate an interest to read the thesis. Statements in the 
Abstract concerning the results of your research can be presented in a 
more absolute and dynamic manner than is actually stated in the 
discussion and conclusions. Normally methods are not described unless 
they are new.  

1.2. Research motive 
Increased utilization of terrestrial vehicles requires devotion of huge 
efforts to provide road infrastructure for increased accessibility. 
Consequently, there are higher levels of noise emitted into the 
environment. Simultaneously, the demand for analyzing and mitigating 
the impacts of traffic noise will increase. Although there is a huge need 
in this field, up until now, the consequences of traffic noise for natural 
environments has rarely been addressed in Swedish transport 
infrastructure planning (Helldin et al., 2011). To clarify, current noise 
regulations in Sweden (Swedish Government 2004) and the European 
Union (European Parliament and Council 2002) suggest traffic noise 
should be mitigated only in residential areas. Even though there are 
general rules on noise prevention in non-residential areas issued by the 
Swedish transport administration (Swedish Road Administration 2001), 
they are almost always neglected. Hence, the lack of practical methods 
for analysis of the impacts of traffic noise in natural environments leads 
to consideration of this as the main motive for this thesis. In addition, 
there is a need for such studies to demonstrate how large areas of sites 
with high natural values that may be endangered because of exposure to 
high levels of noise. 

1.3. Research purpose 
The aim of this thesis was to develop a method for assessment of the 
impacts of traffic noise on key natural values and habitats, at a national 
scale. We present results derived from the method applied on roads with 
traffic volumes higher than 10.000 vehicles/day with different traffic 
speeds. The aim was to develop methods for providing a coarse estimate 
of the impacts from noise on the surrounding environment. Such 
methods can be used for future discussions of localization of road 
infrastructure in integrated sustainability assessment and strategic 
environmental assessment. Moreover, such methods can highlight areas 
which are in first priority for mitigations in order to conduct the 
devotion of governmental funds in cost and benefit analysisIf the 
development of new methods is the aim of your research then the results 
are the final methodology. How you worked to develop the new 
methodology is presented in methods. 
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1.4. Report outline 
This study highlights areas disturbed by noise from traffic at a national 
scale. The main part of the thesis covers the method of noise prediction 
supported by figures indicating areas under high noise exposure. Tables 
are also used as a tool to see how large areas of natural values under high 
level of noise pollution are. This thesis strives to contribute with a robust 
and accurate method for calculating noise levels. The thesis is based on 
the UK Prediction Method from 1996 which was used to implement the 
tools. Chapter 2 presents a literature review on key concept like road-
effect zone, defined important natural values and the existing methods 
for calculating road traffic followed by a detailed description of the 
selected method for our case. In chapter 3, we explain how to implement 
the proposed method in our case and how GIS assisted us to build a 
model. Moreover, as it will be presented in literature review, the model is 
run for noise level more than 55 dB since it can be severely annoying for 
wildlife. Then, this level will decline to 45 dB to see the result since there 
are other indications showing that noise higher than 45 dB may have 
severe impacts on some species. Chapter 5 contains the final result from 
both different noise levels. Results are presented in form of maps, tables 
and figures. Finally, in chapter 5 we end up with a conclusion, and an 
outline of the possibilities for further research. 

1.5. Research scope and limitations 
This study focused on traffic noise generated by cars and heavy vehicles 
on roads and other sources of noise like industry, trains or airborne 
vehicles were not considered. According to the research purpose, the 
main objective of thesis study was to identify the area, extending 
outwards from the center of the road, in which ecological patterns and 
processes could be significantly disturbed by traffic noise. Meanwhile, we 
considered assumptions to do the process step by step as presented in 
detail in the Methods part. The first and main assumption was to focus 
on roads in Sweden with volumes of 10.000 or more vehicles/day. 
However, it is going to be a future task to run the model for other 
flows.References  

2. LITERATURE REVIEW  

2.1. Previous studies 
Many studies have been performed around the world exploring road 
impacts on different objects. For example, Forman and Deblinger (1998) 
used a 25 kilometers section of a four lane busy highway in 
Massachusetts to identify the “road-effect zone”, and focused on nine 
key features affected by the road disturbance. These key features were 
wetlands, streams, road salt, exotic plants, moose, deer, amphibians, 
forest birds, and grassland birds. According to the above mentioned 
studies, impacts could be identified on key features located at distances 
more than 3 km from the road. 

Moreover, Forman (2000) computed that at least 20% of the land area in 
the United States is affected, but in that assessment a variety of factors 
were taken into account in addition to noise, like mortality and barrier 
effects on deer, hydrology, spread of exotic plants etc. In a similar case 
study, Reijnen and Foppen (2006) estimated the proportion of habitats 
affected ecologically by roads. They calculated that between 8 and 20 % 
of bird habitat area in the Netherlands would fall within a road effect 
zone. Thus, the study carried out in the Netherlands can be considered 
as a better comparison to our study. Likewise, there are other studies 
focusing on more factors in addition to noise. For instance, Fu et al. 
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(2009) analyzed ecological effects of road networks on landscape 
connectivity in a case study of China. They defined a new index called 
“probability of connectivity” and showed how it was affected by road 
construction which lead to fragmentation and disruption of corridors 
(barrier effects).  

In another case study Forman et al. (2002) tried to estimate the impacts 
of road networks on grassland birds, based on a five year period of 
collecting grassland birds’ data related to distance from roads on 84 
different open routes with different traffic volumes in Boston. The 
results showed different patterns related to distance and traffic volumes. 
In addition, Saunders et al. (2001) examined road density, landscape 
structure and edge habitat as a result of road construction for eight land 
cover types in two ecologically different landscapes.  

Likewise, in another case study, Jones et al. (2000) tried to focus on the 
effects of roads on stream networks at a landscape scale, which involved 
effects on ecological and biological processes in the stream and nearby 
lands.  

