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Abstract 

Urban environments are often considered more sustainable in terms of transport emissions 

than surrounding rural areas due to their higher population density. However, urban 

sustainability is rather complex and includes a variety of features that can affect it. 

Residents of big cities tend to make long-distance trips more often than their rural 

neighbors, and one of the hypotheses for this is compensatory behavior, where urban 

residents are trying to get away from urban core driven by disturbances of dense urban 

living or by lack of access to natural spaces by taking increased leisure domestic and 

international trips. This study evaluates the travel behavior of residents in two European 

capital regions: Reykjavik and Helsinki, comparing their leisure travel patterns to test the 

compensation hypothesis. A data set for Reykjavik and Helsinki was used, which was 

gathered by a PPGIS method that allowed public participation using interactive maps and 

an online questionnaire. Numbers of trips conducted within one-year timeframe were 

analyzed using variables of the dataset that proposedly relate to compensatory trips. Socio-

demographic variables were assessed in relation to average leisure domestic and 

international trips. NDVI values were created and compared with leisure travel frequency. 

Furthermore, distances from respondents' home locations to the nearest green, blue and 

open areas were calculated and correlated with leisure mobility. It has been found that 

socio-demographic factors have a strong effect on leisure travel frequency, rather than 

compensation, as well as factors of car ownership and access to a cabin. Overall, the 

analysis of NDVI values, distances to natural spaces and proximity analysis have not 

indicated any statistically significant evidence of compensatory travel behavior in leisure 

mobility frequency of respondents in both cities. 

Útdráttur 

Borgarumhverfið er oft talið sjalfbærara en dreifbýlin hvað varðar losun frá ferðum, vegna 

aukins fólksþéttleika. Hins vegar er sjálfbærni borga frekar flókin vegna þeirra marga þátta 

sem geta haft áhrif á hana. Íbúar stórborga hafa tilhneigingu til að fara oftar í lengri 

ferðalög en þeir sem búa í sveitinni, og er ein af tilgátum fyrir ástæðum þess “uppbóta 

ferðahegðun”, þar sem borgarbúar fara oftar í frí út á land eða erlendis til þess að komast í 

burtu frá truflunum borgarinnar og þéttbýlis, eða vegna þess þess að það vantar aðgang að 

náttúrulegum svæðum innan borgarinnar. Þessi rannsókn metur ferðahegðun íbúa frá 

tveimur evrópskum borgum: Reykjavík og Helsinki, og ber saman tómstundaferðalög 

íbúanna til að rannsaka uppbóta ferðahegðun. Gögn voru notuð frá Reykjavík og Helsinki, 

sem söfnuð voru með PPGIS aðferð, sem notar bæði gangvirk kort og netkönnun. Greining 

var gerð á fjölda ferða innan eins árs sem tengjast uppbóta ferðalögum. Líf- og 

félagsfræðilegar breytur voru metnar í tengslum við meðaltal ferða út á land og erlendis. 

NDVI gildi voru sköpuð og borin saman við fjölda ferða í frí. Ennfremur voru fjarlægðir 

heimila frá grænum, bláum og opnum svæðum reiknaðar og fylgni við fjölda ferða skoðuð. 

Niðurstöður benda til þess að líf- og félagsfræðilegar breytur hafa mikil áhrif á tíðni ferða, 



 

frekar en uppbóta ferðahegðun, sem og þættir hvað varða bílaeign eða aðgengi að 

sumarbústað. Á heildina litið hefur greiningin á NDVI gildum, vegalengdum til 

náttúrulegra svæða og nálægðargreining ekki bent á tölfræðilega marktækar vísbendingar 

um uppbóta ferðahegðun, þ.e.a.s. tíðni ferðalaga, hjá íbúum beggja borga. 
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1 Introduction 

Human activity is known for being a preeminent contributor to greenhouse gas emissions 

(GHG) resulting in accelerating climate change (Intergovernmental Panel on Climate, 

2014). Despite global efforts on mitigation of GHG emissions such as Kyoto Protocol, 

climate change is steadily increasing causing significant environmental damages and 

threats (O. Hoegh-Guldberg, 2018; Thornes, 2002). Transport sector is a source of most 

rapidly growing CO2 discharge, where urban transport mobility occupies top niche causing 

air pollution and related health issues (Ma, Zhou, Mitchell, & Zhang, 2018). 

Besides climate change, another global issue to consider is the massive human migration to 

urban environments. Nowadays slightly over half of world population lives in urban areas, 

and that number is predicted to steadily increase (UN, 2014). Urbanization leads to decline 

of green spaces in the near proximity to people and their households those are proven to be 

of significant importance for mental and physical health of urban residents (Braubach et 

al., 2017; Coppel & Wüstemann, 2017; Rey Gozalo, Barrigón Morillas, Montes González, 

& Atanasio Moraga, 2018). Though overall more dense living could leave more land area 

for the natural environment due to the fact that in urbanized regions fewer spaces are 

occupied per capita. With the growing expenditure of urbanized areas and increasing 

demand for them, it is of high significance to investigate how to make this form of the 

environment more sustainable and conducive to live in. 

Urban areas are characterized by high population density. It is a rather widely accepted 

assessment that in terms of transport-related GHG emissions densely populated areas are 

more sustainable than rural surroundings (Ewing & Cervero, 2010; Naess, 2012). Yosef 

Jabareen (2006) developed a classification of dense, compact, mixed land use and therefore 

sustainable urban form that has been further supported. However, more recent research 

suggests that this is a misleading concept due to residential self-selection, where people 

reside according to their neighborhood preferences (Haybatollahi, Czepkiewicz, 

Laatikainen, & Kyttä, 2015). Nevertheless, on the contrary to the general belief, urban 

density can lead to increased leisure mobility as a form of compensation for dissatisfaction 

and annoyance with urban environment (Czepkiewicz, Ottelin, et al., 2018; Næss, 2016).  

Urban form and regional travel, as well as related emissions from road traffic, have been 

well studied, however, the link between urban form, domestic and long-distance travel 

have been much less investigated (Czepkiewicz, Heinonen, & Ottelin, 2018). Albeit, some 

studies have done research in relation to a higher level of long-distance travel of urban 

residents in densely built urban environments. (Brand & Preston, 2010; Czepkiewicz, 

Ottelin, et al., 2018; Heinonen, Jalas, Juntunen, Sanna, & Junnila, 2013; Ottelin, Heinonen, 

& Junnila, 2014; Reichert, Holz-Rau, & Scheiner, 2016). It was found that residents in 

denser urban areas are involved in increased international leisure mobility that is partly 

explained by the compensation hypothesis. 

Investigation of the relations between urban environment and travel behavior gives a better 

insight into what would be a more sustainable urban form. Leisure travel is mostly affected 

by people's choices and preferences, and therefore can be mostly driven by a need to 
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escape to a different environment due to dissatisfaction that occurs from the urban 

environment. There can be many contributors that affect leisure travel behavior, therefore, 

this work aims to investigate selected aspects of increased leisure travel. This study looks 

into such links among residents of Reykjavik Capital Region (Reykjavik) and Helsinki 

Metropolitan Area (Helsinki) and is aimed to detect potential compensatory travel patterns 

in leisure domestic and international trips. 

1.1 Research problem and research question 

The overall and general goal of this study is to identify whether residents in capital areas of 

Reykjavik and Helsinki have a compensatory component in their leisure travel behavior 

that can be in form of lack of natural spaces in near proximity to households or poor access 

to green spaces suitable for leisure and recreational purposes those result in taking larger 

number of domestic and international leisure trips. Furthermore, this study looks into what 

socio-demographic groups operate a larger number of leisure trips. In addition, a 

correlation between greater leisure mobility in relation to fewer green, open and blue 

spaces in the vicinity to resident's households is investigated. On the basis of the 

aforementioned goals, the following research questions are to be answered: 

1. Does compensatory travel behavior appear among residents of Reykjavik and/or 

Helsinki? 

 

1.1. Who makes the most trips on average? 

 

1.2. What qualities affect domestic and international leisure travel the most? 

 

1.3. How does access to green, blue and open spaces affect leisure travel behavior? 

 

1.4. How does proximity to recreational areas affect leisure travel frequency? 

 

1.2 Scope and limitations 

Following research project is a case study of two regions: Reykjavik Capital Region and 

Helsinki Metropolitan Area, where leisure travel frequency is analyzed using survey data 

collected among inhabitants of these regions. Leisure travel is narrowed down to domestic 

and international leisure trips that have been conducted by respondents during a period of 

12 months. Following study looks at how various socio-demographic factors affect travel 

frequency, as well as how natural environments, their type and vicinity to home locations 

of respondents possibly affect the number of trips made with a purpose of leisure further 

away from capital regions, which is seen as a form of compensation for the lack of such 

spaces and for other residues of living in a dense urban environment.  

There is no very specific information regarding different types of disturbances and 

annoyances in the local areas, hence that dimension of compensatory travel behavior 

cannot be studied using available data. In addition, there is no exact data regarding final 

destinations of respondents and their specific reasons and purposes to travel, thus it is 

challenging to define what leisure trips can account for compensatory. Nevertheless, 
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available data allows investigating possible relationships between availability, quality, and 

access of natural spaces in capital areas, as well as finding other qualities that might affect 

leisure travel frequency and possibly relate to compensatory trips. 

2 Literature Review 

Following literature review touches upon the most relevant topics and issues related to the 

subject and research questions of the current study. Compensation hypothesis is reviewed 

in regard to definitions and findings in existing academic literature. Then socio-

demographic variables are analyzed in regard to how they affect travel behavior in other 

studies of compensation hypothesis in order to consider whether certain sociodemographic 

qualities anticipate compensatory travel behavior or it's the sociodemographic factors 

themselves that have a large impact on travel frequency and have little to do with 

compensation. Further other significant factors that affect leisure travel were touched upon 

such as urban structure and lifestyles and looked at how strong the impact of these aspects 

are comparing to proposed compensation hypothesis and its implication to leisure mobility. 

Finally, the significance of the topic was investigated by relating to the importance of 

green spaces in the cities and touching upon research methods used in other studies for 

defining most appropriate techniques of measuring natural spaces in an urban environment. 

2.1 Compensation hypothesis 

Compensation hypothesis (Czepkiewicz, Heinonen, et al., 2018; Holden & Norland, 2005; 

Muñiz, Calatayud, & Dobaño, 2013; Næss, 2006b; Reichert & Holz-Rau, 2015) has 

appeared in scientific studies since 1960s and has been deliberated in different cities 

predominantly around Europe. The term "compensation" has a variety of meanings in the 

scientific literature. Travel to second homes, greater green spaces and other short and 

medium distance leisure trips is a form of compensation for lack of gardens, parks and 

leisure opportunities in nearby residential environment (Dijst, Lanzendorf, Barendregt, & 

Smit, 2005; Etminani-Ghasrodashti & Ardeshiri, 2015; Maat & Vries, 2006; Strandell & 

Hall, 2015). Lack of such natural spaces in an urban environment can lead to an increased 

amount of holiday nights spent abroad (Sijtsma, de Vries, van Hinsberg, & Diederiks, 

2012). Compensation may also occur “due to cumulative stress in dense urban 

environments caused by noise, rush and congestion” (Strandell & Hall, 2015). Drivers for 

compensation have similar nature: they predominantly occur due to displeasure and 

frustration within one's living environment, as well as due to the lack of green spaces 

which reduce the possibility of valuable recreational experiences. While some authors give 

a more narrow description of compensation hypothesis (Etminani-Ghasrodashti & 

Ardeshiri, 2015; Maat & Vries, 2006; Sijtsma et al., 2012; Strandell & Hall, 2015), others 

define it as a broader concept where compensation is a cumulative effect of constraints of 

dense urban living that results in greater mobility and a tendency to reside in another 

location during free time and vacations. (Muñiz et al., 2013; Reichert & Holz-Rau, 2015). 

In the study of compensation hypothesis among residents of Copenhagen metropolitan 

area, Næss introduced a so-called “escape hypothesis” which emphasizes long-distance 

leisure travel among residents who are “dissatisfied with their dwelling and surroundings” 
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(Næss, 2006b). Such escape trips are in line with the compensation hypothesis, although 

the author accentuates that escape is driven by displease, dissatisfaction or annoyance by 

urban habitat that makes residents spend their leisure time away from living surroundings. 

Another theory that relates to compensation hypothesis is alleged "rebound effect" when 

urban density leads to increased leisure activities and mobility, as well as expenditure of 

goods and services (Heinonen, Jalas, Juntunen, Sanna, et al., 2013; Næss, 2016). 

