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Abstract 

 

 This thesis examined the ecosystem services delivered by a new type of vegetation 

comprised of grasses and forbs organised in biodiverse naturalistic meadows. The study 

site was a 500 metres retrofitted linear greenway, the Grey to Green, installed in Sheffield 

(UK) city centre. A street survey showed users highly appreciated the vegetation and had 

an improved the perception of the urban environment and thus established the delivery of 

cultural ecosystem services. By means of a questionnaire and micro-climatic 

measurements, a thermal sensation scale for Sheffield was defined. In addition to 

evidence for the role of physiological acclimatisation, a link was found between 

appreciation of the green space and tolerance to thermal discomfort. The influence of 

psychological factors on thermal comfort was further investigated using a visual 

questionnaire. Results highlighted interactions between thermal preference, thermal 

expectation, landscape appreciation and long-term experience. The microclimatic 

regulating services of meadows was demonstrated via a yearlong comparative study of 

surface temperature against that of shaded and exposed turf and concrete. The results 

highlighted meadows have a measurable impact on reducing the Urban Heat Island effect; 

and, at times, more efficiently so than trees. The environmental simulation software Envi-

Met was tested against field data and was showed to predict realistically surface 

temperature. This thesis demonstrated the usefulness of urban meadows in cultural and 

regulating ecosystem services delivery. They may ease surface heat accumulation, 

improve perceptual qualities of the urban environment and improve the sensation of 

thermal comfort. Thus, they contribute to making cities more liveable. 
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Chapter 1: Context and research aims 

 

 

 1.1 Introduction 

 

 The present thesis evaluates the usefulness of using a type of vegetation known as 

meadow or grassland in an urban context. These ecosystems are dominated by grasses 

and flowering plants with little to no trees and other woody species. They could constitute 

an interesting alternative to more traditional urban landscape forms but little is known on 

the positive or negative effects they may have on the quality of life of urban dwellers and 

liveability of cities. This thesis tackles this lack of knowledge through the framework of 

ecosystem services which are quantifiable or observable outputs produced by a biological 

community within its physical environment. This work assesses such outputs in the light 

of the benefits humans could derive from the existence of a biological community, here 

meadows in urban environments. Three aspects of ecosystem services are the focus of 

this research: the effects an urban meadow could have on microclimate, on thermal 

comfort and on psychological well-being. Each of these concepts and the research 

approaches will be further introduced in the present chapter.  

 

 The present body of work received Ethics Approval (Reference Number: 009939) 

for the street questionnaire presented in Chapters 3 and 4, the online visual questionnaire 

presented in Chapter 5. Consent was sought from participants and they were explained 

the gist of each questionnaire. Data was handled in accordance with University Policy 

and is authorised to be published in the present. The outdoor experiments presented in 

Chapter 6 received Health and Safety approval which was bundled within the Ethics 

Review. This thesis is supported by the University of Sheffield Interdisciplinary 

Scholarship: Future Cities. 

 

 Given the pluridisciplinarity of the work engaged and the diversity of methods 

employed to complete this thesis, please note that this thesis departs from a traditional 

format. In line with the University of Sheffield guidelines (Code of Practice for Research 

Degree Programmes. 2017 – 2018), this thesis contains an introduction and a conclusion 

that are relevant to the whole body of work by setting and discussing the general aim of 

the research undertaken. The “Results” chapters have been written akin to publications. 

This means that each provide their own introduction, methods and discussion sections. 
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When appropriate, links were made between findings of different chapters but not fully 

re-demonstrated to avoid redundancy and unnecessary length.  

 

 

 1.2 Issues of liveability 

 

 This body of work emerged from the founding brief and guiding principles put 

forth by the “Future Cities: design, engineering and urban retrofit” network. Its 

motivation was to apply interdisciplinary approaches to tackle current urban issues such 

as the development of innovative solutions to improve sustainability and liveability.  

 

 Sustainability and liveability are complementary concepts which respective 

definitions and areas of overlap have been largely debated in the literature (Gough, 2015). 

Some authors have even preferred using different concepts altogether such as “Quality of 

Life” versus “Environmental Quality” (van Kamp et al., 2003). In this body of work, the 

concept of liveability took preeminence since it was posited that the well-being of natural 

environments or ecosystems precluded human well-being (Lele et al., 2013). 

Additionally, the focus on urban environments, which are by definition man-made spaces 

designed for human life, prompted the choice of the more anthropocentric lens that 

liveability constitutes. 

 

 Liveability is a rather all-englobing concept that includes the basic biological 

needs of a human (such as shelter and food) as well as higher order needs which would 

fall into psychological, social (inter-personal) and spiritual dimensions (Ruth and 

Franklin, 2014). An environment is deemed liveable when it favours well-being in these 

dimensions to the people living in it (Kashef, 2016). Liveability thus refer to the 

environment’s characteristics that allow for these needs to be met, whether from a direct 

transaction with the environment or the environment being a platform or a context to the 

delivery, the degree to which these needs are met and the well-being which ensues 

(Antognelli and Vizzari, 2016; van Kamp et al., 2003). 

 

 In modern times, liveability in cities is compromised. The expansion of cities and 

rampant urbanisation has caused a plethora of environmental issues. For instance, the 

expanses of hard surfaces forces stormwater to be concentrated in increasingly ill-adapted 

sewers thereby increasing the likelihood of floods and combined sewers overflow putting 
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private properties, road, energy and information networks and public infrastructure at risk 

(Stovin and Swan, 2007). The built environment along with the concentration of energy-

demanding activities has adverse effects on the local climate by creating a lasting local 

peak of high temperatures known as the Urban Heat Island effect (Smith and Levermore, 

2008). Not only does this elevation of temperature favour the creation of pollutants such 

as ozone, it produces a higher thermal stress which poses a threat to the range of outdoor 

activities which can be practised, it reduces night time recovery and finally it generates a 

large range of risk factors to human health (Kleerekoper, van Esch and Salcedo, 2012). 

Aside from the environmental impediments, which are likely to worsen with climate 

change, increased population density and extent of cities (Smith and Levermore, 2008; 

Gaffin, Rosenzweig and Kong, 2012), there are equally vital social and cultural needs 

which are not properly met if at all. However, as these are usually underpinned by the 

provision and access to socio-economic benefits, services and opportunities, these lie 

outside of the scope of this project. Indeed, this body of work is concerned with how 

urban spaces may provide a foundation upon which liveability may be achieved and one 

such way is to create, or retrofit, green infrastructure in the existing urban fabric. 

 

 

 1.3 Green Infrastructure to deliver ecosystem services 

 

 Green Infrastructure (GI), understood in an urban context, are “hybrid 

infrastructures of green spaces and built systems […] that together can contribute to 

ecosystem resilience and human benefits through ecosystem services” (Demuzere et al., 

2014). The key component of GI is to provide a physical structure for ecosystems to live 

on (Tzoulas et al, 2007). In turn, these ecosystems, by their very existence, structures or 

processes within and between their biotic and abiotic components have certain functions 

also known as ecosystem services (De Groot, Wilson and Boumans, 2002; Escobedo, 

Kroeger and Wagner, 2011). To date, the most extensive framework regarding ecosystem 

services is the Millennium Ecosystem Assessment (2005). It states that these functions 

may be classified into four categories (see Figure 1.1). In the first place, there are 

supporting functions which permit ecosystems to be and flourish; these include water and 

nutrient cycling, soil formation and retention, tissue and biomass formation etc. These 

primary processes support other functions such as regulation services, which may range 

from flood prevention, purification of the air to climatic stabilisation, and provisioning 

services. The latter, through the supply of food and drinkable water for example directly 
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contributes to human liveability by fulfilling its basic needs. Green Infrastructure through 

the provision of the fourth ecosystem service, the cultural function, participates in 

providing a place for interaction with ecosystems themselves or a platform for higher 

order needs, such as social or religious gatherings, to be met. Ecosystem services seen 

through the lens of anthropocentric liveability may then be defined as “the benefits (or 

the drawbacks) humans derive, directly or indirectly, from the existence, functioning and 

exploitation of ecosystems” (definition derived from de Groot, Wilson and Boumans, 

2002; Escobedo, Kroeger. and Wagner, 2011; Fisher, Turner. and Morling, 2009). In 

short, ecosystems can enhance liveability by providing services and their delivery is 

mediated by green infrastructure in urban contexts. 

 

 

 

 In effect, GI has been linked to the improvements of many current urban issues. 

Numerous studies have highlighted the usefulness of large extents of greenery, city parks 

or urban forests, in countering the abnormal temperature elevation (known as the Urban 

Heat Island) by significantly cooling the air (Yu and Hien, 2006). This phenomenon 

named Park Cool Island has been shown to occur worldwide (Erell, Pearlmutter and 

Williamson, 2011). This cooling effect (a regulating ecosystem services) is known to 

extend beyond the physical space of the planted area (Jansson, Jansson and Gustafsson, 

2007) and can affect large parts of the city. To continue on this example, a park also 

enhances liveability within its boundary by providing a wide range of cultural ecosystem 

services. Users may come to parks to fulfil higher order needs such as “relaxing and “be 

in [contact with] Nature” (Chiesura, 2004) or searching for a “recreational space” (Home, 

Bauer and Hunziker, 2010). Urban GI acts indeed as a platform to increase well-being 

Figure 1.1: Schematic highlighting the link from the existence of ecosystems to their mode 
of delivery via Green Infrastructure to achieve liveability in cities. 
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even when such infrastructure is understood as a network of small planted areas. Sarkar 

et al. (2015) demonstrated that people walked more in streets which included more street 

trees in London. This translated into increases in two key variables: propensity to walk 

and distance walked, as the number of single street trees increased. As walking is perhaps 

the most common form of physical activity, it participates in maintaining good health. In 

this example, GI is thus linked to healthy behaviour possibly mediated by an improved 

perception of the street environment due to the presence of trees. Indeed, mere contact 

with vegetation, even in urban environments, has been shown to improve cognitive 

processes and mood (Hartig et al., 2003). 

 

 Ecosystems, and green infrastructure for this matter, are also known to render 

conflicting services. These conflicts may arise from different degrees of proximity to the 

actual space. Fisher, Turner and Morling (2009) give the example of a rainforest which 

acts as a global carbon sink thereby reducing the impact of anthropogenic pollution as a 

regulating service but, locally, as a supply of fuel which falls under provisioning services 

to highlight how certain functions produce contrasting services. In a similar vein, Church 

(2015) reports a disjunct between resident appreciations of swales even though these 

provide water quantity management. Their non-traditional look departed from the beauty 

standard and residents reported dissatisfaction from these vegetated areas. Here, the 

conflicts arose due to the constraints imposed on green spaces for use as stormwater 

management and their importance as a local amenity. Hence, as eluded to in the definition 

of ecosystem services, there may also be drawbacks to functioning ecosystems. 

 

 When considering ecosystems services in an urban environment, it becomes 

apparent that the material production or the physical impact of green infrastructure must 

be examined alongside its cultural or social contribution. Within the highly fabricated 

places that cities are, green infrastructure must not only fulfil basic needs but also users’ 

higher order endeavours. To deal with this ambivalence, this project chose a socio-

technical approach. The term socio-technical approach is borrowed from the 

organisational and systems engineering fields. In its original context, the basis of this 

approach was to ensure that a system meets technical performance and end user 

satisfaction (Bostrom and Heinen, 1977). It grew out of the need to embed technical or 

organisational systems in social contexts (Mumford, 2000). This body of work translated 

technical systems into eco-systems. Effectively, this approach considers the simultaneous 

delivery of different ecosystems services. To achieve liveability in its strictest 
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acceptation, which is the intersection of community harmony and environmental viability 

(Shafer, Lee and Turner, 2000), regulation and cultural functions of ecosystems must be 

examined simultaneously. 

 

 

 1.4 Limitations in current Green Infrastructure research 

 

 Studies analysing the regulating services of green infrastructure typically focus on 

trees (Kleerekoper, van Esch and Salcedo, 2012; Edmondson et al., 2016; Salmond et al., 

2016 for example). This fact is explainable as numerous studies have asserted the 

usefulness of trees to mitigate the Urban Heat Island effect and to provide respite from 

the sun to dwellers. Shashua-Bar and Hoffman’s study (2000) has become a reference 

regarding the microscale benefits of GI by notably reporting a 3°C reduction in air 

temperature around the immediate vicinity of a tree. Deciduous species can also be used 

advantageously in Northern countries to allow radiation onto the street in winter when 

they have shed their leaves (Nikolopoulou, 2004). However, trees cause numerous 

disservices, notably because of their supporting services which includes their growth 

habit. For instance, an ill-placed tree may divert air flows and cause cyclic flows causing 

accumulation of pollutants at a person’s levels (Erell, Pearlmutter and Williamson, 2011). 

Escobedo, Kroeger and Wagner (2011) established a long list of drawbacks caused by 

street trees and urban forests, which includes damage to buildings and sidewalks, 

monotonous planting as well as financial and carbon cost of maintenance. They also 

evoked that they may instil fear. This potential interaction between treed vegetation, its 

arrangement, and a sense of insecurity has been highlighted by Jorgensen, Hitchmough 

and Calvert (2002) and is presumed to be caused by their shape that restricts “openness”. 

