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Abstract
Urban settlements located in subarctic regions have particular characteristics due to 
their climate. Climate and weather conditions influence people’s attendance in 
public spaces, their travel habits and recreational activities. In the subarctic regions, 
this influence is more apparent due to greater seasonal differences. Urban design that 
deals with the generation and change of urban form can influence the impact of 
climate factors. Such interventions can be especially influential in the subarctic 
regions. 

This thesis focuses on addressing climate factors in urban design and transportation in 
the subarctic regions of Sweden. On one hand, it focuses on problems of 
incorporating climate factors into urban design, and on the other hand, it investigates 
travel patterns in relation to subarctic climate. The problems of urban design in 
subarctic regions were investigated by conducting a literature review and interviews 
with the planners from some northern municipalities in Sweden. To study travel 
patterns in relation to cold climate, two travel surveys were conducted in Kiruna, a 
town located in the Northern Sweden. These issues are analysed and discussed in a 
covering essay and three attached papers.  

The interviews with planners show that climate considerations currently have a low 
impact on urban planning practices in these regions. The absence of a positive 
attitude towards cold climate, lack of knowledge and analytical techniques to be used 
in design, and weak relation between knowledge of climate factors and urban design 
practice are some of the major problems. Further, the interviews highlighted that 
dealing with snow in urban spaces (snow removal, better use of snow) is a crucial 
issue for these municipalities.  

The travel surveys in Kiruna demonstrated that car trips made a large proportion of 
all trips while a very small part of trips were made by bicycle and public transport. 
The proportions of trips made by different transport modes (modal share) did not 
vary significantly in accordance to seasonal change, except in the share of bicycle 
trips, which dropped sharply during winter. Slipperiness, very low temperature, and 
wind have been the most negatively perceived climate factors when walking and 
cycling. Sunlight has been perceived positively. The distance travelled was shown to 
be correlated with the distance to the work place, but independent of the distance of 
the neighbourhood to the centre of Kiruna.  

Based on the analyses, improvements are suggested in three areas: institutions, design, 
and research. Institutional issues focus on how climate factors are handled in the 
municipal planning system. There is need for attitude shift, legitimacy and defining 
clearer goals in comprehensive plans. Design calls for active using of climate analysis 
and considering winter maintenance in developing design schemes. Research refers 
to collaborations between urban designers and experts from other fields, e.g. urban 
climatology, to develop knowledge applicable in planning and design. 

Urban form has significant potential for improving conditions for walking and 
cycling. However, it seems to have limited potential for reducing the number of car 
trips in Kiruna with respect to long severe winters and current work distribution. 



The limitations of physical measures in affecting travel patterns can be partly 
improved by soft policy measures.   

Keywords: climate sensitive urban design, transportation in subarctic region, modal 
split, cycling, walking, winter road maintenance, subarctic climate.   
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1. Introduction
Urban settlements located in subarctic regions have particular characteristics because 
of their climate.  Winters are overly long in these regions and winter weather such as 
heavy snow fall, frost, short day length and ice are the prevalent components of 
living in such an environment during the winter. Such a climate presents difficulties 
and opportunities for urban life. The impact of the cold climate can be observed in 
the patterns of outdoor use, recreational activities, travel habits and the energy 
consumption of buildings. The cold climate thus presents challenges for urban 
planners in dealing with various aspects of planning.  When considering the role of 
urban planners with respect to the subarctic winter, questions are raised such as: In 
what ways can urban design lessen the discomfort of the subarctic winter and help 
produce attractive public spaces? Can urban design contribute to a sustainable 
transportation system in the subarctic climate? This thesis has been structured in 
response to these questions.  

The necessity of developing a special design approach for cold regions is emphasized 
in publications about winter cities.  This literature reveals the various issues where 
urban design can contribute to an urban environment that is in harmony with 
climate and nature (Pressman, 1985; 1995; 2004). Advice presented in these 
publications provides a broad source of inspiration for designing in cold cites. In 
order to address climate factors in design, urban designers need to be informed by 
knowledge of how to analyse the climate within the urban space. Knowledge and 
techniques for analysing climate factors and outdoor comfort have developed 
steadily. However, application of such knowledge and techniques in urban planning 
has been sparse. One major reason is that knowledge about climate factors cannot be 
easily incorporated into urban design practice (Reiter, 2010; Eliasson, 2000). Besides 
knowledge, issues related to the planning process in the municipal system may cause 
climate factors to become marginalized and neglected (Ryser & Halseth, 2008).  

Given this background, this thesis investigates the challenges of urban design in 
regions with cold climates. The perspective of the thesis can be understood as that of 
an urban designer who investigates urban design and transportation in subarctic 
regions. The subjects are investigated and discussed in three papers and this covering 
essay.  Interviews with planners, travel surveys and a literature survey have been the 
main methods applied throughout the papers.  The covering essay is an overarching 
article with a broad scope which summarizes the findings of the papers and highlights 
the connections between them. Discussions presented in the covering essay will 
inform the reader about shortcomings of urban planning in cold regions when it 
comes to climate-sensitive planning. The thesis is mainly concerned with winter 
conditions.  

This study has been part of a larger research project called New Giron, whose 
purpose is to aid social transformation in the Swedish town of Kiruna. Kiruna is 
Sweden’s northernmost town and is going through some unusual changes.  A large 
part of Kiruna, including the town centre and a number of neighbourhoods, have to 
be relocated and rebuilt due to ground deformation caused by an iron ore mine in 
the vicinity of the town. Given this background, this thesis, as part of New Giron, 



2 

 

has been developed in collaboration with the municipality of Kiruna, which has 
influenced the thesis scope and how the study subjects have been approached.  

The remainder of the covering essay is structured as follows: the next three sections 
are titled ‘The objectives’, ‘Definitions of concepts’ and ‘Approach and methods’. 
Then there are two sections that briefly review the literature on climate-sensitive 
urban planning in cold regions and transportation in relation to climate factors. After 
these, the summary of papers is presented and followed by the sections ‘Discussion’ 
and ‘Concluding notes’.  

2. The objectives
This licentiate thesis discusses urban planning for sustainability in regions with a 
subarctic climate. Within this context, two subject areas are of particular interest: (1) 
the difficulties that urban design faces in addressing seasonal climate factors and (2) 
travel patterns in relation to the subarctic climate. The overall aim is to investigate 
the complexities of urban design in addressing climate factors and transportation 
needs in these regions. This research comprises two parts that run parallel to each 
other. One part focuses on the difficulties of addressing cold climate factors in urban 
planning and design and the other part concentrates on travel patterns in relation to 
the subarctic climate and, in particular, the use of non-motorized travel modes. With 
respect to the research aim, the research questions are as follows:  

Principle question:  

What are the challenges for developing climate-sensitive urban design 
planning in cold regions?  

The sub-questions:  

Are seasonal climate concerns adequately reflected in urban planning practice 
in the cold regions of Sweden? 
Do travel patterns in Kiruna, a town with a subarctic climate, vary between 
winter and snow-free seasons?  
What are the perceived effects of climate factors on walking and cycling in 
Kiruna? 

This covering essay focuses on the principle question while the sub-questions relate 
to the three papers included in the thesis.  

3. Definitions of concepts
A number of terms that appear frequently in this covering essay and the enclosed 
papers are explained in this section.  

Subarctic climate: The term is derived from Köppen climate classification system 
(Ritter, 2010). Using a letter coding scheme, this system divides the world climate 
into five main groups (A, B, C, D, E) and subcategories for precipitation pattern (f, s, 
w, m) and temperature patterns (a, b, c, d). Subarctic climate relates to a number of 
categories under the main group D. In this thesis, the term subarctic is used to 
denote the regions that are attributed to Köppen classes Dfc: severe winter, no dry 
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season, cool summer; and Dfd: severe, very cold winter, no dry season, cool summer 
(National Weather Service, 2011). Subarctic climate denotes the climate of regions 
in the interior of high latitude continents. A subarctic climate is characterized by 
long cold winters and short cold summers, without any dry season (Ritter, 2010). 
During winter, the main type of precipitation is snow. The geographical distribution 
of this climate covers northern North America and northern Eurasia from 
Scandinavia through most of Siberia. In the thesis, the terms cold climate and cold 
region are used to indicate a subarctic climate.   

 

Figure 1. A deviated world map of Köppen-Geiger climate classification showing subarctic 
regions (Adapted from Peel et al. 2007).  

Travel patterns: The notion of travel patterns includes the key measures of urban 
traffic, namely travel distance, journey frequency, modal split, travel time and 
transport energy consumption (Stead & Marshall, 2001). In this thesis, modal split 
and travel distance are investigated (Papers II and III). Travel distance can be 
measured over various time periods e.g. daily or weekly. Modal split is defined by 
Oxford dictionary of Geography as: “the varying proportions of different transport 
modes which may be used at any one time. The choices of modes may be 
determined by the costs, destinations, capacities, and frequencies of the modes 
together with the nature of the goods carried and their destinations” (Meyhew, 
2009) 
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4. Approach andmethod
Urban planning is not only about understanding cities but, more importantly, it is 
about how to change cities. In this way, it is similar to medicine, engineering and 
management whose ultimate goal is to affect their object of study. In contrast to 
these disciplines, there are scientific fields which principally describe their subject of 
study. Many of the branches of social science are primarily of this type. On this basis, 
it is possible to map sciences into explanatory sciences and change-oriented sciences 
(Straatemeier et al., 2010). While urban planning is a change-oriented discipline, the 
research into urban planning is both explanatory and change-oriented. In disciplines 
such as architecture and urban design, change-oriented research can also be called 
design-oriented research. This type of research is concerned with design and the 
realization of artefacts which differs from the explanatory type of research that 
focuses on describing, explaining and possibly predicting a phenomenon in the 
respective field of knowledge. Explanatory research seeks to answer the ‘what’ and 
‘how’ types of questions. On the other hand, design-oriented research has a rather 
different goal.  Its main goal is to develop knowledge that brings about a change. 
This differs from explanatory research, where the first questions are ‘what works’ and 
‘why does it work’. In other words, it seeks to find an answer by observing ‘through 
which mechanism’ does a certain ‘intervention’ affect a certain ‘context’ (Van Aken, 
2004).  

The notions of explanatory and design-oriented research are helpful in explaining 
the current stage of the PhD project presented here. The overall aim of this PhD 
project is to offer guides for urban design in cities with subarctic climates. The aim 
means that the nature of the project is design-oriented. The results presented at this 
stage (licentiate thesis) represent both design-oriented and explanatory characteristics 
with a greater weight on the explanatory ones. The next stage of this PhD project is 
planned to start after the licentiate thesis and will focus on design.  

Besides this covering essay, the thesis encompasses three papers which are concerned 
with, on the one hand, the challenges of implementing urban planning practice with 
respect to climate (paper I) and on the other, travel patterns (papers II and III). 
Papers II and III investigate different aspects of travel patterns in Kiruna. These 
aspects include: modal split in relation to season, perception of the effect of climate 
factors on non-motorized travel modes and distance travelled. Papers II and III end 
with suggestions of how to encourage a change in the current modal split in Kiruna. 
In spite of these suggestions, which shape a normative nature to these papers, their 
major input to the thesis has been descriptive. The division between explanatory and 
design-oriented research is also found in paper I which focuses on the incorporation 
of seasonal climate factors into planning practice. Considering the research type, the 
research presented in Paper I aims to propose advice on planning practice, giving a 
normative nature to the final result.  

This licentiate thesis benefits from a number of applied methods depending on the 
subject of investigation in each of the papers. The applied methods are briefly 
presented here. More detailed explanation about these methods can be found in the 
papers. 
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Paper I has a broad scope and aims to identify the challenges of urban planning 
practice in the northern region of Sweden. The approach of this paper is qualitative. 
With regard to the paper’s objectives, a literature review and interviews with 
planners are selected as the applied method to gather information (see Appendix I for 
interview questions). The interviewees are purposefully chosen from the planners 
and architects who have experience of planning and design in the Swedish northern 
municipalities. The interviews are semi-structured meaning they include open-ended 
questions which offer flexibility in their answers. This form of interview is similar to 
a semi-structured focused interview. The term “focused interview” refers primarily 
to the structure of an interview which follows a certain set of questions and includes 
open-ended questions (Yin, 1994, pp. 84-85). 

Paper II concerns travel patterns in cities with subarctic climates. The major 
approach of the paper is quantitative. Information used in the paper is obtained from 
two self-administrated mail surveys which were undertaken during 2011 in Kiruna 
(see Appendix II for survey questions). Each time 1500 randomly selected recipients 
were involved. The subarctic climate of Kiruna was a reason to choose Kiruna for 
the survey. Also, this selection is rooted in the creation of this research project as a 
part of the New Giron project. To answer the questions posed in the paper, different 
statistical methods are employed including descriptive analysis of data, independent t-
test and multivariate regression analysis. The regression is used to investigate the 
effect of socio-economic and urban structural factors on distance travelled.  

Paper III also takes a quantitative approach. This paper has a narrower scope and is 
based on the stated preferences of the respondents. It focuses on responses to the 
attitude questions about the impact of climate factors on walking and cycling. The 
analysis of data is descriptive.  

5. Climate sensitive urban planning for regions with a cold climate
In recent decades, the focus on climate-sensitive architecture and urban design has 
increased. Urban designers are supposed to produce designs that are in harmony with 
the climate and natural environment. Jan Gehl has divided outdoor activities in 
public spaces into three categories: necessary activities which are compulsory such as 
going to work; optional activities that are undertaken voluntarily such as taking a 
walk and social activities which depend on the presence of others such as 
introductions and conversations (Carmona et.al, 2003). The necessary activities are 
undertaken regardless of the quality of the urban space. However, the optional and 
social activities are dependent on the quality of that space. Outdoor comfort is 
significant for stimulating these optional and social activities. 

A major objective of climate-sensitive urban design is to maximise outdoor comfort. 
Outdoor comfort can be assessed in an objective way on the basis of climate factors. 
Wind, sun radiation, temperature, humidity and precipitation influence outdoor 
comfort (Arens & Bosselmann, 1989; Thorsson et al., 2004). Comfort is also a matter 
of subjective assessment where context (design, function), environmental interaction 
(lighting and noise) and psychological aspects (adaptation, experienced and perceived 
control) influence the feeling of comfort (Eliasson et al., 2007; Nikolopoulou & 
Steemers, 2003).   
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The winter is long and severe in the subarctic regions. It extends over a large part of 
the year which generates a profound impact on the various patterns of urban life. 
The characteristics of winter in these regions can be summarized with the following 
points (Pressman, 2004, p.5):  

Temperature: normally below freezing 
Precipitation: often in the form of snow 
Limited hours of daylight and sunshine 
Extended periods of the factors listed above  
Seasonal variation  

These conditions exert certain limitations on urban life. People often have to be 
indoors and the extent and variation of outdoor activities reduces. Costs related to 
snow removal and anti-skid operations escalate, whilst snow and ice increase the risk 
of accidents and injuries. Many inhabitants find the prolonged period of freezing 
temperatures, frost and limited sunshine hours unpleasant. On the other hand, the 
subarctic winter is enjoyed by many people. Snow and ice reflect the beauty of 
nature through the winter season and many recreational and sporting activities are 
based on the winter conditions. How can the unwanted factors be tackled and the 
pleasant aspects of winter in an urban environment be promoted? The complicated 
task of urban design in a subarctic region is explained by Norman Pressman (2004, 
p.23):  

“To improve the quality of life in winter cities, it is necessary to reduce 
inconvenience, offer protection from excessive stressors associated winter and 
optimize the exposure to its beneficial aspects. This calls for development of 
highly creative and innovative approaches, since few excellent case studies that 
express a positive attitude toward winter exist.”   

On design and planning in a cold climate, publications about the winter city concept 
(Pressman, 1985; 1995; 2004) are informative in terms of explaining the potentials 
and complexities. These publications are primarily promotional, trying to encourage 
architects and urban planners to incorporate winter climate factors into their work.   

As a basis for developing designs integrated with climate, it is necessary to have a 
clear image of which goals can be realized at various city scales. A functional 
classification composed of three scales exists: macroscale (a whole city); musicale 
(district or a building group); microscale (buildings) (Mills, 2006; Pressman, 2004). 
Urban design is mostly concerned with the district or building group. The size and 
placement of buildings, outdoor landscaping, materials and surfaces and street 
dimensions are urban design instruments at this scale. Achieving climate goals using 
these instruments needs analysis tools to assess the effect of urban design elements on 
climate factors. For instance, the use of a wind tunnel has been one of the techniques 
used to analyse wind behaviour around buildings and has proved to be a powerful 
tool for analysing both wind and snow behaviour. In recent years, technological 
advances in computer software and hardware have led to an increased use of 
computational fluid dynamics (CFD) for analysing wind and snow movement 
(Beyers & Waecher, 2008; Setoguchi, 2008).  
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The study conducted by Anne Brit Børve (1988) is noteworthy for its use of a wind 
tunnel in urban design in cold regions (northern Norway). In her study, data on 
local climate were used in combination with small scale wind tunnel experiments 
using semolina as a substitute for snow. Based on the results, she proposed design 
recommendations for the site plan and architecture of single family houses which 
aimed to block the wind and snow.  

In spite of the methodological and technological developments in analysing the 
behaviour of wind and snow, such analyses have not become common procedures in 
urban projects, partly because of the cost involved and partly due to the knowledge 
of fluid dynamics that is required.  

The difficulty of incorporating climate concerns into planning is not limited to 
aspects of knowledge. Policy makers and working practises at the municipal level 
have an influence on how climate is taken into account in planning. A study by 
Ryser and Halseth (2008) showed that a lack of political legitimacy, unclear 
regulations and an absence of interest amongst planners and politicians has resulted in 
poor integration of climate principles into urban design. Also, there are concerns 
among municipal authorities about the extra time and money needed to incorporate 
climate knowledge (Eliasson, 2000).  

