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Abstract 

The concept of ecosystem services is getting more used in 
planning. One important type of cultural ecosystem 
services is recreation, which has to be consumed where it 
is provided in contrast to services that can be transported 
to the beneficiaries. This creates a demand for users to 
move to the site of the service, making accessibility an 
important characteristic of the service. In a sustainable 
region the access to different services, including 
recreation, has to be considered in planning. 

With general transit feed specification data available, 
storing spatial information and time tables for public 
transport, the possibility to create time table dependent 
travel time models emerge. This study utilizes a prototype 
tool for a geographic information system software to 
create a network model using time tables to calculate 
travel times between different origins and water related, 
cultural ecosystem services via the public transport 
network in Stockholm County, Sweden. This allows for 
mapping of spatial variation of access within a region, and 
by combining this with current census data and population 
forecasts potential visitors to different recreational sites 
now and in the future can be estimated. By consulting 
regional planners in the design of the study the results 
were made useful for the study area Stockholm County as 
planning support system.  

Keywords: cultural ecosystem services; planning support; 
network analyses; travel time model; accessibility 
analyses;  
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Summary in Swedish 

Både naturliga och människopåverkade ekosystem 
producerar en rad tjänster människan drar nytta av. En 
typ av ekosystemtjänster är de kulturella, innefattandes 
bland annat möjlighet till rekreation. Den typen av 
ekosystemtjänster är bundna till en plats, vilket innebär 
att människor måste ta sig dit för att kunna nyttja 
tjänsten. Därför är tillgänglighet en viktig aspekt när man 
talar om kulturella ekosystemtjänster. Tillgänglighet hos 
olika platser beror starkt av hur samhället planeras. I 
Stockholms Län är just den goda tillgången till rekreation i 
och med regionens gröna såväl som blåa struktur en viktig 
aspekt av dess attraktivitet. Inom regionplaneringen finns 
det en ambition att ta mer hänsyn till vatten genom att ta 
fram planeringsunderlag, och en prioriterad 
vattenmiljöfråga är kultur- och rekreationsvärden.  

Syftet med den här studien var att analysera 
tillgängligheten hos kulturella, vattenrelaterade 
ekosystemtjänster i Stockholms län nu och år 2050, för att 
skapa underlag för planering. I en workshop med 
arbetsverksamma planerare identifierades kulturella, 
vattenrelaterade ekosystemtjänster intressanta ur ett 
regionalt perspektiv. Med hjälp av ett geografiskt 
informationssystem skapades en modell som beräknar 
restiden mellan olika platser i Stockholmsregionen och 
vattenrelaterade kulturella ekosystemtjänster via 
kollektivtrafiknätet. Tack vare tillgången till den typ av 
data webbaserade reseplanerare använder sig av fanns 
möjlighet att skapa en modell som uppskattar restider 
baserat på gällande tidtabeller. Dessa restider kunde sedan 
användas för att kartlägga hur tillgången till de studerade 
tjänsterna varierar mellan olika platser i regionen. Genom 
att koppla detta till nuvarande befolkningsdata och 
befolkningsprognoser för år 2050 kunde mått på 
tillgången till och tillgängligheten hos vissa kulturella, 
vattenrelaterade ekosystemtjänster tas fram för nutid och 
framtid (dock utan att ta förändringar i kollektivtrafiken i 
beaktande). 

Studien visade bland annat att ca 35 % av befolkningen i 
Stockholms Län har god tillgång till offentlig 
skärgårdstrafik, medan ca 70 % har god tillgång till 
offentliga badplatser. För både dessa tjänster är tillgången 
väntad att minska något till år 2050. Studien pekar också 
ut vilka badplatser som väntas få den största ökningen av 
potentiella besökare till 2050. Metoden kan vidare t.ex. 
användas för att studera andra typer av tjänster, eller för 
att analysera hur förändrad kollektivtrafik påverkar 
restider i regionen. Det är med andra ord en metod med 
potential att bli användbar som planeringsstöd, både på 
regional och kommunal nivå. 
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1. Introduction 

Ecosystem services can be defined as “The benefits people 
obtain from ecosystems” (Millennium Ecosystem 
Assessment 2005, p V). According to the Millennium 
Ecosystem Assessment (2005) these can be provisioning 
ecosystem services (e.g. food and timber), regulating 
services (e.g. how ecosystems improve water quality or 
decompose our waste), cultural services (e.g. recreation) 
and ecosystem services supporting others (e.g. 
photosynthesis). Humans are very much benefiting from, 
and are in some cases completely reliant on, different 
services produced by the natural world with its 
ecosystems and their organisms. These services are 
produced by all kinds of ecosystems, from undisturbed 
ones to those very strongly characterized by human 
activity. The complexity of the services from the 
ecosystems and their interactions are made visible by the 
ecosystem service concept, which also integrates the 
ecological, social and economic aspects of ecosystem 
services (Brauman et al., 2007). 

There are several ecosystem services that are linked to 
water and some of these are cultural. In CICES (the 
Common International Classification of Ecosystem 
Services) one group of cultural ecosystem services is 
“Physical and experiential interactions”, including 
recreational activities (European Environment Agency, 
2016). Cultural ecosystem services can be regarded as 
being intangible and subtle. The values of these services 
are subjective, being dependent on preferences of the 
individual and the culture, but cultural ecosystem services 
are often highly valued by different stakeholders including 
the public. According to a review by Milcu et al. (2013) 
many studies within the field of cultural ecosystem 
services discuss different development strategies and their 
related trade-offs and conflicts. There are different voices 
in the debate of how well cultural ecosystem services are 
considered in decision making, where some claim that 
they are under-regarded and some claim that they are 
more recognized than supporting and regulating 
ecosystem services, but there is a general opinion that 
cultural ecosystem services should be integrated in 
management plans. There exists recognition of the 
contribution of some of these services to human well-
being which underlines their social importance (Milcu et 
al., 2013). 

One important aspect of many cultural ecosystem services 
is that they have to be consumed in the same location as 
they are produced, which means that beneficiaries will 
have to move to the location of the ecosystem service 
production, e.g. a recreationally valuable site. This is 
referred to as user movement related ecosystem services 
by Costanza (2008). This leads to a need to consider the 
geographical accessibility of this type of ecosystem 
services, being a fundament for the possibility to actually 
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benefit from them, which research has started to 
recognize (Fisher et al., 2009; Paracchini et al., 2014; Ala-
Hulkko et al., 2016). 

Within Stockholm County there is an explicit ambition to 
develop methods for taking water into consideration in 
the regional planning more than what has been done 
previously (Stockholm County Council, 2013) (Stockholm 
County Council, 2015). There is also an ambition to start 
using the concept of ecosystem services when formulating 
objectives, discussing demands in the region and 
suggesting measures for a sustainable development 
(Stockholm County Council, 2015). One aspect related to 
this is WCESs (water related, cultural ecosystem services) 
and the accessibility of those (Stockholm County Council, 
2013), especially in Stockholm County where the 
proximity to water and green areas are important 
attributes of the attractiveness of the region (Stockholm 
County Council, 2015).  A GIS (geographical information 
system) can be used to assess travel times between people 
and services, e.g. recreationally valuable sites, via defined 
transport networks, hence making it possible to assess 
spatial variation in geographical accessibility of cultural 
ecosystem services. 

 

1.1 Aims and objectives  

The aim of this master thesis project was to perform an 
accessibility analysis of important WCESs in Stockholm 
County now and in year 2050. The results are intended to 
be used as a basis for planning, and also to provide 
planners with a methodology that could be applied to 
assess the accessibility of other services. In order to define 
important WCESs and aspects of accessibility relevant for 
the planning of the region a workshop was organized. GIS 
was used to create a network model allowing for the 
calculation of shortest travel times between defined 
origins and WCESs. These travel times were then 
processed to present different measures of accessibility of 
and access to some WCESs in Stockholm County, 
including predictions for 2050 based on population 
forecasts.  

 

1.2 Structure of the report 

Section 1 offers a short introduction to the subject of the 
study and a description of its aim. Section 2 presents the 
concept of accessibility analysis and includes a state of the 
art description, based on a review of relevant previous 
studies. This leads to the definition of some gaps in 
previous research motivating this study. In section 3 the 
study area is presented, together with some steering 
documents motivating the need for this study from the 
perspective of Stockholm County. The data and 
methodologies used to perform this study are accounted 
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for in section 4. In section 5 the results, mainly consisting 
of maps, are presented and described. The results are then 
discussed in section 6 together with an assessment of the 
method and its uncertainties, and suggestions for further 
work. Lastly, the most important conclusions of the study 
are stated in section 7. 

 

2. Geographical accessibility analysis  

Accessibility can have many different definitions and 
dimensions. The spatial pattern of physical access to 
something is one of them, and that aspect is the focus of 
this master thesis. This dimension of accessibility only 
depends on the location of people in relation to the 
location of their destination, and the means of getting 
there, leaving out e.g. cultural and social factors that of 
course also have an impact on where people actually go 
(Higgs 2004). This can be referred to as “geographical 
accessibility” and that is what is meant by “accessibility” 
in this report unless explicitly stated. Usually the potential 
accessibility is studied, rather than looking at the actual 
utilization of a service (Higgs 2004). 

The spatial characteristics of ecosystem services have been 
discussed in relation to ecosystem service assessment in 
several studies (e.g. Syrbe & Walz, 2012). It is argued that 
the spatial dimension is important to include in the 
assessment alongside other characteristics. Ecosystem 
services can be described spatially in terms of service 
production areas where the ecosystem producing the 
service is located, service benefiting areas where the 
demand for the service is located, and the service 
connecting areas connecting production and demand sites 
and allowing for utilization of the service (Fisher et al., 
2009). Defining ecosystem services as “The benefits 
people obtain from ecosystems” (Millennium Ecosystem 
Assessment, 2005, p V) people have to benefit from an 
ecosystem function for it to become a service. This means 
that the existence of a connection between the benefiting 
area and the beneficiaries needs to be included in an 
ecosystem service assessment (Fisher et al., 2009; 
Paracchini et al., 2014; Ala-Hulkko et al., 2016). There are 
cases when producing areas and benefiting areas coincide 
(Fisher et al., 2009). Recreation is an example of that, and 
was classified by Costanza (2008) as a user movement 
related ecosystem service type, as it explicitly requires 
users to move to the service producing area, in contrast to 
some ecosystem services that can be brought to the 
beneficiaries.  