This lack of visual permeability may then cause a natural “biophobic” reaction (Ulrich, 

1993). Additionally, the delivery of cultural services, particularly appreciation of the 

aesthetic components, is tied to the views and particular disposition of a local community 

(Bourassa, 1990; van Kamp et al., 2003). This was, for instance, showed in Knez and 

Thorsson (2008) where cultural differences between Swedish and Japanese as well 

personal attitude towards outdoor activities had a significant effect on the reported 

pleasantness and aesthetic appreciation of the parks they were into. As such, limiting 

green infrastructure to a restricted set of options is unlikely to fulfil the needs of every 

local community, which highlights the desirability of other plant forms. 
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 From an ecosystem services perspective, large scale vegetated areas such as parks 

or urban forests have been extensively studied (such as in Chiesura, 2004). Only a limited 

amount of studies address an intermediate scale, between the single tree and the urban park 

(see Felson and Pickett, 2005 for example). This might, however, become the most relevant 

scale to local authorities worldwide. As urbanisation has progressed, space for big urban 

parks might not be available anymore but opportunities to retrofit smaller scale GI may be 

plentiful (Felson and Pickett, 2005; Stovin, Swan and Moore, 2007). There is therefore a 

research gap to be filled on intermediate scale vegetated areas (Demuzere et al., 2014). 

Emerging research is indeed suggesting that effects at this scale are not negligible, 

particularly on cognitive restoration in the case of pocket parks (Peschardt, Stigsdotter and 

Schipperrijn, 2016) but much remains unknown, particularly on their regulating services. 

 

 

 1.5 Meadow vegetation as a potential multi-functional ecosystem 

 

 A promising alternative to trees is meadow-dominated vegetation. Southon et al. 

(2017) after reporting that residents were not only receptive but also preferred species-

rich meadows at the expense of traditional cues of human intervention (such as neatness 

and winter cutting) advocated for this vegetation to be studied further as a credible urban 

form. Given the growth habit of grasses and forbs, there is ample room for biological and 

geometric diversity. Contrary to a traditional horticultural approach to landscaping which 

necessitates larger man power and financial means, meadows may provide a more 

ecologically oriented approach by necessitating less labour. Their diversity of shape and 

colours are aesthetically important, they do not require to be mown extensively 

(Hitchmough and Woudstra, 1999). The access to taxonomic diversity also entails the 

possibility of matching the vegetation to a site’s specificities as well as favouring 

invertebrate and avian populations (Hitchmough and Fleur, 2006).  

 

 Numerous factors still impede their use as a credible alternative to trees or as their 

adoption as part of traditional green spaces. Indeed, the regulating services meadows, or 

herbaceous vegetation in general, could provide is mostly limited to turf grass (Armson, 

Stringer and Ennos, 2012 and Janik et al., 2015 for instance). This underlines the limited 

knowledge of the diversity of three-dimensional arrangement GI can offer. Indeed, 

beyond the two extremes that are short, regularly mown turf (used only as a reference in 
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Klemm et al., 2015 for example) and mature trees with large canopies, little knowledge 

has been produced to date.  

 

 An à propos retrofitted green space project arose in Sheffield’s City Centre that 

featured a meadow-dominated vegetation, the Grey to Green. Designed as a linear 

greenway, it saw the transformation of a grey avenue into a greened street with a reduced 

size road and the inclusion of planted beds on either side of one of the sidewalks. This 

scheme was an opportunity to undertake research on urban meadow vegetation and the 

regulating and cultural ecosystem services it may provide 
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 1.6 Aims, research approaches and objectives 

 

 So far, it has been established that liveability regroups a variety of factors that 

together contribute to human quality of life, both from physical and psychological 

perspectives. Plants, and by extension green spaces, may counterbalance risk factors that 

occur within the built environment via the delivery of ecosystem services. In this context, 

it was noted that small-scale green spaces and meadow vegetation are landscape choices 

that received comparatively less attention. Hence, the overarching aim of the present 

thesis is to examine some of the cultural and regulating ecosystem services delivered by 

urban meadows (shown in Figure 1.3). 

 

 As a first step, the Grey to Green which served as the study site in this body of 

work was characterised. As a multi-purpose green scheme, the Grey to Green was built 

with water detention in mind and took the approach of providing a grass and forbs 

dominated vegetation planted in a naturalistic planting style (CEEQUAL, 2016). This 

characterisation, which is reported in Chapter 2, has two objectives. The first one is to 

establish a description of its main features: SuDS, planting and economic context. The 

second objective of this chapter is to provide a list of the ecosystem services the scheme 

is expected to provide by design.  

 

 Within cultural ecosystem services, two aspects of the transaction with a green 

space were selected. It was unknown what the public’s reaction to a meadow-dominated 

vegetation arranged in a naturalistic manner would be within a city centre context would 

be. Indeed, contradictory theoretical views existed on this topic. Nassauer (1995) claimed 

that in urban environment a lack of visible human care and “messiness” entrained 

rejection. In contrast, in traditional environmental psychology, savannah-like 

environments have been found to elicit a “biophilic” reaction (Ulrich, 1993). Given the 

lack of knowledge in this regard, it seemed evident that users’ acceptance of the planting 

and the scheme would constitute the first objective of this thesis. The transaction with an 

instance of “nature” is known to provoke emotional and intellectual reactions. The second 

objective was therefore to evaluate how the planting might have improved or worsened 

various perceptual dimensions of the streetscape the scheme was in. Both of these 

objectives are treated in Chapter 3.  
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 The latter objectives were also considered as a first step towards understanding 

the Grey to Green’s potential effect on thermal comfort; which constituted the second 

research approach. Defined as the satisfaction with the thermal environment (Taleghani 

et al., 2015), outdoor thermal comfort has been identified as one of the key contribution 

of vegetation to the liveability of cities (Demuzere et al., 2014). Once again, data was 

limited on the potential improvement of thermal comfort by meadow vegetation. As 

highlighted by earlier studies, thermal comfort was not solely dependent on climatic 

parameters but also on perceptual and psychological phenomena (Nikolopoulou, Baker 

and Steemers, 2001). Knez et al. (2009) proposed a conceptual model of thermal comfort 

(summarised in Figure 1.2) where the “place” a person is in affects them in a variety of 

ways through its microclimate and its spatial configuration. However, depending on 

certain factors which include a person’s prior experiences, their attitude and beliefs as 

well as their activity level and reason to be outdoors, the effect of a “place” is moderated 

to produce a range of responses. 

 

 Thus, probing users’ thermal sensation and establishing a local thermal comfort 

scale, based on both their reported sensation and microclimatic parameters, constitutes 

the first objective in this research approach and is reported in Chapter 4. It follows that 

the influence of psychological factors may be inferred where the reported sensations do 

not match the expected or calculated comfort. Thus the second objective was to evaluate, 

notably using results from Chapter 3, the effect of certain psychological and physiological 

factors on the reported thermal comfort levels. 

 

 To add to the growing body of literature on the psychological components of 

thermal comfort, a final component was added to the thermal comfort approach. New 

work suggested that a person’s experience shaped their thermal sensation by leading to 

the creation of engrained thermal preference and thermal expectations in relation to the 

“Place” they were in (Lenzholzer, Klemm and Vasilikou, 2016) To continue further this 

discussion of the impact of psychological factors on thermal comfort, Chapter 5’s 

objective is to establish the existence and relationship between certain psychological 

factors of thermal comfort such as thermal preference, thermal expectation and landscape 

preference.  
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 Within regulating ecosystem services, which represents the third research 

approach, it was found that there was a gap of knowledge in the microclimatic effect of 

meadow vegetation. In urban contexts, it is particularly relevant to evaluate how green 

spaces reduce the urban heat island effect; the latter being a localised and persistent 

accumulation of heat within the urban space. One way to evaluate if a particular type of 

land cover participates to the heat island or reduces it is to measure its surface temperature 

throughout the day and compare it to surfaces such as concrete which favours heat 

accumulation and increase in temperature. In this regard, meadow vegetation with its 

complex three-dimensional structure of herbaceous plants characterised by dense ground 

cover, heterogeneous heights and growth habits has received limited attention. The 

objective of Chapter 6 was thus to monitor the meadow vegetation of the study site to 

understand how its surface temperature changed over the course of a 24 hours cycle, 

throughout the year, when compared to other surface types such as tree vegetation, turf 

grass and concrete.  

 

 On the one hand, empirical studies may be constrained by such things as access 

to a site, equipment or time. On the other hand, simulation programs may help researchers 

to evaluate the effect of a land use without needing extensive site surveying or help 

designers in considering different landscaping scenarios and their effect on the 

microclimate. For this reason, it was chosen to evaluate a modelling tool named Envi-

Met. The literature indicated that some work had been carried out to validate this 3D 

Figure 1.2: Simplified conceptual model of thermal comfort, proposed by Knez et al. (2009), 
which incorporates psychological processes in the emergence of thermal sensation. 
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climatic simulation software in a variety of contexts such as the effects of street trees and 

urban forms on the air and ground temperatures (Taleghani et al., 2015) but not with 

respect to herbaceous vegetation. Hence, in an attempt to cover this gap, the objective of 

Chapter 7 is to test the validity of this program by modelling simple meadows and 

comparing the simulated surface temperature with the one empirically measured and 

some obtained from literature.  

 

 

 

Figure 1.3: Summary of the object of study down to individual research objectives. 
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Chapter 2: The Grey to Green: site characterisation 

 

 2.1 Introduction 

 

 The Grey to Green is a complex greenway was retrofitted in Sheffield city centre 

(UK) and is the study site for a major part of the present. Being planned as a multi-purpose 

scheme, it has a number of features such as SuDS elements, specific planting (both in 

terms of species choice and arrangement) and art installation. At its core, it is intended to 

fulfil a number of ecosystem services both regulating and cultural. This chapter is 

intended as a general presentation of the Grey to Green scheme and the main objective is 

to detail each of the main components of this novel greenway: its general location, its 

water management service and its planting. This scheme was also placed within the 

established research framework, which is the optimisation of ecosystem services 

delivered by Green Infrastructure. To this effect, the various ecosystem services that the 

scheme is expected to provide are listed at the end of the chapter. 

 

 

 2.2 Primary data collection 

 

 The first phase of the Grey to Green scheme was implemented in February - 

March 2016 in the city centre of Sheffield (United Kingdom). At the time of writing, there 

was not any scientific literature available on the scheme but background material was 

available (CEEQUAL, 2016). Additionally, most documents relating to the design, plans 

and rationale of the scheme were not accessible via the Internet. Hence, the amount of 

readily accessible information was limited but could be made public on demand. A mix 

of data gathering methodologies were used. Initially, a press review was made using a 

standard research engine as well as the Nexis® database. (LexisNexis, 2016). In both 

cases, the words “grey to green” AND “Sheffield” (“AND” was used to mean both words 

must be present) were input. The articles were then reviewed individually and selected if 

they had a relationship with the topic at hand. All duplicates, articles that were too vague 

or repeating similar information were discarded from the press review. 

 

 In addition to the press review, a search for official documents was undertaken. 

These can take the form of press releases from Sheffield City Council (such as Sheffield 

News Room, 2015a, for example) or official reports issued on the City Council’s website. 
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To complete this search, additional documents were obtained by asking directly to 

landscape architects from the City Council. 

 

 

 2.3 Characterisation of the Phase 1 of the Grey to Green scheme 

 

2.3.1 Overall plan 

 

 Phase 1 of the Grey to Green scheme is situated in the northern part of Sheffield’s 

city centre (coordinates: 53°23 N, 1°28 W, elevation: 52 metres). It is situated in a central 

part of the city, neighbouring the South Yorkshire Police Station, the Law Courts and the 

Family Courts as well as numerous hotels, businesses and administrative spaces. Just north 

of the centremost part of the city, it is also right next to the River Don and next to the 

confluence with Sheffield’s other river, the Sheaf. The Grey to Green scheme is mainly 

installed along two streets: West Bar and Bridge Street, technically covering a length of 493 

metres (see Figures 2.1 and 2.2).  

 

 West Bar is the street that underwent the most changes. From an original four lanes, 

the road was reduced to two, which freed considerable amounts of space (Sheffield News 

Room, 2015a). Along its north side a number of planted areas with meadow-dominated 

vegetation have been installed. The opportunity to add some trees was also seized. The 

south side of the street was also modified by replacing the tarmac with permeable 

pavements. 

 

 Moving eastward, the bottom of Snig Hill received some modifications as well 

with some planted areas on the east side and permeable pavement on the west side. The 

smaller area to the north, called Love Square (shown on Figure 2.2), is a work in progress. 

As funding is obtained and made available, the City Council plans to progressively turn 

this brownfield site into a recreational rain garden (European Union News, 2014). The 

remainder of Bridge Street has been refurbished with permeable pavement. 

