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Acoustics in the design of high-quality cycling routes
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Helsinki is developing a city-wide network of cycling routes to promote safe and efficient low-carbon
mobility. Many of the most suitable corridors — those with minimal crossings and route deviations — run
parallel to major traffic arteries. These locations, however, may expose cyclists to elevated levels of traffic
induced noise and other emissions, resulting in commuting environments that are neither compelling nor
conducive to health. This study examines the acoustic environment along the planned Itdbaana cycling
route section adjacent to Itdvayld, one of the city’s main entry corridors, and discusses appropriate design
criteria for cycling route acoustics. Noise modelling was carried out to identify subsections where
mitigation measures would substantially improve acoustic comfort. Considering also overall pleasantness,
cityscape values, traffic safety and maintenance requirements, the work resulted in the recommendation of
noise barrier structures for two subsections of the planned cycling route.

1 Introduction

Helsinki City has set a strategic goal of building a comprehensive network of straight, steady-paced, high-quality bicycle
tracks to connect major residential areas to the city centre and major employment hubs [1]. As a distinction to the general
cycling routes network, these high-quality bicycle tracks, in Finnish called baana, are defined by a specific set of design
requirements such as a large cross-section width, maximum allowable slope, high-level maintenance, serviceable around
the year, and the signature red asphalt. The baana network, illustrated in Figure 1, is included in the Helsinki City Plan
2016 [2], and currently, roughly one fifth of the 140 kilometres of new cycling track is already in use.

The necessity of enhancing and promoting active mobility is directly connected to the carbon reduction objectives set in
the Helsinki City Strategy [3]. Since ceasing from coal-based energy production for the district heating in 2025 and
shifting to renewable energy solutions, transport has become the number one source of the city direct climate emissions
[4].

Besides the climate objectives, Helsinki City has a strategic objective to increase active mobility and active lifestyle in
general to improve the citizens’ health and restrain the costs of public healthcare. Helsinki will continue to improve its
bicycle infrastructure. In the new Helsinki Bicycle Action Plan, to be published in 2026, the focus will expand to include
promoting cycling in collaboration with public actors such as schools and healthcare services. The primary goal of the
forthcoming Bicycle Action Plan is to integrate cycling not only into traditional transport planning, but also into the
promotion of wellbeing and public health, leisure, urban culture, city life, and the city’s overall vitality. In this new Action
Plan, promoting cycling is therefore defined as a shared responsibility across the entire City of Helsinki.
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Figure 1. Map of the baana network plan (illustration: Jenni Huovinen / Helsinki City).

Cyclists and pedestrians are directly exposed to their environment. In recent transport research, the health effects of active
mobility have been analysed [5] and travel-related attitudes have been studied [6]. Especially alongside high-density road
traffic, traffic noise and airborne particulate matter are the two major health risk factors. By mitigating those adverse
health effects through transport design, cycling can be kept health-wise beneficial also in urban environment. Besides the
exposure research based on objective measurements, methods for investigating the subjective experience of perceived
exposure have been formulated for uncovering its’ effect on the attractiveness of cycling and walking as means of
transport [7]. Perceived noise exposure was identified as an important negative factor of the overall pleasantness of the
journey, although the correlation between measured and perceived noise exposure was not strong. On the other hand, the
term “quietness” was related to car-free situations or natural environments rather than the actual sound pressure levels.
Perceived noise has been demonstrated to affect, although not as the most important factor, the bicyclist behaviour
including route choosing [8]. Passing community areas, having an interesting trip, seeing or smelling blue and green
spaces, and the quietness associated with these experiences has been found to improve a cyclist’s wellbeing during their
commute [7]. A green paths routing tool was developed by the Digital Geography Lab, University of Helsinki, within the
European Urban Innovative Action: HOPE — Healthy Outdoor Premises for Everyone [9]. It is widely recognized that
enhancing the modes of active mobility need to be given more importance in the urban street and transport planning.

We will discuss the acoustic design of cycling routes via the street planning project case of the Itdbaana section between
Valurinkatu and Virvatulenpolku [10]. The planned alignment is illustrated in Figure 2. The aim of Itdbaana cycling route
is to strengthen the connection between central Helsinki and Eastern Helsinki. The route will extend from Helsinki Central
Railway Station to Ostersundom, and various sections have already been implemented either as part of broader street
construction projects or as standalone initiatives. The section now being designed covers 2,0 kilometers. The planning
area features two contrasting land-use characteristics. The Herttoniemi business district and the Roihupelto area host a



high concentration of car dealerships and automotive service companies, whereas in the eastern part of the planning area,
the route follows an existing green area. During the general planning phase, multiple route alternatives were assessed,
including one that would utilise the existing street network. The chosen route alignment, running straight and level
alongside the busy Itdvéyli, offers clear advantages in terms of directness and the absence of intersecting traffic and thus
conforms to the baana design requirements. However, its close proximity to heavy road traffic made achieving the quality
objective of acoustic comfort particularly challenging. The street plans for this section of baana were approved by the
Helsinki Urban Environment Committee in February 2026, and construction is scheduled to begin in 2027 [10].
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Figure 2. Map of the Itdbaana section currently being planned (illustration: Taruliina Niemi / Helsinki
City, opaskartta: Helsingin kaupunki).