This case study was selected from an experimental forest in the United 
States and the authors realized that roads can disturb flow rate and the 
stream dynamics which can lead to change in the biological and 
ecological situation around the stream. Recently, López et al. (2010) 
investigated the impacts of roads on mammal and bird populations 
based on data from 49 studies on 234 mammal and bird species. They 
reported that densities of mammal and bird populations declined with 
decreasing proximity to roads and suggested that the effect of roads on 
birds extended up to distances of about one km, and up to 5 km on 
mammal populations. 

2.2. Noise annoyance level 
According to the Environmental Noise Directive (END) of the 
European Commission (2002/49/EC), noise levels of more than 55 dB 
in an outdoor environment are considered to be severely annoying for 
humans.  Furthermore, in the European Community, most countries 
have adopted the legislation and limits for noise sensitive areas presented 

by French National Research Institute for Transportation and 
Transport Safety INRETS 1994. Table 1 show limits for traffic noise 

according to legislation from different countries. 

Noise intensity (loudness) is measured in decibels (dB).The decibel scale 
is logarithmic. Thus, a three-decibel increase in the sound level 
represents a doubling of the noise intensity. Considering the fact that 
animals can hear ultrasounds, it’s much more annoying for animals. 

Table 1. Limits for traffic noise in different countries 
 
Country Day limit (dB) Night limit (dB) 

Denmark 55 55 

France  60-65 55-57 

Sweden 55 55 

Germany 50-55 40-45 

Spain 50 50 

Netherland 50 45-50 

Switzerland 55 45 

UK 55 42 
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There are evidences that noise levels of 45 dB also cause severe 
annoyance. Reijnen and Foppen (1994), as well as Reijnen et al. (1996) 
illustrated that the density of birds around busy roads start to decline 
when the traffic noise level reaches 45 dB. As illustrated in Figure 1, 
there is an obvious decline when the noise level reaches 45 dB. 

As is illustrated in Figures 1 and 2, bird population densities decline 
significantly with increasing proximity to roads (Reijnen and Foppen, 
1995). In addition, Lopez et al. (2010) reported that mammals can have a 
similar reaction with strongly decreasing population densities. 

2.3. Selection of important habitats 
Prior to the selection of habitat types with high natural values to use in 
the analysis, it was necessary to define what could be considered as a 
natural value. There is no doubt that areas containing protected species 
or red-listed species would be considered as having a high natural value. 

Fig. 1 Relative population density of birds at different levels 
of road traffic noise in grasslands, dB (A) in a case study from the 
Netherlands. The value 1.0 represents an average density in 
the surrounding area  (Reijnen and Foppen, 1995). 

Fig. 2 Relative population density of forest dwelling birds under 

exposure to different levels of road traffic noise, dB (A) in a case 

study from the Netherlands. The value 1.0 corresponds to average 

population density (Reijnen och Foppen 1995). 
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Based on Reijnen et al. (1996) and Reijnen and Foppen (2006), in a 
comparison among habitat types, wetlands, grasslands and natural 
woodlands seemed to contain a larger proportion of affected species 
than arable land or urban habitats. Hence, we consider these areas as 
important: 

 Wetlands: Often associated with shallow lakes with high biodiversity. 

 Areas of high natural value: These are in this study consisting of 
pastures and meadows hosting a large proportion of the red-listed 
species tied to agricultural landscapes.  

 Key habitat areas: Parts of forest land like marshes, swamp forest, 
national interests for orthinological values and deciduous woodlands. 
Such habitats generally have a high biodiversity value with several red-
listed species. 

2.4. Road effect zones 
The road-effect zone is defined as a symmetric area, extending outwards 
from the center of a road into the surrounding landscape within which 
significant ecological effects on species, soil and water can be detected 
(Forman et al., 2003). Much research has been carried out, with the 

purpose to accurately estimate the road-effect zone. Although there are 
quite many studies trying to identify specific thresholds, there 
aren’t any available studies carried out for Sweden. Mainly two 

approaches to road effect zone estimation can be identified in the 
literature: 

 Studies which estimate road effect zones based on its traffic volume. For 
example, a specific part of a busy road is chosen as study area. Then, 
disturbing factors are determined around the road to see how far the 
effects of these disturbing factors can be observed.  Different case 
studies have been carried out around the world. As illustrated in Table 2, 
road disturbance extends much farther into open land than into other 
land cover types, since there are no trees or obstacles to mitigate the 
effects 

Table 2. Estimated road-effect zone based on traffic volume 

Traffic 
Density(veh/day) 

Estimated road 
effect zone 

(meters) 
Reference 

10,000 <305 
Reijen et al. 1997

 

50,000 <810 

10,000 <360 
Reijen et al. 1996 

50,000 <930 

>50,000 - Weiserb & Jacob 2001 

700-3,000 250-500 Raty 1979 

4,800 625 Zande et al. 1980 

3000 >500 Clark & Karr 1979 

>25,000 1000 

Fu et al., 2009 10,000-25,000 500 

2000-10,000 250 

8000-15,000 400 

Forman et al., 2002 15,000-30,000 700 

>30,000 1200 



Ecological impacts of traffic noise - a national spatial assessment for Sweden

 

7 

  Studies trying to find out road effect zones based on affected species. 
In this category, disrupting factors which may lead to an ecological 
impact helps to find areas affected around the road. Table 3 represent 
estimated road-effect zones based on affected species 

2.5. Estimating a buffer for finding road effect zones in Sweden 
Despite the lack of studies on road-effect zones in Sweden, there are a 
number of reports aboutroad effects, road barrier effects and endangered 
animal species.  

2.6. Road traffic noise prediction methods 
There are two known methods for calculating road traffic noise; the first 
is the Nordic prediction method and the second is the UK prediction 
method. Here follows an attempt to outline the main features of both 
prediction methods.  