 

 A last comment on the overall design concerns the road redesign (see Figure 2.1). 

Indeed, its size has not only been reduced but no separating markings between the two 

new lanes were put. In effect, removing markings should have a psychological effect on 

the drivers, requiring more attention, leading to more cautious driving behaviour and 
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hence to traffic calming (Tudor, 2016). Lastly, the speed limit has been reduced to 20 

mph on the West Bar portion of the road (Sheffield City Council, 2015d). 
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Figure 2.1: 3D view of the study site before and after retrofit of the Grey to Green 
Phase 1 scheme. Area 1 and 2 are where measurements for Chapter 6 were made 
(modified from Google Earth Pro images). 
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Figure 2.2: Various views of Phase 1 of the Grey to Green. 
A. Plan of the scheme (reproduced and modified from Sheffield City 

Council material). 

B. View from Love Square looking down West Bar. 
C. View from Love Square looking down Bridge Street (author’s 

photographs, both taken in May 2016). 
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2.3.2 The SuDS elements 

 

 Because part of the rationale for the Grey to Green scheme was for it to function 

as a Sustainable Drainage System (SuDS), the concept of SuDS must first be introduced. 

SuDS are designed systems which incorporate both ecosystems and man-made 

infrastructures (see Figure 2.3). The core function of a SuDS is to reduce and treat storm 

water runoff (Wilson, Bray and Cooper, 2004; Susdrain, 2012, Woods Ballard et al., 

2015) in a way that is closer to or mimics natural systems. It is thus a combination of 

quantitative easement and qualitative water treatment within a single scheme. At the same 

time, it serves as an amenity, whether urban or not. This is an important factor, as SuDS 

are designed to be incorporated within urban and rural landscapes as functional 

infrastructures (Digman et al., 2012). As such they are tied to the context in which they 

are used as well as having an impact on their environment. As an example, a rain garden 

can also be utilised as a recreational space or even as a botanical garden for educational 

purposes. Lastly, according to the best practice principles put forth by CIRIA (Woods 

Ballard et al., 2015), a SuDS scheme should aim at enhancing local biodiversity through 

the introduction of a wide array of plant forms and species and, whenever possible, 

provide a range of different habitat such as ponds or forested areas. In turn, these newly 

created habitats attract insects, molluscs as well as birds, small mammals and amphibians. 

 

 The SuDS scheme of the Grey to Green was planned as a series of interconnected 

swale cells. Swales (also termed bio-swales or vegetated swales) are vegetated 

depressions that are primarily built for conveyance of surface water (City of Portland, 

2006; Susdrain, 2012). However, as is the case with the Grey to Green scheme, check 

dams (Figure 2.4) can be added in order to slow down the flow further and encourage 

infiltration if the bottom of the swale is not sealed with concrete or other impermeable 

materials. Swales are also known to be efficient at removing suspended solids onto which 

a majority of pollutants are attached (Scholes et al., 2005). This is of importance in the 

present case as the catchment area is the nearby road where, notably, oil residues from 

vehicles will be deposited (Bastien et al, 2010). The catchment area also includes the 

nearby footpath as well as two planting beds on West Bar. The latter are part of the Dry 

Planting elements but concerns about water infiltration to the basement of adjacent 

buildings pushed the architects to add outlet pipes routing the excess water away from 

these beds into the swale system. The soil chosen for this scheme was a sandy loam with 

a low amount of organic matter and mostly made from recycled elements (glass, compost, 
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etc.) (see Table 2.1 for further details). The predominantly coarse aggregate medium was 

selected for its capacity to encourage infiltration. 

 

Table 2.1: Mass fraction of various soil types entering in the composition of the growing 
medium used in the Grey to Green Scheme (Bradbury, D., personal communication). 

Percentage by Mass Description of component 
50% 5 – 20 mm sandstone aggregate 
25% Crushed glass 
15% Composted green waste 
10% Sandy loam (with maximum 8% clay) 

 

 

 The flow is routed as follows. The rainfall falling on the swale and incoming 

runoff from the drained area will infiltrate (the rate of which is dependent on the 

medium’s prior moisture content) and spread within a single cell. A porous shelf (see 

Figure 2.3A) was added between the edge of the road and the swale, its purpose is to 

provide a rough surface to slow down the runoff coming from the road. If the water table 

Figure 2.3: Details of the bio-swale elements that make up the SuDS scheme of the 
Grey to Green (Photographs by author). 
A. Detail of the kerbside with the road being on the top right corner and the planted 
area being in the bottom left corner. The arrow points to the "porous shelf" designed 
to slow down the inflow from the road.  
B. Close up of some check dams forming the boundaries of individual cells. There are 
pipes at the base of the dam that route the flow to the next cell if the water level rises. 
The notch in the middle is there in case the water level rises higher and the weir can 
act as a channel for surface flows. 
C. Photograph of cells immediately after the growing medium and the vegetation were 
installed. The uncut pierced outflow pipes can be seen covered in geotextile on the 
sides of each cells. 
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rises within a cell then it is collected by a perforated inlet pipe and routed into the flow 

control chamber. The water is then routed to the next cell and distributed along its width 

via a perforated outlet pipe (Figure 2.3C). If rainfall exceeds the outflow rate of the 

perforated outlet pipe and the rate of infiltration then ponding may occur. If the water 

level rises further, it will then pass through the notch into the next cell. If the water level 

continues to increase then it can flow over the weir. Lastly, each cell and check dam is 

lower than the road, hence if the system is saturated then the swale will just act as a 

conveyance channel and this should prevent the road from flooding. At the end of the 

swale there are two grills. The first one leads to an outlet in the nearby River Don for 

regular outflow (pictures in Figure 2.5). In case of exceedance flow, another grill leads to 

the sewers. Figure 2.4 summarises the expected flow of water within a typical swale cell. 

 

 

 In terms of water quantity reduction, the system was designed as follows. It should 

handle the peak inflow of a 1 in a 100 years return storm event to which 30% of rainfall 

was added to take climate change into account. In this latter case, the outflow of the 

system should be 18 l.s-1 (see Table 2.2 for comparison of the different outflow 

reductions) which is the maximum flow the outlet pipe to the River Don can handle. In 

case of exceedance (i.e. flows above 18 l.s-1) the flow is then routed to the sewer system. 

Table 2.2 shows the predicted outflow reduction rendered possible thanks to the 

installation of the SuDS for three kinds of rainfall events. It must be noted that the 

simulation work undertaken by the Sheffield City Council was undertaken under the 

assumption that all cells were lined (Tudor and Nowel, 2016). 

 

Figure 2.4: Schematic of an individual cell within the swale with an emphasis on the flow 
of water within the system (Author’s work). 
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Table 2.2: Comparison of the predicted reduction by the SuDS scheme of the peak outflow 
volumes (Tudor, Z. Chief Landscape Architect, personal communication) 

Events Built (l.s-1) SuDS (l.s-1) 
1:30 years, 60 minutes 80 9 
1:100 year, 60 minutes 115 14 

1:100 years + 30% (Climate Change), 60 
minutes 

150 18 

 

 The catchment area comprises the sidewalk on which the Grey to Green is 

installed and half of the lanes of the West Bar road (Bradbury, 2014). While the exact 

area for the catchment area could not be obtained, it can estimated as being between an 

equal to twice the area of the SuDS scheme itself. It can be argued that the design is overly 

conservative as the ratio of drainage area to drained surface is quite high, indeed the SuDS 

must drain only half of the width of the two lane road on West Bar and whichever flow 

comes out of the two additional planting beds. This conservative design choice has been 

justified by the Chief Landscape Architect who reported that due to the experimental 

nature of the scheme, they were ensuring that no failures would happen (Tudor, Z., 

personal communication). Indeed, a failure in the system could result in bad press and 

lower public acceptance, hence potentially discouraging further investment. 

 

 Lastly, the SuDS scheme aims to manage stormwater quality in addition to 

quantity. It is evident that all the flow that infiltrates to the grounds will not end up in the 

watercourse but the Grey to Green was designed to promote pollutant treatment. As 

shown in Figure 2.4, in a fashion not unsimilar to ponds, the last two swale cells on West 

Bar were lined with waterproof fabric to let water stagnate and encourage such processes 

as photo-degradation and microbial degradation (Environmental Agency, 2007). 
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2.3.3 The planting 

 

 A major visual characteristic of the Grey to Green scheme is its unique, multi-

layered, naturalistic urban meadow (illustrated in Figure 2.6). In the context of this 

research, an urban meadow (also shortened to meadow in this body of work) is understood 

as being different from natural grasslands (Joint Nature Conservation Committee, 2014) 

and different from traditional hay meadows (The Royal Society for the Protection of 

Birds, 2017). While the former is a natural grassland that is entirely natural, the latter is 

a semi-natural ecosystem that is affected by low intensity grazing or an annual cutting to 

produce hay for livestock. Depending on the specific soil conditions, altitude and level of 

management these different types of grass-dominated ecosystem may be more or less 

species rich. The urban meadow, on the other hand, is a meadow-like community which 

was constructed or managed to be fit for an urban context (Mårtensson, 2017). Urban 

meadows have the goal of having high grass and forbs diversity which supports a higher 

Figure 2.5: Photographs highlighting how outflow is managed on the Grey to Green 
Scheme. 
A. This cell, the last in the main stretch, was sealed with geotextile. 1 shows where a grill 
was installed to let the water flow out. Grill 1 is elevated to allow photolysis or bacterial 
degradation to depollute the stagnant water. 
B. This is the last cell in the SuDS scheme which is located on Bridge Street. It is separated 
from the main stretch via an underground pipe. The outflow from 1 then remerges in 2 
and spreads across the cell. If the flow is not absorbed then it will flow through 3. This 
grill is connected to an outlet pipe to the nearby river Don. In case of exceedance flow, 
then the water will be also directed in 4, a grill leading towards the sewers. 
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number of birds and invertebrate life forms but are also meant as a landscape for human 

interactions. 

 

 Naturalistic or informal planting is understood here as a more random-looking and 

natural-looking type of design. It is opposed to traditional designed planting that is usually 

undertaken by the landscape architect profession where species or groups of individuals 

are placed individually in order to produce a certain effect or have a certain visual 

rendering, using a detailed planting plan. In the present case, the landscape architects 

devised various species’ lists, according to the location but each individual or groups were 

not assigned a spatial location within individual planting beds. Hence, the naturalistic 

urban meadow is a species-rich community that is natural looking but not entirely 

disordered either. It has a high diversity of shapes, colours and size. It has an informal 

planting plan but it is not a wild landscape since the species were selected and grouped in 

communities. Lastly, it is managed, contrary to natural landscapes, once a year in winter, 

in contrast to hay meadows which are cut in summer. 

 

 The planting itself was undertaken half-cell per half-cell (axis along the outlet 

pipes) by construction workers who planted the individuals using the ‘random planting’ 

method. In the latter, contractor place individual plants randomly within an area to 

achieve a highly naturalistic effect (Dunnett and Hitchmough, 2004). In effect, instead of 

a planting plan, a set of instruction is used to guide this placement. For example, the plant 

mix comprises a stipulated percentage of each component species and the species are 

distributed according to this percentage. A stipulated planting density (typically 8 – 12 

plants per m2) enables plant spacing to be worked out. Adjacent cells were not planted by 

the same workers. There were, however, two constraints on plant installation. The first 

was the overall position of drought and wet tolerant species which had to be adapted to a 

SuDS or non-SuDS area and be appropriate to the expected level of drought within the 

SuDS. Indeed, the edge of the swale is expected to be much drier whereas the centre of 

the swale is expected to be regularly flooded, hence plants who can sustain either or both 

conditions should be placed in the appropriate area. The second was a design choice to 

still retain a pattern within the planting using a single species of grass. The tall growing 

grass Calamagrostis x acutiflora 'Karl Foerster' was planted in such a way as to create 

division of the space in the shape of a sinusoidal wave. The planting motif is used as a 

visual element to instil a sense of dynamism along the length of the SuDS scheme. Its 
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high growth habit is put to contribution as well in order to visually have a clear divide 

with the road behind. 

 

 There are three main communities planted throughout the scheme. They are 

referred to as Dry, Semi-wet and Wet species mix. Each of these species mixes goes in 

parts of the Grey to Green scheme according to the expected amount of rainwater and 

whether the bed has a drainage function or not. Hence, areas which are not part of the 

SuDS scheme and are supposed to be well drained will remain drier throughout the year. 

Here, the diversity is maximised in these areas with 55 species planted (see Table 2.3). 

 

 The SuDS scheme is mostly planted with the semi-wet species mix. With 32 

different species, the latter is supposed to be able to withstand high amount of water for 

short periods of time; time during which the excess runoff percolates down or is conveyed 

through the check dams and down the slope. Otherwise, it is expected that the swale will 

remain dry. A smaller portion of the SuDS is planted with the Wet species mix (at the 

bottom of West Bar towards Bridge Street in Figure 2.1 and 2.2). This community is the 

least diverse with fourteen different species, some of which overlap with the Semi-Wet 

mix (see Table 2.3). This community has been put together with the expectation that the 

swale in this area will receive a lot more inflow, might pond at times and overall be more 

humid. Indeed, it has been installed at the connection with Bridge Street where there is a 

strong inclination and hence it is expected that more water will converge towards these 

areas. 

