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Recently, cities have expanded their cycling infrastructure, resources, and research to support
their commitment to Sustainable Development Goals. Cycling is recognised as a sustainable mo-
bility option with benefits such as increased physical activity, longer life expectancy, zero emis-
sions, and economic gains from a healthier workforce. Tampere's sustainable urban mobility plan
(SUMP) aims to increase cycling's modal share from 11% in 2021 to 15% by 2030.

This study employs spatial and quantitative analyses using QGIS and the WHO’s HEAT tool
for walking and cycling to identify infrastructural constraints and potential benefits of achieving
this target. Spatial analysis examines density and mismatch on 1 km x 1 km grids by calculating
cycling route and traffic densities within each cell and comparing these values to identify mis-
matches. The HEAT analysis assesses the impacts related to physical activity and air pollution,
estimating the economic advantages.

Results reveal that Tampere’s cycling infrastructure is unevenly distributed, with higher route
density in central areas and less in peripheral zones. Cycling activity is focused along certain
corridors, and mismatch analysis highlights locations where demand is not fully supported by
infrastructure capacity. HEAT results suggest that increased cycling could bring significant health
and economic benefits, especially through reduced premature mortality. Overall, the findings
highlight the importance of addressing spatial disparities in cycling infrastructure to support in-
creased cycling levels and realise associated health and societal benefits.
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1 INTRODUCTION

Transport and mobility are central to sustainable development, and this has been rec-
ognised since the 2012 United Nations conference for Sustainable Development. [29]
Sustainable transport is also linked to several Sustainable Development Goals (SDGs).
Many nations and cities have emphasised sustainable mobility in their development
plans as part of their commitment to the 2030 Agenda for Sustainable Development. In
Europe, these efforts have further manifested in the Sustainable Urban Mobility Plan: a
strategic plan designed to meet the mobility needs of people and businesses in cities

and their surroundings, improving quality of life. [28]

In its Sustainable Urban Mobility Plan, hereafter referred to as SUMP, approved in
2021, the City of Tampere [1] set a target to increase the modal share of sustainable
mobility modes — walking, cycling and public transport — to 69% by 2030 (see Figure 1).
To achieve this target, the modal share of cycling in the city needs to rise from the cur-
rent 11% (as at 2023) to 15%. This target is relevant not only to sustainable mobility

but also important to achieve the city’s 2030 climate neutrality goals.

The shares of transport modes used by Tampere residents on an autumn day
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Figure 1. Modal share of transport modes used by Tampere residents on an
autumn day in 2016 and 2030 [1]

Tampere is the third-largest city in Finland, with 263,337 inhabitants as of 2025 [2]. In
2024, the population density is 494.5 persons per km?. Tampere is a student-friendly

city with its higher education institutions attracting many local and international talents.



More than 50% of the city’s residents are under 40 years, and the largest age group,

20-29 years, accounts for about 20% of the population [2].

Tampere serves as an economic, educational and cultural centre for the surrounding
region. The population of Tampere is growing steadily, with about 1.4% annual popula-
tion growth, and is expected to reach almost 300,000 by 2030 [1]. As the population in-
creases, the need for transport and mobility in the city also increases. For the city, this
means transport facilities and infrastructure must grow to serve its growing population.
The city’s transport system currently consists of trams, buses, trains, bikes, e-bikes,

scooters, and cars.

As the space available in the city is limited, there must be a shift in transport modes to
ensure the effective and efficient use of space. The city must prioritise sustainable
modes of transport when re-evaluating the use of space, not only because they support
more efficient use of space than cars (Figure 2), but also because they offer environ-
mental and health benefits. For example, cycling has been associated with a reduction
in risks of cardiovascular diseases and obesity from sedentary lifestyles prevalent in
cities, depression and anxiety. Research has also associated cycling with reduced

healthcare costs, emissions and traffic congestion. [10], [13], [19]

Figure 2. Space required for different modes of transport [1].

Tampere is located between two lakes: Lake Nasijarvi and Lake Pyhajarvi. The temper-
ature in Tampere exceeds 30 degrees in Summer and falls below -25 degrees in Win-
ter [3]. While it is in Southern Finland, Tampere experiences winters that strain its

transport infrastructure, resulting in delays, increased maintenance needs, and a gen-



eral decline in cycling. The city’s cycling path network is almost 700km [4], and an av-
erage of 7.5km is renovated or built every year. However, according to the Walking and
Cycling review conducted in 2025 [5], the cycling network has a backlog of renovations

that would take over 20 years to clear at the current pace of investment.

Tampere’s public transport uses the regional transport service, Nysse, for buses, trams
and regional trains, which it shares with the neighbouring municipalities of Kangasala,
Lempaala, Nokia, Orivesi, Pirkkala, Vesilahti, and YI6jarvi. There are regional cycling
routes connecting Tampere city centre to neighbouring areas and municipalities (see
the orange lines in Figure 3). These regional main routes have signage and signboards

to promote smooth cycling trips, and they have priority in winter maintenance.
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Figure 3. Regional main cycling routes (in orange lines) [6].
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Despite the city’s ambitious targets and progress, cycling faces multiple barriers that
prevent an increase in its modal share and make it less attractive to commuters [5].
The thesis aims to identify these challenges, focusing particularly on spatial and infra-

structural factors, and to quantify the potential health impacts and benefits of increasing



modal share using the Health Economic Assessment Tool for walking and cycling

(HEAT) [7]. 2 research questions support the aims:

Q1. What infrastructural factors appear to be constraining an increase in everyday cy-

cling in Tampere?

Q2. What are the estimated health and economic benefits of increasing cycling in Tam-
pere, as calculated using the WHO HEAT tool?

Spatial analysis using QGIS supported by a literature review is employed to answer the
first research question, and the second is answered using HEAT’s two-case assess-
ment. The structure of the thesis is as follows: Section 2 presents the literature review,
with subsections on sustainable mobility, cycling as a mode of transport, barriers to cy-
cling and public transport integration. Section 3 has a detailed description of the data
and methods of analysis used in the research. In Section 4, the results of the analysis
are presented. Section 5 is the discussion section where the research limitations and
further study are discussed. Finally, the conclusion section wraps up the study and pre-

sents the findings in summary.



2 THEORETICAL BACKGROUND

This thesis examines how to increase everyday cycling in Tampere by identifying infra-
structural barriers and assessing the broader benefits of cycling growth. The topic falls
within a broader body of literature on sustainable urban mobility, cycling as an every-
day mode of transport, and constraints on cycling uptake. Across this literature, a re-
curring conclusion is that a single intervention rarely achieves higher levels of cycling.
Instead, sustained growth in cycling usually depends on coordinated solutions that inte-
grate infrastructure, policy, land-use planning, institutional support, and behavioural
change [8], [9].