Accessibility can be assessed by analysing networks such 
as roads and paths (Fisher et al., 2009; Paracchini et al., 
2014; Syrbe & Walz, 2012), assessing travel time between 
beneficiaries and the service providing areas via 
transportation networks. This can be done with the help of 
GIS-based least-cost path analysis, which is a 



  Helena Falk                                                                     TRITA-LWR Degree Project 2016:08 

4 

 

functionality that allows for finding the, according to 
some criteria, best way between two locations via a 
network. This type of methodology could be used to find 
the fastest or shortest way via a road network between a 
place where people live and a site providing an ecosystem 
service such as a recreational opportunity. With other 
words GIS makes it possible to assess spatial and 
temporal variation in accessibility (Higgs 2004). 

So far the application of least-cost path analysis to assess 
accessibility of ecosystem services seems to have been 
attempted only by Brabyn & Sutton (2013) and Ala-
Hulkko et al. (2016). However the concept is analogous to 
another application of the same methodology, namely 
analysis of access to health care, motivating that the 
progress of accessibility analysis in that field is included in 
this literature review. The focus is on the use of least cost 
path methodology, which is one of several methods for 
assessing accessibility.  A review of research utilizing GIS 
to assess access to health services by Higgs (2004) 
provides a good starting point for understanding the state 
of the art. Most studies have measured potential 
accessibility, rather than looking at actual utilization of 
health care or the connection between health outcome and 
potential access to health care. It is stressed that 
accessibility can have many different definitions and 
dimensions, including but not restricted to the 
geographical accessibility. 

Three types of factors affecting geographical accessibility 
can be identified. One is the spatial configuration of 
destinations, such as ecosystems service producing areas, 
and different attributes of these related to their quality – 
which ones are important in the current study and where 
are they located? Another is factors related to the 
transport system that provides the opportunity for people 
to reach the facilities – what means of transport, including 
e.g. roads or public transport, are available to get from the 
origin to the destination and what are their 
characteristics? The last type of factors is about the 
people: where they live and who they are, based on census 
data (Brabyn & Sutton, 2013; Higgs, 2004; Ala-Hulkko et 
al., 2016; Paracchini et al., 2014).  

 

2.1 Modeling travel time 

When estimating travel time in a public transport network 
different approaches are possible. In contrast to private 
transport, e.g. by car, public transport is in reality only 
possible along specific routes and follows defined time-
tables that varies with e.g. day of the week or part of the 
year. A review of approaches to modeling public transport 
accessibility using GIS by Djurhuus et al. (2016) discusses 
how this has previously been handled. A very simplified 
way to model public transport is to make assumptions 
regarding travel speed and transfer time, e.g. using 
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average travel speeds for different means of transport, 
constant transfer times and assuming the waiting time for 
a public vehicle to be half the time between departures. In 
a simple model the journey can be assumed to start when 
boarding your first vehicle and end when you disembark 
at your destination. A more complex model would include 
route schedules and also use a door to door approach, 
including walking to and from stops and waiting times 
along with the time actually riding a vehicle. Some models 
take into consideration more stops than the nearest, as the 
route starting closest to your home is not necessarily the 
fastest one. Some realise the fact that the walking distance 
to and from the starting point/end point impacts our 
willingness to travel by using a threshold for which 
walking time that is acceptable. 

Most previous attempts to use multimodal network 
analysis to assess accessibility have not accounted for 
temporal variation in travel times, simply because 
standard GIS software has not supported that. Instead 
average times have been used for transfer times, waiting 
times and the times spent in vehicles (Djurhuus et al., 
2016). A fairly new data format, GTFS (general transit 
feed specification), creates new opportunities for handling 
the temporal dimension of public transport. Online 
journey planners are typically based on GTFS data. 
Salonen & Toivonen (2013) used the API (application 
programming interface) of the local travel planner to 
calculate travel times, hence creating a model accounting 
for temporal variation. By using the travel planner they 
took on a door-to-door approach and included all aspects 
of the journey such as waiting times. This was done 
completely outside GIS. Djurhuus et al. (2016) also 
utilized public transport schedules. Their approach used a 
SQL (structured query language) database with public 
transport schedules to calculate travel times and keep 
track of available departures for different stops. In 
addition they used GIS to calculate walk times along a 
street network from the starting point to all stops within 1 
km, from the last stop to the final destination and between 
stops during transfers along the way. This was then 
combined into a multimodal network built in a GIS 
software and used to calculate measures of accessibility 
using a door to door approach. In the model they included 
a restriction for walking set to a maximum of 1 km to the 
first stop, from the last stop and during transfers. 
Djurhuus et al. (2016)  also used a maximum time of 20 
min for making transfer between vehicles.  

 

2.2 Measures of geographical accessibility 

There are different approaches to measuring geographical 
accessibility, which are varying in complexity as well as in 
suitability for different applications. The results of an 
accessibility analysis are, not surprisingly, very sensitive 
to how accessibility is measured, what is defined as 
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accessible or not accessible (Brabyn & Sutton 2013; Higgs 
2004) and what destinations that are included in or 
excluded from the analysis (Brabyn & Sutton, 2013). The 
measure suitable for assessing accessibility depends on 
the destination type and how people behave when it 
comes to travelling to it. For a very local service it might 
be sufficient to only include the nearest destination in the 
analysis, while for services with a larger catchment the 
more complex reality might have to be accounted for by a 
more complex model (Higgs 2004). When it comes to 
health care people tend to visit the same facility 
repeatedly, while there is a higher demand for variation 
when it comes to recreation opportunities, making it 
interesting to include more than the closest destination 
(Brabyn & Sutton, 2013). 

Some possible ways of measuring accessibility suggested 
in previous studies of access to cultural ecosystem services 
include 

 Number of destinations within x min of each census 
unit, or average values calculated from a group of 
census units forming e.g. a region (Brabyn & 
Sutton, 2013). 

 Travel time to the n:th (e.g. first, second or fifth) 
closest destinations from each census unit, or 
average values calculated from a group of census 
units forming e.g. a region (Brabyn & Sutton, 2013; 
Ala-Hulkko et al., 2016). The resulting map could 
then be classified according to selected thresholds 
showing areas where the population can get to the 
n:th destination within x min (Ala-Hulkko et al., 
2016). 

 Number of inhabitants within a certain travel time 
from a specific destination (Brabyn & Sutton, 
2013). 

Brabyn & Sutton (2013) point out that average values can 
be misleading as they do not reveal the number of people 
affected, which could be considered e.g. by calculating  

 Number of inhabitants without access to a certain 
type of destinations within a certain distance. This 
measure is analogous to a measure in health care 
applications that have proved useful (Brabyn & 
Sutton, 2013). 

 Percentage of the population within a certain travel 
time of a certain service (Brabyn & Sutton, 2013; 
Ala-Hulkko et al., 2016). 
 

2.3 The choice of measures and definitions 

When creating a GIS-based least-cost path model to 
assess accessibility some choices have to be made that 
affect the results. In this section different ways of 
handling that are presented. 
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First one must decide which destinations, in this case 
WCESs, that should be included in the analysis. Further, 
in order to be able to distinguish between who has “good” 
or “adequate” access to something and who has not, some 
kind of thresholds need to be defined: what travel time is 
acceptable, and when is it so long that a destination 
becomes inaccessible? Ala-Hulkko et al. (2016) focused on 
their own selection of ecosystem services, based on 
statistics of average travel times of Finnish people and a 
discussion of which types of ecosystem services that 
depend on geographical accessibility. Brabyn & Sutton 
(2013) used their own selection of outdoor recreation 
opportunity types picked from a standard classification 
list in New Zealand. For choosing travel time threshold 
inspiration was taken from health care accessibility 
studies, and an assumption was made that the acceptable 
travel time is longer for activities that last longer, one 
would e.g. be willing to travel longer for a day of hiking 
than for a short walk after work. They used 2 hours as a 
threshold travelling time for the former and 30 min for 
the latter. Paracchini et al. (2014), who also considered 
accessibility of recreation in their study but using other 
methods, used visitor surveys from three different 
countries a basis for deciding on what recreational 
opportunities that are attractive. To decide travel time 
thresholds they consulted a panel of experts of different 
European nationalities. 

 

2.4 Usefulness 

In order to motivate this type of study it is important to 
think about if and when it is useful to analyse 
geographical accessibility using least-cost path analysis. 
Firstly, this type of model gets closer to reality than 
models only considering straight line distances (Brabyn & 
Sutton, 2013). When it comes to its applications in reality 
they are related to planning and land management. Some 
questions that could be answered are 

 Where do people have limited possibilities to reach 
the studied destinations within a reasonable time, 
and where does the population have good access? 
What regional differences are there? (Ala-Hulkko et 
al., 2016; Brabyn & Sutton, 2013) 

 How can planning consider access to recreation? 
(Brabyn & Sutton, 2013)  

 Where and how much should investments in 
ecosystem services be made? (Ala-Hulkko et al., 
2016)  

 How can equity be achieved when it comes to access 
to recreation? (Brabyn & Sutton, 2013) 

The first question in this list is the type of question that 
this study answers for Stockholm County, while the other 
questions could be answered by combining the results of 
this study with other knowledge. 
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3. Study area: Stockholm County 

Stockholm County contains the capital of Sweden and its 
surrounding land. It covers an area of 6519 km2, consists 
of 26 municipalities and had a population of 2 198 044 in 
2014. The average population density was 337 
inhabitants/km2 (Stockholms Stad, 2016).  An important 
attribute of the region that makes it attractive is its 
proximity to water and green areas (Stockholm County 
Council, 2015).  

The following subchapters describe some important 
guiding documents motivating the application of this 
study in the study area. 

 

3.1 Regional environmental strategy for water  

SLL (The Stockholm County Council, Swedish 
abbreviation of Stockholms Läns Landsting) is 
responsible for the regional planning in the county, and 
has adopted a regional environmental strategy for water 
(Stockholm County Council, 2013).  There it is pointed out 
the role of planning in making water related services 
accessible to the population and to other stakeholders. 
There is an ongoing work aiming at developing how the 
county considers water in regional planning and in their 
in-house sustainability work. SLL has identified a need for 
more material that can be used as a basis for considering 
water related questions in planning, which is to be 
developed according to the strategy. In this work 
recreation and cultural values are among the prioritized 
aspects of water. 