 

 In addition to these three aforementioned species mix, 9 evergreen species and 20 

bulb species were introduced all across the planted areas. 5 type of trees were also planted 

in various places along the scheme. The complete list of species may be found in Table 

2.3 below. In total, 40 trees, 45’000 bulbs, 665 evergreens and 26’000 herbaceous plants 

were planted on this 500 metres stretch (CEEQUAL, 2016).  
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Figure 2.6: Photographs of the vegetation on the Grey to Green (all from the author).  
A. This one was taken shortly after the first annual cut which left the soil bare in a lot of 
places. 
B. This one was taken about three weeks after A and shows the vegetation becoming 
greener and bushier with the first flowers (bulbs) appearing, taken in March.  
C, D and E. These photos, taken towards the end of the summer of the second growing 
season, illustrate the diversity of geometric shapes, growth habits, heights and flower 
colours which gives rise to a space that is densely occupied both on and above ground as 
well as providing a strong visual interest. 
F. In this photograph, the pattern created with Calamasgrostis x acutiflora is visible as an 

arc of a circle, this helps the eye to still find order and coherence within the landscape. 
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Table 2.3: Species lists per type of communities and other landscape features (Tudor, 
2014) 

DRY SPECIES WET SPECIES 
Achillea filipendulina 'Coronation Gold’ Astrantia major claret 
Achnatherum calamagrostis Caltha palustris 
Anelmanthele lessoniana Cynogolssum amabile 
Anemone japonica 'white' Deschampsia 'Goldtau' 
Armeria maritima Geum 'Emory Quinn' 
Aster amellus Hemerocallis lilio asphodelus 
Aster 'Purple Dome’ Iris robusta 'Gerald Darby' 
Aster sedifolius Nanus Juncus 'Carmens Grey' 
Astilbe 'Purple Lance’ Lychnis flos cuculi 'White Robin' 
Betonica officinalis Lyhtrum salicaria 'Zigeunerblut' 
Calamintha nepeta 'Blue Cloud' Persicaria bistorta 
Carex secta Primula florindae 
Centaurea montana 'Jordy' Primula sikkimensis 
Coreopsis verticillata 'grandiflora' Veronicastrum v. 'Roseum' 
Deschampsia 'Goldtau'  
Dianthus carthusionorum SEMI-WET SPECIES 

Echinacea pallida Amsonia tabernaemontana salicifolia 

Echinops ritro Veitchs Blue Anelmantheie lessoniana 
Erodium manavescii Aster amelius 
Eupatorium cannabinum 'Plena' Astilbe 'Purple Lance' 
Euphorbia polychroma Betonica officinalis 
Gaura lindeheimeri Whirling Butterflies Calamintha nepeta 'Blue Cloud' 
Geum 'Emory Quinn' Carex secta 
Helicotrichon sempervirens Deschampsia 'Goldtau' 
Hemerocallis lilio asphodelus Echinacea pallida 
Heuchera sanguinea Eupatorium cannabinum 'Plena' 
Iris robusta Gerald Darby Euphorbia polychroma 
Knautia macedonica 'Mars Midget' Gaura lindheimeri 'Whirling Butterflies' 
Kniphofia 'Tawney King' Geum 'Emory Quinn' 
Libertia formosa Hemerocallis lilio asphodelus 
Limonium latifolium Heuchera sanguinea 
Luzula nivea Iris robusta 'Gerald Darby' 
Lychnis coronaria Iris sibirica 'Tropic Night' 
Lychnis flos-cuculi Juncus 'Carmens Grey' 
Lychnis flos-cuculi 'White Robin' Kniphofia 'Percy's Pride' 
Lyhtrum salicaria 'Zigeunerblut' Kniphofia 'Tawny King' 
Malva moschata Luzula nivea 
Miscanthus sinensis 'Undine' Lychnis flos cuculi 'White Robin' 
Molinia 'Poul Petersen' Lyhtrum saiicaria 'Zigeunerblut' 
Origanum laevigatum 'Herrenhausen' Molinia 'Poul Petersen' 
Panicum 'Dallas Blues' Miscanthus sinensis 'undine' 
Perovskia atriplicifolia Polemonium caeruieum 
Polemonium caeruleum Primula florindae 
Pulsalilla vulgaris Rudbeckia fuigida deamii 
Rudbeckia fulgida deamii Salvia X sylvestris 'Mainacht' 
Salvia nemorosa 'Carradonna' Sanguisorba Red Thunder 
Sanguisorba 'Red Thunder' Succisa pratensis 
Saponaria 'Max Freil' Veronicastrum v. 'Roseum' 
Scabiosa columbaria  
Sedum 'Jose Aubergine' BULBS 
Stachys byzantina Big Ears Allium aflatunense 
Stipa gigantea Allium sphaerocephalon 
Succisa pratensis Allium stipitatum 'Mount Everest' 
Verbena bonariensis Camassia Leichtlinii Alba 
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Veronicastrum v. 'Roseum' Camassia Leichtlinii caerulea 
 Camassia quamash 

EVERGREEN STRUCTURE PLANTING Eremurus Bungei 
Artemisia arborescens 'Powis castle' Eremurus Cleopatra 
Cornus kousa 'China Girl' Eremurus robustus 
Euonymus alatus 'Compactus' Fritillaria imperialis Lutea 
Phlomis tuberosa ’Amazone' Fritillaria imperialis Rubra maxima 
Pinus Mugo 'Mops' Galtonia candicans 
Rosemarinus o. 'Miss Jessops upright' Galtonia viridiflora 
Sacoccocca hookeriana 'Digyna' Gladiolus communis byza ntinus 
Viburnum plicatum 'Mariesii' Lilium martagon 'Orange Marmalad' 
Yucca flaccida 'Ivory’ Lilium martagon 'Russian Morning' 
 Nectaroscordum siculum bulgaricum 

SPECIMEN TREES Nerine bowdenii 
Gleditsia triacanthos 'Skyline' Ornithogalum magnum 
Quercus palustris Tulipa sylvestris 
Cercis sliquatrum  

MULTI-STEMMED TREES GRASS CHAIN STRUCTURE 
Euonymus alatus or Betual pendula Calamagrostis x acutiflora 'Karl Foerster' 
Betula pendula  
Cercis sliquastrum ADDITIONAL GAP PLANTING 
 Ameria maritima 
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2.3.4 Development and economic opportunity  

 

 When the City Council deemed a portion of a highway to be redundant after the 

construction of the inner ring road in 2007, it saw the opportunity to reshape it to a dual 

purpose: economic redevelopment and flood management (Sheffield News Room, 2015b). 

Indeed, the City Council believes Sheffield must simultaneously engage with a prosperity 

gap of £1.6 billion and protect itself from massive floods like the ones that occurred in 

2007 (Sheffield City Council, 2013). 

 

The total budget for Phase 1 of the Grey to Green scheme amounts to £3,696,904 

(£3.7 million) (Department of Landscape, 2016). The main funder of this scheme is the 

Sheffield City Region Investment Fund (SCRIF). This fund is primarily concerned with 

economically galvanising various part of the Sheffield area (Sheffield City Region, 2016). 

One of the main aims of the Grey to Green scheme is therefore to provide a setting to 

attract companies and investors, encourage real estate redevelopment and hence create 

employment, whether directly or not. On this note, the City Council predicted the creation 

of around 1,900 jobs following the redevelopment of the area surrounding of the Grey to 

Green (Sheffield City Council, 2015b). This is not the first project of its kind in Sheffield 

where green infrastructure is used as a means to improve social and economic well-being. 

Indeed, such an endeavour has been pursued on the Manor and Green Estates in order to 

revitalise a large area of neglected open green space (Commission for Architecture and 

the Built Environment, 2009). 

 

 The second main source of fund comes from the European Regional Development 

Fund (ERDF). This is a scheme set up by the European Union to support economic, social 

or environmental projects in regions that suffer from a gap in their development (Eur-

Lex, 2010). The Grey to Green scheme complies with the requirements of these funds as 

it is notably intended to not only promote environmental benefits through water 

management but also attract investors into the area in order to foster employment. 
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2.3.5 Art display 

 

 Once construction had started, the City Council realised it had made some savings 

in comparison to the budgeted amount for the endeavour (Sheffield City Council, 2015c). 

Indeed, the deal with the construction contractor, North Midlands (Built Environment 

Hub, 2015), turned out to be less costly than envisaged. The council had originally 

allocated £50k for the art bid but found themselves with a £110k surplus. With a total 

£160k left, the Council decided, in agreement with its funders, to make an invitation to 

tender for the creation of art features (Ogden, 2015).  

 

 It is interesting to note, in this regard, that a local cycling 

campaign body (the “Cycling Forum”) made a Freedom of 

Information request to the Council desiring to see the economic 

report. Following this, they campaigned for the budget to be used 

to build cycling tracks instead of public art (Beardmore, 2015b). 

After the final vote regarding the allocation of the budget was 

postponed, the City Council eventually decided to pursue the art 

bid. This situation could represent a stakeholder’s conflict of 

interest. The money dedicated to the art could indeed have been 

channelled for the construction of cycling paths. However, in 

Ogden’s report (2015), it is clearly mentioned that the overall 

design of the scheme would have had to change if it were to 

include separate cycling paths and due to funding deadline, the project needed to go ahead 

without modification of the design. The report also mentions that the potential cycling 

and walking conflict had already been previously noted and dealt with by the appropriate 

representing bodies. 

 

 There are five “totems” that are displayed along Phase 1 of the Grey to Green. 

They are four metres high and the original design came from Sheffield City Council 

Design Team (Sheffield City Council, 2015b). They are made of steel brightly coloured 

boxes that are stacked together. Within some boxes, there are stone carvings with 

representations or illustrations of historical events or local stories. Some other boxes are 

hollow. The totems are accompanied by information boards alongside to aid the public’s 

interpretation of the art display.  

 

Figure 2.7: One of the five 
art totems installed along 
Phase 1 of the Grey to Green. 
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 2.4 Greenways and ecosystem services 

 

 As the previous description has highlighted, this scheme contains a plethora of 

elements, incentives and design characteristics. In Searns’ (1995) classification, the Grey 

to Green would be a Generation 3 greenway. He describes such schemes as: 

“emerging ‘multi-objective’ greenways that address needs of wildlife, flood 

damage reduction, water quality, education and other infrastructure needs in 

addition to urban beautification and recreation” (p66). 

In other words, these new types of Green Infrastructure serve a purpose not only as a 

source of recreation (in the form of walking or offering space for seating) to its users 

(Gobster, 1995) but as a means to provide ecological services and most notably 

sustainable flood risk reduction.  

 

 The Grey to Green fulfils a number of CIRIA’s recommended guidelines for 

SuDS (Woods Ballard et al., 2015, pp 33-34) that are regrouped in four main objectives: 

water quality improvement, water quantity management, biodiversity support, and 

amenity creation. Yet a different way to examine the outputs of the Grey to Green is to 

use the Millennium Ecosystem Assessment’s typology of ecosystem services 

(Millennium Ecosystem Assessment, 2005). Figure 2.8 summarises all the benefits (term 

used by CIRIA) and ecosystem services (term used by the Millennium Ecosystem 

Assessment). In Chapter 1, ecosystem services were defined as: the benefits (or the 

drawbacks) humans derive, directly or indirectly, from the existence, functioning and 

exploitation of ecosystems. In Figure 2.8, services marked by an asterisk cannot be 

considered as ecosystem services as per the definition used by this project but are counted 

as benefits per CIRIA’s criteria. These benefits include facilitated pedestrian connectivity 

or art forms for example. These added benefits are more the result of the overall design 

of the scheme rather than the product of the function of the ecosystem it harbours. These 

benefits were nonetheless included here since the ecosystem itself could be seen as 

providing an aesthetically improved setting for these benefits to exist in. It was evident 

the Grey to Green, by design, was going to deliver numerous services. However, given 

the novelty of its features, the use of meadow vegetation notably, it was decided to gauge 

public’s acceptance and perception of the scheme while studying how it affected the local 

microclimate and thermal comfort. 
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Figure 2.8: Summary of ecosystem services, as defined by the Millennium Ecosystem 
Assessment, and the overlap with CIRIA’s objectives for SuDS schemes delivered by the 
Grey to Green scheme. 
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Chapter 3: Naturalistic meadows enhance aesthetics and perception of streetscape 

 

 

 3.1 Introduction 

 

 The Grey to Green, introduced in the previous chapter, is a multi-purpose 

vegetated area planted with a naturalistic flowering meadow meant to deliver regulating 

and supporting ecosystems services. The vegetation possess characteristics which depart 

from usual urban green spaces such as a lack of a formal planting plan and lack of cutting 

through the growing season and it was unclear whether dwellers would accept it and 

benefit from its presence or not. Hence, the aim of this chapter is to evaluate the delivery 

of some cultural ecosystem services that stem from proximity with the scheme and 

particularly its meadow-dominated vegetation. To do this, two dimensions will be 

explored: the acceptance of the planting and the perception of this newly redesigned 

space. 

