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Abstract 
 

This study looks at the difference in accessibility to green spaces 

within the four largest Scottish cities. Having access to green spaces 

provides several physical and mental health benefits while also 

providing important ecosystem services. Previous studies show that 

the frequency of use of a green space declines once the distance 

surpasses 300 m to an access point. Geographic Information 

Systems (GIS) were used to analyse the service area of an access 

point to a green space, from which the rate of accessibility is 

established. The study also analyses the difference in accessibility 

between Euclidean and network distance. It is found that the 

Euclidean difference underestimates the distance needed to reach 

an access point and that 300 m recommendation by Euclidean 

distance is more closely resembles 500 m network distance. This 

study recommends that a distinction be made between which 

measurement metric is used when stating distances regarding 

accessibility, in order to create a more consistent approach.  

 

Keywords: Green space, Access, Accessibility, Euclidean distance, 

Network distance, GIS. 
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1. Introduction 

 

The global population residing in urban areas is projected to rise, and by 

2050 it is estimated that approximately 67% of people alive will live in an 

urban environment, and increase from approx. 50% that currently reside 

in urban environments (European Environmental Agency, 2015). Within 

Europe it is estimated that populations residing in urban environments 

will be even higher than the global value, at 80% on average (Coutard et 

al., 2014). With the increase in populations and expansion of urban 

environments a connection to nature may become imperative, especially 

for physiological and psychological recuperation. The most accessible 

nature within these urban environments may then be green spaces, such 

as parks and cemeteries, and could provide vital refuge in day to day lives.  

 

Accessibility can be measured in a variety of ways, which can produce a 

variety of results. Less sophisticated methods can include the use of 

centroids that are used as a representation of census population data. 

Other methods can involve the use of Euclidean distance or network 

distance (Higgs et al., 2012). The differences produced between these two 

methods of measuring distance can give misleading access to a green 

space, as Euclidean measurements typically cover much greater areas 

(Nicholls, 2001; Sander et al., 2010). Giles-Corti et al., (2005) found that 

300-400 metres (m) acts as a threshold for an area being deemed 

walkable, so methods that produce a wide variation in results of similar 

distances will produce misleading accessibility, and thus likelihood of 

usage. It is therefore important that a distinction is made between which 

measurement method was used when calculating distance to a green space 

to avoid misrepresentation of the results.  



2 

 

 

Accessibility to urban green spaces can play an important role in 

determining physical activity levels within an individual. Previous studies 

have shown that the more accessible the urban green space the more likely 

an individual is to be physically active (Barton & Pretty, 2010; Giles-Corti 

et al., 2005; Booth et al., 2000). With higher levels of physical activity 

there is an increase in health benefits to an individual, such as a lower 

association to cardiovascular disease (Manson et al., 2000). The physical 

activity does not need to be of high intensity to be beneficial, with greater 

access there is an increase in walking (Li et al., 2005), which can beneficial 

for demographic groups that are mobility-impaired, such as the elderly. 

An increase in physical activity has shown to increase longevity in elderly 

populations (Takano et al., 2002), which highlights the importance of 

urban green space access to these groups.  

 

The increase in physical activity associated with an increase in accessibility 

to urban green spaces can also improve an individual’s mental health (Hug 

et al., 2009). Studies have shown that access to urban green spaces can 

benefit stress recovery (Jiang et al., 2014; Van den Berg et al., 2007), 

depression (Grahn & Stigsdotter, 2003; Craft & Landers, 1998), and self-

confidence (Barton & Pretty, 2010). Another restorative effect of green 

space access on mental health is that can play an important role in 

combating mental fatigue in an individual (Kaplin, 1995). The physical and 

mental health benefits further strengthen the importance of accessible 

green spaces to a population, especially those that reside in an urban 

environment. While this study will not expand further on the physical and 

mental health benefits, this is a serious consideration as to why green 

space access is important and worth analysing.  
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Urban green spaces can also play an important role in providing ecosystem 

services in areas, such as increasing biodiversity. Studies have shown that 

these green spaces can provide important habitats for birds and bat 

species within an urban area (Shwartz et al., 2013). When assessing an 

areas biodiversity bats are regarded as a good bio-indicator species, 

especially in urban environments (Russo & Ancillotto, 2015). It is however 

outside of the scope of study for this analyses and will not be considered 

further.  