 

3.2 RUFS 2050: a new regional development plan 

The county of Stockholm is in 2016 working on the 
creation of the next regional development plan to be used 
from its implementation until the year 2050: RUFS 2050 
(Swedish abbreviation of “Regional utvecklingsplan för 
Stockholm 2050”). In this plan sustainable development 
plays an important role. The concept of ecosystem services 
will be used when formulating objectives, discussing 
demands in the region and suggesting measures for a 
sustainable development. Water will have a more 
prominent role than in the last regional development plan 
(Stockholm County Council, 2015). 

 

3.3 Sweden’s environmental objectives 

The Parliament of Sweden has adopted a set of 
environmental objectives that are supposed to guide the 
efforts to before 2020 solve the major environmental 
challenges of the country (Swedish Environmental 
Protection Agency, 2012). One environmental quality 
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objective is to have “Flourishing Lakes and Streams” 
where the value of keeping surface water ecosystems 
functioning is recognized, not least for its capacity to 
provide all kinds of ecosystem services. One important 
aspect is their cultural ecosystem services, such as 
providing the opportunity for recreation. A similar 
objective exists for marine water: “A Balanced Marine 
Environment, Flourishing Coastal Areas and 
Archipelago”. There is also an environmental quality 
objective about “A Good Built Environment” stressing the 
importance of the built environment to offer good living 
conditions, where opportunities for outdoor recreations is 
mentioned as one aspect. It states that physical planning 
can help with reaching greater environmental benefits. In 
the objective about “A Rich Diversity of Plant and Animal 
Life” it is stated that “people must have access to a good 
natural and cultural environment rich in biological 
diversity, as a basis for health, quality of life and well-
being” (Swedish Environmental Protection Agency 2012, 
p 24). 

 

3.4 Boverket’s goals for planning 

Boverket, the Swedish National Board of Housing, 
Building and Planning, mentions the importance of 
consideration of green as well as blue areas in planning in 
a report on measurable goals for planning (Boverket, 
2015). One suggested goal for planning is to achieve “a 
functioning green structure”. It is stressed that green and 
blue areas are very important for human well-being and 
very important for a sustainable urban development. 
Another goal is about “good everyday accessibility” and is 
motivated by a need for the opportunity to reach different 
destinations in an energy efficient manner available to 
people with varying income and age, pointing out public 
transport as important. 

 

3.5 Population forecast 

In 2007 as a part of the work with the last regional 
development plan, RUFS 2010, a prediction of among 
other things the population of the region in 2050 was 
done, and it was revised in 2012 (TMR-SLL, 2012). It 
includes different scenarios with different assumptions 
regarding net immigration. In this study a baseline 
scenario and a high net immigration scenario are used 
when doing predictions for 2050. The predictions are 
available on base area level (census units used by TRF 
(The Growth and Regional Planning Administration of 
SLL) as the units for census data) describing the predicted 
spatial distribution of the population in the scenarios.  
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4. Material and methods 

This master thesis project can be divided into several 
stages. The first was to identify, collect and prepare the 
required data. An important part of this was a workshop 
at TRF. This stage was followed by the set-up of a GIS 
model to perform the accessibility analysis. The last step 
was to process the outputs of the model and visualize the 
results as measures of accessibility. 

 

4.1 Workshop 

In order to make the results of the project useful for 
regional planning in the study area a 2 hour workshop was 
arranged. Participating in the workshop were 8 regional 
planners from TRF and 2 representatives from the 
environmental non-governmental organization the 
Swedish Society for Nature Conservation (SSNC). The 
aims of the workshop were to identify WCESs important 
for Stockholm County on a regional level and important 
to consider when planning for the future, and what 
outputs that would be interesting to derive from the 
model. For a full documentation of the content and 
discussions of the workshop please refer to Appendix I. 

 

4.2 Data 

Three types of data are required for a least cost path 
analysis: origins, destinations and a transport network. An 
origin represents a starting point of a trip, the destination 
is the end point of the trip and transport between the 
points occurs via the transport network. 

Two types of origins were used in the analysis. The main 
type was the centroids of census units referred to as base 
areas by TRF, obtained as shapefile polygons, assumed to 
represent all the inhabitants within the base area. They 
are used as the units for census data and in predictions of 
the future population. The base areas can be seen in 
Figure 1. 

For each base area the population in 2015 according to 
data from TRF’s database (TRF, 2016) and the predicted 
population in the baseline and high net immigration 
scenarios for 2050 according to forecasts (TMR-SLL, 
2012) (see section 3.5) was available. The analysis was 
also performed with schools in the county as origins, as a 
way of assessing accessibility for children. Geographical 
data on schools in Sweden was obtained from The 
Swedish National Agency for Education (2014), including 
all elementary schools.  

The transport network used consisted of the public 
transport organized by SL (Storstockholms Lokaltrafik, 
the public transport in Stockholm County) including 
metro, bus, light rail, tram, commuter rail and some 
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inner-city ferry traffic. The choice of assessing 
accessibility via public transport is motivated by the 
importance of public transport in a sustainable, urban 
region. The data was obtained as a part of a national 
dataset with public transport data from all over Sweden in 
GTFS format from Trafiklab, a Swedish community for 
open source traffic data (Trafiklab, 2016). GTFS data 
consists of several text files and contains spatial 
information, i.e. the location of stops and the links 
between them, along with time tables.  

To allow for pedestrians to walk between stops a street 
network dataset containing streets for cars, cycles and 
pedestrians called “Vägtrafiknät” (road traffic network) 
provided by NVDB (the national road database of 
Sweden) was used in addition to the public transport 
network. This was downloaded from Lastkajen, a system 
for data provided by the Swedish Transport 
Administration (2016). 

 

Figure 1 - The division of Stockholm into base areas, serving as census data 
units. Data sources: TRF (2016); Lantmäteriet (2016)  
 

Based on the workshop bathing sites and departure points 
for public archipelago boats were used as destinations for 
the analysis. The Swedish Agency for Marine and Water 
Management (SAMWM) provides data on water quality 
from bathing sites all over Sweden, including data on 
location (The Swedish Agency for Marine and Water 
Management, 2016). It is mandatory for municipalities to 
report the water quality of registered EU bathing sites 
(bathing sites with an average of more than 200 visitors 
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per day during the bathing season). The municipalities 
can also choose to monitor other bathing sites, and report 
those to SAMWM, which are in that case added to their 
database. As not all municipalities have all their bathing 
sites registered in the SAMWM database complementary 
data on bathing sites was requested from the 26 
municipalities in Stockholm County. Out of these 16 
municipalities delivered the requested data.  

Data on departure points for archipelago boats was 
extracted from the national GTFS public transport data 
used for the transport network (Trafiklab, 2016), 
consisting of the stops operated by the public agency 
Waxholmsbolaget.  

Bathing sites and public archipelago boat departure points 
used as destinations in the analysis can be seen in Figure 
2. 

 

Figure 2 – WCESs used as destinations in the model. To the left: bathing 
sites. To the right: public archipelago boat stops. Data sources: 
Lantmäteriet (2016); The Swedish Agency for Marine and Water 
Management (2016), municipalities in Stockholm County, Trafiklab (2016). 

 

As background for the maps produced land cover and 
municipality borders in vector format from the GSD-
overview map provided as open data by Lantmäteriet 
(2016) were used.  

All data used in the study is listed in Table 1.  
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Table 1 –List of data used in this study 

 

 

 

 

 

 

 

 

 

 

 

 

4.3Accessibility analysis 

The accessibility analysis was performed in GIS as a least 
cost path analysis, a method for finding the best, in this 
case the fastest, route between two points via a given 
transport network. In this section the software used is 
described followed by a description of the different steps 
of preparing and performing the accessibility analysis. 

 

4.3.1 Software  

The accessibility analysis was performed using the GIS 
software ArcGIS 10.3 by ESRI (2016), including the 
application ArcMap. ArcMap is an application for 
displaying, exploring, creating, editing and analysing 
spatial data, and designing maps. For the least cost path 
analysis an extension in ArcMap called Network Analyst 
was used. For some of the data management the software 

Data Description  Source 

Base areas Polygon shapefile with census 

units used by TRF 

TRF, 2016 

Census data Population size per base area TRF, 2016 

Population forecast Predicted population size in 

2050 per base area 

TMR-SLL, 2012 

Elementary schools Point location of all elementary 

schools in the region 2014 

The Swedish National Agency for 

Education. 2014 

Public transport 

network 

GTFS data including spatial 

information and time tables 

for public transport operated 

by the public transport agency 

SL. 

Trafiklab, 2016 

Street network Line shapefile containing 

streets for cars, cycles and 

pedestrians 

The Swedish Transport 

Administration, 2016 

Bathing sites Point location of water quality 

monitored bathing sites 

The Swedish Agency for Marine and 

Water Management, 2016 

Bathing sites Point location of bathing sites 

managed by the municipality 

16 out of 26 municipalities in the 

reigon 

Archipelago boat 

departure points 

GTFS data including location 

of stops operated by the public 

archipelago boat agency 

Waxholmsbolaget 

Trafiklab, 2016 

Map background 

elements 

Land cover and municipality 

borders in vector format from 

the GSD-overview map 

Lantmäteriet, 2016 
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Microsoft Access (Microsoft, 2016) was used, a software 
that can among other things store, display and analyse big 
tables of data. To make it possible to use the GTFS public 
transport data with ArcMap Network Analyst a prototype 
toolbox called Add GTFS to a Network Dataset was used 
in ArcMap (Morang & Stevens, 2016). This toolbox makes 
it possible to create GIS features of public transport 
transit lines and stops, as well as creating connectors 
between public transport stops and a street network, so 
that walking between stops can be modelled. It also makes 
it possible to use the generated features in a network 
model using the time table data from the GTFS files to 
calculate travel time. 

 

4.3.2  Data preparation 

The first step of the analysis was to prepare and add the 
input data to a GIS. The public transport GTFS data 
included data for areas outside of the study area. This 
dataset was very large, the largest file being stop_times.txt 
containing more than 6.7 million rows of which only 
around 1.4 million rows concerned the study area. There 
were other files also containing data from other areas than 
Stockholm County, but they were not nearly as big. To 
make the data more manageable Microsoft Access was 
used to create a new stop_times.txt only containing rows 
for trips operated by SL. This was done by using the 
relationship between stop_times.txt and trips.txt based on 
the common field trip_id and then using the attribute 
route_id (containing information about the operating 
agency) in trips.txt to find trips on routes operated by 
these agencies. The modified GTFS data was then 
transformed into data that can be used by the GIS, namely 
into feature classes with transit lines and stop points, 
using the tool by Morang & Stevens (2016). For each 
public transport stop a corresponding point snapped to 
the closest street was created, together with a connector 
line between the stop and its corresponding point on the 
street. The maximum distance between a stop and the 
street for them to be connected was set to 100 m. The 
purpose of this was to connect the public transport stops 
with streets, allowing for people to walk between public 
transport stops e.g. when going from a metro station to a 
bus stop. The street line feature was split at the locations 
of the stops snapped to the streets in order for the streets 
to have vertices at those points. For an illustration of the 
different features of the network please refer to Figure 3. 