6. Travel patterns in relation to cold climate
Urban transportation is one of the focal points of the debate on sustainable urban 
planning. Concerns about energy, environment, safety and economic development 
have been increasingly focused on by policy and research into urban travel patterns. 
A major drive behind the studies into travel patterns is the understanding of the 
mechanisms that influence travel activities as a prerequisite to achieving sustainable 
transportation in cities. According to the Organisation for Economic Co-operation 
and Development (OECD), a sustainable transport system is one that:   

Allows the basic access and development needs of individuals, companies and 
society to be met safely and in a manner consistent with human and 
ecosystem health, and promotes equity within and between successive 
generations. 
Is affordable, operates fairly and efficiently, offers a choice of transport mode 
and supports a competitive economy, as well as balanced regional 
development. 
Limits emissions and waste within the planet’s ability to absorb them, uses 
renewable resources at or below their rates of generation, and uses non-
renewable resources at or below the rates of development of renewable 
substitutes, while minimizing the impact on the use of land and the 
generation of noise.” (quoted in Williams, 2005, p.2) 

With respect to the above definition, reducing the use of private cars is a key goal for 
achieving sustainable transportation. According to Maat et al. (2005), there are three 
main strategies that can help to achieve this goal: (1) changing the modal split from 
car to public transportation, walking and cycling; (2) reducing trip distance; (3) 
reducing the total number of trips. Any action that follows these strategies in a city 
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requires knowledge about the current travel patterns in that specific city.  Travel 
patterns refer to different indicators of transport activities such as modal split, travel 
distance and trip frequency. Travel patterns are influenced by various factors. Urban 
form variables, socio-economic factors, life style and personal preferences along with 
transportation infrastructure have an influence on travel patterns. Among these 
factors, the urban form variables have received a great deal of attention in urban 
planning literature on traffic. Various features of urban form have been used in 
research. Stead and Marshal (2001) provided a list of major urban form variables used 
in empirical studies about travel patterns. These variables are: distance of residence 
from urban centre, settlement size, mix of land uses, provision of local facilities, 
density of development, proximity to transport networks, availability of residential 
parking, road network type and neighbourhood type.  

From the large body of research about the relationship between urban form and 
travel patterns, it is far from simple to prescribe a single piece of advice about urban 
form to achieve a change in travel patterns. Many researchers have noted that the 
impact of socio-economic and personal factors should not be overlooked when 
analysing any relationship between urban form characteristics and travel patterns (for 
example see Williams, 2005; Næss, 2005).  

The studies of the impact of climate on travel patterns shape a small part of the body 
of research about travel patterns. Concerning the impact of season change, a study 
based on a survey of commuters in Brussels is noteworthy. The results showed that 
whilst near to 70% of the respondents had access to another mode of transport 
besides their main choice, only 5% chose to switch between modes of transport 
depending on the season (Khattak & dePalma, 1997).  

More studies about the impact of climate on travel activities can be found among the 
publications about non-motorized modes of transport and particularly cycling. 
Seasonal variation is commonly known to have a major effect on cycling, with the 
most cycling occurring in the summer time and the least in winter (Nankervis, 1999; 
Bergström & Magnusson, 2003). On a daily basis, the weather affects people’s 
decision to use their bike. Of all the aspects of weather, temperature, precipitation 
and wind have a significant effect on cycling (Nankervis, 1999; Flynn et al., 2012; 
Bradenburg et al., 2007). In cold regions, the quality of winter road maintenance is 
crucial for cycling in winter. The effect of winter conditions on commuter cyclists in 
a few Swedish cities has been examined by Bergström and Magnussen (2003). They 
have suggested that winter maintenance of the cycle lanes, particularly in terms of 
the regular clearance of the snow, would result in an 18 % increase in the number of 
commuter cyclists and that this, in turn, would reduce the number of car journeys 
made by 6 %.  
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7. Summary of papers
This section presents summaries of the three papers. Table 1 includes brief 
information about the questions, applied methods and focus of each of the papers.  

Table 1. Information about the papers’ main questions, applied methods and focus areas. 

 

Paper I: The challenges of incorporating climate consideration into urban
planning of the subarctic regions
Paper I focuses on the influence of seasonal climate on planning practice in the 
Swedish towns located in the northern part of the country. It begins with a review 
of publications about outdoor comfort and transportation in relation to cold climate. 
The main part of the paper covers interviews with planners and designers who either 
work in the municipalities or have the experience of working in this region along 
with consultants located in the northern Sweden.  

Overall, the majority of the interviewees perceived that the role of climate factors in 
urban planning and design should be improved. Some of the main issues mentioned 
by the respondents are: a lack of tools to predict climate issues, little engagement 
amongst practitioners and politicians and overlooking the potential of the winter 
climate to affect the quality of urban life. Further, with respect to the Swedish 
planning process, it was stated that climate is mainly taken into consideration at the 
level of detailed plans. In comprehensive plans, usually a small part is concerned with 
seasonal climate. The results of the interviews imply that the overall impact of 
climate concerns on planning practice is negligible.  This claim agrees with that from 
another Swedish study which suggested that climate knowledge had low impact on 
urban planning (Eliasson, 2000). To tackle these problems, collaborations with 
researchers from other fields are necessary. Particularly, collaboration with scientists 

 Main question Applied methods Focus area 
Paper I Is climate adequately 

reflected in municipal 
planning practice? 
 
What are the problems of 
planning whilst addressing 
climate factors?  

Review of literature 
 
Interview with planners 
working in the Swedish 
northern municipalities  

Urban planning practice and 
cold climate 

Paper II   Do travel patterns in the 
subarctic climate vary in 
relation to the season? 
 
What are the benefits of 
using a car for people who 
choose to drive? 
 
 

Review of literature  
 
Travel diary and 
questionnaire, descriptive 
analysis, multivariate 
linear regression  

Modal split in relation to 
season 
 
Reasons for driving in 
Kiruna    

Paper III What is the perceived 
impact of climate factors on 
walking and cycling?    

Questionnaire study, 
stated preferences and 
attitudes, descriptive 
statistics  

Walking and cycling in 
relation to factors of the 
subarctic winter 
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and experts from the fields of urban climatology and wind engineering is desirable. 
They can support urban planners with the provision of both knowledge and tools to 
be used at different stages of design and planning.  Other suggestions are as follows:  

Increasing awareness among planning practitioners on the interactions 
between urban planning and climate at different settlement scales 
Altering the prevalent attitude among local planners and politicians towards 
the subarctic climate and moving towards using its potential to enrich public 
life 
Increasing the efficiency of winter maintenance particularly for sidewalks and 
bicycle paths 
Paying attention to the local knowledge found in cities with subarctic climates 
on design and maintenance as a basis for further research and investigations in 
both areas 

Paper II: Travel patterns in the subarctic climate evidence from the north of
Sweden
The paper presents part of the results from two travel surveys which were 
undertaken in Kiruna in 2011. The primary aim of conducting two surveys is to 
study the likely impact of seasonal change on modal split and travel distance. The 
study also examines the impact of distance to the town centre on some aspects of 
travel patterns. Additionally, the reasons for driving are investigated using attitude 
questions.   

Comparison between the travel patterns of the two seasons in Kiruna shows that the 
change between winter and the snow-free period (September and October) does not 
bring a considerable change in major aspects of the travel patterns. Amongst the five 
studied transport modes of car driver, car passenger, walking, cycling and public 
transportation, only the number of cycling trips have been shown to significantly 
change with a sharp drop under winter conditions. However, the share of cycling 
trips is very small in Kiruna in both seasons. Also, the outcome of test statistics does 
not prove any significant change in distance travelled per person in relation to 
seasonal change. Overall, the respondents do travel somewhat more often by car 
during winter, but the proportion of car use compared to other modes of transport is 
high during both winter and snow-free conditions. Comparison of the modal split 
between Kiruna and the Swedish municipalities from the same population group 
indicates a higher share of car trips and lower share of public transportation and 
cycling in Kiruna. It should be noted that the hilly terrain of Kiruna is one of the 
possible reasons behind the low rate of cycling.  

The low usage of bicycle and public transport focuses attention on the conditions for 
walking and driving. In order to investigate this, the neighbourhoods in Kiruna have 
been grouped based on their distance to the town centre.  A correlation has been 
found between the distance of a neighbourhood from the town centre and the 
average number of trips that a person makes walking or driving. It says, the areas 
closer to the town centre are associated with more walking trips and less driving trips 
whilst less walking and more driving trips have been reported as the distance to the 
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centre increased. However, the distance travelled, which is an important indicator of 
energy use in urban transport, is not strongly affected by distance to the town centre. 
A linear regression model was created to analyse distance travelled. The analysis 
demonstrated that in Kiruna, distance travelled was more affected by the distance to 
work than the distance to the town centre. One explanation for this is that, distinct 
from many other European cities, the town centre in Kiruna is not the major 
concentration of work places. In addition, Kiruna inhabitants never need consider 
congestion or other traffic capacity problems when choosing to drive and there is 
also high availability of parking places across Kiruna. Therefore, the ease of using a 
car in Kiruna provides access to a larger range of destinations, which in turn 
undermines the effect of the distance to the town centre on distance travelled, 
especially when the centre does not contain a concentration of workplaces. 

The winter conditions in the subarctic regions are far from comfortable for the 
majority of people when it comes to non-motorized modes of transport. 
Nevertheless, the higher ratio of walking trips in the central area of Kiruna focuses 
attention on the influence of urban form on improving walking. Amongst the 
neighbourhoods of Kiruna, the central area has a large number of factors that 
improve the walking environment such as mixed land use, a high connectivity of 
streets and a more traditional street scape. These factors should be taken into 
consideration in planning new urban developments in towns like Kiruna. With the 
hard climatic conditions that face users of non-motorized modes of transport, public 
transport that takes into consideration the specific climate of Kiruna might function 
as an alternative. To reduce the time that travellers are exposed to harsh climate, 
attempts should be focused on providing more regular services, building stops that 
are closer to travellers with good protection from the weather at those stops. 

Paper III: Winter climate and non motorised transport modes – a case study in
Kiruna, Sweden
Paper III also deals with travel in Kiruna in relation to the subarctic winter. It 
focused on perceptions of weather factors. The respondents were asked to determine 
the extent to which the given climate factors (sun, low temperature, precipitation, 
slipperiness, wind and darkness) would influence their choice of transport mode if 
they had considered travelling by foot or bicycle during the winter season. They 
could rate between 1 (very negative) to 5 (very positive) on a five step rating scale 
with the option to choose “unable to rate”. Table 2 includes a summary of the 
responses. 
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Table 2.  Descriptive statistics about the perceived impact of winter climate factors on walking 
and cycling. (W: walking , B:bicycle)  

  n 1: Very 
negative 
(%) 

2: Fairly 
negative 
(%) 

3: Neutral 
(%) 

4: Fairly 
positive 
(%) 

5: Very 
positive 
(%) 

Median 

Low 
temperature 

W 464 15.5 27.1 35.7 11.8 9.6 3 

B 272 47.4 20.6 22.1 5.1 4.8 1 

Wind W 466 27.0 39.9 29.1 2.7 1.0  2 
B 276 52.9 25.4 20.3 0.7 0.7 1 

Slipperiness W 474 34.6 36.5 26.4 1.9 0.6 2 
B 279 68.8 17.6 11.8 0.7 1.1 1 

Darkness W 461 9.5 16.6 64.4 6.7 2.8 3 
B 274 31.4 16.1 47.8 2.9 1.8 3 

Precipitation  W 465 22.6 42.2 30.3 3.4 1.5 2 
B 276 60.5 23.2 14.9 0.4 1.1 2 

Sun W 474 0.8 0.4 10.3 17.7 70.7 5 
B 274 8.4 1.1 15.7 23.7 51.1 5 

 

Among the factors presented in table 2, predictably sun has been given a positive 
ranking for both cycling and walking.  Considering weather factors which were 
negatively perceived, slipperiness was ranked most negative both for walking and 
cycling.  Slipperiness, wind, precipitation and cold temperature were perceived to 
have a negative effect on the choice of walking and cycling. With respect to 
walking, the winter weather factors with highest negative ranks are slipperiness, 
wind, precipitation and low temperature. In terms of cycling, slipperiness ranked 
most negative and then precipitation, wind and low temperature. Comparing 
between cycling and walking, the number of ‘very negative’ and ‘fairly negative’ 
grades allocated to unwanted weather factors were higher in the questions about 
cycling. It was remarkable that the majority of the respondents expressed a neutral 
attitude towards darkness which is a distinctive aspect of the subarctic winter.  

The findings of the paper suggested that there was a stronger negative perception 
about winter climate when it came to cycling. Among the factors, the effects of wind 
and sun can, to some extent, be controlled by means of urban design. The very 
negative ranking of slipperiness underlines the vital role of winter maintenance in 
providing a basis for non-motorized transport modes.  
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8. Discussion
With regard to the broad field of the study, it seems constructive to rearrange the 
key findings from the papers. Summarizing and compiling the results shows which 
issues have been brought to light by the papers and to which research questions they 
are related. Table 3 presents key findings from the papers. 

Table 3. Summary of the major results from the papers and areas of improvement.  

 

The findings of the papers highlight the challenges of addressing climate factors in 
urban design. There are a variety of challenges, ranging from problems linked to 
urban policy and management to those of winter maintenance of streets and public 

Challenges  Paper Aspects Areas of improvement  
I II III 

Seasonal climate factors are 
insufficiently considered in 
planning practice   

*   Institutional, 
knowledge-based, 
planning practice  

Various  

The subarctic climate is seen as 
a problem rather than an 
opportunity 

*   Attitudes toward 
climate 

Organizational 

Lack of analysis and predictive 
tools for design taking into 
account the climate 

*   Knowledge-based Research  

The effect of climate-sensitive 
building is unnoticed  

*   Institutional Organizational, Research 

The current way of snow 
removal is costly and snow piles 
are not considered in urban 
design schemes   

*   Climate, design Research, Design 

Seasonal climate factors have 
marginal influence on 
comprehensive plans  

*   Planning practice, 
knowledge 

Organizational 

Slipperiness, wind and cold 
temperature are perceived as 
negative factors for walking and 
cycling 

  * Climate, travel  
behaviour 

Design (physical and soft 
measures) 

Numbers of bicycle trips drop 
sharply in winter 

* * * Travel behaviour 
and climate 

Soft measures 

Comfort and weather 
protection are some of the 
main reasons for driving in cold 
climates 

* *  Travel behaviour, 
climate 

Design (soft measures) 

Travel patterns do not change  
in relation to season change in 
Kiruna 

 *  Travel behaviour, 
climate 

Research, Soft measure 

Proximity to centre and urban 
environment is shown to have 
a positive effect on walking in 
Kiruna 

 *  Travel behaviour, 
urban form 

Design (physical and soft 
measures) 
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spaces. When it comes to transportation, the main issue is that the length and 
severity of winter produces difficult conditions for non-motorized modes of 
transport while the car becomes a natural choice for the majority of inhabitants.  
Further, the information about the modal split in Kiruna reveals that the share of car 
trips is high compared to the national rates with bicycles and public transport being 
rarely used.  

Reviewing the major findings of the papers (Table 3) helps to identify in which 
domains of urban planning practice the challenges can be tackled. Whilst this thesis 
focuses on urban design, the scope of the problems extends beyond urban design, for 
example, in the case of planning practice at municipal level. Therefore, the term 
urban planning appears sometimes in this section as it better describes the discussed 
issues. In the remainder of this section, areas of improvement are described along 
with some thoughts on the findings of the analysis of travel patterns in Kiruna. 

8.1. Institutional: Attitude shift, Legitimacy, Comprehensive plan  

The results from the papers reveal that, in many respects, improvement of the 
addressing of seasonal climate issues in urban planning should be dealt with by 
institutional changes. Institutional changes relate to alterations of the municipal 
working processes regarding strategies, decision-making and development of 
planning documents which affect the design process. Three interconnected issues are 
highlighted in the results: attitude towards winter in the subarctic regions, legitimacy 
of local politicians to pursue climate-responsive principles with a stronger emphasis 
on climate factors and clearer regulations for comprehensive plans. 

One prime issue according to the interviews (paper I) is the attitude amongst local 
politicians towards the subarctic climate. The dominant attitude is that winter 
climate factors are problems rather than opportunities for urban planning. A positive 
attitude amongst local politicians towards designing with climate factors in mind has 
been considered necessary to spur urban designers to actively take account of climate 
factors. The positive attitudes towards the subarctic climate will help to stimulate and 
support ideas that embrace winter in urban projects. The scope of such projects 
ranges from large urban design schemes to small interventions in public spaces and 
winter events.   

Planning authorities have a great influence on the preparation of planning documents 
and shaping the strategies of future urban developments. It is important that climate 
consideration is supported and legitimized by local politicians and higher authorities 
in planning. As Ryser and Halseth (2008, p. 51) noted: “to improve the legitimacy 
of climate responsive design, these principles need to become institutionalized as part 
of the design review process through appropriate regulations and guidelines”. In 
Sweden, municipalities have the planning monopoly and develop comprehensive 
plans which cover the whole municipal territory. Therefore, any change in the 
comprehensive plan towards having clear goals and principles for climate concerns 
depends on an organizational will to induce such a change.   

The interviews with planners revealed that climate concerns are mainly handled at 
the level of detailed development plans. On the other hand, at the level of 



15 

 

comprehensive plans, usually only a small part is assigned to climate considerations. A 
detailed development plan will follow the comprehensive plan where the creation of 
urban environment is formalised. Therefore, in order to operationalize climate-
responsive design at the detailed plan level, preparations should be made at the 
comprehensive plan. This means that climate goals have to be clearly defined and 
emphasized.  

8.2. Physical environment, the role of Design 

Urban designers can play a crucial role in integrating climate aspects into design 
schemes. When considering climate-sensitive urban design, the focus of design is on 
mitigating climate discomfort in public spaces whether at the scale of a public square 
or an entire district. Improvements in design can be realized using an approach 
which seeks a balance between: 1) the active use of analytical climate techniques in 
the production of form (protection) and 2) the creation of close ties with nature and 
the acceptance of winter (avoiding over protection).  

Besides, urban design can contribute to transportation planning by provision of 
comfort. In regions with a cold climate, it is necessary to pay attention to the 
potential of design for improving climate conditions for non-motorized transport 
modes. The importance of design for transportation is linked to both comfort 
provision and efficiency of winter maintenance. When it comes to comfort for 
walking and cycling, it is desirable to increase sunlight levels and reduce wind effects 
for cycle paths and sidewalks. In the subarctic regions, such objectives are more 
effective for temperate seasons. The results from paper III indicate the positive 
perception of sunlight and emphasize the importance of snow removal and anti-skid 
protection for pedestrian and cyclists. Hence, it is necessary for the urban designer to 
consider carefully the design dimensions that relate to the winter maintenance of 
streets. For instance, the placement and type of vegetation, dimensions of sidewalks 
and bicycle paths and the type of materials used are some of the details that, if 
carefully considered, would positively influence quality and the related costs of 
winter maintenance. 

Besides walking and cycling, there are other modes of transport available during 
winters in the subarctic regions, namely kick sleds and skiing. Kick sleds and cross 
country skiing are non-motorized transport modes which have strong ties with the 
culture in Nordic countries. Today, cross country skiing is seen primarily as a 
recreational activity. Design in combination with special maintenance can turn these 
transport modes into normal winter modes of transport.  