As for specific findings related to the compensation hypothesis, they are rather diverse as 

definitions. It has been noted that analyzed variables and research methods vary between 

the studies, therefore the findings diverge. Generally, it is noted that compensation may 

occur due to a variety of factors, and the need for compensation can arise from limited 

access to green and open spaces in the living environment (Holden & Norland, 2005) and 

their quality (Bijker & Sijtsma, 2017), noise pollution (Rey Gozalo et al., 2018), household 

conditions, lifestyles and cultural background (Strandell & Hall, 2015). Compensation is 

also rather challenging to segregate from the earlier mentioned rebound effect 

(Czepkiewicz, Heinonen, et al., 2018; Næss, 2016). It is also proposed that increased 

leisure mobility does not consequently arise due to weaknesses of a local environment but 

can be driven by monetary savings from diminished spending on specific goods and 

services, such as car ownership (Czepkiewicz, Heinonen, et al., 2018). 

Looking at the variety of compensation hypothesis studies, in some research works it was 

found that compensation exists (Sijtsma et al., 2012; Strandell & Hall, 2015), however, a 

more comprehensive conclusion would be that there is insufficient empirical evidence for 

compensation hypothesis in existing works (Czepkiewicz, Heinonen, et al., 2018). 

Nevertheless, investigation of compensatory travel behavior is linked to detection of who 

makes the most trips on average and what qualities affect domestic and international 

leisure travel the most. 

2.2 Sociodemographic variables and travel 

behavior 

In order to define other possible drivers of increased leisure mobility and/or compensatory 

travel behavior, various factors that affect leisure travel frequency need to be investigated. 

It is evident from other academic studies in compensation hypothesis and travel behavior 

that specific sociodemographic features often have a strong and rather diverse impact on 

leisure travel frequency. It has typically been found that the frequency of leisure travel is 

mostly influenced by age, gender, income, occupation, education and household type 

among residents of urban areas of Helsinki (Strandell & Hall, 2015), Greater Copenhagen 

(Große, Fertner, & Carstensen, 2018) and Copenhagen Metropolitan Area (Næss, 2006b), 

Netherlands (Maat & Vries, 2006), United Kingdom (Alcock et al., 2017), Switzerland 

(Bruderer Enzler, 2017), Germany (Reichert & Holz-Rau, 2015), Shiraz (Etminani-

Ghasrodashti & Ardeshiri, 2015) and San Francisco (Ory, Mokhtarian, & Collantes, 2007).  

Although all above mentioned sociodemographic factors have an impact on leisure 

mobility, they seem to have contrasting effects on domestic and international trips between 

regions. It was observed that people with higher incomes and education level travel more 

to parks, green spaces and other natural areas for leisure (Etminani-Ghasrodashti & 

Ardeshiri, 2015; Maat & Vries, 2006). Occupation and education were seen to significantly 

influence domestic leisure travel, where family-oriented people and families with kids 



19 

conduct fewer leisure long-distance trips, as well as people with full-time jobs (Ory et al., 

2007), but conduct higher number of inland trips, like trips to private cabin (Strandell & 

Hall, 2015). Income is seen as most often influencing sociodemographic factor on 

international leisure mobility (Alcock et al., 2017; Næss, 2016), where it appears more 

frequently among residents of denser urban areas (Frändberg & Vilhelmson, 2011). Higher 

income groups are found to make more international trips on average, where, in addition, a 

household type has a significant effect in form of smaller, childless households involved in 

increased leisure international mobility (Bruderer Enzler, 2017; Reichert & Holz-Rau, 

2015). In particular strong relationship is seen between income groups and travel 

frequency. Majority of studies see that respondents with higher incomes travel more 

frequently for leisure, despite the increase of cheap flights that are aimed to attract low and 

medium income audience (Alcock et al., 2017). 

Looking at additional variables that are seen to highly impact leisure travel behavior, it was 

found that higher incomes and car ownership are interrelated, as well as public transport 

use being less frequent with greater household incomes (Dargay & Gately, 1999; Liddle, 

2012; Reichert & Holz-Rau, 2015). It was further noticed that car ownership leads to 

increased domestic leisure mobility (Etminani-Ghasrodashti & Ardeshiri, 2015; Reichert & 

Holz-Rau, 2015). However, there is also evidence of the fact that the lack of a car can lead 

to increased consumption in other categories of everyday life, as well as promote air travel. 

(Frändberg & Vilhelmson, 2011; 2013; Heinonen, Jalas, Juntunen, Sanna, et al., 2013; 

Maat & Vries, 2006; Ornetzeder, Hertwich, Klaus, Korytarova, & Haas, 2008; Ottelin et 

al., 2014). In addition, some middle-income groups who don't own or use cars travel by 

plane more often than higher income groups (Heinonen, Jalas, Juntunen, Ala-Mantila, et 

al., 2013). 

An economic crisis can reduce employment and incomes. The economic crisis in Iceland in 

2008 resulted in a specific impact on residents’ travel behavior in the following year 

(Ulfarsson, Steinbrenner, Valsson, & Kim, 2015). It is estimated that 30% of residents in 

the capital area made fewer trips after the crisis, while 20% switched to use of public 

transport as they found themselves being unable to cover expenses of car ownership 

(Ulfarsson et al., 2015). Residents of suburban areas of Reykjavik have reduced the 

number of trips more than centrally located residents in terms of short distance trips. 

Considering the findings reviewed, it is detectable who travels the most on average 

domestically and internationally. In the majority of cases, it is individuals from households 

with higher incomes that travel the most, where in many cases higher education, household 

and occupation type add to important drivers of international leisure mobility, and car 

ownership to increased domestic leisure trips. 

2.3 Urban form and travel behavior  

Travel behavior is an important aspect of understanding urban sustainability as it has a 

direct effect on GHG emissions level and leads to better consideration of living qualities of 

the urban environment. Many studies investigate travel modes and emissions where travel 

is compelled, like getting to workplaces. However, it has been noticed that people who live 

in urban cores travel less by car on an everyday basis, and travel more internationally than 

do suburbanites. 
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There are various factors that might affect the leisure travel behavior of urban residents not 

only in terms of short distance trips but also medium distance (domestic) and long-distance 

(international) trips. Among these factors can be density (Chen, Gong, & Paaswell, 2008; 

Cheshmehzangi & Butters, 2016; Czepkiewicz, Ottelin, et al., 2018), structure and impact 

of built environment (Ewing & Cervero, 2001; Heinonen, Jalas, Juntunen, Ala-Mantila, et 

al., 2013; Lo, 2016; Ma et al., 2018). It has been noticed in other studies that people who 

live in urban cores travel less by car on an everyday basis, but conduct more international 

trips than suburbanites do (Czepkiewicz, Heinonen, et al., 2018; Czepkiewicz, Ottelin, et 

al., 2018; Ottelin et al., 2014). In addition, there is evidence of the relationship between the 

length of leisure trips and distance to urban downtowns, where residents from higher 

density neighborhoods make more trips abroad (Choi, 2018; Große et al., 2018; Holden & 

Norland, 2005; Næss, 2006b; Wang & Zhou, 2017). 

A comparatively large number of studies look at the relationship between urban 

environment and travel modes (Bagley & Mokhtarian, 2002; Boarnet & Crane, 2001; Maat 

& Vries, 2006; Næss, 2006a, 2016; Ye & Titheridge, 2017). Nevertheless, leisure domestic 

and international travel purposes and destinations are poorly researched (Czepkiewicz, 

Heinonen, et al., 2018) although trips to natural areas are seen to comprise the largest part 

of local leisure travel (Næss, 2006a). Recreational activities, such as visiting parks and 

forests are more popular among suburb residents than among downtown inhabitants (Næss, 

2016). This has been seen in the context of several Scandinavian countries, where leisure 

activities were found to be more frequent among residents of outer city areas. Such 

tendency also occurs for increased walking and cycling in green areas, where urban density 

is lower than in inner city locations (Næss, 2016). Number of studies showed 

interconnection between area compactness and use of short distance (regional) trips with 

the use of public transport, cycling and walking (Boarnet & Crane, 2001; Chen et al., 2008; 

Ewing & Cervero, 2001) which favors the argument towards sustainable density (Lee & 

Lee, 2014). Another range of studies concludes that the living environment is not 

interrelated with travel behavior (Boarnet & Crane, 2001; Scheiner, 2006). Scheiner 

determined that “neither lifestyles nor location preferences have a strong impact on trip 

distances, except for leisure activities: here lifestyle has the strongest impact” (Scheiner, 

2010). Although studies focusing on associations between urban form and leisure travel 

indicate mixed results depending on the geographical setting of research; residents of 

centrally located, dense urban downtown areas travel more internationally when 

sociodemographic variables are controlled for, however when only regional or domestic 

leisure travel is analyzed, the results are reverse indicating lesser long-distance mobility of 

higher density residents than of those living in residential, sparsely populated 

neighborhoods (Czepkiewicz, Heinonen, et al., 2018). 

There are some other evident drivers of increased leisure mobility that have been discussed 

in academic literature. Several studies from European countries indicate interrelationship 

between ownership of a second home and increased domestic leisure travel (Dijst et al., 

2005; Næss, 2006a, 2016; Strandell & Hall, 2015). However, travel pattern of urban 

residents who own or use second-homes varies between urban residential locations of the 

residents. It is estimated that residents living in outer city areas make substantially longer 

trips on average (Næss, 2006a). Notably, the length of leisure trips increases during 

weekends and public holidays among urban core residents. Although the majority of 

studies focus on relationships between urban form and leisure travel modes, they are 

mostly investigated in the scope of local or international leisure travel, whereas overall the 
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trips away from the urban region are less studied. Nevertheless, current subchapter 

provides insight into some qualities that affect international and domestic leisure travel 

behavior of urban residents the most. 

2.4 Lifestyles and travel behavior 

Leisure travel is an important type of travel behavior that greatly contributes to GHG 

emissions and is highly recommended to be considered in transportation policies aiming at 

GHG emissions mitigation. Leisure can be relatively defined as time spent on activities 

other than work, that can be recreational, cultural, social or sport related. (Ettema & 

Schwanen, 2012). Leisure travel is the type of mobility that is operated for reaching leisure 

activities. Such activities are proven to have a positive effect on physical and mental health 

and in general play an important role in people's life. Nevertheless, leisure differs between 

individuals depending on their needs, tastes, and preferences (Melamed, 1995). 

Travel behavior can have a variety of drivers, where human attitudes and lifestyles are 

among major contributors to increased travel, and to international travel in particular, apart 

from certain socio-demographic variables and urban structure (Næss, 2006a). Social media 

encourages young people to travel abroad and visit as many places as possible for a 

minimum budget, which is well supported by cheap flights from low-cost airlines. 

Globalization oriented attitudes lead to international networking and result in having 

friends in many countries and continents that are often being visited. Academic studies in 

the field of urban planning and travel behavior are gaining more research to subjective 

travel patterns, where often non-evident and hidden factors outline the mobility patterns of 

urban residents. (Anable & Gatersleben, 2005; Etminani-Ghasrodashti & Ardeshiri, 2015; 

Mokhtarian & Salomon, 2001; Ory & Mokhtarian, 2009; Van Acker, Mokhtarian, & 

Witlox, 2014).  

Respectively, more frequent visits to café’s, restaurants, theaters, cinemas, etc. are found 

among downtown residents. Such tendency can be explained by the fact that greater 

accessibility increases demand, such in access to recreational areas escalates interest and 

convenience for use of green spaces (Korpela, Ylén, Tyrväinen, & Silvennoinen, 2010).  

Study of Næss (2006a) looks at the relationship between the alleged cosmopolitan lifestyle 

of urban residents and their travel behavior which are found to align with each other, 

where, for example, the qualitative analysis revealed a tendency among young people from 

urban core to travel to other big cities, rather than to escape from one. Some studies have 

highlighted that those who consider themselves environmentally concerned actually travel 

more by taking higher number of air trips advocating this as a more environmentally 

friendly behavior that results in fewer emissions (Barr, Shaw, Coles, & Prillwitz, 2010; 

Davison, Littleford, & Ryley, 2014; Dickinson, Robbins, & Lumsdon, 2010). This 

subchapter is another observation contributing to the research question of who travels the 

most and what qualities affect leisure travel. 

2.5 Health benefits of natural spaces in urban 

habitat 

Noticeably, urbanization at its tremendous pace presents a challenge for the demand of 

pursuing sustainability. Urban areas offer easy access to a variety of services, however, 
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they can impose psychological demands those people find disproportionate (Van Den 

Berg, Hartig, & Staats, 2007). These applications of modern urban life stimulate “desire 

for contact with nature” (Van Den Berg et al., 2007) within nearby locations. Varieties of 

studies indicate positive effects of green spaces in living environment (de Vries, van 

Dillen, Groenewegen, & Spreeuwenberg, 2013; Groenewegen, van den Berg, Maas, 

Verheij, & de Vries, 2012). Waterside areas are also proven to have calming and relieving 

effects, while the need for restorative experiences is increasing interdependently with 

irritability and stress levels (Korpela et al., 2010). 

