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Summary  

Traffic noise exposure is a constant problem even though some measures against it are taken. It causes 

disturbances both during the day but also during the night when people are sleeping. A literature 

review, that was part of this thesis, showed that adverse response to noise from railways is more 

severe that from the main roads on sleep nighttime. Furthermore, exposure of noise from freight trains 

has a higher negative effect than that from passenger trains. The main adverse effects that have been 

found in these studies are on the sleep parameters and the cardiovascular system.  

A study made by Pedersen (2012) showed that there are some areas in the city Halmstad in Sweden 

where people are especially disturbed by traffic noise during their sleep nighttime. The aim of the 

study presented in this thesis was to find out if there is a connection between peoples’ reports of noise 

disturbance during sleep nighttime and the actual noise exposure. Two modes of measurements have 

been taken in three of the residential areas from the study by Pedersen (2012) which was Area H close 

to the harbour, Area MW close to the motorway E6/E20 and Area R close to the railway. The two 

modes of measurements were A-weighted equivalent sound pressure levels, representing ambient 

noise levels, and A-weighted maximum sound pressure levels, representing single noise events. These 

modes were used to identify the possible cause of sleep disturbance by the type of noise exposure. For 

ambient noise levels, 10 measurements at two occasions, each one minute long, were carried out 

during the same night at 23:00-24:00 and 03:00-04:00. These specific times have been chosen to 

obtain the traffic noise exposure when people go to sleep and when their sleep is very deep. Single 

noise events were measured when the harbour, motorway and railway were used nighttime. The 

Swedish Transport Administration and Halmstad Harbour were contacted for information on possible 

exposure times.  

The results show a relationship between peoples’ reported sleep disturbance nighttime and the 

exposure to single noise events. The highest maximum noise levels were measured in the area close to 

the railway which exceeded the recommended guidelines 55dB(A) outside the facades nighttime that 

have been set up by the World Health Organization. There was no connection found for the ambient 

noise levels and peoples’ reported sleep disturbance. The highest equivalent sound pressure levels 

were found in the area close to the motorway. The study in this thesis confirms the results from 

previous studies that show that railway noise have a higher effect on sleep than road traffic noise. It 

has been shown in other studies but also in this study that the highest noise exposure comes from 

freight trains. There has not been found any previous studies that investigate the possible relationship 

between sleep disturbance and noise coming from the harbour and no single noise events could be 

measured in the area close to the harbour in the current study.  

The conclusions are that the single noise events have higher negative effects especially at higher noise 

exposures. More studies should be made in this area to find the connection between noise exposure, 

sleep disturbance and long-term health effects. The focus should be on long-term studies and more 

studies should also be made on the noise exposure from harbours. 

 

 

 

 



 
 

Abbreviations  

 

LAeq = A-weighted equivalent sound pressure level 

LAmax = A-weighted maximum sound pressure level  

 

NREM = non-rapid eye movement  

REM = rapid eye movement  

SE = sleep efficiency  

SWS = slow-wave-sleep  

TST = total sleep time  

 

Heart rate amplitude = The variation in heart beat during a period 

Heart rate response = Heart’s reaction to noise. The speed is related to the amount of heart beats per 

minute 
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1. Introduction 
 

The densification in many of the cities in Sweden increases constantly (Statistiska centralbyrån, 2010). 

One important reason is that many people want to live in the centre which makes the interest for 

dwellings there very high (Boverket, 2011). There is also a political intention to save arable land by 

avoiding spreading of the city (Statistiska Centralbyrån, 2010). The densification makes it common 

that new residential areas are situated close to for example the main roads and railways at the same 

time as the traffic within the city grows (Boverket, 2011). This increases the risk of noise exposure for 

the people living there. 

The World health organization (WHO) has in their guidelines for community noise suggested that 

outdoor noise levels should not transcend 55 LAeq nighttime (22:00-06:00) (WHO, 2009). Sweden has 

implemented this value outside the dwellings close to the main roads and railways (Naturvårdsverket, 

2013). Around 80 million people in the European Union are exposed to noise levels both daily and 

during the night that are not acceptable and 170 million people are exposed to levels that are very 

annoying (Cvetković & Praščević, 2006). About 1.7 million people in Sweden are exposed daily to 

traffic noise higher than 55 LAeq outside their homes (Naturvårdsverket, 2012). The noise exposure is 

increasing because of the growth of economy, urbanization, faster transportation ways, but also due to 

an increase of vehicles (WHO, 2011).  

People are affected by noise in different ways and it is important to take this into consideration, both 

for the health, but also for a good life situation (Naturvårdsverket, 2012). Noise exposure could result 

in difficulties to rest and cause sleeping disorders during the night. These are considered to be severe 

effects of the exposure to noise. Undisturbed sleep is important, both for human well-being, but also 

for the recuperation process, storage of memories and for the reparation of damaged cells (Jernelöv, 

2007).  

It has been showed in a study made in the city Halmstad in Sweden, that people in some districts are 

disturbed by noise during their sleep (Pedersen, 2012). It is not clear if this is due to overall high levels 

of noise during the night or to single noise events. The present study will therefore focus on these 

parameters to see if a connection can be found between the noise exposure and peoples’ reports of 

sleep disturbance. It will focus on noise from the harbour, main roads and railways in Halmstad. The 

study is divided in two parts; the first one consists of a review which summarises the results from 

previous studies on the effect of noise on sleep, and the second one comprises an empirical study in 

which measurements were made in three of the areas that was identified by Pedersen (2012).  
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2. Background 

2.1 Sound  

A sound can be explained as waves that travel in a medium in different directions changing the 

pressure and density (Arbetsmiljöverket, 2002). The amount of wave motions during one second is 

called frequency and the unit is hertz (Hz) (Undvall & Karlsson, 2006). A human’s ear can perceive 

sound waves in a range from 20 Hz to 20 000 Hz (Luxon & Prasher, 2007). However, hearing is very 

individual and the range usually becomes smaller with age especially when it comes to higher 

frequencies (Undvall & Karlsson, 2006). The acoustic frequency of a sound is often called "pitch" 

which can be both high and low (Knottnerus, 2004). The sound pressure is measured in Pascal (Pa) 

(von Friesen et al., 1984). The magnitude of sound pressures differ largely and a logarithmic scale 

constructed from the ratio between the sound pressure present and the lowest sound pressure that 

commonly can be heard by humans is therefore used. The unit is decibel (dB). A consequence of that 

the scale is logarithmic is that the sound level is, from a physic view, doubled with every increase of 3 

dB (Hörselskadades Riksförbund, 2013), even though an increase of 10 dB is needed for humans to 

perceive the noise as twice as loud. The threshold for human hearing is approximately 20 µPa, 

corresponding to 0 dB, and the threshold for perceiving pain is around 20 Pa (120 dB) 

(Arbetsmiljöverket, 2002). 

2.2 Environmental noise 

Noise is usually defined as unwanted sound (WHO, 1999; Naturvårdsverket, 2012). What people 

perceive as noise varies very much depending on age, time of the day, the type and amplitude of the 

sound, and the environment around when the exposure occurs (Naturvårdsverket, 2012). A noise is 

characterized by its pitch and the intensity (Knottnerus, 2004). The intensity gets larger the higher the 

noise becomes, and it is measured in dB. Environmental noise usually consists of several different 

frequencies together which can be both high (wheezing noise) and low (humming noise). The human 

ear is not equally sensitive to all of these frequencies. The threshold for hearing is higher among low 

frequencies (within the frequency band of human hearing) meaning that the sound pressure levels in 

these frequencies need to be higher than that of other frequencies for the sound to be heard. A special 

filter ('A-filter') is used when noise measurements are taken, corresponding with the frequency range 

and the sound levels that can be perceived by the humans hearing system (figure 1). The filter is used 

when the sound pressure level of an environmental noise is measured and the value is expressed in 

dB(A) (A-weighted equivalent sound pressure level). A-weighting focuses on the middle- and higher 

frequencies while the lower frequencies are weighted less (WHO, 1999). Two types of noise are 

relevant for this study; ambient noise levels and single noise events (Brüel & Kjær, 2013). Ambient 

noise levels are all different types of sounds that can be found in the environment. These can be 

measured any time and can vary between different times of the day and night. Usually the noise levels 

in urban areas are higher in the mornings and evenings. The other type of noise is the one that is 

interrupting and occurs very sudden namely the single noise events.  
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Figure 1. The curve that shows the frequency response of a human ear (DiracDelta, 2013). 

It is difficult to measure actual population noise exposure because there are various environmental 

noise sources, people are affected by noise in different ways, there are a several noise indicators and 

there are different methods used to get more knowledge about the noise exposure (Cvetković & 

Praščević, 2006). This has led to the development of a common noise indicator for the countries in the 

EU, LAeq, defined as the average exposure of occurred sound pressure levels (dB(A)) during a specific 

amount of time. For nighttime, the time period is set to eight hours from 23:00-07:00 (Knottnerus, 

2004). However, the time can differ a little bit between countries (Cvetković & Praščević, 2001). The 

indicator is often used when ambient noise levels are measured (Brüel & Kjær, 2013). 