8.3. Knowledge development  

Better incorporation of climate considerations in urban planning depends on 
development of analytical knowledge related to design. It has been proposed 
elsewhere (Eliasson, 2000) that better knowledge provision from experts in urban 
climatology and better communication between urban climatologists and urban 
planners are necessary to improve the impact of climate knowledge in planning. The 
lack of tools for analysing wind patterns was also confirmed by the interviews 
presented in paper I. The limited use of climate knowledge in the design phase needs 
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be tackled with attempts from urban designers in collaboration with experts from 
other fields, e.g. urban climatology and fluid dynamics researchers. The contribution 
from urban designers is vital in the sense that they know the specifications and can 
define how experts from other fields are able to contribute with the creation of tools 
and techniques. This is the task for urban designers, to define climate objectives at 
various scales of planning and facilitate the contribution of researchers and experts 
from other fields.  

With respect to winter conditions in the subarctic regions, urban design has 
opportunities to reduce discomfort caused by climate. Yet, the subarctic winter 
conditions can be far from comfort if it is assessed by objective norms. In this 
concern, another area of research which should be considered is climate adaptation 
and subjective assessment of outdoor comfort. There is a strong positive perception 
of the natural environment and winter in Scandinavia. Physical adaptation, 
naturalness (an environment free from artificial objects) and perceived control are 
some of the key aspects of subjective assessment (Nikolopoulou & Steemers, 2003). 
Conducting research on these issues in the context of the subarctic climate would 
give urban planners new perspectives in preparing design schemes.  

8.4. Winter maintenance of roads, walking paths and bicycle paths 

In subarctic regions, winter maintenance including snow removal and different anti-
skid protection is vital for transportation and the safe use of public spaces. Elderly 
people belong to the population group who are most exposed to casualties related to 
icy surfaces. Effective snow removal and anti-skid operations help to reduce such 
casualties. Papers I and III emphasized that pedestrians and cyclists are sensitive to icy 
conditions. Winter maintenance is therefore an important issue for transportation 
(feasibility and comfort for non-motorized transport modes) and urban design 
(attractiveness and functionality of public spaces). It seems that the domains 
examined previously, institutional, design and knowledge, have strong ties with 
maintenance. The results from the papers bring to light important points about 
enhancing winter maintenance in regions with a cold climate. These points are:  

Existence of tacit knowledge amongst the municipality staff who work on 
winter maintenance  
Design with attention to maintenance 
Organizational support for improved maintenance 

In Sweden, the winter maintenance of public spaces, streets, sidewalks and bicycle 
paths is undertaken directly or indirectly by the municipalities. Therefore, the 
municipality staff who work on winter road maintenance have tacit practical 
knowledge. It was brought up in the interviews that a certain design scheme had 
resulted in difficulties with snow removal because the placement of bicycle paths and 
a carriageway beside each other caused problems for the removal of snow from the 
bicycle paths. Documenting such experiences can inform the design of new projects. 
In this matter, it is important to establish better connection between practical 
knowledge (winter maintenance, snow removal) and urban design. 
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The importance of organizational support for maintenance relates to a system that 
strengthens the ties between design and maintenance. At the municipal level, a better 
organization that strengthens the communications between sections working with 
planning, transportation and maintenance seems to be fruitful in improving 
maintenance efficiency.   

8.5. Travel patterns in Kiruna 

A study of travel patterns in Kiruna demonstrates that a large proportion of trips 
(66%) are made by cars (see Paper II). In terms of distance coverage, public transport 
and cycling are potential alternatives to car use. However, the proportions of use of 
these two transport modes are very low in Kiruna. The conditions make it difficult 
to increase the amount of cycling as an alternative to car use when considering the 
overly long winter in Kiruna, which extends from October to May. Public transport 
is a better alternative because it offers more comfort through the winter. However, it 
is usually easier to drive a car in small cities since there are no traffic jams and 
distances are relatively short. As such, it turns out to be far from simple to establish a 
public transport system that can compete with the car in small cities with a cold 
climate.  

The higher than average number of walking trips taken in the neighbourhoods 
closest to the town centre focuses attention on this feature of urban form. Further 
analysis in the form of interviews with households and the investigation of urban 
form features related to walkability (Southworth, 2005; Ewing & Handy, 2009) are 
necessary to gain a clear understanding about the factors that  encourage walking in 
Kiruna. The distance travelled, however, was shown to be independent of the 
distance of the neighbourhood from the centre of Kiruna, but correlated with the 
distance to the work place. These findings can be better understood by knowing that 
the town centre in Kiruna is not where work places are concentrated. The 
municipality is the largest employer in Kiruna (Regionfakta, 2011). Work places 
related to the municipality are geographically dispersed over the town and the 
municipal area. The second biggest employer is the mining company LKAB, the 
majority of whose employees work at the mining site outside of the town centre.  

With regard to urban form, its potential for improving walkability is important. 
However, urban form seems to have limited potential for reducing the number of 
car trips with respect to the long severe winters and the current work distribution in 
Kiruna. Even after the relocation of the town centre, the distribution of work places 
will not be very different from present. However, the limitations of physical 
measures in affecting travel patterns can be partly improved by soft policy measures. 
Removing fares on public transport in Kiruna is one example of the soft measures 
used to influence travel behaviour. Yet, there is no data available that show if it has 
increased the rate of bus trips in Kiruna.  

9. Concluding notes
The aim of this covering essay has been to compile and analyse the results of three 
papers in order to identify and analysis the possibilities and difficulties of urban 
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design and transportation planning in subarctic regions. The results as discussed in 
the previous section are summarized as follows:  

Institutional: The planning process in municipalities does not clearly 
prioritise the area of climate consideration in planning. There is a need for an 
attitude shift about winter climate and a stronger emphasis on climate factors 
in the comprehensive plan.  

Design: Winter climate factors are inadequately reflected in the design phase. 
Both outdoor comfort and maintenance need to better addressed in the design 
of new urban projects.  

Research: There is a lack of knowledge and techniques for analysing climate 
factors and predicting the impact of urban form on micro climate. 
Collaboration between urban planner and experts from fields related to 
climate is required.  

Maintenance: Winter maintenance is overlooked in design and policy. It is 
important that urban design projects are informed by practical experiences of 
winter maintenance. It is not only about improving snow removal to 
maintain levels of accessibility and quality of public spaces (design) , but also 
about finding innovative ways to use snow as resource.       

The town of Kiruna was chosen as a case study for investigating travel patterns in a 
subarctic climate. With respect to climate factors and other issues, the major results 
are as follows:  

A large proportion of car trips and a very low proportion of public transport 
and bicycle journeys shape the characteristics of the modal split in Kiruna.  

No significant change occurs in the modal split in Kiruna between seasons. 

Slipperiness, very low temperature and wind have been the most negatively 
perceived climate factors when walking and cycling. Sunlight has been 
perceived positively.  

The distance to work was shown to have an influence on the distance 
travelled but not the distance from a residence to the town centre. The 
distance from the neighbourhood to the town centre was shown to have an 
inverse correlation to the average number of walking trips and a direct 
correlation to the average number of car trips.  

To continue the discussions presented in this thesis, the next step will be a design-
oriented type study. The subsections 8.2 and 8.3 of this covering essay shed light on 
the need for a combination of design and knowledge of climate factors in order to 
develop design techniques applicable to subarctic regions. It will be achieved by 
developing models at the medium urban scale, such as neighbourhoods with various 
building typologies, as platforms on which to carry out climate analyses.  

A critical matter that needs to be addressed in this step is density. Density is a feature 
of urban form that is considered to have an impact on travel patterns. Densification 
and the compact city concept have gained ground in urban design practice over 
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recent decades. However, in the research world, many have expressed doubt about 
the influence of compact city principles on travel patterns. With regard to Kiruna, it 
is notable that over 55% of the respondents to our surveys lived in single family 
houses, with the majority of them living in detached single family houses (paper II). 
The next step of the this PhD project is to find a balance between compact city 
principles, the implications of a subarctic climate on urban form and the favoured 
housing type in cities of Sweden with low populations. 
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Summary
This study investigates the challenges of incorporating climate considerations into the urban 
planning practices of urban settlements in northern Sweden. In terms of methods, it relies on a 
literature survey and focused interviews. The interviewees were chosen from local planning 
practitioners who work in towns located in the north of Sweden. The majority of the 
interviewees considered climate concerns to have little influence on planning practice. Some of 
the main problems mentioned included a lack of climate analysis tools be used in urban design, 
little engagement amongst practitioners and politicians and overlooking the potential of the 
winter climate to affect the quality of urban life. With respect to transportation, the impact of 
subarctic winter weather on travel patterns is very noticeable according to the interviewees with 
cycling, in particular, sharply decreasing in winter. To tackle these problems, collaborations with 
researchers from other fields are necessary.  

1. Introduction
Cities and towns located in the regions near to the Arctic Circle are characterized by 
their unusual climate. The subarctic winter brings challenges and opportunities for 
urban life. Huge amounts of snow, constant freezing temperatures over several 
months, icy roads and sidewalks and limited daylight hours are some of the prevalent 
issues of such urban areas.  

Climate sensitive urban design has become a growing field of research and practice. 
The necessity of taking exclusive approach in urban design for cold climate has been 
detailed in the literature on urban planning in cold climate (Pressman, 1995; 
Pressman, 1985; Matus, 1988). Whilst knowledge related to analysing climate factors 
in urban spaces is growing, the application of this knowledge has shown to have little 
impact. Eliasson (2000) stressed the role of urban climatologists in creating tools for 
analyse climate factors to be used by urban planners and improving the awareness of 
climatic planning. Not only are there issues with the provision of knowledge related 
to climatic planning, but the institutional dimensions of urban planning e.g. policies 
and working routines, obstruct the incorporation of climate concerns into urban 
planning and design (Ryser & Halseth, 2008). 

The specific climate of the subarctic region coupled with the complexities involved 
in climate responsive design is the background for this study. This study aims to 
explore the complexities of urban planning practice in towns located in the northern 
region of Sweden. The main focus is on winter conditions and the extent to which 
they are taken into consideration by urban planners. We begin with a literature 
survey which is followed by interviews with planning and design practitioners who 
work in this region. The paper attempts to draw parallels between the literature and 
what practitioners consider as opportunities, gaps and problems in the approach 
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towards climate sensitive planning. In doing this, the paper touches upon various 
issues connected to municipal services and activities, from comprehensive planning 
to transport planning and seasonal road maintenance. In the paper, urban planning is 
used an overarching term that covers such topics.  

2. Background
This study stems from a larger research program whose overall objective has been to 
provide support for planning activities focused on the town of Kiruna in the north of 
Sweden. The economy of Kiruna depends largely on an iron ore mine located close 
to the town centre. The mining activity has caused ground deformation under a 
large part of the town which subsequently led to the decision to relocate the urban 
areas which will be affected. This extraordinary planning situation has become a 
subject for debate at national, regional and local levels. A new town centre, 
residential areas, public facilities and infrastructure need to be planned and rebuilt. 
This complicated situation gave rise to the ambition to equip the on-going planning 
process with a gathering of knowledge and experience on urban planning in a cold 
climate which could be also useful for other urban settlements with a similar climate. 
Hence, in conducting interviews with planning practitioners as part of the study, we 
chose interviewees from Kiruna and other towns located in the northern region of 
Sweden. 

 

Figure 1. The location of the selected municipalities in Sweden (left) and in relation to 
Scandinavia  

 Urban settlements located in the northern region of Sweden shape the spatial 
context to this study. Figure 1 shows the geographical location of the selected 
Swedish municipalities. Of the four chosen municipalities, Kiruna and Gällivare are 
situated inland and inside the Arctic Circle. Luleå is located on the Coast of Bothnia 
and Boden is located close to Luleå, approximately 30 kilometres from the coast. 
The chosen municipalities have climates that differ slightly. Kiruna and Gällivare, 
located inland, have a more severe winter in comparison to Luleå and Boden. 



27 

 

However, compared to the southern parts of the country, they show more 
similarities in their respective climates than differences, especially with regard to the 
amount of snowfall and the length of winter. 

To give a basic picture of the winter climate of these towns, some climatic data 
relating to the cold months were used (SMHI, 2009). Data from the normal climatic 
period of 1961 - 1990 indicated more than 60 centimetres of snow over the whole 
area in February and March with a permanent snowpack from December to April. 
For the same normal climatic period, the average temperature of January in these 
towns ranges between -11 to -16 degrees Celsius, depending on the location within 
the region. The average temperature in February across the same period ranges 
between -11 to -14 degrees Celsius, with warmer temperatures in the towns near to 
the coast. In Kiruna and Gällivare, the period with an average temperature below 
zero degrees Celsius lasts from October to April whilst in Luleå and Boden, this 
period is shorter and lasts between mid-November and mid-March.  

3. Methods
Due to the explorative nature of the present study, we have used a combination of 
research methods. To begin, a literature survey was carried out. The topics included 
in the literature survey were suggested during meetings between the authors and an 
advisory committee composed of architects and urban planners, all of whom worked 
in the northern region of Sweden and were familiar with the subarctic climate. The 
scope of the survey ranges from studies focusing on a specific aspect of the subarctic 
climate, such as snow and ice, to studies which offer a wider view and include 
multiple aspects of architecture and planning in a cold climate. In searching for 
literature, we concentrated mainly on the following areas: (1) urban planning in a 
cold climate, (2) simulation of microclimatic parameters and (3) travel behaviour and 
climate. 

For the next stage, we conducted interviews with planning practitioners. The 
strategy for choosing interviewees was to select them from planners and designers 
with experience of urban planning in cold regions. The interviewees were chosen 
from municipalities and consulting companies in the Swedish northern county of 
Norrbotten and from national planning organizations. As this research has been a 
part of a collaborative programme between Luleå University of Technology and the 
municipality of Kiruna, some of the interviewees were chosen from that 
municipality. Others were planners and architects who worked in the municipalities 
of Luleå, Gällivare and Boden. We also interviewed an urban planner from the 
Swedish national road administration whose work was related to cold climate and 
the northern municipalities. 

The interview questions were divided into several sections. The first section 
comprised questions about the respondent’s education, current job and previous 
experience. The rest of the interview questions focused on the cold climate as a 
central theme where the extent of the impact of the cold climate on the work of 
each interviewee was investigated. The interviews were semi-structured and 
included open-ended questions which offered flexibility in the responses to them. 
This form of interview is similar to a semi-structured focused interview. The term 
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‘focused interview’ refers primarily to the structure of an interview which follows a 
certain set of questions and includes open-ended questions (Yin, 1994, p.84-85). 
Therefore, this term should not be confused with the definition of a focused 
interview as stated in Merriam (2009, p.95), where it is defined as an interview 
conducted with a focus group instead of one-to-one interviews. The structure we 
adopted suited our research as we sought to bring to light certain issues regarding 
urban planning in a cold climate. It has also allowed easy recognition of ‘recurring 
regularities’ within each question section.  

Table 1. Information on the interview respondents  

Job Work place  Types of experience  Years of 
experience 

Urban 
Planner 

Luleå Municipality Architecture, comprehensive 
planning 

25 

Urban 
Planner 

Kiruna Municipality Architecture, comprehensive 
planning, research 

6 

Traffic 
planner 

Kiruna Municipality, Private 
sector 

Traffic planning 7 

Urban 
Planner 

Gällivare Municipality Comprehensive planning 2 

Architect Private consultant, Luleå Architecture  37 
Planner Umeå Municipality, the 

national road administration  
Comprehensive Planning, 
maintenance, policy-making, 
research 

24 

Planner Boden Municipality Detail planning 37 
 

Interviews were carried out by telephone; some days prior to that, the interviewees 
received the interview questions.  

4. Climate consideration in urban design and planning
There has been a greater interest in climate responsive urban design in recent 
decades. Concerns about the quality of public spaces, pedestrian outdoor comfort, 
energy use in buildings and energy harvesting from sun and wind have drawn 
attention to the relationship between urban form and the microclimate factors. 
Providing outdoor comfort is a key objective for climate-sensitive urban planning. 
Historically, rudimentary considerations of climatic factors can be found in classical 
historical texts on architecture by writers such as Vitruvius, Leon Batista Alberti and 
Andrea Palladio (Westerberg, 1994; Bosselmann et al., 1995).  

4.1. Outdoor comfort 

A recurring issue in the literature on climate responsive urban design is outdoor 
thermal comfort - an indication of the influence of thermal conditions on people’s 
physical and psychological well-being in outdoor locations (Zrudlo, 1988). Various 
views on thermal comfort can be found in the literature. Part of this research field 
provides a method to assess thermal comfort based on physical and personal factors. 
The key factors include sun radiation, wind, ambient temperature, humidity, activity 
level and clothing, the last two of which are personal factors (Bosselman et al., 1995). 



29 

 

However, adaption also affects people’s evaluation of comfort.  Adaption refers to 
the physical and psychological processes people go through in order to mitigate the 
difference between the environment and their needs (Nikolopoulou & Steemer, 
2003). In recent years, some studies have attempted to take into consideration both 
physical measures and subjective assessments in evaluating outdoor comfort. Studies 
by Eliasson et al. (2007) and Nikolopoulou & Lykoudis (2006) have taken such an 
approach. According to these studies, among microclimatic factors it is sun radiation, 
air temperature and wind that exert the strongest influence on how people evaluate 
comfort. Exposure to wind and sun radiation are the climatic factors that have the 
potential to be controlled by urban design. 

4.2. Wind and snow drift 

Currently, controlling the solar access of buildings and public places has become 
easier for architects and urban designers due to the advances in computer programs 
for architecture and design. Compared to solar access analysis, carrying out wind 
simulation is more complicated and needs a good knowledge of fluid dynamics. 
Wind simulation in urban environments is important for the assessment of pedestrian 
comfort and safety (Reiter, 2010). In conducting wind analysis, wind tunnel 
experiments and CFD (computational fluid dynamics) modelling are used. In recent 
years, the number of researchers using CFD modelling has steadily increased (for a 
review on CFD application for modelling outdoor comfort see: Blocken & 
Carmeliet, 2004; Murakami, 2006; Chen, 2004). Compared to wind tunnel 
experiments, CFD is more flexible and affordable. Although computational wind 
modelling has progressed, some knowledge in fluid dynamics is still needed to use 
such computer models. Some researchers have tried to bridge the gap between wind 
modelling world and urban planning practice. An example of such an undertaking is 
described by Reiter (2010) which, based on a large number of CFD analyses, gave 
descriptive and graphical guidelines in order to assist designers in evaluating aspects 
of wind behaviour in a dense urban fabric. Nevertheless, creating a prescriptive 
approach for wind comfort remains difficult (Capeluto et al., 2003). 

