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Abstract 

The influence of green space on residents’ health has been extensively studied. However, little 

is known about relationships concerning blue spaces and residents’ happiness. Therefore, the 

current research investigated green space (e.g., parks, forests) and blue space (e.g., canals, 

lakes), and their relationships with residents’ perceived health and happiness. Existing survey 

data collected from a large sample of residents (N = 4557) in the municipality of ‘s-

Hertogenbosch was retrieved. Landscape data was derived through ArcGIS from the BGT, a 

digital map of buildings, roads, water, and vegetation in the Netherlands. Multiple linear mixed 

models were performed to examine the associations of green and of blue spaces with residents’ 

perceived health and happiness. The models separated individual-level and neighbourhood-

level characteristics, which could influence happiness and perceived health. The findings 

showed that the relationship of green space with happiness and perceived health was significant, 

however, when controlling for age and income the relationship became insignificant. No 

significant relationship was found between blue space and happiness or perceived health, and 

additional analyses showed that neither the type of green nor of blue space had significant 

relationships with residents’ happiness or perceived health. Nevertheless, the results showed 

significant relationships between income, age, household composition and residents’ perceived 

health or happiness. Compared to other studies, the present work examines green and blue 

spaces on a neighbourhood level rather than the immediate environment around residential 

addresses, which could explain the lack of significant relationships compared to the literature. 

Our findings show that future research on landscape characteristics and health outcomes should 

also take into account demographic variables. Future studies at a smaller scale based on 

residential addresses, also examining the intentional use of space, could bring additional 

insights. 

Keywords: green space, blue space, happiness, perceived health, neighbourhood level 
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1 Introduction 

The rapid urbanisation in the 21st century has become a demanding worldwide issue 

(Grimm et al., 2008; Parrish and Zhu, 2009). Urban growth is expected to increase in the 

upcoming years, with a total of 6.3 billion residents expected to live in urban areas in 2050 

(Molla, Ikporukpo, & Olatubara, 2018). The urbanisation poses problems through effects such 

as environmental pollution, accidents, heat island effects, and climate change (Frumkin, 2002; 

McMichael, 2000). The urban development often involves the replacement of green vegetation 

with impermeable surfaces (Molla et al., 2018), which in turn affects city dwellers’ physical 

and mental health (Lee & Maheswaran, 2011). There is growing recognition that interactions 

with nature provide many beneficial human well-being outcomes, yet the increasing 

urbanisation weakens the quality and quantity of nature experiences (Lin, Fuller, Bush, Gaston, 

Shanashan, 2014). These issues suggest a new approach for planning urban nature, which is 

essential for the well-being of urban residents. 

Green urban spaces are increasingly important because they promote the physical 

activity, psychological well-being, and general public health of urban residents (Wolch, Byrne, 

& Newell, 2013). The impact of urban green space on people’s health and well-being has been 

extensively investigated in the last decades (Carrus et al., 2015; Fuller & Gaston, 2009; Fuller, 

Irvine, Devine-Wright, Warren, & Gaston, 2007; Hartig, Mang, & Evans, 1991; Lee, Jordan, & 

Horsley, 2015; Maas, Verheij, Groenewegen, De Vries, & Spreeuwenberg, 2006; Thompson et 

al., 2012). The term urban green space refers to natural environments such as parks, forests, 

green roofs, streams, and community gardens (Wolch, Byrne, & Newell, 2013). Although not 

all studies include the same environments for the term urban green, one might argue that green 

roofs are not accessible for humans, and streams are natural environments with water not 

necessarily green vegetation. The current research investigates the relationship of visible green 

vegetation, often referred to as green space, such as urban parks, forests, and agricultural land 
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with health outcomes. Additionally, the study also investigates the relationship of visible waters 

such as rivers, canals, or lakes referred to as blue space. Therefore, the research can determine 

differences in the relations between vegetation, water and residents based on their environment. 

Moreover, the characteristics of the green and blue spaces are determined, and the study 

investigates the relations of these characteristics. By looking into these different types of 

environments, we want to discover to what extent each environment affects residents.  

The influence of green environments on inhabitants’ health in urban and rural areas is a 

scientific topic for years. However, by focussing on vegetation, the previous studies leave a 

research gap concerning the influence of blue spaces. Therefore, the current study seeks to 

examine the percentage of blue space across all neighbourhoods in the municipality of ‘s-

Hertogenbosch and investigate its relationship with health outcomes. This research investigates 

if natural environments affect people’s happiness, a variable which predicts the quality of life 

and is often not investigated in relation to urban nature. Additionally, we also explore a 

commonly investigated variable, people’s perceived health. So, with the current research, we 

distinguish different natural environments and look into their relationships with resident’s 

happiness and perceived health in neighbourhoods of urban areas. 

In order to perform this research, we combine existing large datasets of well-being 

measures with geodata from ArcGIS. The study investigates the entire geographical area of the 

municipality of ‘s-Hertogenbosch, by calculating the percentage of natural environments per 

neighbourhood and comparing it with health outcomes. The data of individual measures 

regarding happiness, health, and demographical information exists of 4557 respondents living 

within the municipality’s borders. With the current data, we can determine which types of 

nature affects people’s happiness and perceived health. 
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2 Literature review 

With the majority of the world’s population living in urban environments (World Health 

Organization, 2010), it is essential that urban areas are maintained and planned to promote the 

well-being of the residents (Taylor, Hahs, & Hochuli, 2017). Currently, the urban environment 

is often a place linked to a greater likelihood of poor mental health (Gruebner et al., 2017; 

Lederbogen et al., 2011). Fitzgerald, Manning, Rose, and Fu (2019) showed several social and 

physical features of urban environments that can be associated with poor mental health. These 

features include social segregation, low economic status, physical danger, noise and more. The 

current urbanisation can significantly decrease vegetation cover by transforming vegetated 

areas to built-up areas. This issue is severe in recent decades, with the current speed of 

urbanisation (Foley et al., 2005). Dallimer et al. (2011) investigated urban green spaces in 

England overtime with Landsat-based enhanced vegetation index. The results indicated that out 

of thirteen cities, nine had decreased in total urban green space cover over a couple of years. 

These studies suggest that in the current trend, urban greenery is often removed to make place 

for land with other purposes. That trend is worrying due to the adverse effects of urbanisation 

on the well-being of residents living in urban environments. 

2.1 Effects of urban nature on health and happiness 

Fortunately, numerous studies investigated the associations between urban green space 

and health related variables in the last decades (Groenewegen et al., 2006; Maas et al., 2006; 

De Vries, Verheij, Groenewegen, & Spreeuwenberg, 2003; Wolch et al., 2013; Richardson & 

Mitchell, 2010; Lachowycz & Jones, 2013). The majority of the studies show a positive 

relationship between greenery and health outcomes. However, in terms of health outcomes, 

the studies tend to measure perceived health or perceived mental health (Maas, Van Dillen, 

Verheij, & Groenewegen, 2009; Maas et al., 2006; Mansor, Harun, & Zakariya, 2015; 

Gubbels et al., 2016). Furthermore, a literature review examining over fifty publications on 
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urban green space showed that happiness, an attribute closely related to well-being, remains 

understudied (Kondo, Fluehr, McKeon, & Branas, 2018). Sometimes researchers prefer to use 

the term “subjective well-being” to refer to happiness, which indicates similar meanings. 

Although in the hierarchical model of happiness proposed by Diener, Kesebir, and Tov 

(2009), the researchers indicate happiness is a pleasant emotion leading to one’s subjective 

well-being. For clarification, in the current study, subjective well-being and happiness are 

used interchangeably.  

In general, happiness and its causes have been a topic of interest in the scientific scene 

for a long time. Researchers determined different origins which cause happiness in humans. For 

example, researchers found evidence for common genetic influence on subjective happiness 

(Røysamb, Nes, Czajkowski, & Vassend, 2018). Moreover, Braun (1977) revealed that younger 

respondents had stronger levels of positive and negative affect, although older participants 

showed greater levels of happiness (Diener, 2009). Another factor influencing might be gender, 

although it was found that gender accounts for less than 1% in variation in happiness (Fujita, 

Diener, & Sandvik, 1991). Similarly, education seems to explain 1 to 3% of the variance in 

happiness, although the correlation was weak (Witter, Okun, Stock, & Haring, 1984). Another 

predictor of happiness is income, as research suggests that income has a positive but 

diminishing effect on happiness (Frey & Stutzer, 2002). Such factors have an essential role in 

the research of happiness on a neighbourhood scale.  

The urban environment is known for generating multiple stresses (Dobson et al., 2020). 

A study in Sweden among 4.4 million urban and rural residents showed that high level 

urbanisation is associated with increased risk of psychosis and depression (Sundquist, Frank, & 

Sundquist, 2004). If urban nature has a role in supporting happiness and well-being, such 

adverse effects might be mitigated in future situations.  
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Existing research investigating the effect of urban green on happiness indicates mixed 

results. Saw, Felix, Lim, and Carrasco (2015) have shown that neither access to green spaces 

nor the use of green spaces is related to residents’ well-being. Although the researchers 

hypothesize this result is caused by the Asian city’s tropical environment where the study was 

held. In contrast, Hashemi, Behrouz, Yang, Wohn, & Cha (2020) found evidence for a 

correlation between the amount of urban green space and happiness, and this relationship 

becomes stronger among countries with higher GDP (Gross domestic product). The research is 

distinct from other studies since it measured the amount of urban green in cities among different 

countries, whereas most studies investigating green space measure only city or neighbourhood 

scale. Benita, Bansal, & Tunçer (2019) measured happy moments with sensors and compared 

this to geospatial and environmental data in a town. The results indicate that proximity to natural 

environments did not significantly influence momentary happiness. On the other hand, factors 

influenced by natural environments such as noise level and air temperature were associated 

with momentary happiness. These findings show that reduction in noise and temperature by 

nature cause momentary happiness, however, the proximity to such environments did not show 

momentary happiness. In conclusion, the current urbanisation negatively affects human’s well-

being by transforming their local environment and decreasing the amount of nature. 

Furthermore, the examined studies showed that green space can lead to happiness but this is not 

always the case, therefore no hard evidence was found indicating that green space influences 

people’s happiness. Also, due to the adverse effects on health outcomes because of the 

urbanisation, research investigating the impact of natural areas on happiness could lead to future 

improvements of the urban living environment.  

An international review of 263 studies related to green space and mental health noted 

that around 70% of the articles examined reported a positive association between green space 

and well-being, although research methods varied widely (Wendelboe-Nelson, Kelly, Kennedy, 
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& Cherrie, 2019). Furthermore, a cross-sectional study investigating four European cities found 

links between time spent in green space and improved levels of vitality and well-being (Van 

den Berg et al., 2016). Similarly, Taylor, Hahs, and Hochuli (2018) measured well-being and 

compared the results with the Normalised Difference Vegetation Index (NDVI) of the 

respondents living environment in four large cities in Australasia. The results indicate a link 

between local nature and human well-being across all investigated cities. A growing body of 

evidence has revealed that elements of nature enhance health and well-being (Jackson, Daniel, 

McCorkle, Sears, & Bush, 2013; Keniger, Gaston, Irvine, & Fuller, 2013). Environments such 

as green space, can function in ways that alter the physical environment people live in, and thus 

reduce health risks (Shanahan, Fuller, Bush, Lin, & Gaston, 2015).  

2.2 The role of water in happiness and health 

Green space is a common term for natural environments, but if we further dissect green 

space, one can recognise that many areas consist of water (Gledhill & James, 2008). 

Additionally, MacKerron and Mourato (2013) identified that happiness was greater in natural 

environments, revealing that the influence of urban nature goes beyond solely green vegetation. 

In addition to green spaces, studies in the last years have shown that blue spaces, all visible 

bodies of water, such as lakes, rivers, and canals, are also important factors contributing to 

health and well-being (Britton, Kindermann, Domegan, & Carlin, 2020; Foley & Kistemann, 

2015; Garrett et al., 2019). Especially in countries where water has a dominant role, such as 

The Netherlands this might reveal new insights. 

 Furthermore, in the last years, research into blue spaces has demonstrated mixed results. 

Britton and colleagues (2018) carried out a systematic review of blue spaces and their 

association with health and well-being. The studies do not mention happiness explicitly, 

although psycho-social well-being is closely related to one’s happiness.  
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The review only included blue space interventions designed for therapeutic purposes. 

The review revealed that blue spaces could have a direct benefit for health and well-being. 

Well-being was assessed with various indicators such as self-esteem, social confidence, 

resilience and other psychological indicators (e.g. stress, mood) by using self-reported 

measures. The majority of reviewed studies indicated a positive or weak association between 

blue space and health and well-being indicators (Britton et al., 2018). Although the review 

indicates health and well-being showed association with blue space, these were interventions 

developed for therapy or recovery and not blue space in people’s living environment. Therefore, 

research looking into the effects of regular blue space on health and happiness is relatively new 

in the field of blue space.  

Similarly, Völker and Kistemann (2011) reviewed publications that focussed on the 

impact of blue space on human health and well-being. They indicate that the potential of blue 

spaces in urban environments has been underestimated because only a few studies compared 

natural environments with partly water. The current literature on blue space and its relationship 

with health is exclusively discussed in the fields of toxicology, microbiology, and 

environmental ecology (Brede et al., 2010; Gledhill & James, 2008; Ramos & Aguilo, 1988; 

Völker, Schreiber, & Kistemann, 2010), although not in the field of blue space and human well-

being. Dramstad, Tveit, Fjellstad, and Fry (2006) indicated it remains unclear whether the 

presence of water, vegetation or other reasons cause positive reactions. Moreover, Regan and 

Horn'sHorn's research (2005) showed that people preferred water for both restoration and 

recreational activities.  

Völker and Kistemann (2011) stated that due to the lack of research explicitly focussing 

on water, the gap cannot be closed yet. Additionally, the researchers mention there is little 

evidence of water perception and preferences in urban environments because most studies 

investigate natural environments with partly water. Furthermore, this research suggests that 
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“benefits for health and well-being clearly related to blue space can be identified with regard to 

perception and preference, landscape design, emotions, and restoration and recreation” (Völker 

& Kistemann, 2011).  

2.3 Typologies of urban green and blue spaces 

Urban green and blue spaces take form with many different characteristics. Rall and 

colleagues (2015) identified 44 elements of urban green space divided into the following 

categories, building greens, private green, riverbank green, parks and recreation, community 

gardens, agricultural land, natural and feral areas, and blue spaces. The study of Rall and 

colleagues (2015) investigates different functions of the urban green spaces by reviewing 

literature regarding this matter. A part of their research is dedicated to the mental and physical 

health benefits from elements, indicating different positive effects which influence well-being 

and perhaps happiness. Although some of the green space elements indicate other reasons for 

enhancing well-being and health, the results cannot be compared since the information is 

retrieved from studies with different methods. In a qualitative research among young residents 

living in a northern UK city, the value of urban nature was explored for 24 young people (Birch, 

Rishbeth, & Payne, 2020). The results indicated that different types such as trees, water, open 

spaces, and views were frequently experienced as nature typologies offering benefits. Van den 

Berg, Jorgensen, and Wilson (2014) investigated whether various settings in urban green spaces 

made a difference in restoration. In total, the researchers analysed four different settings, an 

built-up urban street setting, open parkland, tended woodland, and wild woods. For the three 

natural settings, it was expected to be more restorative than the urban environment, within the 

natural settings it was expected the two more ‘natural’ wooded settings to be more beneficial 

than the parkland setting due to their more vegetated and structurally varied set. Surprisingly 

the outcomes revealed there were no significant differences in recovery between the natural 

conditions. Although, the lack in differences between conditions could imply a phenomenon 
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reflecting the operation of a common trigger of restoration that is inherent to all-natural stimuli 

and settings. Nevertheless, Van den Berg and colleagues (2014) suggested that investigating a 

broader sense of nature, such as the presence of water is something to consider in future 

research.  

Beil and Hanes (2013) investigated four different settings, very natural, mostly natural, 

mostly built, and very built, and measured stress responses by collecting salivary cortisol, alpha-

amylase, and self-report measures. Furthermore, this research found that the setting ‘Very 

Natural’ was perceived as more restorative than the other three settings with highly significant 

results. That result indicates that variance within natural settings leads to different potentials of 

the environments’ effects. Furthermore, based on pre-to-post changes in salivary amylase, and 

self-reported stress, differences between environmental settings showed greater benefit from 

exposure to natural settings compared to the built settings. Likewise, Tyrväinen et al. (2014) 

investigated the psychological and physiological effects of short visits to urban nature 

environments, namely a built-up city centre, an urban park, and urban woodland. The results 

showed that the urban park and the urban woodland had almost the same positive influence on 

participants, but overall perceived restorativeness was higher in the woodland setting. Overall, 

different natural environments have been studied concerning their effects, and the results 

showed natural environments had positive influence compared to built-up environments. 

However, looking into the effects of natural environments some results showed similar 

responses to any natural environment (Tyrväinen et al., 2014; Van den Berg et al., 2014), though 

other studies indicated different responses among natural environments (Beil & Hanes, 2013). 

