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1. Introduction 

For the well-being of people, it is important to stay physically active and physically healthy. 

Physical activity refers to all movement and popular ways to be active are walking, cycling, 

wheeling, sports, active recreation and play (WHO, n.d.) . Not only does physical activity reduce 

risks of obesity related diseases (Neuvonen et al., 2019; Karusisi et al., 2013; LaMonte et al., 2005) 

but physical activity can also protect people from developing mental disorders (Siefken et al., 

2019). Siefken and Junge (2019) also state that physical activity has been associated with benefits 

to physical health. It influences mood, increasing positive mental health and reducing symptoms 

of depression and anxiety. By this statement, we can conclude that physical activity can reduce 

health care costs and is a driving force for a more well-being society. It is widely accepted by 

health professionals that physical activity has many favorable health effects. 

It has been researched that accessibility of sports is an important aspect for sports facilities and the 

accessibility lets people maintain an active lifestyle (Asefi, A., & Ghanbarpour, N., 2020; 

Kajosaari & Laatikainen, 2020). According to Virmasalo (2021) accessibility refers to a multitude 

of different types of terms. These accessibilities include geographical, economical, social and even 

mental accessibility. When an individual is choosing or making a decision about selecting the 

sports facility or the type of sport, the geographical accessibility has a significant influence on it 

(Ministry of Education and Culture, 2014). In my thesis I am going to cover spatial accessibilities 

of three different sports facility types in Helsinki and Jyväskylä: 1) disc golf courses, 2) fitness 

centers, and 3) football parks. These three activity types have been chosen to get a better 

understanding of activity measures of different age groups. In this study, I am conducting a service 

area analysis for population squares. Sports facility service area refers to the area surrounding a 

facility where it can be reached within a reasonable time (Malmari, 2010). Service area is closely 

related to distance decay which means that as the distance grows larger the interaction decreases 

with the facility or service (Mäntyniemi, 2015). 

Páez et al. (2013) conclude that travel behavior is normally affected by socioeconomic status and 

demographics. There is also evidence that gender plays a role in patterns of mobility and 

accessibility. Women tend to be less mobile than men (Dobbs, 2005). In addition, age affects travel 

behavior. Mobility reaches a peak for mature adults and is more limited with younger and older 

people (Buliung, Sultana & Faulkner, 2012; Schwanen & Páez, 2010). It is known that older people 

have lower levels of mobility and this can negatively affect their ability to reach services and 
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facilities (Páez et al., 2010). This needs to be assessed when travel times are calculated. It is not 

straightforward to say that elderly people can reach a sports facility by car, as it is possible that 

they don’t have a driver’s license or a car anymore. Biking can also become inconvenient for some 

elderly people. Also, people with low-income might not have a car, or people with low-income 

can be very dependent on cars in rural areas (Lucas et al., 2019). This demonstrates how 

complicated it is to analyze accessibility of any type of facility as people have unequal 

opportunities for vehicles and transportation modes. 

This thesis is a part of the “Yhdenvertainen liikunnallinen lähiö (YLLI)” or in English ”Equality 

in suburban physical activity environments” project (https://blogs.helsinki.fi/yhdenvertainen-

liikunnallinen-lahio/). Themes in this project and in my thesis are about accessibility and usage of 

physical activity environments (University of Helsinki, n.d.; Salmikangas et al., 2021). In YLLI-

project these themes are combined with qualitative and quantitative data that help us make GIS a 

more applicable option in planning sports facilities. My focus is to use quantitative methods to 

analyze accessibility to sports facilities. As one aim of YLLI is to create tools for decision makers 

(Muukkonen & Lehtonen, 2021), this thesis attempts to promote that goal. We could argue that 

YLLI project attempts to give new knowledge for decision makers to make the society more 

physically active which my thesis will also attempt. YLLI project also aims to develop tools for 

planning of sport services that will be publicly available (University of Jyväskylä, 2020a). But 

YLLI goes beyond making GIS a more usable tool for decision makers, it aims to prevent 

segregation between neighborhoods and encourages equal access of physical activities (University 

of Jyväskylä, 2020a). New tools and knowledge are only the means to achieve these goals. 

Research questions in my thesis are: 

1) What is the accessibility of football parks, disc golf courses and fitness centers in two 

different types of urban areas in Finland? 

2) What is the relation between demographic data and service patterns of sports facilities? 

The first research question is about the assumption that accessibility to sports facilities can differ 

in different parts of Finland. The differences can be caused by multiple factors that are discussed 

in my thesis. The second question refers to the fact that people from different age groups possibly 

use different sports facilities and therefore it is interesting to analyze the accessibilities in relation 

to age groups. 

https://blogs.helsinki.fi/yhdenvertainen-liikunnallinen-lahio/
https://blogs.helsinki.fi/yhdenvertainen-liikunnallinen-lahio/
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2. Background 

The Act on the Promotion of Sports and Physical Activity (Liikuntalaki, 390/2015 1:5 §) says that 

in Finland municipalities are responsible for providing sports facilities to people. This can be seen 

in the fact that 70 % of sports facilities are owned and maintained by the public sector in Finland 

(Suomi et al., 2012). Sports facilities cover a wide array of different types of facilities or services 

that provide a possibility to exercise at a given location. This thesis covers spatial accessibilities 

of the following sports facility types: football parks, disc golf courses, and fitness centers. 

2.1 Promoting sports 

As some sports cost more than others, there should be a possibility of choosing a sport regardless 

of income or other factors, such as accessibility. According to Kantomaa (2020) cities that support 

healthy lifestyles promote also equitable access to sports facilities regardless of socioeconomic 

background, life stages, and physical ability. 

The life stages mean that people in different age groups should have equal access to sports facilities 

that they use. Children's sports activities are being studied to identify which factors make children 

to start a new hobby. Steinmayr et al. (2011) investigated children’s sports activities and how 

activity measures against the distance to sports facilities in their article. They found that the 

availability of sports facilities does influence children’s sports club participation in a positive way. 

Also elderly people require access to sports facilities. Sipilä et al. (2020) studied exercising of 

elderly people between ages 70–85. They showed that regardless of the fact that many sports 

facilities favored by elderly people, such as swimming pools and fitness centers, were closed, and 

many were quarantined, exercising decreased less than what was expected (Sipilä et al., 2020). 

Especially walking increased or at least the amount of walking remained unchanged. The fifth of 

men and women had increased physical activities during the pandemic. Sipilä et al. (2020) say that 

it is important to promote exercising for elderly women, since they have a decreasing trend in 

doing physical activities. 
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2.2 Neighborhood sports facilities 

Usually, smaller scale facilities in the vicinity of a person’s home location are defined as 

neighborhood sports facilities (Vehkakoski & Norra, 2017). These facilities are made for private 

and public sectors and civic societies. Vehkakoski and Norra (2017) define “a neighborhood sports 

area” as a small-scale facility in a residential area. National Sports Council defines neighborhood 

sports facilities to be facilities for sports and physical activity intended for children and adolescents 

as well as for general fitness and health enhancing physical activity located in a residential area or 

its immediate vicinity (Myllyaho & Sjöholm, 2016). These referred areas mean different types of 

exercise or play facilities with public access. It is also very common that a neighborhood sports 

facility is owned by municipalities (Vehkakoski & Norra, 2017). Furthermore, these municipality 

owned sports facilities can be in both rural and urban areas (Vehkakoski & Norra, 2017). Sports 

facilities can be used by anyone, and the possibility to use these sports facilities depend on 

availability, equipment, and personal involvement (Vehkakoski & Norra, 2017). 

The location of sports facilities is also relevant. Sports facilities can be placed in natural 

environments or near outdoor routes. This way neighborhood sports facilities promote a healthy 

lifestyle beyond what they do alone (Nilsson et al., 2011). This means that the facilities are 

integrated into the environment and are not separate from the rest of the environment. Local 

physical activity (LPA) relates to physical activities done close to places where people already 

spend time (Koivuniemi 2016). This is different than neighborhood sports facilities that are actual 

facilities rather than the exercise that is done close to your home or another place where people 

spend most of their time. This urges the need for local physical activity spaces. LPAs and 

neighbourhood sports facilities are important factors in promoting people to maintain and enhance 

our physical abilities (Koivuniemi, 2016). Although Nilsson et al., (2011) and Koivuniemi (2016) 

have promoted the importance of LPA and neighborhood sports facilities, Kajosaari and 

Laatikainen (2020) have discovered differing results. Kajosaari and Laatikainen (2020) suggest 

that there is no significant association with the availability of services in a neighborhood, but there 

is an association with intrapersonal attributes. This means that leisure-time physical activity is 

chosen by personal interests rather than the distance to a sports facility. Kajosaari and Laatikainen 

(2020) say that besides proximity, other variables direct the destination choice for leisure-time 

physical activity. 
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2.3 Exercising and sports facilities’ spatial accessibility 

There have been mixed findings about the availability of sports facilities in relation to 

socioeconomic geography (Higgs et al., 2015). Also, there are differing results about whether built 

environment affects doing sports. Built environment can affect walkability and hence make the 

environment better for physical activity (Van Holle et al., 2012). Also, the density of sports 

facilities is associated with exercise habits (Sallis et al., 1990). According to Sallis et al. (1990), 

the convenience that a sports facility is close to a person did not affect exercising, but the fact that 

nearby facilities reduce the barrier to exercise was found to be more significant. 

There has been a debate about whether the distance and spatial accessibility affect choosing a sport 

that an individual is going to do. Personal preferences must be accounted in this debate, too, as it 

is non-trivial to just choose a sport based on distance. There is usually some sort of a compromise 

between distance and individual preferences. Karusisi et al. (2013) argue that typically 8 km is a 

critical travel distance in choosing a physical activity. However, Diez Roux et al. (2007) and 

Kajosaari and Laatikainen (2020) argue that proximity to facilities is not related to participation in 

physical activities but instead it is the choice of a specialized activity that determines participation, 

instead of spatial accessibility. This does not negate the results in this thesis, as the point is to 

showcase accessibilities of sports facility types. It will be a choice for the individual which facility 

that person is going to go to. The proximity and personal preferences matter differently by age and 

gender. This was seen in Heeschs (et al., 2015) study where adolescent girls participated more in 

gym-based activities when a fitness center was nearby, but there was no similar correlation for 

tennis and swimming pools. 