 

1.1 Aim of Analysis 

 

The aim of this study is to evaluate the difference in accessibility, by 

walking, to urban green spaces within cities with a population over 

100,000 people in Scotland, UK. These cities are Glasgow, Edinburgh, 

Aberdeen, and Dundee. These are considered the major cities of Scotland.  

 

The aim will be achieved by evaluating the research questions: 

 

 What is the accessibility of green spaces of any size within Scotland’s 

four largest cities? 

 

 What is the difference when comparing access to all green spaces 

and green spaces greater than 1 hectare? 

 

 What is the difference in accessibility between Euclidean distance 

and distance by using the network? 
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2. Previous Studies 

 

2.1 Accessibility 

 

Accessibility to a green space is often defined by the time or distance 

required in order to reach a point of access to the green space (Barbosa et 

al., 2007). Accessibility to green spaces within urban environments is 

important as there is a range of health benefits, both physical and mental 

(Takano et al., 2002, Ulrich, et al., 1991).  

 

Distance plays a key role in determining accessibility, as with increasing 

distance to a green space the frequency of visits declines (Coombes, et al., 

2010). Nielsen & Hanson (2007) found that use of a green space declines 

once the distance to the green space exceeds 300 m. When assessing if a 

green space is nearby it is often decided by if it is a walkable distance. 

This is stated as 300 m by a Euclidean measurement or 500 m on foot 

(Ekkel & de Vries, 2017). Further, Annerstedt van den Bosch et al., (2015) 

states that the green space should also be a minimum of 1 hectare (Ha) 

(10,000 m2) in size. This is not to say that green spaces further away are 

not associated with health benefits, it is just frequency of use declines. 

The area of green space required is determined by the proximity and size 

of the population within the area, as this affects the per capita green 

space available. 

 

The size of the green space can be a factor regarding accessibility, as it 

can determine whether it is deemed accessible for certain recreational 

uses, such as football or similar activities. Other facilities, or lack thereof, 

that can effect accessibility (Kaczynski et al, 2008) can include security 

measures. If these facilities are lacking this can decrease the feeling of 
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safety and as a result create a barrier to feeling safe would most likely not 

lead to the health benefits, particularly stress reduction, taking effect 

(Ekkel & de Vries, 2017). Moseley et al., (2013) analysed the difference 

between accessibility for general use and accessibility when using green 

space for leisure activities. The study found that while all residents had 

access to a green space within 300 m those that wanted to perform 

leisure activities only had access of 72%. This shows that there can be 

clear differences in when determining accessibility and purpose together 

compared to universal accessibility to green spaces. This can play in 

important role in Government planning in regards to green spaces, as 

they are often aimed at encouraging healthier lifestyles for those in more 

socio-economically deprived areas.  

 

Comber et al., (2008) found that while overall coverage of green space of 

a city is important its accessibility can vary between groups of different 

ethnicities. So it is important that green spaces within urban areas are 

accessible for all social demographics. 

 

2.2 Measuring Distance 

 

As distance plays an important role in accessibility, how that distance is 

measured should also be taken into consideration. Studies often use either 

Euclidean distance or network distance when analysing distance to 

facilities, such as green spaces. The difference in how these techniques 

measure the same distance can produce varying results (Sander et al., 

2010). This variation can mislead the accessibility of green spaces, 

especially since that distance is a key factor in frequency of use of green 

spaces (Giles-Corti et al., 2005; Nielsen & Hanson, 2007).  



6 

 

 

Euclidean distance, which as often referred to as ‘as the crow flies’, is the 

straight line distance to the desired location or facility. This method does 

not take into consideration any travel costs to the desired destination only 

straight line distance. This usually leads to an underestimation in the 

distance to the desired point (Nicholls, 2001; Sander et al., 2010) and thus 

a misrepresentation in the accessibility if used for distance-accessibility 

measurements. Its popular usage may be down to that it is easy to calculate 

and understand (Sander et al., 2010).   