2.7. Calculation of Road Traffic Noise model 
For some years, traffic noise in the UK has been assessed using the 
Calculation of Road Traffic Noise (CRTN) model (Department of 
Transport, 1988). The model was designed to assess hourly or daily L10 
dB (A) (the noise level on the 

 "A" weighted decibel scale which is exceeded for 10% of the time 
period) and has principally been applied to predict the rise in noise levels 
from traffic. The first version of this calculation method was published 
in 1975. A revision was carried out by the Transport and Road Research 
Laboratory and the Department of Transport. Then, a new version 
replaced the earlier method in 1988, even though it was very similar to 
the previous one, including the philosophy of approach and most of the 
formula. However, the new one covers the results of recent research, 
extending the scope of the method to cover a wider range of 
applications. Moreover, calculations return appropriate results for 
distances greater than 300 meters from a road, indicating that the 
calculations can be implemented for a receiver located far from the edge 
of the road.  

Table 3. Estimated road-effect zone based on affected species 

Factor 
Estimated road 

effect zone 
(meters) 

Reference 

Wetland drainage 50-500 Forman & Deblinger (2000) 

Noise on grassland birds 650 Reijen et al.(1995) 

Mammal richness 400-500 

Pocock & Lawrence(2005) 

Traffic noise 350-380 

Core habitat area 
disruption 

150-900
 

Light penetration 
Forest: 360 

Flat terrain: 450 

Species richness 450-800 
Eigenbrod et al. (2009) 

Affected wetlands 500 

Affected deer wintering 
pathways 

<663 

Biglin & Dupigny (2007) 
Endangered species <997 

Affected wetlands <995 

Endangered snake <850 Rudolph et al. (1999) 

Salamander loss <100 Semitsch et al. ( 2006) 
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The model was designed to assess hourly or daily L10 dB (A) and has 
principally been applied to predict the rise in noise levels from the 
construction or improvements of roads.  

The procedure of calculating road traffic noise is divided into three steps. 
First step is to assess the basic noise level of the road using traffic flow, 
average traffic speed, the percentage of heavy vehicles, road surface, 
surrounding ground cover and the gradient of the road.  

The second stage modifies the noise level by the distance of the receptor 
from the road. Stage three incorporates the effects of barriers between 
the road and the receptor. Finally, the layout of the receptor site is 
assessed for sound reflected by buildings on either side of the road. 

2.7.1. Step1: Dividing the road scheme into segments 

If the traffic flow varies significantly along the length of the road, then 
there is a need to divide the road into segments in which the variation of 
basic noise level is small (2 dB). In this way, each segment is considered 
as a separate source of noise. 

2.7.2. Step2: Computing basic noise level 

Required data 

The noise prediction model calculates the L10 (hourly) noise in decibels 
(dB). The following input parameters are required for the calculation: 

 Traffic flow for light and heavy vehicles 

 Average speed 

 Height of road surface relative to the surrounding ground 

 Position and height of barriers 

 Type of ground and land cover, i.e. soft and hard 

The method of predicting noise levels at a certain distance from the road 
(the location of the receiver) consists of six stages: 

  Divide the road scheme into one or more segments in which the 
variation of noise is small. 

  Compute the basic noise level of the road using traffic flows. 

  Calculate corrections for average speed, the percentage of heavy 
vehicles and road surface. 

  Modify the noise level by the distance to the receiver. 

  Modify the noise level by considering how sound could be reflected by 
different land cover on each side of the road. 

  Modify the noise level by implementing the effects of barriers between 
the road and the receiver. 

The basic noise level, at a reference distance of 10 m away from the 
nearside edge of the road is calculated by using traffic flows related to 
each segment of the road.  

In this equilibrium q is hourly traffic flow (vehicles/hour). 

L10 (hourly) = 42.2+ 10 log10 𝑞 , dBA 

 

2.7.3. Step3: Correction for speed, percentage of heavy vehicles and road surface 

Further, a composition of heavy vehicles, speed limits for each 
carriageway, surface and texture depth is necessary. The correction for 
percentage of heavy vehicles and traffic speed are obtained by using the 
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following expression where P is the percentage of heavy vehicles and V 
is average speed (km/hour) (Charts 4-6, CRTN) 

ΔpV = 33 log10  𝑉 + 40 + 
500

𝑉
 + 10 log10  1 +

5𝑃

𝑉
 − 68.8 , dB(A) 

 
Another factor which is of high importance for calculating noise levels is 
the road surface, since the level of noise depends upon the amount of 
texture (on the road surface). It should be noted that this correction is 
applicable for roads which are impervious to surface water and where 
the average speed is more than 75 km/h. As mentioned previously, focal 
to this thesis are roads with flows higher than 10000 vehicles per day. 
Roads which such traffic volumes are mainly motorways and highways. 
Hence, according to Environmental Noise Directive (END) of the 
European Commission (2002/49/EC) the average speed on motorways 
is more than 75 km/h. Thus, the following corrections to the basic noise 

level are applicable. There are two formulas for different road surfaces. 
(Paragraph 16, CRTN) 

The correction for concrete surfaces is given by: 

ΔTD = 10 log10 20𝑇𝐷 + 60 -20, dB (A) 

 
And for other surfaces:  

ΔTD = 10 log10 90𝑇𝐷 + 30 - 20 , dB(A) 

 

In these expressions TD is the texture depth in millimetres measured by 
the sand-patch test. According to Mohamed et al. (2004), maximum 
texture depth for asphalt is 20 millimetres, and according to Löfsjögård 
(2003), concrete roads constitute no more than 1 % of the whole road 
network in Sweden. 

