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Abstract 
Accessibility is a gateway to accessing opportunities or service sites, i.e., grocery 
shopping, healthcare and jobs and it has been used as a proxy to measure 
inequalities. The equity, in travel time or distance, to accessing of these services is 
vital to ensure high accessibility hence providing equality. Population increase 
leading to urban sprawl affects accessibility in the absence of prudent residential 
spatial planning and transport systems and infrastructure. Urban sprawl creates a 
distance between populations and centres of services such as grocery stores. This 
promotes the growth of car-dependency to accessing these services that are not easily 
reachable by non-motorised transport of walking and biking.  

This thesis measures accessibility to grocery stores by comparing the travel time of 
populations in the four neighbourhoods, of Ålidhem, Tomtebo, Carlshem and 
Sofiehem, by walking and biking. The measuring is done by using the ArcGIS 
Network Analyst to create and build a single-modal network dataset of pedestrian 
and bike lanes in the study area. Accessibility to grocery stores is measured using the 
service areas created based on the grocery store location and it highlights all the 
accessible streets from the centre within a time impedance. Afterwards, the 
populations are aggregated in each service area of each neighbourhood to compare 
the time difference of accessibility to a grocery store.  

With distance decay effects, the walking time distance restricts accessibility to 
grocery stores to a limited population in the neighbourhoods. The bike time distance, 
however, increased the residents in the study area who can access the grocery stores. 
The new location for a Coop grocery store provides the highest accessibility to 
grocery stores compared to the Ålidhem Centre grocery store. 

From the results of the analysis, the bike travel is the most equitable hence equal 
mode of active transport for all the four neighbourhoods. 

 
Keywords: Accessibility, inequality, equity, urban sprawl, population increase,  
                        non-motorised, car-dependency, impedance         
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1. Introduction 
Today, more than half of all the people in the world live in an urban area with a growth 
of about 50 million people globally each year (Rodrigue, Comtois, & Slack, 2017, p. 
249). This means that, roughly, urban areas grow by 1 million people a week. This 
increase in urban areas is the outcome of three main demographic trends. These 
include natural increase; when births are more than deaths, rural-urban migration; 
which has been the strong factor of urbanisation, especially in the developing world 
and thirdly, international migration which is the main driver of urban growth in major 
cities of North America and Europe (Ibid, pp. 248-249) and most recent, Canada. 

Mobility and demographic growth in cities is at an increase and this is being shaped, 
among many factors, by the efficiency of the transport infrastructure hence changing 
the spatial urban structure (Rodrigue, Comtois, & Slack, 2017; Pacione, 2009). There 
is also agreement, according to (Fainstein et al., 1992; Hodge, 1992, quoted in William 
& Marianne, 1994) that globalisation has not only impacted the economic structure of 
cities but their urban spatial structure as well. They [William & Marianne, 1994] argue 
that globalisation and demographic growth has led to changes from the monocentric 
city structure to a leapfrog or polycentric city structure. Rodrigue, Comtois, & Slack 
(2017) added that this spatial change leads to relationships and interactions of people 
by the creation of clusterings of services away from the central area of the city due to 
urban sprawl.  

Urban sprawl is related to the polycentricity of cities in urban areas. The concept of 
urban sprawl has no clearly defined meaning and according to Bhatta, Saraswati, & 
Bandyopadhyay (2010), they suggest that the definition will depend on the 
perspectives of the researcher. Therefore, adopting the definition of urban sprawl from 
Rodrigue, Comtois, & Slack (2017, p. 252) to mean dispersion. Human populations 
scatter away from the centroid of the city to the fringes that usually become car-
dependent communities which impacts mobility and accessibility to daily services 
such as grocery shopping and healthcare.  

Accessibility is a gateway to accessing opportunities or service sites, i.e., grocery 
shopping, healthcare and jobs. The equity distribution of these services is vital to 
ensure high accessibility by the masses of people and as a proxy to measure 
inequalities. According to Rodrigue, Comtois, & Slack (2017), “In a high accessibility 
setting, an individual will have access to a wider array of goods and services, 
employment as well as additional social interactions.” As the same applies to 
businesses, the more accessible a business is the greater the potential for customers. 
Therefore, accessibility, (Haugen, 2012), provides an easeness of reaching or accessing 
locations that offer populatons with amenities, i.e., shopping, jobs, healthcare, social 
interactions and leisure activities. She further argues that accessibility is impacted by 
proximity [or distance] to facilities and ability to move to activity sites [mobility].  

Locations of amenities offer a higher rate of accessibility if they are close to 
populations than those located at a much further distance. This is similar to the first 
law of geography about ‘near things being more related than distant things’. This 
assertion does not suggest that amenities have to be located in close proximity to 
residential houses but to have land-use planning that distribute these service sites 
equitably in neighbourhoods. The hope is that if these service sites are equitably 
distributed, long distance communting; particularly automobile dependacy, will be 
reduced hence promoting a more sustainable mode of mobility such as cycling and 
walking because of the polycentric of the service sites in proximity to populations. 
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Figure 1: Modal split for journeys in Umeå city for the year 2014  

Equitable hence equal grocery stores distribution in neighbourhoods is vital to 
improve their accessibility for carrying out daily activities of shopping for groceries 
and leisure activities. Equal dispersal of grocery stores in neighbourhoods might 
reduce car-based commuting and instead encourage the use more sustainable means 
of transport like walking and cycling [biking]. Accessibility to grocery stores is also 
important in terms of house hunting. Whether it’s a new student or a family moving 
to a new neighbourhood, accessibility to grocery stores for shopping in the area is 
usually among their top priorities. Realtors make it their best pitch to tell their clients 
how close schools, shops, leisure activity sites are in the neighbourhood that are 
accessible by cycling or walking. Accessibility is measured as travel time or distance to 
service sites of local goods and services hence making accessibility a desirable attribute 
and contributor to the neighbourhood quality and housing value. 

With its 120,000 residents, Umeå is one of the fastest growing cities in Sweden and 
the capital of Northern Sweden, thus generating increased transport demand 
(European Commission, 2018). Umeå city targets to reach 200,000 residents but to 
achieve this growth goal of its population, it aims to create a sustainable and attractive 
city and environmental factors are a central part. The car is still a dominating form of 
transport in Umeå, making about half of the journeys but this leaves the other mode 
types split in proportions with cycling [biking] being the second dominant with 27%, 
as illustrated in Figure 1 below. 

 

 

 

 

         (Ibid, 2018) 

Initiatives, by Umeå Kommun, of drawing up sustainable mobility programs to 
increase more walking and biking in the city by designating separate lanes strictly for 
biking and walking. This initiative will promote more people to use these modes of 
transport to access places and be less dependent on private automobile transport (Ibid, 
2018). This is all in the efforts to utilise more of low emission and fuel-efficient 
transport systems and reduce pollution such as noise and air pollution (Shanghai 2010 
world exposition executive committee, 2010). According to the report, the major 
destinations for all types of trips are ‘Central Umeå and the university’ areas, with over 
60,000 trips per weekday going to each of these ‘pull’ places (Ibid, 2018). Therefore, 
this thesis will focus on the activities and opportunities that make most people want 
to travel, and these are accessing retail shops for grocery shopping. The dependence 
of the central place of a city to access these basic needs in most neighbourhoods can 
be reduced by creating mixed land-use neighbourhoods. This will bring some jobs 
closer to the workers and reduce the long-distance journeys to the city centre. Having 
an equitable share of grocery stores in neighbourhoods would improve the equality by 
affording them with accessibility to these services. By so doing, this will increase the 
potential for accessing grocery stores, in 15, 30 and 45 minutes, by biking or walking.  

The thesis will use Geographic Information System (GIS) to build a network dataset 
that will be used to measure the accessibility to grocery stores, in four neighbourhoods 
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of Umeå City namely; Ålidhem, Tomtebo, Carlshem and Sofiehem. The analysis will 
use the service area analysis functionality in ArcGIS Network Analyst extension. 