The archipelago boat stops were extracted from GTFS in 
an analogical manner by using only transits from the 
agency operating the archipelago boats 
(Waxholmsbolaget) and saving the features containing the 
stops. 

The data on bathing sites from SAMWM and the 
municipalities were merged into one feature. 
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The census unit data consisted of polygons. A point layer 
containing the centroid of each base area polygon was 
created to be used as origins in the network analysis.  

 

4.3.3  Creation of a network model 

In the GIS software the transit lines and stops for public 
transport, street lines, stops snapped to streets and 
connectors between streets and public transport stops 
were used to create a network model – a dataset where 
edges (network lines) are linked to each other due to 
connections at defined junctions and where the cost, in 
this case travel time, for each edge segment is stored as an 
attribute. A zoomed in image of a part of the network can 
be seen in Figure 3, showing the different types of edges 
(lines) and junctions (points). 

Three connectivity groups were used for the network, 
defining rules for movement between different parts of 
the network. In the network so called edges are created 
from line data, and junctions are created from point data. 
Two edges can only be connected to each other if they are 
in the same connectivity group or if they have a common 
junction that is part of both connectivity groups. Table 2 
shows the connectivity groups used for this study. As the 
table illustrates these groups make it possible to go from a 
transit line to a street via a connector. Public transport 
stops participate in the same connectivity group as both 
public transport transit lines (group 3) and the connectors 
(group 2), making it possible to go between public 
transport and connectors. Stops snapped to streets are in 
the same connectivity group as the connectors (group 2) 
as well as the streets (group 1) making it possible to go 
from a connector to a street and vice versa. Transit lines 
and connectors were only allowed to connect at the end 
point of a segment, as these were located at 
stops/snapped stops. This means that it is not possible to 
e.g. get on or off a bus between two stops. The street data 
however, had vertices where streets met, but not 
necessarily endpoints. Hence streets were allowed to 
connect at any vertex.  

Table 2  - Connectivity groups used when construting the network in GIS 

Edge type Group 1 Group 2 Group 3 

Public 

transport 

transit lines 

  X 

Streets  X   

Connectors 

between 

public 

transport 

stops and 

 X  
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streets 

Public 

transport 

stops 

 X X 

Public 

transport 

stops snapped 

to closest 

street 

X X  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - Zoomed in picture of the network built in GIS including public 
transport stops (blue points), stops snapped to streets (pink points), 
connectors between stop and the corresponding snapped stop (pink lines), 
public transport transit lines (blue lines), streets (black lines) and street 
junctions (black points). Data sources: Lantmäteriet (2016); Trafiklab 
(2016); Trafikverket (2016)  

 

An attribute storing travel time for each segment was 
created for the network.  For the transit line edges travel 
was allowed in the forward direction only and the travel 
times were calculated using the time table information 
from the GTFS data with the tool by Morang & Stevens 
(2016). For the connectors the travel time was set to 0 as 
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these do not correspond to any real transport. However a 
travel time could have been added to model the time it 
takes to board or get off a vehicle. For street edges travel 
time tstreet was calculated as . The 
default value for the parameter “walkspeed” was set to 70 
m/min. A boolean parameter was added to the network 
model making it possible to run analyses using GTFS time 
table data for a specific date and time, which was set to 
“true”. 

The main assumptions made when constructing the model 
are listed in Table 3. 

 

Table 3 – Model assumptions 

 

4.3.4 Creation of travel time matrices 

The network model was used to create matrices of the 
shortest travel time between origins and destinations. To 
make the origins and destinations have contact with the 
network they had to be snapped to the network. Snapping 
was allowed to the closest street or public transport stop 
as these are the natural entrance points to the network for 
pedestrians, in contrast to public transport transit lines 
(you can e.g. not get on a bus between two stops). When 
snapping a search radius of 500 m was used. Points 
further away than that from the network were not 
considered accessible via the network. Table 4 lists the 
matrices produced: their origins, destinations, time of the 
analysis and the situation attempted to model. For each 
matrix the analysis was done three times: 10 min before 
the time of analysis, at the time of the analysis and 10 min 
after. The results from the three runs were then merged 
and the minimum travel time for each route was used. 
This was done in order to account for the variation of 
travel time related to departure time. 

 

Model assumptions 

Public transport network includes transits operated by SL in April 2016. 

People can access the network via streets and public transport stops. 

Public transport transit lines can only be accessed via stops. 

Origins (e.g. base areas centroids) and destinations (e.g. bathing sites) are reachable via the 

network if they are located within 500 m of a street or a public transport stop. 

The travel time to a specific destination is uniform within a base area. 

It is possible to walk between public transport stops via the street network. 

The walk speed along the street network is 70 m/min. 

Travel times along public transport transits corresponds to time tables. 
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Table 4 - Travel time matrices created using the network 

Matrix 

alias 

Origins Destinations Time Situation 

A Base area 

centroids 

Bathing sites within 

30 min travel time of 

each origin 

Thursday 18:00 Going 

swimming 

after a 9-5 

work day 

B Base area 

centroids 

The bathing site 

within the shortest 

travel time of each 

origin 

Thursday 18:00 Going 

swimming 

after a 9-5 

work day 

C Base area 

centroids 

Bathing sites within 

30 min travel time of 

each origin 

Sunday 12:00 Going 

swimming in 

the weekend 

D  The bathing site 

within the shortest 

travel time of each 

origin 

Sunday 12:00 Going 

swimming in 

the weekend 

E Base area 

centroids 

The public 

archipelago boat stop 

within the shortest 

travel time of each 

origin 

Sunday 12:00 Going on an 

archipelago 

trip in the 

weekend 

F Schools Bathing sites within 

30 min travel time of 

each origin 

Thursday 14:00 Going 

swimming 

after school 

with the 

youth leisure 

centre 

 

4.4 Processing travel times 

The shortest travel times between all pairs of origins and 
destinations produced in the matrices are not very 
informative as they are. Instead they were processed to 
present accessibility in different more meaningful ways. 
The base areas were mapped according to the travel time 
to the closest bathing site Thursday 18:00 and Sunday 
12:00 and to the closest public archipelago boat stop 
Sunday 12:00. This was meant to provide a comparison of 
the access to the destination type for the different base 
areas – a map of the spatial variation. In order to compare 
the possibility of variation of destination the number of 
accessible bathing sites, i.e. bathing sites within 30 min 
travel time, was mapped. Additionally the ratio between 
the number of inhabitants and the number of accessible 
bathing sites (within 30 min) was mapped for the base 
areas, as a measure of the access relative to the population 
size. This was done for 2015 and for both the baseline 
scenario and the high net immigration scenario for 2050. 
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To limit the number of figures this was done only for 
Thursday 18:00, the point in time offering the best access. 

The bathing sites were mapped according to number of 
potential visitors in 2015 on a Thursday evening, i.e. the 
number of inhabitants resident within 30 min travel time. 
Additionally the potential visitors in 2050 were mapped, 
as the percentage of the 2015 value, for both scenarios as a 
way of visualizing the predicted change in visitor pressure. 
As a measure of their accessibility for children they were 
mapped according to number of schools within 30 min on 
a Thursday afternoon. 

4.5 Model validation 

As an attempt to assess the accuracy of the travel times 
estimated by this model a random selection of 25 of the 
travel times in matrix B (see Table 4, section 4.3.4) was 
compared to the travel times suggested by an online 
journey planner. This was based on the assumption that 
travel times calculated by an online journey planner are 
good enough, as mapping true travel times would not have 
been feasible. 

 

4.6 Sensitivity analysis 

The sensitivity of the model to some of the parameters set 
by the user was assessed. The model was used to find the 
closest destination for each base area centroid on a 
Thursday 18:00 with the default walk speed of 70 m/min. 
It was also run once at the same time but with a walk 
speed of 80 m/min to assess sensitivity to walk speed, 
and once with the default walk speed but with the time set 
to 18:10 to assess the sensitivity to start time. In addition 
to this the travel time to one specific destination from 
several points within one base area was calculated to 
assess the variation in travel time within a base area. 
The results from this were considered when deciding the 
methodology described in chapter 4.3. 

 

5. Results 

When describing accessibility two different perspectives 
can be used. One is from the perspective of the users – 
who has good access and who has not? The other one is 
from the perspective of the destinations – which 
destinations are accessible and which are not? In this 
section the results of the accessibility analysis are 
presented, both from the perspective of origins and of 
destinations. Firstly, the results of the workshop, on which 
the choices made when modeling were based, are 
presented, followed by the results of the sensitivity 
analysis and the model validation.  
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5.1 WCESs and aspects of accessibility relevant for the 
planning of the region 

The workshop with planners from TRF and 
representatives from SSNC resulted in the following 
points: 

 Bathing sites, waterfront walking tracks and 
departure points for public archipelago boats are 
the most interesting destination WCESs in the 
context of regional planning in Stockholm County. 

 For activities that are typically planned on 
beforehand and carried out during a longer time, 
e.g. a trip to the archipelago or a day at the beach, 
a destination with a travel time of up to 1 hour 
could be considered as accessible. 

 For activities that are more spontaneous and/or 
carried out faster e.g. a walk or some bathing after 
work, a destination with a travel time of up to 30 
min could be considered as accessible.  

 Children constitute an important part of the 
population, who should have access to recreation. 
However one could assume that children are 
evenly distributed among census units, making it 
pointless to analyse the accessibility for children 
separately. However it would be interesting to 
perform the analysis with schools as origins, in 
addition to census units, as a way to assess the 
accessibility for children. 

 It would be interesting to compare accessibility with 
socioeconomic census data, e.g. income level, 
socioeconomic index or ethnicity, to assess if 
accessibility varies with socioeconomic status. 

For a full documentation of the content and discussions 
of the workshop please refer to Appendix I. 