2.7.4. Step 4: Distance correction  

Distance correction represents the fading of the noise with respect to the 
distance. The correction could be retrieved from noise receptors located 
at different distances from the road. The distance correction is calculated 
along the shortest distance (d’) between the noise source and the 
reception point. Distance correction is calculated by following the 
expressions for different distances (Chart 7, CRTN). 

Δd = -10log10 𝑑′ 13.5  , dB (A) 

 
Distance corrections are implemented for different distances from the 
road until the specific distance where traffic noise can no longer be 
considered significant. In order to analyse how far the effects of noise 
extends, the concept of “road-effect zones” was used. 

2.7.5. Step 5: Ground cover correction 

The type of land cover between the road segments and the reception 
point plays an important role in noise reduction. For example forests and 
cultivated fields have a potential to absorb a portion of the traffic noise, 
while the concrete surface of a buildings or a water surface transfer noise 
without any absorption.  
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Notably, this correction mainly applies to noise recipients close to the 
ground. The proportion of absorbing ground is calculated by following 
expressions (Chart 8, CRTN): 

Where H is: 

H = 0.5 (1 + h), meters. 

I is the proportion of absorbing ground based on different land cover 
types which vary between 0-1. Where I=1 is dedicated to land cover 
types with the highest level of absorption, like forests, and the lowest 
I=0 is assigned to reflecting surfaces like water and concrete. 

2.7.6. Step 6: Implementing effects of obstacles and/or barriers for noise 

The final correction is the implementation of the barrier effect of 
buildings and walls. They need to be taken into account. Thus, it is 
necessary to have digital elevation models containing the height of roads 
as well as the surrounding environment. Then it is possible to identify 
areas in the shade of an obstacle that consequently recieve less or no 
noise. Digital elevation models can be provided as either absolute (above 
datum) or relative (above or below the surrounding terrain height) (Chart 
9, CRTN).  

2.8. The Nordic prediction method 
The Nordic Road Traffic Noise Prediction Method is the third version 
of a joint Nordic method. The method was designed to assess LAeq, 24 
meaning that it predicts the A-weighted equivalent continuous sound 
pressure level, when a series of traffic parameters and topographical 
parameters are known. There is a limitation for implementing this 
method which makes it less applicable than the previous method. The 
calculations can be performed only up to 300 m from the road. It is 
assumed that after this distance, traffic noise is not disturbing anymore.  

2.8.1. Assumptions 

The method is valid when the following conditions are met: 

 Noise cannot be significantly annoying after 300 m from the road. 

 Neutral or moderate (0-3 m/s) downwind or (moderate) temperature 
gradients are prevailing. 

 

2.8.2. Required data 

The noise prediction model calculates LAeq (level of noise) in decibels 
(dB). The LAeq is calculated over a period of time (normally 24 hours). 
The following input parameters are required for the calculation: 

 Traffic flow for light and heavy vehicles 

 Real speed 

 Distance to road center line (from the receiver point) 

 Height of road surface relative to the surrounding ground 

ΔGC= 5.2 I log10  
6𝐻−1.5

𝑑+3.5
 , dB (A)    If   0.75 ≤ 𝐻 <

𝑑+5

6
 

ΔGC= 5.2 I log10  
3

𝑑+3.5
 , dB (A)      If   𝐻 < 0.75 

ΔGC= 0 , dB (A)   If   𝐻 ≥
𝑑+5

6
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 Position and height of barriers 

 Thickness of barriers 

 Location of the receiver 

 Surface or barriers 

 Location of the receiver relative to reflecting vertical surfaces 

 Type of ground, i.e. soft and hard 

2.8.3. Calculation steps 

According to the Nordic Prediction Method the LAeq is calculated in 
several steps for each road or section of the road. These steps are listed 
below:  

 Calculating the basic noise level 10 m from the centre line of the road. 

 Distance correction. 

 Ground and barrier correction. 

 Corrections regarding steep roads, reflections, thick barriers, backyards. 

 Calculation of the noise reduction by facades to get the indoor noise 
level. 

It can be concluded that both methods for predicting noise more or less 
follow the same steps. However, the UK method seems to be more 
reliable for calculating noise for a receiver located at a distance more 
than 300 meters. In addition, in the Nordic method, it is necessary to 
have information about weather and wind which make the process 
difficult. 

3. METHODOLOGY :  NOISE ASSESSMENT AND 

PREDICTION AS A TOOL 

3.1. GIS application 
In this chapter the model that was used for the proposed prediction of 
road traffic noise is described. We used the UK method to build a model 
in GIS, to get visual results. As described, roads with traffic volume of 
10000 vehicles/day or more was selected as input to the model. The 
model was run to predict how far the impact of noise on important 
habitats would extend for two different noise levels, 45 and 55 dB. 

Fig. 3  An overall illustration of the model with help of GIS. 
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3.2. How GIS helps 
Geographic Information System (GIS) is a combination of computer 
software and hardware that permits the storage, retrieval, analysis, 
manipulation and presentation of geographically referenced data. In this 
thesis GIS software was used to establish a model to analyze 
environmental impacts of noise, meaning that we didn’t use preexisting 
models visualizing environmental impacts. Hence, for the assessment of 
noise levels, we established a model to predict the area of natural values 
under high noise exposure from traffic flows. The results of these 
models were visualized by GIS in maps showing predicted levels of the 
impact and consequently an assessment of severance to mitigate effects. 
Nowadays the most common assessment for noise is to predict the noise 
level in areas facing roads. The most distinguished characteristic of GIS 
is that it can easily display data on a map and connect and pull up target 
data by their attributes. Figure 3 shows the procedure of implementing 
GIS for calculation of road traffic noise  

To estimate the noise level and implement the selected method in 
calculating road traffic noise level (CRTN) in GIS, it is possible to apply 
the model along each selected road. As long as we have traffic volume, 
land cover maps and digital elevation models as the input data, we can 
start running our method, CRTN, step by step, as explained in the 
Methods chapter. Output of the analyses can be either maps or tables 
showing the amount of areas under significant noise exposure for 
different natural values. In addition, we can compute the distance from a 
road from which traffic noise, as a disruption factor for the surrounding 
environment, is significant, which is called the “road-effect zone”. In 
other words, GIS maps can display the noise level for natural values 
located in road-effect zones along the roads. 