Poor spatial accessibility alone does not prevent exercising. Environmental barriers can also make 

it more difficult to exercise (Powell et al., 2006). Powell et al. (2006) studied the relationship of 

neighborhood demographic characteristics and the availability of commercial physical activity 

outlets. Their findings were that even though the environment does not facilitate physical 

activities, it can be modified to facilitate sports related activities. Furthermore, especially the 

walkability of the environment does influence exercising (Portegijs et al., 2017). This however 

might not be enough to encourage people to exercise. While there are environmental barriers 

influence walkability, there are also social and economical aspects that affect exercising. People 

in rural areas do not exercise as much as people in urban areas (Parks et al., 2003; Reis et al., 

2004). This suggests that accessibility to sports facilities does influence the amount people 

participate in physical activities. 
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2.4 Definition of accessibility 

One of the most defining terms regarding this thesis is spatial accessibility. By spatial accessibility 

I imply how in terms of velocity or distance people can reach points of interest. Spatial accessibility 

is very closely knit together with movement by different types of transportation. Spatial 

accessibility has multiple definitions. 

According to Tobler’s (1970) first law of geography ”everything is related to everything else, but 

near things are more related than distant things”. In terms of spatial accessibility, we could 

interpret this phrase in the following way: sports facilities that are close to a population or a person 

get more attention from that particular amount of people, and sports facilities that are further away 

are still relevant but get much less attention from that same population, possibly. We could also 

interpret Tobler’s first law to be the first law of spatial accessibility, but there are no previous 

records of doing so (Tobler, 1970). That being said, we use it as a guidance to our studies in 

accessibility. 

Hansen (1959) defined spatial accessibility as “the spatial distribution of activities about a point, 

adjusted for the ability and the desire of people … to overcome spatial separation”. In other words, 

a place is accessible if it can be reached within a certain time constraint. It was also Hansen (1959) 

who defined accessibility as “the potential for interaction”. Hägerstrand (1970) suggested that we 

ought to understand better not only the space coordinates, but also the time coordinates of 

accessibility. This thought led into coining of a concept called time-space. Hägerstrand (1970) 

argues in his paper that time is not the essence when we are examining handling of material. But 

when problems of people are brought up into the mix, it is reasonable to also account time. 

A more recent definition of accessibility comes from Yoshida and Deichmann (2009). They define 

accessibility to be the “ability for interaction or contact with sites of economic or social 

opportunity”. The social aspect of this definition is something that relates to sports facilities. 

Accessibility can also be defined using the convenience to establishments (Handy, 1993). This 

convenience refers to local accessibility and regional accessibility. Handy (1993) uses local 

supermarkets and regional retail centers as examples, but the examples could also be sports 

facilities. We could think of the local versus regional accessibility whether a sports facility draws 

people from the local area or from the whole region. 
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2.5 Components of spatial accessibility 

Geurs and van Wee (2004) argue that it is nontrivial to conceptualize accessibility, it is difficult to 

do. Their suggestion is that accessibility should be inspected using four different types of 

components. These components are land-use, transportation, temporal and individual. The land-

use component reflects how well opportunities are supplied in destinations, the demand for these 

opportunities and lastly how supply and demand of these opportunities meet. It could be said that 

land-use component is very much about the differences between places and how these places might 

compete between each other for activities that have restricted capacities. 

Transportation component describes how people can cover the distance between origin and 

destination using a specific type of transportation mode. Transportation covers travel time and 

effort, meaning for example reliability, as well. Geurs and van Wee (2004) state that this disutility 

results from the confrontation between supply and demand of opportunities. The temporal 

component is about the availability of opportunities at a certain time of the day. These 

opportunities can be related to work or free time. The fourth component is the individual 

component. This component tells about the needs of people that are depending on socioeconomic 

factors. It also covers opportunities that are also dependent on socioeconomic factors. These 

factors have an effect on whether a person can use different types of transportation modes that 

could enable easier access to opportunities. Also, qualifying for opportunities is dependent on 

socioeconomic factors, for instance, when a job nearby a person requires a certain type of an 

education. There are also other components for determining accessibility. Yoshida and Deichmann 

(2009) claim distance to be an important component. In the words of Johnston et al. (1986) distance 

“clearly involves much more than geometry”. 

2.6 Measuring spatial accessibility 

Typically, spatial accessibility is measured in the same ways it is defined i.e., by distance and 

travel time. And, as accessibility has many definitions, so does the measurements of accessibility. 

There are direct attempts to measure accessibilities of points of interest and there are attempts to 

define how accessibility should be measured. Geurs and Östh (2016) state that there are many 

different applications that have been developed in the field of accessibility and these applications 

can be categorized in many ways.  

Geurs and Van Wee (2004) have provided components and perspectives of accessibility. 
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These perspectives of accessibility vary a lot by complexity. Geurs and Östh (2016) give an 

example of these measures. A simple travel time or congestion level analyses made by individuals 

to all the way more complex network measures based on graph theory. The latter one is specified 

to be in the domain of civil engineers and urban planners. These are both accessibility measures, 

but in different scales. Geurs and Van Wee (2004) provide four measures of accessibility. They 

state that measures should take all the spatial accessibility components that were previously 

discussed. But they also acknowledge that in practice accessibility measures focus on one or more 

components of accessibility. The components used are dependent on the perspective. 

The first measure is the infrastructure-based measure. It is used to assess the performance of 

transportation infrastructure. Performance could be analyzed, for instance by the level of 

congestion. There is also a temporal component inside this measure. It is the ability to measure 

transportation in a timescale of 24-hours. Geurs and Van Wee (2004) claim that infrastructure-

based measures are typically used in transport planning. The second type of measures are the 

location-based. These measures are usually on a macro-level. This means that measures are not 

used for individual areas or points, but for multiple points. Of course, individual places can be 

analyzed through location-based measures. Location-based measures incorporate restrictions to 

areas to express competitive effects. These measures are also used in urban planning. Person-based 

measures area was founded by Hägerstrand (1970), according to Geurs and Van Wee (2004). 

These measures tell us about limitations on individual freedom of action. There are only so many 

activities to participate in a given time-space constraint. These person-based measures intake travel 

speeds and public transportation systems in analysis. Last of the four measures is the utility-based 

measure. This type of measure has its roots in economic studies. In fact, it measures economic 

benefits that people get from accessing activities that are spatially distributed. 

All these measures have a temporal component in them, just like infrastructure-based methods 

have. In location-based measures and in utility-based measures travel times and costs may differ 

between hours of the day or even between days. Person-based measures can assess the temporal 

constraints for activities. For example, fitness centers can have an opening and a closing time, and 

while disc golf courses might not have opening and closing times, playing disc golf requires some 

sort of lighting. This restricts playing the sport at the darkest hours of the day. Some of these 

factors were discussed by Bergroth (2019) in depthly. 
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2.7 GIS based sport facility measures in Finland 

A few different approaches have been used to analyze travel times to sports facilities. There are 

different levels of precision for travel times in research papers or other sources. Precision refers to 

the level of detail in the analysis. Level of detail has ranged from municipality borders to 250m x 

250m population grid squares. Kotavaara and Rusanen (2016) produced country-level accessibility 

measures covering the whole Finland. They used population grids of 1km x 1km and municipality 

borders to generalize the results. They aimed to analyze population data per grid cells, on a 

municipal level and on country level. Heittola et al., (2020) showed that the Helsinki Region Travel 

Time Matrix data can be used to analyze the accessibility of sports facilities. Heittola et al. (2020) 

precision was 250m x 250m. 

Kotavaara and Rusanen (2016) produced accessibility measures for the whole of Finland on a 

municipal level. Heittola et al. (2020) covered Helsinki Metropolitan region showing travel times 

in a 250m x 250m grid. While the results of Kotavaara and Rusanen (2016) are much more coarse 

than Heittola et al. (2020) one can compare municipalities in every part of Finland to each other. 

A similar type of comparison can be done with Heittola et al. (2020) results but on a grid cell level 

in Helsinki Metropolitan region. 

In theory, Kotavaara and Rusanen’s (2016) work could be used without further configurations, but 

the results are too coarse for analyzing true travel times in smaller urban areas. Kotavaara and 

Rusanen (2016) combined accessibility analyses of sports facilities with population and road 

network data in a GIS. Kotavaara and Rusanen (2016) used sport facility data from the Lipas 

service. Heittola et al., (2020) showed that the Helsinki Region Travel Time Matrix data can be 

used to analyze the accessibility of sports facilities. They used an approach where the sports 

facilities are not at the centroid, but inside a cell in the grid matrix. Their work could have been 

used for analyzing travel times for Helsinki, but as the matrix currently lacks municipalities outside 

the Helsinki Metropolitan region, their approach could not be used in my thesis. 

2.8 Methodological approaches in accessibility 

Internationally many accessibility models account multiple factors in their travel time calculations. 

These factors include impedances, speed limits and the time of the day. 
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2.8.1 Impedances 

Impedance refers to a time penalty that is added to the travel time during traveling. The impedance 

can be added time when there is a turn to the left or to the right (Kotavaara and Rusanen, 2016) or 

the impedances can be regarded as parts of the whole travel chain, for instance the average time 

for searching a parking lot (Helsinki Region Travel Time Matrix, 2018). 

Helsinki Region Travel Time Matrix (2018) uses multiple types of impedances. One impedance is 

a model itself. It is called an intersection delay model (Jaakkola, 2013). It was built using the 

Finnish national road and street network Digiroad. This model can be considered to be a road 

network. The model adds the effect of congestion for the whole street network in Helsinki 

metropolitan region. Jaakkola (2013) used GPS data from floating car measurements to assess how 

congestion reduces driving speeds in Helsinki metropolitan region, including different times of the 

day. Furhermore, Jaakkola (2013) measured different intersection penalties to ramps at motorways 

and intersection with traffic lights at local streets. 