 

5.2 Parameter sensitivity 

Three different assessments of the model’s sensitivity to 
parameter values were performed. Figure 4 maps how the 
travel time to the closest bathing site changed when 
changing the time of the analysis from Thursday 18:00 to 
18:10. For what by visual inspection appears to be a 
majority of the base areas the travel time changed more 
than 5 min (all areas that are not grey), and in some cases 
even more. Figure 5 shows what happened if the model 
was run at the same time, Thursday 18:00, but with the 
walk speed adjusted from 70 to 80 m/min. For most of 
the base areas the effect on the travel time was less than 5 
min, but there are also areas with larger differences.  

Figure 6 illustrates how the travel time to one destination 
varies among 13 different points within a base area 
(located in a rural part of the region). The difference 
between the shortest and the longest travel time is 76 min. 
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Figure 4 - Difference in travel time to the closest destination for each base 

area when changing the time of the anlaysis from Thursday 18:00 to 
Thursday 18:10. Blue indicates a decrease in travel time, gray a difference 
close to zero and yellow/red an increased travel time. Data sources: 
Lantmäteriet (2016); TRF (2016) 
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Figure 5 - The change in travel time to the nearest destination Thursday 
18:00 when increasing the walk speed from 70 m/min to 80 m/min. Data 
sources: Lantmäteriet (2016); TRF (2016) 
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Figure 6 - The variation of travel time to a common destination within a 
base area Thursday 18:00. Data sources: Lantmäteriet (2016); TRF (2016) 
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5.3 Model validation 

The results of the validation of 25 different modelled 
travel times is shown in Figure 7. The lighter line shows 
the difference of the modelled value compared to the 
travel time suggested by an online journey planner 
expressed in min, while the darker line shows the 
difference in %. The mean error for the 25 measurements 
is 4.5 min. Possible explanations for errors are discussed 
in the beginning of section 6.3. 

 

 

 

 

 

 

 

 

Figure 7 - Results of validation using an online journey planner. The 

difference between the modelled value and the travel time suggested by the 
journey planner shown for each of the 25 measurements as both an 
absolute value (min) and percentage (%). 

                   

5.4 Access to public archipelago boats 

Figure 8 visualizes the access to the archipelago per base 
area represented by the travel time from the base area 
centroid to the closest public archipelago boat departure 
point on a Sunday 12:00 via the public transport system of 
today. Green colour indicates a travel time up to 30 min 
which is regarded as having good access in this study, 
yellow areas can be seen as having moderate access and 
orange and red indicates poor access.  
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Figure 8 - Travel time to the closest public archipelago boat stop from each 
base area Sunday 12:00. Green indicates good access (<= 30 min). Data 
sources: : Lantmäteriet (2016); TRF (2016) 
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The fractions of the total population of the region having 
good access (a travel time up to 30 min) to a public 
archipelago boat departure point 2015 and 2050 are 
presented in Table 5. Please observe that the predicted 
value for 2050 is only considering population growth, no 
change in the public transport system is included. 

 

Table 5 - Fraction of total regional population having access to each 
destination type 

 

 2015 2050 baseline 

scenario 

2050 high net 

immigration 

scenario 

Public arcipelago boat 

departure point 

35% 34% 33% 

Bathing site Thursday 

18:00 

73% 71% 69% 

Bathing site Sunday 

12:00 

67% 64% 63% 

 

5.5 Access to bathing sites 

The travel time from each base area, represented by its 
centroid, to the closest bathing site is presented in Figure 
9 for Thursday 18:00 and Figure 10 for Sunday 12:00 via 
the public transport system of today. Differences between 
the two points in time are due to differences in public 
transport time tables. Again, green colour indicates good 
access, yellow areas moderate access and orange and red 
indicates poor access. The areas with good access are to a 
large extent concentrated to the central parts of the 
region. The figures show for many base areas a shorter 
travel time on a weekday evening than on Sundays, but 
there are cases where the opposite occurs. In many of the 
central base areas there is no difference between the two 
cases. Areas with no destination reachable in the network 
at the time of the analysis, shown as grey, are mainly 
located in the archipelago.  

To capture the possibility of variation when it comes to 
the choice of bathing site the number of destinations 
within 30 min was assessed. Figure 11 show the result per 
base area on a Thursday 18:00, Figure 12 on a Sunday 
12:00. Centrally located base areas have more bathing 
sites within 30 min than those located further out. Base 
areas with no destination accessible within 30 min are 
displayed as grey. 
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Figure 9 - Travel time to the closest bathing site for each base area 

Thursday 18:00. Green indicates good access (<= 30 min). Data sources: : 
Lantmäteriet (2016); TRF (2016) 
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Figure 10 - Travel time to the closest bathing site for each base area Sunday 
12:00. Green indicates good access (<= 30 min). Data sources: 
Lantmäteriet (2016); TRF (2016) 
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Figure 11 - Number of bathing sites within 30 minutes of each base area 
Thursday 18:00. Gray indicates no bathing site within 30 min. Data 
sources: Lantmäteriet (2016); TRF (2016) 
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Figure 12 - Number of bathing sites within 30 minutes of each base area 
Sunday 12:00. Gray indicates no bathing site within 30 min. Data sources: 
Lantmäteriet (2016); TRF (2016) 
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As a measure of the access in relation to number of 
inhabitants Figure 13, 14 and 15 show the number of 
inhabitants divided by the number of bathing sites within 
30 min for each base area on a Thursday 18:00 for 2015 
and for 2050, both scenarios. 

The fractions of the total population of the region having 
good access to a bathing site in 2015 and 2050 are 
presented in Table 5. Please observe that the predicted 
value for 2050 is only considering population growth, no 
change in the public transport system is included. 

5.6 Accessibility of bathing sites 

The potential visitors a Thursday 18:00, defined as the 
number of inhabitants within 30 min, are mapped for 
each bathing site in 2015 in Figure 16. Figure 17 and 18 
show the potential visitors in 2050 (for the baseline 
scenario and the high net immigration scenario) 
measured as the percentage of the value for 2015. 
Destinations with a value below 100 %, indicating a 
decrease in potential visitors compared to 2015, are 
mapped as blue and for those above 100 % yellow and red 
hues visualize the increase. While the bathing sites with 
the highest potential visitor pressure in 2015 are centrally 
located, those with the biggest increase until 2050 are 
located elsewhere. 

Figure 19 maps the bathing sites according to number of 
schools within 30 min travel time via the public transport 
system of today, a measure of how accessible they are for 
children. 
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Figure 13 - The number of inhabitants divided by the number of accessible 
bathing sites (within 30 min) for each base area Thursday 18:00 year 2015. 
Gray indicates no bathing site within 30 min. Data sources: Lantmäteriet 
(2016); TRF (2016) 
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Figure 14 - The number of inhabitants divided by the number of accessible 
bathing sites (within 30 min) for each base area Thursday 18:00 year 2050 
– baseline scenario. Gray indicates no bathing site within 30 min. Data 
sources: Lantmäteriet (2016); TRF (2016) 
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Figure 15 - T he number of inhabitants divided by the number of accessible 
bathing sites (within 30 min) for each base area Thursday 18:00 year 2050 
– high net immigration scenario. Gray indicates no bathing site within 30 
min. Data sources: Lantmäteriet (2016); TRF (2016)
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Figure 16 - Number of potential visitors (inhabitants within 30 min) for 
each bathing site Thursday 18:00 2015. Data sources: Lantmäteriet (2016); 
The Swedish Agency for Marine and Water Management (2016); 
municipalities in Stockholm County 
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Figure 17 - Number of potential visitors (inhabitants within 30 min) for 
each bathing site Thursday 18:00 in 2050, baseline scenario, expressed as 
% of number of potential visitors in 2015. Blue indicates a decrease 
compared to 2015, yellow/red indicates an increase. Data sources: 
Lantmäteriet (2016); The Swedish Agency for Marine and Water 
Management (2016); municipalities in Stockholm County 
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Figure 18 - Number of potential visitors (inhabitants within 30 min) for 
each bathing site Thursday 18:00 in 2050, high net immigration scenario, 
expressed as % of number of potential visitors in 2015. Blue indicates a 
decrease compared to 2015, yellow/red indicates an increase. Data sources: 
Lantmäteriet (2016); The Swedish Agency for Marine and Water 
Management (2016); municipalities in Stockholm County 
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Figure 19 - Number of schools within 30 min for each bathing sites 
Thursday 14:00 2015. Data sources: Lantmäteriet (2016); The Swedish 
Agency for Marine and Water Management (2016); municipalities in 
Stockholm County 
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6. Discussion 

In this section the results are discussed and interpreted, 
and the quality of the model and its results is assessed. 
Finally some suggestions are given for future applications 
of the methodology, and the study is compared to other 
similar studies to put it in a scientific context. 

 

6.1 Who has access? 

Looking at Figures 8, 9 and 10 it appears as travel time to 
nearest destination is generally shorter in the most central 
parts of the region, and longer when moving out from the 
centre. However there are many exceptions to this. 
Further, Figures 11 and 12 show that the possibility to 
choose between several bathing sites within 30 min is 
mainly limited to the central parts. Thinking about what 
influences travel times offers an explanation to these 
patterns: proximity to destinations and the structure of 
the public transport network. 

Very naturally, it appears to be a high spatial correlation 
between good access to destinations and proximity to 
destinations. When it comes to access to public 
archipelago boat stops good access is very limited to 
central Stockholm and the eastern part of the county 
located at the boundaries of the archipelago. This is very 
natural when comparing the access in Figure 8 and the 
location of the boat stops in Figure 7. From Figure 2 it is 
apparent that bathing sites are more evenly distributed 
across the county, resulting in a more widespread access 
to them, as can be seen in Figure 9 and 10. One exception 
to this correlation, which is due to model limitation, is 
some of the archipelagic areas, which likely have very 
good access to water but not via the public transport 
network used in this model. The correlation is also weaker 
in the rural parts of the county as the access via public 
transportation is lower due to less access to public 
transport. This is further discussed in chapter 6.3.6 

Another aspect of reality that is mirrored in the results is 
the structure of the public transport system. Someone 
who uses public transportation in Stockholm would 
probably agree with the claim that Central Stockholm is 
the major node with transits out from the city centre in 
several directions. The further out the longer between 
these transits, and the poorer the access in the transversal 
directions. Also, the frequency of departures decreases 
when moving out from the inner city. For this reason 
there is good possibility to move in many directions for 
someone starting close to central Stockholm, while it gets 
worse the further out you get. This phenomena is likely 
contributing to the fact that travel time to nearest 
destination is shorter in the central parts of the region. 
Many of the areas with good access that are not as 
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centrally located are likely in the proximity of public 
transport nodes.  

