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Abstract 

It is well-known and accepted that urban green spaces provide many benefits to urban residents and to 
their health and wellbeing, most studies focus on public green spaces. The relative contribution of private 
residential green space is much less researched into. Whereas previous research has offered insights into 
the relationship between the environmental quality of residential neighbourhoods and its liveability 
condition, it is important to assess the environmental and aesthetic benefits of all green area types, 
especially in lower density areas with a lot of private space. A growing body of evidence suggests that the 

outdoor urban visual environment can also influence individuals’ psychological well‐being so that 
explicit attention should be given to planning and design which takes account of private spaces. The 
quantity and quality of urban green spaces and especially private green spaces are perceived and defined 
in the context of their socio-economic, cultural and built environment. Although private, residential green 
spaces (includes trees, garden, orchard, etc.) often provides significant benefits to the wider public, 
including ecosystem services and visual benefits as they are visually accessible even if not legally or 
physically accessible. Considering urban residents as the beneficiaries, the objective of this research was 
to assess the level of services and visual benefit derived from different neighbourhood conditions. 
Further, it assesses their relative contribution to city-wide green space in terms of ecosystem services and 
visual benefits. Three residential neighbourhoods in Tartu, Estonia were surveyed, the cases were chosen 
on the basis of their location, extent, historical importance, urban form and population density. Tree 
inventories, a visual survey of residential green spaces attributes, spatial analysis using orthophotos and 
map were conducted and correlated with  residential parcel-level gardens attributes as predictors to 
determine the level of ecosystem services. For visual benefits, responses of visual quality experience 
from landscape architecture faculties and students were collected based on the perceived greenness 
aesthetic scale for residential parcels and were correlated with the plot level spatial attributes to explore 
the visual benefits these gardens offer. With an aim to evaluate the relative contribution of residential 
gardens to city-wide green space, this study interpreted residential garden extent, composition and 
characteristics  both within the context of neighbourhood level and larger scale, city level.  The result 
from the analysis at the city scale suggests that garden resources such as garden sizes and green land 
cover extent are strong predictors of these services and benefits. The results showed that private 
residential green spaces form a significant component of the wider urban green infrastructure – in several 
areas it forms the majority of the amount of green elements such as urban trees - that is often neglected 
and omitted from the planning process because it is not easily affected by planning decisions. The results 
suggest that private green space should be given a greater role and should feature much more in urban 
green policies and plans than it does at present. 
Key words: Green space; residential garden; ecosystem services; urban trees; visual benefits; neighbourhoods; 
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Kokkuvõte 
Uurimustest on teada, et linnades asuvad rohealad pakuvad linlastele mitmeid tervise ja heaoluga 
seotud hüvesid, enamus sellised uurimused keskenduvad avalikele roheladele. Linnades olevatel 
eramaadel asuva haljastuse poolt pakutavaid hüvesid on tunduvamalt vähm uuritud. Eelnevad 
uurimused on pakkunud ülevaadet keskkonnakavliteedi, elamupiirkondade ja nende elamisväärsuse 
seotuse kohta; oluline on hinnata kõikide erinevat tüüpi rohealade keskkondlikke ja esteetilisi 
omadusi, eriti on erinevat tüüpi rohelade hindamine oluline piirkondades, kus on rohkem eramaid. 
Aina suurem hulk teadustöid viitab sellele, et linnade  välikeskkond mõjutab indiviidide 
psühholoogilist heaolu, seega peab tähelepanu suunama konkreetselt ka linnaruumis asuvate 
eramaade väliruumi planeerimisse ja kujundaamisesse. Linnas asuvate rohealade hulka ja kvaliteeti, 
eelkõige eramaadel asuvat rohemassi tajutakse spetsiifilises sotsiaalses, majanduslikus, kultuurilises 
ja ehituslikus kontekstis. Kuigi eraomandis olevad elamumaade haljastus (puud, aiamaad, istandused 
jm.) pakub tihtilugu märkimisväärseid hüvesid laiemale avalikusele, sealhulgas 
ökosüsteemiteenuseid ja visuaalseid hüvesid, sest haljastust on nähta avalikelt maadelt, ka juhul kui 
nad ei võimalda juriidiliselt ega füüsiliselt avalikku kasutust. Kui arvestada sellega, et linnaelanikud 
saavad eramaade haljastusest kasu, siis selle uurimuse eesmärgiks on hinnata erinevate elmu 
piirkondade poolt pakutavaid teenuseid ja visuaalseid hüvesid. Selle jaoks uuriti kolme Tartus asuvat 
elamupiirkonda, piirkonnad valiti nende asukoha, suuruse, ajalooliste erisuste, struktuuri ja 
asustustiheduse alusel. Ökosüsteemiteenuste määramiseks teostati puude inventuur, aia visuaalsete 
omaduste vaatlus ja ruumiline analüüs ning neist saadud andmeid korreleeriti elamukrundi aia 
omadustega, mille abil määrati aia poolt pakutavate ökosüsteemiteenuste maht. Visuaalsete hüvede 
hindamiseks viidi läbi maastikuarhitektuuri osakonna töötajate ja tudengite seas küsitlus, kus nad 
hindasid erinevate valimis olevate aedade tajutavat visuaalset meeldivust. Neid andmeid korrelleeriti 
krundi ruumiliste atribuutidega, et määrata kui suuri visuaalseid hüvesid antud aiad pakuvad. 
Eesmärgiga hinnata kui palju panustavad eraiaiad ülelinnalisse rohevõrgustikku, tõlgendati antud 
uurimuses aia haljastuse mõju ulatust, ülesehitust ja omadusi nii naabruskonna kui ka ülelinnalisel 
skaalal.  Linnaskaalal saadud tulemused vihjavad sellele, et aia omadused nagu suurus ja haljastatud 
pinna hulk määravad tugevalt kui palju teenuseid ja hüvesid antud aiad pakuvad. Tulemused 
näitavad, et eraomandis olevad elamumaade haljastus on oluline osa ülelinnalisest rohevõrgustikust – 
mitmetes piirkondades moodustasid eraaedades olevad elemendid enamuse piirkonna rohemassist, 
elemendid nagu puud – millele omistatakse planeerimisprotsessis tihtilugu vähe tähelepanu, mistõttu 
on puudel väike mõju erinevate planeerimisotsuste juures.  Tulemused viitavad sellele, et eramaade 
haljastusele peaks omistama suuremat tähtsust ning neid peaks rohekm kajastama linnahaljastuse ja 
rohetaristu plaanides ja eeskirjades. 
Märksõnadeks:   

Haljasalasid; Elamu aed; Ökosüsteemi; Teenused; Linnade puud;  Visuaalne kasu; Ümbrus 
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Chapter one: Introduction  
 
1.1. Background to the Research 
This research investigates the relative contribution of urban private residential 
gardens to urban green space, a topic that is infrequent in theoretical discourses 
and is usually omitted from the planning matters. While public green space 
receives much attention in contemporary research, private residential gardens 
despite their abundance and scale, are under-researched. Issues pertaining to 
the accessibility of private gardens have led to community gardens becoming 
surrogate sites for research into the nature experience of gardening similar to 
residential gardens (Freeman, et al., 2012). However, it is acknowledged that 
residential gardens are the vital component of urban life, mostly in western 
societies. The proponents of the ‘Biophilia’ hypothesis advocate human well-
being intimately connected with the well-being of the nature as well (Kellert and 
Wilson, 1993). Therefore, the retention of such intimate nature and human 
encounters are crucial for supporting human health and well-being. 

 
Utopian concepts such as the ‘Garden-city’ of Ebenezer Howard and ‘Broad-
Acre-City’ by Frank Lloyd Wright propagated ideas of settlement planning that 
aimed at enhancing the natural environment and providing high-quality social 
housing. Emphasis was placed on homes with gardens and other spaces 
including allotments, community gardens and orchards to ensure healthy local 
food production. They envisaged generating rich biodiversity within generous 
private and community gardens that links wider public green and blue space as 
strategic green infrastructure and wildlife habitat (TCPA, 2014). On the other 
hand Broad-Acre-City, an unbuilt suburban utopia proposed providing a 
minimum of an acre to the family based on the concept that ‘man should be 
free, unpressured and independent’. 

 
Residential gardens are now increasingly under threat as a result of the trend of 
building larger homes on smaller plots that lead to the reduction of garden 
space. There are other processes that undermine garden quantity and quality 
e.g. reduction in residential plot size; demand of housing stock; transformation 
of front garden into car parking and driveways; smaller household sizes; change 
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in food consumption patterns; involvement of the private sector in real estate; 
garden use pattern linked to changing lifestyles and household structure etc. 
(Freeman et al., 2012; Bhatti and Church, 2001). Sedentary lifestyles and small 
households have increased in urban areas in recent decades and mostly have 
become disconnected from nature. Thus, current research on the natural-
outdoor relationship, drawing from various theoretical discourses, focuses on 
green space in which people engage in man-made or more natural landscape 
(Park et al, 2010).  Private residential gardens as man-made landscape provide 
a small part of human-nature interaction in the world, where their use, meaning 
and practice are associated with its production and consumption. Furthermore, 
it is manifested as an alternative to public-green-spaces that are 
disproportionately distributed across the urban area (Barbosa et al., 2007). 
However, as immediate means of accessing nature and as part of urban living, 
private-green-spaces provide opportunities that do not exist in public-green-
spaces (Loram et al., 2011). In addition, private gardens can conserve urban 
forest remnants and native plant population, and contribute to the ecological 
and social opportunities and barriers. They constitute a major component of 
city-wide green spaces that benefit human health and well-being, connect 
people with nature and offer urban nature resource (Loram et al., 2008) for 
biodiversity and ecological functioning and services (Loram et al., 2007; Gaston 
et al., 2005), but these depend on their configuration and composition (Smith et 
al, 2005; Loram et al., 2008).  

 
So far, less evidence is available on the relationship between use of green space 
within close proximity to where people live (incidental public green) and 
accessibility, in term of health benefits (Giles-Corti and Donovan, 2002; 
Lachowycz and Jones, 2011; Lachowycz and Jones, 2013; Nielsen and Hansen, 
2007). This, in turn, makes residential green spaces important as health 
promoting landscape as part of the living environment. Evidence suggests that 
private garden research has been more common in western countries, where 
urban areas are highly populated and contested. In contrast to Western Europe, 
Eastern Europe represents a different context of residential areas that either 
low-density development with a lot of private spaces or extensive Soviet/era 
apartment blocks with, though now privately-owned, green spaces.  In the case 
of Tartu, Estonia, gardens in low-density residential areas are homogenous and 
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constitute a large proportion of residential land. According to a garden survey in 
the UK, 87% of households have access to a domestic garden out of the total 
population residing in urban areas (Gibbons et al., 2011). Despite the age and 
location of urban settlements, in the UK, residential gardens contribute between 
22 and 36% of the total urban area and 35-47% of the total urban green space 
(Gaston et al., 2005; Mathieu et al., 2007), In a cross-sectional survey, the 
proportion of residential garden to the total urban green space was found to be 
more than 50 % in New Zealand (Mathieu et al., 2007) and between 35-47% in 
the UK. For the UK, plot sizes vary between 3.6 m2 and 2290 m2 (Loram et al., 
2007). In Estonia, the percentage of urban population is recorded as 69.5% in 
2011 (Index Mundi, 2014). In the case of Tartu (2014), total urban land under 
residential land use is 29.9% and the proportion of residential land under 
individual plots is estimated to be 28.2%. Residential land use is primarily 
comprised of low-density development with a higher proportion of large size 
gardens.  Despite their abundance and dominance within the urban ecosystem, 
they are less researched or documented and are largely omitted from planning 
discussions and regarded as an exclusively private matter. However, some 
decisions are made by city arboriculture specialist which are only limited to 
matters concerning tree cutting.  

 
To develop a comprehensive understanding of the relative contribution of 
residential gardens to the overall urban green structure and associated benefits, 
this research explores a set of theoretical discourses concerning, those functions 
within the context of urban-green-space and their services and benefits. 
Residential gardens by their features and attributes and integration into urban 
green structure support various objectives within these discourses. Further, 
incorporating analysis at different scales, this research becomes more logical 
and objective orientated. Moreover it examines natural and spatial attributes as 
predictors of services and benefits horizontally across three case studies and 
vertically across two urban spatial scales. Whilst a cross sectional study explores 
the consistency of private green space services and benefits in different 
neighbourhood conditions, study at different urban spatial scales explores the 
relative contribution of these services and benefits at a much larger scale. 
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1.2. Aim of the Study 
‘The Aim of the research is to assess the relative contribution of the private 
residential garden to city-wide green space benefits and services using Tartu, 
Estonia as a case study. 

 
1.3. Objectives 
1. To assess the character of the natural and spatial attributes of private 
residential gardens that determine the extent of services and benefits at the 
neighbourhood scale; and 
2. To assess the relative contribution of private residential gardens at the wider 
urban spatial scale; 

 
In order to achieve these objectives, it is necessary to ask the following 
research questions in order to relate residential garden extent and 
characteristics to their services and benefits at different scales. First, what are 
the relationships between the main attributes of sampled gardens - parcel; 
garden; front garden; rear garden and building across all the neighbourhoods 
surveyed? It is anticipated that garden size is a strong predictor of other garden 
attributes and land cover composition. Second, how are the land cover type 
and richness affected by changes in garden and parcel areas? Third, how are 
tree characteristics affected by garden area and how do they vary among 
different neighbourhood conditions? Fourth, what is the relationship between 
the spatial attributes of front gardens and their visual quality contributing to the 
aesthetic experience? Fifth, how does residential green space contribute to the 
city-wide green space structure?  
 
The research assesses the evidence regarding private green space in relation to 
ecosystem service provision and visual benefits and understands how parcel and 
neighbourhood level built conditions, visual and ecological attributes together 
may influence the extent of these services. However, this research only focuses 
on the physical and natural predictors and excludes socio-cultural and 
demographic, socio-economic aspect as they have been found to have a weak 
association with private residential gardens. Private residential green spaces 
constitute a large component of urban green infrastructure (Loram et al., 2007), 
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however, their values and relative contributions are least understood and are 
rarely quantified (Cameron et al., 2012). 
 
This research aims to assess the relative contribution of private residential 
green spaces (gardens) and reports here the survey conducted on urban 
residential gardens in Tartu, Estonia. Considering previous research in the 
similar field that largely focused in Western Europe, this research undertook the 
survey of residential gardens in different residential neighbourhoods in this 
small town of Eastern Europe. It is considered that this investigation of such 
resource in an urban landscape that is predominantly comprised of low-density 
residential development with a lot of private green space will add value to this 
field of knowledge.  
 
1.4. Organisation of Thesis 
The thesis is organised into five chapters. The literature review in Chapter Two 
collects theoretical evidence regarding residential gardens, their function and 
contribution to various ecosystem services, to health and well-being benefits, 
for urban wildlife promotion and for many other human benefits. This chapter 
uses a set of theoretical discourses and explores the role of urban residential 
gardens in each of these. The study methodology is presented in Chapter Three 
and describes the process employed in data collection and analysis. The 
research approach adopts a two-tier process for data analysis and interpretation 
at two separate spatial scales within a single urban system. The results are 
presented in Chapter Four and demonstrate the significance of relationships 
between parcel and garden extent, garden land cover types and composition, 
and characteristics of trees present within them. It also explores the relationship 
between visual quality experiences and parcel level spatial attributes. The thesis 
concludes with Chapter Five reflecting on the results and discussing on their 
positive and negative associations parcel and garden level variables. Finally, the 
research concludes with a discussion of policy implication in relation to private 
residential gardens in general and especially for the case of Tartu, Estonia and 
suggests a number of future research directions. In the next section, it 
describes a research overview that has been adopted to achieve the aim and 
objectives. 
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1.5. Research Overview 

 
Figure 1- Analytical framework describing research overview; 
 
The analytical framework (fig.1) proposes a research approach that employs 
different methods. A comprehensive review draws evidence from a wider literature 
and categorises then into various theoretical discourses in order to filter out the 
key attributes that could form the basis for the case studies (sampled surveys) at 
both urban spatial scales (i.e. parcel and the neighbourhood and city-wide). Then 
this framework attempts to connect the evidence gathered both the literature and 
sampled survey findings from the neighbourhood level (local) to the city-wide 
(global) scale. The identification of the level of services and benefits at both the 
scales requires different methodological approaches to carry out the research and 
descriptive statistics to analyses the data to find the significance of relationships 
among various attributes.  Finally, the results will be discussed in line with the 
various research questions in order to meet the objectives thus achieve the overall 
aim of this research.   
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Chapter Two: Literature Review 

 

2.1. Introduction 

This chapter discusses the literature about the various services and benefits of 

the urban residential garden and explores several themes that shape residential 

gardens as part of the urban landscape. It is known that private gardens provide 

many ecological services as well as health and social benefits to urban 

residents. Theoretical discourses reviewed in this chapter follow various ‘themes’ 

e.g. urban ecology and ecosystems, green infrastructure, urban forest, 

ecosystem functions and services, biodiversity, meaning and affordances, socio-

ecological, socio-cultural and socio-economic aspects, salutogenic landscapes 

and aesthetics and benefits of viewing landscapes and urban planning. The 

literature reveals several aspects which are considered to be predictors of such 

services and explores some of them later in the study. Based on the evidence, 

this literature review guides theoretical framework that directs further research 

action including data collection and analysis. 

 

2.2. Urban Private Residential Gardens 

Private residential garden, cater to a residential dwelling is determined through 

their ownership (owned or rented) and management regime (Cameron et al., 

2012). Housing typologies e.g. detached; semi-detached; terraced and 

apartment building and settlement patterns determine the morphology of 

residential gardens. By forming a substantial proportion of urban fabric they 

allow human interaction with nature and provide social as well as health 

benefits. The health restorative benefits of green spaces are well established 

and considered as vital for today’s urban societies. Despite being a large urban 

natural resource, residential gardens are undervalued, but function as a critical 

space within the urban ecological landscape (Freeman et al., 2012). Residential 

gardens exhibit distinct identity also reflects the local socio-cultural pattern and 

intimately connects with owner’s identities. Gardening as a prime activity 

connects people with nature and they control and commodify and shape it to 

attract and support wildlife (Freeman, et al., 2012). 
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The concept of garden and gardening are not only intended for the maintenance 

and promotion of local biodiversity but also create a setting where nature and 

wider environmental issues are understood. Further as a setting it represents 

the level of human-nature relationship based on their usage and the meaning of 

space. They are essentially different to non-domestic nature because of their 

increasing ubiquity; legislative forms of ownership; the real and imagined 

connection with home as well as the meaning of social construction of the home 

(Bhatti and Church, 2001). The concept of the garden as a product (nature) or 

process (culture) influences each other as a balancing point between human 

control and wild nature. Beyond the individualised and primarily utilitarian use 

(as prompted by capitalist priorities and consumerism), gardens occupy highly 

personalised reconnection to nature. Despite the change in domestic garden 

functions with changing social and cultural patterns, the emphasis on visual 

experience is still considered as important in contemporary gardens.  

  

Private gardens in urban areas function within the social and ecological domain. 

Residential garden as a social concept deals with the issues related to 

individuals or larger population groups. Ecological domain pertaining to a 

collective notion of residential gardens include theoretical discourses that 

embrace, influence, and affect this urban nature.  Based on the socio-ecological 

model, themes are separated based on issues either pertaining to human or to 

an environment at large (Lachowycz and Jones, 2013). Based on a framework 

(fig.1) that describes the functional mechanism and linkage between themes, it 

predicts that themes represent larger environmental (collective) aspects drive 

themes within individual (humans) aspects and share a two-way relationship 

with social themes of human aspects. Residential gardens that function within 

the themes confer ecosystem services and benefits at various scales and relate 

them to ‘global’ and ‘local’ or both. The phenomenon of 'global' is the services 

and benefits that are perceived at a much larger scale as compared to the 

individual gardens. It is targeted at a landscape scale as an urban location, but 

while perceived beyond urban territory their contributions become ambiguous in 

the presence of peri-urban and rural landscapes. The categorisation (table-3) of 

residential garden services and benefits on different urban spatial scales based 

on their spatial composition distinguish relative contributions of private garden.  
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Figure 2- Function and linking mechanism of theoretical discourses pertaining to urban residential 

gardens; 

 

2.3. Urban Ecology and Ecosystem and Private Residential 

Gardens 

The urbanisation has occurred in all major areas in the world and covers 4% of 

global land (Gaston et al., 2005) and particularly, in the Europe, the urban 

population is estimated at 73.4% and is projected to increase up to 82% by 

2050. Besides many positive effects, in general, the process of urbanization 

alter local environment by fragmenting existing and creating new natural 

habitats; altering regional or local climate; degrading the quality and flow of 

water and resources; reducing primary production and changing the 

composition of species assemblage; reducing the richness of many taxonomy 

groups (Smith et al, 2005; Gaston et al., 2005; Loram et al., 2008, 2007). The 

term ‘Urban Ecology’ explains the relationship between living organisms and 

interaction with their surrounding within areas dominated by high-density 

residential and commercial development that has influenced people in diverse 

ways (Douglas and James, 2015). While a city is considered as a single 

‘ecosystem’ (an interaction between species and their local and non-biological 

environment) (Bolund and Hunhammar, 1999), it makes urban ecology more 
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susceptible to faster transformations and uneven fluctuations in the flow of 

energy and matter. The components of urban ecological diversity are habitat 

cover, nutrient flow and species characteristics. The diversity of urban habitats 

is seen as a complex of interlinked patches of different land cover and 

environmental characteristics. In that case, private green spaces (e.g. 

residential gardens) as managed spaces form a substantial part of it and 

contribute to an urban ecosystem. These spaces are purposely landscaped and 

planted to support diverse wildlife and are enhanced through sensitive and 

informal management. Invariably, cities not only depend on large hinterland for 

an ecosystem support but also on the ecology contained within it. Therefore, the 

ecosystem services and benefits that resolve local issues, to a large extent are 

obtained from the local resources (i.e. parks, wetlands, gardens, street trees, 

water etc.). Accordingly, private gardens forming a significant proportion of 

urban green spaces (Cameron et al., 2012) function as an important urban 

habitat with a unique ecological setting and distinctive ecosystem goods, 

function and services.   