2.1 Sustainable Mobility

Sustainable mobility refers to transport systems that are accessible, resilient, travel-effi-
cient, have minimal environmental impacts and are socially inclusive. The sustainable
mobility paradigm [8] challenges conventional transport planning practices that priori-
tise speed and minimisation of travel cost as the central goals of transport policy. In-
stead, it proposes that transport systems should be evaluated according to how well
they support accessible, liveable, and publicly acceptable mobility patterns. Sustaina-
ble mobility modes primarily include public transport, electric vehicles (EVs), active
transport such as walking and cycling, and e-bikes, scooters, and personal mobility de-
vices (PMDs). However, sustainable mobility involves not just the modes, but also im-

provements in land use, energy efficiency and renewability, and system design.

Rather than isolated interventions, sustainable mobility transitions require a systemic
approach that integrates policy, infrastructure, technology, and land use to reduce
emissions while enhancing connectivity. In cycling research, substantial increases in
cycling are associated with comprehensive measures, including infrastructure, cycling
promotion programmes, supportive land-use planning, and restrictions on car use. [9],
[11] In addition, cities and countries with high cycling levels have implemented multiple
mutually reinforcing policies to achieve their outcomes rather than through any single
measure in isolation. [11] Cycling is particularly important for sustainable mobility be-
cause it simultaneously supports environmental, health, and economic objectives.
Gossling et al. [10] demonstrate that, in European cost-benefit terms, car travel im-
poses considerable external costs in emissions, space demands, noise and air pollu-
tion, whereas cycling and walking generate net societal benefits, largely because of

their positive health effects and lower environmental burdens. Their analysis supports



the argument that cycling should be seen not only as an individual travel choice but

also as a socially beneficial policy priority.

2.2 Cycling as a Transport Mode

Cycling has been used as a mode of transport since the early 19th century; however, it
became less dominant with the advent of steam engines and the spread of motorcars.
[30] Cities were built around cars and motorised transport, and cycling became less ef-
ficient than car transport. In many parts of the world, cycling was phased out as a rec-
reational activity as different cycling sports disciplines, such as mountain biking, road,
track, and BMX, evolved.

In recent times, research on cycling as a transport mode, beyond recreation or sport,
as a practical, everyday mode suitable for commuting, education, shopping, and other
daily trips, has increased. In City Cycling [12], cycling is presented as a viable form of
sustainable urban transportation for a broad population rather than only for highly confi-
dent or athletic riders, and its attractiveness in cities is attributed to the associated ben-
efits. The benefits of cycling are well researched in the literature. [10], [13], [19], [29],
[30] Regular cycling promotes physical activity, which reduces the risks of cardiovascu-
lar diseases and obesity associated with sedentary lifestyles prevalent in urban areas.
Cycling offers mental health benefits, including the reduction of depression and anxiety.
Economically, increased cycling can reduce road maintenance costs and lower
healthcare expenses through improved public health. Cycling has also been proven to
help reduce greenhouse gas emissions and traffic congestion as it produces no air pol-

lution and occupies minimal space, thereby enhancing connectivity within cities.

City Cycling [12] emphasises that, in addition to the benefits, cycling is favourable in
cities because of its low travel costs, competitive travel times for short trips, and the
availability of complementary measures such as parking infrastructure, bicycle sharing,
and integration with public transport. Pucher & Buehler [11] show that countries with
high cycling rates, such as the Netherlands, Denmark, and Germany, have made cy-
cling safe, convenient, and practical through separated facilities on major roads, traffic
calming in residential areas, extensive bicycle parking, supportive training and educa-
tion, and integration with public transport. Their findings are important because they
frame cycling uptake not as a matter of individual motivation alone, but as an outcome
of how transport systems are planned and designed. Furthermore, it is consistent with
Heinen et al. [13], who conclude that many factors shape cycling uptake and fre-
quency, and that not all of them are well addressed by traditional transport models.

This implies that efforts to increase cycling modal share must move beyond narrow



time-and-cost explanations and account for behavioural, infrastructural, and contextual

conditions.

2.3 Barriers to Cycling as a Transport Mode

Although cycling offers clear individual and societal benefits, the literature consistently
shows that many people who could cycle do not do so because of real and perceived
barriers. Cycling [10] is associated with safety, speed, and health risks, including acci-
dents, crashes, exposure to exhaust fumes, noise, and natural elements, and per-
ceived traffic hazards and safety concerns. Goéssling & McRae [14] show that prefer-
ences for safer street design consistently favour wider bicycle tracks, and physical sep-
aration from motor traffic and pedestrians. Likewise, another study [15] found that, in a
low-cycling urban context, residents expressed a strong preference for recognisable
and continuous cycling infrastructure, suggesting that inadequate infrastructure can re-
duce willingness to cycle. Wardman et al. [17] found that among the route-level inter-
ventions they examined, a completely segregated cycleway had the greatest effect on

inclination to cycle.

Barriers to cycling are not limited to infrastructure alone. Heinen et al. [16] show that
commuting by bicycle is also influenced by workplace culture, colleagues’ expectations,
and practical end-of-trip facilities such as secure bicycle storage and changing facili-
ties. Even in a country with a strong cycling culture, cycling to work is affected by the
organisational environment. In addition, Mesimaki et al. [20] show that even when trips
are technically cyclable, people do not often replace car trips with cycling, implying

wider systematic conditions or cultural norms, not just trip length.

Behavioural studies explain this by showing that barriers are perceived differently
across user groups and stages of readiness to cycle. Gatersleben & Appleton [18]
found that attitudes toward cycling, and perceptions of personal and external barriers
vary according to whether individuals have never considered cycling, are contemplating
it, or are already regular cyclists. This suggests that policy responses should not as-
sume a uniform population: some people need safer environments, some need practi-

cal support, and others may need confidence-building or social normalisation.

Another barrier is the weather. Weather is often seen as a barrier to cycling, especially
in cold climates such as in Finland, where winters are long and pose distinct seasonal
difficulties. Recent research, however, has shown that the effect of weather varies by

context and is influenced by infrastructure, maintenance, and local cycling culture



[19],[20],[31]. In Finland, recent modelling of bicycle commuting [19] shows that tem-
perature, snow cover, and hilliness affect cycling behaviour, alongside trip distance,

gender, car availability, and city region.