Recreational activities are a part of life many urban residents seek to utilize. Unavailability 

of publicly available spaces in the vicinity increases a potential to travel to green spaces 

where recreational activities and contact with nature can be achieved (Cohen, Inagami, & 

Finch, 2008; Cohen et al., 2007; E. Kuo, Sullivan, Coley, & Brunson, 1998). Vegetation 

was proven to promote psychological and physical health that can be achieved from 

passive overviewing as it unintentionally catches one’s attention in urban areas since they 

present a high contrast to grey build-up environments (Kaplan & Kaplan, 1996). Consistent 

with green spaces, residential views of nature prompt mental well-being. Broadly covered 

areas with greenery not only improve the beauty of the surrounding environment, but also 

encourage regional physical activities (Humpel, Owen, & Leslie, 2002; Kaplan & Kaplan, 

1996) apart from steady stress devaluation (Mair et al., 2009). 

While academic literature boosts with articles related to health benefits of green spaces in 

urban environments, blue, and open spaces are rarely taken into account when evaluating 

their impact on physical and mental health. Although green, open and blue spaces in urban 

environments may differ in many aspects, according to the opinion of some authors, they 

can be united in one category of "urban open spaces" (Völker & Kistemann, 2015). Despite 

the fact that blue and open spaces have been limitedly investigated, few academic studies 

have evaluated the impact of such natural areas on the physical and psychological health of 

urban residents. 

Evaluation of access to blue spaces in relation to higher mental health was conducted in 

Germany in two comparative studies (Völker et al., 2018; Völker & Kistemann, 2015). In 

the latest study, when controlling for green spaces, socio-economic and demographic 

variables, use of blue spaces was related to higher mental well-being among residents in 

cities with a modest amount of blue spaces (Völker et al., 2018). Two qualitative studies 

from the United Kingdom have shown interdependency between proximity to coastal areas 

and better state of health (Wheeler, White, Stahl-Timmins, & Depledge, 2012; White, 

Alcock, Wheeler, & Depledge, 2013). An additional study from New Zealand conducted in 

Wellington confirmed positive psychological outcomes and mental distress with increased 

visibility of blue spaces among residents in varied socio-economic and demographic 

groups (Nutsford, Pearson, Kingham, & Reitsma, 2016). On the contrary, study from 

Barcelona that evaluates the effects of long-term access to residential green and blue 

spaces on anxiety and depression and intake of related medication among city residents 

concludes no improvement from blue spaces, while an important role of green spaces on 

mental health is repeatedly confirmed (Gascon et al., 2018). 

Of the two case cities, Helsinki is considered to be one of the greenest capitals in the world 

(Juhola, 2018) and has easy access to forests and parks in the capital area. It has been 

estimated that about 97% of Helsinki residents engage in various outdoor recreational 

activities (Neuvonen, Sievänen, Tönnes, & Koskela, 2007) However, those who live in the 
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suburbs of the capital have been estimated to engage in outdoor activities close to their 

homes more often than more centrally located inhabitants. Public open access to privately 

owned nature area is commonly used for recreation and thereby access to nature is of 

considerable importance not only for residents of capital areas, but to all inhabitants of the 

country (Lankia, Neuvonen, Pouta, & Sievänen, 2014; Neuvonen et al., 2007). Overall it is 

seen that access and proximity to natural spaces are of high importance for urban residents 

and therefore reflect on their leisure mobility patterns.  

3 Methodology and research process 

The beginning of the following section will be marked by providing a better insight into 

the study areas, which are capital regions of Reykjavik and Helsinki, further defined as 

Reykjavik and Helsinki. Then description of datasets for the areas is introduced in details 

for a better understanding of available data and research limitations. Further subchapter 

elaborates on outcome variables and their statistical properties. In addition, there is 

presented description of sociodemographic data is and how it is studied in relation to 

leisure travel frequency. This is followed up by three subchapters elaborating on different 

Geographic Information System (GIS) measures used for analysis of natural spaces within 

the geographical distribution of respondents’ home locations with the provision of further 

investigation of relationship between distance, access and quality of such areas and leisure 

travel frequency of respondents. The chapter is finalized with description of statistical 

analysis performed for analyzed data. 

3.1 Areas of study 

In the following study, proposed compensation hypothesis is tested among residents of 

capital areas in Reykjavik and Helsinki and analyzes evidence of compensatory travel 

behavior in leisure mobility of the inhabitants of these two regions. 

Although Reykjavik and Helsinki belong to the same neither latitudes nor longitudes and 

lie within over 3000 km distance from each other, they share a number of similar features 

in terms of climate and population. Comparing to other European capitals, both Helsinki 

and Reykjavik are sparsely populated capitals that have extensive capital areas and similar 

climate features. Both of these cities currently follow densification as the development 

guideline after previous sprawling expansion (Kyttä, Broberg, Tzoulas, & Snabb, 2013; 

Reykjavík Municipal Plan 2010-2030, 2014). They are Nordic capitals in a geographic and 

political sense, where winter nights are long, as well as daylight during the summer. 

Helsinki and Reykjavik are cold capitals over the non-summer season; therefore outdoor 

activities, walking, and cycling might seem problematic. While cycling has become a 

popular mean of transportation in Helsinki in recent years (Laatikainen, Piiroinen, 

Lehtinen, & Kyttä, 2017), Reykjavik is still lacking cycling infrastructure, while the 

demand is increasing (Panek & Benediktsson, 2017). Nevertheless, outdoor activities are 

rather popular in both capitals over the summer season (Pyky et al., 2018; 

Reykjavíkurborg, 2018). Considering all the factors mentioned above, it is reasonable to 

make a comparison-analysis of these two capitals and their residents’ travel behavior in 

particular. 
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Vast seascapes mark both Helsinki and Reykjavik, and marine environment has a direct 

impact on these northern capitals. Water is known to have a calming and relaxing impact 

for body and soul, hence access to water can partly replace green spaces (Neuvonen et al., 

2007). Although, while Helsinki is marked by a large number of green spaces such as 

parks and forests, Reykjavik residents are less treated with green spaces in their living 

surroundings. 

Reykjavik is a relatively sparsely populated city in comparison to other world capitals, yet 

it faces all major challenges of rapidly developing urban areas. Reykjavik city seems to be 

disconnected from nature, and according to urban planner Trausti Valsson, this has been an 

investigation of western culture that leads to the separation of cities and nature. He 

believes that waterfronts and nearby rural areas can bring continuity to  Reykjavik and 

unite nature and city that should be considered as integrated components of modern urban 

planning (Johnson, 2001). However, the ongoing urbanization, as well as critical housing 

demand impose a threat to the largest urban recreation area of capital region – Heiðmörk, 

despite the prevailing willingness of city residents to preserve this natural gem of the 

capital area (Cook, Eiríksdóttir, Davíðsdóttir, & Kristófersson, 2018). 

Reykjavik has potential in becoming a greener and more sustainable city with more 

accessible public transportation services and infrastructure (Reykjavík Municipal Plan 

2010-2030, 2014). However, city’s waterfronts and water vistas are fairly neglected as 

potential areas for recreational experiences despite them being proved to have not lesser 

calming and stress-relieving effect than green and open spaces (Laatikainen et al., 2017). 

Helsinki Metropolitan Area is a capital area of Finland and includes cities of Helsinki, 

Vantaa, Espoo, and Kauniainen. Helsinki Metropolitan Area estimates over 1.15 million 

residents and comprises around a quarter of the whole population of Finland (Finland, 

2018). In comparison to other European capitals, Helsinki accounts for a relatively small 

number of residents, however, it is an important center for the country's economy and 

culture, as well as a decisive urban hub for visitors and transferring passengers due to close 

location and convenient access of Helsinki-Vantaa international airport. Currently, there is 

no domestic airport for general public use in Helsinki capital area, hence all national and 

international flights are operated from Helsinki-Vantaa international airport. 

After giving an overview of similarities and differences of two research areas, research 

methods will be described in following subchapters and will specify research process of 

current study. Firstly, questionnaires conducted in study areas of Reykjavik and Helsinki 

will be described and more detailed information about datasets that were used for the 

analysis of variables that proposedly correlate with compensatory travel behavior will be 

provided. In addition, main challenges and limitations to the survey dataset will be 

described.  

3.2 Description of questionnaires  

Surveys were conducted with one year difference among residents in the capital areas of 

Reykjavik and Helsinki. They contain range of socio-economic and demographic features, 

information regarding pro-environmental behavior and attitudes, as well as travel 

frequency recorded in number of trips conducted within one year time frame. Number of 

geographical features was recorded with the use of public participation GIS (PPGIS) 

approach (also called SoftGIS), such as home locations, local, regional and international 
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trips.  (Czepkiewicz, Jankowski, & Zwolinski, 2018; Kahila & Kyttä, 2009; Laatikainen et 

al., 2017). For further analysis, following travel frequency variables are used for 

compensation hypothesis analysis: 

 number of domestic leisure trips within 12 months 

 number of international leisure trips within 12 months. 

 

Figure 1. Screenshots from Reykjavik survey.  

Survey interface for Reykjavik (Heinonen & Kyttä, 2017) looks rather similar to one for 

Helsinki (Kyttä & Heinonen, 2016), including same range of questions for trip number 

collection, therefore only one city is displayed above. Screenshots for Helsinki survey can 

be accessed in appendix section 3 (Figure 39). 

Leisure domestic travel is identified as action of movement within the country of residence 

for leisure purposes, such as performing recreational activities and gaining access to 

nature. International travel implies same range of activities and purposes that are applied 

on a broader geographical scale and implies long distance travel usually performed by 

plane. 

The values for variables were calculated from number of points respondents marked on the 

map and answers to questions referred to these points on trip frequency and purpose. 

Incomplete responses to the survey have been excluded from the analysis. 

3.2.1 Reykjavik survey 

Data collection procedure was conducted by means of sending invitations to random 

participants. Target group consisted of registered residents of the Capital Region of Iceland 

(Höfuðborgarsvæðið), including municipalities of Reykjavík, Kópavogur, Hafnarfjörður, 

Garðabær, Mosfellsbær, Seltjarnarnes, Kjósarhreppur. The age of participants was between 

25 and 40 years by the time of August 2017.  

The data set was collected in three most common languages in Iceland: Icelandic, English, 

and Polish. Data collection was conducted by selecting a random sample of 6000 members 

from National Registry of Iceland (Þjóðskrá Íslands) by means of using a geographically 

stratified method in order to create an equal proportion of residents of each municipality in 
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the sample. Sampling and data collection were approved by the Data Protection Authority 

(Persónuvernd) - Notification no. S8306. Invitation letters were prepared by Nordic 

Information Technology Service Corporation - Advania and delivered by local post 

services (Postur).  

Each sample member was assigned a unique personal number ranging between 10000 and 

20000. The numbers were printed on invitation letters, participants were asked to enter 

them in the questionnaire. Hereafter about 672 letters were returned unopened, hence it is 

assumed that 5328 invitations were accordingly delivered. The invitees were later 

reminded about the survey by sending another round of letters. The final number of 

participants suitable for analysis is 780 (14.64%) for those who have answered at least one 

question, 735 (13,8%) for those who provided a valid personal number and 706 (13.25%) 

for those who provided a valid home location. In total 812 home locations were marked by 

718 respondents. Language statistics represent the following rate: responses in Icelandic- 

640 (82.1%), in English – 103 (13.2%), in Polish – 37 (4.7%), with the total of 780 

responses. Overall 705 respondents were selected for data analysis due to the availability 

of both personal number and location features. 

3.2.2 Helsinki survey 

Data collection procedure for Helsinki has been the same as for Reykjavik city. The target 

group is registered residents of Helsinki Metropolitan Area, including municipalities of 

Helsinki, Espoo, Kauniainen, and Vantaa. Participants aged between 25 and 40 years old 

as of August 2016. 

Invitations have been sent to potential respondents in August 2016. A random sample has 

been selected from the database of the Population Register Center of Finland. The survey 

has been available to respondents in the form of Maptionnaire URL in two languages: 

Finnish and English. E-mail addresses of participants were removed from original data 

files for the sake of personal data protection. 5.000 invitation letters were delivered by 

local post services (Posti). Each letter had a unique personal number printed, which 

participants were asked to enter in the questionnaire.  