Therefore, the investigation of various natural environments can bring new evidence to 

determine if various effects can be found for natural environments. 
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2.4 Potential pathways to increase well-being through natural environments 

 The influence of natural environments on humans is a topic of interest which has been 

studied extensively (De Vries, 2003; Hartig, 2007; Maas et al., 2009; Ulrich et al., 1991). 

Markevych et al. (2017) presented three domains linking green space to health outcomes. The 

three domains are defined as: reducing harm (e.g. reducing exposure to air pollution, noise and 

heat), restoring capacities (e.g. attention restoration and physiological stress recovery) and 

building capacities (e.g. encouraging physical activity and facilitating social cohesion). These 

domains give a holistic overview of the potential pathways in which green space increases well-

being, each domain is elucidated more in-depth in the next paragraphs.  

The domain, ‘reducing harm’ consists of multiple facets which mitigate the harmful 

effects of urban environments such as pollution and noise, and therefore contribute to public 

health. First, green space has a low concentration of air pollutants (Nowak et al., 2014, Morani 

et al., 2011, Hirabayashi & Nowak, 2016, David Suzuki Foundation, 2015, Planting Healthy 

Air, 2016). Air pollutants have both acute and chronic effects on human health, affecting a 

number of different organs and human systems (Kampa & Castanas, 2008). Levels of traffic-

related air pollution are low around the green space area due to the lack of traffic (Su, Jerrett, 

De Nazelle, & Wolch, 2011). Besides, vegetation may remove air pollutants or reduce the 

dispersion of traffic-related pollution (Kroeger et al., 2014). Secondly, vegetation absorbs solar 

radiation, changes the albedo of surfaces, and has a cooling effect through evaporation 

(Markevych et al., 2017). Multiple publications report the cooling impact of urban green on the 

urban thermal environment (Spronken-Smith & Oke, 1999; Bowler, Buyung-Ali, Knight, & 

Pullin, 2010; Saaroni, Ben-Dor, Bitan, & Potcher, 2000; De Morais, De Fretias, & Guerrero, 

2016). Thirdly, green space buffers noise coming from traffic or other sources (Markevych et 

al., 2017). Green vegetation such as green barriers, green roofs, and green façades reduce noise 

by 5-10 dB through absorption, diffraction or destructive interference of sound waves (Van 
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Renterghem et al., 2015). Also, green space psychologically affects noise by buffering a stress 

response to noise. Several studies have discovered significantly reduced noise annoyance in 

people who have green space near their homes (Gidlöf-Gunnarsson & Ohrstrom, 2007; Gidlöf-

Gunnarsson et al., 2009; Li, Chau, & Tang, 2010; Li, Chau, Tse, & Tang, 2012; Leung, Chau, 

Tang, Pun, & Nagahata, 2014; Bodin, Björk, Ardö, & Albin, 2015; Dzhambov & Dimitrova, 

2015; Van Renterghem & Botteldooren, 2016). Proposed mechanisms include visual shielding 

of the noise source (Aylor & Marks, 1976), improvement in the perceived acoustic quality of 

the environment due to nature sounds (Kang et al., 2016), combined visual exposure to green 

space and water features (Li et al., 2012; Leung et al., 2014), increased sense of control over 

the acoustic environment (Dzhambov & Dimitrova, 2015), and reduced perceived health risk 

(Markevych et al., 2017).  

The second domain concerns the stress restoring capacities of natural environments. The 

beneficial effects of greenery due to psychological restoration have been established over the 

years. Two dominant theories guide the field of restorative value of nature in environmental 

psychology, namely stress reduction theory (SRT; Ulrich, 1983; Ulrich et al., 1991) and 

attention restoration theory (ART; Kaplan & Talbot, 1983; Kaplan & Kaplan, 1989; Kaplan, 

1995). SRT suggests viewing greenery, and other natural-appearing features evoke positive 

emotions that block negative thoughts and emotions, thereby shutting down the stress response. 

The theory suggests that green space reduces the amount of physiological activation as well as 

self-reported positive emotions (Markevych et al., 2017). In short, the natural sight induces 

feelings of pleasantness, hold interest, block or reduce stressful thought, and therefore causes 

psychological restoration (Ulrich, 1983). However, ART indicates that greenery and other 

natural-appearing features attract and hold a person’s attention without effort, such contact with 

unthreatening natural environments helps to recover attentional resources in individuals (Joye, 

Pals, Steg, Evans, 2013). So, ART suggests that the encounter with green space can enhance 
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the ability to wilfully direct attention due to the recovery from directed attention fatigue 

(Kaplan, 1995). In short, the restorative responses in ART are argued to be the result of the 

replenishment of depleted cognitive resources due to the fascinating characteristic of natural 

scenes (Kaplan, 1995). Whether applying ART or SRT, research in the field of area assumes 

that people who access environments that have high restorative capacity (e.g. with more natural 

features such as vegetation) during periods when restoration can occur will cumulatively 

perceive greater health benefits than they would do by spending the time in environments of 

lesser restorative quality (Hartig, 2007).  

The final domain which, affects public health through urban green is the building 

capacities. Building capacities refer to the different functions the green space might have. Green 

urban areas encourage physical activity because they provide a safe, accessible and attractive 

setting to conduct physical activity (Almanza, Jerrett, Dunton, Seto, & Pentz, 2012; Astell-Burt, 

Feng, & Kolt, 2014; Mytton, Townsend, Rutter, & Foster, 2012). However, facilities and the 

size of areas influence the type of activities that can be conducted in the green space. Larger 

green spaces with maintained paths are more attractive to adults for physical activity, in contrast 

to, smaller parks which might be more attractive to inactive forms of recreation (Giles-Corti et 

al., 2005). However, as Richardson et al. (2012) and Hartig, Mitchell, De Vries, and Frumkin 

(2014) mention, large natural areas near home might correlate with higher car dependency due 

to longer distances to everyday destinations such as the grocery store. In addition to facilitating 

physical activity, green space also provides settings for residents to have contact and therefore 

increase the social cohesion. Social cohesion creates the feeling that people in the 

neighbourhood respect and know each other, are no danger to each other and may help if needed 

(Forrest & Kearns, 2001; Kuo, Sullivan, Coley, & Brunson, 1998; Kuo & Sullivan, 2001a; Kuo 

& Sullivan, 2001b; Kemperman & Timmermans, 2014; Holtan, Dieterlen, & Sullivan, 2015; 

Weinstein et al., 2015). In turn, social cohesion is related to human health and well-being within 
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a neighbourhood (Rios, Aiken, & Zautra, 2012; Fone et al., 2014). Additionally, several 

publications hypothesise that social cohesion accounts for a considerable extent between the 

relationship of green space and health (De Vries, Van Dillen, Groenewegen, & Spreeuwenberg, 

2013; Dadvand et al., 2016, Maas et al., 2009). However, not all greenery might be equally 

suitable for social contacts. For example, green space designed for outdoor play by young 

children might not have similar effects on the elderly (Markevych et al., 2017). To conclude, 

the type of greenery affects the activities within the area and the kind of population it attracts, 

which in turn will increase the social cohesion and therefore also mental health. 

2.5 Conceptual model 

Multiple models have been proposed to conceptualise the effects of natural 

environments onto human health and well-being (Groenewegen, Van den Berg, De Vries, & 

Verheij, 2006; Markevych et al., 2017; Saw, Felix, Lim, Luis, & Carrasco, 2015). The models 

have much in common but still are slightly different from one another. Groenewegen and 

colleagues (2006) indicate four paths: exposure (leading to stress reduction and attention 

restoration), promoting healthy behaviour and social integration, and selection (e.g., high-

income residents live in favourable environments) which lead to well-being through urban 

green. Saw and colleagues (2015) presented three related domains: flora and fauna (attention 

restoration, biophilia), open spaces (physical activity), and communal spaces (social interaction 

and support). Lastly, Markevych et al. (2017) presented three other domains: reducing harm, 

restoring capacities, and building capacities, all linking green spaces to health outcomes that 

were elaborated in the previous paragraphs. In the current study, we measure the amount of 

green and blue space in percentages, but also the different types of nature such as parks, forests, 

streams and lakes. Furthermore, different personal characteristics are accounted for such as, 

gender, income, age, and household composition. Also, environmental characteristics are 

involved in the current research, the urban densities of neighbourhoods are controlled for, and 
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also the variation of different types of green or blue space. A conceptual model indicating all 

variables examined in the current research is visualized in Figure 1. 

Figure 1 

Conceptual model with all variables tested and controlled for. 

 

However, perceived health and happiness are not solely influenced by green or blue 

space. Personal characteristics, such as genetics and personality, have a significant influence on 

one’s happiness. Additionally, other influential characteristics such as income and age also play 

a role in humans well-being. For example, higher-income is associated with greater happiness, 

residents with more wealth will be able to purchase housing in comfortable neighbourhoods. 

Nevertheless, age also seems to affect happiness and health, with younger people seeming to 

be healthier and happier (Diener, Kesebir, & Tov, 2009; McFadden et al., 2008), which would 
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imply that neighbourhoods with young inhabitants would be healthier and happier as compared 

to neighbourhoods with older residents. Additionally, the variables of interest, happiness and 

perceived well-being might affect one another, therefore both are taken into account in the 

process. The factors discussed need to be controlled for when investigating the effect of green 

and blue space on health outcomes.  

2.6 Problem statement 

In the last decades, a considerable amount of research has been conducted on the effects 

of urban green. However, studies in the previous years have shown that blue spaces, which 

include all visible bodies of water, such as lakes, rivers, and canals, can be a promising factor 

contributing to health and well-being of residents (Britton, Kindermann, Domegan, & Carlin, 

2020). Research has revealed mixed findings, although the majority indicate weak positive 

associations between blue space interventions and health and well-being indicators (Britton, 

Kindermann, Domegan, & Carlin, 2020). Studies independently investigating both green and 

blue spaces are limited and indicate inconsistent results. Therefore, the current study explores 

both green and blue spaces independently, which will reveal if blue spaces have a similar or 

perhaps more substantial effect as compared to green spaces. Moreover, the research looks into 

the relationships of the different types of nature with health outcomes to determine which 

characteristics have stronger association with humans. The results can lead to important 

knowledge for city planners, policy makers, and municipalities.  

Findings regarding happiness are minimal in the field of urban green and blue spaces. 

Therefore, the research investigates happiness separately from perceived health, a study 

direction which has not received much attention. Previous research found positive relations 

between urban green and health outcomes but indicates mixed results regarding whether natural 

environments also affect people’s happiness. The current research investigates happiness as 
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well as blue space and therefore explores new and potential evidence for increasing human’s 

well-being in the built environment. Therefore, the research question of the current study is:  

To what extent are green and blue spaces associated with people’s happiness and 

perceived health in urban areas? 

2.7 Hypotheses 

The current study will bring new evidence by investigating the relation of both green 

and blue spaces with happiness and perceived health. According to MacKerron and Mourato 

(2013), exposure to natural environments leads to greater happiness. Therefore, it is 

hypothesised that green and blue space will lead to an increase in people’s happiness. 

Furthermore, the variables to test the hypothesis are showed in Figure 2. 

Hypothesis 1. The amount of green and of blue space is positively associated with 

people’s happiness in neighbourhoods in urban areas. 

Figure 2 

Model to test hypothesis 1 
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Mansor and colleagues (2015) indicated there is a positive association with green 

infrastructure and people’s perceived health. Additionally, Britton and colleagues showed that 

multiple studies found that blue space has a positive relation to health and well-being indicator. 

Thus, it is hypothesised that green and blue spaces will increase people’s perceived health. 

Additionally, the model was visualized in Figure 3. 

Hypothesis 2. The amount of green and of blue space is positively associated with 

people’s perceived health in neighbourhoods in urban areas. 

Figure 3 

Model to test hypothesis 2

 

De Vries et al. (2016) included the investigation of blue spaces within their research 

into the availability of green and blue spaces and the prevalence of common mental disorders 

in the Netherlands. The outcome revealed that green and blue areas are positively associated 

with self-reported mental and general health. However, the associations for blue space were 

generally more substantial compared to green space. Therefore, it is hypothesised that for both 
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happiness and perceived health, the relationship of blue space is stronger than green space. The 

variables included in the model to test both hypotheses are shown in Figure 4. 

Hypothesis 3.1 The amount of blue space has a stronger relationship with people’s 

happiness than the amount of green space in neighbourhoods in urban areas. 

Hypothesis 3.2 The amount of blue space has a stronger relationship with people’s 

perceived health than the amount of green space in neighbourhoods in urban areas. 

Figure 4 

Model to test hypothesis 3.1 & 3.2 

 
 

The types of urban green space might reveal contrasting relations due to different 

characteristics of the environment. Tyrväinen and colleagues (2014) investigated the impact of 

different environments, and the results indicated that urban woodlands were more restorative 
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and evoked fewer negative feelings, as compared to an urban park and an urban plaza. 

Therefore, the following hypothesis was proposed.  

Hypothesis 4.1 The type of green space is associated with people’s happiness and 

perceived health in neighbourhoods in urban areas. 

In addition, a model was created to indicate which variables were used to investigate 

the associations of types of green space with happiness and perceived health (see Figure 5). 

Figure 5 

Model to test hypothesis 4.1

 

Currently, there is little research and understanding of how different typologies of blue 

space can impact health and well-being (Mavoa et al., 2019). Previous research suggests that 

different typologies may have varying potential for health-related outcomes (McDougall, 
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Quilliam, Hanley, & Oliver, 2020). For example, larger water bodies are expected to provide 

greater cooling effects on surrounding temperatures and are generally preferred over blue space 

such as creeks or bogs (McDougall, Quilliam, Hanley, & Oliver, 2020). Furthermore, larger 

water bodies such as lakes provide a place full of nature where one can engage in physical 

activity or social interaction, in contrary to canal or ponds where this is often not the case. Based 

on these arguments, the following hypothesis was formed. 

Hypothesis 4.2 The type of blue space is associated with people’s happiness and 

perceived health in neighbourhoods in urban areas. 

Similar to previous hypotheses, a model was created to indicate which variables were 

included to test this hypothesis (see Figure 6). 

Figure 6 

Model to test hypothesis 4.2
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3 Method 

The current study uses two different data sets combined into one: the first contains 

subjective measures of happiness and health across neighbourhoods, and the second regards 

objective characteristics of the neighbourhoods in the municipality. The data sets were provided 

by the department research & statistics, and the department sector information management of 

the municipality of ‘s-Hertogenbosch. 

 The first dataset was retrieved from the questionnaire ‘Vragenlijst Leefbaarheid & 

Veiligheid’, which the municipality of ‘s-Hertogenbosch distributes every two years among 

residents. The questionnaire of liveability and safety is part of the ‘Wijk- en buurtmonitor’ also 

referred to as the neighbourhood monitor, a monitor which keeps track of the development of 

different neighbourhoods within the municipality (‘s-Hertogenbosch, 2020). Through this 

questionnaire, the respondents were asked about their happiness and perceived health, variables 

of interest of the current study.  

The second dataset is geographic data concerning green and blue spaces in the same 

neighbourhoods which we derived with ArcGIS software. The municipality holds ArcGIS files 

with objective information about neighbourhoods in order to comply with the Basic 

Registration Large-Scale Topography. The files were provided by colleagues from the 

department of sector information management. Information about neighbourhoods and other 

districts in the Netherlands can be found within the Basic Registration Large-Scale Topography 

and is open access to anyone interested, although the information of ‘s-Hertogenbosch in 

ArcGIS is restricted to employees of the municipality of ‘s-Hertogenbosch. ArcGIS is a tool 

used to quantify geographic data in scientific publications (Cetin, 2015; Klompmaker et al., 

2018; Schipperijn, Stigsdotter, Randrup, & Troelsen, 2010). For each neighbourhood present 

in the questionnaire’s data, the percentages green and blue spaces compared to the total surface 

of a neighbourhood and different types of green and blue spaces were calculated with the use 
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of ArcGIS. With the two datasets, we can test the hypotheses of the current study and eventually 

reveal new findings. Previous studies have used similar methods, Groenewegen and colleagues 

(2006) investigated on different scales objective measures of the Netherlands, and combined 

the data with existing health interview survey data, and collecting new data through 

questionnaires and interviews. Furthermore, analysing existing data concerning health, and 

matching the participants’ postal codes to derive environmental data is a method used before 

(Maas et al., 2006, 2009).  

3.1 Data 

The neighbourhoods within the municipality are 107 districts ranging from 8 up to 1094 

hectares. The current study uses the neighbourhood monitors’ data from the year 2019, with 

4557 respondents. The questionnaire was updated in 2019, which resulted in differences how 

questions were posed and their corresponding multiple choice answers. Therefore, combining 

earlier versions was unreliable and therefore, so only data from 2019 was used. Before the 

execution of the statistical analysis, the dataset was controlled for its values. The dataset did 

not include any inadequate values. Unanswered questions were coded as missing values and 

therefore not included in the analysis. A couple of neighbourhoods had lesser than 10 

respondents, such neighbourhoods were not included in the analysis due to the small sample 

size for that specific area.  

The variables concerning green and blue spaces were retrieved from ArcGIS files of the 

municipality to comply with the BGT, the Basic Registration Large-Scale Topography 

(Basisregristratie Grootschalige Topografie), a digital map provided by a Dutch law, which 

contains different terrains and objects in the Netherlands such as buildings, roads, water, rails, 

and trees. The BGT is an open access digital map of the Netherlands on which buildings, roads, 

waterways, sites and railway lines are unambiguously recorded (Digitale overheid, no date). 