Finnish cases such as Oulu and Rovaniemi show that winter cycling is possible even
under severe winter conditions when winter bikeability and bicycle friendliness are sup-
ported by good infrastructure and maintenance. Bikeability [31] is defined as the ‘com-
fort and safety of bicycle infrastructure for access to required destinations’. In contrast,
bicycle friendliness assesses various aspects of cycling, including bikeability, safety
laws and policies and educational efforts to encourage cycling. The Helsinki case
shows similar results, that the winter effect is real, but maintenance practices such as
snow clearing and salting can reduce the impacts on cycling modal share. These stud-
ies show that climate and topography should not be treated as final, and their effect
can be mitigated with good infrastructure and maintenance practices. Some studies
[19] show that, compared with infrastructure and urban form, climate matters less for

cycling frequency.

Overall, the studies also show that trip distance, route continuity, and the quality of en-

route facilities remain important constraints. However, they also showed that infrastruc-
ture alone would not be sufficient to produce a major modal shift, indicating that cycling
uptake depends on a broader package of supportive measures, including trip-end facili-

ties, financial or institutional incentives and systematic and cultural measures [16].

2.4 Multimodal Dynamics and Public Transport Integration

An important body of literature argues that cycling should not be treated only as an al-
ternative but also as a complementary mode of access and exit. The concept of multi-
modal dynamics shifts the discussion beyond simple mode choice toward an intercon-
nected travel chain. Kager et al. [21] argue that the bicycle is too often treated merely
as a feeder mode to public transport (PT). Instead, they propose that the combined use
of bicycles and public transport, especially bicycles and trains, can form a hybrid, dis-
tinct transport mode. In this relationship, the bicycle alleviates the rigidity of public
transport by adding local accessibility and flexibility, while public transport significantly
extends the bicycle’s speed and spatial reach. Understanding this relationship helps
explain why investments in cycling may have effects that exceed the bicycle’s own di-
rect modal share. Also, Martens shows that bike-and-ride policies, meaning the com-
bined use of bicycles and public transport in a single trip, have grown as part of the
search for more sustainable transport solutions. In the Dutch case, upgrading regular

and secure bicycle parking at train stations increased user satisfaction and the number



of bicycles parked, while some bike-and-bus initiatives increased both bicycle and bus
use [22].

More recent research confirms that the bicycle-PT combination can strengthen the per-
formance of urban mobility systems. Kosmidis & Muller-Eie [23], in a systematic litera-
ture review, conclude that bike-PT integration is influenced by the quality of public
transport, the cycling network, and the degree of integration between the two systems.
Improved integration can expand station catchment areas and enhance accessibility,
making public transport more attractive in areas where walking alone is insufficient.
This perspective is reinforced by first- and last-mile literature. Mohiuddin finds that cy-
cling and pedestrian infrastructure around stations is a recurring approach used by
transit agencies to improve first- and last-mile connectivity [24]. Kosmidis & Muller-Eie
similarly conclude that bike-transit integration has strong potential for sustainable urban
mobility. However, they note that more research is needed on which travel behaviours
are being substituted, especially whether integrated bicycle-PT trips can replace car
trips at a significant scale [23]. The implication is that improving access to transit
should be understood as part of an integrated mobility strategy rather than as a sepa-
rate design problem. This is relevant to promoting cycling because many trips may shift
not from car to bicycle alone, but from car to multimodal chains that combine cycling

and transit.

2.5 Summary

Taken together, the literature suggests five main conclusions for this study. First, cycling
is central to sustainable mobility because it produces environmental, health, and social
benefits while reducing the external costs associated with automobility. Second, cycling
uptake is shaped by more than individual preference; it depends on infrastructure, land
use, institutions, policy packages and wider societal factors. Third, the most important
barriers include perceived and objective safety, route quality, trip-end facilities, organi-
sational support, and the relative convenience of other modes. Fourth, cycling and public
transport should be understood as complementary rather than competing systems. Fi-
nally, a multimodal perspective is necessary because cycling can contribute to sustain-
able mobility both directly and indirectly through improved access to public transport.
These insights provide a strong theoretical basis for analysing the Tampere case. They
justify examining not only barriers to cycling itself, but also how potential interventions
may influence the wider sustainable mobility system, including public transport access

and modal integration.
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3 DATA AND METHODS

The thesis conducts spatial and quantitative analyses of recorded data, supported by a
review of the literature and policy documents, to provide context for the case area. GIS
analysis is used to explore the data, support visualisations, and identify spatial gaps to
address the first research question (Q1). The findings of the HEAT analysis help esti-
mate the benefits of increasing the cycling modal share beyond its current level. This
chapter presents the research data, explains the methodology, and details the process

used to obtain the results.

3.1 Research Data

The research conducts a secondary data analysis using Tampere’s open data on cy-
cling. The open data comprises 2 datasets obtained from the Transport Planning de-
partment of the City of Tampere on Traffic Counts of Bicycle and Pedestrians and Cy-
cling Routes in Tampere [26]. The datasets are used in GIS analysis, which will be dis-

cussed in Section 3.2. Basic information about the datasets is as follows:

1. Traffic Counts of Bicycles and Pedestrians in Tampere: The dataset has 9,957 data
points. Data type is Point-data. The Coordinate Reference System (CRS) is
EPSG:3067 (ETRS-TM35FIN). Variables and metadata of the dataset are presented in
Appendix A.

2. Cycling Routes in Tampere: The dataset has 91,269 data points. Data type is Line
string, and Units is metres. The CRS is the same as the first dataset. The variables in

the dataset are presented in Appendix B.

The statistical data for the HEAT analysis are drawn from several official reports and

policy documents published by the City of Tampere [3], [5], [25], [27].

3.2 GIS Analysis

The GIS analysis was conducted using QGIS version 3.40.11 (Bratislava). The analysis
was conducted in 4 phases: data preparation, route density analysis, count density and
mismatch analysis. In the first phase, the datasets were cleaned of invalid data points
and prepared for further analysis. In the second phase, route density analysis calcu-
lated the density of cycling routes in grids in Tampere and classified the grids based on

their density. In the third phase, the count density in the grids was calculated, and the
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grids were classified. In the last phase, mismatch analysis compared count and route
densities by grid and identified areas with differences, for example, high route density

and low count density.

3.2.1 Data Preparation

The process of preparing the traffic count dataset began with data cleaning, i.e., re-
moving expired and obsolete data points. Then, null geometries were removed using
the ‘Remove null geometries’ tool in QGIS with the daily cycling count (vuorokausi_pp)
as afilter. After this, some data points still had empty values for the daily cycling count
but had data for peak morning (aamuhuipputunti_pp) and peak evening cycling (ilta-
huipputunti_pp). The available data were used to calculate a daily cycling value by

summing them.

Although the data suggest that vuorokausi_pp is usually several times greater than the
sum of aamuhuipputunti_pp and iltahuipputunti_pp, the method of summing them was
used because there is no evidence of a general multiplying factor. Only non-null and
non-empty values were used in the following analysis. The resulting dataset comprises
639 data points from 30 August 2017 to 13 November 2025. The symbology was then
changed to visualise the frequency of cycling in Tampere during the morning and even-
ing peak hours, as well as across 24-hour periods. This provides an initial indication of

cycling trends across the city.