Response rate from distributed invitations is following: 962 respondents entered personal 

number (19,24 %), 917 provided residential location (18,34 %), 898 provided both 

personal number and residential location (17,96%). In total 1048 homes were marked by 

917 respondents. Ultimately 898 respondents were selected for statistical analysis. 

However, depending on the measured variable, there is a different number of respondents 

for particular analysis in this study due to the fact that some respondents have not made 

complete feedback for the survey and several values were missing. Aforementioned also 

applies to Reykjavik respondents.  

3.3 Research process  

The main research goal of the following study is to find evidence of the issues explaining 

compensatory behavior in travel modes of respondents, hence it should be analyzed what 

are the possible drivers of compensation or what affects leisure travel of survey 

respondents the most apart from possible compensation. As seen in the literature review, 

drivers for compensation might vary between regions and studies. Although, lack of green 

spaces and reduced possibilities of valuable recreational experiences are seen as a 

frequently visible compensatory pattern. In the current research, it is to be detected who 
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travels more frequently and to be analyzed if the elevated frequency might relate to 

compensation. In the following study compensatory travel behavior may be found in form 

of increased domestic leisure trips among respondents who don't have access to a private 

yard, but for those who have access to a car and/or private yard. In addition, respondents 

who live further away from natural areas, have poor access to green, open and/or blue 

spaces, or have a low density of greenery in their surroundings travel more for leisure 

domestically and/ or internationally, in other words, lack of access to nature leads to 

increased leisure mobility.   

Survey variables containing sociodemographic data were analyzed using bivariate analysis. 

This was treated as a sufficient approach since the aim was to find out whether there are 

any significant correlations and/or associations between sociodemographic variables and 

frequency of leisure domestic and international trips. One of the ways to see associations 

was using descriptive statistics in form of charts where variables from the datasets of 

Reykjavik and Helsinki were divided into categories and compared with the average 

number of trips within each category, also dividing respondents between those who have 

made no trips and those who made one or more trips. The variables that were taken for the 

analysis include gender, age/age group, income, occupation, education, and household 

type. 

Other variables available in the dataset that were seen as important drivers of increased 

leisure mobility in existing studies, such as access to the cabin, access to the private yard 

and car ownership were analyzed for possible associations or correlations with domestic 

and international trip frequency. Such a distinction between variables is related to the 

content of the survey data. Assess to the cabin is a missing variable in the Helsinki dataset, 

therefore it was only studied for Reykjavik. 

3.3.1 Domestic and international leisure trips 

In the following research study, domestic and international trips are two major variables 

used in the bivariate analysis. As previously mentioned, it is a number of trips operated 

with the purpose of leisure by respondents in both Reykjavik and Helsinki within 12 

months timeframe. Domestic leisure trips are medium-distance trips operated inside the 

country not involving the crossing of any country boundaries and are often conducted by 

car, bus, airplane, boat, or train (in Helsinki). International leisure trips are defined as long-

distance trips operated from country of residence to another country often operated by 

airplane or boat. In the questionnaire, after respondents were inquired to mark their trips 

operated by one of the transport facilities, such as a car in domestic leisure travel (figure 1) 

they were asked to indicate whether it was a work or study related trip. Trips those marked 

as not related to work or study were considered as leisure trips and used for further analysis 

in the current research. All the study variables were analyzed in relation to domestic and 

international travel frequency, therefore, it is imperative to elaborate on these two 

variables. 

In order to have a better understanding of further study results, one sample T-test and 

Shapiro-Wilk test of normality were performed. Normality tests have shown that domestic 

and international trip numbers are not normally distributed neither in Reykjavik nor in 

Helsinki. Tables 1 and 2 below include a Z-test, normality test, and descriptive statistics 

representing the total number of values, their mean, standard deviation and standard error 

values. 
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Table 1. One sample T-Test for leisure trips in Reykjavik 

One Sample T-Test  

   Z  p  

Domestic trips  
 
218.39  

 
< .001  

 
International trips  

 
52.37  

 
< .001  

 
Note.  Z test.  

 

Test of Normality (Shapiro-Wilk)  

   W  p  

Domestic trips  
 

0.735  
 
< .001  

 
International trips  

 
0.731  

 
< .001  

 
Note.  Significant results suggest a deviation from normality.  

 

Descriptives  

   N  Mean  SD  SE  

Domestic trips  
 

772.0  
 

7.860  
 
10.460  

 
0.376  

 
International trips  

 
772.0  

 
1.885  

 
2.345  

 
0.084  

 

 

Table 2. One sample T-Test for leisure trips in Helsinki 

One Sample T-Test  

   Z  p 

Domestic trips  
 
599.9  

 
< .001 

 
International trips  

 
149.4  

 
< .001 

 
Note.  Z test.  

 

Test of Normality (Shapiro-Wilk)  

   W  p  

Domestic trips  
 

0.863  
 
< .001  

 
International trips  

 
0.844  

 
< .001  

 
Note.  Significant results suggest a deviation from normality.  

 

Descriptives  

   N  Mean  SD  SE  

Domestic trips  
 

898.0  
 

20.018  
 
19.738  

 
0.659  

 
International trips  

 
898.0  

 
4.987  

 
5.122  

 
0.171  

 
 

3.3.2 Sociodemographic variables and leisure travel  

Sociodemographic variables play one of the major roles in the evaluation of urban 

residents' travel habits and behavior. It is of high importance to analyze these variables in 

order to understand what categories of residents travel more, and why they travel more. 

Thus this leads to better understanding of travel patterns of urban residents and it can be 

concluded whether there is a compensation patter in the travel habits of respondents from 

Reykjavik and Helsinki.   

In the current study, major socio-demographic variables have been investigated in relation 

to domestic and international leisure travel. It is estimated that leisure travel accounts for 
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most of the compensatory trips, hence business trips were not taken into account as they 

have distinct purpose of travel and don't account for a reasonable proportion of long-

distance travel, as well as and do not relate to compensatory travel (Bruderer Enzler, 2017; 

Reichert et al., 2016). Leisure trips originate from respondent's travel desires and 

preferences and therefore provide evidence for investigation of compensatory travel 

behavior. Age, gender, education, household type, income, and employment type are the 

main variables that have been analyzed in relation to leisure domestic and international 

travel. These variables have been used in other studies of travel and compensatory 

behavior (Bruderer Enzler, 2017; Dijst et al., 2005; Holden & Norland, 2005; Reichert et 

al., 2016).  

Socio-demographic variables that are available in the survey data were visualized using 

descriptive statistics in form of charts in excel and compared to the number of domestic 

and international trips. Descriptive statistics are decisive for representation and summary 

of raw data and allow a substantial presentation and interpretation of data ("Descriptive 

and Inferential Statistics," 2018). Charts were built in such a way that would have a more 

clear representation of variables providing different measures of trips count, such as 

average trip numbers and rate of travel (likeliness to travel) within different study groups. 

It was chosen to create such groups that would have an even number of respondents 

between columns in order to have a statistically more accurate representation of the data. 

Columns in the graphs show the measured variable, while the secondary axis on the right 

side of the chart represents the average number of leisure domestic or international trips. 

Numbers inside the columns express the quantity of respondents within each section. Some 

graphs are presented in the results section, while those showing less significant results can 

be found in the appendix section. All findings are tested for statistical significance using 

relevant statistical methods applicable to variable types. 

3.3.3 Mean NDVI in buffers  

Use of simple buffers that calculate Euclidean distance using the radius of the buffer is a 

common tool for measuring distances and analyzing special characteristics around points, 

which are home locations of respondents in the following study. Buffers of different ratio 

were used to calculate the density of natural spaces within them and used for further 

correlation with leisure travel frequency values. 200m and 1km radius simple buffers have 

been created around home locations in Reykjavik and Helsinki. Different buffer sizes were 

used due to the potentially different impact of the spaces within different distances. 200m 

buffers are considered to cover the vicinity of home locations, and 1km buffers are 

oriented to cover areas within walking distances from home locations of respondents. 

In order to analyze natural land cover of Reykjavik and Helsinki, remote sensed images 

captured by satellites were accessed for further analysis. Variety of definitions apply to the 

specification of remote sensing, however, the main common characteristics state that it is 

information about physical, chemical and biological properties of the surface of the Earth 

those are gathered by an appliance that has no physical contact with measured objects and 

collects information remotely. Information is being retrieved through “measurements of 

the electromagnetic radiation that is reflected, emitted or scattered from the object. Remote 

sensed data is acquired both by using satellite remote sensing and aerial photography, as 

well as radar” (Mårtensson). For both capital areas of Reykjavik and Helsinki land satellite 

images were derived from Land Viewer tool, accessed in form of web interface provided 
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by Earth Observing System (2018). Derived images required no correction of reflectance 

since the research areas are not affected by clouds. 

Measurement of natural spaces in urban ambiance can represent a challenge, though some 

methods have been identified for such type of analysis. Land satellite images of 

Normalized Difference Vegetation Index (NDVI) are a widely used measure for accessing 

vegetation research and can be used to calculate natural spaces. Despite sufficient benefits 

of NDVI images, they can be a source of errors, coarse results and misclassifications 

(Boone, Gordon-Larsen, Stewart, & Popkin, 2008; Ricketts, 2003). For example, it is still 

not clearly defined how well it measures and classifies green (vegetation) and blue (water) 

spaces. There are even more shortcomings when it comes to measuring vegetation in urban 

areas, as, for example, the spatial distribution of vegetation may be more difficult to detect 

in higher density urban neighborhoods than in ones with lower density (Rhew, Vander 

Stoep, Kearney, Smith, & Dunbar, 2011). Nevertheless, recent studies have been using 

NDVI images for evaluation of urban greenness (Bell, Wilson, & Liu, 2008; Liu, Wilson, 

Qi, & Ying, 2007), and a research conducted on validation of NDVI imagery as a measure 

of urban greenness have concluded that NDVI can be a valid measure of urban and 

residential greenness. It was specified as a sufficient tool for accessing vegetation in both 

high and low-density areas (Rhew et al., 2011). 

In the purview of digital images, resolution is limited by pixel size, where objects smaller 

than the pixel size cannot be determined. The pixel size depends on distance to the sample 

area (Liew, 2001). The most commonly used remote sensing image resolution in academic 

research is 30 meters per pixel (30 x 30). This resolution is considered sufficient for 

vegetation evaluation purposes using NDVI images. Higher resolution images can be used 

for more precise and in-depth vegetation research, however, they are significantly hard to 

get in open access. For further described NDVI analysis data was retrieved in equivalent 

resolution for the areas of both Reykjavik and Helsinki. Spectral resolution is identified by 

a number and dimension of a distinct wavelength interval in electromagnetic spectrum to 

which a remote sensing instrument is sensitive, which is specified by bands or channels 

(Mårtensson). For the calculation of NDVI near infrared (NIR) and red (RED) bands were 

retrieved.  

NDVI measures have a crucial asset for greenness calculations in urban areas. NDVI is a 

frequently used vegetation index in remote sensing analysis. It is most favored for 

minimizing topographic effects. Since raster images depict the areas in pixels that often 

come in standard resolution size of 30x30 meters per pixel, it is inevitable that same pixels 

will be partly covered with different types of areas, whether they are green or gray areas. 

NDVI enables to capture the total level of greenery within every pixel, hence it is a useful 

tool for capturing urban vegetation where green areas are often poor in size and scattered 

around. The following equation applies to NDVI calculation: 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷
 

Raster calculator was used to calculating mean NDVI values within 1km buffers created 

around home locations of Reykjavik and Helsinki respondents, hereafter summary 

statistics were extracted for further data analysis. 
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Reykjavik  

For green space analysis in Reykjavik data was derived from satellite Landsat 8 in form of 

two spectral bands: band 4 (RED) and band 5 (NIR). The satellite image for Reykjavik 

dates to July 30, 2016, and is the least cloudy image that has been recorded by all available 

satellites in the past 2 years during summer seasons in Reykjavik. Since the survey for 

Reykjavik was conducted in 2017, and respondents marked their trips for the past 12 

months, remote sensed image from the summer of 2016 provides a reflection of levels of 

the vegetation of the time when respondents have been involved in leisure domestic and 

international travel. Official cloud coverage in the image is 5,58% which doesn’t affect the 

area of research (Reykjavik). Following coordinate system was used: EPSG:3035 – 

ETRS89 / LAEA Europe.  