A Geographic Information System, or GIS for short, according to Law & Collins (2015), 
is a software application that allows the user to explore space by analysing data and 
creating maps. It uses spatial or geographic data known as shapefiles of feature classes 
which are made up of three geometric forms i.e., points, polylines and polygons.  Each 
of these geometric forms represent layers which are collectively used together to make 
a map. Therefore, it matters the arrangment of those layers when making a map as 
point layers have to be on top followed by polylines and finally polygons. 

The GIS software is well integrated with nine extension products that increase the 
functionalities and capabilities of the software (Law & Collins, 2015). The analysis of 
the thesis to measure accessibility to grocery stores is based on the ArcGIS Network 
Analyst extension. It was used to build a single modal network dataset which is then 
used to model network based transport analysis (Ibid, 2015). The network dataset is 
used to model travel time between locations, one way travel restrictions, find the 
closest facility, generate service areas for private and public establishemnt and 
perform location-allocation analysis to find a suitable location for a business. A single 
network dataset was used in this thesis because of the focus on sustainable modes of 
transport, specifically, non-motorised transport. The other reason for using the single 
modal network is because of the shared streets for pedestrians [walking] and biking 
[cyclists]. After the network dataset is created, the new service area functionality of the 
network dataset extension is used to measure the accessibility to grocery stores.       

After the creation of polygon service areas based on the network dataset, a comparative 
analysis will be conducted on the neighbourhoods. The purpose will be to analyse the 
level of accessibility of each neighbourhood to grocery stores within the created service 
areas, proximity of the neighbourhoods to the grocery store in the study area and the 
equitable distribution of these grocery stores in relation to the populations accessing 
them within 0 – 15, 15 – 30 and 30 – 45 minutes in each neighbourhood. The concepts 
of both inequality and inequity are being measured using accessibility as a proxy. A 
neighbourhood with a higher population will need more grocery stores compared to a 
neighbourhood with a smaller population, hence making the distribution of grocery 
stores equal in relation to the demographics of the areas. 

Therefore, the use of GIS1 in the thesis will not only assess the status quo of 
accessibility to grocery stores based on the actual street network in Ålidhem, 
Carlshem, Tomtebo and Sofiehem, but to also anticipate future locations of these 
grocery stores as the city sprawls further to the hinterlands. 

1.2 Aim and research questions 
The aim of the thesis is to measure the level of accessibility of neighbourhoods to 
grocery stores, as a proxy for inequalities, using an ArcGIS network dataset in the 
neighbourhoods of Ålidhem, Tomtebo, Carlshem and Sofiehem. The aim will also be 
to measure the impact to accessibility of a location of a new Coop grocery store on the 
neighbourhoods by bike and walking time of 5, 9 and 12 minutes. This aim will be 
achieved by the following research questions: 

                                                   
1 GIS – Geographic Information System 
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− What population counts are within the 5, 9 and 12 minutes of walking and 
biking time to the grocery store? 

− How many other grocery stores are within the 5, 9 and 12 minutes of walking 

and biking service areas? 

− What impact on accessibility will the new grocery store have on the 
neighbourhoods within the 5, 9 and 12 minutes of walking and biking service 
areas? 

1.3 Relevance of the thesis 
The relevance of this thesis subject matter is the future of many cities as accessibility 
to opportunities and services is a surrogate to social-economic gain. More so, for urban 
planners as they should plan the cities of the future in the present and be able to 
anticipate the growth of their respective cities. The urban spatial structure changes as 
cities start to disperse to the new outer lands and using up infill plots to provide for 
the growing demands for opportunities and services. The equity of the distribution of 
amenities in neighbourhoods as they grow is crucial to minimise commuting to distant 
amenity locations where car dependence becomes the only viable option of mobility. 
To promote more sustainable means of commuting like walking and cycling, an 
equitable hence equal distribution of amenities in neighbourhoods should be the 
design model of spatial plans. Most cities are surrounded by the built environment 
containing mostly residential leaving no space for future expansion.  

Hence, designing centres of business [amenities like shopping stores, leisure activities, 
restaurants and office branches etc] in residential spaces can provide ease access to 
these facilities because they are near to peoples’ homes thereby promoting more 
walking and cycling communities.  

1.4 Outline of the thesis 
This has been the introduction of the thesis. It is followed by the literature review 
which will include a look at the broad literature overview of accessibility and spatial 
distribution of services. Theoretical discussions of the relevant previous research in 
related areas of inquiry of this thesis. Thirdly, it is the methodology. This is where the 
method chosen to achieve the aim of the thesis and the answers to the questions is 
described in detail and the needed data to conduct the analysis. Fourth part of the 
thesis is the results.  
This will describe the analysis and output borne from the methodology. Research 
questions are answered in this section. The final section is the discussion and 
conclusion of the thesis.  
A discussion of the results from the analysis and how they relate to the aim, questions 
and literature reviewed. Possible implications are also discussed here, i.e., 
implications to individuals, firms or policy. 
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2. Literature review 
Accessibility is a gateway to opportunities such as jobs and grocery shopping service 
sites and hence a key indicator for both social and economic development and 
achievement of sustainable modes of transport (Ford, et al, 2015). Therefore, with the 
worlds’ emphasis on developing urban areas sustainably, the thesis will mainly be 
discussing and reviewing accessibility to grocery stores by walking and biking. 
Provision of grocery stores within reach [via walking and biking distance] for most 
populations in neighbourhoods is important. It enables the ease of movement of 
people at the same time reducing pollutants because of different transport modes, 
particularly fossil fuel dependant modes. Increased accessibility to grocery stores due 
to equitable distribution improves equitable access in neighbourhoods to core services 
such as grocery stores. 

This part of the thesis outlines the theoretical thoughts of departure on the perception 
of accessibility and the spatial distribution of grocery stores within the urban spatial 
structure. The section also explores some conceptual approaches some studies have 
reviewed to measure accessibility to services, such as grocery stores, healthcare, parks 
and playgrounds.    

2.1 Perspectives of accessibility 
As an element to transport geography and a direct expression of mobility, accessibility 
is an important element as it links people to economic and social opportunities hence 
a measure of development (Rodrigue, Comtois, & Slack, 2017). Accessibility is the end 
achieved through the means of transportation unless the small portion of 
transportation like jogging or driving for pleasure which is an end with no destination 
(Litman, 2011).  

Accessibility has varying definitions depending on its operationalisation in the 
research (Haugen, 2012). But in all the definitions, there is a common standpoint most 
research agree on when defining accessibility. Rodrigue, Comtois, & Slack (2017, p. 
361) defines accessibility as, “the measure of the capacity of a location to be reached 
by, or to reach, different locations.” And Nicholls (2001, p. 202) defines accessibility 
as “… the ease with which a site or service may be reached or obtained.” Similarly, 
others like Liu & Zhu (2004) have defined it as, “the ease with which activities at one 
place may be reached from another via a particular travel modal.” Litman (2011) in a 
report refers to accessibility as the “ability to reach desired goods, services, activities 
and destinations (collectively called opportunities)”. And Geurs & Wee (2004), defined 
accessibility as the result of land-use and transport systems which enables people to move 
from origin to destination by using transport modes. This definition and also supported 
by Rodrigue, Comtois, & Slack (2017, p. 361), relate accessibility as a proxy for inequalities 
and economic and social opportunities.  

The above definitions from different literature sources follow a common standpoint of 
the, ‘ability to reach’ or ‘ease to reach’ a location, when trying to understand and 
operationalise accessibility. Accessibility to grocery stores in terms of proximity [i.e., 
locational nearness] is a similar concept applied by Maroko et al (2009) on proximity 
to parks and open spaces. They asserted that proximity to services [parks and open 
spaces] promotes or increases active behaviours in communities such as walking and 
biking and using tricycles especially by senior citizens (Maroko, et al 2009). Therefore, 
other studies, (Maroko, et al, 2009; Parkin, 2012) support the proximity to services 
concept as it promotes outdoor activities of walking and biking to stores and that it has 
an impact on specific health outcomes such as cardiovascular disease, diabetes, and 



6 

 

Figure 2: Activity by age group  
 
 
 

Figure 3: The core concepts of accessibility 

obesity. Similarly, a healthy society with a physically fit population is involved in more 
physical activities of walking and biking, to grocery stores, compared to using more 
motorised modes of mobility due to urban growth and sprawl (Parkin, 2012). Hence, 
the equal distribution of grocery stores and their proximity to homes in 
neighbourhoods is prone to have the same impacts on people [walking and biking 
more].  