 

The network distance provides a more likely accurate representation of the 

distance, as it more closely resembles the street network used, and thus 

the accessibility in this study. The network can include various 

‘impedances’ that are enforced to give a more accurate representation of 

the physical costs when travelling. These can include the cost of traversing 

a steep incline or the restriction of only being able to use certain routes 

due to barriers, etc. This allows to establish the mode of transport through 

the network, which allows for walking to be better controlled for, which is 

important as most people would walk to their closet green space (Higgs et 

al., 2012). A pitfall when using network distances can be the tolerance used 

(Sander et al., 2010), which identifies and registers objects not directly on 

the network. While this helps to reduce integration problems between the 

network and facilities it can sometimes give false readings regarding the 

distance to a facility.  

 

In some instances distance is measured in time required to reach the 

destination. This is understandable as many people consider the time it 

takes to reach a destination rather than the actual distance itself. However, 

perception of distance via time measurement relies too heavily on 
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subjective calculations. Speed plays a key role in time taken to reach the 

destination but can have large variations between individuals, young vs 

old for example. The self-perception of time and distance is also unreliable 

when compared to true distance (Macintyre et al., 2008). Macintyre et al., 

(2008) conducted a study within two communities in Glasgow, asking 

respondents to state whether they lived within a 0.5 miles to a public park. 

This was compared against if there was a public park in a half mile service 

area of their home. The study found that 84.2% of respondents stated that 

they did live within a half mile to a public park, while the GIS analysis 

found that only 61.7% lived within 0.5 miles of a public park. The study 

also found that 79% of respondents living further than 0.5 miles from a 

public park believed they lived within 0.5 miles and 13% that did live 

within 0.5 miles believe they did not. Self-perception of distance then is an 

unreliable measurement tool when evaluating true distance to a facility, 

such as a green space. A qualitative analysis could research further into 

what acts as predictors to proximity perception (Macintyre et al., 2008).  

 

2.3 Green Space Access in Scotland 

 

Access to green space plays an important role in Scotland, with the vicinity 

to the Highlands and hillwalking being a popular activity. It is also the 

responsibility of several agencies within Scotland, such as the Forestry 

Commission Scotland, Scottish Natural Heritage, and local authorities 

(Scottish Government, 2018). Since this study is done within one country, 

Scotland, it ensures that the study areas will all have similar procedures to 

go through when planning and maintain green space access.  

 

A report produced by the Scottish Government in 2017 found that 52% of 

Scotland’s adults visit the outdoors at least once a week (Scottish 
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Government, 2018). The same report also found that 65.4% of residents 

live within a self-reported 5 minutes to their closest green space, and of 

those residents, 37% visit the greenspace at least once a week. The report 

further states that in urban areas 51% residents visit green spaces once or 

more a week. It should be noted however that the definition of green space 

in this report also includes blue spaces, such as riverside, canals, and 

beaches.  
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3. Data Sources 

 

The roads polyline file, access points point file, green spaces, rivers, and 

the UK shapefiles, were all sourced from the Ordinance Survey (OS) 

(Ordnance Survey, n.d.) in the UK. The city boundary (settlements) data 

was sourced from the UK government website (National Records of 

Scotland a, n.d.).  The spatial resolution of the sources are at a 1:10,000 

scale (Ordnance Survey, n.d.).  

3.1 Definitions  

 

Taylor and Hochuli, (2017) argue that an ‘urban green space’ can be 

defined as an open area containing urban vegetation but shall exclude 

private gardens to home owners as they do not have a wider accessibility. 

This interpretation requires that the space is open and requires human 

intervention, such as planning, in order to be successful, even if the 

intervention is to only ensure that the space is conserved in its current 

state. This allows for the green space to be landscaped or sparsely 

managed.  