3.3. Selected prediction method:  
This thesis was based on the UK Prediction Method published by the 
Department of Transport (1988). This was due to the fact that there is a 
need to calculate noise for distances more than 300 meters from the edge 
of a road. Below is a brief introduction of its’ main features.  

Noise calculations contain different steps and correction. Some countries 
or regions have online programs for noise calculation, for example in 
England, Australia and the USA. In our case, since our project aimed to 
produce a noise map for the whole of Sweden, we applied the UK 
prediction method that was presented in the previous chapter. During 
the procedures there are a number of assumptions to be taken. These 
assumptions are clarified below. 

 All noise levels are presented in terms of the L10 (hourly) or L10 (18-
hour) dB (A). L10 hourly dB (A) is the noise level exceeded for just 10% 
of the time over a period of one hour. Likewise, the L~(18 -hour) dB (A) 
is the arithmetic average of the values of L10 hourly dB (A) for each of 
the eighteen one-hour periods between 6:00 to 24:00 hours.  

 The source of traffic noise is assumed to be a line 0.5 meters above the 
road level and 3.5 meters from the nearside edge of the road 

 The height of the receiver is assumed to be 1 meter above the road. 
Since just the effects of noise on primarily important wildlife were 
considered, the average height of the noise recipient was set to 1 meter.   

 Two carriageways are separated by more than 5 meters. 
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3.4. Input data 

 The National Road Database (Swedish Transport Agency 2011) 

 A Swedish National Travel Demand Forecasting Tool (SAMPERS, 
Jenelius 2010)  

 Land cover data (Swedish National Land survey 2010) 

 National databases concerning  meadows, wetlands and protected nature 
(Swedish County Councils 2010) 

 Digital elevation models  (Lantmäteriet 2010)  

3.5. Road shapes 
The road data was retrieved from the Swedish Transport Administration. 
The shape file contained all types of roads like highways, city roads as 
well as private roads. It had details on width of roads, type of road and 
whether it passes through a tunnel or not.  However, the shape file did 
not contain data on neither traffic flow nor speed limits. Hence, another 
source of road data with traffic details was used in order to implement 
our method for calculating noise. The data was in SWEREF99 reference 
system. 

Fig. 4  An illustration of shortest distance between a reception (R) point and a 
source (S). 
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3.6. Traffic flow shape files 
We retreived traffic flow data from a Swedish National Travel Demand 
Forecasting Tool called “SAMPERS”. The mentioned shape file 
contained the traffic flow via links in a simplified shape of road as a 
straight line between a start and an end point. To clarify, the roads in this 
file were depicted as straight lines between origin and destination while 
the real shapes of roads were the same we got from National Road Data 
Base. The data was in RT90_25_gon_V reference system.  

3.7. Land cover data 
Detailed information about the type of ground surface surrounding the 
roads were also necessary. The land cover data was retrieved from 
Lantmäteriet (2010). The spatial resolution of the data was 25 meters.  

3.8. Data concerning natural values 
Data on meadows, wetlands and protected areas was retrieved from the 
Swedish County Councils. The data was categorized based on different 
counties in Sweden. The shape files contained information about type of 
protected area and brief explanations about the year the the data was 
depicted. 

3.9. Elevation data 
In order to implement the barrier effect of obstacles like buildings 
located within the road-effect zone areas, elevation data was necessary. 
Elevation data was retrieved from a digital elevation model with a  spatial 
resolution of  50 meters (Lantmäteriet 2010). Its reference system was 
SWEREF99.  

4. DATA PREPARATION  

After finding all the necessary data, the next step was to prepare the data 
in order to enhance or resolve data quality errors.  Data preparation was 
conducted in the following steps: 

 In order to overlay all the maps one need to run the analysis, it is 
imperative that they are projected in the same coordinate system. In this 
thesis, it was decided to use SWEREF99 as the coordinate system. Thus, 
all other maps were projected to SWEREF99. 

 The shape-file on the road network contained all types of roads, even 
private roads. While only roads with traffic volumes more than 10000 
vehicles per day were to be analyzed in this study, the file from the 
national road database was cleared from any road with lower traffic 
volume than 10000 vehicles per day.  

 As previously mentioned, traffic flow data was available via links 
between roads with a simplified shape of a straight lines between origin 
and destination. However, the real shapes of the roads were different in 
reality. Thus, the real shapes of the roads were retrieved from the 
National Road Data Base, and flows were depicted from the SAMPERS 
database. Notably, in most of the cases, the start and end points of the 
roads in national road data base did not match with start and end point 
of links in SAMPERS file. Thus, in order to aviod risk of huge errors in 
spatial joins, flows were as transferred manually. Figure 6 illustrates the 
situation. 
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4.1. Tools for noise level calculation 
In this section we present the tools we developed in this project. Because 
of the complexity of the noise calculations and the time required to 
perform them, the tools were divided into parts, to be applicable for 
specific steps of the analysis.  

Before assessing the noise level, it is of crucial importance to define a 
limitation in the calculations, since according to Helldin et al. (2010) 
disturbance caused by noise become significant when traffic flows reach  

more than 10,000 vehicles per day in Sweden. Hence, roads with flows 
of more than 10,000 vehicles per day were selected to be analyzed. 
Helldin et al. (2010) divided traffic flows into four categories, presented 
in table 5. 