2.2.1 Noise from harbours 

 

One type of harbour is the industrial harbour and the noise coming from different activities can be 

very annoying for the people living close to it (Naturvårdsverket, 2003). The noise can emit from the 

vessels that have arrived and are staying in the harbour, it can come from the on-loading and off-

loading of the different goods or from the machines, it can be generated from the transports with 

trucks between the harbour and the railway but it can also come from different fan systems. The 

decrease of noise exposure could be through decelerations, by choosing transportation ways where the 

noise pollution is not annoying for the people, by placing the arriving vessels on quays away from 

dwellings, through the change of work hours if there is a possibility, by putting barriers and by 

choosing machines that does not sound so much. There have to my knowledge not been any studies 

made on people living in dwellings close to harbours and the nighttime noise exposure.  

2.2.2 Noise from main roads 

 

The ascendant source for ambient noise is the traffic from main roads, which usually consists of many 

events with quite low levels per incident (WHO, 2009). Road traffic noise is often related to places 

where people live and the sound pressure levels that they are exposed to, for example in front of a 

dwelling's window (Kropp et al., 2007). Noise from main roads comes from the engine, propulsion of 

the vehicle and from the tyres connecting to the road (Gjestland, 2008). The noise exposure can be 8-

10 dB(A) higher for a heavy vehicle than for a passenger car. Road surfaces are one of the factors that 

cause the noise and a material that a lot of research has been made on is low-noise porous road surface 

http://www.google.se/url?sa=i&rct=j&q=A-weighted frequency&source=images&cd=&cad=rja&docid=8Dx6ucDUy8SAlM&tbnid=17HiMxvduhaVSM:&ved=0CAUQjRw&url=http://www.diracdelta.co.uk/science/source/a/w/aweighting/source.html&ei=zzSvUauWBM3itQak4YGIBg&psig=AFQjCNGavVRi_m0--VI1QkpvJdlBoZBSeg&ust=1370523196472183
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(European Commission, 1999). This type have the ability to decrease the noise exposure between 3 to 

5 dB(A) but the noise exposure can decrease even more if the structure of the material will be further 

enhanced. The problem is that it costs more than the material used in conventional surfaces and the 

sustainability is lower. However, improvements of the material have been made. Noise coming from 

engines (especially from heavy trucks), roads and tires (these could be changed so that the amount of 

noise decreases) and harsher legislation against noise emission are other actions that can lead to the 

decrease of noise exposure (Cvetković & Praščević, 2006).  

2.2.3 Noise from railways 

 

Railway noise usually consists of a lower amount of events compared to road traffic and the levels are 

relative high per event (WHO, 2009). According to the study made by Miedema & Vos (2007) it 

appears that people consider railway noise as less annoying when noise from main roads, railways and 

aircraft has been compared. This could be due to the fact that the railway is more environmental 

friendly than other modes (Oertli & Hübner, 2010). In many countries for example in Germany 

(Schuemer-Kohrs et al., 1998) but also in Switzerland and Austria (European Commission, 1999), it 

has therefore been established that the railway is allowed to have a higher sound level (about 5dB(A)) 

than the road traffic, a so called "railway bonus" (Lambert et al., 1998). Limits that are set depend on 

which area that is affected (for example a school or a hospital) (European Commission, 1999). The 

value has been implemented in the country's guidelines, standards or recommendations. When it 

comes to railway noise there are some actions that can be made to decrease the noise emissions for 

example improve the high-speed trains (reduce the aerodynamic noise) and to reduce the noise coming 

from the trains when they are rolling (especially the freight trains) (Cvetković & Praščević, 2006).  

2.3 Sleep 

Sleep can be divided in two main types: Non-Rapid Eye Movement (NREM) sleep and Rapid Eye 

Movement (REM) sleep (Jernelöv, 2007). NREM sleep is divided into four different stages followed 

by the REM sleep. In an adult without any sleeping problems the sleeping process can look as follows 

according to the hypnogram in figure 2. Stage 1 is the transition from being awake to fall asleep and 

varies between 5-20 minutes. Stage 2 is a shallow sleep and lasts between 10-20 minutes. The sleep is 

very deep in stage 3 and 4 and it is during these stages that the body recovers, memories are stored, 

wounds heal, cells get repaired and new cells are produced. Stages 3 and 4 are usually combined in 

different sleep experiments (Griefahn et al., 2006). Stage 3 is called slow-wave-sleep (SWS) and stage 

4 is called deep sleep. Stage 5 which is called REM sleep comes after approximately 15-30 minutes 

(Jernelöv, 2007) and varies for 5-10 minutes (Söderström, 2007). Dreaming occurs, memories are 

stored, the blood pressure increases and the eye movement rise during this stage (Jernelöv, 2007). One 

night contains between 4-6 sleep cycles (Söderström, 2007), each approximately 90-100 minutes long 

(Luxon & Prasher, 2007). However, it can vary very much between individuals. NREM sleep consists 

of 75-80 % during the whole night, the rest contains of REM sleep. The sleep architecture is very 

dependent of which time we go to sleep during the night. This can affect which sleep stage we are in 

the most. According to Söderström, the presence in stage 3 and 4 is much less after 3-4 hours. This is 

probably due to that the body has remained in the stages for deep sleep long enough. How long each 

stage is depends on the need and how much and well we slept during the previous nights. One third of 

a human’s life consists of sleep (Luxon & Prasher, 2007). The sleep duration can vary between 6.5-9.0 

hours per night between adults and the amount needed differs between individuals (Bloch, 1997).  
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Figure 2. A hypnogram for a healthy adult (Ebert et al., 2006). 

Polysomnography (PSG) is used in sleep studies to record sleep patterns during the night. The method 

is used to identify possible sleep disorders by measuring wakefulness and dissenting sleep, to control 

the response of organs and the transition between different sleep stages (Bloch, 1997). The tool used 

records the level of oxygen in the blood, heart rate and its rhythm, breathing, registers brain waves but 

also the movement of eyes and legs. When this type of study is made usually three important 

techniques are used which are electrooculogram, electromyogram and electroencephalogram. The first 

one is for the recording of electrical potentials that comes from the person’s brain, the second one is 

for the activity in the muscles and the third one for the measurement of changes in eyeball movement. 

Electrodes are placed at specific places at the head and the body so that the recordings can be made. 

2.4 Negative health effects caused by noise  

The hearing system react to different impressions both at daytime when we are awake and during the 

night when we are asleep (Socialstyrelsen, 2009). The hearing is important because it functions as a 

warning system. There are two systems that react to the exposure of different impressions, the 

autonomic nervous system and the endocrine system (WHO, 2009). The first system controls the 

cardiovascular, digestive, endocrine and excretory system and the other one releases hormones and 

control therefore the development, reproduction, growth, energy metabolism and behavior (Campbell 

et al., 2008). The exposure to high noise levels can result in higher release of hormones (WHO, 2009). 

The hormones that can be released are for example adrenaline, noradrenaline and cortisol. This leads 

to a stressful situation which can be identified by higher heart rate, a high release of stress hormones to 

the blood, changes in the immunological system, vasoconstriction and higher blood pressure 

(Socialstyrelsen, 2009). The noise exposure can also affect the hearing which can lead to tinnitus 

(WHO, 2013). Nighttime noise exposure caused by traffic can therefore have different types of health 

effects such as direct effects (effects on the cardiovascular system, sleep disturbance), short-term after-

effects (tiredness, negative effects on performance) but also possible long-term after-effects (different 

health risks) (WHO, 2009). What the negative noise effects will be also depends on other factors such 

as the environment and people's lifestyle (Luxon & Prasher, 2007).  
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2.5 Guidelines and policies  

It has been concluded today that about 20%, corresponding to 80 million people of the European 

Union’s (EU) population, are exposed to noise levels that health experts and researches claim to be too 

high and not acceptable (European Commission, 2012a). The European Commission states that no one 

should be exposed to noise that can harm health or the life situation.  

The Environmental Noise Directive 2002/49/EC were issued by the European Commission in 2002 

(Eelco den Boer & Schroten, 2007). This directive was important to inform people about the noise 

exposure, to develop action plans so that the noise exposure can be decreased in places where it is 

necessary and to create strategies that can minimize the amount of people that are exposed currently 

but also those who will be exposed in the future (European Commission, 2012b). It was also needed 

for effective noise mapping as regards to the transportation modes road, railway and aircraft (Eelco 

den Boer & Schroten, 2007). Other directives have also been implemented for different types of road 

transport vehicles and for the railways (European Commission, 1999) to decrease noise exposure in 

the member countries in EU. 

The legislations regarding noise exposure have been divided in two categories (Cvetković & 

Praščević, 2006): 

 EU legislation on noise emission by products (aircraft, trucks, cars and different  

equipment in industries)  

 Member State legislation on allowable noise levels in the domestic environment  

To be able to protect the people in the member countries from high sound pressure levels World 

Health Organization (WHO) implemented guidelines for noise exposure (WHO, 2009). The main 

organizations that have gathered and developed plausible values as guidelines for noise exposure are 

WHO (European Commission, 1999) and The Organization for Economic Co-operation and 

Development (OECD) (OECD, 2013). The different limits that are applied in the countries are usually 

set daytime (06.00-22.00), nighttime (22.00-06.00) and sometimes also in the evening. The first 

guidelines for community and traffic noise came 1999 which included the information about the 

connection between exposure and health effects (WHO, 2009). In 2007 the WHO updated the 

guidelines for nighttime traffic noise exposure (table 1).  

 Table 1. Guidelines for noise exposure outside the facades nighttime (WHO, 2009). 