A similar process was applied to the cycling routes dataset. This dataset contains
91,269 line segments. Upon exploring the data, it was found that roads are split into
several line segments, and paths in opposite traffic directions were counted as sepa-
rate entities in the dataset. This inflates the feature count. Then a new functional classi-
fication (see Table 1) was created from the toiminnallinen_luokka variable using the
Field calculator to simplify and visualise the types of cycling routes in the city. Null ge-

ometries were also removed from the dataset.
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Table 1. Classification table for cycling routes in Tampere

New class Description Identifier Old class (toiminnallinen_luokka)
Regional Main regional routes connecting | 1 Seudullinen paareitti (pyoraliikenne)
route Tampere city centre to its neigh-
bouring areas and municipalities
(routes are shown in Figure 3).

Local route Tampere city’s local routes for 2 Paikallisreitti (pyoraliikenne), Aluereitti
cycling traffic (pyoraliikenne), Alueellinen paareitti

(pyoraliikenne)

Pedestrian Tampere’s pedestrian streets 3 Jalkakaytava, Kavelynkatu

streets and walking paths

Others This includes state roads, out- 4 Tonttikatu, Valtion tie, Ulkoilureitti, Un-

door/recreational paths and un-

classified road segments

classified, Null

3.2.2 Route Density Analysis

The route density analysis was done through the following steps.

a) More data prep: From exploration of the dataset, it was found that Tampere’s

b)

residential areas have dense internal access paths that connect streets within

areas together. These paths include pedestrian paths and shared pedestrian-

and-cycling paths. To prevent these paths from inflating the density values, the

core cycling infrastructure was extracted from the main dataset. This was done

by including only cycling-specific paths from the katuosalaji variable, including

routes classified as 'Pyodratie’, 'Pyodrakaista’, 'Ajorata/Pyorakatu’, 'Erotettu
JK/PP', 'Yhdistetty JK/PP', 'Pyoraily-Yhteys ajoradalla’. Then, null and empty

geometries were removed (N = 52,994).

The length of each line segment in kilometres (len_km) was calculated using

the $length/1000 operation in Field calculator. Then, a 1km x 1km grid was cre-

ated using the Vector create grid tool. The extent of the output grid was set as

the cycling routes layer. Using the row number operation in the field calculator,

a new feature grid ID (g/D) was created to record a unique number for each grid

cell.
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The route line segments were divided within each grid cell using the 'Join attrib-
utes by location (summary)' tool. The grid served as the Input layer, while the
cycling routes were the Join layer. The predicate is ‘Intersect’. A field named
len_km was summarised with statistics including minimum, maximum, sum, and
count. The output was a joined layer that included all line segments within each
grid cell. The sum was used because some line segments are split across multi-
ple grids, so it measures the sum of each segment's length within a grid rather
than the total length of each segment. The resulting sum is stored in a new vari-
able as len_km_sum. This sum equals the density because each grid cell has

an area of 1 km2. Dividing the sum by 1 km? yields the same value.

Finally, the symbology of the Intersect layer is changed to Graduated using the
len_km_sum variable. The density is divided into 3 classes: Low, Medium and
High, and this is saved in a new variable route_den_3. Then, the map output is

produced.

3.2.3 Count Density Analysis

The process for calculating the count density is almost the same as that for route den-

sity. The daily cycling count has been calculated for all valid measurement points dur-

ing the data preparation phase.

a)

b)

The cycling count was joined to the existing grid layer using the 'Join attributes
by location (summary)' tool. The joined layer from the route density analysis
served as the Input layer here, while the cycling count was the Join layer. The
predicate is ‘Intersect’. A field named vuorokausi_pp was summarised with sta-
tistics including minimum, maximum, sum, count and mean. The output was a
joined layer that included all cycling count points within each grid cell, along
with information from previous analysis steps. The sum was used because
some grids had multiple measurement points. The resulting sum is stored in a
new variable as vuorukausi_pp_sum. This sum equals the density because
each grid cell has an area of 1 km?. Dividing the sum by 1 km? yields the same

value.

Finally, the symbology of the newly joined layer is changed to Graduated using
the len_km_sum variable. The density is divided into 3 classes: Low, Medium
and High, and this is saved in a new variable count_den_3. Then, the map out-

put is produced.
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3.2.4 Mismatch Analysis

This phase of the analysis is to identify mismatches between route and count density.
At this point, the route density, count density, and their classification are stored in a sin-
gle layer. Using the field calculator, a new field is created, and the grid cells are classi-

fied into 9 classes based on their count and route density values.

Table 2. Mismatch Analysis Table

Count density value Route density value Mismatch value
High High High-High

High Medium High-Medium
Medium High Medium-High
Medium Medium Medium-Medium
High Low High-Low

Low High Low-High
Medium Low Medium-Low
Low Medium Low-Medium
Low Low Low-Low

Then, the layer's symbology is changed to Categorised to reflect the mismatch values

of the grid cells. Grid cells with strong mismatch were then identified.

3.3 HEAT Analysis

The Health Economic Assessment Tool (HEAT) for walking and cycling is a tool devel-
oped by the World Health Organisation (WHO). The tool was designed to enable users
without expertise to conduct an economic assessment of the health impacts of walking
and cycling. It presents results by assessing impacts on premature mortality, account-
ing for physical activity, air pollution exposure, and traffic crashes. It can also assess
the impacts of a modal shift from motorised modes on carbon emissions [11]. The
HEAT can be used to conduct various assessments, including single-case assess-
ments to assess the current situation, two-case assessments to compare 2 different
scenarios, and impact assessments to evaluate the benefits of an intervention within

the system.
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This study conducts a two-case assessment, enabling a comparison of the current and

target scenarios. Below is a step-by-step explanation of the analysis:

a)

b)

Defining the assessment type: First, for the active travel mode, cycling was cho-
sen because only cycling data were available. Then the geographical scale was
set as Finland-Pirkanmaa-Tampere. The timescale for the two-case assess-
ment was set with 2025 as the reference year and 2030 as the comparison
year. The impact time defines the number of years over which the impact is cal-
culated. Its value was set to 10 years. Finally, the impact factors selected were

physical activity and air pollution.

Data input: This step is where the basic input data are entered. First, the data
source is selected from a dropdown menu. The source of my data is a popula-
tion survey. Then, the population is adjusted to the latest available figures (N =
263337). The age range of the cycling population is automatically calculated as
20—64 years. Then, data on cycling volume in the city, including modal share,
average number of cycling trips per person per day, average trip distance, and
average trip time, were entered. After this, an adjustment was made for the pro-
portion of cycling activity by purpose, transport versus recreation, as 73%

transport [4].