Table 5. Level of significance for ecological impacts of roads 
based on traffic volume 

Category Traffic density Significance of impacts 

0 <1000 Nothing 

1 1000-4000 Light 

2 4000-10,000 Strong 

3 >10,000 Crucial 

Fig. 5 Differences between modeled links (SAMPERS) and roads in reality. 
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4.1.1. Step 1: Implementing basic noise level for road segments 

First, roads with a significant traffic flow were selected and their flows 
exported to an Excel file. This was due to the limited mathematical 
functions available in Arc Map. Within the study area, 1606 segments 
with significant traffic flows were identified (Figure 5). 

 The selected roads were exported to a file for further analysis. Basic 
noise levels for each of these 1606 segments were calculated as a 
function of speed and the number of heavy vehicles. The result was 
transferred into GIS manually. Here are some assumptions taken during 
basic noise calculation: 

  According to speed limit data of Sweden there is a trend for velocity 
based on road classification. For example, average speed for freeways 
and highways, normally with a high traffic flow outside urban areas, is 
100 kilometers per hour and in some cases 110 km/h. 50 kilometers per 
hour is the normative speed within urban areas. For dual carriage roads, 
speed limit is 80 km/h in most cases. Speed limits used in the analysis 
were therefore selected to be 100 km/h for freeways with high density 
of traffic and 80 km/h for narrower roads than freeways. 

 Percentage of heavy vehicles is another factor when calculating basic 
noise levels. According to the Environmental Noise Directive (END) of 
the European Commission (2002/49/EC), when there is no data 
available for percentage of heavy vehicles, while a set of default values 
are available, and listed in table 6. 

While roads with high flows were focal in this study, it was assumed that 
motorways with a flow of more than 10000 vehicles per day, 35% would 
be heavy vehicles.  

Digital files of the 1606 road segments were input to GIS and then an 
"Euclidean distance” function was applied to each segment to calculate 
every 50 meters distance from the road up to 500 meters. Then the 50 m 
units of distance from the road were reclassified by distance bands in 
order for each pixel in the raster get the basic noise level from the 
nearest portion of the segment. 

Since there would be a reduction in sound level as calculated from the 
CRTN model. At the end of this part, the result was a basic noise map 
showing sound levels as they would be if no corrections would be 
required. Figure 6 illustrates what was explained.  

As mentioned above, it was assumed that significant impacts of noise 
(noise level more than 55 dB) would not exceed more than 500 meters. 
Thus, it was necessary to create a symmetric 500 meters buffer around 
the roads. 

Table 6. Percentage of heavy vehicles for different type of roads 
(Environmental Noise Directive (END). 

Type of road 
Percentage of 
heavy 
vehicles 

Dead-end roads  1 %  

Service roads (mainly used by residents living there)  2 %  

Small main roads  10 %  

Main roads  15 %  

Major main roads  15 %  

Trunk roads  20 %  

Motorways  35 %  
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4.1.2. Step 2: Absorbent surface correction 

Different surfaces have different capacity to absorb noise, which can 
have a significant effect on sound level reduction. In order to implement 
an absorbing surface correction, a land cover map was reclassified based 
on absorbing capacity for each land cover type. The result was a map 
containing information on how much should be subtracted from the 
basic noise map for each pixel. In the case of forests a reduction of as a 
much as 10 decibels was observed.  

As it was mentioned in the literature review part, I is the proportion of 
absorbing ground, where the absorbing capacity of different land cover 
types varies between 0-1. I =1 for land covers with the highest level of 
absorption, which is forests, and I=0 for surfaces that reflect noise, like 
water and concrete. Table 4 presents the assumptions taken in this thesis 
about the absorbing capacity of different land cover types. 

Fig. 6 Position of roads with traffic volume 10000 vehicles per day. 
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4.1.3. Step 3: Barrier effects correction 

Correction for noise barriers was achieved by using a digital elevation 
model as input and then running the “viewshed” function in ArcGIS in 
order to compute which parts of the surrounding environment that 
would be exposed to noise. The next step was to figure out how large 
areas would be under high noise exposure. 

4.1.4. Step 4: Calculating areas under high noise exposure  

As mentioned earlier, areas containing important natural values and 
important species might be located within road-effect zones. It is thus of 
high importance to realize how much of these areas are under exposure 
to high levels of noise.  

Thus, in this step, the final noise level map was merged with the maps on 
important areas with high natural values. The result was a map showing 
the size of areas with high natural values exposed to different noise 
levels. 

5. RESULTS AND DISCUSSION  

In this chapter, results in the form of maps and tables are presented. The 
following is a summary of the results from the GIS analyses: 

5.1. First Scenario (noise higher than 55 dB are significantly 
annoying) 

 Most European highways passing through the three main cities of 

Sweden had traffic flows of more than 10,000 vehicles per day. 

 Considering the results and according to the road effect zone definition, 
noise with significant ecological impacts, stretched out between 270-500 
m on each side of the road, depending on land cover data. 

 716 km out of 203,000 km (the whole road network) had a traffic flow 
of more than 10,000 vehicles per day. 

 167 conflict areas with noise impacts on wetlands, meadows and 
protected areas were identified. 

 813 ha of meadows, wetlands and protected areas were exposed to noise 
levels over 55 dB. 

 

Table 7. Proportion of absorbent ground for different types of 
land cover 
Land cover type Proportion of absorbent ground (I) 

Urban exploitation 0 

Urban green 0.3 

Agriculture 0.5 

Forests 1 

Grassland 0.4 

Wetland 0 

Water 0 

Snowfield 0 

Rock 0 

Sand 0.2 
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As presented in Table 8, there are 338.5 hectares of wetlands, marshes, 
swamp forests and meadows that are under exposure to 55-60 dB of 
noise. Likewise, 371.3 hectares of nature values are under exposure to 
noise levels of 60-65 dB. Although there are just 1.9 hectare of wetlands 
and marshes under highest traffic noise interval (75-80 dB), these are of 
high importance to mitigate. The noise effect zone covered 813 ha, or 
0.036 % of the existing nature values. The noise levels in different 
distance from roads for each segment were calculated. According to the 
results, the highest noise level of 79 dB was located around Stockholm.  