 

2.4. Green Infrastructure and Private Residential Gardens 

Green infrastructure is a network of multifunctional green spaces that supports 

the natural and ecological process and affects the health and well-being of 

communities (Natural England, 2009). Landscape Institute (2011) describes the 

term ‘Green Infrastructure’ (GI) as a network of green and blue space.  Benedict 

and McMahon (2002) describe them as a system of ‘hubs’ and ‘links’. While 

‘Hubs’ refer to the origin and destination in the case of wildlife mobility and 

ecological process, ‘links’ represent the natural and ecological connections that 

tie the ‘hubs’ together. Urban GI, an overarching theme, a nomenclature of 

theoretically assembled green spaces of varied morphology and complexity and 

supports nature’s ecosystem functions and provides services (de Groot et al., 

2002, Tratalos et al., 2007).  While, almost all urban green types (Natural 

England, 2009) are recognised as GI, the parity among their values are less 

understood (Cameron et al., 2012). Residential gardens as a major land use 

type (both naturally and ecologically connected) and a fragmented regime 

significantly contribute to urban GI. From the ecosystem perspective, urban 

trees are an essential element of GI (Hirokawa, 2012). According to European 

Environmental Agency (2014), GI through its elements performs ecological 
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functions, delivers multiple services, provides a range of benefits and creates 

values that help for their protection and management. In terms of private trees, 

their extent in urban areas (Pearce et al., 2015) makes residential gardens 

important among other urban GI types. 

  

The examination of ecosystem services and benefits of GI elements within 

residential garden is ostensibly done by testing variable such as garden size, 

form and composition, function and management (Loram et al., 2007), building 

age, built from and density, socioeconomic status, ethnic composition, education 

and home ownership etc. (Heynen and Lindsey, 2003; Grove et al. 2006; 

Landry and Chakraborty, 2009; Smith et al., 2009; Shakeel and Conway, 2014). 

These are considered as dependable predictors of the extent and the type of 

vegetation cover in a residential garden (Loram et al., 2011, 2008, 2007; Smith 

et al., 2005; Gaston et al., 2005). 

 

2.5. Urban Forest and Private Residential Gardens  

Urban forest represents the community of ‘plants and animals’ in and around 

human settlements and perceived as a continuum that passes through a degree 

of urban-ness and diversifies along the urban gradient. A formal definition of 

‘urban forest’ may conceptualise all urban trees, shrubs, lawns, and green land 

cover located in altered and complex ecosystems whereas humans are 

responsible for their types, amounts, and distribution (Roy et al., 2012; 

Escobedo et al., 2011). Nowak et al., (2010a) define urban forest as total trees 

present in both public and private lands within urban areas including individual 

trees as well as stands of remnant forests. Within this context, the composition, 

abundance and heterogeneity of private trees in the private land are very 

different to those found on public land (Pearce, et al., 2015). In general, human 

response to an urban forest as nature can be seen through benefits which result 

from their active (exercise and satisfaction) and passive contacts (cognitive and 

well-being benefits) (Wolf, 1998). Also with the therapeutic aspects, urban 

forests establish the perceptive understanding of landscape. 

  

Urban forest, in general, is capable of removing air pollutants and particulate 

matters and improving the air quality by tree canopy and vegetation (Wolf, 

2003; Nowak & Dwyer, 2007; McPherson, 2006; Nowak et al., 2010b). This can 
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have positive impacts in terms of climate change mitigation and human health. 

This ability to intercept pollution varies with species, age, planting design, 

foliage and leaf structure, whereas species selection and location play an 

important role in air quality improvement. Besides with moderating the local 

climate, it lowers rainfall runoff, flooding and reduces urban noise level (Bolund 

& Hunhammar, 1997; Nowak et al., 2010b). Urban forests alter wind direction 

and reduce incoming solar radiation. The carefully planned urban forest can 

reduce energy need of the building (Nowak & Dwyer, 2007; Nowak et al., 

2010b) whereas Trees, in particular, are the key element of urban climate 

change adaptation strategy. With an increase in the green cover that tends to 

reduce surface temperature hence counters urban heat island effect (European 

Environmental Agency, 2013; McPherson, 2006). 

  

Urban forest improves the physical and biophysical environment that in turn 

influences the socio-economic environment of the city. According to Nowak and 

Dwyer (2007), they improve aesthetics of the locality, provide increased 

enjoyment of everyday life, improve health condition and provide meaningful 

connections between people and the natural environment.  In terms of 

individual benefits urban trees and forests generate significant emotional and 

spiritual experiences. Green views can provide life satisfaction and personal 

well-being (Kaplan, 1993). Hospital patients have shown faster improvements 

with green views. Further, the natural setting has been found to have 

restorative effects on those suffering from psychophysical stress (Ulrich, 1984; 

Wolf, 1998; Wolf, 2003). However, there are certain health costs associated 

with increased urban forest e.g. pollen allergies, reaction to plants, insects and 

diseases. Parks and greenways have been associated with the increase of 

nearby residential property value and rental value (Irwin, 2002). Wolf (2004) 

highlights that, if these spaces are well managed, they will provide favourable 

economic returns. Moreover, residential properties with trees are generally 

preferred than comparable properties without trees (Wolf, 2007) and tree cover 

contributes to residential property value (Morales, 1980). 

 

 



13 

 

2.6. Ecosystem Function and Services of Private Residential 

Gardens 

Ecosystem services are the material and non-material goods, services and 

benefits that people gain from functioning ecosystem (Mooney, 2014, p.143) 

and in urban areas which are provided by urban GI and urban forest. Ecosystem 

services function at both local and global scales and mitigate environmental and 

social issues both directly and indirectly. If the focus is to assess the 

contribution, it is the direct services that address the local issues in urban areas. 

Accordingly Bolund and Hunhammar (1999) recognise air filtering, microclimate 

regulation, noise reduction, rainwater drainage, sewage treatment, recreation 

and cultural values as important ecosystem services in urban areas. However, 

Mooney (2014) based on the Millennium Ecosystem Assessment (2003), 

separates ecosystem functions into their provisioning (goods and services), 

regulating (controlling and regulating environmental factors), supporting 

(formation and production), and cultural (non-material benefits) aspects. 

  

Urban trees remove air pollutants and capture pollutant load (Nowak et al., 

2006; Yang et al., 2005; Jim and Chen, 2008) and benefits are obtained at the 

global scale. However, residential gardens comparatively contribute less than 

park trees for mitigating point pollutant source e.g. road and industrial outlet 

(Cameron et la., 2012). Nevertheless, when aggregated for an urban area with 

lower housing density and larger homogeneous residential gardens, the services 

and benefits may be considered rather large. The pollution reduction is primarily 

caused by filtering air pollutants and particulates from the air and is directly 

related to the vegetation leaf area. Confiners, however, are sensitive to 

pollutant gases, filter more than deciduous because of their larger leaf area and 

year around availability. Even though deciduous leaves respond better to 

polluted gases, a mix of species is ideal for air pollution mitigation. Better 

planning and design of vegetation at site ensures an adequate filtering. 

Research suggests that a mixed forest of 1 hectare can remove 15T of 

particulate matter per year.  Therefore, It can be expected that parks can filter 

out up to 85% of air pollution compared to 70% by the street trees (Bolund and 

Hunhammar, 1999). Comparing street trees with private trees those are close 

to the urban street, it can be perceived as equivalent in terms of services and 
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benefits at a local scale. Furthermore, trees emit organic volatile compounds 

that lead to photochemical smog in the urban environment (Niinemets and 

Pe˜nuelas, 2008). 

  

It is known that residential vegetation contributes to building energy saving but 

it’s application at a different scale (i.e. neighbourhood; city level) in response to 

the air temperature is unclear (Stewart, 2011). A study on the relationship 

between green infrastructure and heat-island-effect records a drop in both 

surface and air temperature with an increase of green space (Gill et al., 2007). 

The contributing factors for cooling are mainly shade and evapotranspiration 

that is related to tree type and tree canopy cover.  According to Bolund and 

Hunhammar (1999), a single tree can transpire 450 Litres of water per day and 

consumes 1000 MJ of heat to drive the evaporation process. Further, having 

three trees in a building parcel can save annual energy cost between 50 to 90 

USD (1997 figure) per dwelling unit (McPherson, 1997).  Additionally, garden 

trees are related to direct cooling of the adjacent building, but its effect varies 

according to tree sizes; species; maturity; and architecture within the parcel 

(Akbari et al., 1997; Simpson, 2002). Some winter studies suggest the position 

of vegetation around houses act as a windbreak and benefit with winter energy 

saving (McPherson et al., 1988) but vary according to their positioning in 

relation to building (Akbari et al., 1997, 2001; Huang et al. 1990).  The cooling 

effect through evapotranspiration depends on the ground cover type whereas 

simply lawn types are considered unsustainable as they require more watering 

to achieve relatively cooler microclimate (McPherson et al., 1989; Knowles, 

2003). 

  

Noise from traffic and other sources create health problem in urban areas 

(Bolund and Hunhammar, 1999). At the local scale, vegetation as noise buffer is 

a better solution than engineering modes of noise mitigation e.g. noise walls. 

House distance from the source of noise is critical for noise nuisance, whereas 

doubling the distance can reduce the impact equivalent of 3dB (A). Soft lawn as 

ground cover reduces 3 dB (A) and shrubs and hedges curtail around 2 dB (A) 

of noise. Dense vegetation up to 50 m wide can reduce 3-6 dB (A) and the 

overall increase of soft ground cover could decrease the noise level. 

  



15 

 

Residential gardens reduce surface run-off at the local level, but provide storm 

water attenuation benefit at the urban scale (Cameron et al., 2012). These 

benefits are less quantified and sometimes become a point source of pollution of 

watercourses depending on the intensity of their management (Overmyer et al., 

2005). Tree canopies in urban gardens hold water temporarily during an event 

of rain thus allow more infiltration and ease the demand on the urban drain 

(Dunne et al. 1991; Xiao and McPherson, 2002). In effect, the condition of 

surface and proportion of impervious to pervious surface influence this benefit 

and display an inverse relationship (Perry and Nawaz, 2008). As equivalent to 

rural catchments, residential gardens offer more soft ground and vegetated area 

that allows the rainwater to permeate into the ground and then release it to air 

through evapotranspiration. According to Bolund and Hunhammar (1999), 

around 85-95% of rainwater infiltrate into the ground in case of areas with 

vegetation and soft ground cover. 

      

The effectiveness of carbon sequestration of garden vegetation and soil as 

carbon sink depends on their land cover design, management, tree life 

expectancy (Cameron et al., 2012). From a study on carbon storage and flux in 

urban residential green space, Jo and McPherson (1995) suggest 83% of carbon 

is stored in the soil up to 600mm depth, 16% in trees and shrubs and a little 

percentage of carbon is sequestrated by grass and herbaceous plants. 

Apparently, as a least disturbed urban ecosystem, residential gardens have a 

lower carbon release and maximum storage (Cameron et al., 2012). Residential 

gardens, presumably contribute to 25% when compared to street or parkland 

trees, both in the case of the UK and the USA (Nowak et al., 2002). Moreover, 

Jo (2002) points out those longer-lived woody plants are more beneficial than 

annual plants in terms of carbon sequestration. 

 

2.7. Biodiversity and Urban Private Residential Gardens 

Biodiversity is described as the heterogeneity among living organism that is 

essential for the survival of life on earth and for urban locations. The 

relationship between species richness and their connections are pertinent to 

urban biodiversity (Goddard et al., 2010). In the face of the decline of natural 

habitat, urban green spaces provide a reserve for native biodiversity.  The 

themes such as green infrastructure and urban forest promote conservation and 
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growth of urban biodiversity and in return ensure better ecosystem services.  

Due to their scale and abundance in urban areas, they conserve urban 

biodiversity, especially for species suited to their sizes and usages (Doody et al., 

2010). They offer benefits to wildlife and considerably depend on their 

composition and complex environment, including a heterogeneous mosaic of 

habitats, diverse micro-habitat with unique ecological features and vegetation 

structure and different management regime (Smith et al., 2005; Loram et al., 

2007). Some studies reveal that the diversity in the residential garden includes 

species of particular conservation concern and species those declined in the 

wider countryside (Gaston et al., 2005).  Besides, these important contributions, 

data on the ecological value of domestic gardens are less and rather sparse 

(Loram et al., 2008).  

  

Residential gardens aggregated, can form an extensive and interconnected 

tracts of green spaces and benefits can arise from their composition, including 

flora and fauna (Smith et al., 2005). Gardens characteristics determine the 

composition of species and the suitability of habitat for such species e.g. 

insects, invertebrates, amphibians, birds, and mammals (Loram et al., 2011). 

They may include vegetation complexity, height and density of both the native 

and exotic species that attract small vertebrates, invertebrates and birds to use 

gardens. Research suggests that avian diversity increases with the increase in 

site habitat heterogeneity (Mooney 2011) and moreover, their use of such 

habitat is seasonal and cyclic (Cannon et al., 2005). Furthermore, the 

relationship between householders’ activity and garden use, attitude towards 

garden management seem to play a vital role. Loram et al. (2011) highlight on 

the characteristics of the garden e.g. size, land-use, plant species richness and 

their composition and interest in ‘wildlife gardening’ as important predictors of a 

healthy ecosystem and can be associated with its management. The relationship 

of garden composition and geometry with garden area and house age is also 

considerable predictors of the role of garden green and potential wildlife habitat 

(Smith et al., 2005). 

  

As a product of housing and urban planning, residential gardens are intertwined 

between cultural, social and economic demands. Primarily, household sizes 

affect the garden composition and biodiversity based on resource consumption 
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(Smith et al., 2005). Garden attributes e.g. plot area, garden area; building 

type and age are related to garden composition and vegetation structure, in 

terms of ecological services and benefits. Whereas their manipulation may lead 

to increased or decreased level of biodiversity and ecosystem services (Gaston 

et al., 2005). Exploring the relationship with front and rear gardens, it may 

differ in many societies, but larger rear gardens offer a broader range of land 

cover, diverse vegetation species and larger trees thus prove to be more 

beneficial (Smith et al., 2005). 

 

2.8. Meaning and Affordance of Private Residential Gardens 

A survey on private green space in the UK reports that 80 % of respondents 

prefer to have garden spaces and 84% of all households surveyed have access 

to the garden (Bhatti and Church, 2004; Coolen and Meesters, 2012). Even 

though it is largely determined by socio-demographic, income and household 

composition factors, Coolen and Meestes (2012) suggest that they form an 

essential and demanding outdoor extension of an indoor living environment. The 

key opportunities the residential gardens afford are gardening and children play, 

being outside in the immediate nature. Besides, they afford safety and generate 

the experience of freedom from the mundane indoor built space and 

opportunities for strong family bonding and interactions. However, the social 

advantages of residential gardens are limited. Based on a study that links the 

use of garden and management activities to garden characteristics also provides 

the clue on to what extent affordances vary based on the occupant’s attitude 

towards their garden (Loram et al., 2011). Nonetheless, residential garden 

spaces offer opportunities for relaxation, recreation, eating, socialising and 

gardening. 

 

2.9. Socio-cultural, Socio-Ecological and Socio-economic 

aspects of Private Residential Gardens 

In comparison to the community or allotment gardens, the cultural significance 

of private residential gardens is low and ambiguous. Historically, in many 

cultures, the practical uses of residential gardens indicate food production than 

aesthetic quality (Lang, 1999; Carney, 2011). As residential gardens are 

essentially an extension to the household, they provide space for intra-personal 
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leisure (Cameron et al., 2012) and offer relief from perceived risks linked to 

lifestyle, globalisation,  environmental degradation and development of 

technology etc. (Bhatti and Church, 2004). The characteristic of the gardens 

e.g. vegetation density and their edge conditions i.e. boundary walls, hedge and 

building form and position within the parcel and the level of visual permeability 

etc. significantly determine the possible levels of interaction with the public 

realm.  

 

The socio-ecological model considers green space availability and their multi-

faceted potentials as a driver for health benefits (Sallis et al., 2008; Lachowycz 

and Jones, 2013). According to Cohen et al., (2000), based on a social-

ecological model, features within the physical environment lead to the changes 

in health behaviours and psychological state. Further, based on a seminal 

experimental study by Hatig et al., (2003), Lachowycz and Jones (2013) infer 

that the modes of engagement with the nature act as the mediator between the 

exposure to the green space and health benefits. Considering the health 

outcomes of green space, Lachowycz and Jones (2013) distinguishes them into 

physical and psychological, while earlier refers to physical activities, later relates 

it to exposure to nature (as viewing the landscape) and social interactions. 

 

As a socio-cultural attribute, age strongly determines the mobility and 

perception of the environment (Lachowycz and Jones, 2013) and chooses either 

public or residential green as convenience and pleasure. Furthermore, it 

considerably affects access to green space, perception and use of the 

environment, physical activity preferences, and health-related lifestyle (Bird and 

Rieker, 2008; Stafford et al., 2005). Evidence suggests a strong association 

between green space access and physical activity among both boys and girls 

(Epstein et al., 2006; Gómez  et al., 2004; Roemmich et al., 2006; Cerin et al., 

2007; Kaczynski et al., 2009), however, boys are less affected by green space 

within the immediate vicinity (Lachowycz and Jones, 2013)  than girls. Women 

are more influenced by safety concerns and the quality and type of available 

green space (Foster et al., 2004; Bedimo-rung et al., 2005; Cohen et al., 2007).  

 

Ethnicity influences the perception of the natural environment, preferences for 

recreation, the nature and the frequency of the use of the green space (Huston 
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et al, 2003; Virdin, 1999). Evidence suggests a strong association between 

green space exposure, and improved health among White than other ethnicity 

groups (Huston et al., 2003; Kerr et al., 2007; Scott et al., 2009). The 

difference of environmental influences pertaining to ethnicity, according to Lee 

et al. (2001) may prevail within the lifestyle, cultural values and level of 

exclusion from a particular environment. Attitude towards residential green 

spaces, according to Risbeth (2005), may be strongly cultural, within White, 

middle-class residences than other ethnic groups, and enjoy the privacy and 

security offered by them.   

 

In many studies, Socio-Economic Status (SES) is adjusted as the confounder 

variable while investigating the relationship between green space and health 

(Lachowycz and Jones, 2013). Socio-economic factors drive vegetation 

complexity, increase species richness and abundance and urban bird population 

(Goddard et al., 2010). Individual occupation, lifestyle and household factors 

influence both the opportunities and motivations for the use of green spaces. 

According to Cutt et al. (2007), dog ownership is associated with elevated 

physical activities. Even these factors are moderately associated but significant 

for children under the condition of parent’s attitude towards safety issues 

(Lachowycz and Jones, 2013). 

 

2.10. Liveability and Private Residential Gardens 

Liveability can be defined as the quality of life as experienced by the residents 

of a neighbourhood within an urban area (Norouzian-Maleki et al., 2015, p. 

263). A growing body of evidence suggests a stronger association between 

environmental quality of residential neighbourhoods and its impact on 

liveability. Norouzian-Maleki et al. (2015) include built environment 

characteristics e.g. design, use and maintenance, the availability of and 

proximity and accessibility to public spaces, effects microclimate, presence and 

aesthetics of vegetation and greenery and private green space as important 

predictors of liveability condition. Within this context of liveability, priorities 

have been given to the physical quality of the residential environment that 

includes both built and natural areas. As a part of the quest for criteria of an 

assumed liveability, Barton (2009) identifies recreation activities in private 

gardens i.e. gardening and young children’s play as a mediator between land 
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use planning and health and well-being. Norouzian-Maleki et al. (2015) further 

include neighbourhood green space (i.e. public and private), their amount and 

composition, tree quality and quantity and the management determine the 

quality of liveability. 

 

2.11. Salutogenic Landscape and Private Residential Garden  

The salutogenic landscapes are a health-promoting resource that encourages a 

person to feel physically and mentally healthy, with a good quality of life and a 

better sense of well-being (European Communities, 2009).  From the 

perspective of health and well-being, residential gardens have much to offer to 

their occupants and to the public in general. However, it depends on attributes 

such as ownership, identity and the ability to interact with nature (Clayton, 

2007; Gross and Lane, 2007). Within this, an individual’s attitude to gardening 

plays a vital role (Loram et al., 2011).  Well cited theories e.g. attention 

restoration theory (ART) (Kaplan, 1995) and stress recovery theory (Ulrich et 

al., 1991) explain the positive relationships between green spaces and health 

benefits. Hartig (2003) and Tzoulas et al. (2007) associate other health 

improvements e.g. pain relief, reduced blood pressure and heart rate, less 

frequent illness and improved cognitive function  to the restorative benefits of 

green. With a focus on the green space, Cameron et al., (2012), list out 

important causal factors that determine the strength of such relationship e.g. 

sample population studied, the form and extent or quality of green 

infrastructure, nature of green activities and ease of access, and the degree of 

motivation and perception of safety as important. Much of the research focus on 

physical activity as a mediator between green space and health and exclude 

such association with private residential gardens and gardening as a health 

promoting activity (Maas et al., 2008; Richardson et al., 2013). Blair et al., 

(1991) support gardening as an important pastime that encourages greater 

physical activities and offers prospects of creativity, communication and self-

expression. However, according to Dallosso et al. (1988) intensity of physical 

activities varies with activity types, age and the ability to participate. On the 

contrary, some studies expose the relationship between health and green 

infrastructure as weak (Lee and Maheswaran, 2011). 
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The term “therapeutic landscape” describes the landscapes that help to achieve 

physical, mental and spiritual healing (Gesler, 1993). Based on the argument 

whether all green landscape types and activities hold similar health benefits, Lee 

and Maheswaran (2011) consider not all forms of green spaces act similarly.  In 

line with the attention restoration theory, residential gardens could be 

considered important as an immediate contact with nature within the urban 

matrix. Moreover, focusing on restorative value, Ivarsson and Hagerhall (2008) 

indicate landscape with a high level of natural feature (i.e. view of flowers and 

blue space) provide the greatest restoration (Ogunseitan, 2005; Barton & 

Pretty, 2010). Beyond health prospects, gardens are designed with for  

aesthetic desires and functional criteria (Chen et al., 2009) and thus can be 

linked to resident’s self-esteem, feeling of achievement and fulfilment of talent 

and skills (Cameron et al., 2012). Evidence suggests that psychological benefits 

are the greatest in areas with wildlife and species richness (Fuller et al., 2007). 