As older people are becoming a larger proportion of society as longevity increases, 
Mackett (2015), it is increasingly becoming important to create polycentric urban 
structures and neighbourhoods that can have the minimum activities of a growth 
centre of activity site equally distributed for ease accessibility. According to Mackett 
(2015), shopping and leisure/social are predominantly a common activity done by age 
groups of between 50 – 59, 60 – 69 and 70+, as shown in Figure 2 below. 

 

 

 

 

 
(Source: Mackett, 2015) 

According to Ford, et al (2015), “accessibility captures the effort required to overcome 
the spatial separation of two locations” Hence suggesting that accessibility relies on 
location and distance as the two core concepts (Rodrigue, Comtois, & Slack, 2017; 
Haugen, 2012). Loctions [destinations i.e., grocery stores] that require the least effort 
to overcome the distance between two locations, origins and destinations, relative to 
others are usually the most accessible (Rodrigue, Comtois, & Slack, 2017), particularly 
walking and biking modes of transport. 

  

 

 

 
 

Source: (Haugen, 2012) 

2.1.1 Accessibility as a social development indicator 
The benefits of easily reaching social services such as grocery stores by the majority 
populations in neighbourhoods is vital to indicate social development and equity 
among neighbourhoods. Therefore, accessibility measures to grocery stores can be 
used as a social indicator, according to Geurs & Wee (2004), to show the proximity of 
opportunities to individuals (or groups of individuals), i.e. access to essential services 
for daily human existence such as jobs, grocery stores, healthcare and leisure facilities, 
which could be a proxy for potential social interactions with friends and family. 
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Figure 4:  A ‘vicious’ circular car-dependant trend in societies 

2.1.2 Accessibility as an economic development indicator 
Accessibility can be viewed as an economic indicator if it is linked to the economic 
benefits of land use patterns in neighbourhoods (Geurs & Wee, 2004). This happens 
because of mixed land use patterns that has an equity number of commercial land-
uses in neighbourhoods. 

2.2 Sustainable transport 
Sustainable transport is highly related to the development of more infrastructure that 
supports more sustainable modes of transport and operations (Rodrigue, Comtois, & 
Slack, 2017). Sustainable transport development considers and incorporates nature 
protection and preservation of the environment and it enables people and nature to 
co-exist in harmony (Shanghai 2010 world exposition executive committee, 2010). 
This ensures that the current generations enjoy the resources now without diminishing 
the opportunity for the next generations to do the same. This can be related to an 
inheritance from parents to their children; parents work hard and save enough for 
themselves and for their children, to give them a better tomorrow. Societies that are 
growing sustainably implement policies and invest in nonmotorized, efficient and 
environmentally friendly transport modes and infrastructures that benefit the 
economy, environment and society and in so doing, securing the future generations 
(Rodrigue, Comtois, & Slack, 2017). 

2.3 Motorised ‘engine’ transport  
Transportation, and more specifically, motorised modes of transport impact the 
environment by the emission of greenhouse gases when they are economically viable 
as well as a waste after they are economically exhausted and dumped as a scrap metal. 
This is in exception of freight transportation, i.e., rail and marine transportation, 
because they rely on more environmentally sound modes of transport (Rodrigue, 
Comtois, & Slack, 2017).  Recent advances in technology have led to self-driving cars 
and car sharing as well as environmentally friendly cars that use electricity hence 
having no greenhouse gas emissions (Ibid, 2017). But, regardless of all these 
technological advances, there are just too many cars on the roads and many countries, 
in the developing world, are lagging with technologies of self-driving and electric-
charged cars.  

 

 

 

 

 

 

 

 

Source: (Buis, 2009b)  
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According to Figure 4 above, increasing the lanes of roads and the introduction of new 
roads known as, ‘ring roads’ presents a paradox. This is because the more the roads 
are built and expanded in the effort of reducing congestion, the greater the congestion 
created. This is because as economies improve, there is a trickle-down effect of benefits 
to the living standards of the people. Simply put, the more people earn, the more they 
want to live a ‘comfortable’ life which is perceived by most people as being able to drive 
vehicles and, in many countries, owning a private vehicle is a symbol of status.  

In China, during the period 1993 and 1997, the number of public transport users 
dropped in major cities. Non-motorised transport such as using a bicycle also 
decreased. Prioritising of private motor vehicle use was the main cause as bicycle lane 
infrastructure was limited and restricted on major roads in cities in order to facilitate 
an ease of motor vehicles (Asian Development Bank, 2009) 

The construction of ring roads seems to be the new approach to reducing congestion 
in cities and many countries are taking the approach in the hope of reducing 
congestion. There are other approaches that city planners are implementing such as 
the increasing of the number of lanes on the primary busy roads with the same 
objective, reducing congestion.  The only problem, according to the Shanghai 2010 
world exposition executive committee (2010) report and Figure 4,  quoted from Lewis 
Mumford’s  ‘The Roaring Traffic’s Boom’, “Adding highway lanes to deal with traffic 
congestion is like loosening your belt to cure obesity.” Therefore, congestion grows 
more and more as more road links are added to the network. The desire for people to 
own a private vehicle seems to increase when mobility needs are focused on drivers 
and motorised modes of transport. 

Rapid urban growth and sprawl has been the contributor to the increase in privately 
motorised transport, and this is more accelerated in developing countries (Shanghai 
2010 world exposition executive committee, 2010). Many people still aspire to own a 
private motor vehicle, because it has many advantages and among them is that a 
private car offers mobility convenience and a car is still ‘king’ and a common mode of 
transport. The worse thing is that both in developed and developing countries, car 
ownership seems to be growing especially in developing countries, where public 
transport is inadequate and unsafe as the buses used are small and passengers feel 
compacted due to overloading. 

2.4 Non-motorised modes of transport  
Collective transportation [public transport] and non-motorised transport are deemed 
to minimise congestion (Neyestani, 2017). Policy makers and urban planners’ policies 
of more road construction have not solved the congestion problem, at least in the long 
term, even though it seems to reduce congestion for a short while. This is because there 
is a rapid increase for motorisation when there is an expansion to the road network.  
As Elon Musk once said, “excessive automation of workforce is a mistake…it is 
important to revive an ancient technology.” Even though he was addressing the 
increased use of robots in tech companies, his statement cuts across disciplines.  
Therefore, the revival of an ancient technology, in this case walking and biking, could 
be the solution to congestion which is mostly caused by an increase in the number of 
cars on the road, increased lanes on roads, increased distance between locations, a 
typical result of urban sprawl.  
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Figure 5: The ‘push and pull’ approach for sustainable transport 
modes 

On the other hand, non-motorised modes of transport are not considered at all in 
terms of investment in infrastructure that will keep pedestrians and bikers safe. 
Generally, in developing countries and some developed ones, investment in road 
infrastructure is primarily focused on drivers and less or no infrastructure investment 
and safety measures are focused on pedestrians (Ibid, 2010). Statistically speaking, 
more people of the cohort age group of 15-29 have died from road related accidents 
than from HIV/AIDS (Ibid, 2010). Among the victims of these accidents are 
pedestrians and cyclists that are usually caught up due to unsafe roads and mostly 
shared road infrastructure with motor vehicles (Ibid, 2010).    

There seems to be an imbalanced pact between modernity and society and the 
environment. This is where society has trusted the use of a car to go where one wants 
to when they want to (McKenzie, 2003). Due to increased need for mobility, society is 
blinded to all the considerable levels of accidents, pollution and environmental 
degradation due to the capitalistic needs of motor companies and the satisfaction of 
an insatiable level of mobility (Ibid, 2003). Hence, with the global fight of saving the 
planet by responsible consumption and use of non-motorised transport modes, the 
pact is highly being questioned for modernity’s promised benefits seem hollow or will 
lead to the destruction of mankind. 