When it comes to public archipelago boat stops it is not 
relevant to assess the possibility to get variation, as the 
boat stop only is the entrance point to the real destination. 
From one single stop it is possible to reach several 
destinations in the archipelago, and that is where the 
possibility for variation lies. 

There is a visible difference in access to bathing sites 
between Thursday 18:00 and Sunday 12:00. The only 
difference between Figure 9 and 10 is the public transport 
time table, which explains all differences in access. The 
observable difference is probably familiar to users of 
public transport. Along many routes there are more 
frequent departures in weekday afternoons and early 
evenings than on a Sunday. However there are also some 
examples of better access on a Sunday. The difference is 
smaller (or none) in the central parts of the county, 
probably due to a better supply of public transport than in 
the more rural areas. 

Table 4 also illustrates the difference in access between 
Thursday 18:00 and Sunday 12:00 – around 6-7 
percentage units. The same table gives a measure of the 
access to public archipelago boats and bathing sites for the 
whole region. In line with the previous discussion the 
access to archipelago boats is more limited, around 35 % 
in 2015 compared to around 70 % for bathing sites. For 
both destination types the access is predicted to decrease 
until 2050, more for the high net immigration scenario 
than for the baseline scenario. The population growth in 
areas with poor access seems to be bigger than that in 
areas with good access, explaining a decrease in the total 
access.  

Figure 13, 14 and 15 is an attempt to consider that the 
travel time to the closest bathing site is not the only factor 
having an impact on accessibility. When a lot of people 
have to share the same destination there might be a 
shortage due to the high number of potential visitors. Of 
course the inhabitants of a base area does not only share 
their accessible bathing sites with each other but also with 
other base areas, an aspect that is not illustrated in these 
figures. Still it is apparent that the number of inhabitants 
per accessible bathing sites is predicted to increase until 
2050, mainly in the semi-central areas where the number 
of bathing sites is lower in relation to the population 
growth than in the most central parts. This might cause 
accessibility problems, hence might be interesting to 
planners. Even though the red areas indicate places with a 
high pressure on accessible bathing sites, the grey areas, 
that does not even have good access to a bathing site, 
should not be forgotten. 
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6.2 What destinations are accessible? 

When comparing the value of different WCESs the 
accessibility of each occurrence is interesting. This type of 
analysis was done for the bathing sites. The pattern on the 
number of potential visitors in 2015, presented per 
bathing site in Figure 16, can probably be explained by the 
concentration of inhabitants along with the high public 
transport supply in the central parts. It is perhaps not very 
surprising that central destinations can be reached by 
more people. However it is more interesting to see how 
the number of potential visitors are predicted to change 
until 2050. In the baseline scenario (Figure 17) and the 
high net immigration scenario (Figure 18) it is not the 
central bathing sites that have the highest increase 
compared to 2015. Instead the ones that will have the 
highest increase in potential visitors, from 2 up to 6 times 
as many as in 2015 symbolized by red dots, are semi-
centrally located. This might be interesting for planners – 
can these bathing sites be developed to handle an 
increased amount of visitors? Or should they be 
complemented with new bathing sites to accommodate 
the growing population? 

Children is an important population group, but it can be 
assumed that they are fairly evenly distributed among the 
base areas. For this reason it would not be meaningful to 
relate accessibility to number of children for the base 
areas. Instead, as a measure of the bathing site’s 
accessibility for children, the number of schools within 30 
min travel time were mapped in Figure 19. The ones that 
are accessible from a lot of schools are those symbolized 
with darker colour, and they are located both in the 
central and semi-central parts of the region. It would be 
even more interesting to map the number of pupils within 
30 min for each bathing site. 

 

6.3 Uncertainty and error 

As always a model is an attempt to describe and simulate 
reality, based on assumptions and simplifications making 
it different from the real case. In this section some 
possible sources of uncertainty and error in the model 
used in this study are discussed, along with their 
implications for the results. Some are related to the data, 
while some are related to the construction of the model. 

The results of the validation of 25 of the modelled values 
were presented in section 5.3. The deviation from the 
travel times suggested by the journey planner is in average 
4.5 min, but for some measurements as much as 10 or 
even 20 min. A likely major reason for differences is a 
difference in the assumed walk speed. This is further 
discussed in section 6.3.4.  
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6.3.1  Data  

The data on public archipelago boat stops was obtained 
from GTFS data for Waxholmsbolaget, the public agency 
for archipelago traffic in Stockholm. That data is of high 
quality and should not include any significant errors. 
However there are other, private operators that also offers 
boat trips to the archipelago, which were not included in 
the analysis. It is likely though that these to a large extent 
operates from about the same locations as 
Waxholmsbolaget in central Stockholm. 

The quality of the bathing site data depends on which 
bathing sites that should be considered in regional 
planning. The data from SAMWM includes all so called 
EU bathing sites, which are those with the most visitors. 
In addition it includes others where the municipality has 
decided to monitor the water quality, which should be 
those that are considered important in the municipality. It 
could be argued that these are the only ones that are 
relevant on a regional level. In this study data on bathing 
sites managed by the municipality was obtained from 
some of the municipalities, and added to those from 
SAMWM. These might not be as important and it might 
be argued that those should not be considered in regional 
planning. Also the fact that this data was not obtained 
from all municipalities is a source of error. There are of 
course more unofficial bathing sites not managed by the 
municipality that could be very important to individuals. 
However it is not feasible to include these in this type of 
analysis as that would require extensive, hands-on data 
collection. It would likely not be meaningful either to 
consider those bathing site in regional planning, which 
has to avoid too much detail but maintain a regional 
perspective. 

The data on schools from Skolverket (2014) is likely very 
accurate. So is the data on base areas from TRF (2016). 

The data on streets, used in the model to make it possible 
to walk between public transport stops, is a source of 
error. Some features are included in the data set that 
should not be there as they are roads that in reality are not 
possible to walk along, such as motorways. Also, it is a 
national dataset that does not include all local pedestrian 
roads, there are definitely walkable paths that are not 
included in the model. This could be solved by using a 
dataset with an attribute for road type, making it possible 
to exclude e.g. motorways, and by merging the dataset 
with data on pedestrian roads from municipalities, which 
are likely more detailed. 

 

6.3.2  Snapping 

One source of error is the fact that origins (base area 
centroids and schools) and destinations (bathing sites and 
archipelago boat stops) were allowed to snap to the 
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network, in order to model them as reachable via the 
network even if they weren’t located directly on it. This 
means that there can be an error of up to around 500 m 
for the destination and origin respectively. Assuming it is 
possible to walk between the true location to the network 
“as the crow flies” and a walk speed of 70 m/min this 
would means a possible error of 14 min per journey. 
However, in most cases the origins and destinations 
should be located much closer to the network as it 
includes a quite detailed street network. 

 

6.3.3  Start time 

The intention was to use one start time for each travel 
time matrix (e.g. Thursday 18:00). However the 
sensitivity of the model to start time was assessed. The 
effect on travel time from delaying the departure time by 
only 10 min, visualized in Figure 4, turned out to be of 
relevance. For a majority of the origins the travel time 
changed more than 5 min, for some much more, which is 
a significant uncertainty when using a threshold of 30 
min. Even though the results from running the analysis 
only for one start time are not incorrect, they probably 
reflects the time it would take a real person to get to the 
destination if leaving home at that time, it disregards one 
important aspect of reality. People tend to plan their trips 
and choose to leave home at a time that let them arrive at 
the public transport stop at a suitable time considering the 
departure time, avoiding having to wait for too long. This 
model on the other hand started timing the journey at a 
set time, and found the fastest route for someone leaving 
home at exactly that time, resulting in some cases in 
unrealistically long waiting times at the first stop. To 
account for the fact that the travel time varies depending 
on when you leave home and that people tend to be 
flexible about when leaving, it was decided to run the 
model at several points in time, in this case 10 min before 
and 10 min after in addition to the intended time (e.g. 
17:50, 18:00 and 18:10). For these three start times the 
minimum travel time for each route was saved in a travel 
time matrix. The model could have been run for even 
more time steps to even better resemble the real case, 
however the gain has to be weighed against the time and 
work required for performing and processing the extra 
runs.  

 

6.3.4  Walk speed 

One parameter in the model was walk speed. Even though 
walk speed of course does affect travel time, the sensitivity 
analysis showed that the model seems to be less sensitive 
to this than to the other parameters assessed (Figure 5). 
However the validation against an online journey planner 
(see Figure 7) shows some differences. A likely 
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explanation is different assumed walk speeds. This might 
result in a few minutes difference, but also in the traveller 
missing the departure suggested by the journey planner 
ending up on a later departure, resulting in a much longer 
travel time. This could be assessed further by varying the 
walk speed and see if the error decreases. 

In reality walk speed varies between different persons and 
70 m/min, which equals 4.2 km/h, can be considered a 
fairly low speed. However it could be preferable to set it 
quite low as a person capable of walking very fast can slow 
down while the opposite might be impossible. Rather 
under-estimating it than over-estimating it to avoid 
modeling unrealistically short travel times. 

 

6.3.5  Variation within base areas 

Assigning the travel time from the centroid to the whole 
base area was a simplification made to limit the number of 
departure points and hence the analysis, and was also 
motivated as these were the units for which census data 
was available. In reality travel time to a set destination is 
of course not uniform within these areas, which means 
that this is a source of error. As can be seen in Figure 1 the 
base areas vary in size. Figure 6 illustrates how the travel 
time to a common destination could vary within a base 
area. That base area is located in a rural part of the county 
and is one of the larger ones. All routes simulated in the 
analysis behind the figure probably goes via the same bus 
stop. The variation in travel times is a result of different 
times to walk to the bus stop depending on the departure 
point. The points that share the same travel time probably 
use the same bus departure, with different waiting times 
at the stop depending on how fast they can get there. With 
other words the variation within a base area with few 
public transport stops are very dependent on how long the 
walk is across the base area. This has a larger effect in 
large base areas, which are located in the rural areas. For 
the smaller ones it could be assumed that the travel time 
to a destination is at least close to uniform within the base 
area as it might only take a few min to walk between 
different locations within the area and there are also likely 
more stops and departures to choose from in the central 
parts of the region. As a conclusion the error due to 
variation within the base are is largest in the large, rural 
base areas. 