Helsinki 

For Helsinki, measurements of greenness were completed through analysis of 2 spectral 

bands: band 4 (RED) and band 8 (NIR) from Sentinel 2 satellite. Satellite image dates to 

May 25, 2018, which records significant levels of vegetation despite the early summer 

season. In the year 2018, Southern Finland had experienced long winter and enduring cold 

temperatures, hence in April Helsinki was covered with snow and had minimum 

vegetation. Despite continuous cold times, at the end of May Helsinki was experiencing 

vegetation levels common for this season hence the remote sensed image from May 25 is 

considered acceptable for greenness analysis and NDVI calculations. Outcome file for 

Helsinki only takes the scope of all home locations of respondents and is saved in the 

original coordinate system of the remote sensed images: EPSG:4326 - WGS 84/ WGS 

1984. Home locations and buffers for Helsinki are operated in the same coordinate system. 

3.3.4 Percentage of land use classes in buffers  

Another approach to test the compensation hypothesis is to analyze the frequency of 

leisure domestic and international travel in relation to the proximity of natural areas, such 

as open, green and blue spaces. Layers of various land classes were obtained from Urban 

Atlas, a Copernicus Land Monitoring Service, available in open access from European 

Environment Agency website, which provides high-resolution maps of large urban zones 

in Europe ("Urban Atlas," 2018). Not all of the land classes were included in the analysis, 

only those which were applicable to the selection criteria, those are green, open and blue 

spaces. There were uncertainties regarding the selection of appropriate land areas. For 

example, many leisure facilities may look green on satellite images and map, however, 

they are not always accessible to the general public. In addition, such land class as "land 

without current use" is in most cases occupied as construction sites nowadays and therefore 

were not classified as open spaces. This can justify as a limitation of the data since Urban 

Atlas classes were last updated in the year 2012, while both Reykjavik and Helsinki have 

seen many changes in their urban development since.    

Urban Atlas data was converted from vector to raster data, where it was further reclassified 

in accordance with the selected types of green, open and blue spaces. Tables 3 and 4 

containing land classes' selection are illustrated below. Three separate raster files were 

created for all three natural area types, and summary statistics were calculated within all 

buffer sizes for each area type. Summary statistics are based on cell count. 

Table 3. Land classses of Reykjavik and selection of different area types. 
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Land class Open spaces Green spaces Blue spaces 

Ocean water 1 0 1 

Discontinuous very low density urban fabric (S.L. : < 

10%) 
0 0 0 

Isolated structures 0 0 0 

Industrial, commercial, public, military and private 

units 
0 0 0 

Port areas 0 0 0 

Airports 0 0 0 

Mineral extraction and dump sites 0 0 0 

Construction sites 0 0 0 

Land without current use 0 0 0 

Green urban areas 1 1 0 

Sports and leisure facilities 0 0 0 

Pastures 1 1 0 

Forests 1 1 0 

Herbaceous vegetation associations (natural 

grassland, moors) 
1 1 0 

Open spaces with little or no vegetation (beaches, 

dunes, bare rocks, glaciers) 
1 0 0 

Wetlands 1 1 0 

Water 1 0 1 

Other roads and associated land 0 0 0 

Table 4. Urban land classes of Helsinki and selection of different area types. 

Land class Open spaces Green spaces Blue spaces 

Ocean water 1 0 1 

Continuous urban fabric (S.L. : > 80%) 0 0 0 

Discontinuous dense urban fabric (S.L. : 50% -  

80%) 
0 0 0 

Discontinuous medium density urban fabric (S.L. : 

30% - 50%) 
0 0 0 

Discontinuous low density urban fabric (S.L. : 10% - 

30%) 
0 0 0 

Discontinuous very low density urban fabric (S.L. : 

< 10%) 
0 0 0 

Isolated structures 0 0 0 

Industrial, commercial, public, military and private 

units 
0 0 0 

Port areas 0 0 0 

Airports 0 0 0 

Mineral extraction and dump sites 0 0 0 

Construction sites 0 0 0 

Land without current use 0 0 0 

Green urban areas 1 1 0 

Sports and leisure facilities 0 0 0 

Arable land (annual crops) 1 0 0 

Pastures 1 1 0 

Forests 1 1 0 

Herbaceous vegetation associations (natural 

grassland, moors) 
1 1 0 

Open spaces with little or no vegetation (beaches, 

dunes, bare rocks, glaciers) 
1 0 0 

Wetlands 1 1 0 

Water 1 0 1 

Other roads and associated land 0 0 0 

Fast transit roads and associated land 0 0 0 

Railways and associated land 0 0 0 
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3.3.5 Distance to the nearest recreational green space 

Access to good quality recreational areas is another method of testing the compensation 

hypothesis. Current subchapter elaborates on research methods of how the frequency of 

leisure travel is affected by distances to good quality green spaces, also considered as 

green spaces suitable for leisure activities and recreational experiences. Considering that 

Reykjavik and Helsinki significantly vary in vegetation type and density, particular criteria 

were specified for analysis of both regions that allowed creating map layers of similar 

types for both regions (table 5). 

Table 5. Selection criteria for good quality green spaces in capital regions of Reykjavik 

and Helsinki suitable for leisure purposes and recreation. 

 Reykjavik Capital Region Helsinki Metropolitan Area 

Urban land classes 
- Forests 

- Urban green spaces 

- Pastures 

- Open spaces with little or no 

vegetation 

- Herbaceous vegetation associations 

- Isolated structures 

- Forests 

- Urban green spaces 

- Wetlands 

Size criteria Area types (polygons) larger than 2 hectares 

(20.000 m2), except for smaller polygons of 

different land class that were part of larger 

areas.  

Area types (polygons) larger than 2 

hectares (20.000 m2) 

Area type criteria 

Areas that can serve for leisure purposes, those 

containing walking, hiking, cycling paths, 

significant vegetation, or qualified as parks, 

forests. 

Helsinki has a large density and accessibly 

to green spaces, therefore the accent was 

made on the size and types of the areas, 

where all the forests, urban green spaces 

and wetlands larger than 2 hectares were 

included. 

Access criteria Natural areas that are accessible to general public, access should be to and within the area, 

some fields include water spaces that are integral parts of landscape and the area, however the 

general space is available and is sufficient for leisure and recreational experiences. 

 

After creating a layer with areas falling into criteria mentioned above, distances from home 

locations of respondents to nearest green space within the following layer were calculated 

using "near" tool in ArcGIS. This tool allows calculating distances to the nearest boundary 

of the nearest polygon, meaning that the distances were calculated to the edge of the area 

and not to its centroid location. Some areas of urban classes described in previous 

subchapters have been used for the creation of the current layer of recreational green areas, 

however, it was modified to the selection criteria provided in the table.  

3.3.6 Statistical analysis 

The current research project is a quantitative study, where quantitative data analysis is used 

for understanding behaviors using statistical modeling. In general, quantitative analysis is 

used as a method for quantified data and is a useful evaluation tool. Various forms of data 
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visualization and analysis were used in current work in order to answer specified research 

questions of the study. 

Test of statistical significance is an integral part of data analysis. It is used to reject or 

accept the null hypothesis which proposes no relationship between tested variables. In the 

following study p-value less than 0.05 is rejection criteria for null hypothesis and all results 

below such p-value are considered statistically significant, which in other words indicates 

that there is a statistically significant relationship between variables. 

Prior to conduction of any test of significance of studied variables, distribution of the 

values was checked using normality test. The Shapiro–Wilk test is a test of normality 

where null hypothesis proposes a normal distribution of the data. For the majority of the 

variables, results were statistically significant after performing Shapiro–Wilk test, which 

rejects the null hypothesis and means that data is not normally distributed. Based on such 

test results further bivariate analysis of variables was performed using tests that do not take 

into account distribution and equality of variances of the variables. 

Sociodemographic variables used in the current study were analyzed using bivariate 

analysis, where leisure domestic and leisure international trips are dependent variables, and 

all other tested variables are considered independent. Sociodemographic variables consist 

of both numeric and categorical data, and thus different statistical approaches were applied 

to the analysis of these variables. All other GIS measures, such as mean DNVI values, 

values of green, blue and open spaces within 200m and 1km buffers, and distances to 

nearest green space were also accessed using bivariate analysis and are independent 

variables of ordinal and scale data type. 

The Kruskal-Wallis nonparametric test is a distribution-free test that can assess statistically 

significant differences of the dependent variable by a categorical independent variable 

which contains two or more groups. One of the benefits of the Kruskal-Wallis test is that it 

doesn't take data distribution into consideration, which means that the variable doesn't have 

to be normally distributed and have a nearly equal variance of scores among the groups. 

Kruskal-Wallis test was used in our study to access the statistical significance of such 

variables as occupation type, household type, income groups, and education type. All these 

variables are categorical and contain more than two groups, therefore it was a relevant test 

for statistical significance evidence.  

Wilcoxon-Mann-Whitney, or Mann-Whitney U test is another non-parametric, 

distribution-free test used for analysis of categorical variables containing two groups. It 

works similar way to the above described Kruskal-Wallis test, with the major difference 

that it cannot perform analysis for categorical variables containing more than two groups. 

Following Mann-Whitney U test was used to perform bivariate analysis of gender, car 

ownership, yard ownership and access to private cabin (this variable is only available in 

Reykjavik dataset). 

The Spearman's rank correlation is a nonparametric correlation coefficient test that 

measures the strength and direction of the association between two ordinal or scale 

variables. Spearman's correlation matrix is used for variables that have a monotonic 

relationship, where 1 is a perfect positive correlation, and -1 is a perfect negative 

correlation. A correlation matrix was used as a statistical test between leisure domestic and 

international trips and GIS measures, which include mean NDVI, values of green, open 
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and blues spaces in 200m and 1km buffers, and distances to nearest recreational area/good 

quality green space. A correlation matrix was also used for testing associations between 

age and leisure trips. 

All statistical tests were performed using JASP, free and open-source statistical software 

that operates a large range of statistical tests. Some of the statistical test results are 

included in the results chapter, while all the other tests outcomes can be found in the 

Appendix section 2 ". 
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4 Results 

Results of the study indicate that many sociodemographic variables have a significant 

impact on leisure travel frequency, such as gender, income and household type for both 

domestic and leisure travel in Reykjavik, and income, occupation, and education type in 

Helsinki. Car ownership is related to increased domestic leisure mobility in both regions, 

as well as cabin ownership among Reykjavik respondents. Correlations of NDVI values 

with leisure domestic and international trips have not shown any statistically significant 

results. Same applies to green, open and blue spaces within 200m and 1 km buffers and to 

proximity analysis.    

Coming subchapters elaborate on the aforementioned results and are separated by research 

topics. Firstly, the outcomes of sociodemographic data analysis are presented and 

significant results are pointed out. Further on, results of other dataset variables, such as car, 

cabin and yard ownership presented. Followed up subchapters conclude results of different 

GIS measures created and tested for the current research study. 

4.1 Sociodemographic variables and leisure 

travel 

In the comparison of gender, in both Reykjavik (figure 23) and Helsinki (figure 30) female 

respondents travel more domestically on average, whereas in Iceland average travel gender 

gap is higher than in Finland. In regard to international leisure travel, in both Iceland and 

Finland female respondents travel more than male respondents, however, the results are 

only significant for Helsinki (table 24, 28). 

In income groups, in both countries, there is a clear tendency for average travel increase in 

higher household income groups. Respondents with largest household incomes make the 

most substantial amount of trips on average, while in the category with lowest incomes 

respondents conduct the lowest number of trips, and are less likely to travel than 

respondents in other categories. These findings are supported by statistical tests (tables 6-

9) for both regions and both domestic (figure 3) and international (figure 4) leisure travel. 

Alike in domestic leisure travel, the average number of trips increases in groups with 

higher incomes, where the highest income groups account for largest number of trips, and 

vice versa, which is a significant impact on leisure travel mobility. 
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Figure 2. Average number of leisure domestic trips in income groups 

 

Figure 3. Average number of leisure international trips in income groups 

Table 6. Kruskal-Wallis Test for income groups and domestic leisure trips in Reykjavik 

Factor  Statistic  df  p  

Income  
 

17.04  
 

6  
 

0.009  
 

 
Table 7. Kruskal-Wallis Test for income groups and international leisure trips in Reykjavik 

Factor  Statistic  df  p  

Income  
 

25.03  
 

6  
 

< .001  
 

 

Table 8. Kruskal-Wallis Test for income groups and domestic leisure trips in Helsinki 
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Factor  Statistic  df  p  

Income  
 

39.91  
 

5  
 

< .001  
 

 

Table 9. Kruskal-Wallis Test for income groups and international leisure trips in Helsinki 

Factor  Statistic  df  p  

Income  
 

25.91  
 

5  
 

< .001  
 
  

Comparing household types (figure 4), in Iceland families with children and couples make 

more leisure domestic trips on average, while in Finland couples travel the most on 

average. In addition, in both regions, respondents with children (family group) travel the 

least on average abroad  in comparison to other family type groups. Although results for 

Helsinki are not statistically significant (table 12, 13). 