Within the dataset, each municipality has categorised the following green spaces: Mixed forest, 
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deciduous forest, coniferous forest, tree nursery, fruit growing, arable land, green area, 

grassland, heather, swamp, reed bed, shrubs, sea, watercourses, and expanse of water (see 

Appendix A & Appendix B). The number of different types of green spaces is extensive, and 

many types have an overlap in characteristics. Therefore, we merged the categories for greenery 

into fewer categories based on the work of Rall and colleagues (2015), and Tyrväinen and 

colleagues (2014). The following categories were created: forests (mixed forest, deciduous 

forest, coniferous forest), agricultural land (tree nursery, fruit growing, arable land), accessible 

urban green (green area), not accessible urban green (grassland, shrubs), and natural greenery 

(heather, wood embankment, marsh, swamp, reed land). The dataset includes two categories of 

water, namely watercourses (rivers, canals), and expanses of water (lakes, ponds), these 

categories were retained in the current research.  

For visible water, only watercourses such as rivers and canal were present, and expanses 

of water, for example, a lake or pond were present, indicating two categories for blue space, 

watercourses and expanse of water. The categorizations of green and blue space are indicated 

in Table 1 and Table 2. The municipality gave access to the data in order to analyse the area 

and calculate the amount of green and blue as well as the variation in types of nature per 

neighbourhood.  

Table 1 

Categories of green space     

Forests Agricultural 

land 

Accessible 

urban green 

Not accessible 

urban green 

Natural greenery 

Mixed forest Tree nursery Green area Grassland Heather 

Deciduous forest Fruit growing  Shrubs Wood embankment 

Coniferous forest Arable land   Marsh 

    Swamp 

    Reed land 
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Table 2 

Categories of blue space  

Watercourse Expanse of water 

Rivers Lakes 

Canals Ponds 

 

3.2 Variables 

Most of the variables originated from the questionnaire ’Vragenlijst Leefbaarheid & 

Veiligheid’. The two dependent variables concern perceived health and happiness. In the 

questionnaire, the question regarding perceived health was posed as “What do you think about 

your own health in general? The question had five responses available, namely: very good, 

good, sufficient, mediocre, and bad. Initially, bad was coded as 5 and very good as 1, however 

in the current dataset this variable was reverse coded. The question regarding happiness was 

posed as “What grade do you give yourself for being happy” on a scale from 1 (low) to 10 

(high).  

Additionally, we also obtained demographics and other variables used as control 

variables through the questionnaire ’Vragenlijst Leefbaarheid & Veiligheid’. As discussed in 

paragraph 2.4, personal characteristics are important factors since they influence happiness and 

perceived health. Therefore, questions regarding gender, age, household composition, income 

are included in the analysis of the current study. Such variables are obtained with the following 

questions indicated in Table 3. The entire questionnaire with questions and corresponding 

answers in Dutch can be found in Appendix C. 

Table 3 

Questions and answers on demographic characteristics 

Questions Answers 

Are you…?  Male / Female / Other 

With which persons do you 

live?  

Partner / Children younger than 18 / Children of 18 or 

older / Parents / Other adults / Alone 
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What is your age?  18-29 years old / 30-39 years old / 40-49 years old / 50-

64 years old / 65-74 years old / 75 years or older 

What is your highest school 

diploma?  

No diploma / lbo, vbo, vbmo or mavo / havo or vwo / 

mbo / hbo / wo 

What is the net income of your 

household per month?  

Less than € 1150 / € 1150 - € 1600 / € 1600 - € 2150 / € 

2150 - € 3500 / € 3500 or more / Don’t know / Prefer not 

to say 

 

The only place of residence in the dataset is the neighbourhood which was identified by 

the municipalities’ neighbourhood monitor. Personal addresses of the participants were 

removed due to privacy policies. Some participants preferred not to share their income, and 

some did not know their income, such answers were reported as missing so the variable could 

be treated on scale level. The household variable was recoded so the compositions were: 

couples, singles, two-parent families, single parent families, and other, similar to previous 

studies (Van Ham & Clark, 2009). The variable concerning age was recoded into fewer groups, 

namely people of 18 – 39 years old, 40 – 64 years old, 65 years or older. Similarly, education 

level was also recoded into three categories, a ‘high’ education level contained ‘hbo’ and ‘wo’, 

the education level ‘middle’ consists of ‘mbo’ and ‘havo or vwo’, the education level ‘low’ 

included people without a diploma and ‘lbo, vbo, vbmo or mavo’. 

The geodata concerning the green and blue spaces from the BGT (Basisregristratie 

Grootschalige Topografie), was obtained with the use of ArcGIS, a software program which 

can analyse spatial data. To calculate the extent of green and blue spaces, we merged the dataset 

with the natural environment from the BGT with a dataset containing the neighbourhood limits. 

The data supporting the spatial information would indicate the surface for each specific area, 

what kind of natural environment it was, and in what neighbourhood it was located. Eventually, 

we calculated the percentage of total green and blue space, and percentage of different types of 

green and blue space showed as variables Table 4.  
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Table 4 

Categories of predictor variables   

Original neighbourhood variables Extended neighbourhood variables 

Total green space 

Forest 

Agricultural land 

Accessible urban green 

Not accessible urban green 

Natural greenery 

Total blue space 

Watercourse 

Expanse of water 

Ext_Total green space 

Ext_Forest 

Ext_Agricultural land 

Ext_Accessible urban green 

Ext_Not accessible urban green 

Ext_Natural greenery 

Ext_Total blue space 

Ext_Watercourse 

Ext_Expanse of water 

 

Additionally, we also created a variable which explained the amount of different green 

or blue space present in a neighbourhood. The diversity of present green or blue space might 

also influence residents, and therefore the variables variation in types of blue and green space 

were added to the analysis. 

Previous research extended the borders each neighbourhood because it reflects 

residents’ perception of their neighbourhood (Leslie, Sugiyama, Ierodiaconou, & Kremer, 

2010). Therefore, the limits of the neighbourhood was extended by 400 meters, based on a 

reasonable walkable distance of 10-15 minutes, similar to the study of Zhang, Van Dijk, Tang, 

and Van den Berg (2015), which investigated emotional attachment to local green spaces in two 

neighbourhoods. For the analysis, both the original limits of the neighbourhoods and the 

corresponding extended version, showed in Table 4, will be used in order to examine if the 

extension of neighbourhood limits would affect the outcome.  

Although the current study investigates the relation of nature in urban areas with health 

outcomes, the district of the municipality also includes many rural areas. Therefore, we 

retrieved urban densities for each neighbourhood in the municipality from the CBS (Centraal 

Bureau voor de Statistiek), a government agency which publishes reliable and coherent 
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statistical information (TNO, no date). CBS based the urban densities on the number of 

addresses per square kilometre. In the current study similar quantities were used, see Table 5 

for the different rate of urban densities. This indicator of urban densities is widely used in The 

Netherlands and scientific papers (De Vries et al., 2003). With the use of these urban densities, 

we can examine differences between urban and rural areas, and investigate the influence of 

urban density on the effect of natural environments.  

Table 5 

Measurement of urban density   

Urban densities Frequency Addresses per km² 

1 Very strongly urbanized >2500 

2 Strongly urbanized 1500-2500 

3 Mildly urbanized 1000-1500 

4 Poorly urban  500-1000 

5 Not urbanized <500 

 

The datasets with information were exported from ArcGIS (version 10.5.1) to Excel 

(version 2016) in order to calculate the percentages of green and blue space to the total surface 

per neighbourhood. The total square meters of the neighbourhood, the total square meters of 

green and of blue spaces, as well as the square meters corresponding to each of the categories 

for green and blue spaces in Table 4, were determined. By dividing the amount of green or of 

blue space by the total amount of square meters in a neighbourhood, the percentage of green 

and blue was calculated. This calculation was repeated for each type of green and blue space in 

order to determine the percentage of surface corresponding to each type of nature in each 

neighbourhood. These objective characteristics of each neighbourhood were then imported in 

SPSS (version) and assigned to the participants’ responses from the neighbourhood monitor 

according to the participants’ place of residence. 
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3.3 Experimental procedure 

The municipality of ‘s-Hertogenbosch send in September 2019 the questionnaire 

’Vragenlijst Leefbaarheid & Veiligheid’ to residents by mail or online to retrieve insights of 

the current situations in all neighbourhoods as part of the neighbourhood monitor. Respondents 

received the questionnaire via post or online through email and could complete the 

questionnaires at any time within several weeks. A shorter version of the questionnaire is 

distributed after a couple of weeks to gain more respondents for the neighbourhood monitor. 

The reward for answering the questionnaires is a chance of winning a gift voucher. Furthermore, 

inhabitants of the municipality can also complete the questionnaire through the website of ‘s-

Hertogenbosch. Approximately, the response rate to the questionnaire is 25% for the addressed 

inhabitants. Neighbourhoods with overall smaller population received more questionnaires to 

ensure every neighbourhood has a similar quantity of responses. The entire procedure is carried 

out by the municipality but the results were used in the current study.  

3.4 Participants 

The participants of the study are inhabitants of the municipality of ‘s-Hertogenbosch. 

Through random sampling from the Basic Registration of Persons by the municipality, the 

participants of the questionnaire were determined. Only inhabitants ageing between 18 and 85 

years old were included in the study. For people older than 85 years old, participating in such 

studies is often inconvenient, and therefore the municipality chose to exclude these. Only one 

questionnaire was distributed to one household to exclude multiple entries from a household. 

People could also participate by completing the questionnaire online via the website of the 

municipality with the same exclusion rules. 



  33 

3.5 Statistical analysis 

To test the hypotheses of the current study, different linear mixed model analyses were 

conducted. Multilevel regression analyses are a standard method of investigating the relations 

between green space and residents (De Vries et al., 2013; Maas et al., 2006). Such analyses 

account for the correlated nature of data, and are able to deal with nested data.  

The analyses were conducted with SPSS version 25. First, the dataset was controlled 

for outliers by inspecting boxplots and calculating Cook’s distance for the variables. Normality 

of the models is controlled for with a Shapiro Wilk test of the residuals, and a score of .97 or 

higher was considered normally distributed. Furthermore, the residuals are investigated to 

examine linearity and homogeneity. For all models, control variables were included to examine 

other relations. Therefore, VIF values were calculated, and a correlation matrix was examined 

to control for multicollinearity, both will be discussed in the descriptive statistics section of the 

results. 

Due to the nested structure of the data, linear mixed model analyses were conducted to 

investigate the relationship between green space, blue space and perceived health and 

happiness. For the analysis two levels were included, namely individuals and neighbourhood. 

These two levels were used because we are investigating the different neighbourhoods within 

the municipality, and we are interested in the relationships with individuals. The neighbourhood 

variable was included as random intercept in the analyses. Additionally, control variables such 

as age, gender, income, and variation in green and blue space were added to the analysis to 

control if such variables would influence happiness and perceived health. Due to the number of 

models and therefore analyses, the likelihood of running into a type 1 error is increased, i.e. 

concluding that a significant difference is present when it is not. To circumvent this problem, 

we use a Bonferroni correction, which implies an adjusted significance level of α / T where ‘α’ 

is the critical P level and ‘T’ is the number of tests performed. For example, when testing the 
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hypothesis regarding the different types of green space, we include ten predictor and control 

variables. Therefore, the adjusted significance level for that hypothesis testing is 0.05 / 11 = 

0.005. 

The original and extended neighbourhood limits discussed in section 3.2, are both 

analysed for the first two hypothesis to examine the differences and investigate which models 

are the better fit. For the hypotheses 4.1 and 4.2, only the linear mixed model with the better 

quality fit was examined. To test the relative quality of statistical models for a given set of data, 

the -2 log-likelihood, Akaike’s information criterion, and Schwarz’s Bayesian Criterion were 

reported. These values will give information to determine whether the extended or original 

neighbourhoods were a better fit of the model. Information criteria, such as the Akaike 

information criterion, are a common method of presenting model comparisons for mixed effect 

models (Nakagawa & Schielzeth, 2013). Such information criterion measures the quality of the 

statistical model and takes into account how well the models fit the data. The information helps 

to better understand to quality of models when variables are in- and excluded for the linear 

mixed models. For all information criteria, the one that provides minimum value is denoted to 

be the best model. Delta BIC can be computed to interpret and compare different models. If the 

delta BIC is less than 2, the difference is minimal, between 2 and 6 means there is evidence that 

the quality of one model is better, between 6 and 10 indicates the evidence is strong, and greater 

than 10 shows that the evidence is very strong (Fabozzi, Focardi, Rachev, Arshanapalli, 2014).  
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4 Results 

In the following section, the current study’s statistical analysis is reported, and the 

corresponding results are presented. First, the descriptive statistics of the study are examined, 

offering insights over the dataset of interest. Furthermore, the dataset is controlled for outliers, 

and the variables in the model are investigated for multicollinearity. Finally, each hypothesis is 

tested with the corresponding linear mixed model. The results of all hypothesis are presented 

in tables.  

4.1 Descriptive statistics 

In the following paragraph, the descriptive statistics of the study are presented. The 

gender of the respondents is visualised in Table 6 and indicated that out of 4334 participants 

53.7% were women and 46.1% were men. This distribution adheres to the fact that in the 

municipality of ‘s-Hertogenbosch live more woman than men, as in 2018, 50.6% of the 

population were women, and 49.6% were men (AdminStat, 2018). Similarly, respondents’ age 

is shown in Table 6 and shows that 23.2% of respondents are between 18 and 39 years old, 

45.1% of the participants are between 40 and 64 years old, and 31.7% of the participants are 65 

years or older. Compared to actual population of the municipality, 18 to 34 years old represents 

22.5%, and 35 to 64 years old represent 40.5%, the inhabitants of 65 years or older represent 

18% of the population in the municipality of ‘s-Hertogenbosch (AdminStat, 2018). These 

statistics show that residents of 65 years or older are represented almost twice as much 

compared to the actual distribution, also the middle aged is somewhat overrepresented although 

age intervals are not identical, the younger age group seemed somewhat similar. The 

questionnaires were only sent to inhabitants older than 18 years old, which might explain the 

differences in distributions. 

The respondents' household compositions are presented in Table 6 and point out that 

most households in the current study consist of a two-person household. Also, more than a 



  36 

quarter of the respondents live with children. Furthermore, the income of the participants is 

shown in Table 6 next to income. 

Table 6 

Sample characteristics 

 Personal characteristics Frequency Percent of total 

Gender Male 1999 46.1% 

 Female 2329 53.7% 

 Other 6 .1% 

Age 18-39 years 1039 23.2% 

 40-64 years 2020 45.1% 

 65 years or older 1417 31.7% 

Household 

composition 

Two person household 1926 43.7% 

 Family with children 1053 23.9% 

 One person household with 

children 

216 4.9% 

 One person household 979 21.5% 

 Other 229 5.2% 

Income Less than €1.150 246 6.9% 

 € 1.150 - € 1.600 355 10.0% 

 € 1.600 - € 2.150 531 14.9% 

 € 2.150 - € 3.500 1023 28.7% 

 € 3.500 or more 1407 39.5% 

 

In Table 7, descriptive statistics of the outcome variables are displayed. The statistics 

indicate that the average perceived health and happiness of the respondents are positive.  
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Table 7 

The number of respondents(N), mean, standard deviation, minimum and maximum of 

dependent variables. 

Variable N Mean Std. dev. Min. Max. 

Health 4557 3.58 .874 1 5 

Happiness 4557 7.68 1,359 1 10 

The independent variables refer to the amount of green and blue space in the 

neighbourhood as percentages of the total surface. Percentages of green, blue and corresponding 

types can range from 0 to 100 per cent, although a neighbourhood with 100 per cent blue or 

green seems unlikely. Also, the percentages of the different types of green and blue space are 

represented. Table 8 shows the percentages of green space, blue space, and corresponding types 

are displayed based on the original neighbourhoods. The percentage of green and blue space in 

neighbourhoods are also referred to as the amount of green and blue space in neighbourhoods 

similar to studies investigating amount of green space (Maas et al. 2009). Furthermore, the 

variation in green and blue space per neighbourhood is indicated. The means show that on 

average multiple types of green and blue space are present (see Table 8). 

Table 8 

The number of neighbourhoods (N), mean, standard deviation, minimum and maximum of 

percentage green and blue space, and corresponding types of green and blue space based 

on original neighbourhood limits. 

Variable N Mean Std. dev. Min. Max. 

Forest 107 1.73 5.54 0 38  

Agricultural land 107 12.17 22.06 0 88 

Accessible urban green 107 14.14 8.87 1 47 

Natural greenery 107 0.51 2.5 0 24 

Not accessible urban green 107 2.54 3.09 0 17 

Total green space 107 31.09 22.27 4 90 

Watercourse 107 5.34 5.15 0 26 

Expanse of water 107 3.38 6.95 0 35 

Total blue space 107 8.72 9.04 0 43 
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Variation in types of green space 107 3.28 1.18 1 5 

Variation in types of blue space 107 1.56 .59 0 2 

Urban densities 107 3.10 1.434 1 5 

 

Table 9 shows the same variables but for the extended neighbourhoods, also called 

extended variables. These variables are represented as Ext_variablename. The table reveals that 

extending the neighbourhood limits centres the amount of green and blue space. In other words, 

extreme values such as 90% of green space are not present in the extended neighbourhood. 