Night exposure (23:00-07:00) Lnight, outside  

Based on protection for all groups 40 dB(A) 

Intermittent 55 dB(A) 
 

However, these guidelines are just recommendations which are not legally bonded. They are based on 

scientific research, evidences, and are therefore helpful when there is a need to reduce the possible 

negative health effects that nighttime noise exposure can generate. WHO has recommended two 

values: 40 dB(A) and 55 dB(A) nighttime (23:00 - 07:00) outside the facade. The first value is set to 

protect all groups in society, also those that are vulnerable such as children, those with health 

problems and elderly. However, this noise level is seldom possible to not exceed. The other value 

could then be used, but it does not guarantee that the vulnerable group will be secured. Because the 

guidelines are set up as a guidance tool, it is common that the noise levels exceed the recommended 

values (Eelco den Boer & Schroten, 2007).  
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Countries in EU have also own action plans against the noise. There are three main procedures that are 

used when the environmental noise exposure needs to be decreased (European Commission, 1999).  

These are (European Commission, 1999):  

 minimize the exposure by different barriers placed between the people and the noise 

source, 

 reduce the noise coming from the source (includes vehicles, equipment, machines or 

different processes that are used) and 

 minimize the exposure through insolating barriers outside the dwellings and other types of 

buildings.  

There are developed instruments that have been conducted both nationally and at a local level in the 

countries (European Commission, 1999). Sweden is one of the members in EU which means that 

directives and regulations concerning noise should be followed (European Union, 2013b). In Sweden 

there is a steering group of different national agencies that work together with the questions regarding 

environmental noise exposure (Boverket, 2012): the Swedish Environmental Protection Agency, the 

Swedish National Board of Housing, Building and Planning, the National Board of Health and 

Welfare, the Swedish Transport Agency and the Swedish Transport Administration, Representatives 

from the county administrations are also included in the group. The national agency that has the 

highest responsibility for the leadership of the group as regards environmental noise is the Swedish 

Environmental Protection Agency. The groups’ duty is to regulate, plan the future for different 

transportation systems, function as a guidance group and be responsible for the environment 

(Naturvårdsverket, 2007) as regards to five of the 16 environmental goals that are implemented in 

Sweden (Naturvårdsverket, 2012a). There are also other national agencies and organizations that play 

an important role when it comes to environmental noise. These are for instance the Swedish National 

Institute of Public Health, Swedish Work Environment Authority, County Administrative Boards, 

municipalities that represent all of Sweden’s cities and the counties (Boverket, 2012). All of them are 

represented by an administrator in the steering group. Working groups are chosen by the control group 

which takes part in different assignments.  

Two important legislations in Sweden that concern ambient noise are the Environmental Code and the 

Planning and Building Act (Naturvårdsverket, 2012b). There is no law that commands that these 

legislations must be used together. However, there are some laws in both of these legislations that 

connect them and make the legislations parallel to each other. The difference between the two 

legislations is that the Environmental Code has to estimate if there could be a negative effect on 

human health, while the Panning and Building Act is more responsible for the planning process where 

both individual and general interests must be taken into consideration. One part in the planning system 

is to make a zoning plan which presents the forthcoming land use of a specific area (Boverket, 2009). 

The Environmental Code is also applied in conjunction with other legislations such as the Railway 

Construction Act and the Road Law (Naturvårdsverket, 2012b).   

To follow the EU directives and protect people in Sweden from too high noise exposure the Swedish 

Environmental Protection Agency has established guidelines for day- and nighttime noise levels 

(Naturvårdsverket, 2012b) based on the guidelines introduced by EU. In 1974 there was an assessment 

made for road traffic noise (SOU 1974:60) (Sveriges riksdag, 2013a) and 1997 the values (table 2) 

were imposed (Ericson et al, 2004). These are stated in the governments’ proposition 1996/97:53 

(Sveriges riksdag, 2013b) and are very similar to those recommended by WHO. 
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Table 2. Guidelines for noise exposure outside dwellings nighttime (22:00-07:00). 

Traffic LAeq LAmax 

Harbour  40dB(A) 55dB(A) 

Main roads 55dB(A) 70dB(A) 

Railways 55dB(A) 70dB(A) 

1Naturvårdsverket (1978)                                                                                                      
2Naturvårdsverket (2013) 

2.6 The city Halmstad 

The municipality Halmstad lies in the south west of Sweden by the Kattegat sea. The area is 1 014 km
2
 

(Statistiska centralbyrån, 2012) with 93 000 inhabitants (Halmstads kommun, 2013d). The 

municipality is largest in the County Halland is Halmstad and it is located close to Gothenburg but 

also to northern Europe (Halmstads kommun, 2013c). 

Figure 3. The city Halmstad in Sweden. 

The city Halmstad, with over 62 000 inhabitants, is the largest urban area in the municipality (figure 3) 

(Halmstads kommun, 2013e). Halmstad city has good transportation possibilities such as the railway, 

aircraft and the harbour. Its position as regards to the rest of the Europe is good and can in the future 

develop and function as an even stronger middle point between the cities Oslo, Gothenburg, 

Copenhagen and Hamburg (Halmstads kommun, 2013c). The river Nissan flows through the center of 

Halmstad and there are two bridges that can be used for road traffic. These are Wrangelsbron and 

Slottsbron (Halmstads kommun, 2013a). Most of the road network is situated in the middle of the city 

because of how Halmstad is shaped. The main roads come in contact with each other in the crossing 

between the three roads Timmermansleden, Karlsrovägen and Järnvägsleden (figure 4). Södra infarten 

in Halmstad brings together road 117 and the motorways E6/E20 with the harbour. During one day 

and one night, 15 000 - 20 000 vehicles passes E6. The harbour in Halmstad is one of the most 

developed ones in Sweden (Halmstad Hamn, 2011a). The Environmental and Safety Manager Bengt 

Kenneryd at Halmstad Harbour told that it arrives approximately 20 ships/week and most of them 

comes daytime. The harbour lies very close to the motorways E6/E20 and the roads E25 and E26, but 
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also to the railways and the European highways which makes the transportations more effective 

(Halmstad Hamn, 2011b). There are plans to build a new roll on/roll off terminal and a container 

terminal in the future. These terminals are used for loading or unloading of goods of different means 

of transportation such as train or trucks (Naturvårdsverket, 2003). There are railways adjacent to all 

piers in Halmstad and the track network will be expanded in the future (Halmstad Hamn, 2011b). The 

Statistician Anders Nilsson at the Swedish Transport Administration told that during the period 11th of 

March 2013 till 30th of April 2013, a total of 1 982 passenger trains arrived to Halmstad train station 

during the day and 245 during the night. In the same period, a total of 1259 freight trains arrived 

during the day and around 477 arrived during the night. Totally there were 21 620 passenger 

trains with an average length of 109.3 meter and 8480 passenger trains with an average length of 470 

meter arriving to the station during the year 2012.There were three different types of passenger trains 

and five different types of freight trains in total. 

 

 
Figure 4. A map over Halmstads’ road network. 

 

More dwellings will be built at the areas called Söder and Tullkammarkajen, along Nissan (Halmstads 

kommun, 2013a). The development has already started in Söder. There are also plans to increase the 

transports of goods through shipping and railways. Most of the goods are today transported with trucks 

which makes it difficult to transport effectively because of the accessibility. The goods transports are 

mainly at the roads E25 and E26, road 117 and motorway E6 (figure 5). About 65% of the goods 

transports in Sweden are made by trucks. When it comes to the railways, goods are transported on the 

Markaryd rail track, Halmstad-Nässjö rail track and the Västkust rail track. Two railway tracks in 

Halmstad are going to Gothenburg, Malmö and Copenhagen (Halmstad Hamn, 2011a). There are 

commuter rails with eight departures per week which are situated close to the harbour. The main roads 
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and the railways make the connection between Halmstad and Jönköping, Hässleholm, Växjö and 

Kalmar (Halmstads kommun, 2013b). 

 
Figure 5. A map over the main roads going through Halmstad.                          

2.6.1 Study made in Halmstad regarding to the noise exposure nighttime 

 

A study by Pedersen (2012) on response to noise exposure at nighttime among people living in 

Halmstad showed that there are some areas where people are disturbed by noise exposure during the 

sleep. A questionnaire with different questions including some regarding to noise was sent to five 

different areas in Halmstad. After the compilation of data, the results showed a distinct annoyance as 

regards noise in all areas, accept from the reference area where the noise exposure have already 

previous been considered as low. In total 385 people answered the questionnaire. The results showed 

that 34% of them was sensitive to noise exposure, 74% of them considered that noise exposure can 

have a negative effect on health and 18% was sometimes disturbed by traffic noise nighttime during 

the three recent months. Sleep disturbance occurred in all three areas that are of interest for this study. 

It was shown that 22% of the participants that lived close to the harbour, 11% that lived close to the 

motorway and 34% that lived closed to the railway were disturbed by noise during their sleep (figure 

6).  

 

 

 

 

 

 

 

Figure 6. The frequencies of people disturbed by traffic noise in three residential areas in Halmstad: 

Area H (close to the harbour), Area MW (close to the motorway) and Area R (close to the rail road). 
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3. Aim of the thesis 

The aim of this thesis was to find out if there is an association between reported sleep disturbance due 

to noise, noise levels and single noise events, and what effects the exposure could lead to. The study 

focuses on noise from harbour, main roads and railways. Is high prevalence of sleep disturbance found 

in the previous study (Pedersen, 2012) due to ambient noise levels or single noise events? What health 

effects could sleep disturbance due to noise possibly cause? 