As outlined above, the modernist technology of an increased motorised transport as 
the ‘king’ mode of transport is not sustainable, and the costs are too high. As witnessed 
in most Asian cities, the most pertinent issues are environmental degradation and 
increased congestion caused by increased traffic on roads (McKenzie, 2003). Hence, if 
city authorities can learn from the model of Figure 4 of a vicious solution-problem 
rotation in car dependant societies. There are lessons to be learned such as restraining 
the increase in traffic by taking a people-oriented approach and hence promote more 
sustainable modes of transport and infrastructure for walking and biking within the 
city and bio-fuel powered public transport (Ibid, 2003).    

2.5 Approaches for promoting non-motorised transport 

2.5.1 The push and pull approach 

 

 

 

 

 

 

Source: (Maarseveen, 2013)  

This method is referred as such, push and pull, because users of the transport system 
are persuaded, through policy and incentives, which act as a push, from using private 
vehicles for travelling and pulling them into public transport and non-motorised 
transport, as Figure 5 shows (Shanghai 2010 world exposition executive committee, 
2010).  
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Figure 6: A new paradigm shift of a people - oriented urban transport 

To reach this goal and realise this approach’s benefits, there should be a good, safe, 
comfortable and reliable public transport service, prioritised and focussed 
infrastructure development for public and non-motorised transport modes.  

To realise this push and pull effect, incentives and subsidies for fuel must be 
eliminated, local transport infrastructure should be focussed on non-motorised and 
public, ‘collective’, transport and also prohibiting car usage in certain areas. All these 
barriers to car dependency will lead to raising of revenue which can be ploughed back 
into the enhancement of sustainable transport modes and infrastructure. According to 
economists, (Shanghai 2010 world exposition executive committee, 2010; Schaeffer & 
Sclar, 2003), this approach follows a rationale of price-driven-behaviour.  

Economic theory holds that the market is the driving force for prices, of course with 
policy having an effect to how markets will behave. With numerous barriers to driving 
a car in the cities and the charges that come along with such barriers, users are made 
to decide to use more public and non-motorised transport modes. It is a real supply 
and demand case, where car dependency and the infrastructure that directly supports 
it become secondary to non-motorised and public transport. 

2.5.2 A Paradigm shift approach 
The provision of infrastructure for people to get involved in active transport which 
comprises of walking and cycling could be the long-lasting solution. Active transport 
modes of walking and biking are a new paradigm shift in urban transport, as illustrated 
in Figure and are good for human health and they are the old technology that should 
be revived especially in neighbourhoods. 

 

 

 

 

 

 

 

 

 
 
 
 
 

(Source: Shanghai 2010 world exposition executive committee, 2010) 

2.5.3 Avoid, Shift and Improve approach 
Just like the push and pull approach, users can help achieve a safe and sustainable 
modes of transport by avoiding and minimising the use of cars to travel long distances, 
especially to grocery stores. Prudent urban land-use planning, and transport planning 
can help to avoid such needs to travel long distances (Asian Development Bank, 2009), 
i.e., mixed land-use and transport.  



11 

 

Figure 7: The ‘Container Approach’ analysis method 

The paradigm is shifting to focus on non-motorised and public transport from 
motorised private car-ownership, as Figure 5 illustrates. The final part is to improve 
technology and use more bio-fuel engines and more fuel-efficient consumption modes 
of transport such as public transportation that depends on oil to run the engines 
(Shanghai 2010 world exposition executive committee, 2010; Asian Development 
Bank, 2009). 

2.6 Methods to measuring accessibility to services 
This part considers the different accessibility measures according to past studies. 
Accessibility measuring is quiet a challenging analysis as some methods use the 
Euclidean distance to measure accessibility while other methods use the actual street 
network which gives a more precise distance as well as travel time to reach the services 
(Ford, et al, 2015). The inequitable distribution of grocery stores in neighbourhoods of 
urban areas can be a measure of social indicators of the deprivation of some 
neighbourhoods of proximity to grocery shopping that motivates walking and biking. 
Perhaps the most standard and basic measure of accessibility to services, in general, 
in neighbourhoods is to provide services [amenities] per every 1000 residents 
(Nicholls, 2001). Some approaches divide urban areas, especially city centres, into 
small blocks known as ‘superblocks’ (Pacione, 2009). Even though these ‘supeblocks 
are initially a design concept intended to minimise the presence of cars in city centres, 
the approach is applicable to the distribution of services within a walking distance or 
in each ‘superblock’ or, in case of this thesis, neigbourhood.  

2.6.1 The ‘Container Approach’ method 
This approach is commonly used in park and recreation facilities accessibility where 
access is determined by identifying if there is a park or recreation facility within a 
geographic unit such as census tract or neighbourhood (Maroko, et al, 2009). 

 
 
 
 
 
 
 
 
 
 
 

Source: (Maroko, et al, 2009). 

According to Figure 7, the ‘Container Approach’, will determine that Tract A has no 
access to the park simply because the park is in a different geographic unit, i.e., Tract 
B. Hence this method assumes that the benefits of the services provided only accrue to 
the residents within the tract where the services are located and there is no spill over 
of services to other tracts. It will however, determine that Tract B has access to the 
park even though the populations in Tract B lives far away from the park.  

This is because the ‘Container Approach’ counts the number of amenities [grocery 
stores or parks] contained within a given unit, for example, a neighbourhood (Talen & 
Anselin, 1998; Maroko, et al, 2009).  
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Figure 8: The buffer zones used to measure spatial accessibility  

Therefore, this method takes an unrealistic stand point by assuming that all residents 
have accessibility to services simply because the services are in the same 
neighbourhood as the residents, as shown in Figure 7 above. It does not account for 
the spatial distribution of the residents relative to the opportunities or services 
(Nicholls, 2001).   

2.6.2 The ‘Radius’ method 
This method is a twist of the container approach method. It considers the spatial 
distribution of the services in neighbourhoods using a radius around the service area. 
A circle is drawn around the service area and residents that are within the circle are 
categorised as having access to the service while those outside the circle are not 
accounted for as having access to the services. The radius is determined by the 
maximum distance users are willing to overcome to have access to services.  

This method, even though it considers spatial distribution of services, it is unrealistic 
as it depends on the creation of buffer zones to measure accessibility to services 
(Nicholls, 2001), as illustrated in Figure 8. In reality, accessibility to services2 is 
accomplished by using the road network depending on the mode of transport3. 
Therefore, using a Radius method, with a radius of 500 meters, will be an unrealistic 
threshold and misrepresentation of determining the service area of a facility. This is in 
comparison to using the actual road network to determine the service areas based on 
the distances or travel time of the road network. In the Radius method, service areas 
of accessibility are determined circular buffers around the facility and does not use the 
road network, but it is based on absolute distance [euclidean distance]. Hence, it 
makes the actual travel distance using the roadway much further [longer route] than 
the direct distance the Radius method is basing the accessibility measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   
2 Services, opportunities and facilities mean the physical buildings that are accessible by residents, and in this thesis it’s the 
grocery stores. 
3 Mode of transport mean walking and biking (cycling) unless otherwise specifically mentioned. 
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Figure 9: The network dataset method based on the road network 

2.6.3 The Network Dataset Analysis method 
This approach is based on the measurement of accessibility to grocery stores using the 
network dataset created using ArcGIS. It consists of lines representing the road 
network that represent flow. The network analysis does not only use distance to 
measure accessibility but also the time taken, as a cost, to travel between two locations.  

This method compensates what is disadvantageous in the container and radius 
methods of measuring accessibility. Since this method considers the road network 
used by residents to measure accessibility to the grocery stores, expressed in distance 
or time, it is the most realistic way to model accessibility to grocery stores (Rodrigue, 
Comtois, & Slack, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The thesis will be based on this method, an illustration in Figure 9 above, to measure 
the accessibility to grocery stores by using the network dataset to create network 
service areas for the grocery stores. A service area is a polygon shapefile that covers all 
accessible roads according to the specified impedance i.e., 6-minute service area which 
means all residents that are within six minutes from the grocery store.   

As earlier mentioned and according to Esri (2018), the creation of service areas on a 
network can be used to determine the accessibility to services. Conducting the service 
area analysis process on the network creates service area polygons. Population 
distributions that are within the created service areas [buffers], according to the set 
impedance, are aggregated and compared if there exist any inequalities in the 
populations that are closer to the facilities between the neighbourhoods. 