Moreover, factors such as size, attractiveness, green space type and amenities 

affect health positively, but vary according to the user group and use pattern 

(Giles-Corti et al., 2005; Coombes et al., 2010; Cohen et al., 2010). 

 

2.12. Viewing Landscape, Health Effects and Private Residential 

Gardens 

Health effects related to exposure to the natural environment is well researched 

and receives much attention in many kinds of literature. The relationship 

between landscape and health has been observed for a long time in many 

different cultures and societies. A range of contemporary theories such as 

Ulrich’s ‘Stress Recovery Theory’ (Ulrich, 1984;1999); ‘Attention Restoration 

Theory’ by Kaplan and Kaplan (1989) ; Gesler’s theory on ‘Therapeutic 

landscape’ (Gesler, 1992); the ‘Salutogenic Model’ as a theory to guide health 

promotion (Antonovsky, 1996) are available to assess the  influence of 

landscape on human health. These theories explore the relationship between 

the effects of visual landscapes and human health and well-being. For example, 

Stress Recovery theory predicts that natural scenes greatly ameliorate ‘stress 

relief’ than those with built structures. Moreover, Hartig and Staats (2006) 

evaluate on the human preferences over natural landscapes that occur due to 

the restorative quality of nature. The well-known concept of ‘healing garden’ 
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that improve recovery does not occur by only being physically present within it 

but aid restoration also by viewing it. Kaplan (2001) suggests health benefits 

from experiencing nature is based on the opportunity for noticing and observing 

it rather than physically engage in activities within it.  Similarly, Attention 

Restorative Theory describes the restorative effect of the natural environment 

on human mental fatigue. In addition, it renews the human physical, 

psychological and social capabilities (Hartig, 2007). Therefore, the view of 

nature has the effect on attention-restoring experience (Tennessen & Cimprich, 

1995; Ulrich, 1984; Verderber, 1986).  

 

According to Ulrich (1979; 1981) nature scenes dominated by green vegetation, 

improve well-being, reduce anxiety and reduce crime arousal factor, and afford 

positive influence on the psycho-physiological state. Nature scenes with trees 

help speeding up healing in post-operative cases (Ulrich, 1984). Hartig et al. 

(2003) add that trees and nature views reduce stress and improve mood, lower 

blood pressure and decrease anger. Natural views, including trees, grass, 

bushes with no people improve attentional fatigue (Tennessen & Cimprich, 

1995). The urban backgrounds with trees with varying canopy structures and 

density affect psychological well-being through positive emotional response 

towards urban setting and lower blood pressure (Lohr and Pearson-Mims, 

2006). Hedges as a natural feature within built environment aid to relaxation 

(Heerwagen, 1990). Gardens with old fruit trees and variety of flower species 

increase the power of concentration after a prolong exposure to outdoor garden 

as compared to the indoor experience (Ottosson and Grahn, 2005). In the 

context of the neighbourhood, vegetation quantity improves social ties and 

provides a higher sense of safety and adjustments (Kuo et al., 1998), reduces 

aggressive behaviour and crime (Kuo and Sullivan, 2001), drops mental stress 

and fatigue and shows high hope about their issues. Window views of nature 

improve self-discipline in girls (Taylor et al., 2002),  act as a buffer to the 

negative impact of the daily life stress (Leather et al., 1998)  and offer 

experiences  of  better cognitive functioning (Wells, 2000).  

 

Much research links aesthetic value of trees to the increase or decrease of 

property value (Morales, 1980). Wolf (2007) through a hedonic pricing method 

finds the correlation between the vegetation condition and the increase in the 
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property value. Similarly, a survey of the sales of 844 single family residential 

properties in Athens, Georgia, U.S.A., indicates that landscaping with trees in 

residential properties increases their sale prices by 3.5%–4.5% (Anderson & 

Cordell, 1988). The aesthetic benefits of urban trees or vegetation as a whole 

can be linked to the seminal work of Ulrich (1984) states,  green visuals recover 

faster from surgery that gives market benefits in terms of earlier return to the 

productive workforce (Price, 2003). Besides, tree amenity values are 

acknowledged through replacement cost method that otherwise would have 

been spent to obtain numerous human benefits. The costs associated with tree 

aesthetics vary among tree types while views of conifer trees remain unchanged 

throughout the year deciduous change appearance in different seasons.  

 

Based on the expert judgement in order to evaluate the non-marketed value of 

urban trees, Helliwell (1967) used several attributes. These attributes are more 

a matter of judgement than measurements e.g.  the size of the tree (height and 

canopy), useful life expectancy (maturity), the importance of position in the 

landscape (front yard or backyard), the presence of other trees, and relation to 

setting, form and any other special factor. These attributes relate to their 

human relevance and acknowledge their interaction. On the other hand, hedonic 

pricing depends on structural, locational, and market attributes and among all 

Luttik (2000) identifies locational attributes as important for trees and water 

features. When trees are valued based on their impact on house price their 

locations pertaining to the season (i.e. summer, winter) are also considered 

important. Residential gardens as a part of the neighbourhood spatial structure 

and a traversed landscape offer visual benefit to the public in general. People 

travel through neighbourhoods during their daily activities and the journeys they 

make, present a sequence of aesthetic experience certainly different to the 

views from the windows. 

 

2.13. Planning, Design and Private Residential Gardens 

Undoubtedly, public and private green spaces play different roles in urban 

resident’s life. The current trend of urban infill densification and demand for 

more housing (Coolen & Meesters, 2012) persistently pose threat on private 

spaces which are consumed by buildings and grey infrastructure (i.e. pavement 

and driveways) and result in the reduction of garden sizes in many western 
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cities (Gaston et al. 2005; Loram et al. 2007).  Besides, difficulties are 

associated with obtaining data from these inaccessible and  fragmented 

resources (Loram et al., 2007) as they lie outside the immediate control of the 

urban administrative authority (Gaston et al., 2005) and are omitted from the 

planning process and decisions. The development and management of 

residential gardens remain under private responsibility while they benefit both  

 

2.14. Theoretical Framework 

 

 

Figure 3- Conceptual framework of urban residential gardens and its services and benefits; 

 

 

2.15. Conclusion 

The evaluation of different theoretical discourses and the conceptual framework 

shed light on the importance of private residential garden in urban areas (fig. 

3). Residential gardens form an integral part of the urban green infrastructure 

and the urban forest and substantially contribute to the creation and 

conservation of urban biodiversity. They offer much of the natural habitat within 

city limits and many services and benefits to city dwellers. The physical and 

mental health benefits obtained from them are not only limited to their 

occupants, but also are extended to the public in general. The services and 
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benefits that are offered by private residential gardens are obtained differently 

at urban spatial hierarchy ranging from local to global. It may be believed that 

the contribution may be largely local as residential gardens are essentially local 

resources, but when aggregated can address issues at a larger scale. However, 

their contribution beyond the city limits (both based on the city authority 

boundary or land cover and land use typology) is unclear. Based on the study of 

the composition, configuration, characteristics, function, values, and meanings, 

it can be argued that the residential gardens significantly contribute to 

ecosystem services, biodiversity and physical and mental health and well-being. 

Social benefits are rather weakly associated with residential gardens due to their 

detachment from the rest of the urban spaces. However, socio-cultural, socio-

ecological and socio-economic aspects indirectly influence on garden’s 

composition; richness; and management regime, in turn, affect psychological 

well-being and the level of human and spiritual satisfaction. Based on this 

review, this research aims to evaluate the level of ecosystem services and visual 

benefits based on residential gardens’ extent, composition and characteristics 

and assess their relative contribution to city-wide green spaces.  Based on the 

findings from the literature, this chapter presents a literature analysis and 

summary of landscape features as predictors of services and benefits (table 1, 

2). It also summarises the function of such attributes at different scales e.g. 

local (parcel level and neighbourhood) and global (town and city) (table 3) and 

systematically shows the relation between different ecosystem services and 

function, elements supporting ecosystem services, ecosystem function and 

landscape element and their relevance to private residential gardens and their 

relative contributions at local or global scale or sometimes at both the scales.  
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Table 1- Literature analysis and summary of landscape features and predictors of benefits and 

services of private residential gardens function within the domain of the themes;  

Themes 

(Scale) 
Domain 

Elements 

related to 

residential 

garden 

Landscape Features and predictors  Contribute to 

Urban 

ecology and 

ecosystem 
(Global)     
Habitat cover; 

Nutrition flow; 

Species 

Characteristics 

Land cover; 
Urban forest; 
urban 
agricultural 
land; Ecological 
network 

Garden- Area, Species diversity and 
richness; 

Ecological and 
Ecosystem 
functions, Services 
and Benefits;  
Quality of life;  
Wildlife habitat 

Blue space Water bodies, 
bio-swale; 
wetlands 

Residential Ponds and bio-swales Ecosystem services 
and benefits;  
Physical and 
mental health and 
well-being; Wildlife 
habitat; 

Green 

Infrastructur

e (Global)           
All natural, 

man-made 

green and 

blue space 

Urban forest; 
Amenity green 
spaces; 
Urban 
agricultural 
land; 
Ecological 
network  

Garden- Size, Geometry/ form, 
Configuration/ composition, Management, 
Trees- All aspects;  
Building- Age, Form, Density;  
 
 

socio-economic status; ethnicity, 

ownership etc. 

Ecosystem services 
and benefits;  
Physical and 
mental health and 
well-being; 
Aesthetic 
experience 

Urban Forest 
(Global)           
All natural and 

man-made 

green spaces; 

Private; public 

Trees;  
Vegetation; 
Ecological 
network etc. 
 

Garden- Land use (Shrubs, Perennials, 
and Groundcover, etc.) 
Tree- Species, Maturity; Planting design, 
Canopy, Density; Leaf area, etc. 
 

Physical and 
mental health and 
well-being; Quality 
of life;  
Support life;  
Space for refuge 
and reproduction;  
Energy and 
biomass; Aesthetic 
experience;  
Ecosystem services 
and benefits; 
Ecosystem goods; 

Ecosystem 

(Local & 
Global)       
Urban private 

residential 

gardens 

Species;  
Man-made 
natural 
environment; 
Green cover 

Plot- Area, 
Garden- Land use (Shrubs, Perennials, 
and Groundcover, etc.) 
Tree-Types, Sizes/height, Density, 
Species diversity, Leaf area, Canopy, 

Maturity, Position/ design (Seasonality 

effect, tree Shade), 
Building- Area 
Ground condition- Ground surface 
condition, Top-soil condition; etc., 
Other- hedge types and conditions;  

Biodiversity; 
Ecosystem services 
and benefits; 

Biodiversity 

(Local)       
Habitat 

patches, 

urban 

residential 

gardens 

Species  
(flora and 
fauna) 

Plot- Area, 
Garden- Area, Size, Functions, 
Geometry/form, Configuration/ 
composition, land use, Species diversity 
and richness, Management, 
Tree- Height, Density, Diversity, Canopy, 
Age,  
Building-Type, Age,  
Other- Wildlife, 
 

Physical and 
mental health and 
well-being; Sense 
of identity;  
Place attachment; 
Wildlife habitat; 
Aesthetic 
experience 
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Household size, occupant’s activity, use 

and attitude; ecological and social 

opportunities and barriers etc. 

Meaning and 

affordances 
(Local)       
Urban private 

residential 

gardens 

Socio-
demographic; 
Household 
composition; 
Attitude 

Garden- Function (play opportunities), 
Relaxation,  Recreation, Eating, 
Socialising; Gardening, 
Perception of nature- Level of 
Naturalness, 
 
Being outside, Sense of meaning, Safety 

and freedom, Quiet and Privacy, etc. 

Physical and 
mental health and 
well-being; Sense 
of identity;  
Place attachment 

Socio-

ecological 
(Local)       
Urban private 

residential 

gardens 

Human;   
Landscape; 
Ecology 

Types and Characteristics of Green space, 

Population, Location,  

Demographics, Engagement with nature, 

Improved perception, Aesthetic 

satisfaction, Relaxation, Physical activity, 

Socialisation, Interaction with wildlife,  

Intra-personal factors, etc. 

Physical and 
mental health and 
well-being;  

Socio-

cultural 
(Local)       
Urban private 

residential 

gardens 

Landscape; 
Human;  
Society; 
Cultural use of 
place 

Age, Ethnicity, Gender, Life style, Cultural 

values, Household, Time spent at home, 

Dog ownership, etc. 

Physical and 
mental health and 
well-being;  

Liveability 

(Local)       
Urban private 

residential 

gardens 

Neighbourhood; 
Housing;  
Plot; 
Environment 

Crime rate, Government policies, Social 

attitude, Busy road, Derelict housing, 

Design, Use and Maintenance, aesthetic 

quality, Vegetation and greenery, etc. 

Physical and 
mental health and 
well-being; Sense 
of attachment; 
Higher self-
esteem; 
Socialisation;  

Salutogenic 

landscape  
(Local)        
Urban private 

residential 

gardens 

Human;  
Nature 

Garden- Size, Function, Species diversity 
and richness,  garden function; 
Geometry/form 
Perception of nature- Level of 
naturalness (flower and water), Quality of 
nature, 
Other- Wildlife, 
 
Ownership, User group, Identity, Ability to 

interact with nature, Population, Ease of 

access, Degree of motivation, Perception 

of safety, age, Ability of participation in 

activity, etc. 

Physical and 
mental health and 
well-being; Higher 
self-esteem; 
Feeling of 
achievement; 
Fulfilment of talent 
and skills;  

Viewing 

landscape   
(Local & 
Global)       
Urban private 

residential 

gardens 

Human;  
Nature;  

Garden- Species diversity and richness, 
land use,  
Tree –Type, Size, Maturity, Position 
(design), Density, Form, relation to 
setting, etc. 
Building- Form, Position, Typology, 
Visibility corridor; 
Perception of nature- Level of 
naturalness (flower and water), Quality of 
nature, 
Other- hedge;  

Aesthetics 
experience; 
Physical and 
mental health and 
well-being; 
Increased house 
price; Better 
environmental 
perception 

Planning and 

design       
(Local & 
Global)       
Urban private 

residential 

gardens 

City; 
Neighbourhood;  
Plot 

Plot- Area;  
Garden- Area, Land use, 
Building- Area, Type, Density, Position, 
 

Population and Planning policies, 

Conservation value, Garden conversion, 

Plot design and Management, etc.  

Aesthetic 
experience; Quality 
of life;  
Wildlife habitat 
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Table 2- Relationship between landscape types, predictors and services and benefits;  

Landscape 

Types 

Predictors Theme Services and Benefits 

Plot Area 
(Large/ Small) 

Ecosystem; 
Bio-diversity; 
 

Ecosystem Services and Benefits; 
Wildlife Habitat; 
Aesthetic Experience; 
Ecology; 
Quality of Life 

Garden Area 
(Large/ Small) 

Urban Ecology; 
Bio-diversity; 
Salutogenic Landscape; 
Planning and Design 

Ecosystem Services and Benefits; 
Wildlife Habitat;  
Physical and Mental Health & Well-
being; 
Higher Self-esteem 
Quality of Life 

Geometry/Form Green Infrastructure; 
Bio-diversity 

Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat;  

Configuration/ 
Composition 
(Types & 

arrangement) 

Green Infrastructure; 
Bio-diversity 

Physical and Mental Health & Well-
being; 
Ecosystem Services and Benefits; 
Aesthetic Experience; 
 

Function 
(Activities) 

(More 

activities/Less 

activity) 

Bio-diversity; 
Meaning and Affordances;  
Salutogenic Landscape 

Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Aesthetic Experience; 
Higher Self-esteem 
Sense of identity; 
Place Attachment; 
Feeling of Achievement; 
Fulfilment of Talent and Skills; 

Land Use 
(Ground cover, 

shrubs, 

perennials, 

annuals, 

orchard; 

flowerbed, 

shed, 

agriculture etc.) 

Urban Forest; 
Ecosystem; 
Biodiversity; 
Planning and Design 

Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Aesthetic Experience; 
Place Attachment; 
Quality of Life; 

Species 
Diversity and 
Richness 
(percent of 

Native to 

exotic) 

Urban Ecology; 
Ecosystem; 
Biodiversity; 
Salutogenic Landscape; 
Viewing Landscape; 

Physical and Mental Health & Well-
being; 
Ecosystem Services and Benefits; 
Wildlife Habitat; 
Aesthetic Experience; 
Sense of Identity; 
Feeling of Achievement; 
Higher Self-esteem; 
Fulfilment of Talent and Skills; 
Better Environmental Perception; 

Management 
(High/Low) 

Green Infrastructure; 
Biodiversity 

Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Aesthetic Experience; 
Sense of Identity; 
Place Attachment 

Tree Species & 
Diversity 
(High/Low) 

Urban Ecology; 
Green Infrastructure; 
Urban Forest; 

Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
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Ecosystem; 
Biodiversity; 

Aesthetic Experience; 
Wildlife Habitat; 
Ecology; 

Type  
(percent of 

Conifer/ Broad 

Leaf) 

Green Infrastructure; 
Urban Forest; 
Ecosystem; 
Viewing Landscape 

Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Aesthetic Experience; 
Energy and Biomass 
Property Price; 
Better Environmental Perception; 

Density 
(Density/ unit 

area) 

Green Infrastructure; 
Urban Forest; 
Ecosystem; 
Biodiversity; 
Viewing Landscape 

Ecosystem Services and Benefits; 
Aesthetic Experience; 
Wildlife Habitat; 
Physical and Mental Health & Well-
being; 
Energy and Biomass; 
Property Price; 
Place Attachment; 
Better Environmental Perception; 

Canopy Cover 
(Percent of 

canopy cover to 

garden area) 

Green Infrastructure; 
Urban Forest; 
Ecosystem; 
Biodiversity; 
Viewing Landscape 

Ecosystem Services and Benefits; 
Aesthetic Experience; 
Physical and Mental Health & Well-
being; 
Property Price; 
Better Environmental Perception; 

Height /Size 
(Average tree 

height) 

Green Infrastructure; 
Ecosystem; 
Biodiversity; 
Viewing Landscape 

Aesthetic Experience; 
Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Property Price; 
Better Environmental Perception;  
Sense of Identity; 

Leaf Area Green Infrastructure; 
Urban Forest; 
Ecosystem; 
Viewing Landscape 

Ecosystem Services and Benefits; 
Aesthetic Experience; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Property Price; 
Better Environmental Perception;  

No of Trees/Plot Green Infrastructure; 
Ecosystem; 
Viewing Landscape 

Ecosystem Services and Benefits; 
Aesthetic Experience; 
Physical and Mental Health & Well-
being; 
Property Price; 
Better Environmental Perception; 

Maturity Green Infrastructure; 
Urban Forest; 
Ecosystem Services; 
Biodiversity; 
Viewing Landscape 

Aesthetic Experience; 
Ecosystem Services and Benefits; 
Physical and Mental Health & Well-
being; 
Wildlife Habitat; 
Place Attachment 

Tree Position 
(Design) 

Green Infrastructure; 
Ecosystem; 
Viewing Landscape 

Aesthetic Experience; 
Ecosystem Services and Benefits; 
Property Price; 
Better Environmental Perception; 

Building Area   
(Foot Print) 

Ecosystem; 
Planning and Design 

Ecosystem Services and Benefits; 
Aesthetic Experience; 
Wildlife Habitat; 

Age Green Infrastructure Ecosystem Services and Benefits; 
Form Green Infrastructure 

Viewing Landscape 
Ecosystem Services and Benefits; 
Aesthetic Experience 

Position and Planning and Design; Aesthetic Experience; 
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visibility  
 

Viewing Landscape; 

Density Green Infrastructure Ecosystem Services and Benefits; 
Typology 
(Detached/ 

Semi-detached/ 

Apartment) 

Biodiversity; 
Viewing Landscape 

Aesthetic Experience; 
Wildlife Habitat; 
Sense of Identity; 

Perception 
of Nature 

Level of 
naturalness 

Meaning and Affordances; 
Salutogenic Landscape; 
Viewing Landscape 

Physical and Mental Health & Well-
being; 
Aesthetic Experience; 
Property Price; 
Better Environmental Perception;  
Sense of Identity; 
Place Attachment 
Feeling of Achievement; 
Fulfilment of Talent and Skills; 

 Quality of 
Nature 

Meaning and Affordances; 
Salutogenic Landscape; 

Physical and Mental Health & Well-
being; 
Higher Self-esteem; 
Sense of Identity; 
Place Attachment 
Feeling of Achievement; 
Fulfilment of Talent and Skills; 

Ground 
Condition 

Ground Surface 
Condition   
(also include 

groundcover) 

Ecosystem; 
Biodiversity; 

Ecosystem Services and Benefits; 
Wildlife Habitat; 
 

Top Soil 
Condition 

Ecosystem; 
 

Ecosystem Services and Benefits; 
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Table 3- Relationship among urban spatial scale, services and benefits and potential predictors;  

Urban Spatial Scale Themes  Services and Benefits Predictors  

Scale 1- (Local)         
Individual garden and 
household level 

All themes Physical and mental health and 
well-being; Ecosystem services; 
wild life habitat and reproduction; 
Aesthetic experience; improved 
ecology; increased property value; 
energy and biomass; better 
environmental perception; feeling 
of achievement; fulfil of talent and 
skills; quality of life; sense of 
identity; place attachment; higher 
self-esteem, socialisation etc. 