Table 9 

The number of samples (N), mean, standard deviation, minimum and maximum of green and 

blue space, and corresponding types based on extended neighbourhood limits. 

Variable N Mean Std. dev. Min. Max. 

Ext_Forest 107 2.14 2.14 0 22 

Ext_Agricultural land 107 15.40 17.85 0 75 

Ext_Accessible urban green 107 13.78 5.78 1 28 

Ext_Natural greenery 107 2.73 2.11 0 12 

Ext_Not accessible urban green 107 2.83 1.94 0 11 

Ext_Total green space 107 34.05 16.26 8 77 

Ext_Watercourse 107 5.26 3.42 0 19 

Ext_Expanse of water 107 3.65 3.88 0 20 

Ext_Total blue space 107 8.92 5.56 0 28 

Ext_Variation in types of green space 107 4.43 .77 2 5 

Ext_Variation in types of blue space 107 1.98 .14 1 2 

 

The normality of all models was controlled by investigating the residuals per model. 

The normality was examined with a Shapiro-Wilk test, and a score of .97 was considered 

normally distributed. Some models showed small violations based on a score of .97. Therefore, 

visual inspection of QQ plots and histograms were held. Based on the results of the visual 

inspection and the robustness of models, we consider it safe to use these models. The 
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assumption of homoscedacity is also controlled for by visual inspection of the residuals of each 

model. Based on the plots, the assumption of homoscedacity was met.  

Furthermore, to examine the spread of dependent and independent variables, the 

variance was investigated. From Table 8 and Table 9, it can be concluded that the distribution 

of green and blue space is diverse among the neighbourhoods in the municipality. Nevertheless, 

the percentages were plotted in bar charts to visually inspect the green and blue space per 

neighbourhood (see Appendix D.1 - Appendix D.4). Similarly, the variance in the dependent 

variables happiness and perceived health were examined (see Appendix D.5 & Appendix D.6). 

The bar charts of happiness and perceived health indicate similar results for most 

neighbourhoods. To further examine the variation in the dependent variables, they were 

investigated on individual level in boxplots (see Appendix D.7 & Appendix D.8).The 

histograms show that some variation in the variables, however the variation in both dependent 

variables is small.  

The hypotheses regarding different types of green and blue space are only tested with 

extended neighbourhoods due to better quality fit of the model. In order to inspect the data on 

outliers Cook's distance was calculated, Cook’s distance (Cook, 1977) higher than 3 is a 

general rule of thumb to detect outliers, for our dataset such values were not present. For each 

model, a correlation matrix was produced to control for multicollinearity. Significant relations 

with a correlation coefficient >0.7 were removed from a model in order to control 

multicollinearity, a ‘cutoff’ value of 0.7 is common when controlling for multicollinearity 

(Chang & Mastrangelo, 2011). Therefore, the urban density variable was removed from some 

models due to the high correlation with agricultural land and the total amount of green space 

(see Appendix E.6). Additionally, VIF values were calculated, a value of 10 is often regarded 

as problematic (Vittinghoff, Glidden, Shiboski, & McCulloch, 2012). The test for variance 

inflation factors indicated no variables with a VIF higher than 10. When using a VIF value of 
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5 as a threshold, which is suggested as a more strict approach (James, Witten, Hastie, & 

Tibshirani, 2017), some models indicate that the percentage of ‘Extended agricultural land’ 

was close to violating multicollinearity (VIF < 4.887). However, the violation was minimal, 

and the percentage of agricultural land was still used in most models. Furthermore, the 

variable concerning the education level was removed from all statistical analyses because it 

caused unreliable results. Lastly, happiness was removed as a predictor of health due to the 

cause of systematic errors. The errors implied that the validity of the results could not be 

ascertained if happiness was used in the model, and a simpler covariance structure could 

avoid this problem. However, recoding a number of variables did not fix the systematic error, 

and therefore happiness was removed in such models. Neighbourhoods with less than ten 

respondents were not included in the hypothesis testing due to the small sample size.  

4.2 Happiness and the percentage of green and of blue spaces 

To test hypothesis 1 “the amount of green and of blue spaces is positively associated 

with people’s happiness in neighbourhoods in urban areas”, and hypothesis 3.1 “the amount of 

blue space has a stronger relationship with people’s happiness than the amount of green space 

in neighbourhoods in urban areas” one linear mixed model was tested. The model used 

residents’ happiness as dependent variable, included both the percentage of green and of blue 

space in the neighbourhood as independent variables, and gender, age, income, household 

composition, urban density, variation in green space, variation in blue space as control 

variables. First, models were tested with the original neighbourhood limits, after doing so, the 

same models were tested but with the extended neighbourhood limits to look for any 

differences.  
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4.2.1 Original neighbourhood limits 

Figure 7 

Model to test association of green and blue space with happiness without control variables 

 

The first model included only green and blue space to test their association with 

happiness (see Figure 7). In Table 10 the outcome of the model with original neighbourhood 

limits is shown. In this model only the percentage of green and of blue space were tested with 

the happiness of residents. The results showed in Table 10, indicate there is no significant 

relationship between green space, p = .280, or blue space, p = .486, and the happiness of 

residents if control variables are not included. 

Table 10 

Results of LMM with happiness as dependent variable and green-blue space based on 

original neighbourhood limits independent variables. 

Variable B SE df F p 

Total green space .00 .00 100.48 1.09 .280 

Total blue space .00 .00 85.87 .70 .486 

 

In the following linear mixed model, the control variables, health, gender, age, 

household composition, income, urban density, and variation in green and blue space were 

added (see Figure 8). 
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Figure 8 

Model to test associations of green and blue space with happiness when controlling for 

multiple variables 

 

The results indicate no significant relations for the percentage of green space, p = .103, 

and the percentage of blue space, p = .540 (see Table 11). The alpha level was set to .005 

because the Bonferroni correction was used, and the model included ten variables. On the other 

hand, the analysis of the control variables showed that health, B = .55, and income, B = .23, p 

< .001, had a significant relationship with the people's happiness. Also, the age groups of 18-

39 years old, B = -.33, p < .001, and 40-64 years old, B = -.27, p < .001, indicated significant 

relationships with happiness relative to the 65 years or older age group. No signification relation 

was found between gender, household composition, urban densities, variation of green space, 

variation of blue space, and residents’ happiness (all p’s ≥ .078). The outcome suggests there is 

no direct relationship between green or blue space and residents' happiness; therefore, the 

hypotheses 1 and 3.1 are rejected based on the original neighbourhoods. Additionally, the 
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information criteria of the models with and without control variables are showed in Appendix 

F.1. These results are displayed in a smaller is better form. Furthermore, the delta BIC is high 

(Δ BIC = 4563) and explains there is strong evidence for the model with control variables to be 

the better fit. Based on these results, the linear mixed model with control variables is the better 

fit compared to the model with only green and blue space.  

 

Table 11 

Results of LMM with happiness as dependent variable and green-blue space as independent 

variable plus control variables. 

Variable B SE df F p 

Health .55 .60 3434.98 519.15 .000 

Gender=female .07 .04 3410.25 2.71 .091 

Gender=other -.90 .59 3432.14  .130 

Gender=male 0 0 . . . 

Age=18-39 years old -.33 .06 2766.39 22.24 .000 

Age=40-64 years old -.27 .05 3262.06  .000 

Age=65 years or older 0 0 . . . 

Household=family with children -.08 .05 650.58 1.72 .129 

Household=person with children -.18 .10 2507.91  .078 

Household=one person  -.08 .05 3328.73  .114 

Household=other -.15 .09 3432.90  .102 

Household=two person 0 0 . . . 

Income .23 .02 1820.40 167.48 .000 

Urban density .03 .02 58.04 1.36 .248 

Total green space -.00 .00 79.77 2.72 .103 

Total blue space -.00 .00 70.25 .38 .540 

Variation in types of green  .02 .03 56.06 .71 .404 

Variation in types of blue .05 .05 66.82 1.36 .247 

Note. the last category for categorical variables is the reference and is set to zero because it is 

redundant 
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4.2.2 Extended neighbourhood limits 

Figure 9 

Model to test association of green and blue space with happiness without control variables 

for extended neighbourhood limits 

 

As discussed in section 3.2 Variables, the limits of the neighbourhood might play a role 

in the percentage of natural environment in participants’ surroundings. To this end, the model 

was tested based on the extended neighbourhood limits (see Figure 9). First, the model was 

tested with the independent variables the percentage of green space and of blue space in one’s 

neighbourhood. In this model, the amount of green space had a significant relationship with 

residents' happiness with Bonferroni correction applied, B = .01, p = .005 (see Table 12). 

Furthermore, the relationship between residents’ happiness and the percentage of blue space 

with extended neighbourhood limits was not statistically significant, p = .686 (see Table 12). 

Table 12 

Results of LMM with happiness as dependent variable and green-blue space as independent 

variable. 

Variable B SE df F p 

Ext_Total green space .01 .00 87.52 8.15 .005 

Ext_Total blue space .00 .00 82.28 .16 .686 

 

The same analysis was tested but with control variables added to the linear mixed 

model (see Table 12). Although, due to the high correlation between urban density and the 
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percentage of green space in extended neighbourhood limits, r(105) = .799 (see Appendix 

E.2), urban density was removed from the current model. The alpha level was set to .006 

based on the Bonferroni correction with nine variables in the model. The linear mixed model 

(see Table 13) indicated for the extended neighbourhoods that neither the total amount of 

green space, p = .877, or the total amount of blue space, p = .435, had a significant 

relationship with the happiness of the participants. Also, their slopes show weak relations with 

happiness. In this model, the variables health, B = .55, p < .001, age, and income, B = .23, p < 

.001, had a significant relationship with people's happiness, even with a Bonferroni corrected 

significance level of α = 0.006 (see Table 13). Residents from the age group of 18-39 years 

old, B = -.34, p < .001, and 40-64 years old, B = -.28, p < .001, showed significant relations 

with happiness compared to residents with an age of 65 years or older. 

Figure 10 

Model to test associations of green and blue space with happiness when controlling for 

multiple variables based on extended neighbourhood limits.
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Furthermore, other control variables namely, gender, household composition, variation 

in green space, and variation in blue space, indicated no significant relationship with happiness 

(all p’s ≥ .068). As for the analysis using the extended neighbourhood limits, this analysis also 

leads to the rejection of hypotheses 1 and 3.1. 

Table 13 

Results of LMM with happiness as dependent variable and extended green-blue spaces as 

independent variable plus control variables. 

Variable B SE df F p 

Health .55 .02 3435.83 522.66 .000 

Gender=female .07 .04 3416.00 2.70 .095 

Gender=other -.91 .59 3431.04  .126 

Gender=male 0 0 - - - 

Age=18-39 years old -.34 .06 2736.79 21.99 .000 

Age=40-64 years old -.28 .05 3303.03  .000 

Age=65 years or older 0 0 - - - 

Household=family with children -.09 .05 588.14 1.75 .090 

Household=person with children -.18 .10 2415.44  .078 

Household=one person  -.08 .05 3321.01  .129 

Household=other -.15 .09 3434.01  .112 

Household=two person 0 0 . . . 

Income .23 .02 1894.94 168.24 .000 

Ext_Total green space .00 .00 57.05 .02 .877 

Ext_Total blue space -.00 .00 55.73 .62 .435 

Ext_Variation in types of green  .03 .03 51.13 .93 .339 

Ext_Variation in types of blue .07 .22 135.08 .10 .754 

 Note. the last category for categorical variables is the reference and is set to zero because it is 

redundant. 

From information criteria in Appendix F.2, it was concluded that the model with control 

variables has a better fit. Again, the delta BIC (Δ BIC = 4563) was large and indicated strong 

evidence that the model with control variables has better model quality. Comparing the models 

with original and extended neighbourhood limits which contained the control variables, a delta 

BIC of 7 was computed, and therefore, strong evidence was found, indicating that the models 
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with extended neighbourhood limits are of better quality compared to the original 

neighbourhood limits. 

4.3 Perceived health and the percentage of green and of blue spaces 

To test the hypothesis 2, “the amount of green and of blue spaces is positively associated 

with people’s perceived health in neighbourhoods in urban areas”, and hypothesis 3.2 “the 

amount of blue spaces has a stronger relationship with people’s perceived health than the 

amount of green space in neighbourhoods in urban areas”, another linear mixed model was 

tested. The model used residents’ perceived health as dependent variable, included both the 

percentage of green and of blue space in the neighbourhood as independent variables, and 

included gender, age, income, household composition, urban density, variation in green space, 

variation in blue space as control variables. Again, the model was first tested for the original 

neighbourhood limits followed by a similar model but with extended neighbourhood limits. 

4.3.1 Original neighbourhood limits 

First, the linear mixed models tested the relationships of green space and blue space 

based on the original neighbourhood limits with residents’ perceived health (see Figure 11).  



  48 

Figure 11  

Model to test association of green and blue space with perceived health without control 

variables 

 

The results, shown in Table 14, indicate there is no significant relationship between 

green space, p = .409, or blue space, p = .079, and the perceived health of residents established 

on the original limits of neighbourhood in the municipality. 

Table 14 

Results of LMM with health as dependent variable and green-blue space as independent 

variable. 

Variable B SE df F p 

Total green space .00 .00 100.12 .69 .409 

Total blue space .00 .00 85.07 3.16 .079 

 

The relationships of the percentage green space and blue space with residents’ perceived 

health were also tested with control variables (see Figure 12). The models’ outcome indicated 

no significant relations for either the percentage of green space, p = .343, or blue space, p = 

.223, and perceived health (see Table 15). The alpha level was set to .0055 because a Bonferroni 

correction was used, and the model included nine variables. For other control variables, we 

found evidence, similar to relations in other models, that income, B = .23, p < .001, had a 

significant relationship with people's happiness. Furthermore, the age group of 18-39 years old, 

B = .17, p < .001, showed significant relationships with perceived health compared to people 
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older than 65 years. Moreover, the household composition consisting as a family with children 

showed a significant relationship with perceived health compared to couples without children, 

B = -.11, p = .004. 

 

Figure 12 

Model to test associations of green and blue space with perceived health when controlling for 

multiple variables.

 

 Other control variables, gender, urban density rates, variation of green space, variation 

of blue space indicated no significant relation with perceived health (all p’s ≥ .178). The 

outcome suggests there is no direct relationship between green or blue space and residents' 

perceived health; therefore, the hypotheses are rejected. Furthermore, the information criteria 

of both models are shown in Appendix F.3. The delta BIC indicated a large difference again (Δ 

BIC = 2983), showing better model fit for the variant with control variables. 



  50 

Table 15 

Results of LMM with health as dependent variable and green-blue spaces as independent 

variable plus control variables. 

Variable B SE df F p 

Gender=female .01 .03 3415.15 2.70 .831 

Gender=other -.14 .42 3432.87 2.70 .729 

Gender=male 0 0 . . . 

Age=18-39 years old .17 .04 2831.13 21.99 .000 

Age=40-64 years old -.01 .03 3282.56  .693 

Age=65 years or older 0 0 . . . 

Household=family with children -.11 .04 699.56 1.75 .004 

Household=person with children -.15 .07 2575.39  .036 

Household=one person  -.01 .04 3343.66  .785 

Household=other -.02 .06 3434.21  .807 

Household=two person 0 0 - - - 

Income .19 .01 1674.07 261.11 .000 

Urban density .01 .02 62.82 .214 .646 

Total green space -.00 .00 85.96 .91 .343 

Total blue space .00 .00 75.45 1.51 .223 

Variation in types of green  .02 .02 60.65 1.53 .221 

Variation in types of blue .05 .03 72.12 1.85 .178 

Note. the last category for categorical variables is the reference and is set to zero because it is 

redundant. 

4.3.2. Extended neighbourhood limits 

As discussed earlier in section 4.2.2 , the limits of participants neighbourhoods might 

play a role in the effect of green and blue space on perceived health. Therefore, the same 

hypotheses were tested with extended neighbourhood limits (see Figure 13).  
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Figure 13 

Model to test association of green and blue space with perceived health without control 

variables 

 

First, the relationships were investigated without any control variables in the model. The 

results indicate that both green space and blue space have a significant relationship with 

perceived health based on a significance level of 0.05 (see Table 16). However, with the 

Bonferroni correction, the significance level becomes 0.025, and the relationship between blue 

space and perceived health is not significant, p = .034. However, the relationship between green 

space and perceived health stays significant, B = .00, p = .011. 

 

Table 16 

Results of LMM with health as dependent variable and extended green-blue spaces based on 

extended neighbourhood limits as independent variable. 

Variable B SE df F p 

Ext_Total green space .00 .00 86.63 6.71 .011 

Ext_Total blue space .01 .00 81.32 4.66 .034 

 

In the following model, the control variables were added to examine other 

relationships. Again, urban density was removed due to the high correlation with the 

percentage of green space, r(105) = .799 (see Appendix E.2). Additionally, the significance 

level was set to .00625 based on the Bonferroni correction with eight variables in the model 
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because urban density was removed due to multicollinearity. The variables included in the 

model are visualized in Figure 14. 