Table 3. Background values for HEAT analysis.

Description Value Unit Variable names

Time needed to obtain full

health impacts in a two-case 5 years builduptime_twocases

assessment

Relative risk for mortality and
bike (physical activity only, ex- 0.899 ratio RR_bike_corrected_ap

cluding the air pollution effect)

Relative risk of air pollution
(PM2.5) and mortality

1.080 ratio RR_PM2.5

c) Additional parameters: The rate within the age range for all-cause mortality from

cycling activity is automatically calculated by the tool to be 226 per 100,000 in-

habitants for both cases. This value is not adjusted due to insufficient evidence
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to the contrary. Also, air pollution data for PM2.5, with an average of 5 ug/m3

[27], are used as input.

Monetisation of impacts: The default Value of Statistical Life (VSL), as calcu-
lated for the case area, in Local Currency Unit (LCU), is €4,022,000. Then, total
investment in cycling was entered, which, as of 2020, amounted to €7 million.
This accounted for 24% of total transport investment that year and was equiva-
lent to €29.4 per inhabitant [25].

Default and background values: The default cycling speed was adjusted from
15 to 11kph, calculated from average cycling distance and trip time. The back-

ground values are presented in Table 3 below.

Review: In this step, the input data was reviewed with the opportunity to correct

any values before running the analysis.
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4 RESULT

This chapter presents the results of the analyses, the methods of which are detailed in
section 3.2. Each phase of the GIS analysis discussed in 3.2 corresponds to a subsec-

tion in this 4.1, and Section 4.2 presents the findings from the HEAT tool.

4.1 Spatial Analysis

This results section details each step of the spatial analysis, beginning with the distribu-
tion of cycling data and followed by an examination of route network density using the
cycling routes dataset. Phase 3 then calculates cycling count density, building on the
previous phase's findings. Finally, phase 4 integrates the results from phases 2 and 3
by categorising grids based on cycling counts and route density. It synthesises these

findings to highlight infrastructural constraints and priority areas for intervention.

4.1.1 Spatial Distribution of Cycling Count & Routes in Tampere
The spatial distribution of cycling counts (see Figures 4 and 5) in Tampere shows that
during peak morning hours (7:00-9:00), the highest counts are on routes to and within
the city centre, while in the evening (15:00-17:00), the distribution is more widespread
with higher concentrations in the city centre. The maximum count increases in the
evening, indicating more cycling, and the number of locations with counts also rises,
suggesting more cycling activity during these times. This suggests that, in addition to
regular morning commutes for work or school, residents also cycle in the evening for

other purposes, such as shopping or recreational activities.
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I Tampere Municipality Borders
Cycling Count (7:00 - 9:00)
o 0-21
21-55
55-103
103 - 180
180 - 351
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I Tampere Municipality Borders
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Figure 5. Cycling count in Tampere during peak evening hours (15:00 - 17:00)
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Figure 6 illustrates the daily traffic counts, revealing a concentration of measurement
points within the city centre and major residential areas of Tampere, including
Hervanta, Kissanmaa-Linnainmaa, Hiedanranta, and the Hatanpaa-Harmala district.
The maximum daily traffic count exceeds the combined peak morning and peak even-
ing counts by nearly 6-fold, indicating sustained cycling activity among citizens through-

out the day, beyond typical peak hours.

] Tampere Municipality Borders -

Daily cycling count

« Very low (1 - 384)

* Low (384 -1,011)

® Medium (1,011 - 1,875)
@ High (1,875 - 3,275)

@ Very high (3,275 - 5,554) 0 2.5 5 km

Figure 6. Daily cyélihg count data in Tampere

The distribution of these points aligns with the main regional routes (see Figure 7) that
connect Tampere's central area to its neighbouring municipalities. These regional main
routes are prioritised in various aspects, such as winter maintenance, and are
equipped with better infrastructure, including signage and labelling, which enhances
connectivity to other regions. This prioritisation likely explains the higher number of
measurement points and greater cycling traffic observed on these routes compared to
local cycling paths, supporting the hypothesis that route class influences cycling activity

patterns.



20
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Figure 7. Core cycling routes in Tampere

The cycling routes map (Figure 7) indicates that regional routes are continuous and
mainly consist of separated cycling highways outside residential zones. It also reveals
that most city cycling routes are local (marked in orange). This highlights efforts to pro-
vide cycling infrastructure for access within and between neighbourhoods. Notably, the
map shows that forest areas lack paths. However, this does not mean there is no ac-
cess; outdoor cycling paths have been excluded since they are not the focus of this

study.

4.1.2 Cycling Route Density

The calculated route density is the length of cycling routes per 1 km? grid cell in Tam-
pere. The density measure is sensitive to urban micro-path networks, so it may over-
emphasise routes in dense central blocks, internal access paths within neighbour-
hoods, and short local links. This sensitivity was addressed by reclassifying and calcu-
lating based on grid cells rather than individual roads or streets. Also, for the purpose
of this analysis, only cycling-specific paths from the data were used. The classification
for this was done by using a variable from the open data. This method, however, is not

infallible and may be prone to errors.
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- Tampere Municipality Borders r
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Figure 8. Cycling route density map

Figure 8 shows the resulting route density map. From the map, we can see that the
grids with the highest route density fall in geographical areas of Hervanta (3), Vuores
(1), Niemenranta-Lentavanniemi (2), Tesoma (1) and City centre (7). As is evident from
the cycling routes map (Figure 7), the majority of cycling routes in Tampere are in the
city centre and major residential neighbourhoods, which aligns with the regional and lo-
cal routes. The next medium-density group runs along routes surrounding the major
neighbourhoods or within other residential areas. This might suggest that routes in
Tampere follow the activity hubs; the major and newer areas have the most routes, fol-

lowed by areas with relatively fewer activities and residents.

Another possible reason is the area's significance to the city. The city centre naturally
requires good cycling routes and links. Hervanta is a well-known student neighbour-
hood, hosting one of Tampere University's campuses, several business offices, and
numerous student apartments. Niemenranta is a relatively new residential area devel-
oped in recent years. The Tampere tram extension to Lentavanniemi opened in early
2025 and passes through Niemenranta [32]. The high route density in Tesoma may be

related to the regional train station there.

It is crucial to recognise that the highest route density values are not only found along

major cycling corridors but also within dense urban blocks, where numerous short
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walking and cycling paths, internal routes, and local connections are packed into a
small area. Consequently, route density reflects the total extent of line-based infrastruc-
ture, not just high-quality or strategically important cycling corridors. Overall, the analy-
sis of route density reveals spatial differences in cycling infrastructure availability, with
a significant focus in central urban regions and relatively lower provision in the outer ar-
eas.