Plot; garden; tree, 
groundcover; 
hedge; soil; 
building; perception 
of nature; 
recreation; garden 
use/ function; life 
style; meaning and 
affordances; garden 
management; 
demographics; 
 

 (Local) 
Neighbourhood or 
garden patch 

Urban ecology; 
green 
infrastructure; 
urban forest; 
ecosystem; 
biodiversity; 
liveability;  
Viewing 
landscape; 
urban planning 

Physical and mental health and 
well-being; ecological and 
ecosystem function, goods  and 
services; quality of life; wildlife 
habitat; support life and 
reproduction; aesthetic 
experience; Sense of identity and 
place attachment; higher self-
esteem, socialisation; increased 
property value and environmental 
perception;  
 

Plot; tree; garden; 
building; ground 
cover; soil; 
demographics; 
garden use and 
function; perception 
of environment; life 
style; garden 
management 

Scale 2- (Global)                   
The city or landscape 
scale (Gardens 
aggregated or 
compared to other 
green types) 
 

Urban ecology; 
green 
infrastructure; 
urban forest; 
ecosystem; 
biodiversity; 
urban planning 

Ecosystem services; Aesthetic 
experience;  

Plot; garden; tree; 
building; 
demographic; 
ground cover; top 
soil; garden 
management 
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Table 4- Ecosystem services and functions, elements supporting ecosystem services, ecosystem 

function and landscape element and their relevance to private residential gardens;  

Biodiversity and ecosystem 
services at the site 

Elements supporting 
ecosystem services 

Ecological function and 
landscape element 
necessary for the function 

Relevance 
to  private 
residential 
gardens 

Biodiversity Biodiversity 
(Marine) 

Bio-swale and 
wetland 

Bio-swale, wetland Yes, Local 

 Biodiversity 
(Terrestrial) 

Multiple habitat types Multiple habitat types Yes, Local 

Provisioning 
services 

Food Vegetable gardens Maintain urban agriculture Yes, Local 

 Raw material Native plants High proportion of native 
plants 

Yes, Local 

 Fresh water Water harvesting , 
rood top capture, 
underground water 
storage 

Maintain water collection 
and irrigation system 

Yes, Global 

 Medicinal 
Resources 

Medicinal plants  Urban agriculture Yes, Local 

 Ornamental 
plants 

Exotic plants and 
native  

Maintain heterogeneity and 
species richness 

Yes, Local 

Regulating 
services 

    

Climate and 

atmosphere 

Carbon 
sequestration 
and storage 

Site vegetation, 
especially trees 
(woody plants) 

Maintain Tree canopy  Yes, Global 

 Moderation of 
Extreme 
events 

Site vegetation, 
especially trees 
(woody plants) 

Site design and tree 
placement 

Yes. Local, 
Global 

 Pollution 
Mitigation 
(water) 

Trees, landcover, Bio-
swale, wetland, 
surface run-off 

Maintain tree canopy and 
landcover, increase 
infiltration time 

Yes, Global 

 Pollution 
Mitigation 
(Soil) 

Industrial use and 
fertiliser application 

Low alteration of top soil 
and maintain soil nutrient 

Yes, Local 

 Local climate 
and Air quality 
regulation 

Household and 
community energy 
system, Trees, 
vegetation etc. 

Maintain heating system 
and maintain good tree 
canopy cover 

Yes. Local 

 Moderation of 
impact of 
weather 
extremes 

Trees, Hedge and 
Landcover 

Design , tree positioning 
and orientation 

Yes, Global 

Pollination Maintain or 
increase 
pollination 

Native planting, 
Native pollinator 
species 

Maintain habitat of native 
pollinators 

Yes, Local, 
Global 

Hazard 

regulation 

Reduction in 
landslide 
potential 

None None None 

 Reduced 
flooding 

Landcover and trees Maintain more impervious 
surfaces and reduce hard 
surfaces 

Yes, Local  

 Noise 
reduction 

Tree, hedges  Maintain appropriate tree 
and hedge species  

Yes, Local 

 Disease and 
pest regulation 

Native trees and 
vegetation 

Maintain more resilient 
native species   

Yes, Local 

Water Seasonal 
drought 
mitigation 

None None None 

 Waste-water Rain water harvesting  Bio-swale and wetland Yes, Local, 
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Treatment Global 
Soil Maintenance of 

Soil Fertility 
Groundcover species 
and trees 

Nitrogen fixing species and 
low alteration of top soil 

Yes, local 

 Reduced 
Erosion 

None None None 

Supporting 
services 

Primary 
Productivity 

Site vegetation and 
biomass 

Maintain site vegetation of 
all types 

Yes, Local 

 Preservation 
and generation 
of soils 

Leaf litter and organic 
master built up in the 
soil 

Allow leaf litter to decay Yes, Local 

 Nutrient 
Cycling and 
composting 

Leaf litter and 
composting  

Allow leaf litter to decay 
and prepare compost heaps 

Yes, Local 

 Water Cycling 

(hydrologic 
flows) 

Water harvesting 
system 

Maintain all site water 

systems 

Yes, Local, 
Global 

Cultural 
services 

Social 
Cohesion 

Public realm, sites 
used by a wide 
demographic 

Site plan and design None, Local 

 Sense of 
Identity 

Trees, attachment to 
landscape types, 

species 

Retain old trees and  
species and valuable trees 
and cultural landscapes 

Yes, Local 

 Mental and 
physical well-
being 

Public and private 
nature  

Maintain site plan, design, 
vegetation composition and 
species diversity, wildlife 
etc.  

Yes, Local 

 Recreation Urban green 
infrastructure,  Public 
realm, community 
gardens, private 
gardens  

Maintain site plan and 
design  

Yes, Local 

 Tourism None  Maintain urban vegetation 
and aesthetics quality 

Yes, Global 

 Aesthetic 
Appreciation/ 
Spiritual/ 
Religious 

Urban nature both 
public and private 

Site planning and design 
and species diversity and  
richness,  wildlife 

Yes, Local 
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Chapter Three: Methodology 

 

3.1. Research Design, Processes and Methods  

Being an explorative research, it attempts to assess the relative contribution by 

examining the different parcel (residential plot) and neighbourhood (a group of 

parcels) level physical and visual attributes as influential moderating factors. The 

results could expose the level of relative contribution under different 

environmental conditions as predictors and moderators. The private green spaces 

considered for the survey were residential gardens adjacent to a residential 

dwelling including front yards and backyards. This research excludes the 

communal gardens as private residential green space type. This supposition of 

nature as “vegetation” is believed to be congruous to the study areas as they 

manifest in front and backyards of urban residential properties. The term “green 

space” is used in the research to define study area, nonetheless is acceptable as 

James et al. (2009) define green spaces as unsealed, permeable and soft surface 

such as soil, grass, shrubs, trees, and water etc. 

 

  

Figure 5- The Map showing the position of Tartu in Estonia. (Source- Maa-Amet Map, 2016) 

 

3.2. Study Site  

The city of Tartu, Estonia (58°22’ N, 26°43’ E), Maa-Amet (Estonian Land Board) 

grid reference (fig.5) is surrounded by suburban development, commercial 

establishments, agricultural land and large to small forest patches. The 
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administrative boundaries of the city enclose an area of more than 38.96 Km2, 

population of 100,000 that is relatively stable in recent years. Planned residential 

area developed in Tartu dates back to late 18th Century and subsequently more 

residential quarters was planned and added on. Substantial housing development 

occurred between 1900 till 1927 (first formal Tartu master plan was drafted) and 

some continue to exist with a few alterations and densification while some have 

undergone massive re-construction, after WW-II and primarily during Soviet 

occupation. 

 

Real estate development has been a consistent progress during the 20th century, 

but higher trends were observed during the 1st half of the century and mass 

Soviet housing construction from the 1960s until 1990s. Even though WWII and 

its aftermath have altered the city fabric some residential areas in central Tartu 

still remain as archetypes of earlier forms including garden suburb models. 

Presently the town is sprawling and new residential developments are regularly 

added. The pattern of development shows that high-rise and high-density 

developments are planned within inner city areas through regeneration while 

detached plot schemes dominate the city outskirts. 

 

Residential areas in Tartu are similar to other most urban areas in Estonia 

primarily comprising three types including plotted developments with detached 

housing (no-adjoining dwellings with single or multiple households); detached 

apartment blocks on plotted development (sometimes adjoined); and a block of 

apartments from the Soviet time without physical boundary demarcation (many 

households / many adjoining buildings or more than one level) (fig.6 & 7). These 

housing typologies nearly always incorporate private green space around them 

but in the case of block housing, it remains largely communal open lawn with an 

absence of physical separation between private and public land and comprising 

mature trees and grass. As a result of the difficulties of identifying and delimiting 

the external spaces of the mass housing blocks, the focus of this research is on 

residential gardens associated with detached single or multi-occupancy housing 

(large houses split into flats) located in separate and delimited land parcels (after 

Cameron et al., 2012), and therefore systematically selected for case studies to 

understand the extent and structure of this resource and their characteristics and 

associated features. 
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Figure 6- The spatial character of Housing typologies; Neighbourhood Street characteristics and 

Garden characteristics in Tartu, Estonia; 
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Figure 7- The example of typical house types in Tartu with associated green spaces (property 

outlines are traced from Maa-Amet- Estonian Land board survey data); 

 

The common land cover in residential gardens in Tartu has not changed 

significantly over the years, but a change in residents’ lifestyle has altered the 

nature of garden use. The garden elements can be described as orchards, shrubs,  

large non-fruit ornamental trees, natural and mown grass, cultivated plots and 

vegetable patches, boundaries composed of hedges and fences, greenhouses and 

some children’s play facilities and sheds to store firewood and other garden 

equipment etc. The garden sizes are found to be rather large in comparison to 

the building area within the parcel. Historically, residential plots were made larger 

for growing food and were allocated based on the household densities (Tartu 

Master Plan, 1927). These gardens are still used extensively between spring and 

autumn for growing vegetables, flowers, relaxation, socialising, children play, 

drying clothes and storage purposes. There are a few winter uses in these 

gardens, being mainly limited to children play and exercising pets. In some 

residential quarters of Tartu, gardens have been consumed in house building but 

for some are protected because of the neighbourhood’s historical value. 

Densification by infilling is also regulated based on the closeness of the 

Block Housing  

Detached plotted 

Housing  
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neighbourhood to central heritage zone. Based on this, the research selected 

sample neighbourhoods on an urban gradient along the river valley. 

 

To investigate the benefits and services of residential gardens, this research 

employed two sampling methods to evaluate the relative contribution of private 

residential gardens. The First method compared the garden extent and the 

associated features and garden characteristics among stratified samples of 

neighbourhoods in order to identify the consistency of expected services and 

benefits. The second method compared these services and benefits across 

different spatial scale by collecting samples of residential gardens within the 

extent of Tartu urban boundary. 

 

 

Figure 8- Propagation of multiple benefits and services at various scales for urban areas;  

 

As part of theoretical framework, figure-8 shows the propagation of various 

services and benefits those arise at residential garden level. As parcels together 

form neighbourhoods and similarly neighbourhoods aggregates to a city district 

or a small town it can be assumed that private garden spaces have relatively 

higher contribution to urban ecology, biodiversity and public health and well-

being and the  ecosystem services and benefits comparable to urban public green 

spaces. The methods throughout this research acknowledge the urban spatial 

hierarchy and are structured to answer the research questions set to achieve 

research objectives.  
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3.3. The Method One 

3.3.1.  Selection of Sample Neighbourhoods- 

The study area includes parts of three residential neighbourhoods within Tartu: 

Karlova, Tahtvere, and Supilinn (fig.9). Several criteria were used to select the 

neighbourhoods: housing density, housing structure types (detached housing 

with garden), date of development/ construction, river proximity (for the 

influence of soil type), historical and socio-cultural significance, settlement 

pattern and design, and distance from the city centre. It was considered that 

these factors which determine the selection of case studies commonly influence 

the extent and character of residential garden spaces. During the selection of the 

neighbourhood segments, conditions such as gardens’ level of exposure and the 

vicinity to major traffic and pedestrian corridors were considered as the important 

determinants for the visual benefits of these green spaces.  The survey focused 

only on detached housing parcels to ensure most houses have the front yard and 

a backyard garden and most households have access to their gardens. According 

to socio-cultural criteria, Karlova and Supilinn were built to accommodate 

working class populations in the early 20th century, whereas Tahtvere was built 

to satisfy the housing demand of the growing middle class.  The residential 

samples vary across neighbourhood segments due to different parcel sizes and 

layout pattern. The sample parcels were further clustered by categorising streets 

into primary, secondary and tertiary depending on the road width, the amount of 

traffic movement and their busy-ness, the level of exposure and the surrounding 

environment (Appendix-4). 

 

3.3.2. Survey Design- 

However, the sample design only selected the neighbourhood segments for the 

garden survey, the method of sample selection and clustering acknowledged the 

aspects of the layout and distribution of plots along the different street pattern. It 

can also be assumed that the street hierarchy creates different micro-

neighbourhood conditions that influence residential gardens' extent, 

characteristics and usage. The quality of street view is also determined by the 

width of the street; traffic movement and speed; busy-ness; availability of 

pedestrian space; and the level of exposure of the residential garden. The garden 

views are determined by the attitude of the owner whether they prefer to exhibit 

or maintain the garden as a private affair. Considering these factors and 
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acknowledging the fact that streets have a greater influence on residential 

parcels and their gardens, this method selects strips of residential parcels 

adjacent to the street that they are associated with their postal address. Based 

on three street types i.e. primary, secondary and tertiary, various streets were 

selected and categorised based on their busy-ness, road width, surrounding 

environment and pedestrian movement (Appendix-4). In total 15 streets  were 

selected as part of all three different neighbourhoods and  accordingly garden 

extent, land cover and tree characteristics were surveyed and analysed 

(Appendix-1, 2 and 3). Parcels facing primary streets are expected to be seen by 

a large number of people than parcels facing other two street categories. 

However, ecosystem services and benefits are independent of the street 

influence, but are affected by their management, quality and connectivity (i.e. 

biodiversity corridor effect) and for that matter their position within the 

neighbourhood is significant. The data collected from the survey of each 

residential garden were clustered according to the street they are associated 

with. For the visual survey, corner parcels were considered twice for both the 

front and side perimeters facing both the streets. 

 

 

Figure 9- The location of stratifies residential neighbourhood sample within Tartu administrative 

boundary and their distance from centre (Source: Maa-Amet Maps, 2016); 
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3.3.3.  Description of Neighbourhood Segments 

Karlova- Residential garden resource and extent  

The Karlova planning area is situated in the central part of Tartu (fig. 9). The 

area is primarily considered as a historic quarter of the town where many 

buildings have cultural heritage value. This area holds many high-quality green 

spaces distributed around residential, commercial and public buildings. The 

majority of land use within the area is residential which was strategically laid out 

on a grid pattern with mixed use development component facing the streets.  

Historically the area had a mixed land use function where commercial properties 

such as shops occupied the ground floor. The overall character of the area is 

historical as a majority of the houses are of the wooden structures from the art-

nouveau style. Karlova borders the historic Tartu town centre and the Emajõe 

River. Most of the homes were built in the late 19th century and early 20th 

century. At any given time in Karlova, there are more people out walking than 

cars driving on the narrow roads. Most of the parcel homes do not have the front 

yards, but occupy large backyard gardens. 

 

 

Figure 10- Sample study area- Karlova describing the spatial distribution (drawing not to scale); 
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Figure 11- Different plot and garden characteristics in Karlova, Tartu;  

 

Tähtvere-Residential garden resource and extent 

Tähtvere planning area is situated in the north-western quarter of Tartu and 

surrounded by public parks, Institutional (university) and industrial land use. This 

area is considered as an upmarket real estate with higher socio-economic 

indicators. This urban extension was laid out based on a garden city concept on 

the outskirts of the city and mostly comprise of detached villas with large 

residential gardens of varied characters. The area was developed during the 

1930s and its spatial characteristics largely remained unchanged until today. The 

plots selected for survey abut a major transportation corridor, public parks and 

other residential parcels.  

 

Figure 12- Sample study area-Tähtvere describing the spatial distribution (drawing not to scale); 
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Figure 13- Different plots and the garden characteristics in Tähtvere, Tartu;  

 

Supilinn- Residential garden resource and extent 

Supilinn is one of the oldest planning areas of Tartu that can be traced back to 

the 17th century. Entire built-up area of Supilinn was included in the city of Tartu 

in 1867. Later, in 1927, a sports park was added to the north and the 

neighbourhood was restructured by adding few more streets. The development 

occurred based on practical needs such as growing food. Until the 20th century, 

the spatial structuring largely depended on the division of hereditary land parcels 

into new parcels or creating new ones from the city’s meadow (Hiob, n.d.). This 

process created Supilinn’s characteristic structure of residential gardens, where 

long and narrow plots reach deep into the interior of the neighbourhood block. In 

Supilinn, buildings along the streets were also upgraded, which resulted in the 

buildings being densely located along the streets with long allotment wedges 

behind them. These large plots today are found to be underutilised and expected 

to be occupied by lucrative residential development in the future. However, the 

densification is controlled as city council, considering neighbourhood's heritage 

value.  
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Figure 14- Different plots and the garden characteristics in Supilinn, Tartu;  

 

 

Figure 15- Sample study area-Supilinn describing the spatial distribution (drawing not to scale); 

 

3.3.4. Recording Garden Characteristics 

Garden characteristics were recorded by identification and measurement of 

garden elements present within the residential parcels. Following Smith et al. 

(2005) a brief guide to definitions of  gardens elements as variables were used 

commonly throughout this research to avoid confusion: 1) Parcel- the private 

area belonging to a householder or number of householders including dwelling 
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and green space (measured from Maa-Amet Maps), 2) Garden- calculated as the 

area of the parcel minus the area of the house (measured from Maa-Amet Maps, 

3) Tree density- including all the trees more than 3m height per parcel, 4)  Tree 

canopy- the ground projection of tree leaf area, 5)The rear garden- a portion of 

the garden area- behind the building line and 6) The front garden- a portion of 

the garden area in the front and side of the building. Various tree characteristics 

were observed and inventories were prepared including 1) Tree density,  2) Tree 

types (conifer and deciduous), 3)  fruit and non-fruit (ornamental), 4) Canopy 

cover, 5) DBH (diameter at breast height), 6) Tree heights, 7) Tree maturity, and 

8) Tree species richness (Appendix- 1, 2, 3 and 6). Tree canopies were measured 

using traditional tree inventory method and were drawn to scale using AutoCAD 

and Maa-Amet GIS Maps. All the gardens were surveyed between June and 

September 2015.  

 

The survey methods involved 1) observation, 2) measurements and 3) taking 

pictures of garden features and were conducted inside the garden and sometimes 

from the street in the case of parcels were inaccessible. The garden areas for all 

parcels surveyed ranged from 225 m2 to 2956 m2. The ages of the houses' were 

considered non-significant considering the fact that all samples were collected 

from neighbourhoods belong to a similar age.  The survey recorded boundary 

conditions (i.e. wooden/solid fence; hedge etc.) for each property and included all 

forms of land cover present within each parcel: 1)  Mown grass area, 2) 

Cultivated borders (shrubs), 3) Un-cultivated /neglected ground, 4) Vegetable 

plots, 5) Walking path (hard surface), 6) Patio, 7)Shed, 8)  Green house, 9) 

Garage, 10) Car driveway, 11)  Ponds, 12) Ornamental fountain, 13)  Compost 

heaps (identified with nomenclature following smith et al., 2005 and Loram et al., 

2008).  Out of the above-mentioned list of land covers, the ornamental fountain 

was found only in five cases and a pond was identified in one parcel. 

 

This approach separated all land covers into 1) hard surface land use cover, 2) 

residual green land cover i.e.  mown grass, cultivated plots, and uncultivated or 

neglected ground and 3) vertical structure of vegetation i.e. trees (>3m). Further 

cultivated borders included shrubs, perennial and annuals considering their 

internal compositions change annually. Land cover features such as garage and 

car driveway were considered to have a negative impact on the biodiversity and 
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species richness attributes of the garden. These land covers were observed and 

recorded as present or absent in order to obtain their level of richness. 

Driveways, vegetable plots and sheds areas were measured from the Maa-Amet 

Maps.  

 

Various parcel and garden extent and sizes were examined through linear 

correlation (ANOVA) to check the assumption that the detached housing parcel 

sizes provide a reliable guide to the garden sizes and the ground areas covered 

by buildings. This research considered garden landcover richness as a predictor of 

the gardens’ services and benefits. Therefore, the influence of garden areas on 

the land cover richness was analysed through examining the relationships 

between the garden areas and car driveway (both soft and hard surfaces), 

cultivate plots, walking paths and the residual green cover (including all green 

groundcover) using simple linear regression. This analysis provided a basis to 

understand the influence of the garden areas on the extent of individual land 

cover and explored the aspects such as alteration of top soil, influences on the 

biodiversity, attitude of owners towards their gardens and their relationship with 

ecosystem services and other benefits. The study differentiates between front 

garden to back garden, based on the evidence that 63.72% of residential 

properties did not have front setbacks and the rear gardens were observed with 

multiple land use and land cover.  