 

Green spaces such as allotments, golf courses, and other sports facilities 

were not considered in this study as they often require membership or 

payment to use. Playing fields were considered as the dataset only 

included public playing fields that are available to use, for free. Play spaces 

were included as they allow families with young children to make use of 

the green space and thus possibly gain the physical and mental health 

benefits. Play spaces are also still accessible for other recreational 

activities such as walking or running. 
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Green spaces outside the study areas were not considered in this analysis 

as the study only wanted to focus on accessibility within the city 

boundaries for consistency. Green spaces outside the study area that may 

have been accessible within the parameters of this study could have fallen 

under different council jurisdictions and if these councils actively seek to 

have high rates of green space access then this could have skewed the 

result of the city accessibility.  

 

Aspects of green spaces not considered in this study include the quality of 

the green space, the biodiversity and ecological aspect, and the per capita 

accessibility to the green space. Street trees are not considered as green 

spaces in this study.  

 

Blue spaces were not considered in this study even though they can share 

similar health benefits as green spaces.  

 

Accessibility was determined as at which a point of access can be gained to 

a green space. 

 

Settlements are defined as areas with high density postcodes whose 

population exceeds 500. To be considered a high density area the postcode 

must meet one of these three criteria: more than 2.1 residential address 

per hectare, more than 0.1 non-residential addresses per hectare, or the 

estimate of the population is greater than 5 people per hectare. When 

deciding if built up areas joined on to one another a gap of 1km was needed 

to be identified as separate, however, former burghs were identified as 

being separate. This explains the difference between Glasgow city and the 

Greater Glasgow area, as separate burghs are included in the Greater 

Glasgow area (National Records of Scotland a, n.d.).  
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4. Study Areas 

 

The study areas analysed were the four largest cities, based on population 

(≥ 100,000), within Scotland, UK. These were Glasgow, Edinburgh, 

Aberdeen, and Dundee. These cities were chosen as they are the largest 

settlements within Scotland and thus contain a large proportion of the 

population within a concentrated area. This allows for the study to 

compare the greenspaces that will have an effect on the greatest number 

of people.  

 

Figure 1. An overview map of Scotland showing the locations of the studied cities. 

Source: Own figure. 
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Glasgow (figure 2) is the largest city in Scotland by population size, and 

third largest in the UK, with an estimated population of approximately 

626,000 people (National Records of Scotland b, 2019, April 25). The city 

resides along the banks of the River Clyde and has a history of shipbuilding 

within the city. Well-known green spaces within the city include Glasgow 

green and the Glasgow Necropolis, a Victorian cemetery.   

 

 
Figure 2. An overview map of Glasgow showing the road network and green spaces analysed. 

Source: Own Figure. 
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Edinburgh (figure 3) is Scotland’s capital city but only second in terms of 

population, with an estimated approximation of 518,000 people (National 

Records of Scotland b, 2019, April 25). The city sits to the south side of the 

Firth of Forth. Some notable green areas of Edinburgh include Princess 

Street Gardens and Holyrood Park, which contains the extinct volcano, 

Arthur’s Seat.  

 

 
Figure 3. An overview map of Edinburgh showing the road network and green spaces analysed. 

Source: Own figure. 
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Aberdeen (figure 4) is the third largest city in Scotland with an estimated 

approximate population of 227,000 people (National Records of Scotland 

b, 2019, April 25). It is a hub for the oil industry in the UK, especially for 

companies operating platforms in the North Sea. The majority of the city 

is situated between the banks of the River Dee to the south, and the River 

Don to the north. Notable green spaces within the city include Duthie Park, 

and Seaton Park. 

 

 
Figure 4. An overview map of Aberdeen showing the road network and green spaces analysed. 

Source: Own figure. 
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Dundee’s population is estimated to be approximately 148,000 people 

(National Records of Scotland b, 2019, April 25). It lies along the banks of 

the River Tay and has a history of jute making. A notable green space 

within Dundee (figure 5) is Dundee Law, an extinct volcano feature that 

rises above the city.  

 

 
Figure 5. An overview map of Dundee showing the road network and green spaces analysed. 

Source: Own figure. 

 

The green spaces in the analyses included cemeteries (92), play spaces 

(1143), playing fields (335), and public parks and gardens (270).   
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5. Methods 

 

In order to analyse the accessibility to urban green spaces within 

Scotland’s four largest cities a quantitative approach was judged to be the 

most appropriate method. While a qualitative approach could have been 

taken to judge accessibility regarding personal opinion of the green spaces 

and their desirable qualities or the preferred route of travel to the green 

spaces, instead it was decided that this study shall focus only on the 

distance accessibility aspect. This was decided because the potential 

benefits could still be achieved in undesirable green spaces, such as 

physical exercise by walking through an area without children’s play 

equipment. 