4.1.3 Cycling Count Density

The count density value represents the total of daily cycling counts across all measure-
ment points within each 1 km? grid cell. Figure 9 displays the count density analysis re-
sults, with grids classified as Low, Medium, and High density. Although the high-density
range (1,589-38,463) may seem exaggerated, only 3 grids have densities above
10,000. The results show significant variation, with counts ranging from 6 to 38,463
across 118 grid cells in the city, leading to a classification based on equal counts to

give each group an equal number of grids.

[ Tampere municipality borders
Count Density (sum/sq.km)

[ Low (6 - 545)

[ Medium (545 - 1,589)

Il High (1,589 - 38,463)
OpenStreetMap

0 £ 8 km

Figure 9. Cycling count density map

The spatial distribution of cycling counts reveals that cycling activity in Tampere is une-
venly spread throughout the study area. Similar to the findings from the route density

analysis, higher counts are mostly concentrated in central locations, indicating that
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these areas serve as important routes for daily cycling, including commuting and rou-
tine trips. Moderate cycling activity is seen in areas with better connectivity and access,
while lower counts are more common in outlying areas. These lower-count zones could
indicate less cycling demand, limited accessibility, or weaker links to the wider cycling

network.

Within the same general area, fluctuations in cycling counts at nearby measurement
points suggest that local factors, such as route continuity, destination accessibility, and
street-level conditions, also influence cycling levels beyond broader spatial patterns. It
is also important to note that the number of measurement points within each grid cell
varies greatly. Some grid cells have only 1 measurement point, while a few have more
than 10, and 2 grids have more than 40. This indicates a skew in the count density due
to the location of the measurement points. Overall, the data indicate that cycling activity
is concentrated along certain routes within the network rather than evenly distributed

across Tampere.

4.1.4 Mismatch Analysis

The mismatch analysis compares cycling count levels with the surrounding route den-
sity to identify areas where cycling activity and infrastructure provision do not align. The
results (see Figure 10) show a range of relationships between cycling activity and infra-

structure across the study area.

Areas where both cycling counts and route density are high (High-High) represent loca-
tions where infrastructure provision and observed cycling activity are closely matched,
for example, the city centre, Hervanta and Niemenranta. These areas can be inter-
preted as well-supported cycling corridors, where cycling activity is already high, and

existing infrastructure appears to facilitate higher levels of everyday cycling.

In contrast, locations like Kauppi, Harmala, Hankkio, and Sarkanniemi, with high cy-
cling counts but low route density, represent areas of potential under-provision. In
these areas, relatively high levels of cycling activity persist despite lower infrastructure
density, which may indicate latent demand or reliance on routes that are not fully sup-
ported by the existing cycling network. These areas may represent priority locations for

targeted infrastructure improvement.
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Figure 10. Mismatch analysis map

Finally, areas with both low counts and low route density are locations where cycling is
both underused and poorly supported by infrastructure. These areas may reflect limited
integration into the cycling network and lower overall cycling potential. Overall, the mis-
match analysis highlights that the relationship between cycling activity and infrastruc-
ture is not uniform across the study area. Instead, it reveals spatial patterns of align-
ment and mismatch that provide insight into where infrastructural constraints may exist

and where targeted interventions could be most effective.

4.2 HEAT Results

The results (see figures 11, 12 and 13) of the HEAT analysis demonstrate substantial
benefits in achieving the modal share target set by the city of Tampere. Figure 11 pre-
sents the summary results for cycling activity, impacts on premature mortality, and the

economic value of those impacts.
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Results for cycling (all pathways)

Summary of your input data
The volume data you have entered corresponds to an increase of 2 minutes per person per day. Your
assessed population is 150,102.

Summary of impacts for mortality
As a result, 4.2 premature deaths are prevented per year. Over the full assessment period of 10 years, 42
premature deaths are prevented.

Economic value of impacts

Mortality is monetized using a Value of Statistical Life (VSL) of 4,022,000 (LCU) per premature death. This
corresponds to an economic value of 16,900,000 (LCU) per year.

Over the full assessment period of 10 years, the total economic impact is 169,000,000 (LCU).

Adjusted to 2026 value (i.e. discounted/inflated), the total economic impact is 131,000,000 (LCU).

Figure 11. Result summary page for HEAT analysis

By keeping other values constant and varying the modal share in the reference and
comparison cases, the analysis indicates that cycling volume among people aged 20 to
64 needs to increase by approximately 2 minutes per person per day. This seems like
a small change, but it requires more than just infrastructural intervention. The popula-
tion in this age range in Tampere comprises approximately 151,102 individuals, ac-
counting for 57.4% of the total population, and providing a substantial basis for as-
sessing public health outcomes. According to the HEAT results, this demographic is
associated with an estimated 4.2 premature deaths annually, amounting to roughly 42
premature deaths over ten years. This result combines the impact of physical activity

and air pollution.

Using a Value of Statistical Life (VSL) of €4,022,000 per premature death averted, the
cumulative economic savings attributable to reduced mortality over the decade are pro-
jected to be €131 million, adjusted for inflation. Figures 12 and 13 are charts presenting
the impact on premature mortality and the economic value of those impacts. These
findings show the significant health and economic benefits of increasing cycling activity
within this population, highlighting the importance of targeted interventions to promote

sustained behavioural change.
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Impact on premature mortality, by mode
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Figure 12. Impact on premature mortality
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Figure 13. Value of impact on premature mortality
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5 DISCUSSION

This section interprets the findings of the GIS and HEAT analyses in relation to the re-
search questions, focusing on identifying infrastructural constraints to cycling and their
implications for practical interventions in Tampere. The strengths and limitations of the

work, as well as recommendations for further work, are also discussed.

5.1 Summary of Key Findings

The analysis results answer the research questions. The first question asks which in-
frastructural factors appear to constrain an increase in everyday cycling in Tampere.
The GIS analysis provides evidence that infrastructural conditions for cycling in Tam-
pere are spatially uneven, and this unevenness appears to constrain the growth of eve-
ryday cycling. First, the route density analysis shows that cycling infrastructure is con-
centrated in central areas, while peripheral areas have lower levels of provision. This
suggests that, in parts of the city, the limited availability of the cycling network may re-
strict opportunities for everyday cycling. Second, the spatial distribution of cycling
counts indicates that cycling activity is concentrated along specific corridors rather than
being evenly distributed. This pattern suggests that only certain parts of the network
are currently functioning effectively for everyday use, while other areas may be less ac-
cessible or less supportive of cycling. Most importantly, the mismatch analysis high-
lights areas where cycling demand and infrastructure provision are misaligned. Loca-
tions with high cycling counts but relatively low route density suggest that cycling activ-
ity persists despite weaker infrastructure, indicating possible latent demand and insuffi-
cient network support. Conversely, areas with low counts and low route density indicate
places where both infrastructure and cycling activity are limited, further suggesting in-

frastructural and behavioural constraints.