Snow drift is another outcome of wind, more observable in the subarctic settlements. 
As a corollary of wind, snow drift is also affected by urban form. It creates difficulties 
in everyday life and may even cause damage to buildings and infrastructure. It also 
hinders snow removal work. The studies on the formation of snowdrifts are closely 
associated with the methods and techniques used for wind simulations. In 
experimental research, a wind tunnel has been used to study snow drift around 
buildings over a long time. In this regard, the work of Anne Brit Børve (1988) is 
noteworthy. She focused on snow drift as a basis of a design for a new residential 
area in Hammerfest, located in the arctic region of Norway. In her study, data on 
local climate were used in combination with small scale wind tunnel experiments 
using semolina as a substitute for snow. Based on the results, she proposed design 
recommendations for the site plan and architecture of single family houses which 
aimed to block the wind and snow. The proposed design guidelines reflect some of 
the major concerns of urban design in the subarctic climate:  
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Orientations of streets based on the direction of prevailing local winds for 
maximum natural snow clearance 
Location of snow depots in places where melting water would flow to the 
natural drainage course 
Position and boundary of houses within land lots and recommended roof 
slope 
Position of wind protections   
Maximum height of the houses, position of entrances and location of 
balconies 

Architect Ralph Erskine attempted to alter the flow of wind and the drifting of snow 
through urban layouts and building forms. One of his design strategies was a layout 
where buildings and streets aligned with the direction of the dominant wind. The 
aim of that layout was to use the wind to clear snow from the streets. Another design 
strategy used a perimeter long building coupled with snow fences to create a wind-
protected region within the neighbourhood. In his design for Svappavaara, located 
close to Kiruna, Ralf Erksine used these strategies. The original design included an 
extended 4 storey building block which was supposed to create a wind-protected 
area for the single family houses inside the neighbourhood. The design proposal was 
partly constructed (Egelius, 1988). We do not know how well this layout works in 
reality with respect to wind protection. 

Like wind studies, there has been a growing interest in CFD applications to conduct 
analysis of snow drift around buildings and structures. Various CFD models can be 
found in the literature on snow drift simulation (See for example: Bang et al., 1994; 
Beyers & Waechter, 2008; Tominaga et al., 2011). In general, the possibility of 
accurate snow drift simulation by CFD models has been proven in the research.  

4.3. Influence of Climate factor on cycling 

The impact of weather on cycling is highlighted in a number of studies. Seasonal 
variation is commonly known as having a major effect on cycling, with the most 
cycling occurring in the summer time and the least in winter (Nankervis, 1999; 
Bergström & Magnusson, 2003). On a daily basis, the weather influences people’s 
decision to use their bike. Of all the aspects of weather, temperature, precipitation 
and wind have a significant effect on cycling (Nankervis, 1999; Flynn et al., 2012; 
Bradenburg et al., 2007). Further, the depth of snow (Flynn et al., 2012) influences 
the number of cyclists. Winter road maintenance is crucial for cyclists in winter. The 
effect of winter conditions on commuter cyclists in a few Swedish cities has been 
examined by Bergström and Magnussen (2003). They have suggested that winter 
maintenance of the cycle lanes, particularly in terms of the regular clearance of the 
snow, would result in an 18 % increase in the number of commuter cyclists and that 
this, in turn, would reduce the number of car journeys made by 6 %. Bergström and 
Magnussen (2003, pp. 651-652) also mentioned a Norwegian survey where more 
than 50 per cent of interviewees stated that they would not cycle if cycle trails had 
not been cleared of snow. These studies suggest that the long winter in the subarctic 
regions causes serious obstacles to cycling both in terms of discomfort and safety.  
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4.4. Implementing climate principles in urban planning  

Despite the enthusiasm expressed for climate sensitive design amongst planners, the 
practical application of climatic design principals can be challenging. The limited use 
of climate sensitive design concepts in urban planning can be attributed to several 
factors. A study conducted by Eliasson (2000) on this matter is notable. Eliasson, 
taking an urban climatologist perspective, assessed the impact of climate knowledge 
on urban planning through interviews and a questionnaire. She concluded that 
climate knowledge had little impact on urban planning because of various barriers, 
which she divided into the following categories (Eliasson, 2000, p.41):  

Conceptual and knowledge based: lack of knowledge, planners feel uncertain 
about their own knowledge, climatic aspects are embedded in other areas 
Technical: lack of easily accessible information and tools 
Policy: other priorities, time and costs 
Organisational: fear of formal complaints, changed or unclear policy 
Market: the housing market 

Among the categories above, the conceptual, technical and market variables have 
roots outside of urban planning, whilst constraints related to policy and 
organizational areas are internal to the planning system and work routine. With 
respect to constraints related to policy and organization, Ryser and Halseth (2008) 
have studied the impact of institutional barriers in achieving climate sensitive urban 
design. In this study, the city of Prince George in Canada, which has a cold climate, 
was investigated. The city has applied some design principles in respect of the cold 
climate. They argued that even though the knowledge relating to climate sensitive 
design is limited, the existing knowledge is not effectively used because of barriers 
within the urban planning system. The barriers identified by this study are, to some 
extent, similar to ones introduced by Eliasson. Barriers such as time, costs, unclear 
policy and a lack of information are highlighted by both studies in different 
categories. Moreover, the attitudinal and political barriers are noteworthy. With 
respect to political barriers, some municipality staff felt powerless to change 
developers’ design proposals to take a more climate sensitive approach. On the other 
hand, local politicians tried to avoid delays that might result in high costs for the 
developers. Ryser and Halseth also observed a lack of interest amongst municipality 
staff in pursuing climate sensitive design principles. Some of the planners believed 
that climate concerns were adequately covered and there was no need for any 
changes. 

In approaching climate sensitive urban planning, it is important to improve the 
understanding of climatic outcomes of planning decisions at various scales. 
‘Building’, ‘building group’ and ‘settlement’ are the main scales where various 
climate objectives can be followed. Decisions at different scales have implications for 
other scales (Mills, 2006). For instance, guidelines for density (settlement scale) might 
conflict with regulations about solar access for individual buildings. 
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5. Interview investigation
Results presented in this section are based on the analysis and synthesis of the 
interviews with planners and architects working in the northern province of 
Sweden.  

5.1. Subarctic winter, areas to consider when planning in a subarctic 

winter climate  

During the interviews, the respondents emphasized the particular conditions created 
by a subarctic winter. Snow and ice have been recurrent themes in the interviews. 
The respondents talked about the high levels of snowfall in the municipalities studied 
and the importance of quick and effective snow removal. It is important to consider 
‘placement of snow depots’ in the early stages of planning. On planning for the removal 
of snow, one of the respondents stated that:  

‘Finding places for snow depots within the urban fabric is economically important. 
We should transport snow out and figure out how we can do it in a cost effective 
way. Transportation of snow is expensive and already, from the beginning of an 
urban development project, we need to consider how snow transportation could be 
achieved over the next ten years.’ 

It is important to carefully plan where snow depots are located inside the urban 
fabric. According to the respondents, it helps to ‘decrease’ snow transportation and 
aids ‘faster’ snow removal work. When considering the placement of snow depots, 
one respondent pointed to the problem of water from the melted snow in the 
springtime. Therefore, snow depots should be located such that water from the 
melted snow does not damage buildings and properties.  

The design of streets was highlighted in relation to snow removal. In a street that 
accommodates carriageways, bicycle paths and pavements, the sizes of each of these 
elements and the details of how they are separated are the determining factors related 
to snow removal. Design of street sections should take the climatic conditions into 
account. One respondent discussed this issue with regard to the current trend in 
urban design to create compact streetscapes: 

‘An example is the width of the car lane and parking along the street. As a trend, it 
is desirable to have narrower car lanes. Snow removal is more difficult in a narrower 
street and snow needs to be transported. On-street parking is another challenge that 
makes snow removal slower.’ 

5.2. Effect of a cold climate on travel behaviour  

The effect of climate on travel behaviour was another question which the 
interviewees expressed similar ideas about, suggesting that the higher usage of cars in 
northern urban settlements is partly rooted in their cold climate. The dominant cold 
weather over a large percentage of the year gives rise to higher car use amongst the 
inhabitants.  As one of the respondents put it: ‘using the car is practical because it is often 
cold and windy in winter.’  
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In particular, the majority of respondents mentioned the sharp decrease in the 
number of cyclists as a result of the change in the season. It was also mentioned that 
the decrease in cycling is associated with higher usage of public transport in the 
winter. The shift from bike to public transport in the winter was described by one 
respondent as ‘unfortunate competition’, suggesting that public transport and cycling are 
designed to both be an alternative to the car instead of competing with each other.  

Despite the fact that the subarctic winter causes serious difficulties for non-motorized 
modes of transport, the permanent low temperature (below zero degrees Celsius) 
over a long part of the winter is advantageous for winter cyclists. One respondent 
explained it with the term ‘even winters’. That is to say, compared to the southern 
parts of the country, the temperature remains below freezing point for a few months. 
As a result, throughout the long period of sub-zero temperatures in the winter, 
streets and bicycle paths are covered with packed snow and are thus much less 
slippery than an icy surface; hence, less sand is needed to treat the surfaces.  

5.3. Consciously working with the seasonal climate  

In urban planning practice, climatic factors are often seen as contextual conditions of 
planning. We asked the interviewees about the extent to which climatic factors are 
‘systematically’ and ‘continuously’ taken into consideration. The responses varied. 
Some considered that climate factors are not handled in an organized way. One of 
the respondents said that there is a lack of a ‘quality control system’ which assures 
climate parameters are included at different stages of the planning process. It was 
stated that no document exists that helps to incorporate climate parameters as a 
‘routine’ task. In contrast, others stated that climate factors are implicitly taken into 
account when planning activities are carried out in municipalities and therefore 
continuously considered when planning. However, the application of climate 
considerations is not conducted using any ‘particular program’ or ‘checklist’. With 
regards to a checklist, one of the respondents saw it as ineffective, arguing that if 
each subject was handled using a checklist, it would undermine the 
comprehensiveness of the planning process. Overall, the majority of respondents 
tended to express a need for an improvement to the planning processes, with the aim 
of a more systematic treatment of climate parameters and associated considerations. 

5.4. Role and importance of climate concerns compared to other 

considerations in planning 

One of the objectives of the interviews has been to compare the importance of 
seasonal climate concerns with the importance of other planning issues, based on the 
experiences of the planning practitioners. The responses were varied. On one hand, 
some answered saying that seasonal climate played a smaller part compared to other 
aspects, implying that there was inadequate attention paid to climatic factors in 
planning. This is reflected in one of the responses that suggested that planners should 
work in a more ‘active’ way with the climate. One of the interviewees said that it had 
seldom been observed that a design example focused on creating a ‘lively’ city centre 
for the winter time.  On the other hand, some respondents believed that climate 
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concerns are necessarily reflected in planning practice. In another response, it was 
stated: ‘if we miss that [climate concern] then we neglect a large part of planning as if we 
overlook lighting, or the right width of street when designing streets or the size of green spaces. 
It has an importance almost similar to other aspects that should be considered in urban 
planning.’ Sometimes, the seasonal climate itself is not the main ‘focus’ but other 
problems put climate into the spotlight such as ‘climate change’ and ‘energy demand’.   

5.5. The role of climate in comprehensive plans and detailed plans  

According to the majority of the respondents, it is in mainly detailed plans where 
climate parameters come into play and become ‘operationalized’. Detailed designs of 
streets, placement of buildings with regard to solar access, roof angles and isolation 
were among examples mentioned by the respondents as instances of how climatic 
factors are considered in detailed plans. In the current comprehensive planning of all 
four towns, seasonal climate plays a small part. The respondents demonstrated 
different viewpoints concerning how climatic factors should be incorporated into a 
comprehensive plan. Some of them were in favour of a clear role of climatic factors 
within comprehensive plans. This involved stressing the importance of addressing the 
benefits of a cold climate on the quality of city life in the winter time by providing 
more concrete guidelines in visionary documents and in comprehensive plans. As 
one of the interviewees put it: ‘if climate concerns are not expressed in visionary documents, 
they would not come up in detailed plans’. In contrast to this viewpoint, other 
interviewees referred to comprehensive planning as having an all-embracing scale 
and a wider perspective, suggesting that climate parameters are better handled mainly 
at the detailed plan stage as is the case currently in Sweden.  

5.6. Identified shortages   

Identifying problems in working with aspects of the climate in urban planning has 
been one of the key goals of the research. Reviewing the answers, some common 
concerns were identified. The described problems and shortages vary, depending on 
the field of work and experience of each respondent. 

Lack of engagement:  The participants who raised this issue tended to argue 
that there is ‘awareness’ and ‘interest’ amongst the majority of planning 
practitioners from the private and public sectors, but ‘engagement’ is lacking.  

 Neglecting climatic opportunities: The subarctic climate is mostly seen as a 
challenge and a problem to cope with rather than an opportunity. ‘A short 
coming is that we often consider snow as a problem.’  

Overlooking local experience and knowledge: this refers to local experience 
and knowledge of working in a cold climate which is not documented and 
therefore not transferable. There is a ‘risk’ that this local knowledge about the 
local climate is overlooked. The local knowledge was primarily related to 
experience of working with snow, ice and snow drift among architects and 
planners who live and work in the northern regions. Some respondents 
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argued that designers ‘from the south’ are not adequately familiar with the local 
climate of the northern region.   

Tools for analysing cold climate parameters: as expressed by some of the 
interviewees, analytical tools for studying wind and snow drift that can be 
used easily by planners and architects are essential. Other respondents pointed 
out the difficulties involved in snow removal. It was suggested that a careful 
placement of snow piles in urban areas can be planned as part of new 
developments with the aim of improving the usage of snow and minimizing 
snow transportation.  

5.7. Awareness among local authorities and politicians 

According to the interviewees, the local politicians are familiar with those aspects of 
climate which have a direct impact on everyday life, such as snow and ice, not only 
through their personal experiences but also through people’s requests and 
complaints. However, politicians are not expected to have ‘practical knowledge’ about 
climate in urban planning. Some of the respondents pointed out a lack of ‘ambition’ 
and ‘interest’ amongst local politicians to consider climate. As stated by one of the 
respondents:  

‘The politicians (local authorities) rarely show an ambition to start any activity 
with the intention of working with climate as a subject and to see it as a resource. 
Planners (of the municipality) work mostly with climate as a basis for practical 
matters.’  

The ‘role’ of planning officers in building up the awareness among local politicians 
has also been stressed. The politicians have different backgrounds and decide on a 
wide range of issues in their term of office. In this respect, the planning officers can 
play a significant role in maintaining awareness on local climate issues particularly 
when new politicians are elected.  

5.8. Demands for new research on aspects of the climate  

The interviewees suggested various subjects to research on architecture and planning 
in a subarctic climate. A large number of the suggestions dealt with outdoor comfort 
and creating techniques to assist urban designers and planners in working with 
various aspects of a cold climate. The respondents repeated the challenge that heavy 
amounts of snow present to buildings, urban water systems and choice of transport 
mode. It was emphasized that research outcomes should be in a form that can ‘easily’ 
be adopted by designers. As one of the respondents explained when talking about 
wind analysis: ‘if the results are too theoretical, they would not be used in planning and 
design.’  

With regard to transport planning, the interviewees mentioned usability of sidewalks 
and bicycle paths in winter. These issues were discussed both from a design 
perspective and from the viewpoint of winter road maintenance. The detailed design 
of a street has an influence on how effectively snow removal can be carried out. 
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Also, some of the responses expressed a need for enhancing ‘routines’ and ‘systems’ 
used in the management of winter road maintenance.  

Apart from microclimatic factors, concerns about climate change were also discussed. 
A different perspective in research is needed that includes climate change and its 
impact on infrastructure and buildings. The following quote reveals the concern 
about climate change:  

‘We plan for the current climate. But it is important to plan for the existing built environment 
with regard to climate change in the future.’ The impact of climate change on the existing 
built environment will be multifaceted. ‘Maintenance’ of buildings and infrastructure, 
functionality of public places and change in energy consumption are some of the 
consequences. A practical example is melted snow that is transformed into ice on the 
surface of building facades. This phenomenon is harmful for buildings and its 
occurrence has increased in recent years due to the changes in climate   

5.9. Lack of interest from the private sector  

An attractive urban environment is beneficial to the private sector. One of the 
questions was whether private developers and real-estate owners were demanding 
climate responsive design and planning. The majority said that they had observed no 
intention or interest from private developers in the four municipalities. In all four 
towns, the municipality puts effort into enhancing the attractiveness of the town 
centre with attractions such as ice and snow sculptures and colourful lights etc. Such 
efforts are advantageous for the retailers, real-estate owners and other services such as 
hotels. Nevertheless, no interest has been expressed by developers or real-estate 
owners to actively work with the cold climate. A respondent from Kiruna pointed 
out that ‘easy accessible parking’ was a demand from the retail section in the town 
centre, a stipulation that directly relates to the harsh cold climate. Parking in the 
town centre is a challenging subject for urban planners. From one perspective, it 
helps shops in the town centre attract customers away from the large out-of-town 
shopping malls during the cold months. Large shopping malls usually offer easy 
access to free parking. On the other hand, parking lots in the town centre are 
criticized as they make the townscape dull and unattractive.  

6. Discussion
The results from the interviews brought to light climatic aspects of planning and 
design practice in a subarctic region. In the interviews, we primarily aimed to learn 
what aspects of the subarctic climate are important to the planners and to what 
extent those aspects are incorporated into planning practice. Interviewees responded 
from a variety of viewpoints. The nature of the responses demonstrated a 
relationship to the length and type of work experience each interviewee had. Those 
with a varied career history, who often held a senior position in planning, tended to 
discuss issues from a wider perspective and include various aspects. On the other 
hand, interviewees with a more specific or technical experience were more 
interested in discussing detailed features of the built environment in relation to a cold 
climate such as snow removal. A summary of important issues discussed in the 
interviews is as follows:  
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Climate considerations are implemented mostly at the detailed planning stage. 
Tools to predict wind and snow drift are needed. 
The use of non-motorized modes of transport decreases sharply in winter. 
The subarctic climate is seen as a problem by planners and politicians.  
Maintenance of roads, sidewalks and cycle paths should be carried out more 
effectively. 
Climate change and its consequences for buildings and public places is often 
neglected. 
Local practitioners have practical undocumented knowledge on snow removal 
and de-icing.  