5.1 Network Analysis 

 

The green spaces were established by using the green space file obtained 

from OS website. Within this file, the green spaces were then selected to 

only include cemeteries, play spaces, playing fields, and public parks and 

gardens. Accessibility was determined by using points of access to the 

green space, which was also obtained as a corresponding file from OS. A 

network was built and the area that could reach an access point within the 

specified distance was calculated.  

 

A feature dataset was created to store the topology and network. The road 

polyline file and access points point file were imported into the feature 

dataset.  

 

A topology was then created, to check the integrity of the roads polyline 

file, with the rules being: must no self-overlap (1), must not self-intersect 

(3), and must be a single part (0). Any problems with the data were then 
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corrected by using the recommended fixes for each problem type; simplify 

for self-overlap, and mark as exception for self-intersect. 

 

The network dataset was built in ArcMap 10.6.1 using the network analyst 

extension. A roads polyline file, that covered the area in and surrounding 

the city, was used as the source for the network. The roads polyline file was 

set to ‘any vertex’ regarding connections. Elevation and directions data 

were not used. The attributes of the network dataset were length, as a cost, 

and a restriction prohibiting walking on motorways was used. The length 

was calculated by using the ‘shape length’ in the attribute table of the roads 

polyline file. When walking the impedance and the distance were set to 

length, with U-turns allowed and a prohibition of walking on motorways. 

Of the study areas only Glasgow and Edinburgh road polyline files 

contained motorways, so the motorway restriction was only applicable to 

these analyses. The network was then built and there were no network 

build errors.  

 

To create a new service area the access points point file was used as the 

facilities. The distance requirement for the service area was set to 

represent either 300 m or 500 m. Access is regarded as the distance 

required to reach an access point to a green space on the network.  

 

The city boundaries were used from a file based on settlements within 

Scotland, excluding Glasgow as this used the Greater Glasgow area. The 

greater Glasgow area includes towns such as Paisley, Clydebank, and 

Hamilton which are towns within their own right and including these 

towns as part of the Glasgow urban area greatly inflates the population, 

number of green spaces, and covers multiple different council bodies that 

may operate different initiatives in regards to green spaces.  This would 
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create a false representation when comparing the cities. Instead, the 

Glasgow boundary was taken from OS boundary data. The city boundary 

was used as the limit of the study area as the city council for each city will 

be primarily responsible for the development and maintenance of green 

spaces. Therefore, each city should have similar governmental goals 

regarding green space accessibility and it is how the city manages its 

resources that can impact the accessibility.   

  

These city boundaries were used to clip the roads and access point data to 

the city area. Roads were clipped after so as to not affect the ability to travel 

outside the city boundary to an access point within the city boundary. 

 

The service area was then evaluated by the area (m2) it covered of the city. 

The coverage percentage was then calculated.  

 

Green areas that were 1 Ha or greater when then selected for and a 

separate shapefile was created for these areas within each city. The same 

distance requirements were then analysed for these green spaces.  

 

For the Euclidean distance a buffer was created at 300 m from each point 

of access to a green space.  

 

After the different access distances had been clipped to fit the city 

boundary, summary statistics was used the get the total area m2, which 

was used to calculate the accessibility.  
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5.2 Ethical Considerations 

 

From an ethical perspective there is no data used in the analysis that can 

make persons identifiable. The sources were all sourced legally so this does 

not require ethical consideration.  
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6. Results 

6.1 Green Space Accessibility in Glasgow 

 

Green space in Glasgow accounts for 8.5% of the total area of 209 km2 and 

when accounting for green spaces greater than 1 hectare this goes down to 

8.2%.  

 

Calculating for accessibility as 300 m from the nearest access point, green 

spaces have an accessibility of 30.3% (figure 6). When this the difference 

is adjusted to the walkable distance (500 m), this increases to 56.3% 

(figure 6).  