 

 

 3.2 Urban green infrastructure and ecosystem services 

 

 Urban green infrastructure (UGI) has the potential to simultaneously deliver many 

ecosystem services: for example surface water management (Digman et al., 2012), 

climate change adaptation (Derkzen, van Teeffelen, & Verburg, 2017) or human well-

being Grahn & Stigsdotter, 2003, Riechers, Barkmann and Tscharntke, 2016). The 

efficient functioning of UGI is at least partly dependent on the content, diversity, spatial 

arrangement and layering of the vegetation, and there is increasing evidence that 

vegetation that is more diverse and contains a greater variety of plant functional types, is 

more effective than simple, low diversity vegetation (e.g Lundholm et al., 2010, Yuan & 

Dunnett, 2017). This is in-line with ecological theory that suggests that diversity of plant 

species may positively influence such ecosystem properties as overall productivity, or 

resistance to external stresses and disturbance (Tilman & Lehman, 2002). Conversely, 

typical designed urban vegetation tends to be very simple in its species composition, and 

is intensively maintained to promote a neat and tidy appearance, with frequent 

maintenance, irrigation and chemical inputs. Advocates of a more sustainable approach 

to integrating ecologically-functioning vegetation into UGI propose systems with greater 

species diversity, and a less intensive (extensive) maintenance regime (Breuste, 2004; 
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Garbuzov et al., 2013). In many countries, the context of dwindling public funds for 

intensive maintenance of urban green spaces has also led to the need to actively consider 

less intensive practices (Jorgensen et al., 2002; Southon et al., 2017). Almost by 

definition, a more sustainable, extensive approach to urban greening results in a greater 

naturalistic and less formal character to the vegetation (Hitchmough & Dunnett, 2003). 

 

 A key objective for UGI application is to reduce the total area of impervious, 

water-shedding sealed surface, with soil-plant systems that enhance sustainable 

stormwater management and promote a wide range of other ecosystem services (Gill et 

al, 2007). Comprehensive greening in high-density urban environments has been the 

subject of relatively little research (Jim & Chen, 2003), and yet in these contexts the extent 

and proportion of sealed surfaces is at its highest. Population and land-use pressure mean 

that opportunities for significant conventional greenspace (large-scale parks and gardens) 

can be limited (Gill et al, 2007; Ng et al, 2012).  Therefore innovative elements such as 

green roofs and green streets become important means for integrating UGI into areas 

where other opportunities are limited (Gaffin et al, 2012). Road, travel surfaces and 

sidewalks constitute a significant proportion of urban imperviousness, and are perhaps 

the highest contributor to urban water runoff pollution (EPA, 2008). Green streets apply 

UGI components to manage stormwater while maintaining the primary function of the 

street for vehicles, cyclists and pedestrians (Philadelphia Water Department, 2014). 

Components of green streets may include street trees, street-side planters, permeable 

paving, rain gardens (EPA 2008), but are largely composed of bioswales integrated into 

the streetscape (Church 2015). 

 

 Extensive application of such components in green streets can add significant 

aesthetic value and biodiversity into areas that would otherwise be devoid of vegetation 

(Steiner & Domm, 2012). However, the majority of urban bio-retention features 

implemented to date are dominated by vegetation with low species richness, potentially 

leading to adverse visual effects and poor interaction with local biodiversity (Dunnett and 

Clayden, 2007). Despite being highly engineered features, the vegetation component is 

also usually the most visible aspect of bioswales and rain gardens, and therefore the 

content, and structural and visual characteristics of that vegetation will, in large part, 

determine public perceptions regarding acceptability and understanding (Church 2015). 

As an alternative to standard low-diversity mixes of sedges and grasses, highly diverse 

naturalistic mixes of perennials (particularly flowering forbs and ornamental grasses) in 
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meadow-like combinations have been proposed as a cost-effective, visually attractive and 

sustainable vegetation type for urban bioswales (Johnston, 2011; Hitchmough & Wagner, 

2013).  

 

 

 3.3 Aim and objectives 

 

 It is now established that meadow vegetation may offer a variety of ecosystem 

services (supporting and regulating). It has long been recognised that there may be 

conflicts between ecological or environmental sustainability goals, and what users will 

accept, prefer and deem fit (for example Nassauer, 1995 and Breuste, 2004). In another 

words, there may be conflicts between cultural services and regulating/supporting 

services, as summarised in Figure 3.1. Because naturalistic planting styles have a very 

different visual appearance to conventional urban landscape, there is concern that people 

may not respond positively to these sustainable vegetation types (Ozguner and Kendle, 

2006). What may be accepted as natural in wildland and agricultural landscapes may not 

be tolerated in high density urban contexts, where a degree of control, neatness and human 

intervention might be expected (Gobster et al., 2007, Zheng et al., 2011). For example, 

Everett (2016) reported on the difficulty for residents of Portland to accept the appearance 

and plant choices of bioswales, even though they had been put in place as part of a larger 

flood risk management scheme. 

 

 There is encouraging evidence that urban meadows may be well received by its 

users. Previous studies in low-medium density urban and suburban greenspaces have 

indicated a public preference for biodiverse meadows over traditional herbaceous 

borders, bedding plants and lawns (Southon et al., 2017). High diversity and abundant 

flowering content appear to be important in public preference (Jorgensen et al., 2002; 

Lindemann-Matthies and Bose, 2007; Southon et al., 2017) in these contexts. To date, 

however, no studies have investigated public response to such vegetation when 

introduced in highly urban non-greenspace contexts, as part of a green street initiative. 

This work was intended, primarily, at addressing the gap of knowledge regarding the 

acceptance of naturalistic meadow-dominated green spaces within a highly urbanised 

context. To do so, the first objective of the study was to record in situ public attitudes and 

reaction towards the appropriateness and acceptability of meadow-like vegetation in an 

innovative green street initiative in the UK. 
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 The second major aim of this study, as shown in Figure 3.1, was to probe if the 

urban meadow vegetation, as an instance of “nature”, could provide cultural ecosystem 

services that would further liveability goals and promote human health. Indeed, cultural 

ecosystem services could be described as the intangible outputs of a biological 

community that promote human psychological and social well-being (Milcu et al., 2013). 

To test for the provision of these services, questions relating to the improvement of 

perceptual qualities of the street environment were added. Four dimensions were chosen 

as part of this study. The aesthetic value of a street was the first. Positive evaluation of 

one’s urban environment has been linked to promote liveability and quality of life, 

notably through promotion of walking behaviour (Forsyth et al., 2008; Koohsari, 

Karakiewicz and Kaczynski, 2013). Derkzen, van Teeffelen, & Verburg’s (2017) have 

demonstrated that urban green infrastructure was often viewed as positive for its 

association with air purification. It was unknown if this view was associated with meadow 

vegetation or not and as such was the second perceptual dimension probed for. Perceiving 

oneself as safe or not may be influenced by the presence and arrangement of vegetation 

(Ulrich, 1993; Jorgensen, Hitchmough, & Calvert, 2002). To probe the safety dimension, 

questions related to personal security and safety from cars were added to the 

questionnaire. The last dimension was the effect of vegetation on mood. Contact with 

instances of Nature has the faculty to uplift human mood and also restore fatigued 

cognitive processes (Hartig et al., 2003). These are but a few dimensions of the cultural 

ecosystem services that green spaces may provide. These perceptual qualities, linked to 

the appreciation of the vegetation itself, may contribute to health promoting measures 

such as place attachment, walking and recovery of cognitive functions which, in turn, 

have strong social and psychological benefits. Hence, such perceptual dimensions were 

deemed critical in contributing to the feeling of liveability of a city. 
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 3.4 Methods 

 

3.4.1 Questionnaire design 

 

 Many landscape perception studies use photo-elicitation techniques whereby 

respondents are shown real or manipulated images, and asked questions relating to those 

images (in Southon et al, 2016, for example). Because the Grey to Green scheme contains 

heavily used side-walks that are bounded on both sides by the new vegetation, it was 

decided to speak with users directly on site, and to obtain their impressions of the scheme 

as delivered, in its context. A questionnaire was developed (see Appendix 1) that, with 

some exceptions, was based on a series of statements that respondents were asked to agree 

or disagree with, using a Likert-scale (5 points) from “Totally disagree” to “Totally 

agree”. The answers were coded from “-2” for total disagreement to “+2” for full 

agreement with a statement. To assess whether or not the Grey to Green had produced a 

positive change in people’s opinion of the street environment, it was decided to pose 

questions with a positive bias. The null hypothesis is then that if the Grey to Green had 

failed to bring meaningful cultural ecosystem services, or even possibly deliver cultural 

disservices, then respondents would manifest their disapproval to positive statements and 

hence the items would have negative, zero included, scores. Since this survey was meant 

to be held in the street, within a busy environment, it was deemed necessary to produce 

as short of a questionnaire as possible; tailored for respondents who would potentially 

have little time to spare. In this manner, some of the factors intervening in aesthetic 

Figure 3.1: Conceptual diagram of the present study’s rationale. 
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appreciation and perception of a landscape may not be covered but at least a short 

questionnaire made it easier for them to be completed and thus give a coherent data set 

for analysis. This questionnaire received explicit ethical approval as part of the overall 

Ethics Review mentioned in the first chapter. 

 

 Firstly, information about gender, age category, frequency of passage and reason 

to be on site were recorded. These pieces of information were designed to categorise the 

kind of people passing or stopping by the scheme. Then the survey dealt with the reaction 

to the planting and was aimed at gauging the acceptability of the naturalistic of the 

meadow. Four questions were asked in this category which were based on a previous 

large scale study on people’s opinion on parks’ planted areas (Hoyle, 2015). The 

respondents were thus asked whether they deemed the planting attractive, natural-

looking, well maintained and fitting in its environment. These two last items were added 

in the questionnaire as qualitative research on UGI has shown these two dimensions have 

a strong impact on residents’ opinion (Church, 2015; Everett et al., 2015 for example). 

An additional closed question asked: “Would you like to see more of this type of greening 

around Sheffield?” This item was meant to probe if the planting was appreciated 

sufficiently to be deemed repeatable elsewhere and hence some insight into the faculty of 

meadow-like vegetation to become a socially acceptable and desirable landscaping norm. 

 

 Then questions related to respondents’ perception of their urban environments 

were asked. Aesthetic appreciation of a landscape is one stepping stone towards proving 

the delivery cultural ecosystem services but it needed to be completed with items asking 

directly about them. The constraint of interviewing length was also taken into account in 

this section and only five items were retained. As introduced earlier, the respondents were 

probed on the following items: improvement of the overall street’s aesthetics, personal 

safety (following Jorgensen, Hitchmough, & Calvert, 2002), decreased danger from 

traffic and improvement of air quality. The improvement of respondent’s mood was also 

added. Following other research projects such as Hartig et al. (2003) and Marselle et al. 

(2014), the improvement of “happiness” was treated as a single item, as opposed to a 

composite score of multiple items. In this study, stating an improvement of happiness was 

seen as a measurable outcome of an overall positive affect brought by the scheme. In 

addition to the aforementioned items, respondents were asked, via a closed question, if 

they had changed their journey to pass by or through this area or not. This question was 

added under the assumption that if a greened area was deemed pleasant enough then it 
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was expected that pedestrian traffic would increase in this portion, as was the case with 

treed streets in London (Sarkar et al., 2015). 

 

 

3.4.2 Sampling procedure 

 

 Prior counting undertaken by the University of Sheffield estimated a daily passage 

of 2000 to 3000 passersby in the area surrounding the Grey to Green (Dunnett, N., 

personal communications). For a confidence interval of 5% and a confidence level of 

95%, the representative sample size is situated between 322 and 341 people. To ensure 

adequate representation of the passersby, three time periods were used (similar to the 

RUROS study, Nikolopoulou, 2004): 8:00 to 11:59; 12:00 to 14:59; 15:00 to 19:00. 

Preliminary information about the site indicated it was situated in a business oriented 

area, hence had an assumed higher frequentation during weekdays and working hours. 

However, weekdays and weekends were both sampled to ensure the study did not 

overlook any potential sub-group of users. The lead author and two interviewers 

participated in the street survey with a defined text to introduce the survey. Oral 

agreement to answer the questionnaire and to participate in the research were sought for 

each respondent. All analyses were performed using IBM’s SPSS 23 software.  
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 3.5 Results 

 

3.5.1 Sample description 

 

 339 questionnaires were obtained over a period of ten non-consecutive days 

during the months of July and August 2016, with weekdays and weekends both being 

sampled for adequate user representation. The sample comprised nearly as many men as 

women (n = 169 and 170 respectively) and the most represented age groups were the 26 

to 35 years old (n = 105) and 36 to 45 years old (n= 86) (see Table 3.1). These results are 

coherent with a sampling that occurred around a business district and thus can be seen as 

representative of an active population. While efforts were made to cover equally all time 

periods of the day, response rates varied greatly. The maximum number of responses were 

obtained in the middle of the day (12:00 to 14:59; n = 144) which is consistent with 

respondents having time to spare over their lunch breaks. In the same vein, frequentation 

of the area drastically fell past 17:30, once workers had left their office.  