2 Acoustic objectives and design criteria for cycling routes

In Finland, there are no legislative or other normative limit values regarding traffic noise levels in bicycle or pedestrian
transport routes. The WHO Environmental Noise guideline [11] does not address cyclists or pedestrians in particular.
For reference, the legislative A-weighted daytime equivalent sound pressure level limit value L 472> in Finland for urban
recreational areas is 55 dB.

In the Helsinki design guide for baana cycling routes [ 12], there are few direct acoustic requirements, but some functional
criteria connected to the acoustic environment. A direct instruction is to consider, when possible, noise as a factor
impairing the overall pleasantness. Cycling is defined as social activity, and having a conversation is intentionally enabled
by setting the baana cross-section width requirement to allow cycling side by side. The design guide also requires the
physical separation of different modes of transport for both actual and perceived traffic safety and for pleasantness factors
such as dust, splash water and other emissions of motorised traffic. In transport design, a general guideline is to separate
bicycle and pedestrian traffic from motorised traffic based on the speed limit and volume of the motorised traffic. When
distance cannot be utilised as the separating element, a railing or a barrier is required. Although the baana concept is
optimised for enabling efficient commuter transport, the aim is to serve all kinds of cyclists from parents with children to
people with limitations or with other purposes than commuting.

Design guides for active mobility infrastructure are being published by an increasing number of cities. The recurring

functional criteria indicating acoustic conditions as a quality factor takes shape as the quality objective of acoustic
comfort, or acoustic conditions supportive of the characteristic functional needs of cycling. Whereas the term soundscape



focuses on the more passive experiencing, a cyclist is an active agent in the acoustic environment pursuing to navigate or
communicate besides relaxing or enjoying.

To enable design towards the high acoustic comfort, we take the baana design requirements identified to have a connection
to the acoustic conditions and pursue to refine them into a set of acoustic design criteria. In this chapter, we propose and
review a set of design criteria for cycling route acoustic environment. Finally, traffic noise mitigation measures effective
and feasible for cycling tracks are reviewed.

2.1 On the daytime equivalent sound pressure level

The A-weighted daytime equivalent sound pressure level L., 7.22 along the cycling route may not very well describe the
desirable or undesirable proportions of the acoustic environment perceived by the passing cyclist. Referring to the recent
transport research discussed earlier, a commuter cyclist might spend altogether up to a couple of hours of a typical
workday on the cycling route, rapidly moving between different urban sound environments and potentially hoping for
variation, intriguing sound events, nature sounds or other soothing elements or maybe conditions allowing communication
with a fellow cyclist. The cyclist does not want to miss warning signals such as sirens, bells or honks, or other relevant
traffic sounds, especially near intersections. It is important to hear, as accurately as possible, even the directional
information of those warning sounds. The commuting is likely to happen during rush hour, just when the noise emitted
by motorised traffic is at its highest.

On the other hand, the L., 7.22 values give a useful estimation of the background noise level along the cycling route and
may give some general information on the potential impact of noise on the overall pleasantness of the route subsections.
Furthermore, they allow the assessment of alternative routes or in relation to other urban outdoor areas.

A rough estimation of the A-weighted instantaneous sound pressure level of the traffic noise may be derived based on the
daytime equivalent level and data on the temporal distribution of the traffic volume during the day. This estimation may
aid in assessing the acoustic conditions for having a conversation.

2.2 Communication

In considering the feasible acoustic criteria of conditions for communication, we refer to the context of industrial
workplaces, where the impairment of communication on the account of noise is sometimes assessed simply with the
speech-to-noise ratio. Communication becomes increasingly difficult when the speech-to-noise ratio decreases below
zero, i.e. when the level of background noise is higher than the level of normal speech. At speech-to-noise ratio of —15
dB, the speech intelligibility is low, and communication typically reduces to yelling short instructions [13].