Health effects of sleep disturbed by noise were explored in a literature review, preceding the main 

study. The aim of the literature review was to summaries the knowledge of adverse health effects due 

to exposure of noise from harbours, road traffic and railroads. 

For the main study, which was an empirical study, the hypotheses were: 

H1: The ambient noise levels are highest in Area R (where the highest frequency of sleep disturbance 

was found) and lowest in Area MW (where the lowest frequency of sleep disturbance was found).  

If no indications of such a relationship are found then the other hypothesis will be: 

H2: Maximum noise levels caused by intermittent sounds are highest in Area R and lowest in Area 

MW.                                                                                                                                                     
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4. Review: Sleep disturbance due to main road- and railway 

traffic noise and their negative health effects 

4.1 Introduction 

Many studies have been made around the connection between traffic noise exposure nighttime, sleep 

disturbance and its effects. Three main types of studies have been found within this area which are 

epidemiological studies, laboratory studies and field studies. The first one, epidemiological studies are 

made on a large part of the population. These studies are made by questionnaires where the 

participants answer to questions in different forms regarding to noise. These are often self-reported 

studies with the participants own opinions about how they perceive environmental noise in their 

surrounding nighttime. The second type of studies is made in the laboratories where the traffic noise 

usually is played up and the participants’ sleep is measured with a PSG (See section 2.6 Sleep, p. 10). 

These studies often use recorded noise levels from different noise sources such as road traffic noise, 

railway noise and sometimes also aircraft noise in this case. The third type of studies is made in the 

field in the participants’ own homes. These studies are also performed with a PSG and the noise comes 

from real sources that are close to the dwellings. This review will focus on the two later types of 

studies, the laboratory studies and the field studies. It will compile the information about how the 

road- and railway traffic noise affect sleep nighttime, if there are any differences between the type of 

trains (automotive, passenger, freight), and if there are any negative effects caused by traffic noise.   

4.2 Method used for the review 

To get an overview of the available information the database Summon and ISI Web of Science were 

used. At first a literature review was made on previous studies as regards traffic noise and its effect on 

sleep nighttime. Scientific articles used for the review were found in the database PubMed. The terms 

noise AND sleep AND environmental OR ambient OR community were used. The search gave 794 

results and when only studies on humans were chosen, 702 results were obtained. Eligible for 

inclusion were peer-reviewed English articles. Reviews, clinical studies, studies made on patients and 

their exposure to noise in hospitals, studies on infants and studies focused on only noise from wind 

turbines and aircrafts were excluded from the search. Articles were chosen by their titles so that the 

criteria could be fulfilled. The abstract was read in cases of uncertainty. In the end 44 scientific articles 

were found (11 of them was not available). When an email address was found, the authors were 

contacted. Among some of the articles references, new scientific articles were found. These were 

searched for in PubMed. If they were not found there, the search was made in Summon and sometimes 

in ISI Web of Science. Some of the scientific articles and reviews that were found during the search 

were used for the background.  
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Table 3. The studies included in the review and their main results. 

Studies Main noise source Method Main result 

Vallet et al. (1983) Main road 

Participants were exposed to 

noise in their own homes. A 

PSG was also used to record the 

sleep patterns. 

A longer exposure to road traffic noise showed a decrease of 

 the REM stage. It was also shown that both ambient noise 

levels and single noise events were important to examine as 

regards sleep disturbance. 

Hofman et al. (1995) Main road 

Participants were exposed to 

noise in their own homes. A 

PSG was also used to record the 

sleep patterns. 

People can be disturbed by traffic noise even if they are not 

awakened. Sound peaks from road traffic noise stimuli led to 

an increased heart rate with a response according to the specific 

stimulus. 

Öhrström (1995) Main road 

Participants were exposed to 

different recorded noise levels in 
a laboratory. A PSG was also 

used to record the sleep patterns. 

Rather the number of noise events affects the time falling 
asleep than the noise level from road traffic and the fatigue 

increased the day after an exposure to noise events. 

Griefahn et al. (2006) 

Main road, railway, 

aircraft 

Participants were exposed to 
different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns. Railway noise had the highest effect on the sleep parameters. 

Griefahn et al. (2008) 

Main road, railway, 

aircraft 

Participants were exposed to 

different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns.  No habituation occurred as regards to the heart response. 

Saremi et al. (2008) Railway  

Participants were exposed to 

different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns. 

The arousals increased with higher noise exposure and 

occurred more frequently to freight trains. 

Tassi et al. (2010a) Railway  

Participants were exposed to 

different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns. 

Freight trains had the highest effect on the heart amongst 

young people. However, the vascular response was the same 

and did not differ between young and older people. 

Tassi et al. (2010b) Railway  

Participants were exposed to 

different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns. 

The cardiovascular response was higher in young people than 

in older people and it was also shown that a habituation 

occurred. 

Aasvang et al. (2011) Main road, railway 

Participants were exposed to 

noise in their own homes. The 

noise was recorded in- and 

outside the facades. A PSG was 

also used to record the sleep 
patterns. 

There was a significance found between the railway noise, its 

maximum level (> 50dB(A)) and the length of REM. Railway 
noise had the highest effect on the sleep parameters.  

Basner et al. (2011) 

Main road, railway, 

aircraft 

Participants were exposed to 
different recorded noise levels in 

a laboratory. A PSG was also 

used to record the sleep patterns. No habituation occurred as regards to the heart response. 

Finally 10 scientific articles with a high quality were chosen for this literature review. The main 

results in every study are presented in table 3 above. The studies that have been chosen are focused on 

laboratory studies and field studies with physiological measurements. This limitation has been set 

because the empirical study made in this thesis include methods common in these particular type of 

studies. It became therefore natural to focus only on them. A second search was also made to see if 

there are some scientific articles about the noise coming from harbours. The terms used were harbor 

OR harbour AND noise AND sleep. The search gave 54 results, but none of them were focused on 

sleep disturbance nighttime due to noise coming from the harbour. 
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4.3 Results of the review 

4.3.1 Methods used in the chosen studies 

The studies found have been made in laboratories (Öhrström, 1995; Griefahn et al., 2006; Griefahn et 

al., 2008; Saremi et al., 2008; Tassi et al., 2010a; Tassi et al., 2010b; Basner et al., 2011) but also in 

the field (Vallet et al., 1983; Hofman et al., 1995; Aasvang et al., 2011). A group of people, healthy 

men and women between 18-71 years old (the age varied between the studies), participated. 

Questionnaires have been made in some studies (Hofman et al., 1995; Öhrström, 1995; Griefahn et al., 

2008; Saremi et al., 2008; Tassi et al.., 2010a; Basner et al., 2011) for the participants to answer, either 

before or/and after a night with traffic noise exposure but also different types of performance tests 

were used (Vallet et al., 1983; Öhrström, 1995; Griefahn et al., 2006; Basner et al., 2011). In most 

cases the participants usually arrived to the laboratory at 21:00 o'clock. No time was given for the 

studies made at the participants’ homes. Electrodes were placed on the head and at some specific parts 

of the body so that recordings could be made with a PSG. The participants were supposed to sleep at 

23.00 o'clock. During the night the participants was exposed to different types of noise, various 

combinations of noise types (Basner et al., 2011) and noise levels of road traffic, railway traffic but 

also from the aircraft in some cases (Griefahn et al., 2006; Griefahn et al., 2008; Basner et al., 2011). 

The studies have either made comparisons between different types of noise exposure or compared 

participants sleeping in an area exposed to noise, versus participants sleeping in a quiet area. The 

participants awakened at 07.00 o'clock. The study by Vallet et al. (1983) compared the situation 

between two places in the participants own homes. One place was quieter and the other one was closer 

to the source. In the study by Vallet et al. (1983) no times for going asleep and being awakened were 

mentioned. All the studies were performed during the weeks and the amount of nights differed 

between the studies.  

4.3.2 Comparisons between road- and railway noise exposure 

The study by Hofman et al. (1995) showed that the participants got affected during sleep by road 

traffic noise even if they did not wake up because of the exposure. Some studies concluded if there are 

any differences in effect, regarding to road- and railway noise exposure on sleep, during the night. The 

study by Aasvang et al. (2011) showed that the exposure and amplitude of railway noise have a larger 

effect on sleep than road traffic noise. According to Basner et al. (2011) the noise duration was higher 

for the railway traffic than for the road traffic and concerning to the study by Saremi et al. (2008) there 

was a significant decrease in sleep efficiency the higher the exposure from railway noise was. It was 

shown in the study by Griefahn et al. (2006) that short-term after-effects was resembling for road 

traffic noise and railway noise but the different sleep parameters was seriously affected by railway 

noise. The study by Basner et al. (2011) showed that the effect of road traffic noise was strongest on 

sleep conformation and its continuity, and gave the highest negative effects when the noise was 

combined with railway noise. However, the participants own appraisal was worse after a night with 

railway noise exposure.  

4.3.3 Effects of type of train  

Two studies compared if there are any differences between type of trains (automotive, passenger, 

freight) and the effects on sleep (Saremi et al., 2008; Tassi et al., 2010a). The participants was exposed 

to noise levels of 40dB(A) and 50dB(A). According to both of the studies freight trains had a higher 
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impact on sleep disturbance than passenger trains. A statistical significance (p = 0.0005) was shown 

that freight trains elicited more awakenings than the passenger trains (Tassi et al., 2010a). According 

to the study, this could be due to the fact that freight trains have a longer duration and rise time 

compared to the two other types of trains. 