 

When the size of the green space is considered, for a minimum of 1 hectare, 

the accessibility at 300 m is reduced to 19.3% (figure 7) and at 500 m it is 

36.9% (figure 7).  

 

If Euclidean distance is used to calculate accessibility it is rated at 55.4% 

(figure 8). When the Euclidean distance is used for 300 m this shows a 

greater rate of accessibility, by 25.1%, than when the 300 m distance is 

used on the network. 
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Figure 6. The difference in green space accessibility in Glasgow between 300 m and 500 m. 
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Figure 7. The difference in accessibility to green spaces that are 1 Ha or greater in Glasgow between 300 m and 500 m. 
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Figure 8. The difference between 300 m green space accessibility in Glasgow between the Euclidean and the network 

distance. 
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6.2 Green Space Accessibility in Edinburgh 

 

Within Edinburgh the total area that green space of any size accounts for 

is 9.2% of Edinburgh’s total city area (125 km2) with 437 such green spaces 

being present.  If the green space is equal or greater to a hectare then the 

area is slightly reduced to 8.9% with 140 green spaces present. 

 

When accessibility of the green spaces of any size is calculated, with the 

300 m recommendation used, the green spaces have an accessibility of 

33.1% (figure 9). When the walkable distance of 500 m is used to calculate 

accessibility, it is increased to 58% (figure 9) of the city. 

 

As seen in figure 10, when the size is considered for, with a requirement of 

being equal or greater than a hectare, at 300 m accessibility is 24.3%. 

When the distance is increased to 500 m accessibility is then 44.6%.  

 

Figure 11 shows the accessibility if Euclidean distance were used. At the 

recommended distance of 300 m, the accessibility is 57.6%. This is an 

increase in accessibility of 24.5% when compared to 300 m on the 

network.  
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Figure 9. The difference in green space accessibility in Edinburgh between 300 m and 500 m. 
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Figure 10. The difference in accessibility to green spaces that are 1 Ha or greater in Edinburgh between 300 m and 500 m. 
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Figure 11. The difference between 300 m green space accessibility in Edinburgh between the Euclidean and the network 

distance. 
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6.3 Green Space Accessibility in Aberdeen 

 

Located in Aberdeen are 223 green spaces and account for 6.6% for 

Aberdeen’s total area of 69 km2. When the green space is required to be 

equal to or greater than 1 hectare there are 53 eligible green spaces 

accounting for 6.1% of the city area.  

 

Figure 12 shows the calculated accessibility at 300 m and 500 m for any 

size green space. At 300 m the accessibility is 26% and at 500 m it is 

increased to 49.5%.  

 

As seen in figure 13, when the size of the green space is required to be 

greater or equal to a hectare the accessibility decreases to 16.5% for the 

300 m distance and 32.8% at 500 m.  

 

When Euclidean distance is used as the required distance, at 300 m the 

accessibility is 49% (figure 14). This is an increase from the 26% for the 

network distance and shows a difference in accessibility measurement by 

23%.  
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Figure 12. The difference in green space accessibility in Aberdeen between 300 m and 500 m. 
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Figure 13. The difference in accessibility to green spaces that are 1 Ha or greater in Aberdeen between 300 m and 500 m. 
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Figure 14. . The difference between 300 m green space accessibility in Aberdeen between the Euclidean and the network 

distance. 

 



32 

 

6.4 Green Space Accessibility in Dundee 

 
Dundee’s proportion of green spaces is of 7.3% of the 49 km2 city area, and 

7% when the hectare requirement is factored in. This is from 177 and 61 

green spaces respectively.  

 

The accessibility to a green space within 300 m is 36.5%, as can be seen in 

figure 15. Also in figure 12 is the accessibility at 500 m, which is 64.4%.  

 

In figure 16, the size of the green space is required to be equal or greater 

than a hectare. At 300 m the accessibility for eligible green spaces are 

25.6%, and when the distance is set to 500 m the accessibility increases to 

46.6%.  