The continuous level of normal speech is typically estimated at L, 60 dB. From there it may be derived that the acoustic
condition required to continue a conversation would be to maintain the noise level below 60 dB and avoid exceeding 75
dB at any point. In behavioural research, a threshold value of 78 dB SPL (not indicated whether A-weighting was applied)
has been defined for communication breakdown [14]. However, for cycling the threshold may be lower since only a
limited set of the various interpersonal strategies for compensating for the poor communication conditions may be
available.

2.3 Reducing the prominence of traffic noise in the cyclist’s acoustic environment

The audibility of intriguing or soothing sound events varying from the singing of birds of various species, to children
playing, or music emanating, is dependent besides on the background noise level, also on the sound power level emitted
by the sound source in question, the sound duration and recurrence, and the distance to the sound source from the cycling
route. Instead of attempting to assess the audibility, we suggest the design approach of identifying those sections of the
route that pass areas potential for intriguing sound events such as parks, woods, shores, populated communal areas etc.
and favour those sections for noise mitigation measures.

2.4 Traffic noise mitigation

Noise barriers are one of the typical implementations of traffic noise mitigation. Barriers may be expensive and require
tree felling and both vertical and horizontal space for the structural foundation. Also, they may present challenges with
stormwater management, maintenance or visibility, and they are generally considered to impair the cityscape aesthetics.
On the other hand, when there is a need for a railing for safety reasons, adding height for noise mitigation may turn out
expense-wise efficient in improving the overall pleasantness and quality.



Other means of motorised traffic noise mitigation include lowering the speed limit and applying quiet road surface paving
materials. Especially in intersection areas, the boundary conditions of transport design such as requirements for visibility
typically avert any barriers, but also noise levels are lower due to lowered speeds.

Hearing protection cannot be recommended for cyclists for traffic safety reasons. Designing compelling cycling routes
may shift some of the commuter traffic away from motorised routes reducing passenger car traffic volumes and thereby
reducing the noise emissions [6].

3 Itidbaana street planning project and the noise assessment

In the zoning plan, Itdbaana cycling track belongs to the Itdvayla street area (street right-of-way). For major part of the
section, the cycling track is aligned adjacent to the Itdvdyld lanes, varying widely in topographic and constructional
conditions along the section. On the opposite side of Itdvdyld a surface metro line adds to the traffic noise. Towards the
East from approximately the Muuntajankatu intersection, adding a new wide cycling track requires the Itéviyla driving
lines to be narrowed for making space, and consequently the motorised traffic speed limit will be lowered from 80 to 60
km/h.

A noise assessment was made to compare alternatives for improving the acoustic environment along the baana section
currently being planned. A computational estimation of the traffic noise levels was acquired by modelling with Cadna/A
2025 software and the Nordic prediction methods for road and rail traffic noise [15, 16]. The noise assessment was made
according to the Helsinki City noise assessment guideline [17], with a minor modification to produce plausible estimates
of sound pressure level on the bridges. A noise barrier of varying height was added between the car lanes and the cycling
track, the positioning depending on the available space, the relative heights, the loadbearing capacity of the bridges, and
traffic safety aspects. (The Roihuvuorentie junction area was excluded from the noise barrier modelling.)

When applying the planned speed limits and the forecasted traffic volumes of year 2040, the traffic-induced A-weighted
daytime sound pressure level Lyeq07-22 along the cycling track varied from 70 to 76 dB. The estimated noise levels are
illustrated in Figure 3. The variance of noise level during daytime rush hours and quieter hours was approximated to +/-
3 dB[18].
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Figure 3. Estimated traffic-induced A-weighted daytime sound pressure levels Le07-22 along the planned Itdbaana
section, subsections with noise barriers circled (illustration: Julia Turku / WSP).

With a noise barrier 2 m high, the estimated reduction in the sound pressure level varied from 4 to 10 dB. The reduction
was at all locations above what is generally considered the just noticeable difference of 3 dB. The smaller reduction values



in some subsections were acquired mainly for reasons of disadvantageous topography. Other barrier heights, placements
and further variations were experimented but not reported here.

Evaluating the results against the proposed design criteria, the noise levels without noise mitigation are high compared to
the limit values of recreational outdoor areas. Towards the East from Muuntajankatu, the estimated noise levels are
affected by the lowered speed limit, the effect being approximately -3 dB [18]. At the eastern green area of Marjaniemen
siirtolapuutarha allotment garden area, the noise level reduces due to growing distance to the car lanes. For most
subsections, without mitigation, having a conversation would require raised voices. For some subsections, the criteria of
speech-to-noise ratio 0 dB may be reached with a noise barrier.