4.3.4 The amount of noise events and sleep disturbance  

Some of the studies showed the connection between the number of noise events and the sleep 

disturbance. There was an increased fatigue independently of the amount of noise events from 

different types of traffic noise (Öhrström, 1995; Griefahn et al., 2006). The study by Basner et al. 

(2011) also showed that the fatigue was greater the morning after a night with an exposure to single 

noise events from different types of traffic modes. The study by Öhrström (1995) showed that the 

participants got tired during the day after a night with different amounts of noise exposure (32, 62 or 

128 noise events/night) from road traffic noise and the study by Griefahn et al. (2006) showed that the 

fatigue increased and that the sleep quality decreased with the noise level (LAeq = 39-50dB(A), LAmax 

= 50-74dB(A)) from road-, railway- and aircraft traffic. The study by Saremi et al. (2008) also showed 

that the participants felt more tired after nights with railway noise exposure. However, no significant 

difference was found.  

A connection have been showed that rather the number of noise events affects the time falling asleep 

than the noise level from road traffic (Öhrström, 1995). The participants reported a disturbance of 32 

noise events/night at a noise level of 45dB(A), while during higher noise exposure (50 dB(A), 60 

dB(A)) the disturbance occurred already at four noise events/night. There was a statistical significance 

for the time falling asleep at 64 noise events/night, this corresponds to 8 noise events/h. 50% of the 

participants expressed that it was hard to fall asleep. However, no significance was found in falling 

asleep at 128 noise events/night. No statistical significance was obtained for the time needed to fall 

asleep and the highest noise levels. 

4.3.5 Cardiovascular and vascular responses  

Some of the studies have investigated the negative effects of traffic noise exposure on the 

cardiovascular and vascular systems. The studies by Saremi et al. (2008), Tassi et al. (2010a) and 

Tassi et al. (2010b) showed that the highest effects were generated by freight trains on the 

cardiovascular system. The study by Tassi et al. (2010a) showed that there is a statistical significance 

as regards the heart rate response (p < 0.001) and the noise exposure from freight trains. The study 

also showed a statistical significance between the noise exposure from freight trains and the highest 

heart rate amplitude (p < 0.00001). The studies by Vallet et al. (1983), Tassi et al. (2010a) and Tassi et 

al. (2010b) showed all a connection between noise exposure and age accept from the study by Saremi 

et al. (2008) which did not show a connection. The study by Vallet et al. (1983) showed that older 

people over 45 years old seemed to be less affected by traffic noise than the younger participants (<45 

years). This significance occurred as regards changes in different sleep stages and the effects on the 

transitions between them. The study by Tassi et al. (2010a) showed that young people was twice as 

much affected to railway noise as regards the heart rate amplitude than older people. The study by 

Tassi et al. (2010b) also showed that the heart rate amplitude was significantly higher (p < 0.00001) in 

young people than in older people and that there was a significant effect found between sleep stage 

and heart rate amplitude (p = 0.0001). This study showed that young people who lived in a quiet area 

had a lower hear rate response than those who lived close to the railways. However, the effect was the 
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same for all older people, both for those who lived in quite areas and close to the railway. The study 

also showed that older peoples’ heart rate response was higher for those that lived in quiet areas than 

young people who lived in quiet areas. However, the heart rate response in older people was higher in 

those that lived close to the railway than for young people that lived close to the railway. The study by 

Tassi et al. (2010a) did not find a difference between the type of train and the effect on vascular 

reactivity and the study by Tassi et al. (2010b) showed that the vascular response did not affect the 

sleep stages. However, the study by Tassi et al. (2010b) found a strong effect on sleep parameters 

regarding participants’ age. The changes in sleep stages were higher for older people (56.2 ± 4.2 years) 

than for young people (26.2 ± 3.6 years) and the time spent awake during the night increased. The 

study also showed that the heart rate response was affected the most during the REM stage for both 

young people and older people. The study by Hofman et al. (1995) also showed that sound peaks from 

road traffic noise stimuli led to a higher heart rate with a response according to the specific stimulus. 

4.3.6 Possible habituations due to traffic noise  

The studies by Basner et al. (2011), Griefahn et al. (2008) and Tassi et al. (2010b) have all mentioned 

if habituation can occur by the exposure of traffic noise or not. The first two asserts that it does not 

occur a habituation after an exposure (11 nights and 4 nights respectively) by traffic noise and the 

effect on cardiac arousals, while the third study consider that there occurs a habituation after a 

permanent exposure (approximately 6-19 years or more) by railway noise. A conclusion here can be 

that a quite short time of exposure by traffic noise does not show any habituation in the cardiovascular 

response, but people that have been exposed to noise for a very long time shows a habituation to it. 

The study by Vallet et al. (1983) found out that the participants that have been exposed to road traffic 

noise for some years showed changes in their sleep when they slept in a quiet area. This was seen 

through chronic disturbance which was an effect of the noise exposure. The changes were largest in 

the REM stage. The duration of the stage increased and the total sleep time was longer. A pattern was 

found that awakenings occurred less and were shorter when the participants slept in the quiet areas. 

The study by Basner et al. (2011) also showed a decrease in the REM stage after the exposure to single 

noise events from traffic noise. The study by Aasvang et al. (2011) found a statistical significance for 

the group exposed to railway noise and the reduction of the REM stage (over 50 dB(A) in the 

participants’ bedroom). The mean duration of the stage was significantly shorter during the exposure 

to railway noise compared to road traffic noise.  

4.3.7 The effects on sleep and sleep parameters 

The study by Saremi et al. (2008) showed that railway noise induces micro-arousals except from those 

that occur naturally. However, the arousal response was very independent from which stage the 

participants were in. The study showed that the micro-arousals increased a lot in SWS during higher 

noise exposure levels (63-66 dB(A)) than in the other sleep stages. The study also showed that when 

the amount of micro-arousals was higher, the fatigue was greater. The study by Basner et al. (2011) 

showed that the arousals and changes in different sleep stages were significantly higher during the 

nights where the participants were exposed to single noise events (45, 50, 55, 60, 65dB(A)) coming 

from the main road, railway and aircraft, than in the nights without any exposure. During the quiet 

nights the amounts of stage 1 were significantly less, compared to the amounts of SWS, which was 

significantly higher. There was also a statistical significance during the nights of noise exposure as 

regards higher amounts of arousals and changes in sleep stages. The study by Griefahn et al. (2006) 
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also showed that SWS occurred earlier during the night without any noise exposure, the entire time 

spent awake after falling asleep was shorter and the total sleep time was longer. The SWS and REM 

stage were significantly longer during the quiet nights. The study by Griefahn et al. (2008) showed 

that heart rate alternations was dependent of the noise exposure (45-77 dB(A)) and the response of 

whether awakenings occurred or not. As regards to the study by Saremi et al. (2008) the awakenings 

were more frequent during stage 2.  

According to Saremi et al. (2008) there were many physiological sleep parameters that differed by age 

and had a negative effect on the middle-aged group (52.2 ± 2.6 years) of participants. The total sleep 

time and the time spent in SWS decreased for the elder participants while it occurred an increase as 

regards the time spent in stage 1, total time awake, stage changes and number of awakenings. 

However, there were no effects revealed on age. Time spent in the different sleep stages was stable as 

regards the noise level. There was no difference in sleep pattern between gender exposed to traffic 

noise, regarding to the study by Vallet et al. (1983).  

4.4 Conclusions 

The conclusions of this review are that: 

 The effect due to railway noise exposure nighttime is higher than from road traffic noise 

and the effects are higher from freight trains than from passenger trains.  

 

 The heart rate response is more affected by railway traffic noise than road traffic noise and 

the highest effect on the heart was amongst young people. 

 

 Rather the number of noise events affects the time falling asleep than the noise level from 

road traffic.  

 

 People can be disturbed by traffic noise even if they are not awakened and the fatigue 

increased the day after an exposure to noise events from road traffic noise. 

 

 Effects of a longer exposure to road traffic noise showed a decrease of the REM stage and 

there was a significance found that noise levels above 50dB(A) from railway noise also 

decreased the length of REM.  

 

 Railway noise had the highest effect on sleep parameters.  

 

 A habituation occurred to a longer time of noise exposure (approximately 6-19 years). 

The results showed clearly that there occur negative health effects due to the exposure by traffic noise 

during sleep nighttime. However, further studies and studies made during a longer time should be 

made. It should also be investigated where the habituation to the traffic noise occurs.  
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5. Method 

For the empirical part of this thesis, three residues called Area MW close to the motorway, Area R 

close to the railway and Area H close to the harbour were chosen based on the previous study of 

Pedersen (2012). People living here reported annoyance due to nighttime noise, however of different 

degrees. At first these areas were visited during the day. Measurements were then made so that the 

most representative places where the highest noise levels occur could be chosen. Both the dwellings 

and the sources where the noise comes from were photographed. The point where the measurements 

were going to be completed during the night was marked with a red dot on the pictures to assure that 

the same position was used for all measurements at the site. The places where the measurements were 

taken were marked in situ with a marker pen so that it would be easier to stand at the exact same place 

every time. Two modes of measurements were taken. For ambient noise levels, 10 measurements, each 

one minute long, were taken during the same night at two occasions (23:00 - 24:00 and 03:00 - 04:00) 

in the three residential areas. These times were chosen because the noise exposure wanted to be 

measured when most of the people are going to sleep (approximately at 22:00-24:00) and when their 

sleep is very deep (approximately at 02:00-04:00). The date was chosen considering the weather 

conditions, which means a night without rain or heavy wind. To measure single noise events, 

measurements were taken when the motorway and railway were used nighttime. No measurements 

were made in the area close to the harbour because it was hard to identify any noise exposure. 