 

The 300 m Euclidean distance in figure 17 shows the accessibility as being 

63%. This is then overlaid the 300 m green space accessibility which shows 

the difference between Euclidean and network 300 m accessibility, with 

the difference being 26.5% in favour of the Euclidean measurement.  
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Figure 15. The difference in green space accessibility in Dundee between 300 m and 500 m. 
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Figure 16. The difference in accessibility to green spaces that are 1 Ha or greater in Dundee between 300 m and 500 m. 
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Figure 17. The difference between 300 m green space accessibility in Dundee between the Euclidean and the network 

distance. 
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6.5 Overall Green Space Access 

 

Access to green spaces ranges between the cities, with Dundee having the 

greatest access to any green space within 500 m at 64.4%, while Aberdeen 

has the lowest access at 49% (table 1).  

 

As table 1 shows the same cities also rank highest and lowest respectively 

for access to any green space within 300 m. Dundee also has the greatest 

access to green spaces greater or equal to 1 hectare, at both measured 

distances. Aberdeen again ranks lowest in access to green spaces greater 

or equal to 1 hectare at both distances.  

 

Edinburgh has the greatest percentage of green spaces compared to city 

area size at 9.2% for any green space and 8.9% for green spaces greater or 

equal to 1 hectare. Aberdeen had the lowest ratio of green space to city area 

of any size and greater than 1 hectare at 6.6% and 6.1% respectively, as can 

be seen below in table 1. If the Euclidean % at 300 m was used then Dundee 

would still rank highest in terms of accessibility at 63% and Aberdeen 

would still have the least accessible green spaces at 49%.  

 

Table 1. An overview comparison between the four cities for each analysis type. 

City City Area 

(km2 

approx.) 

300m 

Any 

GS % 

500m 

Any 

GS % 

Total 

GS % 

300m 

1Ha 

GS % 

500m 

1Ha 

GS % 

Total 

1Ha % 

Euclidean 

300m 

Any % 

Glasgow 209 30.3 56.3 8.5 19.3 36.9 8.2 55.4 

Edinburgh 125 33.1 58 9.2 24.3 44.6 8.9 57.6 

Aberdeen 69 26 49.5 6.6 16.5 32.8 6.1 49 

Dundee 49 36.5 64.4 7.3 25.6 46.6 7 63 
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7. Discussion 
 

 

The results of this study show that there are distinct differences between 

the different measurement metrics used. The frequency of use threshold 

of 300 m stated by Giles-Corti et al., (2005) and Nielsen & Hanson (2007) 

shows a range in accessibility from 26% to 36.5%, a difference of 

approximately 10% between the study areas. When the walkable distance 

of 500 m (Ekkel & de Vries, 2017) was used the accessibility ranges from 

49% to 64.4%, a difference of nearly 20% compared to 300 m. The distance 

of 500 m seems to be more in line with the 5 minute self-reported time it 

takes to reach a green space in the Scottish Government report (2018). 

Both report rates of accessibility in the mid-60’s, which would indicate 

that 500 m on a network is a similar distance as can be achieved in 5 

minutes of normal paced walking. Therefore, this study would recommend 

that 500 m distance is used instead of a self-reported timeframe, due to 

self-reporting timeframes unreliability (Macintyre et al., 2008), as this 

provides a more consistent measurement metric when conducting 

proximity and accessibility analysis.  

 

When the size of the greenspace is considered and a minimum value of 1 

hectare is set, as recommended by Annerstedt van den Bosch et al., (2015), 

the rate of accessibility decreases. Within 300 m the accessibility ranges 

from 16.5% to 25.6%, a reduction of approx. 10% when size is not 

considered. When 500 m is used to establish accessibility there is a much 

greater decrease of approx. 17%, compared to when size is not a factor. As 

the size can affect which activities can take place, along with possible 

facilities (Kaczynski et al, 2008), it is a fair consideration that size plays an 

important role in health and social benefits of green spaces. The size of a 

green space is something that should be taken into consideration when 
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analysing perceived health benefits in conjunction with green space 

accessibility.  