 

Figure 4. Average number of leisure domestic trips in household type.  

  

Figure 5. Average number of leisure international trips in household type. 
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Table 10. Kruskal-Wallis Test for household type and domestic leisure trips in Reykjavik 

Factor  Statistic  df  p  

Household Type  
 

18.74  
 
6  

 
0.005  

 
 

Table 11. Kruskal-Wallis Test for household type and international leisure trips in 

Reykjavik 

Factor  Statistic  df  p  

Household Type  
 

22.46  
 
6  

 
0.001  

 
 

Table 12. Kruskal-Wallis Test for household type and domestic leisure trips in Helsinki 

Factor  Statistic  df  p  

Household type  
 

11.35  
 

6  
 

0.078  
 

  

Table 13. Kruskal-Wallis Test for household type and international leisure trips in Helsinki 

Factor  Statistic  df  p  

Household type  
 

10.45  
 

6  
 

0.107  
 

 

Education is a significant socio-demographic factor in relation to the average number of 

leisure domestic trips. With the higher level of education, the average number of trips 

among respondents increases. In both Iceland (figure 24) and Finland (figure 31), travel 

pattern is the same, where respondents in undergraduate and higher degree level groups 

travel more than respondents with other types of education. Results are supported by 

Kruskal-Wallis test (table 25, 29). Comparing between international trips, travel pattern is 

rather similar between the countries and states that respondents with a higher level of 

education conduct slightly more trips than respondents with other education types. There is 

a lower gap in the number of trips between education groups in Iceland than in Finland.  

In the comparison of employment type categories, full-time employed respondents in both 

cities make more leisure domestic trips than respondents in other employment type 

categories (figure6). In Helsinki, the average travel gap between the groups is larger than 

in Reykjavik and is statistically significant in both regions (table 14,16). In regard to 

international trips (figure 7), in both countries, full-time employed respondents travel more 

on average than respondents in groups of other employment type (table 15, 17).  
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Figure 6. Average number of leisure domestic trips in occupation type. 

   

Figure 7. Average number of leisure international trips in occupation type. 

Table 14. Kruskal-Wallis Test for occupation type and domestic leisure trips in Reykjavik 

Kruskal-Wallis Test  

Factor  Statistic  df  p  

Occupation  
 

2.569  
 
7  

 
0.922  

 
  

Table 15. Kruskal-Wallis Test for occupation type and international leisure trips in 

Reykjavik 

Kruskal-Wallis Test  

Factor  Statistic  df  p  

Occupation  
 

21.72  
 
7  

 
0.003  

 

 

Table 16. Kruskal-Wallis Test for occupation type and domestic leisure trips in Helsinki 
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Kruskal-Wallis Test  

Factor  Statistic  df  p  

Occupation  
 

21.88  
 
5  

 
< .001  

 

 

Table 17. Kruskal-Wallis Test for occupation type and international leisure trips in 

Helsinki 

Kruskal-Wallis Test  

Factor  Statistic  df  p  

Occupation  
 

22.66  
 
5  

 
< .001  

 

 

No specific differences are seen between age groups in both Iceland and Finland. In 

Reykjavik (figure 25) respondents in 33-36 years age groups travel slightly more 

domestically on average than on other age groups, while in Helsinki (figure 32) the same 

pattern is seen 29-32 years age group, however, it is not a statistically significant deviation 

(table 26). In the comparison of international trips, in Iceland, those respondents who are 

around 30 years old (29-32 years) tend to travel the most among respondents in all age 

groups, whereas in Finland respondents who are involved in increased leisure mobility on 

average are above 30 years old (33-36 years). These findings were not supported by the 

statistical test and are not significant (table 30). 

4.2 Access to car, cabin and yard 

There are numerous factors that might affect leisure travel behavior. In the aforementioned 

subchapters, the most common socio-demographic variables were evaluated in relation to 

the number of domestic and international leisure trips. Using the data from the survey, 

other variables that might affect travel behavior of respondents were evaluated in relation 

to the number of domestic and international leisure trips to find other possible contributors 

to leisure travel behavior. 

Many graphs have shown distinct patterns. For example, there seems to be a relationship 

between respondents who own and who don't own a cabin (summer house) in relation to 

domestic leisure trips (figure 8). Those respondents who don't own a cabin made on 

average 7 domestic leisure trips, while those respondents who own a cottage conducted 10 

leisure trips on average. In addition, an absence of a car in the household is seen to relate to 

reduced leisure domestic travel, while those respondents who own one car or more travel 

extra on average domestically.   
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Figure 8. Average number of  leisure domestic trips in car, cabin and yard ownership, 

Reykjavik 

As for international leisure mobility in Reykjavik (figure 10), charts indicate that those 

respondents who have no car, no cabin and no access to yard travel more on average 

abroad than those respondents who have access to such facilities. However, after running 

the Mann-Whitney U test, such evidence was not statistically supported (table18).  

   

Figure 9. Average number of average leisure international trips in car, cabin and yard 

ownership, Reykjavik 

Table 18. Mann-Whitney U test for car, cabin and yard ownership in Reykjavik 

Independent Samples T-Test  

   W  p  

Domestic leisure trips  
 

21445  
 

0.019  
 

International leisure trips  
 

24024  
 

0.381  
 

Note.  Mann-Whitney U test for car.  
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   W p 

Domestic leisure trips  
 

50738  
 

< .001  
 

International leisure trips  
 

57918  
 

0.257  
 

Note.  Mann-Whitney U test for cabin.   

Independent Samples T-Test  

   W  p  

Domestic leisure trips  
 

64847  
 

0.214  
 

International leisure trips  
 

65721  
 

0.110  
 

Note.  Mann-Whitney U test for yard.  

 

In regard to Helsinki respondents, households with one or more cars conduct significantly 

more domestic trips on average than those in households with no car (figure 10). There is 

an evident interdependency in car ownership in relation to domestic leisure travel. 

However, there is no significant difference seen between car ownership and international 

leisure travel (figure 11, table 19). 

  

Figure 10. Average number of leisure trips and car ownership in Helsinki 

Table 19. Mann-Whitney U test for car ownership and average leisure travel, Helsinki 

Independent Samples T-Test  

   W  p  

Domestic trips  
 

24791  
 

0.046  
 

International trips  
 

26887  
 

0.366  
 

 

From figure 12 it is seen that respondents who have access to a private yard in Helsinki 

travel more on average domestically that those who don’t. Such evidence was statistically 

rejected after performing Mann-Whitney U test (table 20). 
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Figure 11. Average number of leisure trips and access to private yard, Helsinki 

Table 20. Mann-Whitney U test for access to private yard and average leisure travel, 

Helsinki 

Independent Samples T-Test  

   W  p  

Domestic trips  
 

67541  
 

0.057  
 

International trips  
 

71786  
 

0.543  
 

 

Another approach was taken to the comparison of the yard and cabin ownership of 

Reykjavik respondents in relation to leisure travel frequency (figure 12). It is believed that 

these two variables are interdependent and have an impact on leisure travel habits. Below 

are two charts where yard and cabin ownership were compared to average leisure domestic 

and international trips.  

 

Figure 12. Average number leisure trips in cabin and private yard ownership in Reykjavik. 

Results from the chart indicate a pattern of compensatory travel behavior. For example, 

respondents with access to a private yard and without cabin travel notably less than those 
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who don't have access to a private yard, hence it can be concluded that respondents without 

yard compensate for the lack of yard with the higher frequency of domestic leisure trips. 

Looking at respondents who have access to private cabin, it can be seen that respondents 

with access to both private yard and cabin travel the most on average domestically, which 

doesn’t clearly indicated any compensatory travel behavior, however, it can be seen that 

overall respondents with access to cabin travel more on average domestically than those 

who don’t own a cabin.  

Another evidence of compensatory travel behavior is seen among respondents who have 

access to neither private yard nor cabin, therefore they conduct the most leisure 

international trips on average. In addition, respondents who have access to both private 

yard and cabin make the least number of international trips on average.  

The Helsinki dataset did not contain data for access to the cabin, nevertheless, another 

study conducted in Helsinki (Strandell & Hall, 2015) indicates that people who have no 

access to the private yard but have private cabin conduct higher number of leisure domestic 

trips. 

4.3 GIS approach to compensation and leisure 

travel behavior. 

The term "compensation" in the current study somewhat differs from the meaning usually 

addressed in related academic literature. Despite the fact that drivers of compensatory 

travel behavior are usually similar, the definition is predominantly affected by limitations 

of the survey based on which the compensation was assessed. Various GIS measures were 

analyzed in relation to leisure mobility frequency to see if there are any evident patters of 

compensation. Below are the results of the analysis. 

4.3.1 NDVI values and travel behavior  

After NDVI values were calculated within a 1km simple buffer around marked home 

locations of respondents, the range of values was divided equally by three by the number 

of respondents, where, for example, in Reykjavik, there were 705 respondents, hence the 

columns were built to 235 respondents each. Columns with low, medium and high NDVI 

value rate were created and compared to the number of leisure domestic and international 

trips conducted by survey respondents.  

Results of comparative analysis of mean NDVI values to international leisure trips have 

shown interdependent relationships in Reykjavik. Figure 13 illustrates the rate of leisure 

travel in different NDVI value categories, where respondents with low NDVI values are 

more likely to travel and make the most domestic leisure trips on average. With the 

increase of NDVI values likeliness of travel decreases, and so does the average number of 

trips. These findings support the compensation hypothesis, where residents with a lower 

density of green surroundings travel abroad more often than those who live in greener 

urban environments. Same analysis from Helsinki has shown a similar pattern, where 

residents with the lowest NDVI rates conduct the largest amount of international trips for 

leisure purposes than respondents in groups with higher NDVI rates (figure 15). 

Comparison of NDVI values to leisure domestic trips have not shown any pattern related to 

compensation in Helsinki. 
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Figure 13. Average number of leisure trips in NDVI rate in Reykjavik 

  

Figure 14. Average number of leisure trips in NDVI rate in Helsinki 

Table 21. Spearman’s correlation for NDVI values and leisure trips frequency in Reykjavik  

Spearman Correlations  

      Mean NDVI  

Domestic trips  
 

Spearman's rho  
 

0.011  
 

p-value  
 

0.780  
 

International trips  
 

Spearman's rho  
 

-0.028  
 

p-value  
 

0.465  
 

 

After performing Spearman’s rank correlation analysis there was no significant difference 

seen in leisure international and domestic travel rate and NDVI values (table 21, 22). 

According to the charts, NDVI values seem to have an impact on international leisure 

travel, despite not showing any correlations in Spearman’s matrix.  

Table 22. Spearman’s correlation for NDVI values and leisure trips frequency in Helsinki 

Spearman Correlations  
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      Mean NDVI  

Domestic trips  
 

Spearman's rho  
 

0.001  
 

p-value  
 

0.975  
 

International trips  
 

Spearman's rho  
 

-0.045  
 

p-value  
 

0.177  
 

 

Even though NDVI correlation analysis has not revealed any significant association, it 

should not be taken as an inappropriate measure of evaluation of urban green spaces. 

Different type of analysis might expose better association, however here it was one of the 

measures to test compensation hypothesis, and other approaches were taken in this study to 

discover possible associations related to compensatory travel behavior.  

4.3.2 Vicinity of green, open and blue spaces and leisure travel 

Percentage of three different area types – green, open and blue spaces were calculated 

within 2 types of buffers, created around home locations of respondents in Reykjavik. Each 

measure was calculated within 200m and 1km simple buffers. Charts were created where 

different buffer values were compared to the number of domestic and international leisure 

trips. Some charts have shown deviating pattern towards compensatory travel behavior. 

Descriptive analysis of three different natural areas’ density within buffers of distinct sizes 

has shown varied results. Respondents from Reykjavik with no green spaces (figure 15) 

and low density of open spaces (figure 27) in 200m buffers travel less domestically on 

average, which indicates a pattern opposite to compensatory travel behavior. In the 

domestic graphs for Helsinki, for both green (figure 16) and open spaces (figure 34) 

pattern is same with a slight increase in average trips among respondent with a medium 

density of green and open spaces. Regarding international trips, no relevant deviations seen 

in both cities. 