Therefore the most representative place where the highest levels occur could not be identified. An 

assumption where the highest noise levels could occur was therefore made.  

Table 4. The total amount of the measurements that were made for the single noise events in the areas 

close to the motorway and the railway. 

Day Type of vehicle Time 

2013-04-16 passenger train 22:54 

2013-04-16 freight train 23:51 

2013-04-17 freight train 00:41 

2013-04-17 freight train 00:44 

2013-04-17 passenger train 00:55 

2013-04-17 freight train 01:41 

2013-04-17 freight train 02:56 

2013-04-17 freight train 03:00 

2013-04-17 freight train 03:48 

2013-04-17 freight train 04:37 

2013-04-17 freight train 04:46 

2013-04-17 freight train 05:01 

2013-04-17 passenger train 05:04 

2013-04-17 one truck 22:37 

2013-04-17 two trucks 22:45 

2013-04-17 one truck 22:46 

2013-04-17 one truck 22:47 

2013-04-17 one truck 22:57 

2013-04-17 four trucks, one moped 23:06 

2013-04-17 three trucks 23:20 
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The Swedish Transport Administration and Halmstad Harbour were contacted for information on 

possible exposure times. The total amount of measurements made for the single noise events are 

presented in table 4 above. In total three measurements of the passenger trains were carried out, 10 

measurements of freight trains and 7 measurements close to the motorway. All the measurements were 

carried out with a first class Brüel & Kjear sound level meter 2250, 130 cm above the ground on a 

stand in all residential areas not closer than 5 meters in front of a dwelling. The temperature and 

weather conditions were noted.  The sound level meter was calibrated after every night during the 

measurement period. Afterwards all of the values were analysed. The tests one-way ANOVA, post-

hoc test LSD and independent samples t-test were chosen. These were considered to be the most 

suitable tests for the values measured in this study. The values were completed in the program SPSS. 

The significance level 5% was used. 
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5.1 Harbour 

The first place (Area H) where the noise level during nighttime was measured lies close to the harbour. 

Figure 7 shows a map over the place and the red dot symbolizes where the measurements were 

conducted.  

                
Figure 7. The Area H (red dot) where the measurements were taken. 

Figures 8 and 9 shows with the red dot in which exact point the measurements have been taken. Figure 

8 shows the front of the facade and figure 9 shows which way the sound level meter was directed. The 

harbour lies behind the threes on the other side of the river Nissan. Figure 10 shows a possible noise 

source, a vehicle that has arrived to the harbour.   

       
          Figure 8. The front of the facade in Area H.   Figure 9. The harbour is behind the trees. 
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Figure 10. A vessel in Halmstad Harbour. 

5.2 Motorway 

The second place (Area MW) where the noise levels during nighttime were measured lies close to the 

motorway E6/E20. Figure 11 shows a map over the place and the red dot symbolizes where the 

measurements were completed. 

 

Figure 11. The Area MW (red dot) where the measurements were taken. 

 

Figures 12 and 13 shows with a red dot exactly where the measurements have been taken. In figure 12 

the facade can be seen and figure 13 shows the way in which the sound level meter was pointed. The 

motorway runs behind the threes. Figure 14 shows the motorway E6/E20 which in this case is the 

noise source.  
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Figure 12. The front of the facade in Area MW.    Figure 13. The motorway E6/E20 behind the threes. 

                             
Figure 14. The motorway E6/E20. 
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5.3 Railway  

The third place (Area R) where the noise level during nighttime was measured is close to the railway. 

Figure 15 shows a map over the place and the red dot symbolizes where the measurements were 

conducted. 

               
Figure 15. The Area R (red dot) where the measurements were taken. 

Figures 16 and 17 shows where the measurements were taken and the exact place is marked with a red 

dot. Figure 16 shows the front of the facade and figure 17 shows the direction in which the sound level 

meter was pointed. The arrow shows where the railway goes. Figure 18 shows a freight train that stays 

at the train station in Halmstad. 

   

                            
Figure 16. The front of the facade in Area R.   Figure 17. The railway. 
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Figure 18. A freight train at the train station in Halmstad. 
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6. Results 

6.1 Ambient noise 

The first measurements were taken for the ambient noise levels between 23:00-24:00 in the three areas 

Area H, Area MW and Area R (table 5, 6 and 7). The noise exposure levels were highest in Area MW 

(table 6). The levels were in some cases also higher in Area R (table 7). These levels were higher due 

to a fan system in the vicinity, the transports by trucks to Halmstad Harbour and in one case due to a 

car that passed by. During the last measurements an unidentified sound also appeared. Probably it 

must have come from a fabric nearby. There was no specific source for traffic noise identified in the 

Area H (table 5) and the main source when the measurements were taken was birds. However, they 

were not so close so the probability that they affected the measurements is small. All the values that 

are in the tables bellow as regards the temperature and wind speed were taken from SMHI which is the 

Swedish Meteorological and Hydrological Institute. The values for the wind are average values.  

Table 5. A-weighted equivalent sound pressure levels in Area H at 23:00-24:00.  

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-28 23:02 00:01:00 38.9 40.6 7°C SV 3m/s birds 

2013-04-28 23:04 00:01:00 39.3 41.8 7°C SV 3m/s birds 

2013-04-28 23:06 00:01:00 39.6 41.9 7°C SV 3m/s birds 

2013-04-28 23:07 00:01:00 39.3 41.0 7°C SV 3m/s birds 

2013-04-28 23:08 00:01:00 39.9 45.2 7°C SV 3m/s birds 

2013-04-28 23:09 00:01:00 42.7 45.9 7°C SV 3m/s birds 

2013-04-28 23:11 00:01:00 41.2 44.8 7°C SV 3m/s birds 

2013-04-28 23:12 00:01:00 39.7 42.4 7°C SV 3m/s birds 

2013-04-28 23:13 00:01:00 39.0 42.1 7°C SV 3m/s birds 

2013-04-28 23:14 00:01:00 39.6 43.5 7°C SV 3m/s birds 

Mean (±SD) 
  

39.9 (±1.2) 
    

Table 6. A-weighted equivalent sound pressure levels in Area MW at 23:00-24:00. 

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-28 23:52 00:01:00 56.8 63.4 7°C SV 3m/s 
car on the nearest 

road 

2013-04-28 23:53 00:01:00 54.7 60.8 7°C SV 3m/s 
car on the nearest 

road 

2013-04-28 23:55 00:01:00 47.4 60.5 7°C SV 3m/s – 

2013-04-28 23:57 00:01:00 54.8 67.3 7°C SV 3m/s 
car on the nearest 

road 

2013-04-28 23:59 00:01:00 49.9 58.1 7°C SV 3m/s – 

2013-04-29 00:00 00:01:00 50.4 54.5 7°C SV 3m/s two trucks 

2013-04-29 00:01 00:01:00 52.3 62.2 7°C SV 3m/s 
one truck, car on the 

nearest road 

2013-04-29 00:03 00:01:00 51.7 57.5 7°C SV 3m/s two trucks, some cars 

2013-04-29 00:04 00:01:00 53.1 57.9 7°C SV 3m/s two trucks, some cars 

2013-04-29 00:06 00:01:00 47.6 57.6 7°C SV 3m/s 
two cars on the 

nearest road 

Mean (±SD) 
  

51.9 (±3.1) 
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Table 7. A-weighted equivalent sound pressure levels in Area R at 23:00-24:00. 

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-28 23:26 00:01:00 58.2 77.3 7°C SV 3m/s a car passed by 

2013-04-28 23:28 00:01:00 38.9 51.7 7°C SV 3m/s − 

2013-04-28 23:29 00:01:00 41.8 46.1 7°C SV 3m/s − 

2013-04-28 23:31 00:01:00 39.4 44.2 7°C SV 3m/s − 

2013-04-28 23:32 00:01:00 40.0 45.5 7°C SV 3m/s − 

2013-04-28 23:34 00:01:00 38.8 43.6 7°C SV 3m/s − 

2013-04-28 23:35 00:01:00 39.9 43.5 7°C SV 3m/s − 

2013-04-28 23:37 00:01:00 48.9 54.4 7°C SV 3m/s unidentified noise 

2013-04-28 23:39 00:01:00 47.1 52.1 7°C SV 3m/s unidentified noise 

2013-04-28 23:40 00:01:00 46.0 50.9 7°C SV 3m/s unidentified noise 

Mean (±SD)1 
  

42.3 (±4.2) 
    

1The mean value was based on 9 observations (58.2 was excluded). 

To see if there is a difference between noise exposure from 23:00-24:00 in Area H, Area MW and 

Area R, the test one-way ANOVA was used. The test showed a significance between the three areas 

(F(2) = 46.3 p < 0.001). To see between which groups there is a difference a post-hoc test LSD was 

used. The test showed that there is a difference between Area MW and Area H (p < 0.001) and 

between Area MW and Area R (p < 0.001). There was almost a significant difference found between 

Area H and Area R (p = 0.087). The mean value and standard deviation (SD) was calculated for all 

three areas and can be seen in figure 19 below. The highest average LAeq value for the time period 

23:00-24:00 was found in Area MW close to the motorway. 