5.2. Second scenario  

 2190 ha of meadows, wetlands and protected nature were calculated to 
be impacted by noise levels over 45 dB. 

 167 conflict areas caused by noise impacts on valuable wetlands, 
meadows and protected nature were found. 

 Considering results and according to the road effect zone definition, 
disturbance with significant ecological impacts (mainly high noise levels), 
was calculated to stretch out between 800-1200 m on each side of the 
road, depending on land cover data. 

Figure 7 shows an overall map of different land cover types which are 
under noise exposure higher than 55 dB. As mentioned before, they 
were mainly located around the three main cites of Sweden.  

Figures 11 till 14 illustrate areas with different types of important habitat 
in our study. For instance, Figure 10 shows meadows and pastures under 
high levels of noise. 

Table 9. Area of nature values under noise exposure intervals for 
scenario 2 

Traffic noise 
level- dB 

Areas under 
specific noise 
exposure (ha) 

Type 

45-50 490.3 
Wetlands, marshes, swamp forest, 
meadows 

50-55 745.5 Wetlands, pastures, meadows 

55-60 447.8 
Wetlands, marshes, swamp forest, 
meadows 

60-65 142.8 Wetlands, swamp forest, meadows 

65-70 202.3 Wetlands, swamp forest, meadows 

70-75 161.4 Wetlands, marshes, swamp forest 

75-80 10.1 Wetlands, marshes 

Table 8. Area of nature values under noise exposure intervals for 
scenario 1 

Traffic noise 
level-dB 

Areas under specific 
noise exposure (ha) 

Type 

55-60 338,5 
Wetlands, marshes, swamp forest, 
meadows 

60-65 371,3 Wetlands, swamp forest, meadows 

65-70 75,76 
Wetlands, swamp forest, meadows, 
meadows 

70-75 25,86 
Wetlands, marshes, swamp forest, 
meadows 

75-80 1,9 Wetlands, marshes 
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Fig. 7 Different types of land cover under noise exposure higher than 55 dB 
(Scenario 1). 
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Fig. 8 Detailed map of noise exposure for roads around Gothenburg for Scenario 1. 
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Fig. 9 Detailed map of noise exposure for roads around Malmö for Scenario 1. 
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Fig. 10 Detailed map of noise exposure for roads around Stockholm for 
Scenario 1. 
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Fig. 11 Example of meadows and pastures as important habitat areas under high 
noise exposure for Scenario 1. 
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Fig. 12 Example of meadows and pastures as important habitat areas under 
high noise exposure for Scenario 1. 
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Fig. 13 Example of meadows and pastures as important habitat areas under high 
noise exposure for Scenario 1. 



Ecological impacts of traffic noise - a national spatial assessment for Sweden

 

27 

Fig. 14  Example of meadows and pastures as important habitat areas under 
high noise exposure for Scenario 1. 
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Fig. 15 Different types of land cover under noise exposure higher than 45 dB 
(Scenario 2). 
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Fig. 16 Detailed map of noise exposure for roads around Stockholm for 
Scenario 2. 
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Fig. 17 Detailed map of noise exposure for roads around Gothenburg for 
Scenario 2. 
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Fig. 18 Example of meadows and pastures as important habitat areas under high 
noise exposure for Scenario 2. 
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Fig. 19 Example of wetlands as important habitat areas under high noise exposure 
for Scenario 2. 
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6. CONCLUSIONS AND FUTURE WORK  

In this thesis we analyzed potential ecological impacts of traffic noise on 
surrounding environment for traffic volumes higher than 10000 vehicles 
per day, in Sweden. GIS software was used to model road and land cover 
data and data on natural values, and for realizing how far noise can 
extend for two different scenarios. In the first scenario, noise levels 
higher than 55 dB were assumed to be significantly annoying, and in the 
second scenario, noise levels higher than 45 dB were assumed to be 
significantly annoying. Finally, the total amount of areas with high 
natural values exposed to different noise intervals were identified for the 
two scenarios. The aim of this thesis was to produce a GIS tool which 
can pursue the effects of traffic noise on the surrounding environment 
for the whole of Sweden. This thesis describes the implementation of 
tools that generate noise maps based on the CRTN method for 
calculating noise, and visualize noise impacts on natural values. In this 
thesis, data on roads with flows higher than 10000 vehicles per day were 
analyzed. For future studies, it is planned to run the model for flows 
between 4000 and 10000 vehicles per day. Moreover, as the future work, 
the method will be developed into a tool for putting priority on locations 
suitable for mitigation efforts. 

7. REFERENCES 

López A, Alkemade R, Verweij PA. 2009. The impacts of roads and 
other infrastructure on mammal and bird populations: A meta-
analysis. Biological Conservation 143: 1307–1316. 

Biglin K, Dupigny-Giroux LA. 2007. Mapping the road-effect zone to 
assess impacts of proposed road segments. J. Conserv. Plann. 2: 1-16. 

Clark WD, Karr JR.1979. Effects of highways on Red-winged Blackbird 
and Horned Lark population, Wilson bulletin 81: 143-145. 

Eigenbrod F, Hecnar SJ, Fahrig L. 2009. Quantifying the road-effect 
zone: threshold effects of a motorway on anuran populations in 
Ontario, Canada. Ecology and Society 14: 16-24. 

Díaz M, Parra A, Gallardo C. 2011. Serins respond to anthropogenic 
noise by increasing vocal activity. Behavioral Ecology 22: 332-336. 