In the Helsinki Region Travel Time Matrix, temporal impedances have been used for cars and 

public transportation. In the Matrix, levels of temporal impedances are mainly rush hour 

impedances and in addition outside rush hour meaning midday. Midday refers to the time between 

12:00-13:00 PM, and rush hour is the time between 08:00-09:00 AM. There is also an additional 

speed limit impedance calculated for cars that is “using speed limit without any additional 

impedances” (Helsinki Region Travel Time Matrix, n.d.). For cycling an additional minute (1 min) 

is added to cover the time consumed by taking and returning the bike, both taking 30 seconds each. 

Although these time periods are limited, these can be used in multiple different time periods. For 

example, midday traffic can be used to calculate travel times for nighttime and rush hour can be 

used to calculate travel times during afternoon rush hours. 

2.8.2 Traveling speed 

Traveling speed vary from study to study. For cars, traveling speed follow mostly the speed limits 

found in the data for roads. However, the speed limits can be altered, for instance Kotavaara and 

Rusanen (2016) and Helsinki Region Travel Time Matrix uses a speed of 30 km/h in Helsinki, 

rather than the default speed of 50 km/h. Walking and cycling speed also have varying speeds 

depending on the study. Haijuan et al. (2012) have used an average walking speed of 5 km/h, and 

Helsinki Region Travel Time Matrix has used 4.2 km/h. 
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3. Study area and materials 

There are multiple sets of materials that have been used. These materials can be seen from table 

1. Municipality borders and Postal areas are datasets that are not discussed as these materials 

plays only a minor role in my thesis. 

3.1 Study area 

This thesis uses several data sources from several service or data providers (see table 1). Two study 

areas were used: Helsinki and Jyväskylä. Helsinki is the capital of Finland and is located in 

southern Finland. The exact amount of people that live in the grids in Helsinki is 649 767. 

Jyväskylä is located in Central-Finland. The total amount of people is 141 401 in Jyväskylä, and 

in Muurame the population is 9814 in the population grids. It should be noted that Muurame was 

included with Jyväskylä as Jyväskylä almost completely surrounds Muurame making these two 

municipalities intertwined. 

Name Source Description Use Content 

Sport 

facilities 

Lipas, national 

database of sports 

facilities and their 

conditions in Finland. 

Points of interest. Only 

point-type data are used 

in the thesis. 

Origin points in 

service area 

analysis. 

Sports facilities 

     

Mapple 

Insights API 

accessibility 

data 

Mapple Analytics Ltd Data about reachability 

of 250 m x 250 m 

population grids. 

Provides a new 

attribute field to 

population grids 

named travel_time. 

Spatial 

accessibility data 

     

Population 

grid 

Grid Database 2020, 

Statistics Finland. 

250 m x 250 m 

population grids 

covering Finland. 

Joined with Mapple 

Insights API data. 

 

     

Municipality 

borders 

National Land Survey 

of Finland 

Contains the 

municipality borders 

from 2020. 

 

Used in getting 

sports facilities 

from a particular 

municipality. 

 

     

Postal areas PAAVO, Statistics 

Finland 

Postal areas of Finland. Visual analysis.  

 

Table 1. Datasets usen in thesis. 
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Figure 1. Population of Helsinki in 2020. 

Figure 2. Population in Jyväskylä in 2020. 

Population distribution in  

Helsinki. 

Population distribution in  

Jyväskylä. 
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Figure 3. Postal areas of Helsinki. 

Figure 4. Postal areas of Jyväskylä. 

Postal areas in  

Helsinki. 

Postal areas in  

Jyväskylä. 



16 

 

 

 Figure 5. Road network of Helsinki. 

Figure 6. Road network of Jyväskylä. 

Road network of 

Helsinki. 

Road network of 

Jyväskylä. 
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From figures 1 and 2 we can see the distribution of populations in Helsinki and Jyväskylä. In figure 

2 Muurame is located in the middle of the map. Figures 3 and 4 showcase the postal areas in both 

study areas. It can be also seen that Jyväskylä has only one hot spot for population, in the city  

center of Jyväskylä. Otherwise, population is sparsely distributed in the area. Helsinki on the other 

hand, has multiple hot spots for population. Besides the city center, there are smaller hot spots in 

Northwest and Eastern parts of Helsinki. Helsinki also has a sparsely populated area, in the very 

Eastern, and Northeastern part. This area is very sparsely populated compared to other parts of 

Helsinki. It could have been possible to use different scales for populations in Helsinki and 

Jyväskylä but then it would have been difficult to understand the differences in the total population 

between the two study regions. Because the scales are the same in both figures, we can see that 

the city center of Jyväskylä, population wise, is similar to Helsinki, and the rest of Jyväskylä is 

similar to Northeastern part of Helsinki. 

In the postal area maps (figures 3 & 4) I have used the clip method to extract postal areas from the 

PAAVO-data. That is why some postal areas in neighboring municipalities are included. However, 

these postal areas show the general division of the postal areas that can be used to interpret the 

results. Figures 5 and 6 show the road networks of Helsinki and Jyväskylä. I included the speed 

limits of the roads to highlight which roads are larger than others. Like in figures 1 and 2, we can 

see that the center of Jyväskylä has similarities with Helsinki, and otherwise Jyväskylä can be 

considered rural. The figures with the road networks (figures 5 & 6) show that the road network is 

very dense in Helsinki and central Jyväskylä. 

3.2 Disc golf courses, fitness centers and football parks as example sports facilities  

There has not been much research about spatial accessibility or spatial distribution of disc golf, 

but it seems to be more popular than ever as more and more disc golf parks are being built in the 

United States of America (Nelson et al., 2015). Disc golf is similar to traditional golf, but the main 

difference is that instead of clubs and balls, you use disc golf discs and aim at a disc golf basket 

(DGA, 2020). Also, the goal of this game is to complete each hole with as few throws as possible, 

similar to golf. In a disc golf course there can be a number of holes for example, 9 or 18 holes. 

Courses and holes vary in difficulty, as well. There can be hazards and discs are not allowed to be 

thrown outside the playing area. There are also other rules and curiosities related to disc golf. 
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Already in 2013 disc golf was considered to be a hobby that has had an increase in players 

(Nissinen, Möttönen, 2013). Disc golf is considered to be a trendy sport (Mäkinen, 2019). There 

has also been a demand for new disc golf courses (Ministry of Education and Culture, 2014). Disc 

golf courses have been chosen as one type of facility as they are commonly accessible for the 

general public and playing disc golf does not generally require spending a lot of money. Disc golf 

disc prices are not high and most of the general public could afford to buy one. There is no age 

restriction in disc golf which means that all age groups can be targeted in analyzing accessibility 

of disc golf courses. Disc golf courses can be sparsely placed in a municipality, as disc golf courses 

require space. Furthermore, disc golf involves throwing and walking, which differentiates it as a 

different type of sport from the two other sports covered. 

Fitness centers, also known as gyms, provide various types of exercising for people, for example 

weightlifting and yoga. Fitness centers occur in many locations in my thesis study areas. As fitness 

centers are typically great in numbers and are therefore spatially highly accessible and provide a 

multitude of different kinds of exercising, fitness centers were chosen as one sports facility type. 

Fitness centers, commonly referred to as gyms, provide facilities and equipment for physical 

activity. As fitness centers are one of the most popular sports facilities in Finland (Mäkinen, 2019), 

these were chosen as one sports facility type. Fitness centers are both publicly and privately 

maintained. This thesis uses both publicly and privately maintained fitness centers as data. Lipas 

service provides information about whether a fitness center is public or private but the information 

is not always up-to-date. It would have been beneficial to use only either of the two, as one aim of 

this thesis is to demonstrate the usability of GIS knowledge management for decision makers in 

sports planning. 

Typically adults are the people who use fitness centers. In addition, there can be also age 

restrictions to fitness centers, which means that children cannot be a target group for fitness 

centers. This makes it possible to analyze older age groups for the accessibility measures for fitness 

centers. This makes it possible to analyze older age groups for the accessibility measures for fitness 

centers. Many activities can be done in fitness centers. In a gym there can be weightlifting 

equipment, running mills, exercise bikes and equipment and dedicated spaces related to recovering 

from exercising, for example a stretching area. 

Football parks refer to fields that can be considered neighborhood sports facilities. Larger stadiums 

can possibly be inaccessible for the general public, which would make analysis of these facilities 

obsolete. Football parks also facilitate one of the most popular team sports in Finland, football 
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(Mäkinen, 2019). There are of course possibilities to analyze accessibilities for larger stadiums, 

but not necessarily from the perspective of doing sports in that particular facility. Neighborhood 

football fields are mostly publicly maintained (University of Jyväskylä, 2020b). As the used 

football fields are smaller-scale, adults are not most likely the people using these facilities. Instead, 

it is children that are targeted with football parks. This assumption is very hypothetical as there is 

no guarantee on who actually uses a football park. 

There are no exact records of how many people and how often people use football parks but by 

some studies this sort of data could be acquired. In addition, in Finland during winter some football 

parks are transformed into skating rinks. So, football parks too provide multiple different options 

for doing sports. It must also be accounted that adults are free to use skating rinks during winter. 

Like fitness centers, football parks cover a wide area in my study areas. This suggests that during 

a normal situation football parks are easily accessible to the general public. 

3.3 Lipas service 

The main source for the data in my thesis is the sports-database Lipas – the national database of 

sports facilities and their conditions in Finland (https://lipas.fi). Lipas service contains up-to-date 

attribute information about sports facilities, including a spatial reference. The data consists of 

public sports facilities, routes for outdoor activities and recreation areas. It is also noteworthy that 

only maintained sports facilities are available in the Lipas services database. Lipas service serves 

point-, line- and area-types of sports facility data in various data formats. Data types include for 

example shapefiles stored in geoserver, which is an open-source server that can be used to share 

geospatial data. In addition, the data files can be accessed in various WMS or WFS formats through 

the interface. Lipas provides data also as GeoJSON type, which can be used in web-GIS 

applications. And shapefiles can be used in almost any GIS-software. Both of these data types 

mentioned are available in WFS interface format, which means the data contains attribute data, 

whereas WMS interface data would only return an image. 