 

Tree attributes in the residential gardens are strong predictors of gardens’ 

services and benefits. This research did not consider the building age as a 

determining factor for tree maturity (all samples were from the similar period) 

and also did not divide tree canopy into height strata (intention was to find the 

relative contribution of private green). However, the dataset on tree trunk 

diameter and tree maturity were stratified and analysed. A set of analysis 

examined the influence of garden areas on the various tree attributes e.g. 

number of trees; tree types (fruit, non-fruit, conifer and deciduous); canopy 

cover by applying simple linear regression. Another set of set of analysis 

examined the relation between garden area and tree species richness and canopy 

cover to tree DBH (tree trunk diameter at breast height), tree maturity and tree 

height by using simple linear regression. 
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3.3.5. Recording of Visual Characteristics 

The aesthetic benefits of residential gardens are not only limited to their owners 

or users but also to public in general who travel through neighbourhoods in 

different modes and at different speeds. Even though different modes and speeds 

allow to perceive surrounding environment differently, this research considers 

residential neighbourhoods are pedestrian dominated. Moreover, as a living 

environment, people encounter with nature more than the time spent at parks or 

in any other salutogenic environment.  

 

Figure 16- The graph show the frequency distribution of garden categories based on front garden 

spatial composition across all street facing residential parcels frontage (n=130)  and category types 

(n=12) (Appendix-5); 

 

In order to obtain aesthetic benefits, it is required to analyse physical characters 

of the front yards of residential parcels. Neighbourhoods as traversed landscapes, 

research considered physical character of individual plots that are visible to public 

include: 1) parcel street frontage width- width of parcel between two adjoining 

parcel edges and distance between street edge and adjoin parcel edge in case of 

corner parcels taken for both streets, 2) Permeable garden spaces- parcel width 

minus building facade width, 3) Front setback- the distance between building 

façade and the adjoining street, 4)  Number of trees in the front yard, 5) Canopy 

cover in the front yard and 6) any other visual element present in the front yard.  

 

A set of criteria (Appendix-5) was developed to cluster front gardens based on 

their common features and compositional attributes that generate different visual 

characteristics and experiences. These were later used against the visual 

0

5

10

15

20

25

30

35

40

45

1 2 3 4 5 6 7 8 9 10 11 12



48 

 

responses gathered to assess the overall visual benefits that these 

neighbourhoods offer to their viewers. These physical attributes were 

hypothesised as predictors of the quality of experiences thus provide aesthetic 

benefits. To capture the level of residential garden landscape appreciation and 

visual quality experience, this research conducted an experiment on 13 

respondents by allowing them to grade images of front gardens of all surveyed 

parcels based on their level of appreciation (Source: Google Street view, 2016) . 

Likert scale was used to record responses on an aesthetic appreciation scale that 

ranged from 1 (very low) to 5 (very high).  

 

Figure 17- The graph show the frequency distribution of responses given to individual parcels 

frontage based on the categories (n=12) based on front garden spatial composition across all street 

facing residential parcels frontage (n=130); for example  Criteria 3: Building on edge; Low or no  

green density (trees and shrubs); Low green view or fully open views; 

 

In order to assess the aesthetic benefits, the approach examined the influence of 

parcel level variables i.e. parcel street frontage width; permeable garden space; 

front setback; number of trees and canopy cover in the front gardens on the 

visual quality experience responses which was recorded using the Likert Scale 

from 1(very low) to 5 (very High).  
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3.4. The Method Two 

3.4.1. Selection of Garden Samples for the City of Tartu; 

In order to collect garden samples within the entire of Tartu urban administrative 

boundary, this research employed a sample design based on stratified method. 

This approach defined areas in 1 Km X 1Km grid cells (Fig.17) having more than 

25% coverage by residential or industrial zones as judged from Maa-Amet Maps 

at 1:20,000 scale ( after Gaston et al., 2005). Flats and other buildings with 

communal gardens were excluded from this selection. Following the previous 

stratification method, only detached houses with garden areas were selected. For 

each cell, three residential parcels were selected, one from the centre and 

remaining two from the edge of the residential cluster within that cell. Parcel and 

garden extents such as 1) parcel area, 2) building area and 3) other garden land 

covers (i.e. driveway, shed, walking path, and green land cover etc.) were 

measured and calculated by using Maa-Amet Maps. Other garden attributes such 

as 4) front width of the parcel, 5) number of trees in each parcel were also 

measured and counted.  In order to obtain the total parcel and garden areas 

formed by these detached house parcels, all detached residential buildings were 

counted present within each cell (n=24) and multiplied with the average mean 

area of all the sampled parcels selected from each cell. Further to evaluate the 

contribution of such urban green space formed by these detached residential 

gardens, it was divided by the total area within Tartu urban administrative 

boundary and the proportion of garden formed by these detached gardens  as the 

total area with Tartu urban boundary was calculated. This method stratified the 

city-wide samples along urban gradient within buffer limits of 1.5Km, 2.5 Km and 

5 Km, to assess the extent of residential gardens along the urban gradient. 

 

In order to relate the findings from the plot and neighbourhood level to city-wide 

green space, this research analysed the influence of the garden areas, land cover 

composition, and tree densities across sampled parcels within the Tartu 

administrative boundary. All analyses were carried out in Microsoft office 

professional Plus 2010 (Excel data analysis pack) and data sets were 

homogenised and normalised depending on the variances and there were no data 

manipulation allowed in the process. 
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Figure 18- The map of the location of the 24 study gardens in the predominantly o=urban areas of 

Tartu; (the squares indicate 1Km2) Map not to scale; 
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Chapter Four: Results 

 

4.1. Introduction 

This research used discrete methods that compared garden extent and their 

associated features and characteristics among stratified samples of 

neighbourhoods and extrapolated the findings to an urban scale using most 

relevant and key predictors that were found at the neighbourhood level study. 

The research strategy (fig. 1) clearly laid out processes that aimed to achieve a 

set of objectives that meet the overall goal of this research. The approach related 

to the identification of the extent of services and benefits at the sampled 

neighbourhoods as case studies provided evidence regarding the key garden and 

vegetation attributes, their extent, structure, characteristics and distribution 

patterns and moreover the relationships between attributes. These predictors 

were expected to be adequately supporting ecosystem services, wildlife habitat 

and many benefits related to human health and wellbeing, socio-cultural, socio-

ecological and socio-economic aspects. Further, these sets of evidence provided 

the basis for the analysis at an urban scale. Earlier, the analysis of literature 

identified the contribution of the residential garden or green elements that 

support ecosystem services and wildlife at different urban spatial scale, which 

was used in order to analyse their level of contribution based on their quality, 

quantity, distribution and intra-relationships. The visual benefits at the 

neighbourhood’s level were analysed using garden level spatial attributes and 

found a strong correlation between responses on visual quality experience and 

front garden spatial attributes.  

 

In order to extrapolate these results from the neighbourhood level contributions 

to an urban (global) scale, key predictors e.g. garden sizes, green land cover 

sizes and number of trees were used to assess their contribution towards an 

overall urban green space present within the Tartu urban boundary. The results 

suggested positive relationships between the parcel and garden level attributes; 

the garden sizes and vegetation structure, characteristics. Moreover the analysis 

of the quantity, quality and distribution of garden and vegetation attributes 

across all the sampled neighbourhoods predicted their relative contributions at 

the neighbourhood level. 
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4.2. The garden resources at parcel and neighbourhood scale 

4.2.1. The context: general parcel characteristics 

The influences of parcel attributes and garden characteristics on the level of 

ecosystem services at the local scale (i.e. plot and neighbourhood) were 

predicted through parcel areas, garden areas, rear garden areas, and building 

footprints occupied within the parcels. The average mean (± SD ) of all the 

residential parcels, garden and building areas for 15 clusters  for all three 

neighbourhoods were calculated  as parcel sizes 1184.07 m2, ± 486 m2; garden 

sizes 1010.38 m2, ± 464.75 m2; and building footprint 173.69 m2, ± 79.10 m2. 

Only a small percentage of (8.8%) of all the parcels sampled did not have the 

front garden and 54.86 % did not have the building front setback. These 

variations caused by the buildings present within the house parcels and played an 

important role in terms of gardens’ spatial configuration and visibility within the 

neighbourhoods. It was found that the larger land parcels were surrounded by 

parcels of similar sizes but varied in terms of their garden sizes. Besides, a few 

variances were observed within all the parcels sampled, where large parcels were 

divided into smaller units. However, the garden areas increased with the increase 

of parcel areas and according to figure-19 larger parcel and garden areas were 

found in Tahtvere neighbourhood in comparison to other sampled 

neighbourhoods. 

 

The distribution of garden areas in terms of their proportion as parcel areas for all 

the clusters ranged from 87% to 79% (fig. 20). These trends suggest that the 

large garden spaces were proportionately distributed across all the parcel 

clusters.  The distribution of green land cover as parts of garden areas across all 

neighbourhoods, however increased with an increase in the garden areas, but 

showed a less parity among all the parcels sampled in terms of their proportion 

as parcel areas. Moreover, they were disproportionately distributed, but occupied 

more than 50% of the parcel areas for all clusters and specifically found to be 

relatively higher for Tahtvere neighbourhood segment than other 

neighbourhoods. Similarly, the trends related to the rear and front garden areas 

were found to be inconsistently distributed across all neighbourhoods and 

specifically, rear gardens did not systematically increase with an increase in 

garden area. Moreover, there were no such relationships found between the front 

and rear gardens. All the parcels surveyed were found to be of rectangular in 
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from with their widths facing the street. Corner parcels were found to have more 

exposed parcel perimeters.   

 

Figure 19- The comparison of all garden extent and resources for all parcel clusters;  

 

 

Figure 20- The comparison of garden extent and resources proportion as parcel areas for all 

clusters;  
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Tahtvere- Garden extent and resource  

A total of 31 parcels was surveyed in Tähtvere neighbourhood segment. Parcel 

sizes ranged from 527 m2 to 2066 m2 with an average of 1400.77 m2. The 

building footprints occupied the plot were recorded with an average of 193.41 m2 

and ranged from 111 m2 to 355 m2. The garden areas that present both in the 

front, side and back of the building together were recorded with an average of 

1223.2 m2 and varied between 375 m2 and 1798 m2 and 84.5% of parcel areas 

were occupied by garden spaces.  Out of the total parcel surveyed, all the parcels 

were found in the front gardens of similar sizes for the street they face. 

 

 

Figure 21- Example of sampled parcels for Tahtvere showing their spatial character and 

composition of garden elements (scale 1: 600);  

 

Karlova- Garden extent and resource  

Specific to Karlova, a total of 46 detached residential parcels was selected and 

within this neighbourhood segment, parcel sizes ranged from 474 m2 to 1962 m2 

with an average of 1159.5 m2. The mean average of all building footprints 

occupied within the parcels was 186.2 m2 and building sizes on the ground 

ranged from 59.16 m2 to 426.61 m2. The garden areas including both in the 

front, side and back of the house were calculated with an average of 973.3 m2 

and ranged from 408.5 m2 to 1513.9 m2. 83.9% of all parcel areas were found to 

be the garden areas with varied land covers. Out of the total residential parcels 

surveyed, 59% have front gardens and their sizes varied significantly. 
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Figure 22- Example of sampled parcels for Karlova showing their spatial character and 

composition of garden elements (scale 1: 600);  

 

Supilinn- Garden extent and resource  

As one of the oldest neighbourhood, among all the samples, this survey selected 

a total of 36 parcels in Supilinn neighbourhood segment. The parcel sizes ranged 

from 425 m2 to 3123 m2 with a mean average of 1028 m2. 

 

 

Figure 23- Example of sampled parcels for Supilinn showing their spatial character and 

composition of garden elements (scale 1: 600);  
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The building footprints occupied within the parcels ranged from 84 m2 to 274 m2 

with a mean average of 140.75 m2. The garden areas including both in the front, 

side and back of the building were recorded with an average of 888.2 m2 and 

ranged from 225 m2 to 2956 m2. 86.3% of all parcel areas were found to be the 

garden areas with varied land covers. Out of the total sample gardens surveyed 

in Supilinn, 16.67% of all the plots have a front garden and their sizes are not 

uniform along individual streets. 

 

4.2.2.  The relationship between parcel and different garden attributes 

Residential parcel areas were strongly positively correlated with the garden areas 

for all sampled clusters in three neighbourhoods (r2=0.988, n=15, p<0.001) (fig. 

24) and weakly positively correlated with the proportion as total garden areas 

(r2=0.378, n=15, p=0.015) (fig. 25) but weakly negatively correlated with the 

proportion as building areas (r2 =0.378, n=15, p=0.014) (fig. 26).  

 

Figure 24- The relationship between average mean of parcel areas for all clusters and their 

associated garden areas (r2=0.988, n=15, p<0.001); 

 

This relationship was expected due to the similarities in building sizes across all 

the neighbourhoods because of the samples were largely collected from the older 

settlements of Tartu where building regulations largely control infill densification. 

Further the results indicated that the building sizes did not increase with the 

increase in the garden areas. Therefore, it can be assumed that the garden 

spaces were not affected by the building footprints except for the parcels of 

smaller sizes.  
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The rear garden areas were moderately positively correlated (r2 =0.645, n=15, 

p<0.001) (fig. 27) with the parcel areas. However, the proportion of the parcel 

areas which were the rear gardens did not correlate systematically with the 

parcel areas (r2 =0.008, n=15, p= 0.748). Similarly, the front garden areas were 

weakly correlated (r2= 0.182, n=15, p=0.112) without showing any significant 

relationship and proportion of parcel area as total front garden mostly remained 

unrelated (r2= 0.002, n=15, P=0.848). The result suggest that the rear garden 

sizes were not consistently distributed across all the residential parcels because 

of the presence of front gardens in some parcels and differences in building front 

setbacks.  

 

Figure 25- The relationship between parcel area and proportion as total garden area for all 

clusters, (r2=0.378, n=15, p=0.015); 

 

Figure 26- The relationship between parcel area and proportion as building area for all clusters, (r2 

=0.378, n=15, p=0.014); 
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Figure 27- The relationship between parcel area and rear garden areas for all clusters; (r2 =0.645, 

n=15, p<0.001);  
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4.3. Garden land cover types and land cover richness 

4.3.1. Context: Land cover types and richness in all gardens  

The land cover types and richness were predicted to offer a wide range of 

services and benefits such as ecosystem services and benefits, physical and 

mental health & well-being, wildlife habitat, aesthetic experience, place 

attachment and many other benefits related to the quality of life. There were in 

total 13 land cover types identified for all parcel sampled and the land cover 

richness ranged from 1 to 10 with a mean of 5.97 (SD ± 1.92) and a median of 6 

for all gardens. The frequency distribution of land cover richness (fig. 29) across 

all parcels suggested that the 50% of parcels possessed 40 % to 50 % of the 

total land cover types present in all gardens. According to figure-28, the majority 

of land cover types recorded in all the gardens was mown grass area (76.11 %), 

cultivated border (79.65 %), sheds (78.76 %), garages (69.03 %) and car 

driveways (90.27 %) including both hard and soft surfaces. This was followed by 

another set of land covers that included uncultivated plots (46.90 %), vegetable 

plots (52.21 %), greenhouses (34.51 %), compost heaps (35.40 %) and hard 

walking path (21.24 %). The presence of other land cover types such as the 

patio, ponds, ornamental fountains and other features were recorded lower than 

5% (fig. 28).  

 

Figure 28- The graph show distribution of percentages of land cover types for all residential 

parcels (n=113);  
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Figure 29- The graph show the frequency distribution of landcover richness percentage for all 

residential parcels (n=113) out of total landcover types identifies (n=13); 

 

 

Figure 30- The graph show the distribution of garden areas as proportion as parcel areas and 

proportion as total land cover types for all residential parcels (n=113); 

 

According to figure-30, the land cover richness did not increase with the increase 

of garden area. Besides the distribution of land cover type occupied in all gardens 
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the car driveways were mostly occupied in the front and side garden spaces, 

however, in a few parcels cars were drove into their backyards.  

 

 

Figure 31- The graph shows the comparison between different land cover types represented in 

terms of proportion as garden areas; 

 

In terms of proportion as garden areas, sheds consistently occupied within the 

garden areas and were found to be considerably higher in the case of Supilinn 

and Karlova than in Tahtvere. It can be linked to the requirement of more 

storage space for firewood that occupied the gardens in these neighbourhoods. 

From the comparison shown in figure-31, it can be concluded that Tahtvere 

sampled areas occupy a higher proportion of undisturbed and unaltered green 

land cover and soil as a stronger predictor of ecosystem services and wildlife 

habitat. Moreover, the cultivated areas were found rather disproportionately 

distributed across all three neighbourhoods thus are expected to have a low 

impact on soil capacities to perform ecosystem services. Walking paths were 

rather found non-significant in term of ground coverage as compared to other 

land cover types.  
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4.3.2. The relationship between garden area and land cover types and 

richness 

Garden areas remained unrelated to land cover richness across all parcels (r2 

=0.144, n=15, p= 0.162) (fig. 33) but showed a weak and a negative 

relationship with shed areas (r2 =0. 373, n=15, p= 0.015). Garden areas also did 

not relate to soft car driveways (r2 = 0.132, n=15, p=0. 182), hard surface 

driveways (r2 =0.001, n=15, p=0.896), cultivated plots (r2 =0.001, n=15, 

p=0.887), and hard walking paths (r2 =0.000, n=15, p=0.935) present within all 

sampled gardens. However, in term so sizes, green land cover size increased with 

an increase of garden size and relationship was found to be highly significant (r2 

=0.911, n=15, p<0.001) (fig. 32).  The observations on the land cover richness 

suggested that the richness and the individual land cover elements did not 

increase with an increase of garden areas. This indicated that the negative 

impacts of land cover types such as car driveways cultivated land etc. on the 

garden green cover as biodiversity reserves are low. The non-significant and 

negative relationship between garden areas and cultivated land areas suggested 

that less soil is altered for all gardens aggregated at the neighbourhood level and 

ensure a high carbon sequestration function. 

  

 

Figure 32- The relationship between garden area (m2) and green landcover (m2) for all clusters, 

(r2=0.911, n=15, p<0.001); 
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The results suggest that garden sizes influence green land cover  positively, 

however, the proportion as residual green land cover areas of garden areas were 

weakly positively correlated with garden areas (r2 =0.216, n=15, p=0.08) (fig. 

34), however. Further, the relationship between parcel areas and the proportion 

as green land cover were significantly but weakly positively correlated (r2 

=0.278, n=15, p=0.043) (fig. 35).  This result suggested a slow increase in the 

green land cover with an increase of garden areas that also include other land 

cover elements such as orchards, cultivated land, composting sites, thus enrich 

the potential habitat for a healthy biodiversity. The presence and absence of 

vertical structures such as hedges or wooden fence also affect the extent of the 

biodiversity corridor and the mobility of small vertebrates and invertebrates.     

 

 

Figure 33- The relationships between garden area and landcover richness for all clusters, 

(r2=0.144, n=15, p= 0.162); 
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Figure 34- The relationship between garden area and proportion as green landcover area for all 

clusters (r2 =0.216, n=15, p=0.08);  

 

 

Figure 35- The relationship between parcel area and proportion as green landcover for all clusters, 

(r2=0.278, n=15, p=0.043); 

 

 

 

 

 

R² = 0.2166

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

2.70 2.80 2.90 3.00 3.10 3.20

P
ro

p
o

rt
io

n
 a

s 
G

re
e

n
 L

a
n

d
co

v
e

r 
A

re
a

Log10 (Garden Area)

Proportion of Green

Landcover to the

Total Garden Area

Linear (Proportion of

Green Landcover to

the Total Garden

Area)

R² = 0.2785

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 500 1000 1500 2000

P
ro

p
o

rt
io

n
 a

s 
T

o
ta

l 
G

re
e

n
 L

a
n

d
co

v
e

r

Parcel Area (m2)

Proportion as Total

Green landcover

Linear (Proportion as

Total Green landcover)



65 

 

4.4. Vertical structure of vegetation (trees) 

4.4.1.  Context: Tree composition and characteristics 

Tree attributes such as tree density, types, canopy cover, trunk diameter, height, 

maturity and tree species richness are key predictors of their level of services. 

Trees were predicted as an important garden element that provides many 

ecosystem services and benefits, improve physical and mental health and well-

being, and offer aesthetic benefits and many social benefits to urban residents. 

For, all three neighbourhoods sampled, trees densities were recorded highest as 

70.3/Ha for Tahtvere, 57.2/ Ha for Karlova, and lowest as 38.8/Ha for Supilinn 

(fig. 41, 42, 43).  

 

 

Figure 36- The percentage distribution of types of trees (conifer, deciduous, non-fruit, and fruit) 

for all sampled clusters; 

 

The percentage of conifer tree (fig. 36) population of the total trees present 

within each neighbourhood ranged from 5.6% in Supilinn to 19% in Tahtvere. 

The deciduous tree population ranged from 81% for Tahtvere to 94.4% for 

Supilinn. Non-fruit tree population was found to be more than fruit trees 

specifically in Tahtvere and Supilinn, whereas sampled gardens of Karlova had 

more fruit trees than non-fruit trees. Canopy covers, among all neighbourhoods 

were calculated high as 22.0% for Karlova, as 20.4% for Tahtvere, and low as 

14.6% for Supilinn (fig. 38). Moreover, a higher percent of trees were found to 
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be mature and varied between 51.4% and 66.4%. It was also found that a 

majority of trees have their trunk diameter recorded between 0-25 cm and a 

small percentage of trees have trunk diameter more than 76cm (fig. 37). 