The results demonstrate that concerns about a cold climate are partially reflected in 
urban planning practiced in the four towns. It is apparent that there is a high degree 
of awareness about winter microclimate factors. This awareness largely relates to 
aspects of a cold climate which more directly affect the everyday life of inhabitants 
e.g. snow, wind and slipperiness. With respect to snow and ice, the interviews 
revealed that there is practical knowledge regarding the management and 
maintenance of the urban environment under winter conditions. However, when it 
comes to the design phase, there is a need to develop knowledge and techniques to 
support urban design. In the literature survey, we touched upon outdoor comfort 
and aspects of microclimate such as wind and snow drift. Some of the methods and 
techniques used to analyse microclimate factors are commonly difficult for urban 
planners and architects to use as they originate from urban climatology or wind 
engineering. Consequently, as expressed in the interviews, such knowledge cannot 
be effectively employed in urban planning and design.   

Apart from those aspects of winter weather that have a direct impact on everyday 
life, other aspects of climate do not appear to be a serious concern for urban 
planners. Interview results suggest that efforts should be made to improve the 
knowledge and awareness among urban planners. Further, it was clearly expressed 
that new tools and methods are needed to enable planners to undertake climatic 
analysis. These results are in line with the study by Eliasson (2000). On the subject of 
awareness, the interviewees made it clear that climatic objectives relating to various 
urban scales need to be clarified. Although most planners interviewed expressed 
awareness about how planning affects the microclimate in a city, it appeared that a 
clear picture of interactions between various scales of urban environment and climate 
related matters is missing. Each of the three design scales, building, building group 
and settlement, has different climate-related objectives to be addressed. The climatic 
issues at the levels of buildings and building groups seem to be understood by a 
majority of urban planners.  

At the scale of settlement, subjects such as energy use and air quality are affected by 
the interaction between climate and the urban landscape. The respondents expressed 
little concern about climate-related objectives at this scale. Added to this, according 
to the interview responses, climate considerations are mostly taken into account at 
the detailed planning stage. A lack of ambition to work with climate concerns at the 
settlement level is partly rooted in the difficulty in making changes at this scale. In 
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the majority of cases, the city form and structure has already been developed and 
shaped and hence, planners do not have much power to change the existing 
structure. Nevertheless, on occasions where large scale urban development schemes 
are to be prepared (e.g. in the case of Kiruna), urban planners and designers involved 
in comprehensive planning can make proposals that consider climatic factors at this 
level. Therefore, in an attempt to raise awareness of climatic aspects of urban 
planning, it is crucial that urban planners and designers obtain a comprehensive 
picture of how the climate factors and urban form interact with each other at various 
scales of settlement. As Mills puts it: ‘A useful distinction can be made between the varying 
scales at which urban decisions are implemented and the achievable climatic objectives at each 
scale. The sustainable settlement will require a coherent strategy that applies planning/design 
tools at the appropriate scale and ensures that actions at one scale are not counteracted at 
another scale.’ (Mills, 2006, p.71) 

Another issue discussed in the interviews was the impact of a cold climate on the 
choice of mode of transport. Two major aspects of this relationship were identified. 
One aspect is the overall influence of a cold climate on modal split. Cold caused by 
freezing temperatures throughout a large part of the year makes non-motorized 
modes of transport less desirable. In particular, cycling is strongly affected by winter 
conditions. The other aspect is the maintenance of streets, sidewalks and bicycle 
paths during winter. Almost all of the interviewees spoke about the importance of 
snow removal and de-icing operations as a major part of the services provided by the 
northern municipalities. Rapid and careful provision of these services plays a crucial 
role in creating a reliable transport network for both motorized and non-motorized 
transportation. As presented in the literary survey, temperature, change of season, 
precipitation and wind are the climate factors which most strongly affect the use of 
non-motorized modes of transport. In subarctic towns and cities, we face a 
challenging situation to encourage the use of non-motorized transportation, 
especially bicycle in winter time. The question raised here is how urban planning 
might mitigate this situation. On one hand, in terms of climate discomfort when 
cycling and walking, design is not an effective tool to alter climatic factors such as 
temperature or precipitation, particularly in subarctic winters. On the other hand, 
design is vital for winter maintenance. The interviewees’ answers suggested that 
designers need to consider snow removal work in the detailed design of a street and 
in the location of snow depots. Further, we looked at design schemes by Ralph 
Erksine (Egelius, 1988) and Børve (1988) that put effort into designing settlements 
for the subarctic climate with the objective of using the wind for snow clearance. It 
highlights the potential of design to support winter maintenance with the aim of 
improving the mobility of pedestrians and cyclists.  

Some of the interviewees also mentioned the practical knowledge amongst 
municipality staff who deals with snow removal and de-icing issues. This knowledge 
is communicated ‘person to person’. Documenting this practical knowledge will 
offer a proper basis to study possible improvements to the winter road maintenance 
as a contributor to the quality of life in towns and cities with a cold climate. 
Moreover, knowledge from other fields (e.g. maintenance and management) will be 
needed to improve maintenance work.  
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From the discussion presented in this section, some key problems of climate sensitive 
urban planning in subarctic urban settlements have been identified. We present the 
following key points as essential to improve the role of climate factors in urban 
planning of these settlements:  

Developing the existing knowledge of outdoor comfort with attention to the 
nature of the subarctic climate 
Provision of user-friendly tools and methods to aid urban planners and 
architects in incorporating climatic aspects into the design phase 
Increasing awareness among planning practitioners on interactions between 
urban planning and climate at different settlement scales 
Altering the prevalent attitude among local planners and politicians towards 
the subarctic climate and moving towards using its potential to enrich public 
life 
Increasing the efficiency of winter maintenance particularly for sidewalks and 
bicycle paths 
Pay attention to local knowledge on design and maintenance as a basis for 
further research and investigations in both areas 

This work has demonstrated the problems of incorporating climate concerns into 
urban planning practice in the Swedish subarctic towns. Although the planning 
practitioners who work in this geographical environment and were interviewed 
expressed great awareness of climatic aspects in urban planning, climatic 
considerations were shown to have only a small influence in current planning 
practice. To tackle these problems, collaboration from different fields of research and 
practice is necessary. Urban climatologists and researchers working with simulations 
of microclimate factors in urban environments can significantly contribute to this by 
providing know-how and user-friendly predictive tools. Within the fields of urban 
planning and design, a key factor is to improve awareness of the interactions between 
climatic factors and the man-made environment at various planning levels, especially 
at the comprehensive planning stage. It was demonstrated that the majority of 
planning practitioners consider that climate related issues are to be handled at the 
detailed planning level whilst these concerns have a very small influence on 
comprehensive plans.  
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Abstract
This study focuses on travel patterns in the town of Kiruna, located in the subarctic region of 
Sweden. Two travel surveys including a questionnaire and a travel diary were carried out in 
two different seasonal conditions: a mild winter season and a snow-free season. Information 
from both the national travel survey and the survey in Kiruna show a higher proportion of car 
journeys and a lower proportion of bicycle and public transport journeys in Kiruna compared 
with those at the national level. With regard to seasonal change, the modal choice and distance 
travelled have not varied significantly between the two seasons. Between the neighbourhoods of 
Kiruna, those closer to the town centre were more associated with walking and less with car 
journeys. However, the total distance travelled does not vary significantly in relation to distance 
from the town centre. Asked about the reasons for preferring to use the car, comfort, protection 
from extreme weather and limited public transport service were ranked highest in a variety of 
reasons the respondents gave. A high degree of car use over the year and the importance of 
comfort and protection depict a difficult context for the growth of non-motorized travel. A public 
transport system with particular attention to the long and harsh winters can induce a change in 
travel patterns in Kiruna and other small towns in the subarctic region.   

Keywords: Sustainable transport, urban form, travel habits, seasonal climate, 
pedestrians, bicyclists, cold climate. 

1. Introduction
A key concern in urban planning for sustainability is how to decrease car 
dependency and increase the use of other more environment-friendly transport 
modes, particularly walking and cycling, through means of spatial planning. The 
disadvantages of a high reliance on motorized transports are well recognized in large 
cities, as problems such as air pollution, traffic congestion and traffic accidents are 
more prevalent in these urban environments. As such, issues are less problematic in 
small cities, so the high rate of car journeys might be overlooked in the smaller cities 
and towns. However, other issues related to car use, such as environmental cost, 
reduction in the quality of urban spaces and obesity are of concern, regardless of the 
size of city.  

Despite the disadvantages of using a car, in cities with extreme climate conditions 
like those in subarctic regions, driving is an attractive mode of travel as it provides 
comfort as well as protection from the unpleasant weather conditions. Also, a 
number of studies have investigated the impact of weather on non-motorized travel 
methods, showing that unpleasant weather conditions have negative effects on the 
rates of cycling (Stinson & Bhat, 2004; Heinen et al., 2010) and walking (Aultman-
Hall et al., 2009). These studies offer a useful insight into the effect of certain types 
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of weather on transport modes. Nevertheless, there is a dearth of investigation into 
the travel patterns in relation to extreme climate e.g. in the subarctic regions.  

Given this background, this study focuses on travel patterns in Kiruna - a Swedish 
town with a population of around 18000, located in the subarctic region of the 
country. The aim is to investigate modal choice, distance travelled and attitudes to 
driving in relation to seasonal climate factors in small cities with harsh winter 
conditions. Kiruna is special because of its subarctic climate as well as the particular 
planning situation it is facing today. The town is going through an urban 
transformation process, as a large part of the town including the central part has to be 
relocated and rebuilt (Kiruna Kommun, 2011). This is due to land subsidence caused 
by the iron ore mining in the immediate vicinity of the town.  

Two surveys were conducted in Kiruna to obtain information: the first one was in 
winter and the second in the snow-free season. This paper begins with background 
information about Kiruna. Then, objectives are explained and followed by a 
literature review and a section on the data and methods. Next, the results from the 
surveys are presented, including a descriptive analysis and the multivariate regression 
models. The paper ends with the conclusions and acknowledgements.    

2. Background
Kiruna is Sweden’s northernmost town with a population of nearly 18000 people. 
The urban area of the town covers approximately 19 square kilometres, see Figure 1. 
The older part of Kiruna, which is located in the central area of the town (the 
central area is marked by a circle in Figure 1), dates back to the beginning of the 20th 
century when the town was built as a mining settlement. The street network of this 
area resembles a deformed grid. The shape of the street grid fits well with the 
topography of the terrain. The neighbourhoods outside the central area are the 
Lombolo area in the south east of the town centre and the Tuolluvaara area located 
approximately 5 km from the centre. The Lomobolo neighbourhood is a mix of 
multi-storey houses and detached single-family houses, built in the 1970s, which are 
accessible through a tree-like street network. In Tuolluvaara, houses are detached 
single-family houses and the streets are a network composed of loops connected to a 
main access street. The maximum difference in elevation in the town is 120 metres. 

The climate of Kiruna is characterised by long winters, which last about seven 
months with large amounts of snowfall. According to data from the normal period of 
1961 – 90, winter begins in Kiruna around mid-October and lasts until the 
beginning of May (SMHI, 2009). Information from this period also indicates that the 
average temperature remains below zero degrees Celsius from October to May. The 
average temperature in January is around -15 degrees Celsius. The number of days 
with snow cover exceeds 200 days per year. On the other hand, the summers are 
short. They begin in the first week of June and last until mid-August, with an 
average monthly temperature ranging between 11 and 14 degrees Celsius. The 
location of the town on latitude 67 degrees makes the summer in Kiruna 
extraordinary with midnight sun and very long daylight hours.  
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One of the prime concerns for the future of Kiruna is to alter the current traffic 
pattern. Today, travelling by car is the dominant transport method for both work 
and non-work trips and the current bus-based public transport system is responsible 
for only a very small share of the total personal transportation in the town 
(Blommegård, 2010). In an attempt to increase the use of public transport, the 
municipality scrapped bus fares in August 2011, the same year the survey was 
conducted.   

 

Figure 2. Map of the neighbourhoods of Kiruna and the location of the mining company 
(LKAB) which is one of the main work places in Kiruna.   

3. Objectives
This paper describes an investigation into travel patterns in the town of Kiruna, 
which is an example of an urban settlement in the Swedish subarctic region. The 
main objective is to investigate how the high dependence on car use can be reduced 
and which other travel methods have the potential to be improved in order to 
change the current modal share. First, there is a description of the possible impact of 
climate e.g. the effect of seasonal change on the modal split and other aspects of 
travel patterns. Second, given the high proportion of car journeys in Kiruna, the 
paper focuses on the reasons why car travel is preferred to other modes of transport 
and how these reasons are ranked. Further, it is of interest to investigate if there are 
any significant differences in travel patterns between different neighbourhoods. In 
line with the above objectives, the following questions are posed:  

What is the proportion of each mode of transport used by the inhabitants of 
Kiruna? 
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What is the proportion of different modes of travel used in each of the seasons 
studied? 

Does the distance travelled and the average number of trips per person vary, 
based on season and neighbourhood?  

What rationales do the people of Kiruna have for driving? Does the subarctic 
climate play an important role?  

4. Literature review
The research on travel patterns and modal split has been greatly increased through 
the efforts of researchers from various disciplines. The factors determining travel 
behaviour are varied in nature. In general, socio-economic factors, along with 
personal attitudes in combination with urban form, influence travel patterns (Merus 
& Haaijer, 2001; Stead, 2001). The increased interest in the sustainable urban form 
in recent decades has led to extensive studies on its influence on travel patterns. For 
example, Stead and Marshall (2001) in their review provided a list of 9 urban form 
factors which are frequently used in the research on travel patterns: distance of 
residence from the urban centre, settlement size, mixing of land uses, provision of 
local facilities, density of development, proximity to transport networks, availability 
of residential parking, road network type and neighbourhood type. The overall goal 
of such studies is to provide empirical support for the existence or magnitude of the 
effect of certain urban form characteristics on travel patterns e.g. compact 
development can reduce car journeys and increase walking and cycling. Given the 
complexity of travel patterns, some researchers have warned that correlation between 
the characteristics of urban form and travel patterns should not be interpreted as a 
strong causal relationship without considering the impact of socio-economic and life 
style factors (for example see Næss, 2005; Schwanen et al., 2005).  

When analysing travel patterns, the more common approaches for that analysis are 
aggregated data analysis, disaggregated modal choice analysis and theoretically-based 
behavioural models (Mackett, 2003; Handy, 1996). In aggregate models, average 
data from a city or neighbourhoods of a city are used whilst in the disaggregated data 
models, information obtained from individuals on modal choice is the basis of the 
analysis. For instance, using aggregated data, Cervero and Radish (1996) showed that 
residents of mixed-use and compact areas have a higher tendency to make their non-
work journeys by walking, cycling and public transport than the residents of a typical 
American suburb. In a disaggregated data analysis, Cao et al. (2009) demonstrated 
that travel choice available for individuals and household structure such as having 
children have significant influence on car trips. Their study suggested that after 
controlling for socio-economic factors, neighbourhood characteristics are linked 
with non-motorized journeys, with traditional neighbourhoods associated with more 
walking/cycling journeys. In a study conducted in Gothenburg, Sweden, Forward 
(1999) carried out analysis based on the theory of planned behaviour. She concluded 
that convenience is the main reason for using a car. In a more recent study by 
Mackett (2003), reasons for making short car trips in selected study areas of the UK 
were investigated using a survey and interviews. This study differed to many other 
studies that are based on stated preferences about hypothetical journeys, in that 
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Mackett asked the respondents to explain about car trips they had already made. 
Among the reasons given for using the car, the following five accounted for 68 % of 
the responses: carrying heavy goods, giving a lift to a family member or friend, short 
of time, large distance and convenience (Mackett, 2003, p. 335). To encourage the 
use of other transport modes rather than driving, the merits of the car should be 
considered. In a study conducted in the UK, interviews with both car-owning and 
non-car-owning households highlighted the psycho-social benefits of a car such as 
protection (weather, security and accident), autonomy and prestige in comparison 
with public transport (Hiscock et al., 2002). 

With regard to Kiruna as a small town, the study of travel patterns in Frederikshavn, 
Denmark is interesting in the context of this paper. Næss and Jensen (2004) 
investigated travel activity in Frederikshavn, which has a population of around 30000 
people. They obtained data on travel activity through both travel diaries and 
interviews with households. They used multivariate regression to analyse the 
quantitative data. The results of the study revealed that amongst a series of factors, 
location of the dwelling relative to the town centre has a strong influence on the 
weekly distance travelled and choice of transport mode. 

As this paper deals with travel patterns in a subarctic climate, it is relevant to look at 
the studies that focus on the effect of weather on non-motorized transport modes. 
The relationship between weather and walking has been of great interest to health 
science as walking is the most common form of physical activity across all the various 
groups of the population. A review study by Tucker and Gilliland (2007) showed 
that more than 70% of the studies involved in the review prove the significant 
impact of weather on physical activity. Extreme climate and poor weather can have a 
negative effect on walking rate. For example, mothers who participated in a survey 
study in Australia, mentioned poor weather, lack of time and poor quality paths as 
factors that hindered walking with a pram (Currie & Develin, 2002). Investigation of 
the effect of precipitation, sun and temperature in 9 cities in Europe and the USA 
showed that an increase in temperature, a shift from snow to dry conditions and an 
increase in sunlight positively correlate with the number of pedestrians, especially 
with a shift from snow to dry conditions (de Montigny et al. 2011). 

The impact of weather on cycling is somewhat more prominent in the literature: 
studies of both long-term (seasonal change) and short-term weather change can be 
found. Seasonal change is commonly recognized as having a major effect on cycling. 
Cycling decreases in winter; in regions with colder winters, a sharper decrease in the 
cycling rate takes place (Nankervis, 1999; Bergström & Magnusson, 2003). 
According to Bergström and Magnusson, in Sweden, the distance travelled by 
bicycle decreases in the winter. Regarding short-period weather change, 
temperatures, risk of precipitation and wind all have a significant effect on cycling. 
Nankervis (1999) studied students who were commuter cyclists, in Melbourne, 
Australia. The study suggested that temperature, precipitation and wind have an 
effect on numbers of cycle riders on a daily basis. Nankervis indicated that although 
there is a correlation between weather factors and numbers of riders in the expected 
way (e.g. an incidence of rain relates to a decrease in cycle riders), the effect of the 
mentioned weather element might be considered slight. Considering cold climate, 
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Flynn et al. (2012) used a diverse panel of adults who cycled to work to investigate 
the effect of weather on cycle riding. Their study indicated that snow depth was a 
significant weather factor along with precipitation, wind and temperature. With 
respect to winter conditions, a study conducted by Pusher and Buehler (2006) is 
notable. Their study indicated that Canadians cycle three times more than Americans 
despite having colder winters in Canadian cities. Pusher and Buehler attributed the 
difference to factors other than climate such as higher urban densities, mixed-use 
development, shorter trip distances and better bicycle infrastructure. 