In the Lipas service sports facility is a broad concept (University of Jyväskylä, 2020c). It covers 

built environments that have been made for sports activities. Examples of these facilities could be 

disc golf courses and ski tracks. For a sports facility to be included in Lipas service, it requires 

three aspects. These aspects are that the facility is available for the general public, it is actively 

maintained, and it is properly equipped for doing sports activities (University of Jyväskylä, 2020c). 

https://lipas.fi/
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There are also facilities that enable or even promote sports activities. Some facilities such as 

maintenance buildings and instructions. 

Lipas services database provides up to date information about public sports facilities from an open 

database (University of Jyväskylä, 2020b). Lipas is maintained by University of Jyväskylä and it 

has received funding from Ministry of Education and Culture. As the data is collected from and 

by municipalities in Finland, the information in the database is dependent on the municipalities. 

This means that there is no guarantee that the data is up to date. However, there is no reason to 

assume that the data would be invalid, as mostly publicly maintained sports facilities are open and 

well maintained in Finland. 

Lipas data is grouped into eight main types of sports facilities. The main groups are: 

(1) Outdoor places and services 

(2) Outdoor courts and sport parks 

(3) Indoor sport places 

(4) Water sport places 

(5) Terrain/outdoor sport places 

(6)  Boating, aviation and motor sports 

(7) Animal sports 

(8) Maintenance buildings. 

This grouping can be regarded as logical and comprehensive. The sports facilities I am using in 

this study are: football parks (class 2; see above), fitness centers (class 3) and disc golf courses 

(class 5). This selection seems to cover multiple different types of facilities. 

There are several attribute information available in the data of Lipas database. The attributes tell 

the user what kind of sports facility we are talking about. The facility can be for example a schools 

gymnastics hall, or it can be a privately maintained fitness center. There is also information 

whether the facility is publicly available or not. This information is in the vapaa_kaytto 

attribute field free to use. This attribute-field can be used to distinguish if the facility is free to use 

and open for the general public. This attribute does not always mean that the facility is actually 

free to use, as the attribute is not always up to date. In the data, we can see that one disc golf course 

in Helsinki is not free to use and it was therefore removed from the disc golf course data. 
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In the data (see table 2), there are 10 disc golf courses in Helsinki and 13 in Jyväskylä. One disc 

golf course was removed from the data. This disc golf course is located at Santahamina garrison 

in Helsinki and it is not publicly available. The number of disc golf courses is much smaller than 

that of the other two sport types. There are 169 fitness centers in Helsinki and 23 in Jyväskylä in 

the data. Football parks are the most common type of sports facility in the data. There are 458 

football parks in Helsinki and 88 in Jyväskylä. It was not possible to reduce the data into smaller 

size using the vapaa_kaytto field. 

3.4 Mapple Insights API data about spatial accessibility 

Mapple Insights API provides data in a 250 m x 250 m grid. The grid cells have an id attribute that 

is the same as YKR grid’s id field. The data is retrieved using command prompt. There are two 

ways that the reachability data can be received. Either in one large dump-file, or multiple separate 

GeoJSON-files. It can become difficult to use one dump-file instead of using the GeoJSON-files, 

as it is easier to use GeoJSON in Python rather than dump-files. However, all of the individual 

GeoJSON-files from Mapple Insights API can slow down a computer, especially if there are 

multiple POIs, for example, already all of the fitness centers in Helsinki are slow to download and 

handle in Python. It could be suggested that when there are a multitude of POIs, the data should 

be downloaded into one dump-file. This way the process does not slow down too much, and 

analyses can be done under an acceptable time frame. 

There are no previous academic research using Mapple analytics. From this perspective, the 

decision to use Mapple Insights for my thesis could be considered an interesting opportunity. In 

the sense that Mapple Insights could provide new insights to accessibility and larger area than the 

Helsinki Region Travel Time Matrix or MetropAccess. But the Mapple Insights API is based on 

Sport facility type Amount in Helsinki Amount in Jyväskylä  

Disc golf 10 13  

    

Football parks 458 88  

Fitness centers 169 

 

23  

    

 

Table 2. Number of example sports facilities in the study areas 
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the methodology of the Helsinki Region Travel Time Matrix and is a spinoff of it. Previous studies 

about accessibility or accessibility related themes using Helsinki Region Travel Time Matrix have 

used 250 m statistical grid cells provided by Statistics Finland or MetropAccess accessibility 

matrix or by manually made grid cells (Jalkanen et al. 2020; Kotavaara and Rusanen 2016; 

Mäntyniemi, 2015). This thesis on the other hand uses Mapple’s API to retrieve information about 

accessibility. Mapple’s API returns the 250 x 250 m grid as GeoJSON, which provides 

opportunities for developers, but these opportunities are outside the scope of my thesis. Mapple 

Insights provides an edge to previous studies about sports services. This edge is the fact that no 

accessibility model needs to be created. It also uses precise information about accessibility 

(Mapple, 2020) that have been lacking when calculating accessibilities for facilities outside the 

Helsinki Metropolitan region. 

Mapple Insights API has been created by using the Helsinki Region Travel Time Matrix, but 

Mapple Insights API has been applied on the scale of whole Finland, instead of Helsinki 

Metropolitan region only. Therefore I conducted accessibility measures using Mapple Insights 

(Mapple Analytics, 2020). This means that there are multiple similarities between the two. As 

there is no access to Mapple Insights API source code, Mapple Insights API is discussed using the 

Helsinki Region Travel Time Matrix, and the open-source code made by Londoño (2020). 

Helsinki Region Travel Time Matrix is a database that consists of travel time for every SYKE 

(Finnish Environment Institute) YKR grid cell centroid to every other grid cell centroid (Helsinki 

Region Travel Time Matrix 2018, n.d.). We can assume that Mapple Insights API contains a 

similar structure. The travel time data is calculated for walking, cycling, public transportation and 

car. Also, in the 2018 travel time matrix there is data for two different times of the day, midday 

and rush hour. This means that the downloadable file package is large. This is a downside of the 

travel time matrix. But we could think that the travel time matrix is not made to be a software, but 

instead it is a database. When we think of travel time matrix of being a database used for 

visualizations and analyzing travel times on your own computer for scientific purposes, the need 

for a software system reduces. Furthermore, the database covers only data of Helsinki, not 

Jyväskylä. To visualize data, the travel time matrices can be joined to an YKR grid shapefile. 

The data structure of Helsinki Region Travel Time Matrix and in Mapple Insights API has been 

made so that it can be used in analyzing population dynamics with travel times to cell centroids. 

Mapple Insights API results contains the correct YKR grid id.  
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The calculations for travel times have been made using Finnish Transport Agency's Digiroad data 

as the network data. There are four different types of traveling in the Mapple Insights API. These 

are cycling, driving, public transportation and walking. In calculating cycling, driving and public 

transportation accessibilities, an open tool called DORA (DOor-to-door Routing Analyst) has been 

used. This door-to-door-approach has been used in multiple occasions (Helsinki Region Travel 

Time Matrix 2018, n.d.). There are in fact six different ways this approach has been used for 

calculating driving. These approaches are 

(1) walking time from the real origin to the nearest network location by Euclidean distance 

(2) average walking time from the origin to the parking lot 

(3)  travel time from the parking lot to destination 

(4) average time for searching a parking lot 

(5) walking time from the parking lot to nearest network location of the destination 

(6) walking time from network location to the real destination by Euclidean distance. 

This list made by Helsinki Region Travel Time Matrix 2018 (n.d.) kind of data shows that walking 

is very much present when calculating the travel time for driving. From the travel chain parts 1 

and 6 we see that Euclidean distance is used to calculate the actual walking. This is not necessarily 

the exact route but using other ways of calculating this route would become very complicated. 

Also, the time for searching a parking lot has been taken into account. 

Helsinki Region Travel Time Matrix and Mapple Insights API are only one of the few accessibility 

models where travel times for public transportation have been calculated. The calculations were 

done using MetropAccess-Reititin (Tenkanen & Toivonen, 2020). It is a tool written is JavaScript 

that uses a modified Dijkstra’s algorithm (Tenkanen & Toivonen, 2020). The modifications are 

somewhat significant, as there are many factors that the MetropAccess-Reititin considers. These 

considerations are the following: possible waiting time before leaving, walking from home to 

transit stop, travel time to next transit, transport mode change and walking to destination 

(Tenkanen & Toivonen, 2020). These travel times are calculated and used in Helsinki Region 

Travel Time Matrix. It is also noteworthy that for public transportation, Tenkanen and Toivonen 

(2020) obtained Pareto optimal routes. These routes were obtained using the Golomb ruler. This 

ruler is used in departure minutes in a following way: 0, 1, 6, 10, 23, 26, 34, 41, 53, 55. The 

Golomb ruler represents multiple departure times which means it is useful to use in gaining 

information about departure times. It has been said that Mapple Insights API has been built using 
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Helsinki Region Travel Time Matrix. But the main difference is that Mapple Insights provides 

data about accessibility and other services for every YKR population grid in Finland. A list has 

also been made for calculating routes by public transportation. The difference between route 

calculations by driving and by public transportation is that DORA has been used for driving and 

MetropAccess-Reititin tool has been used for calculating routes for public transportation. The 

travel chain from the origin to the destination is 

(1) possible waiting at home before leaving 

(2) walking from home to the transit stop 

(3) waiting at the transit stop 

(4) travel time to the next transit stop 

(5) transport mode change 

(6) travel time to the next transit stop 

(7) walking to the destination. 

The possible waiting time is due to the fact that travel times have been made using the Golomb 

ruler. The fastest route is used. For Mapple Insights API it can be assumed that the travel chain is 

similar but MetropAccess-Reititin has not been used. In Mapple Insights API it is possible like in 

Helsinki Region Travel Time Matrix to fetch data for accessibility of places during midday-like 

traffic and also during rush hour traffic. The exact time periods are 12:00-13:00 for midday and 

08:00-09:00 for rush hour. While both time periods are limited, both can be used in various time 

periods. For example, rush hour travel times can be used for afternoon commuting and midday 

travel times can be used for nighttime traveling. This shows how flexible the two calculated travel 

times are. The travel times for midday and rush hour can also be used in Mapple Insights API. 