              
Figure 19. The LAeq and SD for the three areas at 23:00-24:00. 

 

The second measurements for ambient noise levels were taken from 03:00-04:00 (table 8, 9 and 10). 

The highest noise levels occurred also here in the Area MW close to the motorway (table 9). The 

highest source of interference was the birds in Area H (table 8). However, these were heard from a 

distance so the probability that they affected the measurements is small. It can also be seen that the 

average LAeq for all the three areas was lower during this time of the night than from 23:00-24:00.  
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Table 8. A-weighted equivalent sound pressure levels in Area H at 03:00-04:00. 

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-29 03:00 00:01:00 38.4 40.4 6°C S 6m/s birds 

2013-04-29 03:01 00:01:00 41.5 52.6 6°C S 6m/s birds 

2013-04-29 03:02 00:01:00 38.9 43.7 6°C S 6m/s birds 

2013-04-29 03:04 00:01:00 39.6 51.9 6°C S 6m/s birds 

2013-04-29 03:05 00:01:00 38.6 40.5 6°C S 6m/s birds 

2013-04-29 03:07 00:01:00 39.7 44.0 6°C S 6m/s birds 

2013-04-29 03:08 00:01:00 39.3 41.9 6°C S 6m/s birds 

2013-04-29 03:09 00:01:00 38.9 40.3 6°C S 6m/s birds 

2013-04-29 03:10 00:01:00 39.0 41.9 6°C S 6m/s birds 

2013-04-29 03:12 00:01:00 41.0 53.8 6°C S 6m/s birds 

Mean (±SD) 
  

39.5 (±1) 
    

Table 9. A-weighted equivalent sound pressure levels in Area MW at 03:00-04:00. 

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-29 03:45 00:01:00 53.9 62.1 6°C S 6m/s 
car on the nearest 

road, birds 

2013-04-29 03:47 00:01:00 49.9 58.8 6°C S 6m/s cars, birds 

2013-04-29 03:48 00:01:00 47.9 59.0 6°C S 6m/s two cars, birds 

2013-04-29 03:50 00:01:00 51.3 60.0 6°C S 6m/s two cars, birds 

2013-04-29 03:51 00:01:00 50.6 59.3 6°C S 6m/s 
car on the nearest 

road, birds 

2013-04-29 03:53 00:01:00 51.6 60.7 6°C S 6m/s truck, birds 

2013-04-29 03:54 00:01:00 45.3 58.5 6°C S 6m/s – 

2013-04-29 03:55 00:01:00 54.3 62.4 6°C S 6m/s truck, car, birds 

2013-04-29 03:57 00:01:00 53.0 61.4 6°C S 6m/s three cars, birds 

2013-04-29 03:58 00:01:00 55.0 63.3 6°C S 6m/s truck, birds 

Mean (±SD) 
  

51.3 (±3) 
    

Table 10. A-weighted equivalent sound pressure levels in Area R at 03:00-04:00. 

Day Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-29 03:20 00:01:00 40.5 48.4 6°C S 6m/s ¯ 

2013-04-29 03:22 00:01:00 45.9 58.8 6°C S 6m/s birds 

2013-04-29 03:23 00:01:00 37.9 41.8 6°C S 6m/s ¯ 

2013-04-29 03:24 00:01:00 37.7 44.5 6°C S 6m/s ¯ 

2013-04-29 03:25 00:01:00 39.0 42.8 6°C S 6m/s ¯ 

2013-04-29 03:27 00:01:00 39.2 43.2 6°C S 6m/s ¯ 

2013-04-29 03:28 00:01:00 39.2 46.8 6°C S 6m/s ¯ 

2013-04-29 03:30 00:01:00 43.4 51.2 6°C S 6m/s car 

2013-04-29 03:32 00:01:00 38.5 41.5 6°C S 6m/s ¯ 

2013-04-29 03:34 00:01:00 46.0 55.1 6°C S 6m/s truck 

Mean (±SD) 
  

40.7 (±3.2) 
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To see if there is a difference between Area H, Area MW and Area R the test one-way ANOVA was 

used. A statistical significance was found between the three areas (F(2) = 61.8, p < 0.001). To see 

between which groups there is a difference a post-hoc test LSD was used. The test showed that there is 

a difference between Area MW and Area H (p < 0.001) and between Area MW and Area R (p < 

0.001). There was no significant difference between Area H and Area R (p = 0.297). The mean value 

and SD was calculated for all three areas and can be seen in figure 20 below. The highest average LAeq 

value was found in Area MW from 03:00-04:00. 

                     
Figure 20. The LAeq and SD for the three areas at 03:00-04:00.                               

6.2 Single noise events 

The other type of measurements that were taken included single noise events. These were taken when 

the motorway and railway were used nighttime. The highest effects from the motorway occurred when 

more than one vehicle passed by, either simultaneously which resulted in a cumulative effect, or 

sequentially (table 11).  

Table 11. The A-weighted maximum sound pressure levels measured in Area MW.  

Day Type of vehicle Time Measurement LAeq LAmax Temperature Wind Notes 

2013-04-17 one truck  22:37 00:00:20 57.1 62.0 9°C S 3m/s   -  

2013-04-17 two trucks  22:45 00:00:26 58.9 62.8 9°C S 3m/s  - 

2013-04-17 one truck  22:46 00:00:18 55.9 61.0 9°C S 3m/s  - 

2013-04-17 one truck  22:47 00:00:19 56.2 60.6 9°C S 3m/s  - 

2013-04-17 one truck 22:57 00:00:46 56.8 61.5 9°C S 3m/s  - 

2013-04-17 four trucks, one moped   23:06 00:00:26 60.4 64.0 9°C S 3m/s 

moped on the 

nearest road   

2013-04-17 three trucks  23:20 00:00:21 60.1 62.5 9°C S 3m/s  - 
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Table 12. The A-weighted maximum sound pressure levels measured in Area R.   

Day Type of train Time Measurement  LAeq LAmax Temperature Wind Notes 

2013-04-16 passenger train 22:54 00:00:35 68.9 76.6 12°C S 5m/s arriving train 

2013-04-16 freight train 23:51 00:01:09 75.1 83.5 12°C S 5m/s passing train 

2013-04-17 freight train 00:41 00:01:36 82.5 101.0 6°C SV 7m/s arriving train 

2013-04-17 freight train 00:44 00:01:18 68.4 75.5 6°C SV 7m/s retiring train 

2013-04-17 passenger train 00:55 00:00:42 59.2 65.9 6°C SV 7m/s arriving train 

2013-04-17 freight train 01:41 00:01:42 78.5 86.4 6°C SV 7m/s passing train 

2013-04-17 freight train 02:56 00:02:00 71.6 84.9 6°C SV 7m/s arriving train 

2013-04-17 freight train 03:00 00:01:04 69.9 77.0 6°C SV 7m/s retiring train 

2013-04-17 freight train 03:48 00:00:59 68.5 76.6 6°C SV 7m/s passing train 

2013-04-17 freight train 04:37 00:00:34 60.2 67.7 6°C SV 7m/s passing train 

2013-04-17 freight train 04:46 00:01:43 69.2 77.5 6°C SV 7m/s passing train 

2013-04-17 freight train 05:01 00:01:33 73.3 79.2 6°C SV 7m/s passing train 

2013-04-17 passenger train 05:04 00:00:58 62.2 70.8 6°C SV 7m/s passing train 

When it comes to the Area R close to the railway there was a difference between the passenger trains 

and freight trains (table 12). The noise level and the length of the noise differed very much between 

the two types of trains. The difference was also high between different passenger trains and different 

freight trains. Table 12 also shows how an average night can look like. The number of freight trains 

was much higher than the passenger trains during the whole night. The passenger trains occurred in 

the evening and in the morning while the freight trains were active during the whole night. The 

transport differed a lot between different freight trains. Sometimes only a locomotive arrived and in 

other cases a long set of carriages appeared with different types of goods. No single noise events from 

the harbour were captured. An independent samples t-test was used to see if there is a significant 

difference between the noise exposure at 23:00-24:00 and 03:00-04:00. This study could not show a 

significant difference between the two times.  

6.3 Noise levels and sleep disturbance 

The study by Pedersen (2012) showed that there is a difference between the number of people that are 

disturbed in their sleep living in Area H, Area MW and Area R. The first thought was that the sleep 

disturbance is due to ambient noise levels in these three areas. The hypothesis was therefore set to 

obtain whether ambient noise levels are highest in Area R (where the highest frequency of sleep 

disturbance was found) and lowest in Area MW (where the lowest frequency of sleep disturbance was 

found). If no indications of such a relationship would be found, the second hypothesis was created 

which stated that the maximum noise levels caused by intermittent sounds are highest in Area R and 

lowest in Area MW. The results in table 14 shows that the percentages of people disturbed by noise in 

the three areas and the average LAeq value calculated for ambient noise levels does not match. This 

means that the ambient noise levels cannot be connected to peoples’ sleep disturbance and that the first 

hypothesis is false.  

Table 14. The average LAeq value and the number of people disturbed in their sleep.  