5. Method and Data
This study is based on the information obtained from two self-administrated postal 
surveys, which were carried out in April and May 2011 (mild winter conditions) and 
September and October 2011 (snow-free conditions) in Kiruna. Both surveys 
included a travel diary and a questionnaire, which were sent together. The travel 
diary had to be filled in on given dates and included questions about details of travel 
made on the day of the survey, namely spatiotemporal aspects, mode of transport, 
distance travelled and purpose of trip. These dates were equally distributed across the 
seven days of the week. The travel diary dates were spread across 4 weeks with two 
main weeks and two weeks left for those individuals who would not be able to 
complete the travel diary on the first specified occasion (a ‘reminder’ week). For the 
winter conditions survey, these weeks were 4 – 11 April 2011 and a reminder week 
2 – 8 May 2011. The weeks chosen for the travel diary in snow-free conditions were 
5 – 11 September 2011 and a reminder week 3 – 9 October 2011. None of these 
weeks included any public or school holidays. For the winter survey, the reason to 
choose the weeks in April and May was so as to avoid the extreme winter weather 
conditions that are more likely to occur between January and March in the subarctic 
regions. Some information on the weather conditions during the weeks when the 
travel diary was being kept is presented in Table 1. 

Table 1. Weather information for the weeks the travel diary was filled in  

Month 
2011 

Ave. 
Temp 
(°C) 

Ave. 
Precipitation 
(mm) 

Ave. 
Snow 
depth 
( )

Explanations 

Apr 4 – 10 -0.7 0.95 56.7 Snow and rain, rain shower too 
May 2 – 8 1.3 0.43 6.4 Rain, snow and rain, rain 
Sep 5 – 11 11.7 3.9 0 Rainy mostly, sometimes foggy 
Oct 3 – 9 1.3 6.2 0 - 

 

The questionnaire comprised questions about the socio-economic background of 
households, frequency of use of different modes of travel, shopping preferences, 
reasons to drive the car and attitudes towards other travel methods. Furthermore, the 
respondents were asked about the needs that should be fulfilled by transport modes 
other than car to make them not use the car. For each of the transport modes: 
walking, cycling and public transport, a separate group of questions were asked. We 
used a five point scale in the questions on attitudes and preferences. Examples of 
such questions were:  
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I would walk if I lived nearer to work. 
I would travel by public transport if the bus station was closer to my 
home.  
I would travel by public transport if it operated more frequently.  
I would cycle to work if it was quicker than driving. 
I would walk if the removal of snow from the sidewalks was improved. 
I would walk/cycle to work if it improved my health. 
I would cycle to work if better cycle parking was provided.  
I would walk if car parking was not satisfactory (higher costs, weather 
protection, etc.). 

 

The questionnaires and travel diaries were sent to a random selection of 1500 of the 
inhabitants, a different set each time. We received 514 winter questionnaires (34.2 % 
response rate) and 547 snow-free questionnaires (36.4 % response rate).  

The analysis of the collected data is quantitative. In analysing data, various statistical 
methods have been applied. The comparison between the travel patterns in the two 
seasonal conditions has been conducted using the independent t-test, which is 
suitable for the comparison of two groups of participants experiencing different 
experimental conditions (Field, 2009). The study also benefits from multivariate 
linear regression. Multivariate regression is frequently used in research into travel 
patterns, for measuring the effect size of different factors on aspects of travel patterns. 
In the regression model presented, the dependent variable is frequency of daily 
walking trips. The independent variables include socio-economic, attitudinal factors 
and an urban form variable which will be further explained in the relevant section.  

6. Results
6. 1 Socio-economic information 

Table 2 shows socio-economic information about the respondents. The average age 
of the respondents is around 48, which is very close to the average age of Kiruna 
citizens over 15 years old (Statistics Sweden, 2012). The age of the respondents 
ranges between 17 and 85 years for the winter questionnaire and between 17 and 79 
years for the snow-free questionnaire. According to the surveys, there are, on 
average, 1.4 – 1.5 cars per household in Kiruna whereas this number drops to 
approximately one car per household for the whole of Sweden (SIKA, 2007). Nearly 
90% of the respondents hold a driving licence and more than half of them live in a 
single-family house. 
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Table 2. Some socio-economic information about the respondents based on the two surveys. 

Season N Mean size 
of 
Household  

Car per 
household 

Mean 
age 

Respondents 
gender split 
(%) 

Residence  type  
(%) 

Female Male Detached 
house 

Terrace
d house 

Apartment 

Winter 514 2.80 1.42 48.3 50.7 49.3 45.2 9.4 43.2 
Snow-
free 

547 2.67 1.47 47.7 50.1 49.9 47.9 8.0 42.0 

 

6.2 Modal split in relation to season 

This section describes the results about the modal split in Kiruna. The travel 
information from Kiruna is compared with Swedish municipalities which have a 
similar population. Information about this group of municipalities have been 
obtained from the latest available national travel survey (SIKA, 2007). The Swedish 
national survey divides municipalities mainly on the basis of population. Kiruna is in 
the category of municipalities with a population between 12500 and 25000. Table 3 
presents information about the modal split in Kiruna and the above mentioned 
group of municipalities. It should be borne in mind that the national travel survey 
has been carried out through all four quarters of the year whilst the Kiruna survey 
has been conducted in two climate conditions. 

With regard to modal split in these municipalities (labelled as ‘low-population 
municipalities’), the ratio of the ‘car, driver’ trips is 47 %. In Kiruna, ‘car, driver’ 
accounts for nearly 56 % of the average weekdays journeys during winter conditions. 
During snow-free conditions, ‘car, driver’ accounts for 51 % of the reported trips. 
Table 3 also shows that the proportions of transport modes other than ‘by car’ are 
smaller in Kiruna. It should be noted that in all of the low-population municipalities 
including Kiruna, public transportation is based on a bus system. The proportion of 
‘by foot’ journeys in Kiruna is similar to the low-population municipalities whilst the 
percentages of ‘bicycle’ and ‘bus’ journeys are lower in Kiruna.  The winter survey 
indicates that 2.8 % of the trips were made by bicycle. During snow-free conditions, 
the proportion of bicycle trips increases to 7.4 % of all the journeys made on the days 
of the survey. Accordingly, 5.4 % of the trips logged in both surveys have been made 
by bicycle. Similarly, trips made by bus are shown to have a smaller proportion in 
Kiruna in comparison to the low-population municipalities. Based on the surveys, 
bus journeys account for 2.1 % in the winter survey and 2.7 % in the snow-free 
survey of all journeys. The average values from both the surveys in Kiruna reveal 
that the total proportion of bus, cycling and walking is 31.5 %, nearly 6 % less than 
the low-population municipalities. These results imply that car reliance is higher in 
Kiruna than the average seen in Swedish municipalities with a similar population. 
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Table 3. Proportion of different travel methods in Swedish municipalities with populations 
between 12500 and 25000 (low-population municipalities) and Kiruna (%). 

 Car, 
driver 

Car, 
passenger 

Bus Bicycle By foot Other 

Low-population 
municipalities  

47.1 14.8 4.2 9.5 24.3 3.4 

Kiruna, winter survey 56.1 13.3 2.1 2.7 23.1 2.7 
Kiruna, snow-free 
survey 

51.9 11.2 2.7 7.4 24.5 2.3 

Kiruna (average of both 
surveys)  

53.9 12.2 2.4 5.2 23.9 2.6 

Table 4 shows the average trip frequency for the five modes of transport on the 
survey days for both surveys. Except bicycle trips, journeys made by other transport 
modes do not vary between the snow-free survey and winter survey. For example, 
the average frequency of car trips is 2.30 in the snow-free survey and 2.24 in the 
winter survey. Similarly, the averages of frequency of walking trips vary very little 
between the two surveys. The results of the independent t-test also confirm that only 
the difference between the means of bicycle trips is significant (t=3.906, p<0.001). It 
should be noted that the effect of the seasonal change on bicycle trips is small 
(r=0.134) which is to be expected with regard to the small proportion of bicycle 
trips made during both snow-free and winter conditions. 

Table 4. Information on the five transport modes based on the two surveys. 

Transport 
mode 

Survey N Mean 
of trips 
per 
person 

Standard 
deviation 

Independent t-test results  
 
t df Sig.  

(2-tailed) 
Car, driver Snow-free 408 1.89 1.847 

0.599 822.05 0.549 
Winter 417 1.82 1.953 

Car, 
passenger 

Snow-free 408 0.41 0.907 
-0.319 821.71 0.750 

Winter 417 0.43 0.891 
Trips by 
car 

Snow-free 408 2.30 1.911 
0.442 822.97 0.759 

Winter 417 2.24 1.943 
Bus Snow-free 408 0.1 0.494 

0.979 702.56 0.330 
Winter 417 0.07 0.326 

Bicycle Snow-free 408 0.27 0.839 
3.906 646.64 0.000 

Winter 417 0.09 0.483 
By foot Snow-free 408 0.88 1.435 1.492 799.92 0.136 

Winter 417 0.75 1.236 

 
The comparison of distance travelled per person between the surveys shows no large 
difference (See table 5). On the other hand, the average number of trips per person is 
higher in the snow-free season (p< 0.01). The average trip frequency on the days of 
the survey is equal to 3.65 trips per person for the snow-free survey whilst this 
number falls to 3.23 trips per person for the winter survey. Calculating effect size 
shows that the change from the snow-free season to the winter indicates a small 
effect (r= 0.094). 
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Table 5. Comparison between the distance travelled and the total trips on the survey day. 

Transport 
mode 

Survey N Mean  Standard 
deviation 

Independent t-test results  
 
t df Sig. (2-

tailed) 
Distance 
travelled (km) 
on the survey 
day 

Snow-free 390 26.28 40.441 

-0.234 777.64 0.815 winter 392 26.98 42.952 

Trips per 
person on the 
survey day 

Snow-free 408 3.65 2.553 
2.613 762.70 0.009 winter 417 3.23 1.957 

 
6.3 Walking and driving in Kiruna   

The preceding sections showed that the proportion of car trips in Kiruna is higher 
than the average proportion of car trips in the Swedish municipalities with a similar 
population size. On the other hand, the data obtained from the travel diaries 
indicated that only a very small proportion of trips in Kiruna are made by bicycle 
and public transport. So, this section focuses on walking and driving. First, rates of 
walking and driving trips are studied in relation to the distance to the town centre 
and then the analysis of the attitudes and reasons for driving is presented. 

The survey data include information about which neighbourhoods the respondents 
live in. We divided the neighbourhoods into 4 groups, based on distance to the 
town centre. These groups are Central area, Lombolo area, Industrial area and 
Tuolluvaara. The Industrial area is removed from the analysis because this area is 
mostly composed of small industries and large shopping facilities, without any 
residential buildings. The Central area includes the neighbourhood within a 2 km 
radius from the town centre (see Figure 1). The approximate network distance 
(distance by road) from the centre of Lombolo and the centre of Tuolluvaara to the 
town centre is 4 and 5.5 km respectively. 

Table 6. Average walking and car trips per person for the main residential areas in Kiruna. 

 Area/neigh
bourhood 

N Mean Std. 
deviation 

ANOVA 
F Sig 

Walking Central area 543 0.90 1.34 4.96 0.007 
Lombolo 228 0.64 1.28 
Tuolluvaara  50 0.44 1.37 

Driving  Central area 543 2.07 1.89 6.51 0.002 
Lombolo 228 2.45 1.98 
Tuolluvaara  50 2.92 1.99 

Distance 
travelled 
(under 300 
km) 

Central area 497 25.17 41.33 0.69 0.498 
Lombolo 217 28.36 41.72 
Tuolluvaara  48 30.50 40.36 

In Table 6, three aspects of travel patterns are shown. The information about 
walking and driving shows that areas close to the town centre are associated with 
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more walking and less car journeys. Also, the information about the distance 
travelled on the survey days implies that respondents who live in Lombolo and 
Tuolluvaara have travelled further than the inhabitants of the central area. However, 
the results from the ANOVA test confirm that the difference between 
neighbourhood groups is significant for the means of walking trips and car trips (p< 
0.01) but not significant for distance travelled (p=0.498). Comparisons between rates 
of walking and driving trips in the neighbourhoods in Kiruna suggest that a 
relationship exists between neighbourhood and rates of these travel methods. The 
distance from the town centre and physical environment of the neighbourhood can 
influence the rates of walking and car journeys.  

As distance travelled appeared to be independent of the distance to the town centre, 
a multivariate linear regression has been conducted to further explore the factors that 
influence the distance travelled, based on the available data from the survey. The 
predictive variables included in the regression model are: the logarithm of distance 
from residence to work, holding a driving licence, having a car in the household, 
gender and an index of neighbourhood groups based on distance to the town centre 
(Table 7).  

The regression model proves that for the two urban structural factors included in 
model, the distance from residence to work and the distance from residence to the 
town centre, the former has the largest effect after allowing for some of the socio-
economic factors whilst the latter does not have an effect on the independent 
variable. It should be noted that the overall effect of the model is relatively small 
(adjusted R2  = 0.147). The variable ‘index of distance from the neighbourhood to 
the town centre’ was removed from the variable set and the model produced results 
with a similar effect size and all the variables being significant. 

Table 7. Results from a multivariate linear regression analysis showing the effect of various 
independent variables on the logarithm of total travel distance (km) during the survey days. 
(adjusted R2  = 0.147, n= 610) 

Independent variables Unstandardized 
Coefficients 

Standardized 
Coefficients 

Sig. 

B Std. error 

The logarithm of distance 
from residence to work  

0.429 0.053 0.325 0.000 

Does the person have a 
driving licence ( yes= 1, no= 
2) 

-0.211 0.070 -0.116 0.003 

Does the household have car 
(s)? (yes= 1, no= 2) 

-0.288 0.103 -0.106 0.005 

Gender (male= 1, female= 
2) 

-0.078 0.042 -0.062 0.107 

Index of distance from the 
neighbourhood to the town 
centre  

-0.005 0.026 -0.007 0.859 

Constant 1.577 0.148  0.000 
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With the focus on driving and walking, we asked the survey recipients about their 
reasons for preferring the car to other transport methods for their journeys to work. 
Table 8 shows the results of these questions. Only respondents who were in 
employment are included in this analysis.  

Table 8. The scores for the reasons for driving a car in Kiruna based on a 5 point scale 
(1=strongly disagree, 2= disagree, 3=neutral, 4= agree, 5= strongly agree).  

Reasons to drive car to work  N Mean St. 
deviation 

Median 

It is comfortable 329 4.14 1.20 5 

No need to consider weather conditions  329 3.98 1.23 4 

Public transport does not meet my travel 
needs 

313 3.94 1.38 5 

Need to do other errands besides going to 
work 

351 3.71 1.43 4 

Enjoy driving  316 3.28 1.39 3 

Cost of car is a small part of my living 
expenses 

326 3.26 1.38 3 

Distance to work is very long 331 2.60 1.62 2 

 

The four factors with the highest scores have an average between 3.71 to 4.15 with a 
median value ranging between 4 and 5. On a 5 point scale used for this part of the 
questionnaire, 4 represents ‘agree’ and 5 is the rank for ‘strongly agree’. With respect 
to the climate conditions in Kiruna, the advantage of using a car in relation to 
comfort and weather conditions was ranked high among the reasons. The problems 
with public transport are ranked in third place, though its mean value differs only 
slightly from the mean value for weather conditions. On the other hand, a long 
distance to work has been ranked as the lowest with a median value of 2 (2 is the 
rank for ‘disagree to some extent’). It is worth mentioning that according to the 
survey information, the median value for the distance to work is 3 km (more than 
56% of respondents reported a distance up to 3 km). With more than half of the 
respondents living less than 3 km from their work, it makes sense that distance has 
been ranked lower than the other reasons. The results from the question on driving 
enjoyment and budget concerns suggest that these issues have a middle level of 
importance for the majority of respondents. 

7. Discussion
The study of travel patterns in two seasons in Kiruna showed that seasonal change 
does not influence major aspects of travel patterns. The data about total trips made 
using each mode of transport revealed that the proportion of car trips including both 
driver and passenger increased in winter and the proportion of walking and cycling 
trips fell in winter, with a sharp reduction in cycling. However, when applying test 
statistics to means of trips per person per travel method, the results suggest that, with 
the exception of bicycle trips, the means of other travel methods do not change 
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significantly in relation to the season. As cited in the literature review section, the 
number of bicycle trips decline in winter even in cities with a temperate climate. 
Moreover, investigating the impact of season change on distance travelled and total 
number of journeys on the day of the survey proved a significant but small change in 
the number of trips on that day, dependent on the season. The analysis showed no 
significant change in distance travelled in accordance to season change. Overall, the 
respondents do travel somewhat more often by car during winter, but the proportion 
is high during both winter and snow-free conditions compared to other similar 
cities.  

By considering the low usage of bicycle and public transport, the conditions for 
walking and driving were brought into focus. By classifying the neighbourhoods of 
Kiruna based on their distance to the town centre, a relationship was found between 
neighbourhood distance and the number of journeys per person for both walking 
and driving trips. That is to say, the areas closer to the town centre were naturally 
associated with more walking and less driving trips, while less walking and more 
driving trips were reported as the distance to the centre increased. However, distance 
travelled, which is an important indicator of energy use in urban transport, was not 
strongly affected by distance to the town centre. In studies on travel patterns in 
Copenhagen and Frederikshavn in Denmark (Næss & Jensen, 2004; Næss, 2005), it 
has been proven that distance from houses to the town centre affects the distance 
travelled after allowing for other socio-economic and attitudinal factors. The linear 
regression model presented here, in some way, showed that in Kiruna, the distance 
travelled is mostly affected by the distance to work rather than the distance to the 
town centre. One explanation for this is that, unlike Copenhagen or Frederikshavn 
and many other European cities, the town centre in Kiruna is not the major location 
of workplaces. In addition, Kiruna inhabitants never have to consider traffic 
congestion or other capacity problems when choosing to drive and there is also a 
high availability of parking places across the whole of Kiruna. Therefore, the ease of 
using the car in Kiruna provides access to a larger range of destinations, which in its 
turn, undermines the effect of the distance to the town centre on distance travelled 
especially when the centre does not contain a large concentration of workplaces. 