Figure 14 

Model to test associations of green and blue space with perceived health when controlling for 

multiple variables based on extended neighbourhood limits.

 

 

Much like previous results with control variables, the linear mixed model testing 

perceived health (see Table 17) indicated that neither the total amount of green space nor the 

total amount of blue space was statistically significant (all p’s ≥ .077). The current model 

indicates three variables specifically with significant relationships to people’s perceived health 

using the Bonferroni correction, namely the age group of 18-39 years old relative to the group 

of aged above 65, B = .17, p < .001, households existing of a family with children compared to 

two person households, B = -.11, p = .003, and income, B = .20, p < .001. The control variables 

gender, variation in green space, and variation in blue space had no statistically significant 
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relationships with perceived health of residents. Following these results, both hypothesis 2 and 

3.2 are rejected for the extended neighbourhood limits, in accordance with the analysis of the 

original neighbourhood limits in section 4.3.2.. The information criteria are presented in 

Appendix F.4, and showed that the model with control variables included benefits the quality 

of the model fit. The delta BIC showed strong evidence, based on thresholds discussed in 

section 3.5 Statistical analysis, indicating that the model with control variables is the best fitting 

model (Δ BIC = 2983). Comparing the extended neighbourhood limits with the original 

neighbourhood limits, we find a Δ BIC of 6 for model with control variables, in favour of the 

extended neighbourhood limits.  

Table 17 

Results of LMM with health as dependent variable and extended green-blue spaces as 

independent variable plus control variables. 

Variable B SE df F p 

Gender=female .01 .03 3423.20 .08 .840 

Gender=other -.14 .42 3430.30  .737 

Gender=male 0 0 . . . 

Age=18-39 years old .17 .04 2828.01 14.44 .000 

Age=40-64 years old -.02 .03 3328.74  .584 

Age=65 years or older 0 0 . . . 

Household=family with children -.11 .04 638.10 3.09 .003 

Household=person with children -.15 .07 2502.41  .032 

Household=one person  -.01 .04 3348.79  .781 

Household=other -.01 .07 3436.21  .844 

Household=two person 0 0 . . . 

Income .20 .01 1770.64 263.84 .000 

Ext_Total green space .00 .00 60.85 1.03 .315 

Ext_Total blue space .00 .00 58.84 3.25 .077 

Ext_Variation in types of green  .00 .02 54.39 .04 .852 

Ext_Variation in types of blue .12 .16 133.93 .61 .436 

Note. the last category for categorical variables is the reference and is set to zero because it is 

redundant. 
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4.4 Types of green space and relationship with happiness and perceived health 

To test hypothesis 4.1, “The type of green space is associated with people’s happiness 

and perceived health in urban areas” eight linear mixed models were performed. For this 

hypothesis, the different types of green space described in section 3.1 Data (forest, agricultural 

land, natural greenery, and not accessible green) were added to the models to analyse their 

relations with perceived health and with happiness. These variables give information about the 

percentage of total neighbourhood area corresponding to a specific green space type. 

Additionally, other factors such as gender, age, household composition and income are 

controlled for. Besides, the variation of green space in the participants’ neighbourhood is 

accounted for by calculating the number of different green space types per neighbourhood, and 

this number was used as an additional variable. For this analysis, only the extended 

neighbourhood limits were investigated because they were found to be a better model fit. The 

variables ‘natural green space’ and ‘not accessible urban green space’ indicated 

multicollinearity, and therefore separate mixed models were tested to test for both types.  

4.4.1 Different types of green space and happiness 

The relationships were analysed with a model with only green space predictor variables 

to identify the relations between green space types and residents' happiness (see Figure 15).  
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Figure 15 

Model to test association between types of green space and happiness without control 

variables 

 
 

The results of the linear mixed model indicated a significant relationship between 

agricultural land and happiness, B = .01, p < .0125 (see Table 18). Furthermore, none of the 

other types of green space showed a significant relationship with happiness, all p’s ≥ .055.  

Table 18 

Variable B SE df F p 

Ext_Forest -.00 .01 101.86 .07 .794 

Ext_Agricultural land .01 .00 81.87 6.71 .011 

Ext_Accessible urban green .00 .00 78.81 .39 .535 

Ext_Not accessible urban green .01 .02 89.14 .41 .522 

Ext_Natural greenery* .09 .05 92.36 3.78 .055 

Note. * variable was tested in a separate model due to multicollinearity. 

 

Control variables were included in the analysis to investigate the relationships between 

types of green space and happiness (see Figure 16). Two models were tested due to 

multicollinearity of the variables ‘natural greenery’ and ‘not accessible green’, r(105) = .810 
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(see Appendix E.2). Similar to previous results, with the Bonferroni correction, the variables 

health, B = .55, p < .001, and income, B = .23, p < .00, showed significant relationships with 

residents' happiness. Besides, the age groups of 18-39 years old, B = -.34, p < .001, and 40-64 

years old, B = -.28, p < .001, showed significant relationships compared to the age group of 

65+ years old. 

Figure 16 

Model to test association between types of green space and happiness with control variables 

 

The results in Table 19 suggests that none of the green space types had a significant 

relationship with people's happiness, all p’s ≥ .753. Furthermore, control variables gender, 

household composition, and variation in green space had no significant relationships with 
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happiness (all p’s ≥ .067). The outcomes of this analysis show no relationship between any type 

of green space and happiness, and leads to the rejection of hypothesis 4.1. 

Table 19 

Results of LMM with happiness as dependent variable and different types of green space as 

independent variables plus control variables. 

Variable B SE df F p 

Health .55 .02 3434.87 519.84 .000 

Gender=female .07 .04 3420.81 2.70 .092 

Gender=other -.89 .59 3430.63  .129 

Gender=male 0 0 . . . 

Age=18-39 years old -.34 .06 2809.63 22.09 .000 

Age=40-64 years old -.28 .05 3353.33  .000 

Age=65 years or older 0 0 . . . 

Household=family with children -.09 .05 650.90 1.71 .111 

Household=person with children -.18 .10 2448.53  .083 

Household=one person  -.08 .05 3329.70  .122 

Household=other -.15 .09 3433.12  .103 

Household=two person 0 0 . . . 

Income .23 .02 1915.43 168.52 .000 

Ext_Forest -.00 .01 66.07 .01 .927 

Ext_Agricultural land .00 .00 62.03 .10 .753 

Ext_Accessible urban green .00 .01 53.02 .02 .882 

Ext_Natural greenery .01 .03 91.31 .04 .840 

Ext_Not accessible urban green* .00 .02 76.18 .01 .931 

Ext_Variation in types of green .03 .03 53.12 .83 .367 

Note. * variable tested in a separate model. The last category for categorical variables is the 

reference and is set to zero because it is redundant. 

 

4.4.2 Different types of green space and perceived health 

To examine the relationships between the types of green space and the residents’ 

perceived health, the same analysis as in section 4.4.1 was conducted where perceived health 

was used as dependent variable instead of happiness. The analysis included all different types 

of green space mentioned in section 3.1 Data, and the dependent variable residents’ perceived 
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health (see Figure 17). Similar to section 4.4.1 , the factors ‘natural green space’ and ‘not 

accessible green space’ were examined through two different models due to multicollinearity, 

r(105)=.810 (see Appendix E.2).  

Figure 17 

Model to test association between types of green space and perceived health without control 

variables 

 
To identify the relations between the types of green space and residents' perceived 

health, we analyse the model including only with green space predictor variables. In the results 

showed in Table 20, there are no significant relationships based on the Bonferroni-corrected 

significance level (α = 0.0125). Similar to section 4.4.1 , most types of green space showed no 

significant relationships with perceived health, all p’s ≥ .023.  

Table 20 

Results of LMM with health as dependent variable and types of green space based on 

extended neighbourhood limits as independent variables. 

Variable B SE df F p 

Ext_Forest -.01 .01 103.08 2.46 .120 

Ext_Agricultural land .00 .00 82.51 2.21 .141 

Ext_Accessible urban green -.00 .00 75.76 .83 .365 
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Ext_Natural greenery .07 .03 93.30 5.38 .023 

Ext_Not accessible urban green* .01 .01 88.64 .37 .543 

Note. * variable tested in a separate model due to multicollinearity. 

 

As in the previous sections, control variables were included in the linear mixed model 

to control for other relationships, see Figure 18.  

Figure 18 

Model to test association between types of green space and perceived health with control 

variables 

 
 

For the type of green space natural greenery in the model showed in Table 21, we find 

a significant relationship with the respondents' perceived health, B = .05, p = .024, although 
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with the Bonferroni correction this relationship does not hold, p > .005. Furthermore, the results 

show that neither any of the independent variables indicated significant relationships with 

perceived health, all p’s ≥ .024. Like previous models, we find a statistically significant 

relationship between the control variable income, B = .20, p < .001, and people’s perceived 

health (see Table 21). Also for the category of participants with age between 18 and 39, B = 

.17, p < .001, a significant relationship was found with perceived health relative to people older 

than 65. The control variables gender, household composition, and variation in green space did 

not indicate significant relationships with happiness (all p’s ≥ .012). The results of this analysis 

which investigated the relationship between green space types and residents’ perceived health 

lead to the rejection of hypothesis 4.1. 

Table 21 

Results of LMM with health as dependent variable and different types of green space as 

independent variables plus control variables. 

Variable B SE df F p 

Gender=female .01 .03 3417.93 .10 .839 

Gender=other -.16 .42 3433.37  .707 

Gender=male 0 0 . . . 

Age=18-39 years old .17 .04 2792.42 15.00 .000 

Age=40-64 years old -.02 .03 3344.25  .618 

Age=65 years or older 0 0 . . . 

Household=family with children -.10 .04 636.68 2.26 .012 

Household=person with children -.13 .07 2418.53  .060 

Household=one person  -.01 .04 3313.16  .831 

Household=other -.01 .06 3432.75  .891 

Household=two person 0 0 . . . 

Income .20 .01 1584.24 273.78 .000 

Ext_Forest -.00 .00 66.66 .51 .477 

Ext_Agricultural land -.00 .00 64.45 .02 .900 

Ext_Accessible urban green -.00 .00 54.91 2.87 .096 

Ext_Natural greenery .05 .02 98.54 5.24 .024 

Ext_Not accessible urban green* .01 .01 79.53 .52 .475 

Ext_Variation in types of green .01 .02 54.90 .06 .808 
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Note. * variable was tested in a separate model due to multicollinearity. The last category for 

categorical variables is the reference and is set to zero because it is redundant. 

 

 

4.5 Types of blue space and relationship with happiness and perceived health 

To test the hypothesis 4.2, “the type of blue space is associated with people’s happiness 

and perceived health in neighbourhoods in urban areas” four linear mixed models were 

performed. For this hypothesis, the different types of blue space, watercourse and expanse of 

water were added to the models to analyse their relationships with perceived health and 

happiness. The variables watercourse and expanse of water indicate the percentage of surface 

covered of a neighbourhood in the municipality of ‘s-Hertogenbosch. To minimalize the 

amount of models, only the variables for extended neighbourhood were tested because they 

increased the models’ fit better than the original neighbourhood limits. Additionally, 

demographic and personal factors such as gender, age and income are accounted for. Also, the 

urban densities of neighbourhoods and the variation in types of blue space were controlled for.  

4.5.1 Different types of blue space and happiness 

The relationship between the two blue space types and perceived health of residents was 

tested without any control variables. Therefore, watercourses and expanses of water were used 

as predictor variables, and the happiness of participants as outcome variable (see Figure 19).  
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Figure 19 

Model to test association between types of blue space and happiness without control variables 

 

The results showed in Table 22, indicate no significant relationships for either 

Ext_Watercourse, p = .799, and Ext_Expanse of water, p = .684, with happiness of residents. 

Table 22 

Results of LMM with happiness as dependent variable and different types of blue space as 

independent variables. 

Variable B SE df F p 

Ext_Watercourse .00 .01 76.65 .07 .799 

Ext_Expanse of water -.00 .01 82.72 .167 .684 

 

Again, a similar mixed model was tested with control variables to examine other 

relationships between factors (see Figure 20). The model included happiness as the dependent 

variable and showed no significant relationships with a blue space type. The results indicated 

the following results, Ext_Watercourse, p = .400, Ext_Expanse of water, p = .919, with 

residents’ happiness (see Table 23). 
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Figure 20 

Model to test association between types of blue space and happiness with control variables 

 
 

Identical to previous models, the control variables, health, B = .55, p < .001, and income, 

B = .24, p < .001, showed significant relationships with the happiness of residents. Both age 

groups of 18-39 years old, B = -.33, p < .001, and 40-64 years old, B = -.28, p < .001, showed 

significant relations with happiness compared to people aged above 65. The relationships 

between happiness and the control variables, gender, household composition, and variation in 

green space were not statistically significant (all p’s ≥ .067). This analysis leads to the rejection 

of hypothesis 4.2, demonstrating that neither watercourses or expanses of water are associated 

with residents’ happiness in this study.  
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Table 23 

Results of LMM with happiness as dependent variable and different types of blue space as 

independent variables plus control variables. 

Variable B SE df F p 

Health .55 .02 3436.00 521.97 .000 

Gender=female .07 .04 3420.64 2.71 .093 

Gender=other -.91 .59 3430.68  .126 

Gender=male 0 0 . . . 

Age=18-39 years old -.33 .06 2918.87 22.05 .000 

Age=40-64 years old -.28 .05 3291.92  .000 

Age=65 years or older 0 0 . . . 

Household=family with children -.09 .05 644.80 1.74 .091 

Household=person with children -.18 .10 2510.27  .075 

Household=one person  -.08 .05 3343.33  .130 

Household=other -.14 .09 3433.91  .119 

Household=two person 0 0 . . . 

Income .24 .02 1853.85 172.55 .000 

Urban density .02 .02 57.73 1.62 .208 

Ext_Watercourse -.01 .01 60.69 .72 .400 

Ext_Expanse of water -.00 .01 69.38 .01 .919 

Ext_Variation in types of blue .06 .22 147.61 .08 .777 

Note. The last category for categorical variables is the reference and is set to zero because it is 

redundant. 
 

4.5.2 Different types of blue space and perceived health 

The same blue space types were also used to investigate their relationship with people’s 

perceived health. The model was investigated without any control variables, to examine the 

relationship between types of blue space and residents’ perceived health, see Figure 21. The 

types of blue space, Ext_Watercourse, p = .061, and Ext_Expanse of water, p = .741, indicated 

no statistically significant relationship with the perceived health of residents (see Table 24).  
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Figure 21 

Model to test association between types of blue space and perceived health without control 

variables 

 
Table 24 

Results of LMM with health as dependent variable and different types of blue space as 

independent variables 

Variable B SE df F p 

Ext_Watercourse .01 .01 75.43 3.61 .061 

Ext_Expanse of water .00 .01 81.79 .110 .741 

 

An additional analysis was conducted with control variables to examine differences 

between the outcomes (see Figure 22). The results showed that the percentage of watercourses 

had a signification positive relationship with the perceived health, B = .01, p = .048 (see Table 

25), however, if the Bonferroni correction is applied, this result does not meet the α = 0.00625 

threshold. There was no statistical significant relationship between the amount of watercourses 

and perceived health with the extended neighbourhood limits, p = .741. Again, the age group 

of 18-39 years old was significant compared to the group of 65 years or older, B = .17, p < .001, 

also households of families with children showed significant relationships with perceived health 

compared to two person households, B = -.12, p = .002.Furthermore income, B = .24, p < .001, 

indicated a significant relationship based on the Bonferroni correction. The control variables 

gender, and variation in blue space, had no significant relationship with perceived health (all 
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p‘s ≥ .336). The results of the investigation of different types of blue space with perceived 

health of residents leads to the rejection of hypothesis 4.2. 

Figure 22 

Model to test association between types of blue space and perceived health with control 

variables 

 
Table 25 

Results of LMM with perceived health as dependent variable and different types of blue space as 

independent variables plus control variables  

Variable B SE df F p 

Gender=female .01 .03 3419.49 .09 .829 

Gender=other -.14 .42 3431.56  .732 

Gender=male 0 0 . . . 

Age=18-39 years old .17 .04 2886.03 14.85 .000 

Age=40-64 years old -.02 .03 3275.51  .570 

Age=65 years or older 0 0 . . . 

Household=family with children -.12 .04 592.22 3.20 .002 

Household=person with children -.16 .07 2439.93  .029 
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Household=one person  -.01 .04 3332.91  .764 

Household=other -.01 .07 3434.49  .859 

Household=two person 0 0 . . . 

Income .20 .01 1508.89 266.82 .000 

Urban density .01 .01 53.16 2.18 .146 

Ext_Watercourse .01 .00 55.96 4.11 .048 

Ext_Expanse of water .00 .00 64.12 .12 .725 

Ext_Variation in types of blue .15 .16 137.94 .93 .336 

Note. The last category for categorical variables is the reference and is set to zero because it is 

redundant. 