The model could of course have be run for more points 
than just the base area centroids to better account for the 
spatial variation of travel times. However this would only 
be useful in a limited part of the analysis performed in this 
study as these points could not have been linked to a 
census data unit or a population forecast unit. The size of 
census data units is limited by the need to protect 
integrity of individuals, they cannot be too small as that 
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could make it possible to draw conclusions about 
individuals from census data.  

For the base areas where this error is the largest the 
access via public transport is likely very low anyway due to 
the low degree of service by public transport in rural 
areas. In order to increase the relevance of the results it 
could instead be a good idea to manually locate the 
departure point representing a rural base areas at a public 
transport node. That could simulate the possibility to 
access the destinations via public transport after getting to 
the public transport node by private car. 

 

6.3.6  Rural areas and the archipelago 

Due to the nature of this model it is less applicable to 
areas not serviced by the public, land-borne transport. 
This is the case for the most rural areas in the region, 
where private car might be necessary for good access. It is 
also the case for the eastern, archipelagic parts of the 
county which are dependent on boat traffic. It appears, 
when just looking at Figure 8, 9 and 10, as if the people 
living in the archipelago has poor access to WCESs. This is 
of course not the case, the people living there probably 
enjoy the water more than anyone in the region.  Also, 
there are definitely many destinations not included in this 
model that are very important to the archipelagic 
population, such as private piers and natural bathing 
opportunities. They won’t however reach services by bus 
or train. In the model their only way to reach a destination 
is by foot, which is of course only possible if they’re 
located at the same island. Some base areas do not have 
access to any destinations because the centroid of the base 
area is located in the water more than 500 m from closest 
street, meaning that it has not snapped to the network at 
all. This could of course be handled manually, but as the 
results are not accurate for the archipelagic areas it would 
be even better to exclude these base areas from the 
analysis altogether. 

 

6.3.7  Willingness to walk 

One important limitation of this model is that it finds the 
shortest travel time by using public transport and walking. 
It does not include a way to tell or limit how much of the 
total travel time that is walking. It is likely to believe that 
some people would not have a problem with riding a bus 
for 30 min, while they might not want to walk for e.g. 30 
min. This might mean that even though the travel time 
indicates that a destination is accessible from an origin, it 
might not be due to preferences of the person. In reality it 
might be more attractive to go ride a bus for 40 min than 
walk for 20 min. A model that can specify the walk time 
and the time riding public transport and maybe even add 
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a penalty to routes with a walking time above a certain 
threshold might produce more realistic results.  

 

6.3.8  Accessibility thresholds 

One parameter that very much dominates the results of an 
accessibility analysis is of course the thresholds used: the 
travel time that separates an accessible destination from 
an inaccessible one. During the workshop it was stated 
that 30 min is accessible when it comes to activities that 
are more spontaneous and/or carried out faster, while a 
longer travel time is acceptable for activities that are 
typically planned on beforehand and carried out during a 
longer time. Based on this a threshold of 30 min for going 
bathing after work or after school is probably realistic. For 
the sake of comparability the same threshold was used for 
the weekend, but it could be argued that people might be 
willing to travel for a longer time on a Sunday than on a 
Thursday afternoon. Likely one would be willing to travel 
longer than 30 min for a trip to the archipelago, but as 
this analysis only assesses the first part of the journey 
(getting to the archipelago boat) a 30 min threshold is 
justifiable. It means that there is still time to ride the boat 
to the final destination without reaching the threshold for 
an accessible destination. 

 

6.3.9  Future scenarios 

The predictions for the future are based on a set of 
assumptions. One is that the same public transport routes 
and time tables will exist in 2050. That assumption is very 
likely to be wrong, as a growing population probably will 
stimulate a development of public transport. The second 
is that the locations of available destinations will remain 
the same which is impossible to tell. The third is that the 
population size and its distribution across the county will 
be according to regional development scenarios (TMR-
SLL, 2012). These scenarios are based on a set of 
assumptions regarding things like migration, employment 
and economy, for which the details are without the scope 
of this study. The accuracy of that model affects the 
usefulness of the predictions in this study. However as it is 
the population forecast used by TRF it is the best and 
probably only available data to base this study on. A way 
of handling the uncertainty when forecasting population 
growth is to use several scenarios, and that is done in this 
study by using both the baseline and the high net 
immigration scenarios. In conclusion the weakest part of 
the predictions presented in this study is likely the public 
transport network. It would be possible to include 
planned developments of public transport e.g. by testing 
different scenarios for that. As the model is presently 
constructed the results rather indicate a need for public 
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transport development rather than predicting the actual 
accessibility of WCESs in 2050. 

 

6.3.10  Complexity of accessibility 

It is important to remember that the accessibility assessed 
in this study is the potential, geographical accessibility. 
Firstly, there can be a difference between the potential 
and the outcome, meaning that people might not at all 
choose to visit the destination within the shortest travel 
time. It would be interesting, if the data was available, to 
study the relationship between potential visitors and real 
visitors of a destination. Secondly, there are more aspects 
to accessibility than geography, like social and cultural 
factors impacting people’s choices, which are not 
considered in this model. 

 

6.4 Further applications of the method 

In this study two types of origins and two types of 
destinations were used for an accessibility assessment. 
The choice of these were based on a workshop with 
planners from TRF and representatives from SSNC (see 
Appendix I). The aim of this was to make it possible to 
produce an accessibility analysis interesting and 
applicable when it comes the regional planning in 
Stockholm. All results presented in this report matches 
what was requested at the workshop, but there were more 
ideas which were not included in this study due to time 
limitations but that should be remembered for later 
applications of this methodology. One is to use other 
socioeconomic data for the census units acting as origins, 
like socioeconomic index or income level, and combine 
that with access as a way of discovering relationships 
between socioeconomic factors and access to different 
services. This would be interesting from an equality point 
of view. Also one water related, cultural ecosystem service 
that was identified to be among the most important ones 
is waterfront walking tracks. Unfortunately this 
destination type was not included in this study, but it 
should definitely be done at a later time! 

One interesting possibility would be to add cycling routes 
to the network, define at what routes it is possible to bring 
a bike, and assess accessibility for passengers bringing a 
bike.  

Another interesting possibility is to map, for one 
particular base area, which destinations that are 
accessible within a specific travel time. This way it would 
e.g. be possible to discover cases where the population 
might have good access to destinations outside their own 
municipality, visualizing transboundary utilization of 
services. 
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The model could be used to investigate how accessibility 
would change if excluding certain public transport routes. 
It would also be possible, yet a bit more complicated, to 
try what would happen if a new public transport line was 
introduced. That would either require the creation of 
GTFS for the would-be transit line or it would have to be 
handled in another way, e.g. by assuming a travel time for 
each segment of the line. 

It would also be meaningful to apply the same 
methodology to other user movement related services. It 
could be ecosystem services which are considered 
important for planning as well as other types of services. 
This type of methodology has already been applied within 
health care in some areas in the world, and could also be 
applied e.g. to services like shopping facilities.  

One very interesting possibility is the creation of service 
areas, which could easily be done for any destination 
using the model produced in this study. A service area is 
the area that has access to a certain destination within a 
specified travel time, like a catchment area for that 
destination. This could e.g. be used to identify the 
potential inhabitants to visit a new shopping mall, or to 
work in a new business park. By comparing the service 
area and the inhabitants within them different possible 
locations for a new service could be evaluated, which 
should be very useful in planning. The opposite could also 
be done: from one point, e.g. a residential area, which 
points can be reached within X min? This could be used to 
assess where people in a certain residential area could 
commute to work within a reasonable travel time. 

Further, the model could be applied both at a regional 
scale, like in this case, or on a more local scale, e.g. for a 
municipality. Similarly it could of course also be applied 
on a multiregional or national level, e.g. using the intercity 
train and long-distance bus routes to assess the possibility 
to move between different cities. There is likely a 
difference in what destinations that are important on a 
regional and on a local level, meaning that the 
destinations would have to be adapted to the scale of the 
analysis. 

 

6.5 Comparison with previous similar studies 

The maybe most important strength of this study is that 
the choice of assessed ecosystem services and 
visualization of the results is based on a workshop with 
planning stakeholders. This makes it more applicable to 
the real world compared to studies were the researchers 
has done this selection by themselves, e.g. (Ala-Hulkko et 
al., 2016; Brabyn & Sutton, 2013). For the link between 
research and applications it is necessary to consider how 
to make a study like this applicable to a real case. 
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As described in section 2.1 most previous attempts to use 
multimodal network analysis to assess accessibility have 
not accounted for temporal variation in travel times, 
simply because standard GIS software does not support 
that. Instead average times have been used for transfer 
times, waiting times and the times spent in vehicles 
(Djurhuus et al., 2016). Salonen & Toivonen (2013) and 
Djurhuus et al. (2016) however, have made use of public 
transport time table data to make it possible to consider 
temporal variation. Both those studies have also used a 
door-to-door approach attempting to model all aspects of 
the journey, including getting to and from the first and 
last stop and walking between stops during transfers 
along the way. So how is the model in this study different 
to those of Salonen & Toivonen (2013) and Djurhuus et al. 
(2016)? This is discussed below, and summarized in Table 
6. 

When it comes to complexity or application handiness this 
study would fall somewhere in between the studies of 
comparison. The model of Salonen & Toivonen (2013) just 
uses the start and end point and queries an online journey 
planner. This is a very simple way to get very accurate 
travel times from door to door - it does not require many 
hours creating a GIS network model, thinking about and 
making assumptions, and so on. Djurhuus et al. (2016) 
programmed a lot of things themselves that was handled 
by existing functionalities in this study, making their 
methodology a bit more complicated. For example they 
explicitly asked the model to calculate and compare routes 
from all stops within 1 km from the start point. In this 
study by snapping the start point to the closest street and 
then using the built in least cost path solver in the 
software, the possibility of walking to several stops was 
considered automatically. In this study everything was 
done in GIS and no programming was required, only the 
combination of existing tools. This means that it can be 
applied even by those without advanced programming 
skills. 

What the model of Salonen & Toivonen (2013) lacks, 
which the model of this study has, is the very big freedom 
when it comes to modifying the transport network: the 
street network used for walking can be modified, walking 
speed can be elaborated with, and it would be possible to 
include cycling or add public transport lines. This is also 
possible in the model of Djurhuus et al. (2016), which is 
also based on a GIS network. Another advantage of 
building a network model in GIS is that a range of built-in 
functionalities in the GIS software can be easily be used. 
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Table 6 – Comparison with previous studies 
 

 

 

 

 

 

A disadvantage of this model is that it does not include 
any restriction on walking distance or walking time, and 
that it does not minimize or restrict the waiting time at 
stops. This is included in a travel planner, as the one 
queried by Salonen & Toivonen (2013), and Djurhuus et 
al. (2016) also included this in their model. In reality a 
passenger would not be happy about having to wait too 
long at a stop, and might not be okay with walking 3 km 
when they could have reached their destination just 5 min 
later by using public transport. 