This only shows the similarities between Helsinki Region Travel Time Matrix and Mapple Insights 

API. On top of these features, in Mapple Insights API you can choose between the average, the 

fastest or the slowest time profile for driving and public transportation. 

Cycling in Mapple Insights API differs from Helsinki Region Travel Time Matrix by a bit. The 

main difference is that cycling speed can be set from 1 km/h to 19 km/h. The default Digiroad data 

has been modified so that the speed limits resemble the actual speed while biking by different 

speeds. The speed limits that have been calculated in Helsinki Region Travel Time Matrix are 12 

km/h and 19 km/h. The value of 12 km/h, slow cycling, which is the average travel speed of bike 

sharing system users in Helsinki (Helsinki Region Travel Time Matrix 2018, n.d). And the speed 
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of 19 km/h is based on the average speed of Strava sports application users in Helsinki region 

(Helsinki Region Travel Time Matrix 2018, n.d). The 19 km/h speed is considered fast cycling. In 

Mapple Insights, walking speed can be set to your liking. I have used the walking speed of 4.2 

km/h which is the same with Helsinki Region Travel Time Matrix and HSL Journey Planner. With 

Mapple Insights API it is fairly easy to change the settings, for example traveling speeds. 

3.5 Population and demographic data 

I used the population and demographic data in 250m x 250m grids that covers the whole Finland. 

This data was provided by Statistics Finland. For this thesis, the grid has been clipped to be only 

as large as the municipalities used in this thesis. Population grids were subsetted using QGIS and 

selecting the municipalities based on the National Land Surveys municipality borders dataset. 
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4. Methods 

4.1 Study design 

I have used multiple technologies related to data processing. Some technologies have been used 

for the processing, whereas the others have been supporting the processing. These technologies 

are presented in table 3. The workflow of preparing and processing data is shown in figure 7. 

Name Description Use 

Command prompt / 

Terminal 

Command line interpreter 

found in computers. 

Used in fetching Mapple 

Insights API data. 

   

Geoda 1.18 Open-source software for 

producing spatial analysis 

and visualizations. 

Spatial analysis: Local 

Moran’s I and spatial 

autocorrelation. 

   

Github Version controlling platform. 

Enables the use of same code 

from multiple computers and 

for multiple developers. 

 

Used to store code and 

share code with other 

developers. 

   

Jupyter lab A web-based development 

environment. 

Used in writing Python-

code that fetches Lipas- 

and Mapple API-data. 

   

QGIS 3.16 An open-source desktop GIS. Visualizations 

The workflow of figure 7 shows that the JupyterLab notebook script requires some manual 

configurations before it works. This part was done in QGIS that can be seen on the left in figure 

7. In QGIS a municipality is selected from National Land Survey’s dataset, and by using that 

municipality population grid cells are selected inside that particular municipality. This data is 

going to be the population grid data. There is also a connection between selecting the municipality 

and selecting sports facilities in one municipality, as both municipalities need to be the same. In a 

JupyterLab notebook, first the chosen sports facilities are fetched from Lipas Geoserver. The 

fetched dataset consists of every sports facility of the given type. As that is the case, the sports 

facilities that are inside the municipality of interest need to be extracted from the whole dataset. 

Also, a buffer zone can be used to assess from how large of an area the data is going to be fetched 

from the municipality borders. Then, these sports facilities need to be saved as GeoJSON-files as 

Table 3. Technologies used in thesis. 
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this is the data format that is used to construct GET-requests that fetch data about accessibility in 

a Python-script. This script was originally made by Mapple Analytics Ltd (Mapple, 2020). The 

command that is done in the terminal can be for example like this: 

python main.py -u https://staging.api.mapple.io -e 

./input_folder/hki_disc_golf.geojson -m 30 -d 

./hki_disc_golf_output_folder -i True. 

The python main.py part tells Python to execute that particular file, -u refers to the url that comes 

right after it, -e means what is the input folder path and the input file in it, -m is the maximum time 

in minutes that the reachabilities were calculated to, -d refers to the output folder and lastly -i refers 

to whether the files are downloaded as individual files or not. The last parameter might be changed, 

Figure 6. Study design. 
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but it can be easier to construct accessibility layers from individual files rather than from a dump 

file. It is also noteworthy that your computer might have problems with so many open files that 

are the result from getting accessibility data from Mapple Insights API. The number of open files 

can be changed, for instance on Linux Systems using the command ulimit -n 2048, and 

setting the number of opened files to 2048, before fetching accessibility data, might be necessary 

for some datasets. The limit 2048 is double the amount of default open files, 1024. This was only 

required for fetching accessibility data for the football parks in Helsinki. Now, you should have 

the data from Mapple Insights API as individual files. The next task is to join all the results from 

Mapple Insights API together. However, some population grid cells will have multiple 

reachabilities, as multiple sports facilities can be reached from a population grid cell. For handling 

this problem, you can choose to group the layers by id and choose the minimum, maximum or 

average travel time. The workflow in figure 7 uses the minimum travel time. The minimum travel 

time is chosen by just combining all the layers together and then sorting the layers by travel time 

and leaving the fastest travel time to the dataframe by using geopandas’ drop_duplicates -function 

and keeping the first value. Then with the population grid and reachability data, you do an inner 

spatial join where the layers intersect each other. These joined layers are then saved as shapefiles. 

The shapefiles are used in Geoda and QGIS. 

4.2 Configurations of data fetching 

The aim of the software made is to combine Lipas data with Mapple Insights API data. The buffer 

zone of municipality borders can be changed to your liking in the software I have created. To limit 

the results to a smaller size a buffer of 1 kilometer was used in this thesis. It is true that 8 kilometers 

is a crucial distance in choosing a sports facility (Karusisi et al., 2013) and beyond 5 kilometers 

Transport-related activities decline (Badland, Schofield & Garrett, 2008). However, the large 

number of sports facilities namely fitness centers and football parks are within a 1 kilometer radius 

outside Helsinki was the main reason why only a 1 kilometer buffer was used. Furthermore, 

Kajosaari and Laatikainen (2020) conclude that 1,6 kilometers from home is a distance where 60 

% of sports practices happen for individuals. To account the similarities of the data the same buffer 

size was used in Helsinki and Jyväskylä area. 

It was necessary to account which travel modes people use to travel to sports facilities. People 

travel to sports facilities mostly by “active” methods including cycling or by driving (Mäkinen, 

2019). Public transportation is underrepresented because Mäkinen’s (2019) survey covered all of 

Finland, and in some places public transportation does not provide as good accessibility to sports 
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facilities as, for example in Helsinki Metropolitan region. But this finding provides valuable 

insight into further research. We can also see a result that supports this claim. However, because 

of Mäkinen’s (2019) study's results only cycling and driving was accounted in my thesis. 

I have used maximum travel time of 30 minutes, as this shows locally available sports facilities. 

But, in the study of Spinney and Millward (2013) 60 % of trips to sports facilities were under 10 

minutes. The 10-minute timeframe however covers a very small area, which would mean that 

analyzing the travel times would be difficult. If I were to use, for example travel time of 60 

minutes, the results would have been very cluttered, and difficult to analyze. The 30 min travel 

time also covers most of Helsinki, Jyväskylä. Also, the LISA clusters would not show truly low 

and high travel times clusters, as the scale from 0–60 minutes would make some time periods show 

as low, when these times in reality would not be considered as low travel times. Also, using the 

travel time of 60 minutes, or more, the time taken to download the data would have been very 

long. 

The travel time has been set to be rush hour, and the traveling speed for cycling has been set to be 

16 km/h. I chose to use rush hour traffic because this way the travel times would show the worse 

scenario of the two. The other option of course would have been to use midday traffic. The travel 

speed of 16 km/h is the average of slow cycling (12km/h) and fast cycling (19 km/h). It might be 

that no one actually cycles at the speed of 16 km/h but it shows the average accessibility of sports 

facilities for both slower and faster cyclists. 

4.3 Fetching data using Mapple Insights API 

Fetching data from Mapple Insights API requires manual configurations. Mapple Insights API 

provides services to fetch accessibility data and demographic catchments all over Finland 

(Londoño, 2020). Full documentation of Mapple API, including requirements, can be found from 

the Github repository. Mapple API combines code from Mapple Analytics Ltd, and from Heittola 

et al. (2020). Code from Mapple Analytics Ltd is used to fetch data from Mapple Insights API, 

and Heittola et al. (2020) code is used to fetch data from Lipas. The code I have created combines 

both of these systems into one. 

Table 4 shows the descriptions for Mapple Insights API. The parameters are set in the url which 

looks like this: 
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https://staging.api.mapple.io/fi/reachability/travelTime/{travel

Mode}/1?latitude={latitude}&longitude={longitude}&radius={radius

}&walkingSpeedKmph={walkingSpeedKmph}&timeOfDay={timeOfDay}&targ

etType=origin&timeProfile={timeProfile}. 

It can be seen that parameters are put into the url inside the {}-brackets, but the brackets themselves 

need to be removed. The url is created using Mapple API code that sends a GET-request to Mapple 

Insights API. This is used in figure 7, at Fetch reachability data on terminal. 

 

4.4 Spatial analyses  

To identify clusters of travel times from the Mapple Insights API data, Local Moran’s I was used. 

It is used to identify local indicators of spatial association (LISA). These clusters are local spatial 

Name Type Values Description 

countryCode string fi (default) Country where to calculate reachability 

layerLevel integer 1 (default) Resolution, statistic grid centroids are the only 

supported at the 

moment. 

latitude float 24.941496 (example) Latitude / y-coordinate for the location to 

calculate accessibility for 

in WGS84. 

longitude float 60.171228 (example) Longitude / x-coordinate for the location to 

calculate accessibility for 

in WGS84. 

radius integer max: 50000 Radius in meters of the area for accessibility 

calculation. 

walkingSpeedKmph float average: 4.4 (default), 

min: 1.0 

Walking speed in kilometers per hour used in 

travel time 

calculations. 

cyclingSpeedKmph float faster: 19 default, slow: 

12, avg: 16 

Walking speed in kilometers per hour used in 

travel time 

calculations. 

timeOfDay string midday, rushHour Choose midday or rush-hour travel times. 

targetType string origin Travel times from the location (target type 

origin). 

timeProfile string average, fastest, slowest Choose average, fastest or slowest scenario. 

maxTimeThreshold integer 30 minutes (default), 

max: 500 minutes 

Maximum Travel Time in minutes of the 

temporal threshold (limits) 

to define the temporal area for accessibility 

calculation. 