The relatively unchanged proportion of car trips in both seasonal conditions also 
suggests that most of the drivers do not change their mode of transport due to the 
season. On the other hand, the attitude questions about driving emphasized that 
comfort, protection from bad weather and limited public transport all played an 
important role for drivers whilst distance was ranked the lowest among the reasons. 
The ranked order of these reasons is in contrast with the study by Mackett (2003), 
previously described. In that study, the following reasons to use the car have been 
mentioned by respondents from cities in the UK: carrying heavy goods, giving a lift 
to a family member or friend, short of time, long way and convenience. 
Convenience and bad weather were apparently less important among the reasons 
stated by the respondents from the UK while these are ranked the highest, based on 
the survey in Kiruna. The high impact of extreme weather and unchanged travel 
patterns in Kiruna imply that the long winters there have a profound effect on the 
travel behaviour of the majority of the inhabitants. In other words, the majority tend 
to drive their car for a long part of the year due to the length of the subarctic winter. 
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As showed in table 1, the average temperature on the survey weeks in May (1.3 
degrees Celsius) were similar to the weeks in October. The dominance of cold 
weather over a long period has created a strong preference for using the car, which 
does not change over the periods of milder climate.  

8. Conclusions
Travelling by car is very common in low density small cities in Sweden and the 
study shows that it is even more common in Kiruna. It has been demonstrated that 
the proportion of car trips is more than 4% above the national average for 
municipalities with a similar population. The travel patterns in Kiruna do not vary 
considerably between winter conditions and snow-free conditions. The number of 
bicycle trips increases in snow-free (autumn) conditions but it is still very low. We 
conclude that both the length and severity of the winter climate, which extends over 
a large part of the year, have made a profound impact on travel patterns. This is 
mirrored in the responses to attitude questions about using the car, where comfort 
and protection from bad weather ranked the highest. The climate conditions are far 
from comfortable for the majority of people when it comes to non-motorized travel 
methods. Nevertheless, the higher proportion of walking trips in the central area of 
Kiruna, draws attention to the influence of the urban form in improving walking 
conditions. Amongst the neighbourhoods of Kiruna, the central area is better suited 
to walking due to its mixed land use, high connectivity of streets and a more 
traditional streetscape. Such ideas should be taken into consideration in planning 
new urban developments in towns like Kiruna. However, as the study did not 
especially focus on urban form and walking, we cannot draw conclusions on the 
effect size of these factors.   

The other issue, which was brought to light, was the generally very low usage of 
public transport in Kiruna (less than 2.5% of all trips). The long and severe subarctic 
winter is a significant hindrance for non-motorized modes of transport. As an 
alternative to the car, an effective public transport system is needed with special 
attention to the cold climate. In order to shorten the time when travellers are 
exposed to the harsh climate, attempts should be focused on a more regular service, 
closer distance to station with good weather protection. Can such demands be 
fulfilled by improving the conventional bus system currently operating in Kiruna? Or 
is a major increase in public transport usage not achievable without a high-tech 
public transport system? What role can soft measures such as mobility management 
play in reducing car dependency in a town of this size? The answers are far from 
simple and the complexity of urban travels demands a combination of solutions. 

The analysis of travel patterns in Kiruna that was carried out had some limitations. 
The data used in the analysis came from a self-administered survey. This type of data 
collection is prone to some degree of inaccuracy. With respect to cycling, the hilly 
terrain of Kiruna was mentioned by some of the respondents as a barrier. 
Topography should be taken into account in order to achieve a more exact analysis 
of cycling. Another issue related to data collection concerns the question of yearly 
income. The answers to this question appeared inconsistent, with very large 
variations: subsequently, we were unable to use them. The travel survey presented 
here offered an overall picture of the travel patterns in Kiruna and some of their 
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aspects. To obtain a deeper insight into the mechanism beyond modal choice and 
the effect of extreme climate, the survey results should be examined using interviews 
with households and qualitative analysis.  
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Abstract 

The paper presents part of the results from a survey study, in Kiruna, Sweden’s northernmost 
town. The focus of the study was on travel patterns in towns with sub-arctic climate. The 
findings of the survey showed that inhabitants of Kiruna travelled more by car compared to 
other Swedish towns with similar population while public transport, walking and cycling held 
very small shares of the total trips. Regarding effect of the sub-arctic climate on transport mode, 
the majority of respondents considered slipperiness, wind and precipitation to have the most 
negative effect on both walking and cycling. The findings suggested the importance of climate 
factors to be emphasised in traffic planning in sub-arctic regions.   

1. Introduction
The aim of this paper is to explore the travel pattern and attitudes towards non-
motorised transport modes 

 Swedish Lapland is going through a profound 
urban transformation as a large part of the town including the centre has to be 
relocated and rebuilt. This is due to land deformation caused by iron ore mining in 
the immediate vicinity of the town. According to the most recent official decision, 
the new town centre including housing areas, commercial buildings and public 
services will be located 3 kilometres to the east of the present town centre (Kiruna 
kommun, 2011a). Given this extraordinary situation, Luleå University of 
Technology, Sweden, has initiated a number of research projects to support the 
ongoing planning process. One of the projects which is partially presented here, 
concerns physical and traffic planning in harsh cold climates. As part of problem 
identification, a survey was conducted to inquire about the socioeconomic 
background, travel pattern and attitudes towards different travel modes in the sub-
arctic context.  

In regions with harsh climate, seasonal climate factors have strong effects on every 
aspect of the urban life including transportation. A review of the literature on climate 
and travel pattern met very few results, compared to the large body of literature on 
urban travel patterns. On this basis, to carry out the travel survey in Kiruna, some 
sections were specifically tailored to scrutinize the effects of sub-arctic climate 
elements on non-motorized travel modes, namely, walking and cycling.  

2. Back round
Kiruna is Sweden’s northernmost town and inhabits nearly 18000 people. The 
identity of Kiruna is intertwined with the sub-arctic climate. This climate is 



66 

 

characterized by long winters that last 7 to 8 months. During the winter, the 
temperature remains constantly under zero degrees Celsius between November and 
March. The number of days with snow cover exceeds 200 days per year.  Such 
climatic conditions make Kiruna distinguished from many other Swedish towns.  

One of the prime concerns for the future of Kiruna is to alter the current traffic 
pattern. Today, public transportation holds a very small share of total personal 
transport in the town.  Automobiles are the dominant transport mode both for work 
and non-work trips. Public transportation in Kiruna is based on a bus system. 
(Kiruna Kommun, 2011b)   

3. The objectives and questions of the study
The objective of conducting this questionnaire study has been to obtain an overall 
picture of the travel pattern in Kiruna as well as an understanding of the factors that 
play significant role in preferring automobiles over other transport modes. In 
addition, we aimed to measure the effects of local climate elements such as snow, ice 
and low temperature on walking and cycling. In line with the objectives of the 
study, the following questions are raised.  

- What is the share of different travel modes for the trips made by Kiruna 
inhabitants? 

- Do pedestrians and cyclists perceive local climate factors differently?  

- What is the effect of different local climate factors on pedestrians and cyclists?  

- How can non-motorized travel modes be supported in the future traffic strategy 
considering seasonal climate factors? 

4. Data
The paper is based on the information obtained via a mail survey which was carried 
out in April and May 2011. The questionnaires involved circa 1500 of the 
inhabitants. The sample population was composed of 1250 of adults (20 to 74 years 
old) and 250 teenagers (15 to 19 years old). The questionnaire included two main 
sections. The first section comprised questions on socio-economic backgrounds, the 
respondent’s attitudes toward different travel modes and the impact of some of the 
climate factors on non-motorized travel modes. The second section was a travel 
diary to be filled on certain dates. The dates for the travel diary were equally 
distributed among the week days.  The dates for filling in the travel dairy were in 
April and May so inhabitants would be able to experience winter weather conditions 
while completing the survey. We received in total 516 correctly answered 
questionnaires which corresponded to nearly 35 percent of the sample population.  

5. Descriptive analysis of the responses
Some of the socio-economic information that resulted from the survey is presented 
in table 1. The average age of the respondents was 48.35 which is one year older 
than the average age of the town population aged between 15 and 74. According to 
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the survey, there are 1.4 cars per household in Kiruna while this number declines to 
approximately one car per household for the entire Sweden (SIKA, 2007).   . 

Table 1.  Some of the socio-economic factors resulted from the survey in Kiruna  

Number of 

respondent
s 

Mean
House
-hold 
size 

Car 
per 
house-
holds 

Mean 
age 

Respondents 
gender division 
(%) 

Residence  type  

(%) 

Women men Detached 
house 

Terra
-ced 
house 

Multi-family 
house 

514 2,79 1,42 48,35 50,4 49,3 44,2 9,1 41,8 

 

The latest national travel survey in Sweden (SIKA, 2007) shows that travel patterns 
in the sparsely populated municipalities differ in various aspects from large towns and 
cities. To achieve a sensible comparison, the results from the survey in Kiruna are 
compared to the travel pattern information of the municipalities with population 
between 12500 and 25000 obtained from the national survey. In all of these 
municipalities including Kiruna, public transportation is based on a bus system. Table 
2 includes information on the shares of the five main travel modes of the 
aforementioned municipalities (labelled as “low populated municipalities”) and 
Kiruna on the day of survey.  

Table 2. Travel pattern in Sweden (low populated municipalities) and Kiruna 

 Car, 
driver 

Car,  
passenger 

Bus Bicycle  By foot 

Percentage of 
each travel 
mode on day 
of the survey 

Low 
populated 
municipalities  

47,14 14,81 4,22 9,51 24,32 

Kiruna 65,93 12,30 1,04 1,35 18,13 

 

Looking at the ratio of each travel mode, the ratio of the ‘car, driver’ trips includes 
47 per cent of all trips in this group of municipalities. In Kiruna, the same trip mode 
accounts for nearly 67 per cent of the average weekdays travels. On the other hand, 
the shares of other travel modes are smaller in Kiruna. In particular, public 
transportation (Bus) and bicycle hold very small shares of daily trips. We should note 
that, this survey was carried out during the winter time, while the information of the 
other municipalities is representative of the four quarters of year.  

Impact of climate factors on the choice of walking and cycling 

The respondents were asked to determine the extent to which the given climate 
factors (sun light, low temperature, precipitation, slipperiness, wind and darkness) 
would influence their choice of travel mode if they had considered travelling by foot 
or bicycle during the winter season. They could rate between 1 (very negative) to 5 



68 

 

(very positive) in a five steps rating scale with the option to choose “unable to rate”. 
Table 3 includes a summary of the responses. 

Table 3. The perceived impact of winter climate factors on walking and cycling   

 Mode n 1:  
Very 
negative 
(%) 

2: 
 Fairly 
negative 
(%) 

3: 
Neutral 
(%) 

4: 
Fairly 
positive 
(%) 

5:  
Very 
positive 
(%) 

Median 

Low 
temperature 

By foot 464 15.5 27.1 35.7 11.8 9.6 3 

Bicycle 272 47.4 20.6 22.1 5.1 4.8 1 

Wind By foot 466 27.0 39.9 29.1 2.7 1.0  2 
Bicycle 276 52.9 25.4 20.3 0.7 0.7 1 

Slipperiness By foot 474 34.6 36.5 26.4 1.9 0.6 2 
Bicycle 279 68.8 17.6 11.8 0.7 1.1 1 

darkness By foot 461 9.5 16.6 64.4 6.7 2.8 3 
bicycle 274 31.4 16.1 47.8 2.9 1.8 3 

Precipitation  By foot 465 22.6 42.2 30.3 3.4 1.5 2 
bicycle 276 60.5 23.2 14.9 0.4 1.1 2 

Sun light By foot 474 0.8 0.4 10.3 17.7 70.7 5 
bicycle 274 8.4 1.1 15.7 23.7 51.1 5 

   

We noticed that the number of ‘unable to rate’ answers and the non-response cases is 
much higher among the answers to the questions on cycling. For the questions on 
cycling, the ratio of “unable to rate” answers ranges between 34,6 to 36 per cent 
across the six factors and the ratio of the non-response answers varies between 10.7 
to 12.3 percent. When it comes to walking the highest percentages of “unable to 
answer” and non-response answers are respectively 3,7 and 5.8. In the table 3, the 
valid ratios of various answers are presented which are the share of each scale when 
the non-response answers and “unable to rate” answers were not included in the 
calculation. Unsurprisingly, among the 6 factors, the impact of sun light showed an 
opposite trend to the others. In both cycling and walking, sun received the most 
positive responses. In particular, concerning walking, more than 70.7 percent of the 
respondents, have assessed the effect of sun light as ‘very positive’ on the choice of 
walking. Between the five other factors, slipperiness has been assessed with the most 
‘very negative’ answers by 34.6 percent for walking and 68.8 percent for cycling. 
We notice that for the five factors, the percentage of very negative answers is 
remarkably higher for cycling than for walking. About walking, more respondents 
have chosen to answer fairly negative or neutral for the all factors except the sun 
light. This tendency is also reflected on the median values associated with those 
factors. For both walking and cycling, darkness has been assessed as “neutral” by a 
large part of the respondents. 

6. Discussion
Compared with the other Swedish municipalities with similar population, the study 
portrays Kiruna with a larger share of car travels and smaller shares of public 
transport, cycling and walking. From the survey, it was also observed that 64 percent 
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of respondents are employed which among them, 52 percent lived less than 3 km 
distance to their work place. This highlights the potential of transferring part of the 
car trips to bicycle and walking. Regarding perceived effect of climate factors, 
respondents have ranked slipperiness, snow, rain and low temperature with the most 
negative effect on the choice of walking and cycling. Not unexpected in the 
Swedish context, sun light has been stated by the majority of the respondents as 
having “very positive” effect both on the choice to walk and cycle. A clear response 
rate difference between cycling and walking was observed. Not only did very few of 
the respondents use a bicycle for daily transport (1,35 percent of daily trips is by 
bicycle) but also regarding the effect of climate on the cycling, many answered with 
‘unable to rate’ or left the questions without any answer.  

Interestingly, the effect of weather on walking is assumed to be smaller than 
previously understood. There is definitely an effect of extreme weather conditions 
such as high winds or rain, snow, thunder, heat, etc., but not on walking on an 
average day according to Sauter et.al. (2008). For leisure travel and sojourning at 
public places, the weather, however, is crucial. It is somehow not in disagreement 
with results of the survey which suggest that the harsh climate conditions are 
perceived to have an important effect on walking and cycling.  

Dealing with climatic factors is challenging though. Despite the expressed 
enthusiasm for climate sensitive design, urban climate knowledge has a low impact 
on urban planning in Sweden (Elliason 2000). Principals of climatic design are 
difficult to use for urban and traffic planners and they often become subordinated 
during the complex and long decision making processes.     

7. Conclusion – attention to climate factors
The higher interest in walking than cycling as indicated in travel patterns and 
attitude questions, underscore the potential of walking in the future traffic strategy 
for Kiruna. The results also show that winter climate factors have greater negative 
impact on the choice of cycling. Nevertheless, cycling should not be neglected in 
the future traffic strategy as its share in the overall travel pattern changes during 
different periods of the year. Therefore, another travel survey in Kiruna will be 
conducted in near future in order to achieve a broader picture of the relationship 
between seasonal climate factors and travel patterns. Findings of the opinion survey 
highlight the following issues that can serve as baselines for climate consideration in 
transport planning for harsh cold climate.  

In the context of the sub-arctic climate, a clear strategy prioritizes climate 
principals at different planning stages.   
Sun access for sidewalks and pedestrian routes should be considered under 
various planning phases.  
With the negative attitude towards slipperiness it is of great importance that 
winter road maintenance of sidewalks and bicycle routes is prioritized.   
Wind and snow drift: Simulation of wind and snowdrift can support 
planning at macro and micro scales with the aim of providing more efficient 
use of outdoor public spaces as well as easier maintenance of roads and 
sidewalks.  
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However, structural aspects and socio-economic factors should be further analysed to 
ensure the results. 
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APPENDICES

Appendix I: Interview questions 





Samhällsplanering i krävande klimat 

Inledning 

Vilka är dina arbetsuppgifter och ansvarsområden? 

Vilken är din bakgrund? (utbildning) 

Hur länge har du jobbat? 

Hur arbetar du med planering i kallt klimat?  

Vilka övriga inom kommunen arbetar med planering i krävande klimat?  

 

Synen på planering i kallt klimat 

Behöver kalt klimat behandlas särskilt i planering(tarfikplanering-bebygelseplanering)? 
Hur?  

Anser ni att krävande klimat har en särskild effekt på resvanor och val av trasnportslag? 
berätta 

Anser du att din organisation bedriver att kontinuerligt och systematiskt arbete när 
det gäller planering i krävande klimat? 

Om du jämför klimatfråga i planering i krävande klimat med annan planeringsfråga 
vilken roll (hur stor roll) har klimatet i jämförelse? 

Om du funderar på hur stor den totala budgeten är för planering (ny- och 
ombyggnad): hur stor del bedömer du kommer planering i krävande klimat tillgodo 
eller att klimatet beaktas?  

 

Planer och program för planering i krävande klimat 

Har du i ditt yrkesutövande arbetat med särskilda program för planering i krävande 
klimat?  

Har ni särskilda säkerhetsprogram för planering i krävande klimat? Vilka? 

Har ni särskilda trygghetsprogram för planering i krävande klimat? 
Hur/vilka? 

Har ni särskilda vinterväghållningsprogram? Vilka? 

Har ni särskilda belysningsprogram för planering i krävande klimat? 
Vilka/hur? 

Andra program? Vilka? 

Har ni särskilda program för att jobba med tillgänglighet i krävande klimat? 

Har ni särskilda program för att jobba med attraktivitet i krävande klimat? 



Hur behandlas planering i krävande klimat i översiktplanen, fördjupningar av 
översiktsplaner och detaljplaner? När kommer planering i krävande klimat in i 
planprocessen och i vilka sammanhang? 

Arbetar din organisation med planering för särskilda människor eller grupper i 
planering i krävande klimat? 

Anser du att befolkningen efterfrågar planering som tillgodoser det särskilda 
förhållandena i krävande klimat?  

Anser du att byggföretag, fastighetsägare och exploatörer efterfrågar planering som 
tillgodoser det särskilda förhållandena i krävande klimat?  

 

Identifierade problem 

Vilka brister och problem för planering i krävande klimat finns i din organisation, 
enligt din uppfattning? (trafikplanering och bebyggelseplanering)  

 

Kunskapen kring planering i kallt klimat 

Finns frågor som rör planering i krävande klimat i det kontinuerliga arbetet i din 
organisation? Den politiska agendan? 