2.7 The spatial distribution of grocery stores 
The measure of the accessibility to grocery stores in neighbourhoods can help 
determine whether equal distribution of the needed services [grocery stores] has been 
achieved (Talen & Anselin, 1998). Therefore, the spatial accessibility to grocery stores 
is often shaped by patterns of population distribution [demand] (Haugen, 2012).  
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Conceptually, demand is a means used to reward communities who show an interest 
in certain services or facilities through the use of the economic model but sometimes 
vociferous advocacy through political means does have the same impacts (Nicholls, 
2001). 

The scarcity of commercial land use patterns in neighbourhoods and distance decay to 
access services heavily influences the possibilities for individuals to access grocery 
stores by transportation modes such as walking and biking. The interaction between 
grocery stores and homes [populations] decrease with the increase in distance. This 
might promote automobile dependence and the accessing of further located grocery 
stores that offer a more attractive space for shopping and time saving due to its ‘one 
stop’ shopping location. The quality of the pedestrian environment [infrastructure] 
and the accessibility to grocery stores are the two types of problems faced by 
pedestrians (Pacione, 2009). Many urban activities are beyond reach for most 
pedestrians [those walking and biking] because only a single location with several 
shops is built to serve a wider catchment area. 

2.8 Equity and equality in transport accessibility 
Transport is everyone’s business because it affects all of us. It has been termed as a 
derived demand because we use transport not as an end, most of the time, but as a 
means to an end (Department of Transport, 2012). We get to work, access grocery 
stores in our neighbourhoods and in the city centre and also leisure activities by using 
transport. Therefore, most of the benefits of transport accrue not only to the traveller 
but to third parties like the businesses that are accessible due to transport links 
(Schaeffer & Sclar, 2003).  

Therefore, as urban populations grow and sprawl to the hinterlands, our transport 
needs evolve to reflect our changed needs of accessibility to services. The measure of 
accessibility is an indirect indicator of the underlying spatial inequalities and hence 
inequities in societies (Rodrigue, Comtois, & Slack, 2017). This is because accessibility 
considers the location as well as the social exclusion conferred by distance or travel 
time to other locations, (Bajada, Mifsud, & Ciommo, 2016), i.e., grocery stores. 

There is a common misconception that equality and equity mean the same therefore 
can be used interchangeably. The two have a close similarity in meaning to each other 
but the difference is crucial and gives a different perspective of the two concepts. 
Equality is giving people the same thing/s while equity is fairness in every situation, 
as Figure 10 illustrates. Therefore, in this thesis, equality is the provision of equal 
accessibility to grocery stores to all neighbourhoods in the study area while equity is 
the increase of the accessibility to grocery stores to neighbourhoods by reducing the 
distance or travel time between grocery stores and homes [populations]. In this case, 
locations are spatially not equal because some locations are more accessible than 
others (Rodrigue, Comtois, & Slack, 2017). This brings about social exclusion to 
neighbourhoods hence social injustice [inequity] to the accessibility of important 
services like grocery stores. Equality and hence equity in accessibility to grocery stores 
is essential in transport because it ensures that the disadvantaged populations or 
neighbourhoods have a fair distance to grocery stores (Bajada, Mifsud, & Ciommo, 
2016). 

Equity in transport and in relation to this thesis, is concerned with the accessibility of 
populations to grocery stores which leads to seeking fairness in terms of the time taken 
to reach the closest grocery store (Savvides, 2013).  
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Figure 10: A visual difference between equality and equity 

This makes accessibility linked to various economic and social opportunities, hence 
benefiting not only the users of transport but the retailers, real estate firms and many 
other third parties (Schaeffer & Sclar, 2003). Analysis of equity is an important effort 
to provide enough choices to all populations in society [equity planning] who have an 
unfair distance or travel time to access services (Savvides, 2013). This would lead to 
the reducing of urban inequalities among populations in different neighbourhoods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spatial accessibility to services is regarded as a proxy to measuring several other 
variables such as inequality and economic and social opportunities populations can 
access. Accessibility differs from one location to the next because some locations 
provide a high level of accessibility, therefore exhibiting inequalities (Rodrigue, 
Comtois, & Slack, 2017). Land-use, particularly commercial and residential types, 
plays an important part in providing equal opportunities to populations in 
neighbourhoods to access grocery stores. In an ever urbanising world, equal 
accessibility and a close proximity to amenities like grocery stores in neighbourhoods 
ensures an active mode of transport use such as walking and biking  hence, ensuring a 
healthy and attractive urban environment (Asian Development Bank, 2009). Equality 
in travel time or distance to grocery stores is improved by linking land-use and 
transport planning and improve active modes of transport (Ibid, 2009).  

Therefore, according to Figure 10 above, to achieve equality in terms of accessibility to 
grocery stores and eventually reduce car dependant travel, equal travel time of walking 
and biking or distance to grocery stores should be realised through equity. As earlier 
stated, locations have verying accessibility and that is where equity remedies the 
situation.   
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Figure 11: distance decay curve 

2.9 Distance decay concept 
Geographic locations are not homogeneous making routine activities, such as grocery 
store shopping, unevely distributed from one location to the other (Halás, Klapka, & 
Kladivo, 2014). Therefore, distance decay percieves distance as a deterrent to 
interactions according to Drobne & Lakner (2014), e.g., residentials to grocery stores. 
Therefore, distance dacay as a concept suggests that interactions between two 
locations, grocery stores and residential places, decreases as the distance between 
them increases. 

Distance decay is among the determining factors for grocery store locations and their 
success after being operational. In other words, distance decay considers the fact that 
customers are only willing to travel a certain distance to access the grocery stores. The 
farther a grocery store is from the population, the more that population will use time-
space compression factors that reduce the impact of distance decay, such as cars. The 
advances in technology and transportation, have led to the use of faster modes of 
transport, rendering distance decay less effective than it did in retrospect.  

Since distance decay describes the decrease in influence as distance increases between 
two locations, residential and grocery store, the term has been related to Waldo  R. 
Tobler’s first law of geography. This law states that, “All things are related but near 
things are more related than far things.” However, distance decay is represented by a 
downward curve, Figure 11, which represents a decrease of customers along the y-axis 
while the distance increases along the x-axis (Drobne & Lakner, 2014). It is 
representated by the fomula,  
 

𝐼 = 1
𝑑2⁄  

Where; 
I = interaction  
d = distance 
 

 

 

 

 

 

 

 

 

 

 

 

Source: Drobne & Lakner, 2014  
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3. Methodology 
There are several methods that can be used to analyse accessibility or even market 
thresholds for grocery stores. After the review of previous studies and methods used 
to analyse accessibility to services and facilities, the network dataset analysis method 
was the most suitable for its various advantages. Among those advantages is the fact 
that it represents the actual streets that people use to access facilities making its use in 
accessibility analysis more dependable and realistic. The method of using a network 
dataset for analysis also shows that transport benefits, of ease accessibility by 
promoting walkable distances to retail stores and other services, also accrue to third 
parties [retailers at grocery stores] (Schaeffer & Sclar, 2003). 

Therefore, in this chapter, the network dataset analysis method is described and how 
it was used to achieve the aim and answer the research questions of the thesis. The 
chapter starts by describing the data used to build the single modal network dataset 
and its sources.  Then the method part in this thesis describes the following steps in 
building the network dataset and analysis: 

1. The building of the network dataset is based on time distance, in minutes. Walking 
and biking times are the main focus in this thesis.  

2. Digitising the locations of the existing grocery stores 
3. Service area polygons were then created for the grocery stores showing the roads 

that are within the 5, 9 and 12 minutes of walking and biking. 
4. Added the 2015 population data to the map and compared the population count in 

each neighbourhood and service areas as well as if there were any grocery stores 
within the created service areas 

5. A new location for a grocery store being built was introduced to the study and its 
impact on accessibility on the neighbourhoods analysed. 