 

Table 4. Parameters in Mapple Insights API. 
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clusters, or hot spots, that can be identified as locations where the LISA is significant (Anselin, 

1995). 

For calculating Local Moran’s, I the queen’s contiguity weight was used. Queen’s contiguity was 

used instead of Rook’s contiguity, as the grid size is very small, so all of the eight surrounding 

cells can have an impact on the center cell. Order of contiguity was set to 1. The weights were 

made using Geoda. In Figure 8 one can see the difference of rook’s and queen’s contiguity, with 

the order of contiguity being 1 (Tenney, 2013). The figure does not cover a cells neighborhood 

when the cell is on the edge. These so-called edge cases have fewer than eight neighbors and can 

produce incorrect results. This, however, only concerns cells on the edge of the data. 

I chose to use Bivariate Local Moran’s I because it allows to showcase possible correlations of 

two variables in space. This means that I can compare the travel times from Mapple Insights API 

to age and wage fields in the YKR grid. However, it should be noted that bivariate Local Moran 

cluster map warrants caution because there is no control for the correlation between the two 

variables at each given location (Anselin, 2019). 

Bivariate Local Moran’s I is interpreted a bit differently than Local Moran’s I. High-High 

autocorrelation means, with the variables I have used, that there are high travel times and the 

second variable also has high amounts. High-Low autocorrelation means high travel times and low 

values for the second variable. Low-Low autocorrelation therefore means low travel times and low 

values for the second variable, and Low-High refers to low travel times and high values for the 

second variable. This interpretation allows two variables to be used in exploratory analysis 

simultaneously and provides a way of visually analyzing correlations of YKR grids data and 

Mapple Insights APIs travel time data. 
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5. Results 

5.1 Visual map interpretation of travel times 

In study areas there occurs travel time clusters which can be seen visually from maps (example 

figures 7 and 8; for all maps see appendixes 1–12). The same maps represent the accessibilities of 

football parks, fitness centers and disc golf courses by cycling and driving in Helsinki and 

Jyväskylä area. We can see from these figures that a similar type of pattern occurs in many of the 

travel time maps, a circle the center of which is a sports facility that expands until the maximum 

travel time is reached. The accessibilities disperse mostly equally to every direction. The travel 

time patterns are not completely circular because of bodies of water and roads. However, the 

service pattern of football parks and fitness centers is so dense that this circular pattern is not 

visible, as most of the area is instead colored red, referring to low travel times. 

It also seems that within a municipality the facilities, at least one of them, I have chosen can be 

reached within 30 minutes from any populated population grid cell. Cycling however is slower 

than driving, and therefore not every single grid is within the time frame of 30 minutes. But nearly 

all population grids are still within 30 minutes away from a football park, a fitness center or a disc 

golf course. 

If we compare the travel times to population maps from figures 1 and 2, we can see that mostly 

populated areas have sports facilities, and more rural areas have nearly no sports facilities. There 

seems to be only one area in Helsinki that can be considered to be more rural than rest of the city, 

the very Easternmost area of Helsinki. There are football parks, but fitness centers and disc golf 

courses are lacking in the area. This area is like Jyväskylä where most of the area, especially 

western Jyväskylä is sparsely populated. There is also very little people living there compared to 

the rest of the area. 
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Figure 7. Accessibility to disc golf courses by cycling in Helsinki. 

Figure 8. Accessibility to disc golf courses by cycling in Jyväskylä and Muurame. 

 

Accessibility to disc golf courses 

by cycling in Helsinki 

Accessibility to disc golf courses 

by cycling in Jyväskylä 
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5.2 LISA clusters of sports facilities 

Local Moran’s I statistics with 999 random permutations and with the p-value of p < 0.05 were 

calculated for travel times in Helsinki and Jyväskylä area. The transportation modes in these 

calculations were cycling and driving. Appendixes 13–24, and example figures 9 and 10 show the 

clusters of high and low values. HH refers to high-high, HL refers to high-low, LL refers to low-

low, and LH refers to low-high. High-high means that the area is clustered with high travel times, 

and low-low means that in the area there is a cluster of low travel times. HH areas are important 

to notice because these areas are the places where high travel times are clustered. There are only 

few areas that are high-low or low-high values. These clusters are high travel times surrounded by 

low travel times, and vice versa. Areas that are not significant refer to places where no clear 

clusters can be seen, the clusters are similar looking as if the data was random. 

 

Figure 9. LISA clusters of fitness centers by driving in Helsinki. 

 

LISA clusters of fitness centers 

by driving in Helsinki 
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Figure 10. LISA clusters of fitness centers by driving in Jyväskylä. 

Cycling reveals a similar pattern as walking. Although there are no appendixes showing the travel 

times by walking, the traveling style differs very little. The main difference is that bikes need to 

be parked somewhere but the travel times are much faster. It has to be said that by cycling people 

reach more sports facilities and from further away than by walking. Cycling seems to be a better 

choice for transportation than walking, as more sports facilities are available via cycling in a 

reasonable time. 

In Jyväskylä most of the inhabited areas are in the LL clusters for travel times to football parks, in 

both cycling and driving. It seems that football parks have the best coverage of the sports facilities 

as football parks are the most common type in the data. Fitness centers come in as second. Already, 

for example from appendixes 15 and 21 we can see HH clusters from the accessibility measures 

of fitness centers. This was not visually possible to see from the corresponding travel times maps. 

Especially central Jyväskylä is well covered with football parks. This finding is very similar to 

Helsinki’s service pattern. However, looking at LISA clusters of football parks in Helsinki it can 

be seen that some HH areas are visible. These are mainly in Eastern Helsinki. There are other HH 

LISA clusters of fitness centers 

by driving in Jyväskylä 
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areas as well but these areas are more spread out, and no clear clusters can be seen. It can also be 

seen in Helsinki in appendixes 19 and 20 that there are more non significant areas in the city center 

and all around Helsinki. It is difficult to say what causes this. It can be the fact that the road network 

in Helsinki affects this. 

Appendixes 15 and 16 show the LISA clusters of travel times in Jyväskylä for fitness centers. 

Appendixes 21 and 22 show the same data for Helsinki. Again, central Jyväskylä is the area where 

the overall accessibility is the best by cycling and driving. In addition, the populated area in 

Muurame has a clear LL cluster. Areas where the accessibility to fitness centers can be considered 

to be the worst are again the rural areas in western Jyväskylä and in eastern Helsinki. We must 

keep in mind that these areas also have a low population. This means that not many facilities are 

being built in these more rural places of the study areas. In general, similar to football parks, in 

Helsinki the non-significant areas are just outside the general vicinity of fitness centers. 

As the area covered is larger, there are also more HH areas in Jyväskylä than Helsinki. In 

Jyväskylä, Northern, Western and Eastern areas have HH clusters in them. The areas are also not 

near municipality borders, which means that there cannot be any disc golf courses nearby them 

that are missing from the data. This means that these clusters are in fact HH areas where travel 

times by cycling is high. The southernmost disc golf course is in Korpilahti. Jyväskylä seems to 

provide a more local accessibility by cycling. In Helsinki the HH areas are in Southern and Eastern 

Helsinki. There is also a HH area in Northern Helsinki. Although Vantaa, north of this HH area, 

has disc golf courses, these courses are not close enough to be accounted in the data of sports 

facilities. It can be seen that traveling to disc golf courses by cycling in Helsinki, compared to 

Jyväskylä, is more unequal. People living in Southern and Eastern Helsinki do not have as good 

accessibility to disc golf courses by active methods as Western and Northern Helsinki or central 

Jyväskylä. This finding is somewhat surprising as the southern and eastern areas of Helsinki can 

be considered to have a good road network. 

5.3 Population data in relation to sports facilities using Bivariate Local Moran’s I 

Axhausen (2009) demonstrates that wages have a positive impact on the number of activities and 

the desire to do different kinds of activities. Using terms of microeconomic theory, the elasticity 

between wages and number of activities is positive (Axhausen, 2009). This assumption can be 

used in the analysis of the demographic data inside the service areas. I have used the hypothesis 

that football parks are used by children, disc golf courses by young adults and fitness centers by 
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elderly people. Of course, this does not restrict people of all age groups from using all of these 

facilities. 

Bivariate Local Moran’s I reveals patterns in the data. Figures 11–12 and appendixes 25–42 show 

Bivariate Local Moran’s I of population distribution per age groups for different sports and also 

for median wages. First looking at the figures with age groups we can see that there is clear 

clustering with all of the four types. Meaning that all HH, LL, LH and HL have clusters in the 

data. This is because of the two variables used in the analysis. 

Figure 11. Bivariate Local Moran’s I using travel time and 20–24-year-olds as the variables.  

For travel times to football parks, I have used the amount of 7–12-year-olds per grid cell. In 

appendixes 25-28 there are a good amount of LH clusters. This suggests that many 7–12-year-old 

live near football parks in Helsinki, Jyväskylä. Also, visually inspecting the figures we can see 

that HL clusters reside in areas where there are either a low population or just a small number of 

children living in those areas. There does not seem to exist any HH clusters in Jyväskylä but there 

are some HH clusters in Etelä-Vuosaari in appendix 28. Going even further we can see that while 

the very Easternmost part of Helsinki had some HH clusters in appendixes 19 and 20, these areas 

are in fact HL cluster areas. This means that it is not necessarily that alarming that there are so 

many HH clusters in that area. 

LISA clusters of travel times by 

cycling and 20–24-year-olds in 

Helsinki 
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Figure 12. Bivariate Local Moran’s I using travel time and 20–24-year-olds as the variables.  