 

 

Figure 37- The distribution of tree population based on their trunk diameter for all sampled 

clusters; 

 

 

 

Figure 38- The graph shows the extent of canopy cover and tree species richness for all sampled 

clusters; 
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Figure 39- The distribution of trees across all sample clusters in terms of their maturity; 

 

 

Figure 40- The distribution of tree based on their trunk diameter and maturity for all the parcels; 

 

For all the sampled parcels together, mature tree population was found to be 

highest as 61%, followed by the pre-matured trees as 22% and lowest for young 

trees as 17% (fig. 40). The comparison between all three neighbourhoods in 

terms of tree maturity suggested that mature trees form the majority of their 

vegetation structure but disproportionately distributed across the sampled areas. 

A large proportion of mature trees were found within Karlova neighbourhood 

segment, whereas all the parcel clusters had more than 50% of their total trees 

comprised of mature trees (fig. 39). 
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Figure 41- Sample study area- Karlova: tree mapping shows the extent of all trees within 

neighbourhood segment and their distribution. (Green- Broad leaf, Orange- Conifer and Blue- Fruit 

trees); Drawing not to scale. 
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Figure 42- Sample study area-Tähtvere: tree mapping shows the extent of all trees within 

neighbourhood segment and their distribution. (Green- Broad leaf, Orange- Conifer and Blue- Fruit 

trees); Drawing not to scale. 
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Figure 43- Sample study area-Supilinn: tree mapping shows the extent of all trees within 

neighbourhood segment and their distribution. (Green- Broad leaf, Orange- Conifer and Blue- Fruit 

trees); Drawing not to scale. 
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4.4.2. The relationship between garden area and tree attributes 

The garden areas were weakly positively correlated to the number of trees per 

parcel (r2 =0.368, n=15, p=0.016) (fig. 44). Despite a slow increase in their 

number per parcel as compared with the rate of increase of garden sizes, it is 

likely that garden areas are an influential predictor of tree density and the tree 

density can be accounted for the garden extent. The tree types and tree species 

richness are equally important to the tree density that creates a rich habitat 

suitable for a healthy biodiversity. Tree types such as conifer species (r2 =0.270, 

n=15, p=0.046) (fig. 45) and deciduous species (r2 =0.328, n=15, p=0.025) (fig. 

46) were weakly positively correlated with the garden areas and showed a 

significant relationship.  Species richness for all residential parcels  ranged from 1 

to 11 out of a total of 31 species found in all neighbourhoods, with a mean 

average of 2.6 (SD ±2.14) and median of 2.0 (Appendix-6:Trees species found in 

all gardens).    

 

 

Figure 44- The relationship between garden area and number of trees per parcel in all sampled 

clusters (n=113), (r2 =0.368, n=15, p=0.016); 
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garden area and form the majority of vegetation resource within neighbourhoods 

(fig. 36). Tree species richness was moderately positively correlated with garden 

areas (r2 =0.531, n=15, p=0.002) (fig. 48) with a very high significance. For all 

sampled parcels, tree species richness moderately increased with an increase in 

garden areas, but unevenly distributed within the garden area and varied 

between the front and rear garden areas. 

 

 

Figure 45- The relationship between garden areas and density of conifer trees for all clusters, (r2 

=0.270, n=15, p=0.046); 

 

 

Figure 46- The relationship between garden area and deciduous tree density for all clusters, (r2 

=0.328, n=15, p=0.025); 
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Figure 47- The relationship between garden area and non-fruit tree density for all clusters, (r2 

=0.533, n=15, p=0.001); 

 

 

Figure 48- The relationship between garden area and tree species richness for all clusters, (r2 

=0.531, n=15, p=0.002); 

 

4.4.3. The relationship between canopy cover and garden area and 

tree attributes 

It is assumed that trees hold canopies disproportionately across the tree 

population and that vary according to their height strata. Considering the fact 

that canopy cover is a strong predictor of ecosystem services, total canopy cover 

formed all the trees within individual parcels were correlated with their garden 

areas for all sampled clusters. The total canopy cover (for trees > 3m) were 
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weakly positively correlated with garden areas (r2 =0.356, n=15, p=0.018) (fig. 

49) but showed a significant relationship. The influence of the number of trees on 

the canopy cover was found to be very significant and strongly positively 

correlated (r2 =0.784, n=15, p<0.001) (fig. 50). These significant relationships 

suggested that garden areas influence canopy cover but rather in a slow rate. 

Tree numbers were found to be a strong predictor of the amount of the canopy 

cover. In terms of the influence of tree maturity on the extent of canopy cover, 

young and premature trees remained unrelated, however, mature trees were 

moderately positively correlated with a high significance (r2 =0.488, n=15, 

p=0.003) (fig. 51). 

 

Tree trunk diameters were found to be unrelated with the canopy cover for the  

trees with DBH (26-50 Cm): r2 = 0.009, n=15, p= 0.723); weakly positively 

correlated for the trees with DBH (51-75 Cm; r2 = .135, n=15, p=.176); and for 

the trees with DBH (>76 Cm; r2= 0.236, n=15, p=0.066)  but moderately 

positively correlated with the trees with  DBH (0-25 Cm; r2= 0.514, n=15, 

p=0.002) (fig. 52) with high level of significance.  Canopy cover was weakly 

positively related with average tree height per parcel (r2 =0.292, n=15, 

p=0.037). It can be argued that whilst garden areas influence tree canopy cover, 

other tree attributes such as density, maturity, trunk diameter and height can 

also predict its extent.   

 

 

Figure 49- The relationship between garden area and total canopy cover per parcel for all clusters, 

(r2 =0.356, n=15, p=0.018); 
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Figure 50- The relationship between number of trees and canopy cover for all clusters, (r2 =0.784, 

n=15, p<0.001); 

 

Figure 51- The relationship between mature trees and canopy cover for all parcels, (r2 =0.488, 

n=15, p=0.003); 

 

Figure 52- The relationship between tree diameter at breast height (DBH) and canopy cover for all 

parcels, (r2= 0.514, n=15, p=0.002); 
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4.5. Visual characteristics of residential front gardens 

4.5.1.  The context: visual quality experiences and front garden spatial 

characteristics 

In order to assess the visual benefits that residential gardens offer to the public, 

in general, this research examined the relationship between plot level variables 

with their visual experiences. This approach used parcel front width, building 

front setback, the total number of trees in the front yard and front yard tree 

canopy cover as major predictors of the level of such experiences. The front 

width of all the sampled residential parcels ranged from 2.6m to 56.38m, with a 

mean of 27.42 m (SD ± 8.98). 

 

 

Figure 53- The comparison between visual quality experiences and parcel front width, visual 

permeability and front setback for all clusters; 

 

According to figure-53, parcel front widths were found to be consistent for the 

sampled clusters and found to be relatively low for parcels within Supilinn 

neighbourhood segment. Visual permeability for all parcels was also found to be 

relatively low for Supilinn than other two neighbourhoods. This could be linked to 

the absence of front and side setbacks and high wooden fences with low garden 

visibility. Accordingly, visual experiences were also recorded low for Supilinn and 

high for Tahtvere. The presence of tree canopy cover in the front yard was found 

to be rather consistent for all the sampled clusters in Karlova than other clusters 

(fig. 54). The visual quality responses were influenced by the presence of hedges 

or wooden fence or any other fence types. Figure-55 clearly shows that 75% of 
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the total parcels having the green hedge in the front yard received positive 

responses more than 3 on the Likert Scale. Similarly, 46.05% of all the parcels 

having wooden or other fence types received responses lower than 3 on the same 

scale. 

 

 

Figure 54- The comparison between visual quality response and the number of trees in the front 

yard and front yard tree canopy cover for all clusters; 

 

 

Figure 55- The comparison among percentages of visual quality responses given for two different 

dominant parcel boundary edge conditions (wooden Fence or green hedge) for all clusters; 
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4.5.2. The relationship between visual aesthetic response and front 

garden attributes 

The Visual quality experiences were moderately positively correlated with the 

garden visual permeability (r2=0.544, n=15, p=0.001) (fig. 56); strongly 

positively correlated with the parcel front widths that also contribute to the 

extent of visual permeability (r2= 0.694, n=15, p<0.001) (fig. 57); but weakly 

positively correlated with the building front setbacks (r2= 0.201, n=15, p= 0.093) 

(fig. 58). This non-significant relationship with the building setback suggested 

that the front garden spaces with rich land cover did not ensure high visual 

quality experience unless they were seen.  Moreover, the most visible garden 

elements such as trees played an influential role in determining the level of visual 

experiences. In terms of tree attributes, the number of trees present in the front 

yard (r2= 0.543, n= 15, p= 0.001) (fig. 59) and the canopy cover (r2= 0.569, 

n=15, p= 0.001) (fig. 60) were moderately positively correlated to visual quality 

experience with high significance. 

 

 

Figure 56- The relationship between visual permeability and response on the quality of visual 

experience for all gardens; (r2=0.544, n=15, p=0.001); 

 

So it can be predicted that visual permeability, parcel front width, the number of 

trees in the front yard and canopy cover can influence the quality of visual 

experiences and showed a positive linear relationship. All sampled garden areas 

those were generally laid out in rectangular shapes having longer lengths, 

allowed only the front parcel perimeter to be visible to the general public. Out of 
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the total front and side gardens have wooden or other fence types (n=76) 

received 46.05 % of response grades >3 and 53.94 % for response grade < 3 on 

a Likert Scale. Out of all the gardens with hedges in their front perimeter (n=36) 

75% received response grades >3 and 25% response grades <3 on the same 

scale that ranged from 1 (very low) to 5 (very high) (fig. 55). 

 

 

Figure 57- The relationship between Parcel front width and response on the quality of visual 

experience for all gardens, (r2= 0.694, n=15, p< 0.001); 

 

 

Figure 58- The relationship between building front setback and the response on the quality of visual 

experience for all gardens, (r2= 0.201, n=15, p= 0.093); 
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The results suggested that the property boundary with hedges significantly 

generate positive visual experiences within the residential neighbourhoods. 

However, some garden frontages without hedges also received positive responses 

which could have resulted under the influence of other factors such as the 

presence of ornamental trees, rich cultivated border, architecture or personal 

preferences etc. Further, the presence of hedges and fences would permit 

invertebrates and small vertebrates to move around freely at the ground level 

and suggested to hold a high ecological value. 

 

 

Figure 59- The relationship between number of trees in the front yard and the response on the 

quality of visual experience for all gardens, (r2= 0.543, n= 15, p= 0.00); 

 

 

Figure 60- The relationship between front yard canopy cover and the response on the quality of 

visual experience for all gardens, (r2= 0.569, n=15, p= 0.001); 

R² = 0.5432

0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

0.000 0.200 0.400 0.600 0.800

Q
u

a
li

ty
 o

f 
V

is
u

a
l 

e
x

p
e

ri
e

n
ce

Log10 (Number of trees in FY+1)

Quality of Visual

experience

Linear (Quality of

Visual experience )

R² = 0.8418

0.000

0.500

1.000

1.500

2.000

2.500

0.000 0.200 0.400 0.600 0.800

Q
u

a
li

ty
 o

f 
V

is
u

a
l 

e
x

p
e

ri
e

n
ce

Log10 (Frontyard Tree Canopy Cover +1)

Log10 (Front yard tree

canopy cover +1)



81 

 

4.6. Residential garden extent and resource at the city-wide 

scale 

4.6.1. Residential green space characteristics for the detached housing 

types 

In order to examine the uniformity of garden resources for all sampled residential 

gardens in Tartu, this approach used the garden areas and the green land cover 

areas as key predictors various services and benefits and analysed their 

relationship across all stratified grid- cells of 1Km X 1Km (n=24) present within 

Tartu administrative boundary (fig. 64). This approach calculated total garden 

areas formed by all the detached house parcels present within each sampled 

grid-cells.  

 

 

Figure 61- The comparison between total parcel area, total garden area and green land cover area 

for all the grid- cells within Tartu urban boundary; 

 

Figure 62- The comparison between proportion as total garden area to parcel area, total green 

land cover to parcel area and total green land cover to total garden area for all grid-cells within 

Tartu urban boundary; 
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The parcel and the garden resources and their extent those only associated with 

detached house parcels were calculated for all 24 grid-cells: total parcel area – 

333.25 Ha; total garden area- 275.57 Ha; and total green land cover area in 

gardens – 214.84 Ha. The total land area within the Tartu urban boundary was 

found to be 3896.9 Ha (Tartu, 2014). Further, the total of garden areas that were 

formed by all detached house parcels identified within sampled each grid-cells 

were calculated as 11.48% of the total land area within all the grid-cells together 

(n=24; 2400 Ha.) and constitute 07.07% of the total land area within the Tartu 

urban boundary. Similarly, the total green land cover constitutes 5.5% of the 

total land within Tartu urban boundary. These figures can be considered as 

significant in relation to the total urban land use distribution (29.9 % of urban 

land for residential use and 28.2% as residential plots) (Tartu, 2014). The extent 

of such garden resources was also considered significant in comparison to the 

total land under park and green area as 9.7 % of the total urban land area that 

includes parks and other open and green space types present within Tartu urban 

boundary. Figure-61 showed an inconsistent distribution of garden areas 

throughout the city, however garden areas increased with parcel areas. The 

mean average of all the city-wide sampled parcel areas was calculated to be 

888.18m2 (SD ±232.87 m2). The distributions of the proportion of total garden 

areas as total parcel areas were found to be consistently high across all 24 grid-

cells. The tree distribution across 24 grid-cells suggested that a large proportion 

of urban trees that exist within private detached housing parcels showed higher 

concentration within the central areas and decreased along the urban gradient 

(fig. 63). 

 

Figure 63- The graph shows tree distribution across all grid-cells on an urban gradient; 
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Figure 64- The map (not to scale) shows an example of the sampled parcels selected from the 

cluster of detached house parcels within each 1Km X 1KM grid-cell; 

 

4.6.2. The relationship between total parcel areas , garden areas and 

green land cover and garden characteristics at an urban scale 

The relative contribution of garden areas to urban green spaces was found to be 

relevant when considering their amount, with high species diversity and rich 

habitat reserve. Besides, the extent of the green land cover reserve that belong 

to the garden spaces as entirely vegetated areas were estimated to be 5.53% of 

the total land area within the Tartu urban boundary. The estimated total parcel 

areas for all the grid-cells were strongly positively correlated with the total 

estimated garden areas (r2= 0.996, n=24, p<0.001) (fig. 65), but weakly 

positively correlated with the proportion as total estimated garden areas 

(r2=0.238, n=24, p=0.015) (fig. 66) with a high level of significance. It may be 

suggested that this significant, but weak relationship could be expected because 

of the difference between the residential development patterns having different 

housing densities. Further, all these sampled parcels were comprised relatively of 

different styles and ages. This result suggested that the garden areas were not 
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consistent in relation to the parcel areas for all the sampled grid-cells within 

Tartu administrative boundary. 

 

 

Figure 65- The relationship between estimated total parcel area and estimated total garden area 

per cell, (r2
= 0.996, n=24, p<0.001); 

 

The green land cover as part of the garden area was considered as another 

critical predictor that supports ecosystem services and benefits. The estimated 

total garden areas for all the sampled grid-cells were strongly positively 

correlated with the corresponding estimated total green land cover areas 

(r2=0.973, n=24, p<0.001) (fig. 68). 

 

 

Figure 66- The relationship between estimated total parcel area and proportion as estimated total 

garden area to parcel area per cell, (r2
=0.238, n=24, p=0.015);  
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Figure 67- The relationship between estimated total garden area and estimated total green 

landcover per cell, (r2
= 0.973, n=24, p<0.001); 

 

 

Figure 68- The relationship between estimated total garden area and estimated total number of 

trees per cell, (r2
= 0.795, n=24, p<0.001); 
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developments were of low density and possessed a higher proportion of private 

green spaces, these results showed a substantial contribution to the overall urban 

green space in Tartu.  The mean of parcel areas and garden areas for all cells 

were also found to be increasing at a slow rate as they move outwards along the 

urban gradient. The proportion of parcel area as garden areas for all cells rather 

remained as constant on the same urban gradient (fig. 69, 70).      

 Figure 69- The comparison of mean parcel areas and garden areas along urban gradient;  

 

 

Figure 70- Distribution of proportion as garden area of parcel area along the urban gradient;  
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Chapter Five: Discussion and Conclusion 

 

5.1. Introduction 

In order to assess the relative contribution of residential gardens to city-wide 

green space, results of this study need to be interpreted within the context of 

neighbourhood level and at a large scale, city-wide level. Earlier in this thesis, 

objective oriented research questions anticipated garden sizes as a strong 

predictor of other garden attributes and land cover composition; land cover 

richness; tree characteristics and expected to assess their variance across 

different neighbourhoods. The way it was considered to assess the relative 

contribution was to examine the quantity and quality of the gardens and 

vegetation resources by considering them as indicators of the level of ecosystem 

services and benefits. The research objectives also were expected to examine 

garden spatial attributes and to assess their influence on aesthetic appreciation of 

the residential gardens. While, all the above mentioned questions were structured 

to achieve the first objective, the question related to the second objective, 

expected to assess the contribution of the residential gardens at an urban scale 

as an important urban green resource.   

 

5.2. Scale: Local and Neighbourhood Level 

5.2.1. The Relationships Between the Main Attributes of Sampled 

Gardens 

The study results at the parcel and the neighbourhood level indicated that 

residential garden sizes influenced the garden composition, the extent of green 

land cover and tree attributes. The increase in the garden area and green land 

cover areas with the change in parcel sizes suggested that the urban areas are a 

potential natural resource for wildlife habitat and reserve for a lot of urban trees. 

The role of the garden size was considered to be significant because it affected 

other garden resources. Further, as a strong predictor of the ecosystem services 

they supported: 1) more green land cover; 2) number of trees (>3m); 3) species 

diversity and richness; 4) high canopy cover. In the case of Tartu, a higher 

percentage of land was found to be under residential land use. The mean average 

of detached housing parcel in Tartu was found to be 888.18 m2 and mean 

average of parcel area with sampled neighbourhood was found to be 1184.07 
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m2. Moreover, the total residential land occupied 29.9% of the total urban land 

and out of which 28.2% was occupied by residential plots (Tartu, 2014; 

Appendix-7). It can be concluded that Tartu holds a lot of private green space 

that comprise a substantial proportion of the urban land. 

 

5.2.2. The Relationships Between Garden Area and Land Cover 

Richness 

Some of the land cover resources did not relate to the garden areas, however, 

showed a positive impact on the gardens’ green extent. The land cover richness, 

including the driveways, walking paths, sheds, however, have certain functional 

benefits increased with decreased garden sizes. For example shed and car 

driveway areas were inversely related to the garden sizes but at a slow rate. This 

result predicted based on the facts that such landcover maintained similar land 

use coverage for all parcels and increased at a very slow rate. As a result, it left 

with a large proportion of the garden areas undisturbed or unaltered. Therefore, 

garden areas for large parcels, in turn, can contribute to large areas of the green 

land cover and provide more ecosystem services. The declining and non-

significant relationships between the garden sizes and the cultivated plots 

suggested a low proportion of top soil, altered for all the gardens and therefore 

can be predicted with a high carbon sequestration and rainwater attenuation 

capability. According to Jo and McPherson (1995) 83% of carbon is stored in the 

soil up to 600mm depth and Cameron et al., (2012) acknowledge residential 

gardens as the least disturbed urban ecosystem. Therefore, it can be predicted 

that the residential garden with a high proportion of green land cover and less 

altered soil regime provide relatively higher ecosystem services and benefits as 

compared to other urban land cover types.   

 

Besides, 35% of all the gardens surveyed had compost heaps and such land 

cover is expected to provide a heterogeneous habitat for organisms with the 

complex lifecycle. Further, 46.9% of all gardens have a proportion garden area as 

uncultivated, or neglected land that forms a part of green land cover can be 

predicted to provide rainwater attenuation service and control local temperature 

rise due to their sealed vegetated surface and dense leaf coverage (Smith et al., 

2005). In addition to that, garden areas combined together could form small to 

large territories for different small vertebrate, invertebrate, avian species etc. 
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where they can move freely, take refuge and reproduce. However, according to 

Smith et al. (2005) their association with garden sizes are still ambiguous. 

However according to Mooney (2011), avian diversity increases with the increase 

in site habitat heterogeneity. 

 

5.2.3. The Relationships Between Garden Area and Tree 

Characteristics 

A number of trees per parcel were found to be a strong predictor of the extent of 

canopy cover. Further, in the case of Tartu, it was found that the large gardens 

are the reserve for mature trees and garden sizes can be accounted for tree 

maturity. The size of the garden is also likely to be critical factor which influences 

the extent of trees and their attributes. Tree density, canopy cover and tree 

species richness showed a linear positive relationship with garden sizes. The 

distribution of conifer trees was found to be rather weak and inconsistent for all 

gardens than deciduous trees which showed a high population for all sampled 

parcels. This variation in tree type distribution could lead to higher visual 

variations according to different seasons (e.g. summer to winter) as viewing 

landscapes. Across all the sampled parcels at the neighbourhood level, deciduous 

tree population ranged from 81% to 94.4% out total tree population. According 

to Bolund and Hunhammar (1999) deciduous leaves respond better to polluted 

gases, thus are expected to provide substantial ecosystem service. Therefore, it 

can be concluded that the trees within the private garden substantially contribute 

to air pollutant removal. Not all gardens possessed fruit trees and were not 

consistent in their numbers, but non-fruit trees were highly consistent for all 

gardens.  

 

In terms of ecosystem services, garden sizes can be very influential due to its 

strong correlation with tree canopy cover. Further, this association between tree 

numbers, the canopy cover and the garden sizes were found to be positive and 

significant. Another way in which it can be predicted that larger garden in Tartu 

contributes to more ecosystem services through their vegetation extent and 

structure. In the case of all the sampled neighbourhoods in Tartu, the garden 

resource was found to be more beneficial in terms of their services and benefits. 