3.1 Data and the study area 
The road data used to build the network dataset was accessed from OSM4 [Open Street 
Map]. This is an open source website where spatial referenced data such as shapefiles 
of most parts of the world are available. The data from the site is not very authentic 
and since it is an ongoing project of updating, a lot of information is still missing and 
further modification of the data by the user is necessary to make it useful. The road 
layer came with the ‘road class’, ‘speed limit’, ‘one-way’ and ‘names of streets’ fields. 
To make the layer useful for the building of a single modal network dataset, the 
following fields with information, as illustrated in Table 1 below, were added to the 
road layer before creating and building the network dataset.  

The demographic data of neighbourhood population was dowloaded from the Geodata 
Extraction Tool 5(GET) website. The neighbourhood population data was of a high 
resolution, measuring 250m × 250m, which was suitable for the analysis at the 
neighbourhod level. The comparative analysis of accessibility to grocery stores in this 
thesis was conducted based on secondary data and it was based on the four 
neighbourhoods of Ålidhem, Sofiehem, Carlshem and Tomtebo, as shown in Figure 13.  

These neighbourhoods are close to each other and have one location for a grocery 
store, which is located in the Centre of Ålidhem. This location is made up of a cluster 
of grocery stores and it is the main location input grocery store used in the analysis. 

                                                   
4 https://www.openstreetmap.org/#map=4/62.99/17.64 
5 https://zeus.slu.se/get/?drop= 



18 

 

Table 1: The added fields to the road layer  

Field Data Type Application 
Walking time Double Calculate accessibility based on walking 

time 
Biking time Double Calculates accessibility based on biking 

time 
Minutes Double Used to calculate time taken to traverse an 

edge [road] 
Length 

[distance] 
Integer Used to calculate the time impedance and 

sometimes it also serves as the impedance 
to service areas 

Ålidhem is known for having the highest number of student population that attend at 
Umeå University and it also has one of the cheapest shops, LiDL, suitable for students 
and many other people. Observed from the satellite images, it is comprised of 
apartments, making it a common place for students to live and also small families.  The 
rest of the neighbourhoods, Tomtebo, Sofiehem and Carlshem, are mostly comprised 
of single family homes and a number of apartments suitable for bigger families.  

3.2 The building of the transport network dataset 
The network dataset was built using the road network layer from Open Street Map and 
Geographic Information System (GIS) software. The network is primarily made up of 
lines representing different categories of roads known as edges and junctions as well 
as nodes where edges converge (Mitchell, 2012) which represent bus stations or 
grocery stores. The road network, specifically for walking and biking in Umeå is not 
yet separated hence these modes of transport share the same roads, hence the reason 
for creating a single modal network dataset. 

3.3 The adding of fields to the attribute table 
The road network from Open Street Map was modified by the addition of fields to the 
attribute table (as described in 3.1 and in Table 1 above) and populated with attribute 
data that affect traversability. The field names such as the length allows for the 
calculation of total distance between locations. Other field names like the ‘speed’ 
allows for the calculation of the time it takes to travel through the network by walking 
or biking, as shown in Table 1 above. 

3.3.1 The length field 
All edges in the road layer had a length field and attributes that were added to the 
network once it was built. In this case, the length [distance] is also used as the 
impedance due to the difference of average speed of wallking and biking in different 
cities (Mitchell, 2012). The distance analysis is a more neutral attribute but the thesis 
was focused on walking and biking time. The impedance is used to set the time limit 
of travel from the grocery store or rather the distance limits from the grocery store 
going outwards to show accessibility to the surrounding populations.  

3.3.2 Walking and biking times fields 
The walking time is another impedance that can be used to set the limit to travel to the 
grocery store. As mentioned earlier, the road layer from Open Street Map had a speed 
field which was used to calculate the walking time using the fomula below;           

Time =  
[road length] × 60

([speed limit in km h⁄ ] × 1000)
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Figure 12: Journey time (%) and Means of travel (%) in Umeå Municipality 

The equation is used to calculate the time (in minutes) it takes to travel [walking or 
biking] on a network link. The walking and biking times are added as two separate 
fields in the road attribute table and the formula above is used to calculate their time. 
The only difference will be the speed limits that will be applied.  

In Copenhagen, Denmark, the average speed limits for walking and biking are 5 km/h 
and 16 km/h respectively. Denmark and Netherlands are the top walking and biking 
countries in the world. This is because these countries have separate lanes for both 
modes of transport [walking and biking], which allows for faster travel times compared 
to when sharing the same lane. The lanes for walking and biking in Umeå are in general 
not separated. Therefore, in order to have a close to reality travel speed, the speed limit 
in this thesis case study neighbourhoods was set at 3 km/h for walking and 14 km for 
biking (Hoel, Garber, & Sadek, 2011, p. 203). 

3.4 Digitising the existing locations of grocery stores 
The study area has one grocery store location in Ålidhem Centre. The closest grocery 
store to Ålidhem Centre store is located outside the study area, in a shopping area in 
Strömpilen called ICA Maxi. This location was also mapped and included in the map 
to answer research question two, because accessibility is also the number of 
opportunities that a population is able to reach, either by walking or biking. Therefore, 
the analysis in the study area consists of one location for an existing grocery store. 

3.5 Conducting the network analysis 
After the network was created and built, according to the conceptual framework in 
Figure 14, an analysis was performed on a grocery store in Ålidhem Centre using 
walking and biking time as the impedance and service area buffers were created. Three 
service area buffer breakes were created at 0 - 5, 5 - 9 and 9 – 12 minutes. These service 
area breakes follows the guidelines in the report by Umeå Municipality which says that 
many people in Umeå City are prepared to bike and walk for up to 9 minutes 
(Department of Parks and Highways, 2011). The report also shows that 24% of the 
people in the city are only prepared to bike for a maximum of 9 minutes and 21% only 
for 10-19 minutes, according to Figure 11 below (Department of Parks and Highways, 
2011).  

 

 

 

 

 

 

Source: (Department of Parks and Highways, 2011). 

The population data from the Geodata Extraction Tool (GET) was added to the analysis 
and clipped to the study area according to their spatial location and populations were 
counted in each service area of each neighbourhood with varying accessibility. The 
aggregate populations was compared against each neighbourhood to show varying 
accessibility to grocery stores.  
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A new grocery store location was introduced to the analysis where an actual project of 
a new Coop grocery store will be built and opened to the public in one to two years. 
The new grocery store location was used in the analysis and service areas were created 
to show how it will impact accessibility to grocery stores to the neighbourhoods. 
According to reviewed data, and the news on the Umeå Municipality website, the new 
store will be a Coop grocery store. The Location will service and increase accessibility 
to grocery stores for Tomtebo neighbourhood and the new Tomtebo Beach Housing 
Project of 6000 apartment buildings. 
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Figure 13: The location map of the study areas 
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Figure 14: The conceptual framework for the research analysis 
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4. Ethical Consideration 
The analysis is based on secondary data, therefore, there is a lot of manipulations to 

make the data useful for the analysis. The population data for the neighbourhoods is 

completely anonymous and does not show any personal data of the populations in the 

study area. All the data used in this thesis comes from known websites such as Geodata 

Extraction Tool – the SLU service for geographical data and from the Open Street Map 

which is a free site. The research materials used in this thesis is from other literature 

sources and their authors have been cited and acknowledged. 
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Figure 15: Populations of the four neighbourhoods 

5. Results 
This chapter presents the results the analysis produced with different time distance 
impedances applied to accessing grocery stores. The layout and presentation of the 
results will be according to the research questions from chapter one to ensure that all 
questions have been satisfactorily answered hence achieving the aim.  

1. What population counts are within the 5, 9 and 12 minutes of walking and biking 
time to the grocery store? 

The study area has a total population of 14, 948 and this is distributed across all four 
neighbourhoods with Ålidhem having the highest share of the population, 40%, 
followed by Tomtebo as the Figure 15 below shows.    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ålidhem neighbourhood 
After the service area analysis was run using the network analysis layer to create three 
service area breaks of 0 – 5, 5 – 9 and 9 – 12 minutes, the aggregate population within 
each travel time in each neighbourhood was compared.  Between the 0 – 5 minutes 
service area buffer break, of the impedance of walking time to the grocery store in 
Ålidhem Centre, there were 1073 people, representing 17.7% of the population in 
Ålidhem. In reference to Figures 16 and 17, accessibility to the Ålidhem grocery store 
by walking is limited to the population in Ålidhem, with more people being able to 
reach the grocery store in 12 minutes, representing 33.8%. 