4  Design process and design solution of Itibaana

The noise assessment was carried out in the early phase of the street planning project, along with the initial studies of
other technical disciplines. The project team consisted of nearly twenty designers and specialists from various disciplines,
representing both the consultant and the city project owner. The collaboration begun with a field survey by foot along the
planned cycling track alignment.

The area currently being planned connects to a section of Itdbaana already completed in 2023, which runs on the western
side of Itdvdyld to Herttoniemi along with the surface metro line. A noise barrier has been built to shield the nearby
residential area of metro noise, and it reduces traffic noise along the cycling track efficiently. During the site visit, we
walked along the alignment of the future route and finished by continuing onto the already completed section toward
Herttoniemi. As the traffic noise gradually faded, conversations among the project team became easier. Although there is
no housing directly adjacent to the new section of the Itibaana, we began to consider what the objectives for noise
mitigation along this stretch could be.

As in any large street planning project, a multitude of both boundary conditions and quality factors from each technical
discipline needed to be coordinated and integrated for a good overall design solution. Noise mitigation was not one of the
boundary conditions, but acoustic comfort had been set as key quality factor based on the Helsinki design guide for baana
cycling routes. Furthermore, noise mitigation using a noise barrier would have a beneficial impact on other quality factors
of the solution as well, such as protection of cyclists from dust, splash water and other emissions.

To compose a design solution, the planning area was divided into subsections, and for each subsection the boundary
conditions were identified and quality factors assessed. Noise barrier was not proposed on the Viilarinkatu bridge on basis
of the existing bridge loadbearing capacity and the high financial cost and carbon emissions of any major repair and
structural reinforcement measures. Furthermore, the noise barrier structure would have been challenging for stormwater
management. Somewhat similarly, noise barrier was not proposed on the new cycling track bridge for avoiding a
substantially heavier structural requirement. Between the two bridges, noise barrier was not proposed because of
prioritising traffic safety aspects at car lanes approaching an area of intersection.

The design solution included noise barrier on two subsections, where a barrier structure would not conflict with boundary
conditions and would improve the overall quality. The subsections with noise barriers are circled in Figure 3. Towards
the South-West from Muuntajankatu, the speed limit will remain at 80 km / h and an estimated 10 dB reduction in the
noise level with barrier is possible due to favourable topograpy. In the subsection from the Roihuvuorentie junction
Eastward until where the distance to car lines begins to grow, the narrowness of space requires structural separation of
the modes of transport for both traffic safety and motorised traffic emissions reasons. The height of the planned noise
barrier was raised to 3,0 m for achieving 10 dB reduction in noise level and efficient protection from dust, splash water
and other emissions.

One of the two subsections designed with noise barrier is illustrated by the photos in Figures 4 and 5. Figures 6 and 7
show the planned typical cross-section at a particularly noisy point of the subsection and a concept image of the cycling
track street plan in the point, respectfully.

The street plan was processed in the city administrative procedure in early 2026. Based on the opinion received from the
Helsinki area cyclists' association Helsingin seudun pyoriilijat ry (Hepo) in the public engagement process, the city
decided to modify the street plan by increasing the height of the traffic safety railing in another subsection to serve as a
noise barrier (circled by a dashed line in Figure 3). Furthermore, the barrier design was changed to graphic concrete,
resulting in a quality upgrade in terms of both acoustics and the cityscape. Conclusively, approximately 950 m of the 2
km section of Itdbaana cycling route will be protected by a noise barrier.



Figure 4. Photo of a particularly noisy subsection of Figure 5. Photo of a very narrow point
the planning area (photo: Julia Turku / WSP). (photo: Julia Turku / WSP).
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Figure 6. Typical cross-section image of the Figure 7. Concept image of the street plan at the subsection
subsection (illustration: WSP team). (design: Tuomas Vuorinen / WSP).

5 Conclusions

Recognising active mobility as an equal mode of transport to motorised transport in urban street and transport planning
is important for cities both from the viewpoint of city strategic objectives and because there is a strong support for it
among the active urban citizens. Research has identified the perceived exposure to traffic noise as one of the major factors
impairing both the overall attractiveness of cycling routes and the cyclist's wellbeing.

A set of design criteria are proposed to facilitate acoustic environment design in street design projects and to establish a
framework for interpreting computationally estimated traffic noise level values for active mobility routes in a meaningful
way. A design case in Helsinki is presented, in which the Itdbaana section street plan design solution includes protecting
three subsections of the baana high-quality cycling route with noise barriers. The street plan including noise barriers was
approved for implementation in the city administrative procedure for the explicite purpose of fulfilling the baana specific
quality objectives, without the typical design boundary condition of legislative noise limit values.
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