 

4.6 Summary of results 

In all models, multiple significant relationships were identified, and these will be 

briefly mentioned in this paragraph. For the extended neighbourhood limits, significant 

associations were found for green space with happiness and health, however, the relationships 

became insignificant when control variables such as, income and age were included. The 

variables income and age showed positive associations with perceived health and happiness in 

all investigated models, all p’s < .001. Furthermore, perceived health indicated a significant 

relationship with happiness in all models investigating happiness, all p’s < .001. Most models 

which investigated perceived health, showed that there was a significant association for 

household compositions with children in relation to two person households. Additionally, in 

the analysis of types of green space, a significant relationship was found for agricultural land 

with happiness, but also this relationship became insignificant when age and income were 

included.  
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5 Discussion 

In this chapter, the findings of the study are discussed. Each hypothesis and 

corresponding outcomes are explained. Furthermore, connections between the results and 

previous studies are made. Moreover, the limitations of the current research are explained, and 

proposals for future research are introduced. Finally, the implications of the study are described. 

5.1 Happiness and the percentage of green and of blue space 

When testing the amount of green and blue space in neighbourhoods as predictors of 

happiness in a linear mixed model, the results showed that green space was positively related 

to residents’ happiness for the extended neighbourhood limits, without controlling for other 

influences. However, by controlling for personal characteristics, the results indicated that 

neither green nor blue space was related to residents’ happiness. Thus, we find no support for 

hypothesis one, "the amount of green and of blue spaces is positively associated with people's 

happiness in neighbourhoods in urban areas". The outcome indicated that participants' health, 

age, and income were all related to their happiness. The analysis was performed with the 

original and extended neighbourhood limits, but this did not affect significance levels between 

green or blue space and happiness. The results showed that models with extended 

neighbourhood limits had a better model fit. As mentioned, a significant relationship between 

green space and happiness was found without any control variables for the model with extended 

limits. Thus, the finding indicates that residents living in neighbourhoods with more green space 

are happier than residents living in areas with less green space, but this is due to participants' 

demographical and socio-economical characteristics. MacKerron and Mourato (2013) 

controlled for personality characteristics and demographic variables such as age and income 

but still found a relationship between natural environments and happiness. In our study, we 

identified natural environments as neighbourhoods with high percentages of green or blue 
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space, in contrast to the study of MacKerron, and Mourato (2013), which used satellite 

positioning (GPS) to determine geographical data and investigated the subjective well-being 

within individuals in urban environments and in natural habitats while controlling for weather, 

daylight, activity, companionship, location type, time, and day. Their research implies that one 

needs to be in a natural environment compared to the natural features around their home 

addresses. The difference in measurement of natural environments might explain the 

contrasting outcome. Residents might live in urban areas with green space, however, this does 

not imply that the natural spaces are consistently used. 

 In chapter 2 Literature review, mixed results were identified in studies investigating 

natural environments’ influence on happiness. Saw and colleagues (2015) showed similar 

findings in Singapore, indicating that access and use of green spaces were not related to 

residents' well-being and suggested the result was in contrast with most Western studies. The 

researchers hypothesized the tropical environment of the city caused this result. On the other 

hand, a study with similar variables found a correlation between urban green space and 

residents' happiness (Hashemi et al., 2020). However, the study of Hashemi et al. (2020) 

investigated the percentage of green space for capitals across the globe, in contrast to 

neighbourhoods in a medium-sized Dutch city. Moreover, Hashemi and colleagues (2020) used 

global happiness indicators to measure the variable. One might expect that countries with higher 

GDP are often Western, and therefore have more green space within their capitals. Their 

research differs a lot due to the measure of happiness per country instead of individuals, which 

might explain their association between green space and happiness.  

The current study only found a relationship between green space and happiness if 

control variables were excluded. The control variables showed the relationship between green 

space and happiness was due to the age, income, and perceived health of residents. The results 

were not in line with European research, which showed that individuals are happier in urban 
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areas with more green space (White, Alcock, Wheeler, & Depledge, 2013). White and 

colleagues (2013) found contradicting results compared to the current findings, showing that 

income was not related to individuals’ happiness. Their method is distinct due to measuring 

happiness for the same people over time. The within-subject design of White and colleagues 

(2013) might explain why the current study did not find any significant effects for green space 

compared to the outcome of their study. Further investigation on the influence of green space 

on happiness in residents' immediate environment with multiple objective measures on 

individual levels might reveal new findings. However, the income of households is something 

to consider which might be an underlying factor associated with happiness.  

By investigating blue space, no evidence was found of a relationship between blue space 

and participants' happiness. These results are not in line with previous work, which revealed 

positive effects for blue spaces on health and well-being (Britton et al., 2018). However, Britton 

and colleagues (2018) research examined the effects of blue space for therapeutic purposes. 

Studies investigating the association of blue space in urban areas with the happiness of residents 

are scarce. Only studies like Völker and Kistemann’s (2013) which studied the impact of blue 

space on human health by reviewing studies relevant to blue space and well-being, investigated 

relations between blue space and health outcomes. However, studies that compare the 

percentage of blue space with residents’ happiness in urban areas are lacking. Therefore, the 

current study provides new insights, suggesting a lack of significant relationship between blue 

space and residents' happiness in urban areas.  

Additionally, we hypothesized that the association between blue space and happiness 

would be stronger than the relation between green space and happiness. However, the research 

indicated that neither green nor blue space had a significant association with happiness. 

Therefore, we found no support for hypothesis 3.1, stating that the association of blue space 

with happiness would be stronger than green space with happiness. Due to the fact that no 
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relationships were found, no claims can be made about the strength of the relationships. In order 

to compare the influence of both green and blue space, both need to be identified as having 

significant relationships with happiness. Furthermore, the investigation of only the green and 

blue spaces showed significant results for green space but not for blue space based on extended 

neighbourhood limits. This result implies that green space has a positive relationship with 

happiness, however further investigation showed that underlying variables affected happiness. 

The result showed that residents with higher income and older age, indicated greater happiness 

and perceived health. Additionally, the correlation matrixes revealed a positive correlation 

between age, income and green space (Appendix E.3 & Appendix E.5). The recreational aspects 

of blue space are minimal, and therefore could influence the effects it has on residents. Also, 

housing prices increase due to surrounding green space (Wu, Wang, Li, Peng, & Huang, 2015), 

whilst studies indicate mixed results on the effect of blue space on housing prices show mixed 

results (Cohen, Cromley, & Banach, 2015; Jim & Chen, 2006). 

5.2 Perceived health and the percentage of green and of blue space 

Like the previous hypothesis, we tested a linear mixed model with the percentage of 

green and blue space in neighbourhoods as predictors and perceived health without any control 

variables. The model with extended neighbourhood limits indicated a significant positive 

relationship between green space and participants' perceived health and not for the relationship 

between blue space and perceived health. By including the control variables, the results showed 

that underlying variables might have been the reason for the relationship between green space 

and perceived health. With control variables, the relationship became not statistically 

significant and showed that participants' age and income were associated with participants’ 

perceived health. In addition, the results showed a negative relationship for families with 

children compared to couples without children. This finding is in line with earlier research 
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showing negative correlations for health outcomes of households with children (Veenhoven, 

2009). 

Furthermore, the model had a better fit when control variables were included. Also, the 

extended neighbourhood limits showed being a better model fit. The original neighbourhood 

limits indicated no significant relationship between green or blue space and perceived health. 

The information criteria showed that models investigating the extended neighbourhood limits 

were of better quality, furthermore, significant relationships of green space were identified in 

these models. Based on these results, extending each neighbourhood's limit proved to be a 

beneficial factor for the research. This result is no surprise because the extension of borders 

increases the accuracy of green and blue space measurements similar to the study of Zhang, 

Van Dijk, Tang, and Van den Berg (2015). 

 Based on these results, we can infer there is no support for the second hypothesis "the 

amount of green and of blue spaces is positively associated with people's perceived health in 

neighbourhoods in urban areas". Similar to previous models, personal control variables of 

income and age showed a positive relationship with residents' perceived health for both 

neighbourhood limits. The relations between green or blue space and perceived health were 

neither significant for the original nor the extended neighbourhood’s limits. 

The current findings are not in line with earlier research, indicating a positive 

association between green space, blue space, and people's perceived health. Mansor and 

colleagues (2015) found a positive association between perceived health and green 

infrastructure in urban neighbourhoods. The difference between the current study and Mansor’s 

study (2015) is that they subjectively based the greenery by asking the participants how they 

perceive greenery around their home and how they use it, in contrast to the current study, where 

the percentage of green space is based on objective data from the Dutch government. Based on 

the differences in methods, the contrasting results come as no surprise, residents with a positive 
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attitude towards green space and actively using green space might explain the positive effect of 

green space. Compared to the current study’s method, which does not account for the use of 

green space or how residents perceive green space in their environment.  

Recent studies by De Vries et al. (2003), Maas et al. (2006, 2009) followed a similar 

method by calculating the amount of green space in a one and three km radius around people’s 

home and controlling for demographic and socio-economic characteristics and urban density. 

Most of their results indicated a positive relationship between the amount of green space around 

people's home and perceived health. However, in the study of Maas et al. (2009), the 

relationship was not found for the amount of green space in a three km radius. The researchers 

mentioned that green space closer to home might be more important for people's health (Maas 

et al., 2009). The method of calculating green space in the current study was different because 

the percentages were calculated based on participants' neighbourhoods. The neighbourhoods in 

the current research range from 8 hectares to 1094 hectares, which indicate large differences, 

and compared to the identical one km and three km radiuses around one's home, this 

dissimilarity in methodology may have caused the contrasting results. 

From the few studies that investigated blue space, a positive association with health and 

well-being indicators was found. The review of Britton (2020) and colleagues indicated a weak 

positive association between blue space and mental health. However, most reviewed studies 

were based on intervention studies for people in need of help. Garrett and colleagues (2019) 

showed that associations between blue space exposure and well-being remained after 

controlling for age and income. Although the study by Garret and colleagues (2019) 

investigated the relationships for the elderly and showed that intentional exposure to blue space 

has positive effects, the current study examined the percentage of blue space in the respondents’ 

neighbourhood and not the intentional exposure. 
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Furthermore, Völker et al. (2018) found that perceived walking distance to water was 

significantly related to health outcomes. Although the intentional use of blue space weakened 

the association between perceived walking distance and health outcomes, which suggests that 

the use of blue space might be an interesting variable for further investigation in relation with 

health outcomes. The presence of blue space does not imply that residents intentionally expose 

themselves to the positive effects of blue space.  

Comparing the relationship between the amount of nature in neighbourhoods and 

perceived health, we expected blue space to have a stronger relationship than green space. 

However, the results identified no significant relationships for neither green nor blue space with 

perceived health when control variables were included. Therefore, no support for hypothesis 

3.2 was found, which suggested the amount of blue space would have a stronger relationship 

than green space with residents' perceived health. Like the discussion of hypothesis 3.1 in 

section 5.1 Happiness and the percentage of green and of blue spacethe results showed that 

green space was connected to happiness, but became insignificant due to income and age. 

Associations between blue space and happiness were not present in the results of testing blue 

space. Although the outcomes show that neither green nor blue space has an association with 

happiness, green space was associated with happiness without controlling for income and age. 

Therefore, green space might have more value, resulting in an increase of income and age 

compared to the value of blue space supported by the correlation matrixes (see Appendix E.3 

& Appendix E.5). 

5.3 Types of green space and relationship with happiness and perceived health 

In hypothesis 4.1, the association between happiness, perceived health and five different 

green space types were tested. Out of all predictor variables, none of the types of green space 

indicated an association with either happiness or perceived health. Therefore, the hypothesis 

suggesting that different types of green space are associated with happiness and perceived 
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health was rejected. Again, demographical and socio-economical variables such as age and 

income indicated evidence for relationships with happiness and perceived health.  

The outcomes of the present study indicated an association between agricultural land 

and residents' happiness. However, the evidence for this relationship was not present when 

control variables were included in the model. This result indicates that people living around 

agricultural land might have other characteristics which affect their happiness. As agricultural 

land is often located in rural areas, the association between agricultural land and happiness 

could be due to residents’ demographical and socio-economical statuses living in areas with 

low urban densities such as agricultural land. Thus, residents living near agricultural land might 

have increased age and income, which is positively associated with happiness and perceived 

health. This result is in line with earlier research which showed that lower urban densities led 

to residents’ improved well-being (Kyttä, Broberg, Haybatollahi, & Schmidt-Thomé, 2016). 

So, residents living in neighbourhoods with agricultural land are often happier, but this is likely 

not due to the effects of agricultural land.  

Furthermore, earlier research showed unique effects of different types of green space. 

Natural environments like urban parks and urban woodlands often evoke positive influences 

and more restorativeness (Tyrväinen et al., 2014). However, our research did not find 

associations between a specific type of greenery and residents' happiness or perceived health. 

Research investigating the effects of various natural environments are often based on an 

experiment, where participants are exposed to different environments (Beil & Hanes, 2013; 

Tyrväinen et al., 2014; Van den Berg et al., 2014). The current study investigated associations 

with perceived health, happiness, and various natural environments in one's direct living 

environment. The different method could explain why the current study did not find any 

relationships for a type of green space with happiness or perceived health when including 

control variables. 
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5.4 Types of blue space and relationship with happiness and perceived health 

Hypothesis 4.2, “the type of blue space is associated with people’s happiness and 

perceived health in neighbourhoods in urban areas”, was tested with a linear mixed model. The 

model's outcome was used to examine the association of watercourses and expanses of water 

with participants' happiness and perceived health. The results revealed that neither the 

percentage of watercourses nor the percentage of expanses of water in one's neighbourhood was 

associated with happiness or perceived health, and this finding was consistent both with and 

without control variables in the model. Similar to previous models, significant relationships 

were indicated for income and age with happiness and perceived health. Also, household 

compositions consisting of families with children showed a negative relationship with 

perceived health compared to couples without children, which is in line with earlier research 

(Veenhoven, 2009). Furthermore, residents’ health had a positive relationship with their 

happiness. Also the relationship between health and happiness has been established in previous 

research (Abdel-Khalek, 2009).  

Based on the model results, no evidence supported the hypothesis stating that different 

types of blue space were associated with either happiness or perceived health. Researchers have 

mentioned the potential of different types of blue space (McDougall et al., 2020). Furthermore, 

previous research has indicated the positive effects of blue space, especially in mental health. 

Therefore, concluding that blue space and its corresponding types do not affect residents' 

perceived health and happiness would be premature. The types of blue can have various 

functions, and therefore, it can influence residents in distinct ways. Similar to the discussion of 

green space, the percentage of blue space does not imply residents frequently use it. Previous 

research showed that the intentional use of blue was already associated with health outcomes 

(Garret et al., 2019), and the current study did not examine the usage of blue space, which could 

explain the lack of significant results.  
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5.5 Limitations and future research 

In our study, several limitations need to be addressed related to the method of research. 

First, the research had method related limitations, for example, the use of existing data, which 

means that we were not involved in acquiring the data. Therefore, we rely on, for example, the 

precision of information retrieved from the BGT (Basisregistratie Grootschalige Topografie). 

The BGT relies on various stakeholders who try to present the map as a presentation of the real 

world. Furthermore, the digital map covers the physical environment. However, areas such as 

gardens or any other private spaces are not included. Although the BGT information is an 

excellent example covering most of nature in the Netherlands, the map is not a hundred per cent 

accurate. Similar studies have also relied on NVDI (Senanayake, Welivitiya, & Nadeeka, 2013; 

Taylor et al., 2018), often based on satellite images that identify nature and other objects, which 

could be a better representation of the real world. Nevertheless, this method also has limitations 

because it would be hard to differentiate the types of green or blue space. Nevertheless, existing 

data also has many benefits, such as having a large sample size and utilizing the already 

collected data. 

The study also relies on the data retrieved from the municipalities' questionnaire. The 

questionnaire is originally quite lengthy, and in the current study, only small parts of it are used. 

However, other questions or the length could affect the questions of interest as they were posed 

at the end of the questionnaire (see Appendix C), since questions asked later in questionnaires 

are prone to errors or misclassification (Egleston, Miller, Meropol, 2011). Furthermore, 

residents' who received a questionnaire are free of choice whether to participate, which may 

have affected the type of people who participated in the study. Future research might create 

surveys specific for their research similar to Carrus and colleagues (2015) study, where surveys 

were sent to the participant, and objective measures were based on the participants' address.  
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In the current study, we could not use participants' addresses due to GDPR restrictions 

and used the participants' neighbourhoods to calculate the percentage of green and blue space. 

Although the neighbourhoods represent the residents' surrounding environment, each 

neighbourhood is diverse and has unequal surfaces. Calculating the green and blue spaces based 

on the surrounding of participants’ houses would be an accurate measure of the surrounding. 

However, due to privacy restrictions, data with personal addresses are rare. 

The statistical method caused some limitations which need to be addressed. We recoded 

variables to achieve less complicated models. However, this often did not solve the problem. 

We used restricted maximum likelihood (ML) estimates to deal with missing data, and this 

method allowed us to use more variables in the models. However, participants' education level 

was still excluded in all models because the variable caused the results to be invalid. Also, the 

variable happiness caused some errors and therefore could not be included in models 

investigating perceived health.  