 

Table 3.1: Characteristics of the sample and distribution of responses 
Sex Age groups Time period Reason to be on site 

Male 169 18 - 25 74 Morning 88 For work 183 

Female 170 26 - 35 105 Mid-day 144 For leisure 70 

  36 – 45 86 Afternoon 107 On an errand 52 

  46 – 55 51   To visit the 
site 

34 

  56+ 23 Week-day 241   

    Week-end 98   

Total amount of questionnaires 339 

 

 

3.5.2 Reaction to the planting 

 

 Overall, the results ( shown in Figure 3.2) indicated a very positive response to 

the planting intervention. For the reaction to the planting questions, mean scores indicated 

a positive appreciation of the scheme by being superior to 1 on a maximum of 2 except 

for the perception of maintenance. Planting attractiveness has the highest mean score 

(noted x̄ henceforth) with x̄ = 1.26, followed by the rating of the planting’s character with 

x̄ = 1.1. Despite the novelty of this type of scheme, naturalness received a high rating as 

well (x̄ = 1.02). The lowest score, yet positive response, comes from the perception of the 

maintenance of the site with x̄ = 0.88; the latter might, however, be indicative of a 
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response to the less tended aspect of the vegetation rather than issues of littering or 

improper plant care. A Wilcoxon Signed Rank test confirmed that all aforementioned 

scores were positive. Indeed, responses were tested against the null hypothesis that if the 

planting had not elicited any positive reaction then the median response should be centred 

on 0. Unsurprisingly, all medians were significantly different from 0 (p < 0.05, median 

scores shown Figure 3.2) and were positive, thus indicating an overall positive reaction 

to planting. An additional binary question completes this set of appreciation scores. When 

asked if they would like to see more of this type of greening intervention in Sheffield, 

98.2% of respondents responded positively (Figure 3.3). This suggests the scheme’s 

perceptual qualities were appreciated and recognised as something that could be 

replicated elsewhere in the city 

 



42 

 

 

 Following a Shapiro Wilk test (p < 0.01 for all items), parametric tests were 

applied to the whole data set as stipulated for items having a non-normal distribution. The 

effect of gender on the responses was measured using the Mann-Whitney test. The 

responses to the closed question returned no significant difference between sexes. The 

planting’s attractiveness did not either, thought it was close to significance (p = 0.073) 

which contrasts which the other three items. Men and women rated differently the 

naturalness, the character and the maintenance of the vegetation (p < 0.05, see 

Supplementary Table 3.1 for full details). In all three instances, women’s ratings were 

higher than men’s. These result are coherent with other studies reporting gender 

Figure 3.2: Mean (orange) and median (grey) scores for each of the 5-point 
items of the questionnaire. Each score is comprised between “-2” which 
would have the respond totally disagree with the statement and “2” which 
would have the respondent totally agreeing with the statement.  
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asymmetry on landscape preference scores. In the case of the Grey to Green, the scheme 

relies heavily on flowering forbs for visual effects, a feature that women are expected to 

appreciate more (Jorgensen, Hitchmough, & Calvert, 2002). The effect of age on 

responses was tested via Spearman’s Rank-Order Correlation. No associations were 

found between age and responses to the item related to the planting intervention. 

 

 

 

3.5.3 Changes in perception of the urban environment 

 

 The reported change in perception of the urban environment were also largely 

positive (Figure 3.2). The aesthetic improvement of the streetscape has the highest mean, 

x̄ = 1.51, followed by an improvement of the mood, x̄ = 1.29. The perceptions of safety, 

lessened danger from traffic and a decrease in air pollution all have an average score 

between 0.5 and 1, indicating positive but more moderated responses (see Figure 3.2). 

Additionally, a binary question asking if respondents had changed their route to pass 

through the site indicated that 15.6% - roughly 1 in 7 persons - of respondents had done 

so (Figure 3.3). An increase in passage is, if anything, a testimony to people’s 

appreciation of the scheme and coherent with the improvement of the perceptual qualities 

of the streetscape. Each answer was tested against the null hypothesis that if the greening 

intervention had had no effect then the median score would be 0. Once again, all items 

had a median significantly different from 0 (p < 0.05, median rating shown in Figure 3.2) 

as highlighted by a Wilcoxon Signed Rank test. This reinforces the conclusion that the 

overall design had had a beneficial effect on people’s perception of their immediate 

environment. Men and women did not answer significantly differently on any of the 

Figure 3.3: Percentage distribution of responses to the 
two closed questions. 
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perception items according to a Mann-Whitney test. However, women reported feeling 

happier than men (p < 0.05) having a score of 1.38 compared to 1.2 for men. This could 

be explained, partially at least, by the higher ratings women gave to the perception of the 

scheme. A Spearman’s Rank-Order Correlation test showed no associations between age 

and responses. 

 

 An additional Spearman Rank Order Correlation test was undertaken to determine 

which factors correlated with the item “happier”. All the items related to the planting and 

to the perception of the urban environment positively correlated with happiness (p < 

0.01). This result underlines the conjunction of the appreciation of the landscape, 

improved urban environment and the intangible benefits human derive from these 

elements. 

 

 

 3.6 Discussion 

 

 Following an in-situ questionnaire probing for appreciation of an urban meadow-

dominated green space and four perceptual qualities of the retrofitted space, results 

indicated that the scheme’s aesthetic value was its most appreciated feature, which was 

not expected given the centrality of the location and the economic purpose of the area. 

Zheng, Zhang and Chen, (2011) and other authors have generally found that urban 

dwellers preferred neat, tidy and artificial landscape. It is interesting to note that the 

sample agreed with the fact that the planting looked “natural”. This is surprising 

considering that its appearance significantly differs from more traditional form of 

greenery (urban parks using extensive areas of green turf for example) and departs 

significantly from the natural biotopes present around Sheffield such as the moorland and 

pastureland from the nearby countryside (Sheffield City Council Environmental 

Planning, 2011). However, the emphasis was put on adding flowering plants, species 

diversity and a random disposition of individuals, three features that have been proven to 

increase appreciation rating (Lindemann-Matthies, Junge and Matthies, 2010).  

 

 It was also noted that for a majority of the vegetation items, women rated the 

scheme higher than men. This may be explained by Kaplan’s (1995) notion of 

compatibility between users’ inclination and the aesthetic features of the vegetation. This 

means that women might have found within this landscape a lot more elements that they 
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already preferred. Additionally, a higher prevalence of flowers may have driven women 

to giver higher scores to the scheme (Jorgensen, Hitchmough and Calvert, 2002). A most 

positive finding was that a naturalistic planting scheme may have its place within a 

business and commercial district which opens opportunities for landscape architects to 

incorporate urban meadows without fear of public rejection. This is strongly reinforced 

by the second highest score in the appreciation items: the planting’s character. Through 

this item, respondents confirmed that they found the urban meadow as a fitting vegetation 

style within a highly urbanised and high profile street. However, an unavoidable 

limitation was the youth of the vegetation; having been installed for only a few months 

prior to the survey. As such, a lot of species had not reached their maximal height and 

cover. It is however assumed that people’s perception of a mature community would not 

be less positive when in contact with a continuous meadow vegetation. 

 

 In parallel, perceptual qualities of the urban environment have improved as well. 

It seems that the scheme has, through traffic calming and footpath widening, rendered the 

street more appealing even though the scores are not as high as the ones related to its 

aesthetic dimension. A possible factor for this is the fact that people tend to feel safer in 

more formal landscape (Özgüner and Kendle, 2006). This informal characteristic of the 

scheme is also hypothesised to have brought down the rating of the perception of care 

(via the maintenance item). It is however encouraging that the rating are positive, this 

may represent a step towards attempting to find the compromise between a formal and a 

naturalistic landscape which each bring about similar but also diverging benefits to 

humans (Özgüner and Kendle, 2006). 

 

 This type of scheme improved the perceptual qualities of the street and more than 

1 in 7 respondents reported changing their route to pass through the scheme strongly 

suggests that this form of GI has the potential to encourage walking behaviour. As 

contended by Sarkar et al. (2015), the promotion of an active lifestyle through walking 

includes improving the urban network by adding urban greenery rather than adding 

destination points. The high perception scores, augmented by a reported increased 

happiness are indicative of the potential of the scheme to increase psychological well-

being through a reduction of stress (Grahn and Stigsdotter, 2003) or exercise of soft 

fascination which in turns reduces the attention load and allows restoration (Kaplan, 

1995). This is direct evidence that even on a smaller scale (total length of the scheme at 

present is around 500 metres), a meadow-dominated bioswales scheme may have a 
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positive impact on mental health, a finding also reported in Peschardt, Stigsdotter, & 

Schipperrijn (2016). 

 

 

 3.7 Conclusion 

 

 This chapter sought to understand if urban meadow vegetation could deliver 

cultural ecosystem services in a city centre context. As is the case with the study site, 

urban meadow vegetation can be designed to require low financial and maintenance input. 

If designed to have a high biodiversity it makes this type of vegetation it a sustainable 

choice for urban green infrastructure. An additional choice was made by the designers of 

the Grey to Green which was to adopt a naturalistic planting style. This meant that 

although species list were established, the specific location of each plant was not 

predetermined. These various choices have a clear aesthetic impact: high plant diversity, 

prevalence of flowers and messier appearance. The objectives of this chapter was thus to 

gauge users’ acceptance of such aesthetic features and then evaluate the possible benefits 

users may derive from the transaction with this green space. It was noted that user 

adhesion to the scheme was high which contradicts theoretical views that were held 

towards messy ecosystems within urbanised areas. It was noted that the perception of the 

streetscape was also improved due to the scheme’s presence. Transaction with the scheme 

also resulted in a clear improvement of the positive affect. These results suggest that the 

urban naturalistic meadow vegetation delivers cultural ecosystem services. Indeed, they 

fulfil higher order needs that ultimately translates into an increase in “happiness”; the 

scheme thus contributed to the liveability of this part of the city centre. Given the positive 

results, the quasi-unanimous desire to see more of this type of greening opens up the 

possibility for designers to include more frequently schemes with similar characteristics 

and pave the way towards a norm of UGI that is both optimised for environmental 

sustainability and human psychological needs. 

 

.  
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Supplementary Material 

 

 

Supplementary Table 3.1: descriptive statistics, Mann-Whitney and Spearman’s 
correlation results testing for rating differences as a function of sex and age respectively 
(n = 339), asterisk denotes significance at p < 0.05. 

Items Mean (Std deviation) 
Mann –Whitney 

U value (p value) 

Spearman 
correlation 

Rho value (p value) 
Planting 

attractiveness 
1.26 (0.679) 12931 (0.073) 0.049 (0.372) 

Planting naturalness 1.02 (0.828) 12741 (0.047)* 0.030 (0.578) 

Planting's character 1.10 (0.737) 12130 (0.007)* 0.024 (0.658) 

Planting's 
maintenance 

0.88 (0.814) 12345 (0.14)* -0.007 (0.897) 

Street looks nicer 1.51 (0.650) 12688 (0.032)* -0.008 (0.884) 

Street feels safer 0.69 (0.782) 14188 (0.832) -0.013 (0.817) 

Less danger from 
traffic 

0.88 (0.847) 13664 (0.408) -0.053 (0.329) 

Less air pollution 0.80 (0.780) 13371 (0.236) 0.009 (0.874) 

I feel happier 1.29 (0.660) 12446 (0.018)*  0.009 (0.872) 

More of this space Yes: 98.2%, No: 1.8%  -0.018 (0.742) 

Changed route  Yes: 15.6%, No: 84.4%  0.014 (0.791) 

 

 

Supplementary Table 3.2: Spearman’s Ranked Order test on the planting and perception 
items on the outcome item “Happier”. An asterisks denotes significant correlation. 