The second type of travel times are made using fitness centers and elderly people. Again, like with 

football parks, there are many LH areas. This means that many 60–64-year-olds have good 

accessibility to fitness centers. Appendixes 29-32 show the Bivariate Local Moran’s I for travel 

times by cycling and driving with the amount of 60–64-year-olds. There exists a somewhat large 

HH cluster in Tikkakoski, Jyväskylä but this cluster shows false information. There is already a 

fitness center in Tikkakoski, it just has not been uploaded to Lipas service. There are no other large 

HH clusters in the data but there exists individual cells that have been marked as HH. 

In Jyväskylä most of the disc golf courses, especially in the center of Jyväskylä, provide good 

accessibility for 20–24-year-old people. Disc golf seems to provide accessibility a bit differently 

for the target age group of 20–24-year-olds. This can be seen in appendixes 33-36. There are only 

few HH clusters in Jyväskylä area. It seems that in Jyväskylä the sport services are where the 

people are. This is not the same with Helsinki. Yes, there are LH clusters near some of the disc 

golf courses but most of the vicinity is either Not Significant or even LL clusters. There are also 

several HH clusters. While some of these HH clusters are in central Helsinki. As there is a high 

amount of people in central Helsinki that can skew the results, there are some HH clusters in 

Eastern Helsinki that is not as densely populated as central Helsinki. 

LISA clusters of travel times by 

cycling and 20–24-year-olds in 

Jyväskylä 
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6. Discussion 

6.1 Equal accessibility to sports facilities varies inside cities 

If we look at travel time graphs in the appendix, we can see that not every area has equal access to 

sports facilities. These graphs show the amount of a particular cluster in a postal area. Again, 

paying attention to the HH clusters, we can see which areas are more deprived of sports facilities. 

In Jyväskylä the postal areas of Korpilahti Keskus and Muurame Keskus seem to have many HH 

clusters. One reason for this is the fact that the areas are large and therefore have many HH clusters 

in them. Furhtermore, we can see from figure 2 that the population is very low in both of these 

areas. But we can still conclude that there could be some need for more sports facilities, especially 

in Muurame, where the population is approximately 10 000. In Helsinki, Eastern postal areas such 

as Etelä-Vuosaari and Östersundom have many HH clusters in the areas. While the Easternmost 

Helsinki is a sparsely populated area, rest of the Eastern Helsinki is not. There are also areas that 

have good accesibilities, too. These areas are, for example Huhtasuo in Jyväskylä and Kontula – 

Vesala in Helsinki. 

It is debatable whether people living far away from any sports facility use, for example disc golf 

courses that are far from home. As there are more HH clusters in the central area of Helsinki, it is 

difficult to say whether this is something that needs to be considered. People in these areas might 

not actually even play disc golf at all. Especially from the three sports that was used as data, disc 

golf could be a sport that is mainly done by people living in the suburbs, not people living in the 

city center. By looking at only travel times we cannot conclude that people use these facilities or 

not. 

6.2 Accessibility to sports facilities differs between Helsinki and Jyväskylä 

The two study areas have both similarities and differences in accessibility to the example sports 

facilities. Accessibility in Helsinki and central Jyväskylä can be considered to be somewhat 

similar. Both areas have good accessibilities to football parks, fitness centers and disc golf courses. 

The amount of these facilities is plentiful in both areas. However, rest of Jyväskylä area contains 

large areas that do not have good accessibility to any of these facilities. While the accessibility is 

not good in these areas, there are not many people living in these places. Compared to Helsinki 

that contains only one not so populous area in east, Jyväskylä is mostly rural.  
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Football parks and fitness centers cover most of Helsinki and central Jyväskylä so that their service 

patterns are very dense. There are not many population grid cells that do not reach a football park 

or a fitness center within 30 minutes in Helsinki. Disc golf has also a dense service pattern in 

central Jyväskylä but not in Helsinki. There are clear cold spots in the availability of disc golf 

courses in Helsinki. These areas are also populated which makes them different from the cold spots 

of Jyväskylä that are not populated. 

One of the main differences in the accessibility of sports facilities in Helsinki and Jyväskylä is that 

in Helsinki neighboring municipalities provide more alternative facilities to people in Helsinki. 

This is because Jyväskylä is much larger municipality compared to the rest of its surroundings and 

serves as a central municipality in central Finland. While Helsinki is the capital city of Finland, its 

neighboring municipalities have also large amount of people living in them and thus these 

municipalities have many sports facilities in the vicinity of Helsinki. 

All in all it seems that the populated area in Jyväskylä has as good accessibility to fitness centers 

and football parks as in Helsinki. The main difference between the two study areas is that 

Jyväskylä contains large mostly uninhabited areas that do not have good accessibility to the ex-

ample sports facilities. Furthermore, disc golf courses have been built in Jyväskylä so that most 

people in central Jyväskylä can reach them within a reasonable time frame. This is not the case 

in Helsinki where there are clear cold spots in accessibility to disc golf courses.  

6.3 Effect of publicly inaccessible sports facilities 

Publicly inaccessible sports facilities could not be removed from the data. Football parks cover 

such a large area that it is not necessarily needed to remove inaccessible facilities because the 

travel time maps would not change. This concerns Helsinki mostly. If the vapaa_kaytto (free 

to use) field was up to date, inaccessible facilities would have been easy to remove. As 

vapaa_kaytto field covers for both publicly inaccessible facilities and private facilities, it is 

difficult to use facilities as the data that are publicly available but not free. 

The same vapaa_kaytto field contains the notion for both truly inaccessible facilities and 

whether the facility is free-to-use or not. If it costs any amount to enter the facility it can be 

considered not free-to-use. With this field it is possible to get facilities that are truly free-to-use. 

This field provides possibilities, but the fact that inaccessible and not free facilities are both 

accounted in this one field has some downsides. As probably all fitness centers are not free-to-use, 
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all of the fitness centers needed to be accounted. The same goes for football parks. However, one 

disc golf course in Helsinki was possible to be removed from the data. Not only was this course 

not free but it was publicly inaccessible. 

6.4 Reliability and validity of the study 

In this study there are several weak points that may influence the reliability of the results. It is 

important to analyze the reliability of the results so that the accuracy of the results can be assessed. 

The weak points include missing data and the lack of personal preferences. However, using sports 

facilities that are in neighboring municipalities creates realistic travel time maps. This means that 

the data from Mapple Insights API contains data from neighboring municipalities. Also, using 

Mapple Insights API it is possible to analyze sports facilities outside the chosen municipalities. 

The buffer zone of 1 km is enough for football parks and fitness centers, but it is not necessarily 

enough for disc golf. By enough I mean that there are plenty of football parks and fitness centers 

just outside the borders, especially in Helsinki. These football parks and fitness centers cover areas 

where a neighboring facility is found outside the borders of person’s home municipality. It could 

have been possible to use a different buffer size for disc golf but the results would have been very 

different looking. The 30-minute time frame seems to be enough to cover most of the 

municipalities. 

Some sports facilities are missing from the data. For instance, one fitness center exists in 

Tikkakoski, Jyväskylä but this fitness center was not included in Lipas service. This however was 

noticed after the maps had been created. There can be other sports facilities missing from Lipas 

service, but it is difficult to point out these missing values without local knowledge of places. We 

can also see that in appendixes 3 and 4 that there is a fitness center in the middle of Muurame but 

it is not visible on the maps. This was an error that was not realized until the maps had been made. 

Luckily, the travel times of this fitness center can be seen but the facility itself is not visible. 

Otherwise, the results are reliable. Especially in Helsinki, if one or two football parks or fitness 

centers would be missing, the results would not really change. This is because the service pattern 

of these facilities is so dense. The same can be said with the center of Jyväskylä. The coverage of 

these facilities, including disc golf, is so good that even though one or two facilities were missing 

the results would look very similar. However, missing data in more rural areas would affect the 

results. This can be seen for example in Tikkakoski, Jyväskylä where a fitness center is missing 

from Lipas service but in reality there exists a fitness center. 
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Travel times do not show personal preferences of people. There is no guarantee that people would 

only use the closest facility. Especially with fitness centers the fees might be a big reason for not 

to use the closest facility. Instead, the cheapest facility is chosen, or the one that suits best for the 

sport the person is doing at the gym. While the local football parks can be used by an individual, 

a team that a child is playing for might not use the closest facility. A similar phenomenon goes for 

disc golf. Disc golf courses vary in difficulty. There can be a course that is more favorable for 

beginners and therefore attracts people from a large area, not only from the general vicinity. With 

only quantitative data it is nearly impossible to account personal preferences. Besides personal 

preference, sports facilities have travel sheds that are strongly associated with choosing a particular 

sports facility (Spinney & Millward, 2013). In favor of the nearest sports facility (Sallis et al., 

1990) argue that the nearest facility plays an important role. 

There seems to be a lot that needs to be considered when the travel time for nearest facility is used. 

While personal preferences are neglected, nearest facility shows how reachable any closest facility 

is from a person’s home. This can be useful information, as we can create cluster maps of the travel 

times. With median travel times there is no guarantee that true HH clusters or LL clusters would 

appear. 

6.5 Future considerations 

There is work to be done in the future. It would be possible to add an imaginary sports facility in 

the data and use the study design workflow to produce travel time maps and Local Moran’s cluster 

maps with the imaginary facility included. This imaginary sports facility could be placed 

somewhere where a facility is being planned. This could show how the new facility changes the 

Local Moran’s I clusters. Also, by looking at the Local Moran’s I maps, we can see where the new 

facility could be placed. It is the combination of these two, knowledge about the current situation 

and the possible future that enables some analyses of the Local Moran’s I maps. Of course, it 

requires more knowledge than just the LISA clusters to decide where a new sports facility needs 

to be built. 

Furthermore, to plan any sports facility the facility requires space. Especially disc golf courses 

require much more space than a football park or a fitness center. As the space requirements and 

policies affect the planning very much, it is difficult to solve the unequal opportunities for disc 

golf or other sport that requires space. For example, the center of Helsinki will probably stay as a 

HH area in the LISA cluster map even though a new disc golf course would be built somewhere 
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in Helsinki. This is because there is most likely not enough space for a disc golf course in the city 

center. 