The current research investigated all neighbourhoods in the municipality which had 

diverse scales. Future research could investigate the environment based on the addresses of the 

participants and look for different findings. Such research might yield new information about 

blue space because past research has focused mainly focus on green space rather than blue 

space. Also, by deriving the characteristics of the environment based on participants’ address, 

equal sample areas can be calculated like one km and three km radiuses, as is the case for green 

space in Maas and colleagues' study (2009). Their study found evidence for the positive 

influence of green space on health in urban areas with a one km radius. By reconstructing a 

similar setup, results should be in line with their earlier work, indicating the positive association 

for green space with health. The research could also identify if blue has positive associations 

with health outcomes by including blue space in the research. 
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 Furthermore, the investigation of both green and blue space in future research is 

interesting because it can identify which has a stronger relationship with residents’ health or 

happiness. Like the current study, the amount of green and blue space could be derived from 

open access government geo-information, in addition a new questionnaire could be created 

focusing on health outcomes measured on multiple facets. The current research only had one 

variable which examined happiness or health which caused little variation.  

 In addition, it would be interesting to separate green space types based on functionality. 

In the current research, the distinction is based on the presence of vegetation types, and not the 

functionality of green spaces. For example, accessible urban green such as parks are often 

visited by locals for short walks, although ‘not accessible greenery’ cannot be used and is only 

visible. Therefore, separating greenery based on functionality might reveal new outcomes.  

Also, future research could investigate the effects of intentionally visiting blue spaces 

in urban areas. As discussed in section14, several mechanisms could positively affect people, 

such as the cooling effect of water or the recreational use of such environments. The use of 

these blue spaces could be the driving factor behind the beneficial effects found in literature 

(Garret et al., 2019; Völker et al., 2018). Residents living in neighbourhoods with a high 

percentage of water does not imply their consistent usage of blue spaces. To fully understand 

the potential of blue space in urban neighbourhoods, more research is needed, for example, 

experiments comparing different urban settings such as urban setting, green space setting (i.e. 

urban park, or woodland), and blue space setting (i.e. canal or urban lake). This setup is similar 

to Van den Berg and colleagues (2014) study and can identify if blue space has beneficial effects 

compared to an urban setting and if the relationship is stronger than compared to environments 

with green space. 
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5.6 Implications of findings 

The current study's findings showed no associations for both green and blue space with 

residents' perceived health or happiness when control variables included. The overall outcome 

is not in line with most research in this field, where positive effects of nature in urban areas on 

health outcomes have been found. Thus, the results do not fit with the empirical evidence that 

green space positively affects residents' health outcomes. The difference in outcomes might be 

caused by the current study’s method, which was slightly different from previous studies due 

to the calculation of green and blue space per neighbourhood, because neighbourhoods’ 

surfaces were not identical and not based on residential addresses. Nevertheless, the results 

revealed that income, age and sometimes household composition had a statistically significant 

relation with happiness and perceived health. However, most studies reveal associations 

between natural environments and health outcomes when controlling demographical and socio-

economic characteristics. As discussed in section 5.5 Limitations and future research, the 

method of the current study possibly affects the outcome and could explain the results. The 

current study's findings should be taken into account for future research looking into the 

associations between natural environments and health outcomes in urban areas. 

In the investigation of the first two hypotheses, we found a relationship between green 

space and the two health outcomes, although this association became insignificant when age 

and income were added to the model. Even though this result does not indicate any information 

about the effect of natural environments, it reveals that residents with high income tend to be 

happier, and healthier. The results of correlation matrixes demonstrate that neighbourhoods 

with more green space are related to the higher income of residents, and this corresponds with 

existing literature (Astell-Burt et al., 2014). This result is also supported by the significant 

correlation between income and green space, showing that higher income is related to a higher 

percentage of green space in one’s neighbourhood (see Appendix E.3 & Appendix E.5). As 
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mentioned in previous research (Wolch et al., 2014), green environments should not be limited 

to people with specific socio-economic statuses. Furthermore, the association of happiness and 

age was in line with earlier research, which indicated a remarkably consistent U-shaped 

relationship (Graham & Pozuelo, 2017). Also, the association between age and perceived health 

come as no surprise since people of age tend to have more health-related issues (Deeks, 

Lombard, Michelmore, & Teede, 2009). 

 With the research outcomes, city planners can equally divide green space across cities 

to give all residents access to natural environments such as parks or forests. Such actions could 

minimize the gap between residents of different socio-economical statuses. 
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6 Conclusion 

This research investigated the established relationships between green space and health 

(Hartig et al., 1991) and also relatively new variables in this field, such as happiness and blue 

space. The association between the percentage of green and blue space with residents’ 

happiness and perceived health was examined at the neighbourhood level in the municipality 

of ‘s-Hertogenbosch. The findings showed a significant relationship of green space with 

happiness and with perceived health. However, these relationships became insignificant when 

controlling for personal characteristics. Additional analyses with control variables showed that 

the factors income, age, and household composition were associated with residents’ happiness 

or health, while in these analyses neither the percentage of green space nor blue space was 

significantly related to happiness and perceived health.  

 The findings are not in line with previous research, where significant relationships 

between green space and health outcomes were found using a 1 to 3 kilometre range of studied 

area around the participants' address (De Vries et al., 2003; Maas et al., 2006, 2009). The current 

study used a different approach for calculating the amount of green and blue space by 

computing the surface percentage based on the neighbourhood where participants live, instead 

of computing percentages from the immediate environment around residential addresses. This 

different approach in the methodology may have caused the different outcomes. 

Furthermore, no significant relationship was found between blue space and residents’ 

happiness or perceived health. Nevertheless, research investigating the association between the 

amount of blue space and inhabitants’ health outcomes is minimal, and therefore more research 

is needed on this matter to establish any relationship of blue space with health-related variables.  

The study also aimed to investigate different types of green and of blue space and their 

association with residents’ happiness and perceived health. The findings showed that none of 

the studied types of green or blue space were associated with perceived health or happiness 
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when controlling for personal characteristics. Only agricultural land indicated a significant 

association with happiness, however, this association became insignificant when age and 

income were added to the model.  

In most models, the control variables age, income, and household composition, 

indicated significant associations with happiness or perceived health, which aligns with earlier 

research (Frey & Stutzer, 2002; Graham & Pozuelo, 2017; Veenhoven, 2009). Furthermore, 

correlation analyses revealed that neighbourhoods with high percentages of green space were 

positively associated with income. Therefore, neighbourhoods with high percentages of green 

space might only be available to people who can afford to live there. 

Our findings show that it is crucial for future research to take into account age, income, 

and household composition in order to discover a direct relationship between green space and 

happiness or health. Furthermore, additional studies examining intentional use of blue space 

might reveal associations with health-related variables. As the rapid urbanization will continue 

in the following years, new buildings at the cost of natural environments are likely. Although 

the current research revealed no connections between the natural environments and perceived 

health or happiness of residents living within the municipality of ‘s-Hertogenbosch, the city 

planners should strive to keep nature within urban areas, especially for all demographical and 

socio-economical groups. 
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Appendix A 

Categories of green space included in the BGT 

A.1 Deciduous forest 
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A.2 Mixed forest 
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A.3 Coniferous forest 

 

A.4 Heather 
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A.5 Shrubs 

 

A.6 Wood embankment
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A.7 Grassland 

 

A.8 Swamp 
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A.9 Reed land 
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A.10 Salt marsh

 

A.11 Fruit growing 

 



  111 

A.12 Tree nursery 

 

A.13 Arable land 
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A.14 Agricultural grassland 

 

A.15 Green area 
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Appendix B 

Categories of blue space included in the BGT 

B.1 Watercourse  
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B.2 Expanse of water 
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Appendix C 

Questionnaire from neighbourhood monitor 
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UITLEG 

 

1. Kruis één antwoord per vraag aan. Mag u méér antwoorden aankruisen?  

Dan staat dit bij de vraag.  

2. Soms kunt u één of meer vragen overslaan. Er staat dan ‘→ ga naar vraag ...’ 

3. We verwerken de vragenlijst automatisch. Het is daarom belangrijk dat u: 

• schrijft met een zwarte of blauwe pen 

• een kruisje zet in het vakje van uw keuze 

• schrijft binnen het vakje 

4. Hebt u zich vergist? Kleur het vakje in: ■ en zet een kruisje in het goede vakje:  

5. Alle vragen in deze vragenlijst gaan over de gemeente ’s-Hertogenbosch. Hiertoe behoren 

bijvoorbeeld ook Rosmalen, Empel, Engelen, Nuland en Vinkel. 

  

A. LEEFBAARHEID WOONBUURT  

 

A1  In hoeverre bent u het eens met de volgende stellingen over de buurt waarin u woont?  

 
Helemaal 
mee eens 

Mee eens 

Niet mee 
eens, niet 

mee 
oneens 

Mee 
oneens 

Helemaal 
mee 

oneens 

Weet niet 
/ geen 

mening 

a. De mensen in mijn buurt kennen 
elkaar nauwelijks       

b. De mensen in mijn buurt gaan op 
een prettige manier met elkaar om       

c. Ik woon in een gezellige buurt waar 
mensen elkaar helpen en dingen 
samen doen 

      

d. Ik voel me thuis bij de mensen die in 
mijn buurt wonen       

e. Ik ben tevreden over de 
bevolkingssamenstelling in mijn 
buurt 

      

f. Ik voel mij medeverantwoordelijk 
voor de leefbaarheid in mijn buurt       

g. Ik wil in deze buurt blijven wonen       
h. Ik wil in deze gemeente blijven 

wonen       

 

A2  Bent u in de afgelopen 12 maanden actief geweest om uw buurt te verbeteren? 

  Ja 

  Nee 

  Weet niet / geen mening 

 

A3 Welk rapportcijfer geeft u voor... (1=laag; 10=hoog): 

 
1 2 3 4 5 6 7 8 9 10 

Weet niet /  
geen mening 

a. Uw woning            



  118 

b. Uw woonomgeving            
c. De tolerantie in uw buurt            
d. De veiligheid in uw buurt            
e. Uw contact met buurtbewoners            

 

B. OVERLAST IN UW BUURT 

 
B1  Hieronder staat een aantal vormen van overlast en criminaliteit. Hoe vaak komt dit volgens u voor in uw buurt? 

  

Vaak Soms 
Zelden of 

nooit 

Weet niet / 

geen 

mening 
 a. Rommel op straat     

 b. Vernieling van straatmeubilair, zoals vuilnisbakken, 
bankjes of bushokjes     

 c. Graffiti     
 d. Hondenpoep     
 e. Dronken mensen op straat     

 f. Drugsgebruik of drugshandel, zoals op straat of rond 
coffeeshops     

 g. Overlast van buurtbewoners     
 h. Mensen die op straat worden lastiggevallen     

 i. Overlast van rondhangende jongeren     
 j. Diefstal van (elektrische) fietsen 

    

 k. Diefstal uit auto’s of diefstal van auto-onderdelen     

 l. Woninginbraak     

 m. Zakkenrollen / beroving     

 n. Bedreiging     

 o. Mishandeling     

 

C. VEILIG VOELEN 

 

C1  Hoe vaak voelt u zich onveilig in uw eigen buurt? 

  Vaak  

  Soms  

  Zelden  

  Nooit  

  Weet niet / geen mening  

 

C2  Hoe vaak komt het voor dat u: 

  
Vaak Soms 

Zelden of 

nooit 

Weet niet / 

geen mening 

Niet van 

toepassing 
 a. ’s Avonds niet open doet, omdat u 

het niet veilig vindt?      

 b. In uw buurt omloopt of omrijdt om 
onveilige plekken te vermijden?      
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C3  Hebt u het idee dat er veel, weinig of geen criminaliteit is in uw buurt? 

  Veel  

  Weinig  

  Geen   

  Weet niet / geen mening  

 

 

D. VOORZIENINGEN IN UW BUURT 

 

D1 In hoeverre bent u het eens met de volgende stelling?  

Er is een goed aanbod van voorzieningen in mijn buurt. 

Denk bijvoorbeeld aan winkels, scholen, openbaar vervoer en medische voorzieningen (zoals huisarts, apotheek). 

  Helemaal mee eens  

  Mee eens  

  Niet mee eens, niet mee oneens  

  Mee oneens  

  Helemaal mee oneens  

  Weet niet / geen mening  

 

D2  In hoeverre bent u tevreden over de volgende voorzieningen in uw buurt?  

Als een voorziening niet voorkomt in uw buurt of als u er nooit komt, kruist u ‘niet van toepassing’ aan. 

 

Zeer 
tevreden 

Tevreden 

Niet 
tevreden, 

niet 
ontevreden 

Ontevreden 
Zeer 

ontevreden 

Weet 
niet / 
geen 

mening 

Niet van 
toepassing 

a. Groenvoorzieningen        

b. Parkeergelegenheid        
c. Verkeersveiligheid        
d. Basisonderwijs        
e. Voorzieningen voor ouderen         

 

E. DUURZAAMHEID 

 

E1  Vindt u duurzaamheid belangrijk? 

  Ja     

  Misschien     

  Nee    

  Weet niet / geen mening    

 

E2 Wat doet u zelf aan duurzaamheid? 

Meer antwoorden mogelijk. 

  Energie besparen in de eigen woning (zoals verwarming lager zetten, licht uitdoen in kamers waar niemand 

is) 

  Energiezuiniger maken van de eigen woning (zoals dubbelglas, isolatie) 

  Zelf energie opwekken (zoals zonnepanelen, zonneboiler) 



  120 

  Een groene tuin (zoals minder tegels, meer planten, plaatsen regenton)  

  Zo milieuvriendelijk mogelijk reizen (zoals fiets, openbaar vervoer, elektrische auto) 

  Afval scheiden of verminderen  

  Hergebruik van producten (zoals tweedehands) 

  Voeding aanpassen (zoals minder of geen vlees, meer biologisch) 

  Anders, namelijk: 

   

 

 

  Geen van bovenstaande 

  Weet niet / geen mening 

F. VRIJE TIJD 

 

F1 Bent u de afgelopen 12 maanden naar de volgende voorstellingen of activiteiten geweest? 

  Ja, namelijk:  

Meer antwoorden mogelijk.  

 

    Toneel, cabaret, musical, dans- of balletvoorstelling  

    Film in bioscoop of filmhuis  

    Muziekconcert (zoals pop, rock, klassiek, jazz, blues, koor, opera)  

    Dance- / houseparty  

    Musea, galerieën, tentoonstellingen  

    Culturele evenementen in mijn buurt  

  Nee  

 

F2  Hoeveel keer hebt u de afgelopen 12 maanden in totaal gesport? 

  0 keer (niet)  

  1 – 11 keer (minder dan 1x per maand)  

  12 – 59 keer (1–5x per maand)  

  60 – 119 keer (5–10x per maand)  

  120 keer of meer (meer dan 10x per maand)  

 

F3  Bent u lid van een vereniging of club? 

Denk bijvoorbeeld aan een sport-, muziek-, toneel-, natuur-, tuin- of hobbyclub of –vereniging. 

  Ja  

  Nee  

  Weet niet / geen mening  

 

G. GEZONDHEID EN ONDERSTEUNING 

 

G1  Wat vindt u over het algemeen van uw eigen gezondheid? 

  Zeer goed  Matig 

  Goed  Slecht 

  Voldoende   
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G2  Welke rapportcijfers geeft u zichzelf voor gezond leven en gelukkig zijn? (1=laag; 10=hoog) 

Denk bij gezond leven bijvoorbeeld aan voldoende bewegen, gezond eten en niet roken.  

 

 

 
1 2 3 4 5 6 7 8 9 10 

Weet niet /  
geen mening 

 a. Gezond leven            

 b. Geluk            
 

G3  Hoe vaak ontmoet u familie, vrienden of goede kennissen? Het gaat niet om mensen die bij u in huis wonen. 

  Vaker dan 1 keer per week  

  1 keer per week  

  Vaker dan 1 keer per maand, maar niet wekelijks  

  1 keer per maand  

  Minder dan 1 keer per maand  

  Zelden of nooit  

G4  Vindt u dat u voldoende sociale contacten hebt met andere mensen, buiten het werk, school of eigen 

huishouden? 

  Ja, zeker  

  Ja, maar ik zou wel meer contacten willen hebben  

  Nee, ik vind dat ik te weinig contacten heb  

  Weet niet / geen mening  

 

G5  Kunt u bij familie, vrienden, goede kennissen en / of buurtbewoners terecht voor hulp in het dagelijks leven? 

Het gaat om mensen buiten uw eigen huishouden. 

Denk bijvoorbeeld aan hulp bij huishoudelijke taken, het invullen van formulieren of bij de zorg voor kinderen. 

  Ja, ik maak hier regelmatig gebruik van  

  Ja, ik kan hier terecht maar heb op dit moment geen hulp nodig  

  Nee, maar ik heb die hulp niet nodig  

  Nee, maar ik heb die hulp wel nodig  

 

G6 Hoe goed kunt u zich redden zonder hulp van anderen?  