The HEAT analysis provides empirical evidence to address the second research ques-
tion regarding the health and economic benefits of promoting cycling in Tampere. The
results show a reduction in premature deaths among active cyclists, mainly within the
city’s working-age population, based on assessments of physical activity and air pollu-
tion impacts. The physical activity findings align with Manoj et al.’s study [33] in Mum-

bai, which estimated that increased cycling would prevent more than 5,000 premature
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deaths annually. While this figure is much higher than the current study's, it can be at-
tributed to differences in cycling habits and culture, with Tampere exhibiting a more de-
veloped cycling culture or possibly due to Mumbai’s larger population. However, the
analysis also reveals that air pollution undermines the reduction in mortality. It is hy-
pothesised that this adverse effect results from prolonged exposure to outdoor pollution
during cycling, particularly in areas with higher pollution levels, as air pollution causes
about 1,800—4,000 premature deaths in Finland [25], thereby potentially undermining

the health benefits of increased physical activity.

The value of the premature deaths avoided from the combined impacts of physical ac-
tivity and air pollution, after adjustments for inflation, is around 131 million euros. This
finding is consistent with research indicating that every kilometre cycled in the EU
yields 0.18€ for society [25]. This study is limited in the scope of factors included in the
heat analysis; therefore, we cannot draw conclusions about the impact of carbon emis-
sions, greenhouse gas emissions, or physical crashes on the reduced mortality rate

among the cycling population.

Overall, these findings indicate that key infrastructural factors constraining everyday cy-
cling in Tampere include uneven network distribution, limited connectivity in certain ar-

eas, and routes that may not adequately support current or potential demand.

5.2 Implications of Findings

Based on the findings of the analysis, the GIS analysis identifies infrastructural gaps.
While the analysis does not directly evaluate specific interventions, it provides a strong
spatial basis for identifying where practical measures to increase cycling’s modal share
may be most effective. The mismatch analysis highlights priority areas where infra-
structure improvements could yield the greatest impact. Areas characterised by high
cycling counts, but low route density, suggest locations where demand for cycling is al-
ready present but not fully supported by the existing network. In these areas, interven-
tions such as improving route continuity, upgrading infrastructure quality, or enhancing
connectivity could help accommodate existing demand and potentially further increase

cycling levels.

In contrast, areas with low route density and low cycling activity indicate locations
where more fundamental network development may be required, such as the creation
of new links or the extension of existing routes to improve accessibility. Additionally, ar-
eas with high route density but relatively low cycling counts suggest that infrastructure

alone may not be sufficient to increase cycling levels and that complementary
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measures may be required, including improved access to key destinations or better in-

tegration into the wider transport system.

Overall, the GIS findings support identifying targeted, location-specific interventions,
demonstrating that increasing cycling’s modal share in Tampere is likely to require both
strengthening existing high-demand corridors and expanding the cycling network in un-

derserved areas.

5.3 Strengths and Limitations of the Study

The study is particularly applicable within the local context, addressing a common gap
in research that often overlooks the specificities of Tampere. While previous theses
have examined the state of bicycle parking facilities within the city, they have not exten-
sively explored cycling routes and traffic counts, making this study a valuable contribu-

tion to the existing body of knowledge.

The research has several limitations that must be acknowledged. Initially, there are in-
consistencies in both the traffic counts and the cycling routes data. Some traffic count

measurements are from the same location but differ. The study used daily cycling data
to avoid repetition, although this may not significantly affect the results, since the focus
is on cycling traffic rather than on measurement locations. Also, the route data utilised

in this study consists of short line segments that exhibit gaps, continuity issues, and

repetition.

The repeated lines for opposite traffic directions and the presence of dense internal ac-
cess routes in residential areas tend to inflate density values. This is likely due to vary-
ing classifications of different road segments for maintenance purposes. This effect
was mitigated by focusing on cycling-specific routes and excluding pedestrian streets.
While a buffer-based analysis could offer a more station-centred local measurement,
given the scope and timeline of this study, the analysis was conducted based on the

density value of the grid cell containing each measurement point.

This study used secondary data to examine infrastructural constraints. Future research
could explore residents' perceptions by collecting primary data to understand why they
do not cycle. Additionally, studies focusing on infrastructural issues might consider ele-
ments beyond route density, such as the types and quality of routes, bicycle parking,

and winter maintenance, to provide a more comprehensive overview.
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6 CONCLUSION

This thesis aimed to examine the infrastructural factors that appear to constrain every-
day cycling in Tampere and estimate the potential health and economic benefits of in-

creased cycling using the WHO HEAT tool.

The findings indicate that cycling infrastructure in Tampere is spatially uneven, with
higher route density concentrated in central areas and lower density in peripheral ar-
eas. Cycling activity was also found to be concentrated along specific corridors, rather
than evenly distributed across the city. The mismatch analysis further revealed areas
where cycling demand and infrastructure provision do not align. Locations with high cy-
cling counts but relatively low route density suggest that cycling activity may not be fully
supported by the existing network, indicating potential infrastructural constraints. These
findings suggest that uneven network distribution, limited connectivity, and insufficient
alignment between infrastructure and demand are key factors that may constrain the

growth of everyday cycling in Tampere.

In terms of practical interventions, the results highlight the importance of targeted, loca-
tion-specific improvements. Areas characterised by high demand, but weaker infra-
structure provision may represent priority locations for enhancing route continuity, con-
nectivity, and overall network quality. At the same time, areas with low route density
and low cycling activity suggest the need for more fundamental network expansion to
improve access and integration. Overall, the findings indicate that increasing cycling’s
modal share requires both strengthening existing high-demand corridors and expand-

ing the network in underserved areas.

The HEAT analysis complements these findings by demonstrating that higher cycling
levels are associated with measurable health and economic benefits, particularly
through reductions in premature mortality linked to increased physical activity. This re-
inforces the broader value of investments in cycling infrastructure, not only in terms of

mobility outcomes but also in public health and societal benefits.