In the future using Mapple Insights API it would probably be possible to download accessibility 

data from a sports facility type that has very few facilities per municipality. The downloading 

would mean that for every facility in Finland the travel time data would be downloaded These 

facilities could be disc golf courses, public swimming pools or even padel fields. The downloading 

would take a lot of time but it would be needed to be done only once. 

There is a possibility for more advanced analyses with travel time data in relation to demographic 

data. For example, geographically weighted regression (GWR) would be possible to make using 

the travel times as the explanatory variable. However, housing policies in Finland might affect the 

results meaning that it is difficult to create a GWR as there are not many large areas that are 

segregated in Finland. Of course, segregation exists but it exists in such small amounts that GWR 

cannot account these places. But some other variables that are not related to housing policies can 

be used in GWR. On top of GWR, non-spatial methods could be used to further analyze the travel 

times and demographic variables. For example, Ordinary Least Squares model (OLS) and 

Lagrange Multiplier error could have been used. But it was for the large amount of different 

datasets why the analyses were not done in this thesis. 

I have used the fastest travel time when I have calculated the travel time matrices for sports 

facilities. However, for example Londoño (2020) service areas for multiple facilities method uses 

the median travel time for facilities. This can be considered to be a more realistic scenario, as it 

accounts the fact that people do not only go to their closest facility. The code I have created can 

be changed to match Londoño’s (2020) work but for this thesis only the travel time to nearest 

facility is used. 

The travel time data for the three types of sports facilities was compared to only three types of age 

groups. This restricts interpreting the results. In the future especially football parks could be 

compared to younger age groups, such as children aged 3-6. Disc golf and fitness centers could be 

compared to other age groups, as well. Analyses currently lack data of middle-aged people and 

teenagers. Using multiple age groups and other demographic variables than median income could 

be considered in the future. 
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The comparison of age groups was discussed in Mäntyniemi’s (2015) thesis. Also, she talked about 

using genders as the other variables, too. This is in line with Dobbs (2005) article, women might 

be less mobile than men. But there is no guarantee whether women have worse accessibility to 

facilities than men. By using genders as a variable in further studies we could conclude if women 

and men have unequal accessibility to sports facilities. This is however improbable at least in 

Finland where housing policies affect the accessibility. 

To further analyze the travel times, it will be possible to compare Mapple Insights API’s travel 

time data to an open-source alternative, Lipas service. In Lipas there is an accessibility tool being 

developed. The tool is different from Mapple Insights API in many ways but it produces 

accessibility measures similar to Mapple. The difference of travel times between OSRM routing 

and Mapples routing would be interesting to see. 
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7. Conclusions 

While accessibility of sports facilities is not a topic that is researched much (Kotavaara & Rusanen, 

2016), there seems to be many ways to analyze them using GIS. This study included only three 

different sports facility types but still revealed patterns in travel times that would probably not 

have been able to be seen otherwise. It was the objective of my thesis to bring new methods to 

analyze accessibility of sports facilities. When using exploratory GIS techniques it was possible 

to provide new insights into analysis of sports facilities. 

The data and methods are suitable to analyze the travel times of sports facilities in Helsinki and 

Jyväskylä. There seems to be spatial clustering with the data that can be seen from the Moran’s I 

maps and statistics. Exploratory techniques seem to be well-suited for analyzing travel times for 

sports facilities. Looking at the results we can see that some areas in Helsinki and in Jyväskylä are 

more deprived of sports facilities than others. This can be seen from the number of HH clusters 

and LL clusters in postal areas. 

I have used the proprietary Mapple Insights API with openly available software Geoda and QGIS. 

With Mapple Insights API it was possible to retrieve information about travel times that wouldn’t 

be otherwise possible. Combining data from Mapple Insights API to YKR grid proved to be crucial 

in terms of results of my thesis. 

Although it was important that Mapple Insights API data can be joined with the YKR grid, it 

required manual configurations to the data. Jupyter Notebook was not able to load the full YKR 

grid of Finland and was therefore needed to be split for municipalities. This is an extra step that 

takes time and the full analysis made in this thesis cannot be considered to be fast. Also, creating 

queries for Mapple Insights API, doing the analyses using Geoda and making the final 

visualizations with QGIS requires more manual work. The results are actually behind a lot of 

manual work. It is difficult to assess the exact time that is taken in this process because it is very 

dependent on how many sports facilities there are to be analyzed. 

An analysis that accounts only free to use sports facilities requires that Lipas has up to date 

information about vapaa_kaytto field. I was not able to take full advantage of this attribute 

information. If this field was updated for some facilities in one municipality, it could provide 

research opportunities for the municipality and researchers working for universities. 
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While my thesis has covered the aspects of accessibility in travel times, accessibility is a broad 

term that includes many layers. These layers include social accessibility, cultural accessibility and 

accessibility of information (Virmasalo, 2021). In the future it would be interesting to see some of 

these accessibilities being accounted in studies. Self-efficacy could be one aspect that a more 

qualitative study could include better. Furthermore, a more qualitative study could include the 

personal preferences of people when choosing a sports facility. 

As there has been mixed findings about availability of sports facilities compared to 

socioeconomics (Higgs et al., 2015), the results remain inconclusive regarding this. There seems 

to be spatial clustering of many sorts. Some are more alarming signals than others. It can be 

assumed that the density of sports facilities indeed increases the usage of sports facilities (Sallis et 

al., 1990). While Mapple Insights provides travel time data for any facility, it seems that analyzing 

travel times to sports facilities requires local knowledge of the areas where the travel times are. 

My main finding was that there are clusters in travel times. But not all of the travel times disperse 

to every direction. This suggests that the road networks and the locations of the sports facilities 

are not equally located for people in Helsinki and Jyväskylä. These results can be best seen with 

disc golf courses that are much more sparsely built than football parks and fitness centers. Using 

sports facilities that have fewer locations reveals patterns in accessibility better than sports 

facilities that have a very dense service pattern. In the future there could be a more thorough 

analysis of a single sports type that could reveal even more patterns in accessibility. 
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APPENDIX

Appendix 1. Travel-times in Jyväskylä and Muurame to ball parks by cycling.

Appendix 2. Travel-times in Jyväskylä and Muurame to ball parks by driving.
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Appendix 3. Travel-times in Jyväskylä and Muurame to fitness centers by cycling.

Appendix 4. Travel-times in Jyväskylä and Muurame to fitness centers by driving.
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Appendix 5. Travel-times in Jyväskylä and Muurame to disc golf courses by cycling.

Appendix 6. Travel-times in Jyväskylä and Muurame to disc golf courses by driving.
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Appendix 7. Travel-times in Helsinki to ball parks by cycling.

Appendix 8. Travel-times in Helsinki to ball parks by driving.
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Appendix 9. Travel-times in Helsinki to fitness centers by cycling.

Appendix 10. Travel-times in Helsinki to fitness centers by driving.
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Appendix 11. Travel-times in Helsinki to disc golf courses by cycling.

Appendix 12. Travel-times in Helsinki to disc golf courses by driving.
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Appendix 13. LISA clusters of travel-times by cycling in Jyväskylä and Muurame.

Appendix 14. LISA clusters of travel-times by driving in Jyväskylä and Muurame.
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Appendix 15. LISA clusters of travel-times by cycling in Jyväskylä and Muurame.

Appendix 16. LISA clusters of travel-times by driving in Jyväskylä and Muurame.

FreeText
LISA clusters of travel times
by cycling to fitness centers

FreeText
LISA clusters of travel times
by driving to fitness centers



Appendix 17. LISA clusters of travel-times by cycling in Jyväskylä and Muurame.

Appendix 18. LISA clusters of travel-times by driving in Helsinki.
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Appendix 19. LISA clusters of travel-times by cycling in Helsinki.

Appendix 20. LISA clusters of travel-times by driving in Helsinki.
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Appendix 21. LISA clusters of travel-times by cycling in Helsinki.

Appendix 22. LISA clusters of travel-times by driving in Helsinki.
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Appendix 23. LISA clusters of travel-times by cycling in Helsinki.

Appendix 24. LISA clusters of travel-times by driving in Helsinki.
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Appendix 25. LISA clusters of travel-times and 7-12 year-olds by cycling in Jyväskylä and 
Muurame.

Appendix 26. LISA clusters of travel-times and 7-12 year-olds by driving in Jyväskylä and 
Muurame.
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Appendix 27. LISA clusters of travel times and 7-12 year-olds by cycling in Helsinki.

Appendix 28. LISA clusters of travel times and 7-12 year-olds by driving in Helsinki.
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Appendix 29. LISA clusters of travel times and 60-64 year-olds by cycling in Jyväskylä and 
Muurame.

Appendix 30. LISA clusters of travel times and 60-64 year-olds by driving in Jyväskylä and 
Muurame.
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Appendix 31. LISA clusters of travel times and 60-64 year-olds by cycling in Helsinki.

Appendix 32. LISA clusters of travel times and 60-64 year-olds by driving in Helsinki.
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Appendix 33. LISA clusters of travel times and 20-24 year-olds by cycling in Jyväskylä and 
Muurame.

Appendix 34. LISA clusters of travel times and 20-24 year-olds by driving in Jyväskylä and 
Muurame.
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Appendix 35. LISA clusters of travel times and 20-24 year-olds by cycling in Helsinki.

Appendix 36. LISA clusters of travel times and 20-24 year-olds by driving in Helsinki.
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Appendix 38. LISA clusters of travel-times by driving and median wages in Jyväskylä and 
Muurame.

Appendix 37. LISA clusters of travel-times by driving and median wages in Jyväskylä and 
Muurame.
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Appendix 39. LISA clusters of travel-times by driving and median wages in Jyväskylä and 
Muurame.

Appendix 40. LISA clusters of travel-times by driving and median wages in Helsinki.
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Appendix 41. LISA clusters of travel-times by driving and median wages in Jyväskylä and 
Muurame.

Appendix 42. LISA clusters of travel-times by driving and median wages in Jyväskylä and 
Muurame.

FreeText
Travel times by driving and
median wages

FreeText
Travel times by driving and
median wages













LISA clusters of travel-times to dsic golf courses by cycling in Helsinki

Rectangle

FreeText
LISA clusters of travel-times to disc golf courses by cycling in Helsinki