Area Sleep disturbed by noise, % LAeq (23:00-24:00) LAeq (03:00-04:00) 

H 22 39.9 39.5 

MW 11 51.9 51.3 

RR 34 42.3 40.7 
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The second hypothesis is therefore considered to be true because the maximum noise level matches the 

number of people that have reported that they are disturbed by noise during their sleep (table 15). 

However, it cannot be excluded that the single noise events could not be measured in the area close to 

the harbour. 

Table 15. A possible connection between single noise evens and peoples sleep disturbance. 

Area Sleep disturbed by noise, % LAmax (mean value) 

H 22 – 

MW 11 62.1 

RR 34 78.71 

1The mean value is both for passenger trains and freight trains together. 

6.4 Noise levels and guidelines 

Sweden has implemented guidelines that are based on those set by WHO. The results showed that the 

highest ambient noise levels occurred in Area MW close to the motorway (table 16). The value 

55dB(A) was exceeded in one case in this area when the ambient noise levels were measured from 

23:00-24:00 (table 6, page 31). However, the highest maximal noise levels occurred in Area R close to 

the railway when the single noise events were measured. One of the values exceeded the 

recommended value with 31dB(A).   

Table 16. The LAeq values and LAmax values in dB(A) and the guidelines that have been set by the 

Swedish Environmental Protection Agency . 

Area LAeq (23:00-24:00) LAeq (03:00-04:00) LAeq (guidelines) 
LAmax (own 

measurements) 
LAmax (guidelines) 

H 39.9 (38.9-42.7) 39.5 (38.4-41.5) 40.0 – 55.0 

MW 51.9 (47.4-56.8) 51.3 (45.3-55.0) 55.0 64.0 70.0 

RR 42.3 (38.8-48.9) 40.7 (37.7-46.0) 55.0 101.0 70.0 

6.5 Possible health effects 

The results in the review showed that sleep disturbance nighttime due to traffic noise can result in 

negative health effects. It was shown that rather the number of noise events affects the time falling 

asleep than the noise level from road traffic. It was also shown that people can be disturbed by road 

traffic nose even if they are not awakened during the night and that the fatigue was greater the day 

after an exposure to this type of noise. However, the exposure to railway noise had a larger effect than 

road traffic noise and the highest effect came from freight trains. They had a higher duration and 

amplitude than passenger trains. The previous study in this thesis also showed that the noise levels 

were higher from railway traffic than from the road traffic and that the freight trains had the highest 

exposure levels. Most of the people in the study by Pedersen (2012) was disturbed by the railway 

traffic during sleep nighttime. The results in the review also showed that the heart rate response was 

more affected by railway noise and that the arousals increased with higher noise exposure. The highest 

effect occurred amongst young people.  

The results in the review showed that it occurred a decrease in the REM stage after a longer exposure 

to road traffic noise. There was also a significance found that noise levels above 50dB(A) from 

railway noise decreased the length of the REM stage and that this type of noise had the highest effect 

on the sleep parameters.  
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7. Discussion 

The results of this study indicate that there is a link between noise events with high maximum sound 

pressure levels and sleep disturbance. A large number of noise events occurred at night in Area R; the 

area with the highest frequency of sleep disturbance. All the LAeq values and almost all the LAmax 

values, except from two, were above the guidelines that have been implemented by WHO. Many of 

the values that have been obtained are much higher than the guidelines. This should be examined 

further according to the negative health effects that have been mentioned in the studies included in the 

review. It has been shown that the negative effects are worse to the exposure of freight trains than 

passenger trains in this study but also in the studies by Tassi et al. (2010a) and Saremi et al. (2008). 

The number of freight trains was also much higher than the passenger trains in the Area R during the 

night. It has been shown in some of the studies in the review that the heart rate response was higher 

due to the railway noise and that the effect was highest on young people. The number of arousals and 

changes of the sleep parameters increased by higher noise pressure level exposures from railway noise. 

The highest effect occurred on the REM stage for the exposure to both road traffic noise and railway 

noise. 

It was in this study not possible to find a link between ambient noise levels at night and reported sleep 

disturbance. The area with the highest ambient noise levels, Area MW, was the area of lowest 

frequency of sleep disturbance due to noise among the three studied areas. The reason why a 

connection could not be found can be that this type of constant noise is not of the character that people 

usually react to during the night. However, according to the studies in the review the exposure to road 

traffic noise can affect the time falling asleep due to higher exposure of noise events, it can affect the 

sleep parameters, decrease the sleep duration and increase the fatigue the day after. 

The statistical tests, one-way ANOVA, post-hoc test LSD and independent samples t-test were used 

because they were the most suitable according to Harrad et al. (2008). A test to see if there is a 

difference between the exposure to single noise events from the motorway and the railway could not 

be completed because the measurements were not randomly taken.  

The method used in this study can in my opinion be used in other cities around Sweden but also in 

other cities in the European Union where the guidelines for traffic noise are quite the same. When it 

comes to other cities it is however very important to take some factors into consideration such as the 

construction of facades, eventual insulation, different types of trains, different speed, differences in 

laws when it comes to other countries and different distances between the facades and the sources. 

There is also a various sensitivity to noise exposure, some people have lived in the dwellings very long 

and some have just recently moved in. Some people can even become accustomed by the noise that 

they are exposed to which makes them less disturbed by it. 

The times for the measurements were chosen so that two important occasions could be captured. These 

include how the traffic noise affects the people when they are going to sleep (approximately between 

22:00 and 24:00) and when they are in the SWS stage (approximately between 02:00 and 04:00). 

Measurements taken in the morning when people are starting to awaken were in the beginning also 

going to be made but since the birds are singing very loudly in the early hours during this time of the 

year, it was excluded. The measurements were taken during the spring which also could have an 

influence on the results. The exposure levels could for example change during different seasons 

because of different weather conditions and a distinction in the amount of transportations. It is 
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important to be aware that the average values for the wind speed that were registered during the 

measurements must have been higher than the wind actually felt. The values can therefore be slightly 

misleading in this case. Strong winds may otherwise have an effect on the sound level meter which 

results in higher measured values than they in fact really are. 

The weaknesses with the method used in this study are that the sound level meter was not placed in the 

same height as the peoples’ bedrooms and the measured value is only representative for the exposure 

of a smaller group of people. Another weakness is that measurements were made outside the facades, 

not inside them as in the study by Aasvang et al. (2011). However, when the indoor noise level is 

measured in Swedish houses with normal sound proofing usually 25dB(A) is deducted from the 

outdoor noise level. The effects by traffic noise exposure on different sleep stages could not be 

calculated and the results are the actual noise exposure outside the dwellings and the connection to the 

peoples’ own opinion about their disturbance. The questionnaires by Pedersen (2012) were sent out 

two years ago which makes it possible that the current noise exposure can differ from the previous 

one. No real connection between exposure and disturbance can therefore be made. However, not many 

changes have occurred since then especially as regards the motorway and the railway. The strengths in 

this study are that there are guidelines for the noise exposure outside facades which makes it easy to 

compare them to the obtained values, the results consists of measurements on the actual noise 

exposure not on traffic noise recordings which can slightly differ. The field studies in which the 

participants were exposed to the real current traffic noise are in my opinion a little bit more realistic 

than the laboratory studies in which recordings are played back for the participants during the night.  

The review by Hume et al. (2012) claims that no studies have shown a direct connection between 

different types of noise, sleep disturbance and possible cardiovascular diseases or other health effects. 

Neither have long-term effects on health been studied. The review says that it takes years to 

investigate a possible connection and therefore further studies at long-term effects should be made. 

The review by Hume et al. (2012) also asserts that more research should contain which the 

mechanisms are that cause sleep disturbance by environmental noise and the effects on health. The 

review also points out that an investigation of the grade of habituation and the exact areas where it can 

occur is needed. In my opinion this could lead to a better understanding of the connection between 

these different factors. There are also other areas in this field that should be explored deeper. The 

density of cities gets larger and more dwellings are built closer to the harbours. No studies have to my 

knowledge been made in this area to see how the noise exposure affects the people nighttime. 

It is important to take into consideration that it is planned to extend the amount of tracks and that there 

will be more dwellings close to the harbour in Halmstad in the future. This will affect the people and 

the noise exposure during the night will probably grow. The question is how great this exposure will 

be and how this could affect the people. The second problem that could occur is that the dwellings will 

be built very close to the harbour and the railway. This could lead to a cumulative effect when the 

people are exposed to these sources simultaneously. According to the Swedish National Board of 

Housing, Building and Planning (Boverket, 2011) it is important to take the traffic noise into 

consideration and secure that the traffic issue is included in all aspects of the planning process when a 

new residential area is going to be built, rebuilt or when new infrastructure is planned. This is the key 

to peoples’ protection against traffic noise exposure in the future. 
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8. Conclusions  

The results from this study indicate that ambient noise levels are not a sufficient predictor for sleep 

disturbance and that maximum levels of noise events are more relevant. The Swedish guidelines for 

noise exposure in Sweden today are based both on ambient levels and maximum levels. The maximum 

levels should be the main guideline for local authorities when combating the impact of noise, at least 

for night time exposure. This is especially important for noise from freight trains that in this study 

reached maximum levels that could have effects on the sleep structure and therefore also on people’s 

health.  

Studies in the future should therefore be made on a longer exposure period and contain the possible 

health effects from a longer traffic noise exposure. The studies should also explore where a habituation 

due to the traffic noise exposure can occur. More studies should be made on the noise exposure 

coming from harbours.  
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