By comparing these resources with incidental public green spaces at the local 

scale, they are found to be more species-rich and possess different layers of 
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vegetation. Therefore, it is expected to sustain a rich biodiversity than urban 

public green spaces. Besides holding tree densities of 70.3, 38.8 and 57.2 per Ha 

for three neighbourhoods with more than 60% of mature trees, residential 

gardens were considered as valuable as the public green spaces in Tartu. 

 

5.2.4. The Relationships Between Gardens’ Spatial Attributes and 

Visual Quality 

Residential gardens provide benefits not only as an ecological resource, but also 

as visual elements in the city and contribute to the physical and mental health 

and well-being and function as a salutogenic landscape. The parcel level 

characteristics such as parcel front width and setback, visual permeability and 

tree attributes in the front yard were found to influence visual satisfaction. Out of 

the total 130 front and side garden perimeter surveyed, 58% were found with 

wooden fences and 42 % were found with the green hedge as their boundary 

conditions. Based on the responses in terms of aesthetic appreciation, it is 

predicted that detached houses with front yards with hedges and more tree views 

provide visual benefits.  According to Tennessen & Cimprich, 1995; Ulrich, 1984; 

and Verderber, 1986 views of nature have the effect on the attention-restoring 

experience. It also can be linked to physical and mental health wellbeing, quality 

of life, higher self-esteem, place attachment and better environmental perception 

among viewers in these traversed landscapes.  

 

In the case of Tartu, within settlements such as Karlova, Supilinn, a few numbers 

of houses have lower visual permeability than parcel clusters in Tahtvere 

settlement. However, it can be predicted that quality of visual experience 

increases with increase in parcel front width, visual permeability increased front 

yard tree density and canopy cover. For all clusters studied, front setback did not 

significantly correlated with visual quality responses; however contribute to visual 

permeability by increasing front yard visual depth. Out of the total garden 

perimeters surveyed, 54.86% did not have the front setback and out of the total 

parcels, 67.85% has wooden fences or any other fence types and 32.14 % has 

hedges in the front garden perimeter. Based on this evidence, it can be concluded 

that the visual quality experience for Supilinn and Karlova is relatively low but 

high for Tahtvere. Pertaining to the aesthetics of the private gardens, the 

irregularities in terms of their vegetation structure and composition can be linked 
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to the owner’s attitude and involvement in growing and managing their gardens. 

In this context, public green spaces are deemed important as they provide some 

degree of consistency in terms of visual benefits. For example, the public trees 

may be viewed with a regular manner with similar structures, whereas residential 

green structures could vary along the street due to different housing layout, tree 

quantity and quality. Nonetheless, the garden spaces are species rich and are 

visually more modulated and diverse. According to Ulrich, (1997), while the 

concept of environmental perception is multi-sensory, vision is by far an 

important sense in yielding information about the outdoor environment (Velarde 

et al., 2007). Further, it is concluded that the contribution of the residential 

gardens in terms of visual benefits is relatively higher than public green spaces 

because they were found to be multi-sensory, species rich, and rich in 

biodiversity and land cover etc.   

 

5.2.5. Other Benefits 

The contribution of private gardens to physical health benefits is clearly obtained 

by their owners and garden users mainly through gardening and garden 

management, play facilities, through socialising and relaxing in the gardens. 

However, such garden usage provides benefits to their owner and users and is 

not directly related to citywide green spaces. Besides the land cover composition, 

a high percentage of all gardens surveyed were found with multiple activities 

such as children play, nature watching, growing vegetables, flowers, fruits, 

ornamental shrubs and trees, barbequing and socialising etc. Most of the gardens 

with large spaces have utility values including drying clothes and storing fire 

woods and other goods. However, it is predicted that these garden use patterns 

have many physical and mental health benefits, but vary substantially due to the 

extreme seasonal variations. From the spring until the end of the summer, 

garden spaces become favourite places which offer myriad opportunities to 

engage with nature, especially among adult and elderly population, while the 

winter limits this interaction to children play and pet training in slow. 
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5.3. Scale: At the City Level 

 

Once the composition of residential gardens is understood in relation to their 

extent, land cover, tree attributes, visual quality, it is necessary to consider the 

effect of such resource on a larger scale, preferably at the city level. At this scale, 

the residential garden patches connect with other landscape types and the 

mobility of wildlife through it, make them an integral network of green 

infrastructure. This study component dealt with detached plotted housing 

developments across the Tartu urban boundary. In addition to these residential 

green spaces, other green space typologies were also considered to be playing 

important roles in terms of ecosystem services, and benefits, improve physical 

and mental health wellbeing and increase city aesthetic. Residential green spaces 

as introvert spaces benefit more to their residents, but when aggregated, form a 

substantial natural reserve that provides multiple benefits including ecosystem 

services, aesthetic experience, and wildlife habitat.   

 

The results from the analysis of data at an urban scale suggested that garden 

resources such as the garden sizes and the green land cover extent were strong 

predictors of these services and benefits. it was found that the aggregated 

garden resource per grid-cells increased with an increase in total estimated parcel 

sizes. This approach predicted an increase in tree density with an increase of total 

garden sizes across all the sampled grids. These results were found to be 

positive, but increased at a slow rate.  In addition, the estimation of the city-wide 

green spaces formed by these detached housing garden spaces (7.10%) was 

found to be rather comparable to city-wide public green space availability 

(9.7%).  Considering that residential garden ecosystem services and benefits are 

higher at the neighbourhood level and its extent is comparable to the urban 

public green space, it can be concluded that residential gardens have a relatively 

higher contribution than public green space in case of Tartu.  Further, in addition 

to these residential gardens, the other types of green spaces also provide similar 

benefits and services but depend on their extent and distribution pattern. 

According to Tartu urban land usage balance sheet (Tartu, 2014;Appendix-7), 

29.9% of the total city area is occupied by a residential land use and 28.8%  land 

area out of the total area of the city is under residential plots. Considering these 
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land use percentages as substantial, other residential housing types can add 

more residential garden spaces and in turn, could make the relative contribution 

much higher than the city-wide public green spaces in total. The aesthetic 

benefits of residential gardens were found to be determined by housing layouts 

and parcel boundary conditions. Spatial predictors such as the plot frontage width 

and visual permeability can be used to predict visual benefits, but largely 

contribute at local and neighbourhood scale. The trends along the urban gradient 

in terms of the housing parcel sizes and the garden sizes suggested a slow 

increase rate. This result indicated that the garden resources were fairly equally 

distributed across the city in terms of their size and extent.   

 

5.4. Policy Implications 

Housing patterns are frequently changing to accommodate the variations occur 

within the urban social, cultural and economic context. The shrinking household 

sizes, the demand for more housing stock and an easy access to urban services 

make urban land and the existing housing garden spaces as suitable choices for 

new developments. In this regard, it can be anticipated that future housing 

developments will determine the residential garden extent, characteristics, and 

the land cover composition. Domestic gardens as an important urban green 

resource receive less attention from the city managers. Trees within private 

gardens form a major component of the urban forest extent and despite their 

abundance and scale, planning policies do not consider for their protection and 

maintenance. Residential gardens as the green resource of the city provides 

benefits to the wider public, including socioeconomic, aesthetic and some aspects 

of ecosystem services, as they are visually accessible even if not legally or 

physically accessible. The Gardens are seen from the streets and are appreciated. 

Together with public trees, they purify air, remove pollutants, reduce urban heat 

island effects, control flooding, provide habitat for wildlife etc. Despite all these 

services and benefits, they are omitted and neglected from the planning process 

and are not affected by planning decisions. Results suggest that private green 

space should be given a greater role and should feature much more in urban 

green policies and plans than it does at present. While urban planners, landscape 

architects, and architects have opportunities to encourage urban biodiversity 

(Smith et al., 2005), housing densities, plot sizes and housing layouts play a 
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critical role that may affect the residential environment in terms of ecosystem 

services and human health and wellbeing. Moreover in the residential areas, 

where there is not much public green space available, these garden resources 

could be considered valuable. Considering their importance within the urban 

landscape, policy makers should take decisions on the private residential garden 

but such data on garden and tree attributes that are expected to influence a 

planning decision are lacking in many countries. Beside trees, conservation and 

policy statements in relation to trees on private land is largely omitted from the 

planning process.  

 

While private residential gardens are beneficial, act as a buffer and protect the 

conservation values of native flora, local government and planning authorities 

need to adopt policies and approaches that would maintain their capacity and 

should encourage providing garden spaces in the new development with a focus 

on their sizes, land cover composition and tree species selection. Further, a 

better understanding of the nature and role of urban residential gardens, their 

relative contributions towards city-wide green space need to be developed. 

Workshops need to be conducted to sensitise urban residents regarding their 

garden benefits; educate more on silvicultural practices; inform them about the 

need for certain species in their gardens and moreover provide incentives to 

promote and maintain their garden spaces. For example, in Tartu, this garden 

survey found a shortage of conifer tree population across all sampled 

neighbourhoods. Beside a large proportion of mature trees were found within the 

sample areas. Even if it is acknowledged that old trees are more beneficial for 

ecosystem services and biodiversity, there should be a balance in terms of tree 

maturity in order to continue with these services and benefits in the future.  

      

5.5. Scope for the Future Research 

Research on the urban domestic gardens is limited and the data on such urban 

green spaces are scarce. This research attempted to assess the relative 

contribution of private residential gardens formed by detached house parcels 

only. In Tartu or any similar towns in the eastern Europe, where a large 

proportion of the urban housing is provides by block houses from Soviet times, it 

would be more challenging to assess the benefits both in terms of ecosystem 

services and physical health and well-being that these large green spaces with a 
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lot of mature trees provide. Further, a more in-depth analysis of the data on 

garden extent, structure, trees resources and characteristics that is drawn from a 

number of separate urban locations within the Baltic States would generate more 

reliable results and add value to this existing field of knowledge. The relationship 

between city aesthetic experience and private gardens are critical for physical 

and mental health and wellbeing needs more methodological novelty assess the 

importance of residential gardens as salutogenic landscape. As it was identified 

that residential gardens provided positive aesthetic experiences at local and 

neighbourhood level, its contribution at the urban scale needs to be explored. 

Besides the aesthetic benefits, real estate benefits and ecosystem services 

against the replacement cost benefit need to be explored in an Eastern European 

context. 
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projection Sq. 
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DBH             26-

50 

DBH            51-

75 

DBH            

>76            

Average 

Height (m)
Young Pre-mature Mature

No. of Tree 

Species 

Species 

proportion

CR Jacobsoni 2 1506 239 117.0 1267.0 0.8 12.0 1.0 11.0 3.0 9.0 336.4 9.0 1.0 1.0 1.0 16.7 0.0 0.0 3.0 5.0 0.2

CR jacobsoni 4, 4A 1569 215 31.0 1354.0 0.9 14.0 2.0 12.0 5.0 9.0 282.5 10.0 3.0 1.0 0.0 15.6 0.0 2.0 3.0 7.0 0.2

CR Jacobsoni 6 1554 125 69.0 1429.0 0.9 16.0 4.0 12.0 10.0 6.0 571.4 13.0 1.0 0.0 2.0 9.1 5.0 1.0 4.0 7.0 0.2

CR Jacobsoni 1 984 144 89.0 840.0 0.9 5.0 0.0 5.0 5.0 0.0 157.1 0.0 3.0 2.0 0.0 19.2 0.0 2.0 3.0 3.0 0.1

CR Jacobsoni 3 854 103 41.0 751.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CR Jacobsoni 5 852 121 30.0 731.0 0.9 8.0 7.0 1.0 8.0 0.0 75.0 7.0 1.0 0.0 0.0 9.0 2.0 0.0 6.0 4.0 0.1

J Hurda 5 1544 219 35.0 1325.0 0.9 19.0 1.0 18.0 5.0 14.0 653.7 15.0 1.0 1.0 2.0 14.0 0.0 1.0 4.0 6.0 0.2

J Hurda 3 1560 176 20.0 1384.0 0.9 14.0 0.0 14.0 3.0 11.0 429.5 11.0 1.0 0.0 2.0 17.3 0.0 0.0 3.0 4.0 0.1

J Hurda 1 1352 238 0.0 1114.0 0.8 7.0 0.0 7.0 0.0 7.0 85.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.1

FR Kreutzwaldi 24 1521 376 22.0 1145.0 0.8 3.0 0.0 3.0 3.0 0.0 119.3 1.0 1.0 1.0 0.0 10.3 0.0 1.0 2.0 3.0 0.1

FR Kreutzwaldi 22 1088 128 21.0 960.0 0.9 1.0 0.0 1.0 1.0 0.0 36.9 1.0 0.0 0.0 0.0 3.0 0.0 0.0 1.0 1.0 0.0

FR Kreutzwaldi 20 1609 270 142.0 1339.0 0.8 10.0 0.0 10.0 6.0 4.0 588.3 4.0 0.0 5.0 1.0 21.5 0.0 0.0 6.0 4.0 0.1

FR Kreutzwaldi 16 841 131 0.0 710.0 0.8 5.0 1.0 4.0 3.0 2.0 76.7 5.0 0.0 0.0 0.0 5.8 1.0 1.0 1.0 4.0 0.1

FR Kreutzwaldi 14 2066 234 34.0 1832.0 0.9 25.0 9.0 16.0 10.0 15.0 360.3 25.0 0.0 0.0 0.0 16.9 1.0 0.0 9.0 4.0 0.1

FR Kreutzwaldi 12 1954 304 0.0 1650.0 0.8 17.0 2.0 15.0 2.0 15.0 299.5 0.0 2.0 0.0 0.0 18.0 0.0 2.0 0.0 3.0 0.1

FR Kreutzwaldi 10 1830 239 89.0 1591.0 0.9 4.0 2.0 2.0 4.0 0.0 75.2 1.0 3.0 0.0 0.0 15.8 1.0 1.0 2.0 3.0 0.1

FR Kreutzwaldi 8 1768 158 0.0 1610.0 0.9 8.0 2.0 6.0 8.0 0.0 426.0 0.0 7.0 1.0 0.0 19.0 0.0 0.0 8.0 4.0 0.1

FR Kreutzwaldi 6 1718 157 97.0 1561.0 0.9 5.0 2.0 3.0 5.0 0.0 120.9 4.0 1.0 0.0 0.0 11.0 4.0 1.0 0.0 4.0 0.1

FR Kreutzwaldi 4 1660 192 0.0 1468.0 0.9 13.0 2.0 11.0 5.0 8.0 344.1 0.0 4.0 1.0 0.0 16.6 0.0 0.0 5.0 5.0 0.2

FR Kreutzwaldi 2 1185 213 84.0 972.0 0.8 23.0 3.0 20.0 21.0 2.0 510.0 15.0 7.0 1.0 0.0 13.4 11.0 4.0 6.0 12.0 0.4

Vikerkaare 5 1778 115 88.0 1663.0 0.9 4.0 3.0 1.0 4.0 0.0 67.9 2.0 2.0 0.0 0.0 9.0 2.0 1.0 1.0 3.0 0.1

Vikerkaare 7 1836 355 50.0 1481.0 0.8 3.0 3.0 0.0 3.0 0.0 111.4 3.0 0.0 0.0 0.0 1.9 2.0 0.0 1.0 1.0 0.0

Vikerkaare 9 1570 130 69.0 1440.0 0.9 9.0 3.0 6.0 9.0 0.0 340.1 4.0 5.0 0.0 0.0 16.9 0.0 4.0 5.0 2.0 0.1

Vikerkaare 11 1781 318 38.0 1463.0 0.8 6.0 0.0 6.0 1.0 5.0 123.1 6.0 0.0 0.0 0.0 20.0 0.0 0.0 1.0 3.0 0.1

Vikerkaare 13 843 139 27.0 704.0 0.8 3.0 0.0 3.0 1.0 2.0 26.0 3.0 0.0 0.0 0.0 5.0 0.0 0.0 1.0 2.0 0.1

Vikerkaare 13B 527 132 38.0 395.0 0.7 4.0 0.0 4.0 1.0 3.0 155.0 3.0 1.0 0.0 0.0 14.0 0.0 0.0 1.0 2.0 0.1

L. Koidula 17 1024 161 87.0 863.0 0.8 2.0 1.0 1.0 2.0 0.0 109.2 0.0 1.0 0.0 1.0 20.5 0.0 1.0 1.0 2.0 0.1

L. Koidula 15 1485 171 100.0 1314.0 0.9 6.0 1.0 5.0 6.0 0.0 277.6 3.0 3.0 0.0 0.0 12.7 2.0 2.0 2.0 5.0 0.2

L. Koidula 13 1831 251 68.0 1580.0 0.9 5.0 0.0 5.0 4.0 1.0 367.7 1.0 3.0 0.0 1.0 15.4 0.0 0.0 4.0 4.0 0.1

L. Koidula 11 711 111 26.0 600.0 0.8 2.0 0.0 2.0 2.0 0.0 210.0 0.0 2.0 0.0 0.0 14.0 0.0 0.0 2.0 3.0 0.1

L. Koidula 9 1023 131 37.0 892.0 0.9 5.0 0.0 5.0 5.0 0.0 136.4 1.0 4.0 0.0 0.0 17.0 0.0 2.0 3.0 2.0 0.1

43424 5996 1549.0 37428.0 0.9 258.0 49.0 209.0 145.0 113.0 7472.1 154.0 57.0 14.0 10.0 31.0 26.0 88.0

Analysis 4.342 13.808 4.1 3.7 86.2 68.9 19.0 81.0 56.2 43.8 20.0 59.7 22.1 5.4 3.9 21.4 17.9 60.7

Ha Percent of 
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Percent of 
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Height of Non-fruit 

trees

Parcel Address
Parcel Area 

(Sq. Metres)

Building Area 

(Sq. Metres)

Utility/ 

Storage/ 

Garage (Sq. 

Metres)

Garden Area  

(Sq. Metres)

Garden Area 

Proportion to 

Parcel area

Tree number 

/Plot
Tree Conifer

Tree 

Deciduous
Non-Fruit Tree Fruit Tree 

Canopy 

projection Sq. 

Metres

DBH           0-

25 

DBH             26-

50 

DBH            51-

75 
DBH            >76            Average Height (m) Young Pre-mature Mature

No. of Tree 

Species 

Species 

proportion

Meloni 3 1478.0 121.0 93.0 1357.0 0.9 4.0 0.0 4.0 2.0 2.0 137.7 3.0 1.0 0.0 0.0 11.5 0.0 1.0 1.0 3.0 0.1

Meloni 7 1090.0 121.0 36.0 969.0 0.9 10.0 1.0 9.0 3.0 7.0 411.5 8.0 2.0 0.0 0.0 13.7 0.0 1.0 2.0 5.0 0.2

Meloni 9 1168.0 115.0 170.0 1053.0 0.9 6.0 1.0 5.0 5.0 1.0 83.4 4.0 2.0 0.0 0.0 9.8 1.0 1.0 2.0 4.0 0.1

Meloni 11 1705.0 140.0 72.0 1565.0 0.9 40.0 3.0 37.0 12.0 28.0 1242.5 32.0 6.0 0.0 2.0 13.5 1.0 4.0 7.0 11.0 0.4

Meloni 13/15 1554.0 198.0 168.0 1356.0 0.9 1.0 0.0 1.0 1.0 0.0 27.8 0.0 1.0 0.0 0.0 18.0 0.0 0.0 1.0 1.0 0.0

Meloni 17 1159.0 95.0 86.0 1064.0 0.9 4.0 2.0 2.0 2.0 2.0 43.0 4.0 0.0 0.0 0.0 9.0 0.0 0.0 2.0 3.0 0.1

Meloni 21 825.0 112.0 18.0 713.0 0.9 2.0 0.0 2.0 2.0 0.0 165.4 0.0 1.0 1.0 0.0 20.0 0.0 0.0 2.0 1.0 0.0

Meloni 23 668.0 101.0 0.0 567.0 0.8 2.0 0.0 2.0 2.0 0.0 153.3 1.0 1.0 0.0 0.0 13.0 1.0 0.0 1.0 2.0 0.1

Meloni 25 1336.0 134.0 178.0 1202.0 0.9 2.0 0.0 2.0 2.0 0.0 42.9 1.0 1.0 0.0 0.0 10.0 1.0 1.0 0.0 2.0 0.1

Meloni 25 A 426.0 135.0 0.0 291.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Herne 58 425.0 174.0 0.0 251.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Herne 56B 645.0 84.0 35.0 561.0 0.9 2.0 0.0 2.0 0.0 2.0 34.0 2.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 1.0 0.0

Herne 56A 758.0 90.0 36.0 668.0 0.9 3.0 0.0 3.0 3.0 0.0 181.4 0.0 3.0 0.0 0.0 18.6 0.0 0.0 3.0 1.0 0.0

Herne 56 707.0 200.0 147.0 507.0 0.7 3.0 0.0 3.0 3.0 0.0 269.2 0.0 5.0 0.0 0.0 15.3 0.0 0.0 3.0 2.0 0.1

Herne 54A 962.0 146.0 0.0 816.0 0.8 4.0 0.0 4.0 1.0 3.0 82.4 4.0 0.0 0.0 0.0 6.8 1.0 3.0 0.0 2.0 0.1

Herne 54/24 1242.0 179.0 0.0 1063.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Marja 22 588.0 183.0 55.0 405.0 0.7 1.0 0.0 1.0 1.0 0.0 67.3 0.0 2.0 0.0 0.0 19.0 0.0 0.0 1.0 1.0 0.0

Marja 20 1192.0 0.0 12.0 1192.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Marja 18 1534.0 127.0 127.0 1407.0 0.9 2.0 0.0 2.0 2.0 0.0 718.0 0.0 1.0 0.0 1.0 15.0 0.0 0.0 2.0 1.0 0.0