Anser du att du och dina kollegor har tillräcklig kunskap om planering i krävande 
klimat?  

Var hämtar ni kunskapsstöd (vilka dokument el dyl)?  

Har politikerna tillräcklig kunskap när det gäller planering i krävande klimat? Hur 
yttrar det sig? 

Vilka kunskapsbrister ser du att det finns när det gäller planering i krävande klimat?  

Vad behöver ni i din organisation arbeta vidare med?  

Vad behöver forskning arbeta vidare med, tycker du? 

Finns det konflikt mellan nuvarande planeringssystem och vad som krävs av 
krävande klimat? ange ex? (täthet, bostads efterfrågan) 

 

Avslutning 

Om vi ska försöka summera… vilka är de absolut viktigaste frågorna när de gäller 
planering i krävande klimat? 

Något annat att tillägga? 
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APPENDICES

Appendix II: Questionnaires and travel 
survey  





Vi vill veta hur du reser…
Du har blivit utvald att delta i den här resvaneundersökningen via den 
medborgarpanel som tagits fram i projektet Nya Giron, som ska ge stöd till 
Kirunas stadsomvandling. Projektet leds av Luleå tekniska universitet och 
omfattar ett tiotal olika delprojekt, varav trafik- och bebyggelseplanering 
är ett. Projektet utförs i nära samverkan med Kiruna kommun.

För att få ett bra underlag för stads- och trafikplanering i Kiruna är det 
viktigt att veta hur resandet ser ut idag. Vi ber dig därför fylla i bifogade 
enkät. Vi vill också att du i resdagboken redogör för alla förflyttningar du 
gör under den här dagen:

Fredag den 8 april 
När du har fyllt i enkät och dagbok skickar du det tillbaka till oss i svar-
skuvertet som följer med i detta brev. Adressen är förtryckt och portot är 
redan betalt. Vi önskar ditt svar så snabbt som möjligt för att slippa skicka 
påminnelser.

Ditt svar kommer att behandlas anonymt. De sammanställda svaren bear-
betas med datorer och publiceras i form av tabeller och diagram. Där går 
det inte att utläsa vad någon enskild person svarat.

Din medverkan är frivillig men vi hoppas att Du vill delta. Du kan inte 
ersättas av någon annan, för det är bara Du som kan beskriva just Dina re-
sor. Varje inkommet svar ökar därför värdet av undersökningen.

Du som skickar in ditt svar kommer att delta i en utlottning av fyra iPads! 
Vinnarna underrättas per post senast sista juni.

Har du några frågor om enkäten kan du kontakta: 
Maria Öberg, LTU, Tel: 0920-49 1561, E-post: maria.o.oberg@ltu.se eller 
Saeed Ebrahimabadi, LTU, Tel: 0920-49 4988, E-post: saeebr@ltu.se

Tack för din medverkan,  Dina svar är viktiga!

Hälsningar

Charlotta Johansson
Avdelningschef Arkitektur och Infrastruktur
Luleå Tekniska Universitet
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RESVANEUNDERSÖKNING

1. NÅGRA FRÅGOR OM DIG

1.1. Var i Kiruna bor du? Kryssa på kartan i vilken stadsdel du bor!

Den här undersökningen har två delar:
- Enkätfrågorna nedan 
- Resdagbok för angiven dag  

Undersökningen skickas ut till personer som ärzz mellan 15-74 år. Det kan därför förekom-
ma frågor som endast passar en del av de svarande, till exempel om du har körkort fast du är 
under 18 år. Vi ber dig i så fall bara kryssa nej eller ingen uppfattning.

1.2. Du är?
 Man
 Kvinna

1.3. Födelseår ? …………………… 

1.4. Vilket ungefärligt avstånd har du från din bostad till?
Arbete/Skola  …………………km  
Kiruna centrum………………..km
Dagligvarubutik……………….km

1.5. Hur bor du? 
 I enbostadshus (villa)

I tvåbostadshus (radhus, kedjehus)
I flerbostadshus
Annat ...................................

Loussavaara

Högalid

Östermalm

Bolaget

CentrumNedre Norrmalm

Industrin

Triangeln

TuolluvaaraJägarskolan

Sandstensberget

Lombolo Lombolo 
Östra

Lombolo 
Sydöstra

Järnvägen

Övre 
Norrmalm

N
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1.6. Vilken är din huvudsakliga sysselsättning? 
Arbetar
Studerar 
Sjukskriven
Föräldraledig/tjänstledig
Arbetssökande
Pensionär
Annat

1.7. Vad är ditt hushålls/familjs sammanlagda ungefärliga årsinkomst innan skatten är dragen? Med 
inkomst menar vi lön, bidrag, pension, inkomst från eget företag/jordbruk och a-kassa mm. 
…………………….kr

1.8. Hur många personer bor i samma hushåll/familj som du (inklusive dig själv)? 
Vuxna……………..personer
Barn under 18 år……………….personer

1.9. Hur många personbilar finns det i hushållet/familjen?
 Ingen bil
 1 bil
 2 bilar
 3 eller fler bilar 

1.10. Har du körkort för bil? 
 Ja
 Nej (Gå direkt till fråga 1.15)

1.11. Har du tillgång till parkeringsplats i anslutning till din bostad? 
 Ja, med motorvärmare/garage
 Ja, utan motorvärmare/garage
 Nej (Gå direkt till fråga 1. 13)

1.12.  Är parkeringsplatsen i anslutning till din bostad avgiftsbelagd?
 Ja, den kostar ..............kr/mån 
 Nej

1.13. För dig som förvärvsarbetar, har du tillgång till parkeringsplats vid/genom din arbetsplats? 
 Ja, med motorvärmare/garage
 Ja, utan motorvärmare/garage
 Nej (Gå direkt till fråga 1.15)
 Har ingen fast arbetsplats (Gå direkt till fråga 1.15)

1.14. Är parkeringsplatsen i anslutning till din arbetsplats avgiftsbelagd?
 Ja, den kostar ..............kr/mån 
 Nej

1.15. Har du något busskort? 
 Kort för resor med Länstrafiken
 Kort för resor med Kiruna lokaltrafik
 Kort för resor med både Länstrafiken och Kiruna lokaltrafik
 Nej
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1.16. Har du tillgång till något av följande? 
 Cykel
 Spark
 Moped
 Motorcykel
 Snöskoter
 Fyrhjuling
 Färdtjänst

1.17. Arbetspendlar du till ort/samhälle utanför Kiruna? 
 Ja, till ………………………….
 Nej

1.18. Har du tillgång till någon dator hemma som är kopplad till Internet? 
 Ja
 Nej

1.19. Om du förvärvsarbetar, kan du koppla upp dig till arbetets datasystem från någon dator hemma?
  Ja
 Nej

1.20. Trådlös uppkoppling mot Internet kan ske direkt från mobiltelefon, via handdator eller bärbar dator. 
Har du möjlighet till trådlös uppkoppling till Internet utanför arbetsplatsen eller hemmet? 
 Ja
 Nej

1.21. Hur ofta använder du Internet till följande…? 

     Sällan/  Någon gång/ Någon gång/ Flera gånger/ Varje dag
     Aldrig  månad  vecka  vecka
Arbete            

Studier            

Kommunikation 
med släkt och vänner          
 /facebook, skype mm)     

Söka information             

Planera mitt resande            

E-tjänster bankärenden            

E-tjänster andra myndig-
hetsärenden (blanketter mm)           

E-shopping (inköp av varor)           

Spel/nöjen            

Annat.............             
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2. NÅGRA FRÅGOR OM BEBYGGELSE

Nedan kommer vi att fråga om din uppfattning om tre olika typer av bebyggelsestrukturer. 

Exempel 1: Gles struktur 
Bebyggelsen utgörs i huvudsak av friliggande småhus (villor).

Exempel 2: Blandad struktur
Bebyggelsen är en blandning av villor, flerbostadshus, radhus m m. 
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Exempel 3: Tät struktur
Bebyggelsen har en tydlig stadskaraktär och utgörs av flerbostadshus med lägenheter, affärslokaler, kontor 
och annan service. 

2.1.Vilken struktur liknar mest din nuvarande bostadsmiljö? 
 Gles struktur
 Blandad struktur
 Tät struktur
 Ingen uppfattning

2.2. Vilken struktur liknar mest den bostadsmiljö du helst skulle vilja bo i?
 Gles struktur
 Blandad struktur
 Tät struktur
 Ingen uppfattning

2.3. Om du skulle välja att fördela Kiruna centralorts bebyggelse mellan de olika bebyggelsestrukturerna, 
hur skulle den fördelningen se ut? (Kryssa på linjerna nedan, observera att totala summan bör bli 100%)

              

Gles struktur    

Blandad struktur   

Tät struktur   

0% 20% 40% 60% 80% 100%
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3. NÅGRA FRÅGOR OM RESVANOR

3.1. Hur ofta i genomsnitt reser du till/från arbete eller skola?
 1 2 3 4 5 6 7 
  dagar/vecka
 
 Mer sällan 
 Aldrig (Gå direkt till fråga 3.7)

3.2. Förekommer det att du reser till/från arbete eller skola på helger?
 Ja, i genomsnitt ......... gånger/månad
 Mer sällan 
 Aldrig

3.3. Hur ofta använder du följande färdmedel vid resor till/från arbete eller skola under vintersäsongen? 

    Aldrig  Sällan   Då och då Vanligtvis Alltid

Till fots             
Cykel    
Bil som förare   
Bil som passagerare  
Buss    
Annat………………  

3.4. Om du använder bil vid resor till/från arbete eller skola under vintersäsongen, vad skulle
 få dig att istället gå/promenera ? I vilken grad instämmer du i följande påståenden? 

 Instämmer      Tar delvis      Neutral/           Instämmer   Instämmer  Ingen 
 inte alls  avstånd varken eller       delvis   helt uppfattning
Det skulle vara närmare   
till jobb/skola. 

Det skulle gå snabbare att gå 
än att åka bil.

Bättre snöröjning av gång-  
och cykelbanor.

Min hälsa/kondition förbättras.  

Sämre förutsättningar  
för bilparkering.
 
Ökade bränslekostnader. 

Att jag inte skulle behöva  
lämna barn på dagis/skola.

Att jag inte skulle behöva  
göra andra ärenden på vägen 
 (t ex. handla, träna).
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 Instämmer      Tar delvis      Neutral/           Instämmer   Instämmer  Ingen 
 inte alls  avstånd  varken eller    delvis   helt uppfattning

Att jag inte skulle behöva  
ha med mig saker att bära.

Att promenaden ingår i  
arbetstiden som en del av 
friskvården.

Annat……………………… 

3.5. Om du använder bil vid resor till/från arbete eller skola under vintersäsongen,
vad skulle få dig att istället cykla? I vilken grad instämmer du i följande påståenden?

 Instämmer Tar delvis      Neutral/          Instämmer Instämmer  Ingen 
 inte alls avstånd varken eller    delvis helt uppfattning
Det skulle vara närmare  
till jobb/skola. 

Det skulle gå snabbare  
med cykel än med bil.

Bättre snöröjning av gång-  
och cykelbanor.

Min hälsa/kondition förbättras.  

Bättre förutsättningar  
för cykelparkering.

Sämre förutsättningar  
för bilparkering.

Ökade bränslekostnader. 

Att jag inte skulle behöva  
lämna barn på dagis/skola.

Att jag inte skulle behöva göra 
 andra ärenden på vägen 
(t ex. handla, träna).

Att jag inte skulle behöva  
ha med mig saker att bära.

Att cyklingen ingår i  
arbetstiden som en del av 
friskvården.

Annat……………………… 
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3.6. Om du använder bil vid resor till/från arbete eller skola under vintersäsongen, 
vad skulle få dig att istället åka kollektivt? I vilken grad instämmer du i följande påståenden?

 Instämmer      Tar delvis      Neutral/           Instämmer   Instämmer          Ingen 
 inte alls avstånd varken eller    delvis helt uppfattning
Det skulle vara närmare  
till hållplatsen.

Bussarna skulle gå oftare. 

Det skulle gå snabbare  
med buss än med bil.

Bättre snöröjning av gång- och  
cykelbanor (till/från hållplatsen).

Sämre förutsättningar för  
bilparkering.

Ökade bränslekostnader. 

Att jag inte skulle behöva  
lämna barn på dagis/skola.

Att jag inte skulle behöva  
göra andra ärenden på vägen 
(t. ex. handla, träna).

Att jag inte skulle behöva  
ha med mig saker att bära.

Bättre väderskydd på hållplatsen 

Att resan ingår i arbetstiden.  

Att det var gratis  
att åka kollektivt.

Annat……………………… 

3.7. Hur ofta i genomsnitt gör du inköpsresor i Kiruna?
1 2 3 4 5 6 7

 dagar/vecka
 
 Mer sällan 
 Aldrig (Om aldrig, gå till fråga 3.9)

3.8. Hur ofta använder du följande färdmedel vid inköpsresor under vintersäsongen? 
    Aldrig  Sällan  Då och då Vanligtvis Alltid

Till fots   
Cykel    
Bil som förare    
Bil som passagerare  
Buss     
Annat……………………  
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3.9. Hur många utlandsresor har du gjort privat under de senaste 12 månaderna?  
 Ingen
 1 resa, ange land……………………
 2 eller fler resor, ange länder: ……………………………………....

3.10. För dig som förvärvsarbetar, hur många utlandsresor har du gjort i tjänsten under de senaste 12 
månaderna? 
 Ingen
 1 resa, ange land………………….....
 2 eller fler resor, ange länder  ……………………………….............

4. NÅGRA FRÅGOR OM KLIMAT

4.1. I vilken utsträckning påverkar följande klimatfaktorer ditt val av färdmedel när du väljer att gå/
promenera under vintersäsongen? 
 Mycket Ganska Neutral/ Ganska Mycket  Ingen 
 negativt negativt varken eller    positivt positivt uppfattning

Sol  
Låg temperatur (kyla)   
Nederbörd (snö och regn) 
Halka 
Vind 
Mörker 

4.2. I vilken utsträckning påverkar följande klimatfaktorer ditt val av färdmedel när du väljer att cykla 
under vintersäsongen? 

 Mycket Ganska Neutral/ Ganska Mycket  Ingen 
 negativt negativt varken eller    positivt positivt uppfattning

Sol  
Låg temperatur (kyla)   
Nederbörd (snö och regn) 
Halka 
Vind 
Mörker 

ÖVRIGA SYNPUNKTER

Övriga synpunkter om trafik- och bebyggelseplanering
………………………………………………………….………………….………
………….………………….………………….………………….…………………
.………………….………………….………………….………………….………
………….………………….………………….………………….…………………
.………………….………………….………………….………………….………
………….………………….………………….………………….…………………
.………………….………………….………………….………………….………
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Resdagbok

Din mätdag är

Fredag den 8 april

från kl 04.00 på morgonen till kl 03.59 på följande dag
Börja med att fylla i allmänna frågor nedan

Först några allmänna frågor:

ar d  g ort några för ttningar 
under mätdagen?

Ja.
Nej, jag var hemma hela dagen.

m du inte g ort några för ttningar  
vad var orsaken?

Jag hade inga speciella ärenden
Sjukom
Vård av sjukt barn
Funktionshinder
Annan orsak, nämligen: 

__________________________________________

å nästa sida nns ett e empel på hur 
du fyller i resdagboken med  förklarande 
te t. å sida 3 börjar du fylla i resdag-
boken. Du ska fylla i en kolumn för varje 
för yttning du gör under mätdagen. ed 
för yttning menas att du tagit dig från en 
plats till en annan för att göra ett ärende 
vid målet. ör du e empelvis fem för-
yttningar fyller du alltså i fem kolumner. 

Du behöver inte ta upp för yttningar 
som du gjort i yrkesmässig tra k, t e  
om du kört buss eller ta i. otionsrun-
dor eller promenader för att t e  rasta 
hunden ska du inte redovisa. 

Har du frågor om hur du fyller i enkäten 
och resdagboken, kontakta:

aria berg      
el: 09 0-49 5  

E-post: maria.o.oberg@ltu.se. 

Saeed Ebrahimabadi
el: 09 0- 49 9

E-post: saeed.ebrahimabadi@ltu.se

å nästa sida nns ett e empel på ur du f ller i resedagboken  äs gärna instruktionerna  
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Var började du dagens första för-
ttn ng  

----------------------------------------------
----------------------------------------------

ur dags startade du  _____:____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                   -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

----------------------------------------------
----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                  -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

Ange platsen så noga 
du  kan. Rör det sig om 
en annan plats än din 
egen bostad, så anger du 
gata och nummer samt 
stadsdel/ort. Är platsen 
allmänt känd som t ex 
Folkets hus, Stadshuset 
eller centrum räcker det 
med att skriva platsens 
namn. 

I detta exempel har 
den som svarat rest       
hemifrån för att ar-
beta för ttning  och 
därefter gått ut för att 
äta lunch för ttning . 
Personen har färdats 
som bilförare och till fots. 

Alla färdsätt räknas även 
för ttningar till fots och 
med c kel. Ange alltså 
samtliga färdsätt du an-
vänt för denna för-

ttning, i den ordning du 
använde dem. 

Exempel: om du gick till 
busshållplatsen för att se-
dan ta bussen, så mark-
erar du till fots  som :a 
färdsätt och “buss” som 

:a färdsätt.  

å nästa sida kan du bör a f lla i resedagboken

08    15 11   30

1   3 0  4

Folkets husStadshuset
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ör ttn ng  

Var började du dagens första för-
ttn ng  

----------------------------------------------
----------------------------------------------

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ör ttn ng  

   

å nästa sida kan du fortsätta f lla i resedagboken

ör ttn ng 

RESDAGBOK

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen
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ör ttn ng ör ttn ng 
 

å nästa sida kan du fortsätta f lla i resedagboken

ör ttn ng 

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

RESDAGBOK
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ör ttn ng ör ttn ng 
 

ör ttn ng 

a k för dina svar  ar du g ort er än  för ttningar  skriv på ett tomt papper o  
ski ka med det i svarskuvertet  

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

ur dags startade du  _____:_____
ur ng ar denna för ttn ng

Var s utade du denna för ttn ng

---------------------------------------------- ----------------------------------------------
V et ar d tt rende

-----------------------------------------------
nge f rds tt  den rdn ng de 

an ndes              MC                 -----------------------------------------------------
j rde du er för ttn ngar under 

dagen

RESDAGBOK