The biking time, however, shows that the Ålidhem grocery store is accessible by the 
whole population in Ålidhem, as Figures 18 and 19 shows. According to the analysis, 
the Ålidhem population can access the grocery store within 5 minutes of biking. 
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Figure 16: Service areas based on the walking time of 5, 9 and 12 minutes 

Tomtebo neighbourhood 
Tomtebo was not within reach in all the walking time distances of 0 – 5, 5 – 9 and 9 – 
12 minutes as shown in Figures 16 and 17 below. Therefore, the population from 
Tomtebo, 3518 people, have no accessibility to the nearest grocery store in Ålidhem 
Centre by walking time.  

The biking time, however, showed that still the population in Tomtebo did not have 
accessibility to the grocery store within 5 minutes. The majority of the population in 
Tomtebo are within the 5 – 9 minutes of biking to the Ålidhem Centre grocery store, 
representing 70.7%. The rest of the population was within the 9 – 12 minutes biking 
time as shown in Figures 18 and 19 below.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Carlshem neighbourhood 
Carlshem population also has poor accessibility to the Ålidhem grocery store. 
According to the analysis, as shown in Figures 16 and 17, Carlshem has only 3 people 
within the walking service area of 9 – 12 minutes. The rest of the population was 
outside the service areas. 

The biking time showed that there was an increase in accessibility to the Ålidhem 
grocery store to the population of Carlshem. The service area of 5 – 9 minutes had the 
highest population, with 2555 people, representing 91.6%, as shown in Figures 18 and 
19 below. 
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Figure 18: Service areas based on the biking time of 5, 9 and 12 minutes 

Figure 17: Population count within the 5, 9 and 12 minutes of walking time 
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Sofiehem neighbourhood 
Similarly, to most of the neighbourhoods above, and according to Figures 16 and 17, 
Sofiehem had no population that was within reach of the Ålidhem Centre grocery store 
in all the walking service areas.  

The biking time, however, showed that most of the population had accessibility to the 
Ålidhem grocery store within 5 minutes, as shown in Figures 18 and 19. The results 
also showed that all the population in Sofiehem were within reach of the Ålidhem 
grocery store in 9 minutes. 
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Figure 19: Population count within the 5, 9 and 12 minutes of biking time 
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2. How many other grocery stores are within the 5, 9 and 12 minutes of walking and 

biking service areas? 

There were no other grocery stores that were within the walking time service areas of 
0 – 5, 5 – 9 and 9 – 12 minutes of the Ålidhem Centre grocery store. However, using 
the biking time as the impedance to the analysis gives the population in these areas 
(neighbourhoods) accessibility to one more grocery store within 12 minutes by bike. 
The grocery store is located in Strömpilen and is known as ICA Maxi, as shown in 
Figure 18 above. 

3. What impact on accessibility will the new grocery store have on the 
neighbourhoods within the 5, 9 and 12 minutes of walking and biking service areas? 

The new location for the grocery store is actually a site where a new Coop grocery store 
is being built and will be operational in one to two years. An accessibility analysis for 
this forthcoming grocery store was therefore conducted as shown in Figure 20, and the 
impacts on accessibility to grocery stores by populations in the neighbourhoods as 
shown in Figures 20 – 23 below.  

In Ålidhem, the population is out of reach of the last service area of 12 minutes of 
walking to access the grocery store located in Carlshem. Similarly, Sofiehem is also out 
of reach using the walking time distance as the impedance to access the new grocery 
store, as shown in Figures 20 and 21 below.   

Carlshem and Tomtebo were the impacted neighbourhoods by the new grocery store. 
Carlshem, being the location of the new store, had the highest level of accessibility by 
walking in all the service areas as shown in Figures 20 and 21. Tomtebo had the least 
accessibility by walking in the last service area of 9 – 12 minutes, as shown in Figure 
21. 
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Figure 20: Service areas based on the walking time of 5, 9 and 12 minutes 
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Figure 21: Population count within the 5, 9 and 12 minutes of walking time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The biking time distance from the new grocery store provided a high level of 
accessibility to all neighbourhoods compared to the Ålidhem Centre biking time 
distance. Ålidhem population was within 9 minutes of biking to access the new grocery 
store, as Figure 22 and 23 shows below.    
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Figure 22: Service areas based on the biking time of 5, 9 and 12 minutes 

Figure 23: Population count within the 5, 9 and 12 minutes of biking time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Once again, the biking time distance from the new grocery store increases accessibility 

to a grocery store for Ålidhem because its population can access a new store within 9 

minutes. The overview of the results from the new grocery store location increases 

accessibility to all neighbourhoods by bike.  
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Tomtebo has a better accessibility from the new grocery store compared to the 

Ålidhem grocery store by bike as shown in Figures 19 and 23. Therefore, the service 

areas for the new grocery store provides accessibility to the Ålidhem grocery store 

within 9 minutes of biking and also to ICA Maxi within the 12 minutes time distance. 
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6. Discussion 
Transportation is a major part of everyone’s daily life because it is a means to reach 
work, shopping and amenity activities. According to Schaeffer & Sclar (2003, p. 33), 
transport does not only benefit the travellers but also the third parties whose services 
become accessible due to the existence of transportation, hence, at times, it is referred 
to as derived-demand6. Spatial accessibility to services is a vital component in social 
groupings and communities. Road networks that are efficient offers the highest 
accessibility to its population to access services that are daily needed in homes. 
Therefore, accessibility is highly linked to land-use and transport planning, 
particularly commercial and residential land-uses. This thesis is about measuring 
accessibility, as a proxy for inequality, to grocery stores using the ArcGIS network 
dataset. The analysis was focused on non-motorised modes of transport of walking and 
biking in the four neighbourhoods of Ålidhem, Tomtebo, Carlshem and Sofiehem, in 
Umeå. 

This analysis was based on the use of a network dataset layer created using the ArcGIS 
Network Analyst extension feature. This network layer is a transportation network, 
made up of lines, which are known as edges, and junctions where edges connect to 
create a connected path (Mitchell, 2012). GIS is then used to model movement using 
the network layer. In this thesis’ case, it is used to create service areas based on the 
network layer that identifies accessible streets to the grocery store or any facility 
depending on the impedance used. Of the three methods reviewed to analyse 
accessibility to grocery stores and ascertain the inequalities in the study 
neighbourhoods, the network dataset-based method was suitable because (Esri, 
2018); 

1. This method uses the road network to create service areas thereby showing the 
actual travel time and distances to the facility. 

2. It can be modelled with turns, one-way streets, stops, barriers and restrictions in 
order to represent the actual movement on roads. 

3. Of the network analysis layers of a network dataset, the service areas analysis layer 
can be used to create service areas to show where accessibility is poor. 

However, the main disadvantage of this method are; 

1. It is too technical, particularly if a multimodal network is being created e.g., using 
walkways, roadway, tramway, trainway etc. 

2. It requires prior knowledge of the road layout in an area of concern, i.e., roads that 
are underpasses, tunnels, flyovers etc. This affects the way the network should be 
built to avoid separate roads from being modelled as connected. 

Due to limited time, the network dataset layer is not modelled with all the restrictions 
that are used on roads, such as stops, to create a realistic movement. However, due to 
the study area used, car traffic is not an impedance and mostly pedestrians and cyclists 
are given priority to cross. The walking speed used to calculate the walking time is 3 
km/h and 14 km/h for biking speed to calculate biking time.   

 

                                                   
6 Derived demand of transport means that transport is not an end but a means to achieving or doing 
something, i.e., going to work, to the gym, to the grocery store etc. 
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The research is focused on the analysis of accessibility as a proxy to measure 
inequalities to access grocery stores by walking and biking time. The data used to 
analyse accessibility is the population statistics in the four study neighbourhoods to 
answer the research questions. If time would have allowed, population characteristics 
such as age and income would have given more precise results of why increased 
accessibility is higher in one location and lower in another (Rodrigue, Comtois, & 
Slack, 2017). The research would have had an indepth on the modes of transport that 
are particular to each of these locations. 