  

Figure 15. Average number of leisure trips in green spaces in 200m buffers in Reykjavik 
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Figure 16. Average number of leisure trips in green spaces in 200m buffers in Helsinki  

As for green (figure 29) and open spaces (figure 28) in 1km buffer, interestingly in 

Reykjavik respondents with lowest density of green spaces made greater amount of 

domestic leisure trips on average than respondents with higher green space density which 

is considered as evidence of compensatory travel behavior, while in Helsinki there is a 

slight decrease in average domestic leisure mobility among respondents in medium density 

of green spaces (figure 36). Neither for Reykjavik nor for Helsinki international leisure 

mobility has resulted in any deviating pattern (figure 29, 36). As for open spaces in the 

1km buffer, in Reykjavik (figure 28) it is respondents with medium open space density 

who conduct more leisure domestic trips on average, while in Helsinki it the respondents 

with the highest density of open spaces (figure 35). 

Charts indicating domestic leisure travel frequency in relation to the availability of blue 

spaces have shown an increase of domestic trips among respondents in Reykjavik who 

don't have access to blue spaces in 200m buffer around their households, while in Helsinki 

availability or lack of blue spaces did not reflect on leisure domestic mobility. As for 

international trips, there is a slight increase in average trips among both residents of 

Reykjavik in Helsinki who have access to blue spaces. It is, therefore, challenging to rely 

on such conclusions due to a rather distant number of respondents between categories "no 

blue spaces" and "have blue spaces" in both regions. In regard to blue spaces in 1km 

buffers, there are no notable deviations seen apart from chart representing domestic leisure 

frequency in Reykjavik (figure 30), where respondents with the highest density of blue 

spaces conducted a slightly higher number of trips on average than other groups, which is 

rather opposite to compensatory travel behavior. Charts for Helsinki have not indicated any 

differences between groups of the varied density of blue spaces (figure 37). 
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Figure 17. Average number of leisure trips in blue spaces in 200m buffers in Reykjavik 

 

Figure 18. Average number of leisure trips in blue spaces in 200m buffers in Helsinki 

Although there has been evidence of deviating pattern in some results of descriptive 

statistics, Spearman’s correlation tests have not supported statistical significance of any of 

the measured spaces in both buffer sizes in Reykjavik (table 27) and Helsinki (table 31), 

therefore it can be concluded that the differences described above are not significant.  

4.3.3 Proximity to quality green spaces  

Below are results of bivariate analysis of natural areas proximity and leisure trip frequency 

variables. Analysis for Reykjavik has shown that respondents with larger distances to 

green spaces from their home locations travel less on average domestically (figure 20), 

which is in contrary to compensation hypothesis, while no substantial pattern seen in 

Helsinki other than slight increase of average trips in the category of highest distances to 

green spaces in both domestic and international leisure mobility. 
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Figure 19. Relationship between level of proximity of nearest green space to home 

locations and average number of leisure trips in Reykavik 

 

Figure 20. Relationship between level of proximity of nearest green space to home 

locations and average number of leisure trips in Helsinki. 

Table 23. Spearman correlations of domestic and international trips and distances to 

nearest green space from respondent’s home locations for Reykjavik and Helsinki. 

Spearman Correlations (Reykjavik) 

      Distance to nearest green space  

Domestic trips  
 

Spearman's rho  
 

-0.004  
 

p-value  
 

0.914  
 

International trips  
 

Spearman's rho  
 

0.025  
 

p-value  
 

0.509  
 

Spearman Correlations (Helsinki) 

      Distance to nearest green space  

Domestic trips  
 

Spearman's rho  
 

0.026  
 

p-value  
 

0.430  
 

International trips  
 
Spearman's rho  

 
0.064  
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Spearman Correlations (Reykjavik) 

      Distance to nearest green space  

p-value  
 

0.054  
 

  

Chart indicating the relationship between green space proximity and domestic leisure trips 

in Reykjavik show a pattern that is rather opposite to proposed compensation hypothesis, 

where respondents with better access to green spaces travel the most on average, while 

respondents with highest distances to green spaces made the least trips on average.   

However, as seen from the Spearman's correlation table (table 23), such findings are not 

statistically significant for both cities in both domestic and international leisure travel. 

 

Figure 21. Distribution of green spaces suitable for leisure and recreation, urban fabric 

and home locations of respondenst in Reykjavik; projection: Lambert Azimuthal Equal 

Area. 
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Figure 22. Distribution of green spaces suitable for leisure and recreation, urban fabric 

and home locations of respondenst in Helsinki; projection: Lambert Azimuthal Equal Area. 
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5 Discussion  

The aim of the following research project is to find evidence of compensatory travel 

behavior among survey respondents of Reykjavik and Helsinki. Different approaches were 

taken to investigate the assumed pattern of compensation in leisure mobility travel habits 

of respondents. First it was looked at what type of respondents travel the most in both 

regions, and it was found is that, in Helsinki, it is female full-time employed respondents 

with higher incomes and education level that conduct majority of leisure domestic and 

international trips on average, while in Reykjavik gender differences are significant only 

for domestic trips, and respondents with higher incomes account for increased leisure trips 

both in domestic and international leisure travel. Interestingly, while in Helsinki household 

type had no significant impact, in Reykjavik it is households with children that travel the 

most domestically on average, while couples conduct the highest number of trips abroad on 

average. 

Regarding the research question “who makes the most trips on average”, results indicate 

that sociodemographic variables play a significant role in the evaluation of leisure travel. It 

has been found that higher incomes relate to the increased number of leisure domestic and 

international trips. Such results regarding international leisure mobility correlate with 

findings in other studies: (Bruderer Enzler, 2017; Frändberg & Vilhelmson, 2011; Reichert 

& Holz-Rau, 2015). Predominantly, social and economic factors affect travel behavior the 

most (Riggs, 2017), which is also seen in our study, where specific sociodemographic 

factors have a significant impact on travel frequency, such as gender, incomes and 

occupation and education type.  

Relationship between mobility and employment status investigated by several research 

projects in different regions of Spain showed that less time spent at work leads to greater 

leisure domestic and international mobility (de Madariaga, Hacienda, & Mujer, 2004; 

García-Palomares, Palomares, & Moya, 2018; Sánchez, Isabel, & González, 2014), while 

according to our results respondents from Reykjavik with full-time jobs travel more 

domestically and internationally, and respondents from Helsinki only internationally. 

Travel patterns between family groups might differ between the countries due to cultural 

and social aspects, however, several studies have confirmed same evidence of families 

with children being involved in increased leisure mobility to green spaces and leisure areas 

in comparison to other household categories (Maat & Vries, 2006; Reichert & Holz-Rau, 

2015) 

Evaluation of incomes to international trips frequency has shown similar findings in other 

studies, where the number of trips increases with incomes, (Bruderer Enzler, 2017; 

Etminani-Ghasrodashti & Ardeshiri, 2015; Næss, 2006a, 2016; Riggs, 2017). It is evident 

that wealth is related to higher travel opportunities and thus to the increased number of 

international trips. Lifestyles of such residents can be the main determinant to take long-

distance leisure trips, driven by a fair balance of incomes, independence, interests and 

other related factors (Muñiz et al., 2013). 
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Regarding "what qualities affect domestic and international leisure travel the most", it was 

found that car and cabin ownership dramatically impact leisure domestic mobility in 

Reykjavik, as well as car access in Helsinki. Access to a yard in Helsinki hasn't revealed 

any significant associations neither with domestic nor with international leisure trips. 

Lower relevance of access to a yard in Helsinki might be explained by the fact that there 

are dramatically more green spaces in the urban setting of Helsinki capital area, therefore 

there are greater availabilities for contact with nature and green spaces in Helsinki than in 

Reykjavik. Such statement can be correlated with the findings from Reykjavik stated 

above, where respondents with cabin and car access are involved in increased domestic 

leisure mobility, where respondent might seek contact with nature having access to cabin 

and a car. In addition, in Reykjavik graphs representing an association between cabin and 

yard ownership in relation to leisure travel indicate that respondents those both own a 

cabin and have access to private yard have made the highest amount of domestic leisure 

trips. Similar findings were seen in a compensation hypothesis study conducted in the 

Netherlands where it was found that people who have access to private garden and retain 

more privacy travel to parks and residential green areas more often than inhabitants from 

more dense urban areas without access to the private garden (Maat & Vries, 2006). 

As for “how does access to green, blue and open spaces affect leisure travel behavior” and 

“how does proximity to recreational areas affect leisure travel frequency”, although some 

graphs indicated interesting associations, as, for example, increased leisure domestic 

mobility with decreased mean NDVI rate in 1km radius, or increased domestic trips in 

areas of poor density of green and open spaces within 200m and 1km buffers, correlations 

tests have not revealed statistically significant results in any of the measured variables in 

both study areas. Similar applies to the measures of proximity to green spaces, suitable for 

leisure and recreation purposes, where correlation tests have not indicated significant 

results. 

Quality and quantity of urban green spaces influence well-being of residents (de Vries et 

al., 2013; Hartig et al., 2010; Hartig et al., 2011; Sijtsma et al., 2012; Van Den Berg et al., 

2007), and poor access to green spaces has been suggested to motivate increased leisure 

travel away from the city (Czepkiewicz, Heinonen, et al., 2018; Maat & Vries, 2006; Næss, 

2016), therefore it was looked at how access to larger and greener areas reflects upon 

leisure mobility of residents in current study areas. Reykjavik has a rather large cover of 

green and open spaces, however when taking into account quality of such spaces, one can 

see that rather few can satisfy basic leisure needs and locate far away from the majority of 

home locations of respondents. In Helsinki, on the opposite, green spaces are often popular 

urban parks or forests that locate within walking distance to home locations and therefore 

its residents have better access to leisure activities within urban areas, however, that 

doesn't seem to decrease the popularity and frequency of leisure domestic trips.  

Domestic leisure travel is deficiently investigated in scientific literature despite the fact 

that it is a large sector of mobility that accounts for a substantial portion of GHG emissions 

(Czepkiewicz, Ottelin, et al., 2018). Many academic papers across the globe have in-depth 

investigated human mobility within urban areas, however, very little attention was given to 

leisure mobility, especially in the regional/domestic context. The current study provides 

findings of some significant drivers of increased domestic leisure mobility, and such 

results are specifically valued for the Reykjavik capital region where research of such kind 

has not been performed before. 
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The following study contributes to a better understanding of drivers and factors of leisure 

domestic and international mobility. In addition, it is the only study conducted in the 

current field of research for Iceland, while other Nordic countries have been comparatively 

investigated. There is very little known about travel modes and behavior of Icelandic 

residents and the held analysis is an input to this unexplored field of research in this 

particular region.  

There was no possibility to investigate other aspects of compensatory travel behavior, such 

as escape trips introduced by Næss (2006b), since there is no data available regarding the 

motivations behind leisure trips, therefore it is unknown whether trips were driven to some 

extent by dissatisfaction or annoyance with the living environment. Nevertheless, 

compensation was studied in relation to proximity and access to natural spaces and current 

findings indicate that there is a pattern of increased domestic mobility, notably among 

respondents from Reykjavik which demonstrates that access to the cabin and car ownership 

leads to increased domestic leisure mobility. In addition, studying such factors as increased 

domestic and international mobility caused by disturbances and annoyance with living in 

dense urban areas was rather impossible due to data structure and availability. Here it is 

again a limitation that little is known regarding trip purposes, and qualitative research 

would provide great input into studying such and other aspects of compensatory travel 

behavior of urban residents. 

6 Sensitivity and uncertainty analysis 

Despite having analyzed data of significant relevance, there has been a variety of 

limitations found. The definition of compensatory leisure travel represents a challenge on 

its own. It is ambiguous how to define compensation and what should be considered as 

compensation, to what extent the average leisure trips should be increased to qualify for 

compensatory travel behavior and how to define compensatory travel as a broader and 

more universal concept that would be used in other studies.  

Another uncertainty is the statistical analysis of the data: it is obscure how well analyzing 

methods capture the factors affecting leisure travel behavior. It is not evident whether it is 

the compensation that leads to higher leisure mobility or some other factors that are not 

able to be captured in the scope of current data and research methods.  

In addition, the content of questionnaires doesn’t allow conducting a more comprehensive 

analysis of compensatory leisure travel. As has been previously mentioned, there is no 

information regarding trip purposes and destinations, which makes it more challenging to 

depict and identify compensation in leisure travel modes of respondents. (Czepkiewicz et 

al., 2018) 

It was decided to study the compensation hypothesis only in the context of leisure domestic 

and international travel due to the nature of the trips. Everyday trips to work, university, 

etc. have the same purpose and origin and cannot account for compensatory travel 

behavior. Same applies to business-related trips, national and international, due to the fact 

that these trips likewise have a distinct origin (Czepkiewicz et al., 2018). These trips do 
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account for a considerable share of GHG emissions in international travel, however, they 

are not driven by factors those allegedly contribute to compensatory travel behavior. 