 
Helemaal 
mee eens 

Mee eens 

Niet mee 
eens, niet 

mee 
oneens 

Mee 
oneens 

Helemaal 
mee 

oneens 

Weet niet / geen 
mening 

a. Ik kan alles goed aan       

b. Ik kan prima voor mezelf opkomen       
c. Als ik een probleem heb, weet ik 

meestal hoe ik dit kan oplossen       

 

G7 Heeft uw huishouden de afgelopen 12 maanden moeite gehad om financieel rond te komen? 

  Nee   

  Ja, enige moeite   

  Ja, grote moeite   

  Weet niet   
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G8  Geeft u wel eens mantelzorg? 

U bent mantelzorger als u voor langere tijd en onbetaald zorgt voor een chronisch zieke, gehandicapte of 

hulpbehoevende partner, ouder, kind, ander familielid, buurtgenoot of vriend. De zorg bestaat bijvoorbeeld uit 

het huishouden doen, wassen en aankleden, gezelschap houden, zorgen voor vervoer of geldzaken regelen. 

  Ja 

  Nee 

 

G9  Doet u wel eens vrijwilligerswerk?  

Vrijwilligerswerk doet u voor anderen in de samenleving en wordt niet betaald. Zoals helpen bij sport-

verenigingen of bij uitjes voor ouderen, taalles geven of bestuurslid zijn van een buurtvereniging of wijkraad. 

  Ja 

  Nee 

 

 

 

 

H. ALGEMENE VRAGEN 

 
Tot slot nog enkele vragen over uw persoonlijke situatie. We gebruiken deze informatie alleen om inzicht te krijgen in de 

mening van groepen inwoners, zoals jongeren en ouderen. Deze informatie wordt zorgvuldig behandeld en niet herleid tot 

individuen.  

H1  Wat is uw leeftijd? 

  18–29 jaar  50–64 jaar 

  30–39 jaar  65–74 jaar 

  40–49 jaar  75 jaar of ouder 

 

H2  Tot welke bevolkingsgroep rekent u zich? 

Meer antwoorden mogelijk. 

  Nederlands  Marokkaans 

  Belgisch  Turks 

  Duits  Surinaams 

  Indonesisch  Antilliaans / Arubaans 

  Anders, namelijk:  Weet niet 

   

 

 

 

 

H3  Wat is uw hoogst behaalde schooldiploma? 

Staat uw schooldiploma er niet tussen? Kies wat er het meest op lijkt. 

  Geen diploma  Mbo  

  Lbo, vbo, vmbo of mavo  Hbo 

  Havo of vwo  Wo  
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H4  Wat is uw postcode? 

Uw postcode wordt alleen gebruikt om uitspraken te kunnen doen over uw wijk, buurt of dorp. 

  
 

       

 

H5 Hebt u nog opmerkingen naar aanleiding van deze vragenlijst? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H6 Wilt u kans maken op één van de 10 cadeaubonnen van €20? 

Vul dan uw naam en adres in. Uw gegevens worden alleen gebruikt voor de loting en worden niet aan uw 

antwoorden gekoppeld. 

  

Naam: 

 

Adres: 

 

Postcode: 

 

Woonplaats: 

 

  

  

  

  

 

 

 

Hartelijk dank voor het invullen! 
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Appendix D 

Percentages of green and of blue space by neighbourhood 

Appendix D.1 Percentage green space by neighbourhood for original neighbourhood 

limits
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Appendix D.2 Percentage blue space by neighbourhood for original neighbourhood 

limits

 

Appendix D.3 Percentage green space by neighbourhood for extended neighbourhood 

limits 
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Appendix D.4 Percentage blue space by neighbourhood for extended neighbourhood 

limits 

 

Appendix D.5 Mean Happiness of residents by neighbourhood  
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Appendix D.6 Mean Perceived health of residents by neighbourhood  
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Appendix D.7 Happiness of residents on individual level in histogram 

 
 

 
 
 

Appendix D.8 Health of residents on individual level in histogram 

 



Appendix E 

Correlation matrixes for multicollinearity 

Appendix E.1 Correlation matrix for neighbourhood level variables with original 

neighbourhood limits (N=107) 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

Urban density (1) 1 .273** .604** -.220** .093 .106 .603** -.072 .069 .012 .602** .313** 

Forest (2) .273** 1 .142 -.106 .035 .272** .390** -.108 .021 -.046 .341** .221* 

Agricultural land 

(3) 

.604** .142 1 -.409** .171 -.073 .872** -.017 -.031 -.034 .564** .352** 

Accessible urban 

green (4) 

-

.220** 

-.106 -.409** 1 -.104 .077 -.033 .006 .105 .085 -.094 .093 

Natural greenery 

(5) 

.093 .035 .171 -.104 1 .054 .256** 260** .007 .153 .256** .120 

Not accessible 

green (6) 

.106 .272** -.073 .077 .054 1 .171 -.008 .349** .264** .207* .189 

Total green space 

(7) 

.603** .390** .872** -.033 .256

** 

.171 1 -.013 .066 .043 .663** .481** 

Watercourse (8) -.072 -.108 -.017 .006 .260

** 

-.008 -.013 1 .329 .643** .032 .112 

Expanse of water 

(9) 

.069 .021 -.031 .105 .007 .349** .066 .329 1 .824** .214* .366** 

Total blue space 

(10) 

.012 -.046 -.034 .085 .153 .264** .043 .643** .824** 1 .183 .345** 

Variation in green 

space (11) 

.602** .341** .564** -.094 .256

** 

.207* .663** .032 .214* .183 1 .521** 

Variation in blue 

space (12) 

.313** .221* .352** .093 .120 .189 .481** .112 .366** .345** .521** 1 

** correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level 
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Appendix E.2 Correlation matrix for neighbourhood level variables with extended 

neighbourhood limits (N=107) 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

Urban density (1) 1 .365** .725** -.394** .414** .302** .799** -.083 .024 -.034 .535** .203* 

Ext_Forest (2) .365** 1 .200* -.242* .215* .200* .409** -

.305** 

-.205* -

.331** 

.223* .046 

Ext_Agricultural 

land (3) 

.725** .200* 1 -.652** .089 -.105 .926** -.115 -.183 -.197* .407** .120 

Ext_Accessible 

urban green (4) 

-

.394** 

-.242* -

.652** 

1 -.040 .079 -.426** .055 .125 .121 -.106 -.044 

Ext_Natural 

greenery (5) 

.414** .215* .089 -.040 1 .810** .266** .016 .223* .165 .348** .179 

Ext_Not accessible 

green (6) 

.302** .200* -.105 .079 .810** 1 .068 -.068 .221* .113 .178 .134 

Ext_Total green 

space (7) 

.799** .409** .926** -.426** .266** .068 1 -.180 -.179 -.234 .509** .150 

Ext_Watercourse (8) -.083 -.305** -.115 .055 .016 -.068 -.180 1 .160 .727** .010 -.115 

Ext_Expanse of 

water (9) 

.024 -.205* -.183 .125 .223* .221* -.179 .160 1 .794** .029 .130 

Ext_Total blue 

space (10) 

-.034 -.331** -.197* .121 .165 .113 -.234 .727** .794** 1 .027 .020 

Ext_Variation in 

green space (11) 

.535** .223* .407** -.106 .348** .178 .509** .010 .029 .027 1 .259** 

Ext_Variation in 

blue space (12) 

.203* .046 .120 -.044 .179 .134 .150 -.115 .130 .020 .259** 1 

** correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level 
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Appendix E.3 Correlation matrix for individual level variables and the amount of green and 

blue space based on original neighbourhood limits (N=4557) 

Variable 1 2 3 4 5 6 7 8 9 10 

Health (1) 1 .403** -.118** .269** .301** .056** .011 .044** .058** .064

** 

Happiness (2) .403** 1 .018 .139** .312** .080** .022 .023 .070** .072

** 

Age (3) -.118** .018 1 -.257** -.157** .064** .068** -.029* .047** -.003 

Education level (4) .269** .139** -.257** 1 .452** -.021 -.064 .136** .003 .083

** 

Income (5) .301** .312** -.157** .452** 1 .165** .048** .098** .139** .173

** 

Urban density (6) .056** .080** .064** -.021 .165** 1 .637** -.127** .634** .324

** 

Total green space (7) .011 .022 .068** -.064 .048** .637** 1 .022 .603** .424

** 

Total blue space (8) .044** .023 -.029* .136** .098** -.127** .022 1 .068** .298

** 

Variation in green 

space (9) 

.058** .070** .047** .003 .139** .634** .603** .068** 1 .475

** 

Variation in blue space 

(10) 

.064** .072** -.003 .083** .173** .324** .424** .298** .475** 1 

** correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level 
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Appendix E.4 Correlation matrix for individual level variables and types of green and blue 

space based on original neighbourhood limits (N=4557) 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Health 

(1) 

1 .403** -.118** .269** .301** .056** -.008 .034* -.034* .028 -.006 .037* .029* .058

** 

.064

** 

Happines
s (2) 

.403
** 

1 .018 .139** .312** .080** -.004 .037* -.024 .024 .001 -.003 .030* .070
** 

.072
** 

Age (3) -

.118
** 

.018 1 -.257** -

.157** 

.064** .061** .025 .061** .013 -.014 -

.055** 

.000 .047

** 

-.003 

Educatio

n level 
(4) 

.269

** 

.139** -.257** 1 .452** -.021 -.042** -.038* -.027 .041

** 

-.038* .101** .100** .003 .083

** 

Income 

(5) 

.301

** 

.312** -.157** .452** 1 .165** -.004 .050** -.006 .097

** 

.012 .014 .111** .139

* 

.173

** 

Urban 

density 

(6) 

.056

** 

.080** .064** -.021 .165** 1 .280** .619** -.034* .278

** 

.069** -

.101** 

-

.089** 

.634

** 

.324

** 

Forest (7) -.008 -.004 .061** -.042** -.004 .280** 1 .205** -.075** .132

** 

.191** -

.115** 

.123** .344

** 

.241

** 

Agricultu
ral land 

(8) 

.034
* 

.037* .025 -.038* .050** .619** .205** 1 -.338** .074
** 

.053** -
.145** 

-
.098** 

.568
** 

.227
** 

Accessibl
e urban 

green (9) 

-
.034

* 

-.024 .061** -.027 -.006 -.034* -.075** -.338** 1 .035
* 

096** -.026 .170** -
.062

** 

.189
** 

Natural 
greenery 

(10) 

.028 .024 .013 .041** .097** .278** .132** .074** .035* 1 .086** .523** .180** .283
** 

.153
** 

Not 
accessibl

e green 

(11) 

-.006 .001 -.014 -.038* .012 .069** .191** .053** .096** .086
** 

1 -.009 .363** .148
** 

.239
** 

Watercou

rse (12) 

.037

* 

-.003 -.055** .101** .014 -

.101** 

-.115** -.145** -.026 .523

** 

-.009 1 .057** -

.113

** 

-.022 

Expanse 

of water 

(13) 

.029

* 

.030* .000 .100** .111** -

.089** 

.123** -.098** .170** .180

** 

.363** .057** 1 .159

** 

.381

** 

Variation 

in green 

space 
(14) 

.058

** 

.070** .047** .003 .139* .634** .344** .568** -.062** .283

** 

.148** -

.113** 

.159** 1 .475

** 

Variation 

in blue 
space 

(15) 

.064

** 

.072** -.003 .083** .173** .324** .241** .227** .189** .153

** 

.239** -.022 .381** .475

** 

1 

** correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level
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Appendix E.5 Correlation matrix for individual level variables and the amount of green and 

blue space based on extended neighbourhood limits (N=4557) 

Variable 1 2 3 4 5 6 7 8 9 10 

Health (1) 1 .403** -.118** .269** .301** .056** .042** .035* .066** .040

** 

Happiness (2) .403** 1 .018 .139** .312** .080** .060** -.005 .096** .045

** 

Age (3) -.118** .018 1 -.257** -.157** .064** .042** -.087** .026 -

.031

* 

Education level (4) .269** .139** -.257** 1 .452** -.021 -.035* .102** .072** .051

** 

Income (5) .301** .312** -.157** .452** 1 .165** .139** .029 .234** .139

** 

Urban density (6) .056** .080** .064** -.021 .165** 1 .858** -.174** .547** .109

** 

Ext_Total green space 

(7) 

.042** .060** .042** -.035* .139** .858** 1 -.224** .562** .110

** 

Ext_Total blue space 

(8) 

.035* -.005 -.087** .102** .029 -.174** -.224** 1 -.072** .010 

Ext_Variation in green 

space (9) 

.066** .096** .026 .072** .234** .547** .562** -.072** 1 .151

** 

Ext_Variation in blue 

space (10) 

.040** .045** -.031* .051** .139** .109** .110** .010 .151** 1 
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Appendix E.6 Correlation matrix for individual level variables and types of green and blue 

space based on extended neighbourhood limits (N=4557) 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Health 

(1) 

1 .403** -.118** .269** .301** .056** -.015 .058

** 

-

.046** 

.065

** 

-.014 .050** .006 .066** .040** 

Happines

s (2) 

.403** 1 .018 .139** .312** .080** .012 .058

** 

-.020 .062

** 

.002 .009 -.017 .096** .045** 

Age (3) -.118** .018 1 -

.257** 

-

.157** 

.064** .078** .005 .045** .036

* 

.011 -

.059** 

-.073 .026 -.031* 

Educatio

n level 

(4) 

.269** .139** -.257** 1 .452** -.021 -

.076** 

-.009 -.021 .094

** 

-

.049** 

.137** .024 .072** .051** 

Income 

(5) 

.301** .312** -.157** .452** 1 .165** -.005 .134

** 

-.023 .116

** 

.047** .056** -.008 .234** .139** 

Urban 

density 

(6) 

.056** .080** .064** -.021 .165** 1 .377** .771

** 

-

.224** 

.285

** 

.301** -

.138** 

-

.129

** 

.547** .109** 

Ext_Fore

st (7) 

-.015 .012 .078** -

.076** 

-.005 .377** 1 .245

** 

-

.132** 

.079

** 

.157** -

.348** 

-

.192

** 

.225** .050** 

Ext_Agri

cultural 

land (8) 

.058** .058** .005 -.009 .134** .771** .245** 1 -

.571** 

.293

** 

-

.064** 

-

.074** 

-

.210

** 

.505** .068** 

Ext_Acce

ssible 

urban 

green (9) 

-.046** -.020 .045** -.021 -.023 -

.224** 

-

.132** 

-

.571

** 

1 -

.060

** 

.275** -.016 .170

** 

-.125* .041** 

Ext_Natu

ral 

greenery 

(10) 

.065** .062** .036* .094** .116** .285** .079** .293

** 

-

.060** 

1 .051** .247** .158

** 

.288** .038* 

Ext_Not 

accessibl

e green 

(11) 

-.014 .002 .011 -

.049** 

.047** .301** .157** -

.064

** 

.275** .051

** 

1 -

.150** 

.161

** 

.121** .100** 

Ext_Wat

ercourse 

(12) 

.050** .009 -.059** .137** .056** -

.138** 

-

.348** 

-

.074

** 

-.016 .247

** 

-

.150** 

1 .169

** 

-

.046** 

-

.080** 

Ext_Expa

nse of 

water 

(13) 

.006 -.017 -.073 .024 -.008 -

.129** 

-

.192** 

-

.210

** 

.170** .158

** 

.161** .169** 1 -

.064** 

.088** 

Ext_Vari

ation in 

green 

space 

(14) 

.066** .096** .026 .072** .234** .547** .225** .505

** 

-.125* .288

** 

.121** -

.046** 

-

.064

** 

1 .151** 

Ext_Vari

ation in 

blue 

space 

(15) 

.040** .045** -.031* .051** .139** .109** .050** .068

** 

.041** .038

* 

.100** -

.080** 

.088

** 

.151** 1 

** correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level 
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Appendix F 

Tables with quality of model fit 

Appendix F.1  

Information criteria of LMM with happiness as dependent variable and green-blue space as 

independent variable plus control variables. 

Information criteria With control variables Without control variables 

-2 Log likelihood 10992.87 15555.91 

Akaike’s Information Criterion (AIC) 10996.87 15559.91 

Schwarz’s Bayesian Criterion (BIC) 11009.15 15572.74 

 
 

Appendix F.2 

Information criteria of LMM with happiness as dependent variable and extended green-blue 

spaces as independent variable with and without control variables 

Information criteria With control variables Without control variables 

-2 Log likelihood 10986.10 15548.47 

Akaike’s Information Criterion (AIC) 10990.10 15552.47 

Schwarz’s Bayesian Criterion (BIC) 11002.38 15565.30 

 
 

Appendix F.3 

 

Information criteria of LMM with health as dependent variable and green-blue spaces as 

independent variable with and without control variables. 

Information criteria With control variables Without control variables 

-2 Log likelihood 8596.04 11578.52 

Akaike’s Information Criterion (AIC) 8600.04 11582.52 

Schwarz’s Bayesian Criterion (BIC) 8612.32 11595.35 
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Appendix F.4  

Information criteria of LMM with health as dependent variable and extended green-blue 

spaces as independent variable with and without control variables. 

Information criteria With control variables Without control variables 

-2 Log likelihood 8589.52 11571.92 

Akaike’s Information Criterion (AIC) 8593.52 11575.92 

Schwarz’s Bayesian Criterion (BIC) 8605.80 11588.75 

 