 

7. Conclusions 

The modelling performed in this study indicates that in 
the Stockholm region good access to public archipelago 
boat stops, acting as entrance points to the archipelago, is 
very limited to the inner city and some other locations 
along the eastern parts of the county, neighbouring the 
archipelago. Good access to bathing sites is more 
widespread across the county, but most common in the 
central municipalities. Access varies significantly between 
Thursday 18:00 and Sunday 12:00 due to differences in 
public transport time tables. Around 35 % of the 
population of Stockholm County has good access to public 
archipelago boats, while the number is around 70 % for 
bathing sites. The accessibility is predicted to decrease 
slightly until 2050 if no changes to the public transport 
system are made, due to the predicted population growth 
in areas with poor access to the assessed ecosystem 
services via the public transport network. While the 
bathing sites with the highest potential visitor pressure in 
2015 are centrally located, the bathing sites with the 

 This study Salonen & Toivonen 

(2013) 

Djurhuus et 

al. (2016) 

Uses a door-

to-door 

approach? 

Yes Yes Yes 

Easy to 

apply? 

Intermediate Yes No 

Possible to 

modify the 

network? 

Yes No Yes 

Minimizes or 

restricts 

walking 

distances 

and waiting 

times? 

No Yes Yes 



Accessibility of Water Related Cultural Ecosystem Services in Stockholm County 

51 

 

highest predicted increase of potential visitors until 2050 
are located in the semi-central parts of the region. 

The travel time model could among other things be 
improved by including more accurate data on pedestrian 
roads, and smaller census units for better resolution. 
Limiting the allowed walk time for a journey would better 
match the preferences of people, but is not possible using 
this methodology. Including planned public transport in 
the future scenarios would increase their reliability as 
predictions. 

Some strengths of the methodology used in this study is 
the connection to reality achieved by involving planners in 
modelling decisions with the help of a workshop, and the 
modifiability of the model allowing for trying different 
scenarios. 
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Appendix I – Workshop documentation 

Workshop April 21, 2016:  Accessibility of water related, cultural ecosystem 

services 
The Growth and Regional Planning Administration (TRF), Norra Stationsgatan 69, 

Stockholm  

Participants 
Session 1: 8 employees at TRF and 2 representatives of The Swedish Society for Nature 

Conservation. 

Session 2: 6 employees at TRF and 1 representative of The Swedish Society for Nature Conservation. 

Session 1: Water related, cultural ecosystem services (WCESs) 
The aim of this session was to define which WCESs that would be interesting to include in the 

accessibility analysis. Exercise 1.1 was done as one group, while exercise 1.2 and 1.3 where done in 

smaller groups which were then asked to present their findings to the rest of the participants.  

1.1 Identification of WCESs 

The purpose of the first exercise was to, by brainstorming with all participants, identify WCESs that 

occur in the region. This resulted in the following activities and facilities related to water allowing us 

to benefit from ecosystem functions:

 Parks located next to water 

 Playgrounds located next to water 

 Bathing places (beaches and piers) 

 Feeding ducks 

 Ices for skating 

 Fishing 

 Boat riding 

 Paddling (canoes, kayaks, SUP’s) 

 Cultural values located next to water 

 Sunbathing 

 Service facilities located next to water 

 Bathing places for horses 

 Bathing places for dogs 

 Picnic spots next to water 

 Partying next to water 

 Walking along/access to waterfronts 

 Barbeque sites next to water 

 Restaurants next to water 

 Restaurant boats 

 Undisturbed, remote places next to 

water 

 Diving 

 Ports 

 Marinas 

 Boat clubs 

 Bird watching next to water 

 Cruise-ships 

 Hostels and hotels next to water 

 Public archipelago boat traffic 

 Water sporting e.g. jet-skiing 

 Swimrunning 

 Viewpoints 

 Waterfront walks 

 Subaquatic walking tracks 

 Water values located close to schools 

and densely populated areas 

 Swimming schools 
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1.2Evaluation of WCESs 

Each group was asked to place the WCESs from exercise 1.1 along a line symbolizing a scale going 

from “not important” to “very important” for the region in the perspective of planning for year 

2050. The results for group 1A, 1B and 1C are presented in the figures below. Group 1B chose to 

instead group the WCESs into three categories: those that require absence of disturbance, those 

that are used in the company of a lot of other persons and those in between. When asked about 

their 4 most important WCESs they replied according to the table below. Bathing places, access to 

waterfronts, the archipelago and skating ices are WCESs mentioned as being among the most 

important by more than one group. 

Other thoughts that were presented during this exercise: 

 From the perspective of regional planning it is interesting to consider recreational 

opportunities available to the public rather than private facilities such as boat clubs. 

 Recreational opportunities that are natural and undisturbed are important, but maybe only a 

limited number of those are possible/required in the region. It is also important to plan for 

more formal, arranged meeting places. 

 In some cases the problem is not that there is no water within an acceptable distance, but that 

it is hard to reach the waterfront due to physical barriers (exploitation) and lack of 

information (you get off the bus and now that the water is in that direction, but how to get 

there?). 

 
Most important WCESs 

Group 1A Group 1B Group 1C 

Bathing places Bird watching Walks along, access to 
waterfronts 

Walks along waterfronts View points Public bathing places 

Waterfronts as meeting places Spontaneous meeting places 
like bathing places, ice-skating 

Access to the archipelago, 
public transportation to the 
archipelago 

Ices for skating Service facilities, outdoor life 
equipment hiring 

Undisturbed places 

Access to the archipelago   
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Evaluation by group 1B 
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Evaluation by group 1C 

 

1.3 Characteristics of valuable WCES 

The groups were asked to discuss the WCESs identified as important in exercise 1.2 and what 

characteristics they could possess that makes them valuable. The table below presents the results of 

this exercise. Another thing that was mentioned was that geographical accessibility contributes to 

the value of a WCES. 

Positive characteristics of WCESs 

Group WCES Characteristics 

1A Bathing places Clean water, changing rooms, barbeque sites, 
snack shop, diving tower, shallow water for 
kids, pier with ladder, toilets, information, 
activities (e.g. canoeing) 

 Waterfronts  Accessibility (for wheelchairs, baby strollers), 
connectivity, seating, information, cafés, 
restaurants 

 Ice skating Snow-ploughing, ice skates for hire, information 

 Fishing Information e.g. about fishing licenses, 
prohibitions 

1B Undisturbed places Pedagogy, uniqueness, do not expect to meet 
other people, lower demand on accessibility 
and service, almost “asocial” 



Accessibility of Water Related Cultural Ecosystem Services in Stockholm County 

V 

 

 “Middle” Higher demand for accessibility and proximity 
to where people live and to schools, safety e.g. 
clean water, spontaneous meeting places,  

 Formal, arranged 
meeting places 

High demand for accessibility, safety, 
insensitive to disturbances, expect to meet a lot 
of people, service, multi-functionality 

1C Formal, arranged 
meeting places 

More natural values than water, not too 
crowded, clean water, biologic diversity, high 
social value 

Session 2: Interesting model outputs 
The aim of this session was to ask the participants what kind of outputs they would like to see from 

the GIS based accessibility model, or, with other words, what questions they would like to ask the 

model. 

2.1 Definition of accessibility 

In this exercise each group was asked to discuss, for the WCESs found important by the group 

members, what travel times that would mean that the specific type of WCES is accessible for a 

person, and at what travel time it becomes inaccessible. 

Group 2A 

Bathing places: <30 min (>1 hour means bad accessibility) 

Archipelago: reach a public archipelago boat within 1 hour  

Waterfronts: <30 min  

Ice-skating: <1 hour  

Undisturbed places: <1 hour 

Group 2B 

Formal, arranged meeting places: 45-60 or even 90 minutes, could spend the whole day there due to 

service facilities which means one is prepared to travel longer, typical weekend activities. Demand 

for planning. 

Spontaneous meeting places: 15-30 min, typical weekday activities. 

Undisturbed places: one is determined to find absence of disturbance meaning that one is prepared 

to travel longer e.g. 45-60 min, maybe necessary to go even further to “get away”. 

2.2 Accessibility for whom? 

The purpose of this exercise was to discuss for who it would be interesting to assess accessibility. 

This exercise was done with the whole group. Here follows a list of things that were discussed: 

 It could be that people with low socioeconomic status have better access to water than 

others, which might be unique for the region. 

 Children are important (due to e.g. pedagocy, health, recreation) but one could assume that 

children are evenly distributed among areas. It would be very interesting to use schools as 

origins to find targets available to schools! Children might demand some types of recreation 

more than adults, e.g. bathing places, and are more sensitive to long travel times. Other age 

groups are not interesting. 
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 It is 

very interesting to study accessibility of those with lower socioeconomic index, income or 

educational level – something capturing lower socioeconomic status. Socioeconomic index 

captures many interesting aspects. 

 Spontaneous, accessible meeting places offer opportunities for integration and might be 

important for those that have recently moved to Sweden. 

 It is complicated to analyze the group with non-Swedish background due to a lot of variation 

within group. E.g. people from some areas are not familiar with recreational experiences in 

forests or by water which means that there are other factors than geography creating 

inaccessibility, while people from other areas are very used to the Swedish types of outdoor 

life. 

2.3 Other output suggestions 

During exercise 2.1 and 2.2 some suggestions of outputs that the participants would be interested in 
emerged: 

 Which specific WCES targets will be subject to a high potential demand in 2050, i.e. will be 
accessible to a lot of people? It would be motivated to plan in a manner that conserves 
these targets and their accessibility. 

 Which areas will lack sufficient access to WCES? Are there any guideline values that could help 
distinguish sufficient from insufficient access? Are these located in a way that would make it 
possible to solve the problem e.g. by providing bicycles for hire? 

 How many people can reach a specific formal, arranged meeting place? If many there is a 
need for planning, it is interesting to see which have a high number of potential visitors 
which could motivate e.g. service facilities. Which meeting places should be prioritized? 
Which ones could be reached by people with lower socioeconomic status who might not 
own a car? 

 Are there people who do not live close to water that can access water easily thanks to public 
transportation? 
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