Forman RTT, Deblinger RD. 2000. The ecological road-effect zone of a 
Massachusetts (U.S.A.) suburban highway. Conservation Biology 14: 36-
46. 

Forman RTT, Deblinger RD. 1998. The ecological road effects zone for 
transportation planning and Massuchusetts highway example. In: 
Proceeding of International Conference on Wildlife Ecology and Transportation, 
Evink GL, Garrett P, Zeigler D, Berry J (eds.): Tallahaasse; 78-96. 

Forman RTT, Reineking B, Hersperger AM. 2002. Road Traffic and 
Nearby Grassland Bird Patterns in a Suburbanizing Landscape. 
Environmental Management 29: 782-800 

Forman RTT, Sperling D, Bissonette JA, Clevenger AP, Cutshall CD, 
Dale VH, Fahrig  L, France R, Goldman CR, Heanue K, Jones JA, 
Swanson FJ, Turrentine T, Winter TC. 2003. Road ecology: science and 
solutions. Island press, Washington, 481P.  

Freitas SR, Hawbaker TJ, Metzger JP. 2009. Effects of roads, topography 
and landuse on forest cover dynamics in the Brazilian Atlantic Forest. 
For Ecol Manage 259: 410-417.  

French National Research Institute for Transportation and Transport 
Safety (INRETS). 1994: Study Related to the Preparation of a 



Marziyeh Karimpour TRITA-LWR Degree Project 12:24 

 

34 

Communication on a Future EC Noise Policy. French National 
Arcueil, France. 

Fu W, Liua S, Degloriab SD, Donga S, Beazleyc R. 2009. Characterizing 
the “fragmentation–barrier” effect of road networks on landscape 
connectivity: A case study in Xishuangbanna, Southwest China. 
Landscape and Urban Planning 95(3): 122-129. 

Grahn, P, Stigsdotter UA. 2003. Landscape planning and stress. Urban 
Forestry & Urban Greening 2: 1-18. 

Helldin JO, Seiler A, Olsson M. 2011. Vägar och järnvägar, barriärer i 
landskapet. Triekol Rapport, CBM Skriftserie 42, ISBN 978-91-
89232-52-5. 

Helldin JO, Seiler A. 2003. Effects of roads on the abundance of birds in 
Swedish forest and farmland. In: IENE Conference Proceedings. Infra Eco 
Network Europe, Brussels, Belgium.  

Jenelius E. 2010. Large-Scale Road Network Vulnerability Analysis. 
Doctoral Thesis, Dept. of Transport Science, KTH Royal Institute of 
Technology, Stockholm. 2010. 

Jones JA, Swanson FJ,  Wemple BC,  Snyder KU. 2000. Effects of roads 
on hydrology, geomorphology, and disturbance patches in stream 
networks. Conservation Biol. 14:76-85 

Parris KM, Velik-Lord M, North JMA. 2009. Frogs call at a higher pitch 
in traffic noise. Ecology and Society 14(1):25-31. 

Pocock Z, Lawrence RE. 2005. How far into a forest does the effect of a 
road extend? Defining road edge effect in eucalyupt forests of south-
eastern Australia.Ecology and Sosiety: 14(1): 39-45. 

Reijnen R, Foppen R. 2006. Impact of road traffic on breeding bird 
populations. The Ecology of Transportation 15: 255-274.  

Reijnen R, Foppen R. 1995. The effects of car traffic on breeding bird 
populations in woodland. IV. Influence of population size on the 
reduction of density close to a highway. Applied Ecology 32: 481-491.  

Reijnen R, Foppen R. 1994. The effects of car traffic on breeding bird 
populations in woodland. I. Evidence of reduced habitat quality for 
willow warblers (Phylloscopus trochilus) breeding close to a highway. 
Applied Ecology 31: 85-94. 

Reijnen R, Foppen R, Ter Braak C, Thissen J. 1995. The effects of car 
traffic on breeding bird populations in woodland. III. Reduction of 
density in relation to the proximity of main roads. Applied Ecology 
32:187-202 

Reijnen R, Foppen R, Meeuwsen H. 1996. The effects of traffic on the 
density of breeding birds in Dutch agricultural grasslands. Biological 
Conservation 75: 255-260. 

Rudolph DC, Burgdorf SJ, Conner RN, Schaefer RR. 1999. Preliminary 
evaluation of the impact of roads and associated vehicular traffic on 
snake populations in eastern Texas, In: Evink GL, Garrett P, Zeigler 
D, Berry J, (eds.) Proceedings of the International Conference on Wildlife 
Ecology and Transportation: Eastern Texa; 236-240. 

Saunders SC, Mislivetsb MR, Chena J, Clelandc DT. 2001. Effects of 
roads on landscape structure within nested ecological units of the 
Northern Great Lakes Region, USA. Biological Conservation 103: 209-
225  

Sun JW, Narins PM. 2005. Anthropogenic sounds differentially affect 
amphibian call rate. Biological Conservation 121: 419-427. 



Ecological impacts of traffic noise - a national spatial assessment for Sweden

 

35 

Zande AN, Van der WJ, Ter Keurs WJ. 1980. The impacts of roads on 
the densities of four bird species in an open field habitat- evidence of 
a long-distance effect. Biological conservation 18: 299-321.   

8. OTHER REFERENCES  

Department of Transport/Welsh Office HMSO (UK)- Calculation of 
Road Traffic Noise (CRTN)[online] available at: www.dft.gov.uk  
[Accessed May 2012]. 

World Health Organization (WHO)- Guidelines for Community Noise. 
[Online] available at: www.who.int  [Accessed May 2012]. 

The European parliament and of the council -DIRECTIVE 
2001/16/EC [online] available at: www.europa.eu.int  [Accssed May 
2012] 

http://www.dft.gov.uk/
http://www.who.int/
http://www.europa.eu.int/