Items Spearman’s Rho value (p value) 
Planting attractiveness 0.353 (< 0.001) * 

Planting naturalness 0.252 (< 0.001) * 
Planting's character 0.266 (< 0.001) * 

Planting's maintenance 0.287 (< 0.001) * 
Street looks nicer 0.347 (< 0.001) * 
Street feels safer 0.222 (< 0.001) * 

Less danger from traffic 0.216 (< 0.001) * 
Less air pollution 0.367 (< 0.001) * 
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Chapter 4: Influence of aesthetic appreciation, happiness and physiological 

acclimatisation in the immediate perception of comfort 

 

 

 4.1 Introduction 

 

 The last chapter established the Grey to Green’s capacity to deliver of cultural 

ecosystem services: appreciation of the landscape, aesthetic improvement and increase in 

positive affect are the three most prominent outputs observed. To further the study of the 

influence of aesthetics on human perception, this chapter looks at how the latter could 

influence thermal comfort. In order to do this, thermal comfort will be introduced, 

measurement and questionnaire based analyses will be used to look at how the sensation 

of thermal well-being is influenced by the landscape. As such the objectives of this 

chapter are the following: 

 Introduce a thermal comfort conceptual framework 

 Derive local thermal comfort indices 

 Study the influence of the scheme’s presence and other personal factors on the 

thermal well-being 

 

 

 4.2 From cultural to regulating ecosystem services 

 

 One of the crucial aspects of urban life is the capacity of a city to provide an 

environment which promotes good physical health (Tzoulas et al., 2007). The latter may 

be achieved through a plethora of ways. Allowing dwellers to walk, as a basic form of 

moderate physical activity, or providing larger open spaces for more intense forms of 

exercise are such health promoting measures (Sarkar et al., 2015). Controlling air 

pollution has important health consequences: chiefly avoiding respiratory illnesses and 

facilitating the use of outdoor spaces (Webster et al., 2015). Climatic factors also play an 

important role both directly on health and on the range of outdoor activities available to 

city inhabitants (Matzarakis and Mayer, 1996). For instance, extreme temperatures 

prevent citizens from carrying routine or leisure tasks in the outdoor environment without 

being exposed to serious heat or cold stress (Katzschner, 2006). Beyond discomfort, heat 

stress has also been shown to dramatically increase mortality rates (Roth, 2013). Thus, 
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when discussing the liveability of an urban environment, it is central to consider the 

notion of thermal comfort; this concept is fleshed out further in the next section. 

 

 Typically, cities, by their very organisation and nature, lead to a well-known 

persistent elevation of temperature within their boundaries, the Urban Heat Island (UHI) 

effect (Davies, Steadman and Oreszczyn, 2008). The UHI has a direct impact on 

residents’ thermal comfort and has important health consequences. Commonly, the UHI 

increases heat stress during the day and the continuation of this heat stress into a good 

part of the night means that sleeping schedules are also disturbed. Notwithstanding which 

global climate change scenario is examined, the common denominator is an overall 

increase in temperature (Jenkins et al., 2010). It has been demonstrated that this would 

impact thermal comfort even more greatly than the change in air temperatures 

(Matzarakis and Amelung, 2008). It is thus crucial to mitigate these adverse aspects of 

urbanisation as they already negatively affect the lives of millions and climatic conditions 

are bound to deteriorate. 

 

 In Chapter 3, it was established that naturalistic meadow vegetation provided 

cultural ecosystem services. Through the appreciation of the aesthetic value and existence 

of a meadow, it was demonstrated that perceptual qualities of the urban environment was 

improved to varying degrees. So far, it may be said that naturalistic meadows contribute 

to the liveability of a city by fulfilling some higher order needs such as emotional and 

psychological well-being. However, the contribution to the fulfilment of more basic needs 

such as thermal comfort by said vegetation is unknown. In these regards, trees have 

already been considered and are known to provide relief, in most but not all cases, to 

thermal comfort through the provision of shade (Sanusi et al., 2017) and transformation 

of sensible heat into latent heat (Erell, Pearlmutter and Williamson, 2011). The delivery 

of cultural ecosystem services, associated with their lower financial cost of maintenance 

and lower carbon footprint, makes meadow vegetation a suitable candidate to be 

integrated within new or existing green infrastructure. Grasses and forbs’ climatic 

regulatory services has rarely been studied and given the extent of the impact of thermal 

comfort, the UHI and their consequences on human health, understanding their role on 

microclimate is of paramount importance. 
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 4.3 Thermal Comfort Framework 

 

4.3.1 Defining thermal comfort 

 

 Thermal comfort, sometimes referred to as human comfort, is defined by 

ANSI/ASHRAE standard 55 as the “condition of mind which expresses satisfaction with 

the thermal environment” (cited in de Dear and Brager, 1998). This interest in human 

comfort has mostly been framed in the context of building design and improvement of 

material property (de Dear and Brager, 1998; Nikolopoulou, Baker and Steemers, 2001). 

The research in this domain is concerned with optimising the occupant’s level of comfort 

and providing liveable conditions throughout the year. There has been growing interest 

in transferring this concept of thermal comfort to outdoor situations (Honjo, 2009), most 

notably to provide urban dwellers with wider ranges of outdoor activities and increased 

liveability (Norton et al., 2015). This has been however an uneasy transition as exterior 

parameters are much more prone to vary and the environment surrounding the dweller is 

much more diverse (structures and buildings, green areas, traffic etc.) than indoors (Smith 

and Levermore, 2008; Roth, 2013). 

 

 

4.3.2 Establishing a framework 

 

 Previous research work has highlighted the sheer complexity of assessing outdoor 

thermal comfort (Chen and Ng, 2012). From choosing a comfort index, to the effects of 

vegetation and unravelling various psychological factors, understanding and measuring 

human outdoor thermal comfort is a complex endeavour (Lenzholzer, Klemm and 

Vasilikou, 2016). Prior work to theorise a framework for outdoor thermal comfort was 

notably conducted by Knez et al. (2009). The conceptual model they propose are a 

connection of how “place” acts in function of “mediators or moderators” to produce seven 

types of “human responses”. While seemingly all-encompassing, their framework (Figure 

1, p 103) foregoes the notion of time (or exposure) and bi-directionality of the relationship 

between the present experience with the sum of past experiences, expectations and 

preferences the past. The framework proposed here does not contradict Knez et al.’s 

(2009) work but rather simplifies it by enumerating all the factors, uncovered or predicted, 

of outdoor thermal comfort and attempts to group them coherently. Hence, based on a 

review of the recent literature, the Outdoor Thermal Comfort Framework is proposed. It 
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is divided in three main mechanisms which are believed to act together at any time to 

produce the subject’s assessment of their comfort (shown in Figure 4.1 below). 

 

 

 

4.3.3 Physical parameters 

 

 The sun’s shortwave radiations (SWR) provide the necessary energy for climatic 

and living systems to exist on Earth. However, imbalances in the distribution of radiation 

occur. Some systematic imbalances happen due to the Earth’s varying orbital distance to 

its star, its tilted axis and rotation on itself. Locally, imbalances may come from 

atmospheric conditions such as presence of clouds, gases and particles in suspension 

(Ramirez and Muñoz, 2012; Roth, 2013). This radiation provides the energy to create the 

climates, wind patterns, heat up the air and the surfaces and affect the vapour content in 

the air across the Earth and, in turn, large scale climates will affect atmospheric conditions 

at smaller scales. 

 

 At the micro-scale, defined by Erell, Pearlmutter and Williamson (2011) as the 

scale that goes from the centimetre to the kilometre, which is the one relevant to a 

Figure 4.1: Outdoor thermal comfort framework as proposed and used in the present study. 
It lists the various physical, physiological and psychological components and adaptation 
strategies addressed in the literature. 
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pedestrian, the regional climatic patterns will influence the local weather as much as the 

three-dimensional environment surrounding a person; it may be opened or encased, 

within a natural or an urban environment among other properties. Within cities, the width 

and height of the streets (Erell, Pearlmutter and Williamson, 2011), the material used in 

the construction of the fabric (Ramirez and Muñoz, 2012) and the presence, or absence, 

of vegetation (Kleerekoper, van Esch and Salcedo, 2012) will significantly impact the 

radiative balance of the environment. Equally, the buildings can modify wind patterns, 

by emitting or absorbing radiation they will heat up the air beyond that of an equivalent 

vegetated area (a phenomenon termed the UHI) (Norton et al., 2015). Vegetation may 

also alter the microclimate by shading the surface and buffer high winds and temperatures 

(Kleerekoper, van Esch and Salcedo, 2012) for example. 

 

 Physical parameters of the environment influence the microclimate which is itself 

the primary driver of outdoor thermal comfort (Matzarakis, 2012). Liu, Zhang and Deng 

(2016), for example, proved that the microclimate was the primary predictor of thermal 

comfort using a sample of around 7800 respondents in China. It is common practice to 

consider four parameters: solar radiation, wind speed, air temperature and humidity 

(Matzarakis and Mayer, 1996). Amongst the four microclimatic factors considered, it 

seems air temperature has the most impact. However, numerous studies have highlighted 

the seasonal and geographically variable nature of their relative contribution (Lin, 2009). 

In a major pan-European study led by Nikolopoulou (2004), each climatic factor had a 

different predictive weight according to which country was considered. Another study 

highlighted how wind speed may increase or decrease outdoor thermal comfort depending 

on the season and the specific urban setting a person is in, making it desirable or not 

(Trindade da Silva and Engel de Alvarez, 2015). Moreover, this interplay between the 

urban form and the micro-climate has sparked a number of studies attempting to inform 

architectural, urbanism and landscape practices (Davies, Steadman and Oreszczyn, 2008; 

Smith and Levermore, 2008 and Bowler et al., 2010). 

  



54 

 

4.3.4 Physiological parameters 

 

 Physiological parameters refer to the bodily reactions to the climate as well as 

some possible coping mechanisms and strategies a person puts in place to increase their 

comfort level. The second major component of thermal comfort is therefore biological. 

For example, SWR leads to an elevation of the body temperature. Inversely, the absence 

of SWR can be compensated by the generation of internal heat. Additionally, high 

humidity may lead to inefficient sweating and cooling, wind may buffer higher 

temperatures or may dehydrate etc. The theoretical basis to link the microclimate to 

human physiology is to use thermal indices that rely on heat generation, transfer and 

dissipation within and at the boundary of the human body (Honjo, 2009). These indices 

rely on the presumption of homeostatic and dynamic reaction to external conditions, such 

as shivering when cold and sweating when warm. (Matzarakis and Mayer, 1996). This 

relation between the body and the environment has notably been described using a 

formula, the Munich Energy Balance Model for Individuals (Höppe, 1999). This equation 

uses the four aforementioned climatic variables and describes its interaction with the 

thermal properties of the human body. In this approach, clothes and the physical activity 

(sitting, walking or more intense exercising) are considered as important as the former 

provide some level of insulation (Schiavon and Lee, 2013) and the latter influences the 

rate of internal heat generation (Matzarakis and Amelung, 2008).  

 

 Other physiological factors have been highlighted as playing a role in thermal 

comfort. While gender seems to play a role in indoor thermal comfort (Petrescu, 2017), 

very few studies, if at all, report this in outdoors situations. Age, however, possibly 

mediated by lower heat generation and lower thermal sensitivity, is usually a factor; other 

may variably include body mass and skin colour (Kruger and Drach, 2017). These factors 

are all regrouped under “individual characteristics” in the framework (see Figure 4.1). 

 

 The last noteworthy physiological parameter is acclimatisation which refers to the 

process of adjusting oneself to the average prevailing climatic conditions of a place in a 

yearly, seasonal or short-term fashion (Lin, 2009). Concerning acclimatisation, Krüger et 

al. (2017) demonstrated that very short term, within thirty minutes, adjustment to outdoor 

conditions occurred. After participants had been placed in comfortable indoor conditions 

for a length of time, their immediate perception of the outdoor conditions was skewed, 

however after 30 minutes their prediction of the weather was in line with reality. 
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Acclimatisation over days or weeks rather than minutes was also highlighted by the fact 

that warm conditions were considered more comfortable after multiple days of heatwave. 

Similarly, Nikolopoulou, Baker and Steemers (2001) demonstrated the adaptive capacity 

of a person over the course of a few weeks. They indeed obtained a good correlation 

between individual neutral temperatures as a function of mean air temperature for the 

month prior to the interview. On longer time scales, a few months, acclimatisation is 

visible in a lot of studies that observe a difference in neutral temperatures according to 

seasons (Liu, Zhang and Deng, 2016) or across different climate zones (Aljawabra, 2014 

for example) which is logical since people adapt to their average climatic conditions. 

Adaptation was evident in the RUROS study (Nikolopoulou, 2004) which showed that 

people were comfortable in different climatic conditions and across seasons as a result of 

a seasonally and geographically adjusted thermal comfort regardless of the actual climatic 

conditions considered. 

 

 

4.3.5 Psychological parameters 

 

 Indoor and outdoor thermal comfort have been shown time and again to be 

insufficiently predicted by comfort indices alone. Beyond the capacity for physiological 

acclimatisation and the actual values of the physical parameters, psychological 

components have been theorised to act in parallel with the more traditionally researched 

components (Nikolopoulou and Steemers, 2003). For instance, Fountain, Brager and de 

Dear (1996) concluded that inter-personal and intra-individual variabilities could not be 

explained solely by physio-climatic reasons. This concept was extended to outdoor 

conditions in Nikolopoulou and colleagues’ early work (Nikolopoulou, Baker and 

Steemers, 2001) that noticed the disjoint between a comfort index (the Predicted Mean 

Vote, PMV) and the reported thermal sensation (Actual Sensation Vote, ASV). Indeed, 

when microclimate, spatial characteristics and physiological state have all been taken into 

account then a normally distributed comfort level would be expected; and perhaps such 

variables as season, age and type activity practiced would predictably influence this 

distribution (Kántor, Kovács and Takács, 2016; Krüger and Drach, 2017; Petrescu, 2017). 