The evaluation of the results will show how measuring accessibility, using GIS to create 
service areas based on grocery stores and population count, is used as a measure of 
inequalities in society. The research questions upon which the results are based on are; 

1. What population counts are within the 5, 9 and 12 minutes of walking and biking 
time to the grocery store? 

2. How many other grocery stores are within the 5, 9 and 12 minutes of walking and 

biking service areas? 

3. What impact on accessibility will the new grocery store have on the 
neighbourhoods within the 5, 9 and 12 minutes of walking and biking service areas? 

Accessibility is considered as a proxy measure to inequality and also as a surrogate to 
economic and social activities (Schaeffer & Sclar, 2003; Rodrigue, Comtois, & Slack, 
2017; Bergroth, Kukkala, & Willberg, 2014). Therefore, accessibility, according to 
Geurs & Wee (2004), is the result of land-use and transport systems which enables 
people to move from origin to destination by using transport modes. Location-based 
measurement of accessibility was used, where populations in proximity to grocery 
stores are regarded as having high accessibility. 

The grocery store location in Ålidhem Centre is the existing grocery store in the four 
study neighbourhoods of this thesis. The analysis shows, with reference to Figures 16 
and 17, that the Ålidhem Centre grocery store serves a larger population. Within the 
walking time of 5 minutes, 1073 people can access the grocery store, while 1620 people 
can access the grocery store within 9 minutes of walking time. The residents in 
Ålidhem have a higher accessibility level to daily grocery shopping by walking 
compared to the other studied areas? This result can be attributed to the concept of 
distance decay which suggests that interactions between two locations, grocery stores 
and residential places, decreases as the distance between them increases (Drobne & 
Lakner, 2014). This can also be because Ålidhem has a mixed land-use and transport 
network which are both linked to a better accessibility provision (Geurs & Wee, 2004). 
Alidhem is the only neighbourhood of the four which has shopping amenities and it is 
central to the studied areas hence suggesting … “social inclusion and potential for 
economic development” (Bocarejo & Oviedo, 2012) in the area.  

Residents in Ålidhem can bike to the Ålidhem grocery store within 5 minutes, as shown 
in Figure 19, making the bike more equal in terms of accessibility and mobility. The 
residents in Ålidhem can also access, by bike, the other grocersy store in strömpilen, 
ICA Maxi. As the time-space compression factor, a bicycle reduces the effects of 
distance decay and instead increases accessibility (Halás, Klapka, & Kladivo, 2014). 
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The other neighbourhoods, Carlshem and Sofiehem and Tomtebo are not within the 
walking time distance breaks to access the Ålidhem grocery store. This disparity in 
accessibility to grocery store hence reduced inequality requires a mixed land use and 
dense neighbourhoods to avoid sprawl and increased car-dependency for travel (Asian 
Development Bank, 2009). Exclusion of some neighbourhoods from accessing 
services within the same walk time as the other neighbourhoods brings about 
inequalities because each location has a different level of accessibility (Rodrigue, 
Comtois, & Slack, 2017) due to weak links in land use and transport networks. 

The biking time distance, however, enables all Carlshem residents access the Ålidhem 
grocery within 12 minutes. The bike time distance for Sofiehem enables residents to 
access a grocery store within 9 minutes. Tomtebo is the furthest from the Ålidhem 
grocery store hence residents cannot access a grocery store within 5 minutes by a 
bicycle. Accessibility to a grocery store for the people in Tomtebo is between 5 – 12 
minutes. This suggests that there is a disparity in accessibility to grocery stores among 
the neighbourhoods. According to the Asian Development Bank (2009), a dense and 
mixed land-use is vital to create a space for promotion of sustainable modes of 
transport. Apart from Ålidhem, viewed from the satellite image, most of the 
neighbourhoods in the study area consist of single family homes and they are also not 
within a walking distance to any grocery store according to Figures 16 and 17. This is 
suggestive on the reliance on motorised transport to access grocery shops either in 
Strömpilen at ICA Maxi or in Ålidhem Centre. 

The new location for a grocery store, in Carlshem, has shown that accessibility of 
populations in Tomtebo to the grocery store will increase to 375 residents compared 
to the walking time to the Ålidhem grocery store. This time again, distance decay 
effects are at play, because as the grocery stores are closer to the population the greater 
the interaction. This is shown is Figures 20 and 21. However, Sofiehem and Ålidhem 
are not within the walking time distance to access the new grocery store location, 
suggesting the effect of distance increase from the activity sites reduces interactions at 
those activity sites. 

The biking time distance to the new grocery store impacted the four neighbourhoods 
with an increased accessibility to the grocery store and also to the other nearby grocery 
stores, such as ICA Maxi and Ålidhem grocery stores in 12 and 9 minutes respectively. 
This is shown is Figure 22 above. The location of the new grocery store increases the 
accessibility of all neighbourhoods to a grocery store hence it might actually promote 
more biking than car accessibility. However, bicycles still have limited carrying 
capacity for grocery shopping and this might be the reason some people will still use 
cars many years from now for such routine activities as grocery store shopping and 
commuting to work. 

In relation to inequality, accessibility is a prerequisite for the success of businesses. 
Transport enables businesses, i.e., grocery stores to be accessed by customers hence 
creating a space for interactions. This makes accessibility a measure of inequalities in 
society when some residents are not within a certain accessibility threshold to services 
by walking and biking. Accessibility can be viewed as an economic indicator if it is 
linked to the economic benefits of land use patterns in neighbourhoods (Geurs & Wee, 
2004). 
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Umeå Municipality has a target of reaching a population of 200, 000 people and it has 
plans of improving the pedestrian and biking lanes by separating them for safety and 
‘smooth’ travelling (Department of Parks and Highways, 2011). This will make travel 
by non-motorised modes of transport affordable in terms of time saving when one 
travels at their suitable speed on a bicycle or walking. This would mean faster travel to 
destinations and safer mobility for both pedestrians and cyclists. Improved pedestrian 
and cyclist lanes would mean increased accessibility to services such as grocery shops 
as the more roads there are, the high the level of accessibility. 

It would also encourage more people to use non-motorised modes if land-use and 
transport networks in neighbourhoods are increased, for increased accessibility 
(Geurs & Wee, 2004). Accessibility measurement is also a good indicator of which 
locations have poor accessibility hence being socially excluding to public interactions, 
which is among the benefits of improved accessibility (Schaeffer & Sclar, 2003). By 
increasing the walk and bike lanes to neighbourhoods, accessibility can improve by 
reducing travel time on some roads because they will be closer to various locations. 

7. Conclusion 
From the results of the analysis, the bike travel is the most equitable hence equal mode 
of active transport for all the four neighbourhoods. This is because from the Ålidhem 
Centre grocery store, travel can be made to other neighbourhoods and to the other 
grocery store, ICA Maxi, in Strömpilen within 12 minutes as Figure 18 shows above in 
section 5. The new location for a Coop grocery store provides the highest accessibility 
to grocery stores by bike compared to the Ålidhem Centre grocery store as the Figures 
22 and 23 shows. The aggregated populations in the service areas of the new grocery 
store shown in Figure 23 are more than those shown in Figure 19 of the Ålidhem 
grocery store by bike.  

The bike mode of transport makes accessibility to other grocery stores even outside 
the study area possible, hence widens the opportunities for most populations. This is 
in exception of the immobile population group such as the children and senior citizens 
who walk often to grocery stores for shopping and leisure/social interaction, as Figure 
2 shows in section 2.1. 

7.1. Further research 
Transport geography is a broad discipline essential to other disciplines such as the 
economy, environment as well as society. Transport is the backbone of globalisation 
and the convergence of space-time allowing people, freight and information to move 
easily to access other locations and interact. From the literature reviewed, these are 
the areas for further research: 

1. The effects of ring roads and lane increase to the acceptancy of non-motorised 
modes of transport. 

2. The impacts of mixed land-use planning in residential spatial plans on accessibility 
to services. 

3.  Transport accessibility needs of the elderly in neighbourhoods. A social-inclusive 
approach. 
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