However in current study leisure trips were in form of all trips conducted by respondents 

that did not include work or study purposes, hence it is unknown to what extent and what 

proportion of trips in the dataset actually relate to leisure trips.  

In relation to the analysis of green spaces, it is challenging to compare two regions where 

vegetation has such a distinct nature. While Helsinki has a variety of small urban parks 

suitable for recreational purposes, Reykjavik lacks not only parks but also natural areas 

within capital area what would be in the near proximity to densely populated areas and 

those would qualify for leisure and recreation. In the specific case of Iceland, it was rather 

challenging to define what are green and what are open spaces due to their unique 

vegetation cover and landscape qualities.   

As seen from the maps (figure 21, 22) many respondents don’t have abundance of natural 

areas in close vicinity to their home location), especially respondents in Reykjavik (figure 

21). In addition, unlike in Reykjavik, in Helsinki there is large accessibility to small urban 

parks that were not included to current analysis due to the fact that these areas are rather 

small and may not provide good quality recreational experiences, and also due to the fact 

that it would not make a sufficient proximity analysis as distances to these small green 

urban areas are small. Consequently, all small areas (below 2 hectares) were removed from 

the analysis. There are however limitations to such method, as some small polygons 

sometimes comprise parts of larger areas, and since all areas smaller than 2 hectares were 

deleted from attribute tables, some of these small areas that are parts of large parks or 

forests were sacrificed in the current analysis. 

There are several ethical aspects that apply to this research project which to some extent 

represent limitations to the current research project. Although Iceland and Finland are both 

Nordic countries, cultural differences apply when it comes to qualitative data collection. 

As a matter of fact, providing housing locations and income information might appeal as a 

rather personal matter to many respondents, hence in certain countries providing personal 

data, even for research purposes, might be perceived as an inappropriate request and lead 

to increased number of gaps and missing values in questionnaire results, as it appeared in 

questionnaire datasets used for analysis in this research project. A GIS analysis was 

primarily based on home locations of respondents, it can be assumed that several 

respondents have not provided exact home locations due to privacy reasons and because 

they had such option in the survey to mark at least the closest intersection to their home 

location. Therefore, the number of respondents in the sample decreases as they do not 

provide relevant data and information and have to be excluded from the study. Moreover, 

several respondents from Reykjavik revealed that they have not provided true information 

about their domestic and international trips; as they had to mark on the map every single 

trip they have conducted in the past year, they found it rather tedious and have not marked 

all of their trips. It is unknown how many respondents have provided inaccurate 

information, however, it is a limitation in the structure of the survey which further led to 

incomplete responses and partially inaccurate results. 

An additional factor that narrows the scope of research is the age group selected for the 

survey. The target age group for the survey was an age range between 25 and 40 years. 

However, the reason behind the selection of such age group lies within minimizing the 

effects of age differences where people in such age group are considered most likely 
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independent, employed, young adults who grew up in the era of globalization with access 

to communication technologies (Czepkiewicz et al., 2018). It is nevertheless advised to 

include a broader age group for further qualitative research, allegedly including individuals 

in the age between 20 and 50 years old. 

7 Conclusions   

Current work is intended to contribute to existing literature in urban planning, travel 

behavior, and social and transport geography, nevertheless providing a new case study on 

leisure domestic and long-distance travel in two northern located and sparsely populated 

capitals: Reykjavik and Helsinki, testing compensation hypothesis in relation to travel 

behavior of residents of capital-area inhabitants, as well as how proximity to natural spaces 

affects satisfaction with local environment and travel habits of urban residents. This study 

is a part of a broader research project that has been investigated in recent years and 

findings were published in articles of involved researches (Czepkiewicz, Heinonen, et al., 

2018; Czepkiewicz, Ottelin, et al., 2018; Heinonen, Jalas, Juntunen, Ala-Mantila, et al., 

2013; Heinonen, Jalas, Juntunen, Sanna, et al., 2013). 

While certain socio-demographic aspects have a strong impact on leisure mobility, such as 

income and education type, increase of recreational areas in the capital area of Reykjavik, 

such as waterfronts with good access and green areas in form of parks and forests could 

decrease demand in compensatory domestic trips, which are seen in car ownership and 

access to cabin analysis.  

Compensation hypothesis is challenging to study, and especially difficult to track using 

existing quantitative data. Although the aim of the research was to see if there is any 

evidence of compensatory travel behavior among Reykjavik and Helsinki respondents, and 

not to fully accept or reject compensation hypothesis, it is unclear to what extent should the 

leisure mobility increase to be considered as compensation. In the scope of current study it 

is indicated that those respondents who made more leisure trips on average are involved in 

compensatory travel, however, in many cases, these correlations were not seen significant. 

In addition, travel modes and frequencies may be highly influenced by lifestyles and self-

selection. While the results of the current study indicate some compensatory patterns in 

relation to domestic leisure travel, there is less evidence of compensation in leisure 

international trips. 

This study was majorly looking at simple buffer distances, while access measures could 

reveal clearer evidence of compensatory travel behavior. It is relevant to conduct a 

proximity analysis and have additional measures done in regard to the vicinity to quality 

green spaces suitable for leisure and recreation; analysis of network distances and values 

within network buffers could possibly show a better correlation with travel mobility. 

Moreover, it is advisable to study accessibility to natural spaces using other methods for 

better understanding of the compensation hypothesis. 
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It is highly recommended to study the impact of other drivers of leisure mobility, such as 

lifestyles, and use control for such aspects in order to have better chances of depicting 

compensatory travel behavior.  

It is not only important to expand the methodological aspect of the research, but also its 

regional context, as similar studies have been done in very few regions in Europe, and it is 

not evident whether compensatory travel behavior is more common for specific regions 

than others. 

Results between Reykjavik and Helsinki vary in some aspects, which can be explained by 

social, cultural, environmental and geographical differences between the regions. For 

example, it may diverge between respondents of two areas how they perceive and value 

nature, and green, open and blue spaces in particular.  

It can be concluded that it is not always the compensation that drives increased leisure 

mobility, but various socio-demographic characteristics that impact elevated travel 

frequency. Nevertheless, it is challenging to track compensatory behavior using 

quantitative research analysis, a qualitative analysis could reveal better understanding of 

what and why people compensate for. After analyzing social and demographic effects on 

leisure travel, it is important to focus on other variables that may support the compensation 

hypothesis. One cannot really decline compensation hypothesis in our study, and some 

results, such as increased leisure trips to a cabin and car ownership are related to 

compensatory trips, hence due to some shortcomings of the data and/or, weak research 

methods compensation among residents of Reykjavik and Helsinki cannot be rejected.  

To sum up, compensation hypothesis does not seek to challenge the idea of sustainability 

of compact cities, it rather seeks the drivers of compensatory travel behavior performed by 

residents living in urban areas in order to consider and reduce their effect in the city 

planning practices. 
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Appendix 1: The results of the 
bivariate analysis 

Following chapter includes results of the study that were not included in the main results 

section. Firstly, sociodemographic charts are listed, after natural spaces in buffers are 

presented. Results are divided between regions starting with Reykjavik and continued with 

Helsinki.  

Reykjavik  

  

Figure 23. Average number of trips in gender, Reykjavik 

  

Figure 24. Average number of leisure trips in education level, Reykjavik 
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Figure 25. Average number of leisure trips in age groups, Reykjavik 

  

Figure 26. Average number of leisure trips in open spaces in 200m buffers in Reykjavik 

  

Figure 27. Average number of leisure trips in open spaces in 1km buffers in Reykjavik 
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Figure 28. Average number of leisure trips in green spaces in 1km buffers in Reykjavik 

 

Figure 29. Average number of leisure trips in blue spaces in 1km buffers in Reykjavik 

Helsinki 

  

Figure 30. Average number of leisure trips in gender, Helsinki 
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Figure 31. Number of leisure trips in education type, Helsinki 

  

Figure 32. Average number of leisure trips in age groups, Helsinki 

 

Figure 33. Average number of leisure trips in open spaces in 200m buffers in Helsinki 
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Figure 34. Average number of leisure trips in open spaces in 1km buffers in Helsinki 

 

Figure 35. Average number of leisure trips in green spaces in 1km buffers in Helsinki 

 

Figure 36. Average number of leisure trips in blue spaces in 1km buffers in Helsinki 
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Appendix 2. Statistical tests 

Reykjavik 

Table 24. Mann-Whitney U test for gender and leisure trips, Reykjavik 

Independent Samples T-Test  

   W  p  

Domestic trips  
 

75910  
 

0.023  
 

International trips  
 

73370  
 

0.152  
 

 

Table 25. Kruskal-Wallis Test for education and leisure trips, Reykjavik 

Kruskal-Wallis Test (domestic trips) 

Factor  Statistic  df  p  

Education  
 

14.60 
 

5  
 

0.012 
 

Kruskal-Wallis Test (international trips) 

Factor  Statistic  df  p  

Education  
 

8.074 
 

5  
 

0.152 
 

 

Table 26. Spearman’s correlation test for age and leisure trips, Reykjavik 

Spearman Correlations  

      Age  

Domestic trips  
 

Spearman's rho  
 

0.035  
 

p-value  
 

0.337  
 

International trips  
 

Spearman's rho  
 
-0.005  

 
p-value  

 
0.882  

 
 

Table 27. Spearman’s correlation test for open, green and blue spaces in 200m and 1km 

buffers, Reykjavik 

Spearman Correlations  

      Domestic trips  International trips  

200m buffer, green spaces  
 

Spearman's rho  
 

-0.005  
 

-0.024  
 

p-value  
 

0.913  
 

0.614  
 

200m buffer, open spaces  
 

Spearman's rho  
 

0.006  
 

-0.002  
 

p-value  
 

0.888  
 

0.961  
 

200m buffer, blue spaces  
 

Spearman's rho  
 

0.119  
 

0.028  
 

p-value  
 

0.337  
 

0.821  
 

1km buffer, green spaces  
 

Spearman's rho  
 

-0.012  
 

0.040  
 

p-value  
 

0.759  
 

0.288  
 

1km buffer, open spaces  
 

Spearman's rho  
 

-0.073  
 

-0.033  
 

p-value  
 

0.052  
 

0.379  
 

1km buffer, blue spaces  
 

Spearman's rho  
 

-0.047  
 

-0.051  
 

p-value  
 

0.291  
 

0.259  
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Helsinki 

Table 28. Mann-Whitney U test for gender and leisure trips, Helsinki 

   W  p  

Domestic trips  
 

101345  
 

0.041  
 

International trips  
 

101767  
 

0.029  
 

 

Table 29. Kruskal-Wallis Test for education groupand leisure trips, Helsinki 

Kruskal-Wallis Test (domestic trips) 

Factor  Statistic  df  p  

Education  
 

22.79  
 

5  
 

< .001   
 

Kruskal-Wallis Test (international trips) 

Factor  Statistic  df  p  

Education  
 

17.64  
 

5  
 

0.003  
 

 

Table 30. Kruskal-Wallis Test for age group and leisure trips, Helsinki 

Kruskal-Wallis Test (domestic trips) 

Factor  Statistic  df  p  

Age group  
 

3.929  
 

3  
 

0.269  
 

Kruskal-Wallis Test (international trips) 

Factor  Statistic  df  p  

Age group  
 

3.968  
 

3  
 

0.265  
 

 

Table 31.Spearman’s correlation test for open, green and blue spaces in 200m and 1km 

buffers, Helsinki 

Spearman Correlations  

      Domestic trips  International trips  

200m buffer, green spaces  
 

Spearman's rho  
 

0.013  
 

0.009  
 

p-value  
 

0.693  
 

0.796  
 

200m_buffer, open spaces  
 

Spearman's rho  
 

-0.014  
 

-0.006  
 

p-value  
 

0.682  
 

0.855  
 

200m buffer, blue spaces  
 

Spearman's rho  
 

-0.022  
 

0.048  
 

p-value  
 

0.508  
 

0.152  
 

1km buffer, green spaces  
 

Spearman's rho  
 

0.010  
 

-0.027  
 

p-value  
 

0.762  
 

0.413  
 

1km buffer, open spaces  
 

Spearman's rho  
 

0.013  
 

0.015  
 

p-value  
 

0.694  
 

0.649  
 

1km buffer, blue spaces  
 

Spearman's rho  
 

0.012  
 

0.054  
 

p-value  
 

0.728  
 

0.104  
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Appendix 3. Maps and screenshots 

 

Figure 37. NDVI image of Reykjavik study area. 
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Figure 38. NDVI image of Helsinki study area. 
 

 

 

Figure 39. Screenshots from Helsinki survey. 

 