However, this is not the case. Thermal sensation reports not matching with the objectively 

measurable reality have occurred in variable amounts (Nikolopoulou, Baker and 

Steemers, 2001; Liu, Zhang and Deng, 2016). Similarly, Knez and Thorsson (2008) 

underlined the disparity in thermal evaluation as a function of culture (Swedish versus 



56 

 

Japanese) and as a function of personal environmental attitude (urban versus open-air). 

In other words, it was highlighted that psychological factors were acting in conjunction 

with physical and physiological elements (Nikolopoulou and Lykoudis, 2006).  

 

 In the presented framework, some psychological components can be grouped 

together. Thermal history may be seen as encompassing thermal expectation, preference 

and long-term experience. These notions describe how past events and prior thermal 

experiences lead to the creation of schemata. A schemata is described by Lenzholzer 

(2008) as a set of characteristics assigned to a situation, place or event. These have been 

shown to shape the behaviour of urban dwellers (Nikolopoulou and Steemers, 2003; 

Eliasson et al., 2007). It could take the form of seeking places with high radiative load 

(very sunny) to balance a recent history of being cool (in an air conditioned office) 

(Katzschner, 2006) for example. 

 

 The aesthetic experience regroups aesthetic appreciation, preference as well as 

naturalness. It is similar to Knez’ (2005) theory of the influence of “Place”. According to 

Knez et al. (2009), “place” plays an important role in thermal comfort since it 

encompasses a spatial component, an emotional and intellectual reaction as well as a 

specific climate. For these authors, the interplay between identity of the self and the 

projected attributes of the place as well as the attachment to it one may have with it may 

influence the feeling of thermal comfort. Evidence supporting this relationship has been 

found. Krüger (2017) found that preference for elements of street environments lead to 

improved thermal sensation and Klemm et al. (2015a) found that landscape preference 

may bias a person into feeling more comfortable than they should be. In both instances, 

people’s perceptions did not match comfort indices where the factors that varied were the 

degree of street openness in the former and the kind of vegetation planted in the latter.  

 

 Lastly, contextual factors have been shown to play a role in the immediate 

perception of thermal comfort, irrespective of the actual climatic conditions. These were 

notably highlighted in Nikolopoulou, Baker and Steemers (2001) and Nikolopoulou and 

Steemers (2003) and include how variable the weather is (environmental stimulation), if 

a respondent is alone or accompanied (social context) and the reason to be outdoors 

(perceived control). 
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 4.4 Aesthetic appreciation and naturalness 

 

 It has been made clear that perceptual qualities of the place as well as the current 

emotional state and prior thermal experience (whether short or long term) all shape the 

final and overall thermal sensation of comfort; which explains the potentially high, inter 

and intra-individual, variability (Fountain, Brager and de Dear, 1996; Krüger, 2017). The 

factors that were considered in this study were chiefly aesthetic appreciation and 

naturalness; both of which are influenced, but not necessarily, by the presence of 

greenery. 

 

 The aesthetic appreciation refers to Knez et al.’s (2009) connection to “place”. 

The authors described it as an emotional and intellectual connection to the space a person 

is in. The working definition of aesthetic appreciation may be: “the perceptual, including 

sensory, qualities of a scene or a place which connects intellectually and emotionally with 

the self in either a conscious or unconscious way”. In its relationship with the natural 

environment, the aesthetic experience has been well described (in Knez and Thorsson, 

2008 and Klemm et al., 2015b). Marselle et al. (2014) attempted to connect descriptors 

of the aesthetic experience of nature with psychological benefits. They notably found that 

contact, i.e. close proximity, with Nature created a lasting positive effect in participants. 

Within the Attention Restoration Theory, it may also be said that Aesthetic experience is 

the mediator through which natural landscapes rest fatigued intellectual cognitive 

processes (Grahn and Stigsdotter, 2010). 

 

 Naturalness is a concept that describes where a place lies in the “natural to 

artificial” spectrum. The latter covers a wide array of situation, from pristine, untouched 

(by humans) “nature” to fully built-up hard environment. Naturalness refers to both a 

physical reality that can be described and to a perception that may be recorded but both 

pose issues. Özgüner and Kendle (2006) proved that people could definitely discriminate 

between levels of naturalness. For instance, they recorded different degrees of 

appreciation whether an environment was considered as naturalistic or formal and natural 

or urban. Describing naturalness may be done, as in Ode et al. (2009), by distinguishing 

between levels of designed landscape, from coherent to chaotic for example. 

Decomposing naturalness in terms of its parts, or its elementary components, has proven 

a challenge. From a theoretical standpoint, Ode, Hagerhall and Sang (2010) argued that 

three sub-elements came together in the concept of naturalness. These sub-elements were 
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the level of disturbance, of coherence and of visible human care. These individual sub-

elements are still challenging to pull apart when attempting to study psychological 

reaction to naturalness. Common measures of naturalness involve giving landscape 

scenery a numerical value of a disorganisation index (entropy) or quantify the amount of 

edges present (Kardan et al., 2015) which are properties of Nature if left to her own 

device, without human intervention. Hence, naturalness has components humans may 

innately be able to recognise but a reliable, quantifiable, description of it is not yet 

available. Additionally, the interpretation of it seems to be dependent on other personal 

and cultural modifiers (van den Berg, Vlek and Coeterier, 1998). For example, Knez and 

Thorsson (2008) observed significantly different perception of similar park designs across 

two distant cultures (Swedish and Japanese). They explained that culture, as an 

information system shared by members of a specific group, codes for the interaction with 

the physical world. Such information system being group specific are thus expected to 

differ between groups and are likely to lead to different interactions and perceptions of 

the physical world.  

 

 Beyond what constitutes the judgement of naturalness, it potentially plays a 

moderating role in outdoor thermal comfort by increasing the tolerance to discomfort one 

feels for a given physical environment and physiological state (Nikolopoulou and 

Lykoudis, 2006). This may be understood, for instance, as the expectation that a natural 

environment may be more prone to variations or a certain biotope is naturally more wet 

or dry, exposed or sheltered etc. It represents a blend of the assimilation of certain 

qualities of the place with the expectation of comfort derived from such a place. Even 

though the link between outdoor thermal comfort and naturalness may seem logical, data 

backing it up is scarce. The limited literature on the topic includes the study by 

Rajapaksha and Rathnayaka (2014). In their study, they report Sri Lankan’s park users to 

be thermally comfortable beyond what would be considered so in humid tropical 

conditions by thermally adapted people. The authors further suggested that the 

naturalness of the setting, with a choice of niche locations (close or far from the water, 

exposed or shaded from the sun) gave greater perceived control to users and thus 

increased the acceptability of the outdoor conditions. In a similar fashion, Hirashima, 

Assis and Nikolopoulou (2016) report a greater degree of tolerance for equivalent thermal 

conditions in a square with a higher degree of naturalness (that included green areas and 

water features) than one next to busy roads. 

 



59 

 

 To date, only a single study considered naturalness explicitly at the onset of a 

thermal comfort study (Shooshtarian and Ridley, 2017). They reported that naturalness 

did not correlate with thermal comfort. This is an unsurprising conclusion granted the 

flawed methodology they employed. Neither did they define naturalness nor give any 

quantification of how natural their study sites were. It seems their study sites included 

sparse mature trees in individual concrete planters or a row of young trees interspaced by 

bushes within a highly built up environment. This type of highly manicured and contained 

greened area may be considered as having low degrees of naturalness with high amount 

of straight edges and high degree of organisation (Kardan et al., 2015). The only item of 

their questionnaire explicitly related to naturalness was a closed question asking 

respondents if they agreed with the establishment of new green spaces. The other question 

referring to naturalness was the “key feature of the place” which included answers with 

vegetation. “Better ambient conditions” was, however, the most chosen answer (and not 

any item related to the “natural features”). This reinforces that respondents, too, did not 

view the space as natural. Given their “naturalness” question was related neither to the 

degree of naturalness of the space nor to its perception, it is therefore unsurprising that 

they found no correlation between thermal comfort and naturalness. Hence, putting aside 

this precise study but using the aforementioned observational inferences, to date, the 

literature suggests that indeed naturalness acts upon thermal comfort in widening 

respondent’s tolerance threshold. 

 

 

 4.5 Choosing a thermal comfort index 

 

 The assessment of outdoor thermal comfort is rendered more complicated by the 

variable and unpredictable nature of climatic parameters (Nikolopoulou and Lykoudis, 

2006) yet it bears formidable importance with regards to the range of activities that can 

be undertaken and the general quality of life of urban dwellers (Chen and Ng, 2012). 

Many indices have been proposed throughout the last decades (Honjo, 2009) to provide 

relevant information on how humans perceive their thermal environment and whether it 

was acceptable or not. Indices provide measures of human comfort or health (Matzarakis 

and Mayer, 1996) but, as argued by Eliasson et al. (2007), may also provide a chance for 

designers to quantify or predict the impact of their development work. 
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 This study uses the Physiological Equivalent Temperature (abbreviated PET 

henceforth). Initially proposed by Höppe, its usefulness has been proven by the work of 

Matzarakis and colleagues (in Lin and Matzarakis, 2008 and Matzarakis and Amelung, 

2008 for example) and made easier to use through the development of the RayMan 

software (Matzarakis, Rutz and Mayer, 2010). The PET is based on a human energy 

balance which includes energy generation, transfer and loss through different 

mechanisms (such as Work or Perspiration). In turn, this heat balance is influenced by 

four climatic variables: air temperature, wind velocity, vapour pressure and mean radiant 

temperature (Höppe, 1999). This index incorporates both physiologically and physically 

(climatic) relevant parameters. The PET’s output is the air temperature, under standard 

indoor conditions, that would be necessary to attain the same physiological state that a 

person is in when exposed to outdoor conditions. Essentially, the PET reduces a complex 

outdoor situation (comprising the wind, solar irradiation, etc.) into the temperature that a 

human would feel in an indoor situation (Höppe, 1999; Matzarakis & Amelung, 2008). 

 

 The PET is more useful than using just the outdoor air temperature or the mean 

radiant temperature (Honjo, 2009). Although some studies have reported good correlation 

between comfort rating and air temperature, the PET has the benefit of taking into account 

all possible interactions between the atmosphere and the person. Its calculation 

incorporates the level of clothing which confers a resistance to heat transfer (Matzarakis 

and Mayer, 1996). The PET also exhibits more flexibility. Indeed, the same PET value 

may be obtained under different conditions that metabolically provide the same level of 

comfort. For example, a higher wind speed can compensate for higher solar radiation. 

The PET’s last advantage is its expression in degrees Celsius which permits cross-

comparisons of the thermal comfort and preference over a broad range of climatic and 

geographic background as is the case between Hirashima, Assis and Nikolopoulou’s 

(2016) study in Brazil and Lin’s (2009) in Taiwan. 
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 4.6 Objectives 

 

 This study focuses on the perception of comfort and its moderation by perceptual 

factors. It does so by seeking conjointly reported thermal sensations and microclimatic 

conditions in order to derive a thermal comfort index. As highlighted earlier, previous 

research projects have established that thermal sensations can be mediated by some 

perceptual, psychological elements. Relating back to the delivery of ecosystem services 

of urban meadow vegetation, it is unknown whether its presence may alter in any 

significant way thermal sensations. Indeed, meadow vegetation as an instance of nature 

could potentially alter the perception of the environment in a way that increases or 

decreases thermal comfort. Hence, drawing upon the results of the appreciation of the 

Grey to Green and subsequent improvement of the perceptual qualities of the streetscape 

(Chapter 3) and adding thermal comfort questions as well as microclimatic measurements 

this chapter will have the following objectives: 

 Calculate a local neutral temperature range 

 Find evidence of the influence of physiological factors on thermal comfort 

 Find evidence that perceptual elements of the naturalistic meadow vegetation 

moderate thermal sensation or interact with the feeling of comfort 

 

 

 4.7 Questionnaire and survey design 

 

 The study site was the Grey to Green as described in Chapter 2. The survey (see 

Appendix 1) used in the previous chapter on perception also contained questions that 

regarded specifically thermal comfort. This part of the questionnaire was based on 

previous work by Nikolopoulou (2004). Respondents were asked how warm they felt at 

the moment; this is termed the Actual Sensation Vote (ASV) and was scored on a 5-points 

scale. The available responses ranged from “Very cold” to “Very hot”. Afterwards, the 

respondents were asked how they felt about the wind. They had to choose from a 5 points 

scale ranging from “No wind” to “Too much wind”. Then respondents were asked about 

the humidity. The latter was 3-point scale responses with the following possible answers: 

“Damp”, “OK” and “Dry”. Finally, with a closed question, respondents were asked if 

they felt thermally comfortable or not. Asking respondents both about their thermal 

assessment (ASV) and a more global comfort was rendered necessary by the fact that 

Nikolopoulou & Steemers (2003) highlighted that people might feel comfortable even in 