Overall, this study shows that GIS-based spatial analysis can provide useful insights
into how cycling infrastructure and activity interact within the urban environment, while
the HEAT tool offers a complementary perspective on the potential benefits of in-
creased cycling. Together, these approaches highlight the importance of addressing
spatial disparities in infrastructure provision to support the growth of everyday cycling in

Tampere.
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APPENDIX A: METADATA FOR TRAFFIC COUNT
DATASET

Source: Tampere Map Service, Oskari. URL: https://kartat.tampere.fi/oskari/

Map view with my dataset: https://kartat.tampere.fi/oskari?zoom-
Level=5&coord=336111.1724730996 6816403.739143958&maplLay-
ers=1918+100+raster,5417+100+liikennemaarat_jkpp koko aineisto,5327+100+lo-
cus:kunnossapitoluokkien tyylit 2024 &uuid=0ee42977-540a-42e6-9107-
bc9767d00fac&noSavedState=true&showlntro=false

[In English] Translation by Microsoft Word In-built Translation
Traffic volumes in Tampere: Pedestrians and cyclists
Summary of the data

City of Tampere Pedestrian and Cycling Traffic Volume Database. The data contains
traffic volume data from 1926 onwards. Updating and maintaining the material is con-
tinuous. The results of video calculations and portable calculators are added to the da-
tabase as soon as they are completed. A sample of the data collected by fixed counting
points is published in the database for one weekday in September/year. The coordinate
system of the data is ETRS-TM35FIN.

Explanation:
id = sequential number

kunta = municipality number (Kangasala = 211, Lempaala = 418, Nokia = 536, Orivesi
= 562, Pirkkala = 604, Tampere = 837, Vesilahti = 922 and Yléjarvi = 980)

kohde = object: street/road/route/pedestrian crossing to which traffic volumes apply

kohteen tyyppi = type of object: JKPP (pedestrian and/or cycling route), Pedestrian
crossing (pedestrian crossing, crossing or street crossing calculation from that point),

Roadway, Ski track

laskennan tyyppi = type of calculation: Ecocounter_siirrettava (result from a mobile cal-
culation point), Ecocounter_kiinted (result from a fixed calculation point), Traffic light
(result from a traffic light system), Image recognition (result from an image recognition
calculation point), Manual calculation (manual calculation in the field or from a video),

Viacount (radar calculator that can be used to measure speeds).

paiva = calculation date


https://kartat.tampere.fi/oskari/
https://kartat.tampere.fi/oskari?zoomLevel=5&coord=336111.1724730996_6816403.739143958&mapLayers=1918+100+raster,5417+100+liikennemaarat_jkpp_koko_aineisto,5327+100+locus:kunnossapitoluokkien_tyylit_2024&uuid=0ee42977-540a-42e6-9107-bc9767d00fac&noSavedState=true&showIntro=false
https://kartat.tampere.fi/oskari?zoomLevel=5&coord=336111.1724730996_6816403.739143958&mapLayers=1918+100+raster,5417+100+liikennemaarat_jkpp_koko_aineisto,5327+100+locus:kunnossapitoluokkien_tyylit_2024&uuid=0ee42977-540a-42e6-9107-bc9767d00fac&noSavedState=true&showIntro=false
https://kartat.tampere.fi/oskari?zoomLevel=5&coord=336111.1724730996_6816403.739143958&mapLayers=1918+100+raster,5417+100+liikennemaarat_jkpp_koko_aineisto,5327+100+locus:kunnossapitoluokkien_tyylit_2024&uuid=0ee42977-540a-42e6-9107-bc9767d00fac&noSavedState=true&showIntro=false
https://kartat.tampere.fi/oskari?zoomLevel=5&coord=336111.1724730996_6816403.739143958&mapLayers=1918+100+raster,5417+100+liikennemaarat_jkpp_koko_aineisto,5327+100+locus:kunnossapitoluokkien_tyylit_2024&uuid=0ee42977-540a-42e6-9107-bc9767d00fac&noSavedState=true&showIntro=false
https://kartat.tampere.fi/oskari?zoomLevel=5&coord=336111.1724730996_6816403.739143958&mapLayers=1918+100+raster,5417+100+liikennemaarat_jkpp_koko_aineisto,5327+100+locus:kunnossapitoluokkien_tyylit_2024&uuid=0ee42977-540a-42e6-9107-bc9767d00fac&noSavedState=true&showIntro=false
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aamuhuipputunti_jk = the amount of pedestrian traffic during the morning rush hour
(the maximum amount of traffic calculated during one morning hour. Usually between
07:00 and 09:00)

aamuhuipputunti_pp = the amount of traffic among cyclists during the morning rush
hour (the highest amount of traffic calculated during one hour in the morning, usually
between 07:00 and 09:00)

aamuhuipputunti_yht = the combined traffic volume of pedestrians and cyclists during

the morning rush hour

iltahuipputunti_jk = the amount of pedestrian traffic during the afternoon peak hour (the
maximum amount of traffic calculated during one afternoon hour. Usually between
15:00 and 17:00)

iltahuipputunti_pp = the amount of traffic of cyclists during the afternoon peak hour (the
maximum amount of traffic calculated during one hour in the afternoon, usually be-
tween 15:00 and 17:00)

iltahuipputunti_yht = the combined traffic volume of pedestrians and cyclists during the

afternoon rush hour
vuorokausi_jk = the amount of pedestrian traffic during the day
vuorokausi_pp = the amount of traffic of cyclists during the day

vuorokausi_yht = the combined traffic volume of pedestrians and cyclists during the

day

nopeusrajoitus = the speed limit on the fairway at the time of the measurement
pp_vkesk nopeus = average speed of cyclists

pp_v85 nopeus = the speed below which 85 percent of cyclists

tulos vanhentunut = result outdated or newer calculation results available for the item
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APPENDIX B: SUMMARY OF CYCLING ROUTES
DATASET

Source: Collated from the dataset by the author; translation by Microsoft Word in-built

translator.

Table 4. Description of the Cycling Routes in Tampere Dataset
Variable FI (EN) Value FI (EN)

Katunimi (Name of street) 91,269

Katuosalaji (Street type) Ajopolku (driveway), Ajorata (roadway), Ajorata/Pyoérakatu
(Roadway/Bicycle street), Erotettu JK/PP (Separated JK/PP),
Ei tietoa (No information), Kavelykatu (Pedestrian street),
Portaat (Stairs, Pyoraily-Yhteys ajoradalla (Cycling connection
on the roadway), Pyo6rakaista (Bicycle lane), Pydratie (Bicycle
path), Reuna-alue (perimeter), Tonttilittyma (Plot junction),
Tori/Aukio (square), Ulkoilureitti (Outdoor route), Yhdistetty
JK/PP (Combined JK/PP)

Toiminnallinen luokka | Paikallisreitti (pyoralikenne) — Local route (bicycle traffic),
(Functional class) Tonttikatu, Seudullinen paareitti (pyoraliikenne) — Regional
route (bicycle traffic), Jalkakaytava (Pavement), Alueellinen
paareitti (pyoraliikenne) — Regional main route (bicycle traffic),
Aluereitti (pyoraliikenne) — Regional route (bicycle traffic),
Kavelykatu (Pedestrian Street), Valtion tie (state road)