Marja 16 903.0 186.0 39.0 717.0 0.8 1.0 0.0 1.0 1.0 0.0 12.6 0.0 1.0 0.0 0.0 16.0 0.0 0.0 1.0 1.0 0.0

Marja 14 807.0 164.0 52.0 643.0 0.8 2.0 0.0 2.0 2.0 0.0 72.3 1.0 1.0 0.0 0.0 10.0 0.0 2.0 0.0 2.0 0.1

Marja 12 597.0 0.0 0.0 597.0 1.0 1.0 0.0 1.0 1.0 0.0 44.1 0.0 1.0 0.0 0.0 11.0 0.0 0.0 1.0 1.0 0.0

Marja 10 550.0 141.0 0.0 409.0 0.7 3.0 0.0 3.0 3.0 0.0 206.2 0.0 3.0 0.0 0.0 14.3 0.0 1.0 2.0 3.0 0.1

Marja 6 472.0 91.0 75.0 381.0 0.8 1.0 0.0 1.0 1.0 0.0 19.5 0.0 0.0 1.0 0.0 5.0 0.0 0.0 1.0 1.0 0.0

Marja 2 529.0 177.0 43.0 352.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tathvere 27 563.0 274.0 64.0 289.0 0.5 1.0 0.0 1.0 1.0 0.0 30.2 0.0 1.0 0.0 0.0 12.0 0.0 0.0 1.0 1.0 0.0

Tathvere 31 1241.0 143.0 40.0 1098.0 0.9 1.0 0.0 1.0 1.0 0.0 78.5 0.0 1.0 0.0 0.0 20.0 0.0 0.0 1.0 1.0 0.0

Tathvere 29 1116.0 175.0 24.0 941.0 0.8 1.0 0.0 1.0 1.0 0.0 78.5 0.0 1.0 0.0 0.0 16.0 0.0 0.0 1.0 1.0 0.0

Tathvere 33/35/37 2983.0 247.0 105.0 2736.0 0.9 5.0 0.0 5.0 5.0 0.0 98.0 2.0 3.0 0.0 0.0 13.0 2.0 2.0 1.0 3.0 0.1

Tathvere 39 3123.0 167.0 0.0 2956.0 0.9 6.0 0.0 6.0 6.0 0.0 92.0 4.0 2.0 0.0 0.0 9.0 3.0 3.0 0.0 4.0 0.1

Tathvere 45 911.0 123.0 37.0 788.0 0.9 6.0 0.0 6.0 3.0 3.0 57.0 4.0 3.0 0.0 0.0 9.0 1.0 2.0 0.0 4.0 0.1

Tathvere 49 995.0 109.0 99.0 886.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tathvere 51 718.0 137.0 76.0 581.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tathvere 53 701.0 149.0 41.0 552.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tathvere 55 710.0 182.0 84.0 528.0 0.7 3.0 0.0 3.0 3.0 0.0 47.0 2.0 1.0 0.0 0.0 11.0 1.0 2.0 0.0 2.0 0.1

Tathvere 57 660.0 147.0 53.0 513.0 0.8 7.0 0.0 7.0 3.0 4.0 181.0 6.0 1.0 0.0 0.0 6.7 2.0 0.0 1.0 5.0 0.2

37041.0 5067.0 2065.0 31974.0 0.9 124.0 7.0 117.0 72.0 52.0 4676.6 78.0 45.0 2.0 3.0 14.0 23.0 37.0

Analysis 3.7 13.7 6.5 3.2 86.3 38.8 5.6 94.4 58.1 41.9 14.6 62.9 36.3 1.6 2.4 19.4 31.9 51.4

Ha. Percent of 

Parcel Area

Percent of 

Garden Area

Ha. Percent of 

parcel Area

Trees/ Ha Percent Of 

total Trees

Percent Of 

total Trees

Percent Of 

total Trees

Percent Of 

total Trees

Percent Of 

total Garden 

Area

Percent Of 

total Trees

Percent Of 

total Trees

Percent Of 

total Trees

Percent Of 

total Trees

Metres Percent of 

Total Non-

Fruit Trees

Percent of 

Total Non-

Fruit Trees

Percent of 

Total Non-

Fruit Trees

TotaL Number 

of Tree Species 

Found: n=31

Species MixTree Trunk Dimeter (cm) Maturiry of Non-fruit TreesTree Types
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Height of Non-

fruit trees

Parcel Address
Parcel Area 

(Sq. Metres)

Building Area 

(Sq. Metres)

Utility/ 

Storage/ 

Garage (Sq. 

Metres)

Garden Area  

(Sq. Metres)

Garden Area 

Proportion to 

Parcel area

Tree number 

/Plot
Tree Conifer

Tree 

Deciduous

Non-Fruit 

Tree
Fruit Tree 

Canopy 

projection Sq. 

Metres

DBH           0-

25 

DBH             26-

50 

DBH            51-

75 

DBH            

>76            

Average 

Height (m)
Young Pre-mature Mature

No. of Tree 

Species 

Species 

proportion

Linda 33 474.0 125.3 16.1 348.7 0.7 5.0 3.0 2.0 3.0 2.0 211.4 2.0 3.0 0.0 0.0 11.0 0.0 0.0 3.0 4.0 0.1

Linda 31 1155.0 158.1 84.9 996.9 0.9 15.0 0.0 15.0 1.0 14.0 333.5 15.0 0.0 0.0 0.0 7.0 0.0 0.0 1.0 2.0 0.1

Linda 29 647.0 110.9 68.5 536.1 0.8 3.0 0.0 3.0 1.0 2.0 51.0 3.0 0.0 0.0 0.0 3.0 0.0 1.0 0.0 2.0 0.1

Saekoja 19 495.0 213.0 0.0 282.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Saekoja 21 721.0 115.4 87.1 605.7 0.8 4.0 0.0 4.0 0.0 4.0 68.0 4.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 2.0 0.1

Saekoja 23 1457.0 118.3 199.7 1338.7 0.9 2.0 0.0 2.0 2.0 0.0 364.0 0.0 0.0 1.0 1.0 15.0 0.0 0.0 2.0 1.0 0.0

Saekoja 25 1423.0 133.5 0.0 1289.5 0.9 2.0 0.0 2.0 2.0 0.0 295.1 0.0 1.0 1.0 0.0 14.5 0.0 1.0 1.0 2.0 0.1

Saekoja 27A 1452.0 117.1 68.9 1334.9 0.9 1.0 1.0 0.0 1.0 0.0 199.6 0.0 1.0 0.0 0.0 22.0 0.0 0.0 1.0 1.0 0.0

Saekoja 29 1342.0 107.4 109.9 1234.6 0.9 9.0 0.0 9.0 2.0 7.0 285.0 8.0 1.0 0.0 0.0 14.0 0.0 0.0 2.0 3.0 0.1

Saekoja 31 1256.0 149.0 124.0 1107.0 0.9 26.0 0.0 26.0 3.0 23.0 640.0 23.0 0.0 2.0 1.0 15.7 0.0 0.0 3.0 5.0 0.2

Saekoja 33 1124.0 186.9 72.9 937.1 0.8 1.0 0.0 1.0 1.0 0.0 16.7 0.0 1.0 0.0 0.0 5.0 0.0 0.0 1.0 1.0 0.0

Tahe 79 568.0 59.2 100.3 508.8 0.9 2.0 0.0 2.0 1.0 1.0 42.5 2.0 0.0 0.0 0.0 6.8 0.0 0.0 1.0 2.0 0.1

Tahe 77 833.0 256.0 136.6 577.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tahe 75 1033.0 62.0 12.1 971.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Tahe 73 1735.0 151.4 69.8 1583.6 0.9 5.0 2.0 3.0 4.0 1.0 571.6 3.0 1.0 0.0 1.0 13.0 1.0 1.0 2.0 4.0 0.1

Tahe 71 899.0 149.1 51.0 749.9 0.8 1.0 0.0 1.0 1.0 0.0 22.4 1.0 0.0 0.0 0.0 10.0 1.0 0.0 0.0 1.0 0.0

Tahe 72 1338.0 426.6 172.8 911.4 0.7 2.0 0.0 2.0 1.0 1.0 148.0 1.0 0.0 0.0 1.0 16.5 0.0 0.0 1.0 2.0 0.1

Tahe 74 1296.0 322.1 203.7 973.9 0.8 2.0 0.0 2.0 2.0 0.0 107.4 0.0 2.0 0.0 1.0 18.5 0.0 0.0 2.0 2.0 0.1

Tahe 76 1962.0 324.9 147.5 1637.1 0.8 26.0 6.0 20.0 14.0 12.0 757.3 17.0 7.0 2.0 0.0 14.5 1.0 0.0 13.0 8.0 0.3

Tahe 89 1128.0 355.0 102.6 773.0 0.7 8.0 0.0 8.0 8.0 0.0 376.3 8.0 6.0 1.0 0.0 15.1 0.0 2.0 6.0 3.0 0.1

Tahe 85 791.0 268.2 85.7 522.8 0.7 1.0 0.0 1.0 1.0 0.0 111.2 0.0 0.0 1.0 0.0 20.0 0.0 0.0 1.0 1.0 0.0

Tahe 87 858.0 175.9 0.0 682.1 0.8 8.0 0.0 8.0 2.0 6.0 363.2 6.0 1.0 0.0 1.0 14.5 0.0 1.0 1.0 2.0 0.1

Tahe 83 1263.0 175.6 140.0 1087.4 0.9 7.0 0.0 7.0 1.0 6.0 250.3 6.0 0.0 1.0 0.0 18.0 0.0 0.0 1.0 3.0 0.1

Tahe 81 1424.0 296.1 87.7 1127.9 0.8 9.0 0.0 9.0 1.0 8.0 169.4 8.0 0.0 1.0 0.0 9.0 0.0 0.0 1.0 3.0 0.1

Sobra 14 1526.0 114.4 100.1 1411.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sobra 16 1489.0 160.8 49.1 1328.3 0.9 6.0 3.0 3.0 4.0 2.0 297.3 4.0 0.0 2.0 0.0 14.5 0.0 2.0 2.0 4.0 0.1

Sobra 18 1563.0 107.0 74.7 1456.0 0.9 4.0 1.0 3.0 4.0 0.0 440.9 1.0 3.0 0.0 0.0 14.5 1.0 0.0 3.0 4.0 0.1

Sobra 19 1069.0 98.3 44.1 970.7 0.9 10.0 2.0 8.0 3.0 7.0 199.0 9.0 1.0 0.0 0.0 9.0 0.0 2.0 1.0 3.0 0.1

Sobra 20 1512.0 211.7 137.9 1300.3 0.9 4.0 0.0 4.0 4.0 0.0 666.2 1.0 0.0 2.0 1.0 17.8 1.0 0.0 3.0 3.0 0.1

Sobra 21 1536.0 229.5 0.0 1306.5 0.9 15.0 0.0 15.0 6.0 9.0 395.9 17.0 1.0 4.0 0.0 13.8 1.0 1.0 4.0 4.0 0.1

Sobra 22 1541.0 349.7 15.9 1191.3 0.8 2.0 0.0 2.0 2.0 0.0 25.2 1.0 1.0 0.0 0.0 15.0 0.0 1.0 1.0 2.0 0.1

Sobra 24 754.0 201.7 0.0 552.4 0.7 3.0 0.0 3.0 1.0 2.0 56.5 2.0 1.0 0.0 0.0 20.0 0.0 1.0 0.0 2.0 0.1

Sobra 26 550.0 127.8 111.1 422.2 0.8 1.0 0.0 1.0 1.0 0.0 86.8 0.0 1.0 0.0 0.0 20.0 0.0 0.0 1.0 1.0 0.0

Vaba 27 774.0 160.8 0.0 613.2 0.8 11.0 4.0 7.0 11.0 0.0 368.0 6.0 4.0 1.0 0.0 13.3 0.0 4.0 7.0 8.0 0.3

Vaba 25 1546.0 386.2 22.3 1159.8 0.8 2.0 1.0 1.0 2.0 0.0 123.1 1.0 0.0 0.0 1.0 14.0 0.0 1.0 1.0 2.0 0.1

Vaba 23 1551.0 138.0 0.0 1413.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Vaba 21 710.0 76.6 90.8 633.5 0.9 5.0 0.0 5.0 0.0 5.0 102.0 5.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 1.0 0.0

Vaba 19 &19a 1455.0 295.1 34.3 1159.9 0.8 3.0 0.0 3.0 3.0 0.0 282.4 2.0 1.0 0.0 0.0 10.7 1.0 1.0 1.0 3.0 0.1

Vaba 17 1565.0 70.4 42.5 1494.6 1.0 5.0 3.0 2.0 5.0 0.0 207.6 2.0 3.0 0.0 0.0 15.2 1.0 1.0 3.0 4.0 0.1

Vaba 15 1554.0 173.3 88.1 1380.7 0.9 2.0 1.0 1.0 2.0 0.0 32.2 1.0 1.0 0.0 0.0 11.5 0.0 0.0 2.0 2.0 0.1

Vaba 13 971.0 236.6 135.0 734.4 0.8 11.0 4.0 7.0 11.0 0.0 297.9 6.0 5.0 0.0 0.0 12.5 2.0 6.0 3.0 5.0 0.2

Kesk 42 1011.0 175.2 70.4 835.8 0.8 6.0 3.0 3.0 4.0 2.0 101.3 6.0 0.0 0.0 0.0 7.4 1.0 2.0 1.0 6.0 0.2

Kesk 44 960.0 280.1 76.2 679.9 0.7 4.0 2.0 2.0 4.0 0.0 156.6 2.0 2.0 0.0 0.0 11.6 2.0 0.0 2.0 4.0 0.1

Kesk 48 871.0 152.7 31.0 718.3 0.8 7.0 0.0 7.0 0.0 7.0 119.0 7.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 1.0 0.0

Kesk 50 1019.0 169.5 72.4 849.5 0.8 3.0 0.0 3.0 3.0 0.0 265.8 0.0 0.0 3.0 0.0 18.0 0.0 0.0 3.0 1.0 0.0

Kesk 52 1135.0 94.2 142.7 1040.8 0.9 13.0 0.0 13.0 0.0 13.0 221.0 13.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 2.0 0.1

53336.0 8565.9 3480.6 44770.1 0.8 256.0 36.0 220.0 122.0 134.0 9828.5 193.0 48.0 22.0 8.0 13.0 28.0 81.0

Analysis 5.3 16.1 4.5 83.9 57.2 14.1 85.9 47.7 52.3 22.0 75.4 18.8 8.6 3.1 10.7 23.0 66.4
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Appendix 4- Residential parcel cluster description based on their exposure to streets of 

different traffic and pedestrian movement and key gardens attributes; 

Neighbour

hood and 

street 

hierarchy 

Street 

(number of 

Parcels) 
Description 

Mean 

Parcel 

Area 

(m2) 

Mean 

Garden 

Area 

(m2) 

Tree 

Density/

Ha 

(>3m) 

Mean 

Canopy 

Cover 

(m2) 

Tahtvere  
 

    

Primary 

(high traffic 

Road) 

FR 

Kreutzwaldi 

Street 

(11 

parcels) 

One of the busy streets in 

Tartu with public park one 

side and residential parcels 

on the other. 

Street width- 15m including 

pedestrian path on either 

sides. 

 

1567.2 1348.9 

 

76.82 

 

268.81 

 

Secondary 

(medium 

traffic road) 

L. Koidula 

Street 

(5 parcels) 

A feeder street into the 

centre of the neighbourhood 

with medium traffic flow. 

This street has residential 

parcels on either side. 

Street width- 9m including 

pedestrian path on either 

sides. 

 

1214.8 1049.8 

 

38.10 

 

220.19 

 

J hurda 

(3 parcels) 

This street acts as 

thoroughfare with medium 

traffic flow. This street has 

residential parcels on either 

side. 

Street width-14m including 

pedestrian path on either 

sides. 

 

1485.3 

 

1274.3 

 

104.62 

 

389.40 

 

CR 

Jacobsoni 

Street 

(6 Parcels) 

This street has mild traffic 

and residential parcels with 

pedestrian path on each side 

of the road. 

Street width – 9 m from the 

property boundaries. 

1219.8 

 

1062.0 86.31 

 

237.07 

 

Tertiary 

(Low traffic 

road) 

Vikerkaare 

Street 

(6 Parcels) 

This street has a low traffic 

mostly used by the 

residential plots which are 

present on either side of the 

road.  Street width – 9m 

including pedestrian paths 

on either sides. 

 

1389.1 1191.0 40.58 

 

137.24 

 

Supilinn Street       

Primary 

(high traffic 

Road) 

Tahtvere 

Street 

(11 

parcels) 

The street has a medium 

traffic flow with residential 

plots sitting on the edge 

boundaries on either side of 

the road. The street width – 

11m with pedestrian paths 

on either side. 

1247.3 1078.9 25.27 60.20 

 

Secondary 

(medium 

traffic road) 

Herne 

Street 

(6 Parcels) 

The street with medium 

traffic with wooden fenced 

residential plots on each 

side of the road, the street 

789.83 

 

644.33 

 

31.03 94.49 
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width – 12 m with 

pedestrian on either side. 

Tertiary 

(Low traffic 

road) 

Meloni 

Street 

(10parcels) 

Has low traffic with 

residential plots on either 

side with no pedestrian. 

Street width – 12 m  

1140.9 

 

1013.7 

 

70.04 230.74 

 

Marja 

Street 

(9 Parcels) 

Low traffic street gravel 

road with residential plots 

on both side and street 

width of 15ms with no 

pedestrians. 

796.88 

 

678.11 

 

18.02 

 

126.65 

 

Karlova Street       

Primary 

(high traffic 

Road) 

Tahe Street 

(13 

parcels) 

Busy street with avenue 

plantation, residential plots 

and pedestrian are present 

on each side of the road. 

Street width is 17 m. 

1163.6 

 

1016.3 

 

58.64 

 

224.58 

 

Sobra 

Street 

(5 parcels) 

The street has busy traffic, 

with old avenue plantation 

and residential plot on either 

side and wider shaded 

pedestrian on each side. The 

street width is 21m. 

1282.  1104.2 

 

45.28 

 

240.87 

 

Secondary 

(medium 

traffic road) 

Kesk Street 

(9 Parcels) 

The street has high traffic 

with a green planted divider 

in between the one-way 

roads. Parking seen on the 

pedestrians at some places. 

The street width is 21 ms 

and with pedestrians on 

either side of the one way 

roads. 

999.20 

 

825.00 

 

80.00 

 

172.72 

 

Tertiary 

(Low traffic 

road) 

Saekoja 

Street 

(8 Parcels) 

This street has low traffic 

and no pedestrian with 

residential plots overlooking 

on each side of the road. 

The street width is 13 m. 

1158.7 

 

1016.3 

 

55.34 

 

233.54 

 

Vaba 

Street 

(8 Parcels) 

The street has mild traffic 

with residential plots on 

either side sitting on the 

plot boundary. The width of 

the road is 13 m with 

pedestrians on both sides. 

1265.7 

 

1073.6 45.40 

 

176.64 

 

Linda 

Street 

(3 parcels) 

The street with minimal 

traffic has no pedestrians 

and patchy road condition.  

The street width is 13 m. 

758.66 

 

627.33 

 

122.21 

 

198.63 
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Appendix 5- Categories composed of garden features that generate different visual 

characteristics;   

Code 

 

Front garden spatial composition Number of 

occurrence 

1 Building on edge; High green density (trees and shrubs) 

View completely blocked by green features 

9 

2 Building on edge; Medium green density (trees and shrubs) 

View partially blocked by green features 

17 

3 Building on edge; Low or no  green density (trees and shrubs) 

Low green view or fully open views 

41 

4 Building with setback with hedge; High green density (trees and shrubs) 

View completely blocked by green features 

6 

5 Building with setback with hedge Medium green density (trees and 

shrubs); View partially blocked by green features 

11 

6 Building with setback with hedge; Low or no  green density (trees and 

shrubs); Low green view or fully open views 

5 

7 Building with setback with wooden fence or other types; High green 

density (trees and shrubs); View completely blocked by green features 

12 

8 Building with setback with wooden fence or other types; Medium green 

density (trees and shrubs); View partially blocked by green features 

14 

9 Building with setback with wooden fence or other types; Low or no  green 

density (trees and shrubs); Low green view or fully open views 

11 

10 Completely blocked views with hedge 

 

0 

11 Completely blocked view with wooden fences and shrubs 

 

2 

12 Open view of garden with more natural landscape view 

 

3 
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Appendix 6- Number of tree species found with in all gardens; 

Number of tree species found with in all gardens  

 Conifer Species   Fruit Tree Species  Non Fruit Tree Species 

1 Picea Pungen 1 Prunus Cerasus 1 Tilia Cordata 

2 Picea Omorika 2 Malus Domestica 2 Tilia Vulgaris 

3 Picea Abies 3 Pyrus Calleryana 3 Acer Platanoides 

4 Pinus Mugu 4 Prunus sp. 4 Fagus Sylvatica 

5 Laryx sp.   5 Ulmus Carba 

6 Laryx Europa   6 Quercus sp. 

7 Thuja Occidentalis   7 Quercus (pyramidal) 

8 Abies Sibirica   8 Robinia Pseupoacacia 

9 Juninerus sp.   9 Betula Pendula 

10 Pinus Sylvestris    10 Populus Tremula 

    11 Aesculus Hippocastanum 

    12 Fraxinus sp. 

    13 Corylus Avellana 

    14 Crataegus sp. 

    15 Sorbus Aucuparia 

    16 Syringa Vulgaris 

    17 Syringa Josikaea 
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Appendix 7- Tartu land usage and land balance sheet 

 

 

Source: Tartu City Council, 2014 