 

The Euclidean distance of 300 m was found to very closely correspond to 

the 500 m network distance, with the variation between the two being 

approx. 1%, compared to approx. 25%, at 300 m. This strengthens the 

study conducted by Mosely et al., (2009) that found that Euclidean 

distance can substantially overestimate coverage when assessing 

accessibility. This reaffirms what Sander et al., (2010) and Higgs et al., 

(2012) state about the importance of clarifying the measurement metrics 

used when measuring distance for accessibility when trying to identify 

distance based relationships. This study would also agree with the two 

previous mentioned studies that concludes that network based 

accessibility is an improvement on Euclidean distance measurements.  

7.1 Limitations  

 

A limitation of this analysis can be that it includes only on walking access 

and excludes other modes of transport, such as car travel and public 

transport. Including other modes of transportation would provide a more 

robust analysis of access to green spaces but it is discounted due to the 

time it would require to accurately portray the cost of travel, i.e. time to 

ascend a steep slope, turn delay at frequently used crossings compared to 

crossings that are less frequently used by pedestrians. The assumption 

when analysing walking is that the majority of people are able to travel via 

this method.  

 

Another limitation is that the analyses does not consider population or 

household data. The use of population data would have given better 
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contextual information when considering a service area, such as whether 

an area that is unserved may be more densely populated than serviced 

areas. This would also allow for measuring the per capita accessibility.  

 

Some of the data may be missing such as roads or access points, such as 

unofficial pathways or shortcuts, this also limits the effectiveness of the 

study. However, the data used is from the Ordinance Survey (OS), a highly 

reputable organisation in the UK that provides high quality reliable data. 

The data used in the analyses (roads and access points) was provided by 

OS and uses the same coordinate system thus the data used is consistent, 

compared to using multiple different sources with different coordinate 

systems. 

 

The inclusion of access to blue spaces could also have been analysed as 

they can provide similar health benefits, particularly mental health, as 

green spaces. However, this study chose to focus solely on green spaces. 

7.2 Further Studies 

 

Further analysis that can be carried out could involve analysing 

accessibility via different transportation methods or between different 

socio-economic and ethnic groups. This could give a more accurate view 

of accessibility to green spaces for a city’s residents, as areas with different 

population demographics may have disproportionate variances in 

accessibility to green spaces and thus their corresponding health benefits.  

 

The quality of the green spaces could also be analysed as this could 

determine their usability for certain activities, which in turn could affect 

their possible health benefits. could have be done by measuring the 
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average normalised difference vegetation index (NDVI) score, which can 

measure the photosynthesis capacity of plant canopies by red and infra-

red light reflectance,  and would have allowed for a more accurate analysis 

of the possible health benefits of the green area. Analysing the ecological 

and biodiversity aspects of a green space could provide useful insight into 

the effects of green spaces within cities on the local flora and fauna. This 

 

The difference in historical city street structures and spatial planning 

could also be analysed. This would allow for an analysis as to how green 

spaces and the networks that lead to them were developed. The 

development of the greenspaces and networks could have been influenced 

by the age of the settlement and whether the city’s growth was structured 

or more organic in nature. Significant historical events, such as large fires, 

could also be taken into consideration. 

 

Qualitative studies focusing on how time or distance are perceived, and 

how perceived quality of green spaces could help when establishing 

relationships between perceived proximity and true distance.  

 

A larger study area could be analysed, such as county level, as this may 

help explain green space access within the urban areas. Aberdeen, which 

has the lowest green space accessibility of the study areas, has nearby 

access to the Cairngorms National Park. At a county level Aberdeenshire 

contains a large proportion of the Cairngorms National Park and it may be 

that the city council in Aberdeen is promoting the use of the Cairngorms 

National Park over the creation or expansion of green spaces within the 

city.  
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8. Conclusion 

 

In conclusion, green space accessibility in Scotland’s four largest cities 

varies between different distance metrics. A lack of clear wording and 

definitions regarding how the distance is measured, and how access is 

measured, can undermine the stated accessibility of green spaces within 

cities. In future, there should be a clear distinction between whether the 

recommended distance to access a green space is via a Euclidean distance 

or by using the network of streets and paths provided by the city. This 

would ensure a consistent approach when accessibility to green spaces are 

concerned and would allow for a more rigid analysis of the possible health 

benefits that are derived from this access.  
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