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Abstract 
 

Many major cities worldwide have waterways or streams forming a prominent part of 

their landscape. However, in many cases these waterways have been subjected to major 

modifications because of urbanisation pressures. Understandably, declining waterway 

health has motivated both communities and the governments that represent them to 

seek to revegetate and re-naturalise degraded streams and riparian zones. Yet such 

restoration works are generally costly, and they face competition for funds from other 

community projects as well as competition among themselves. There is, therefore, a need 

to be able to demonstrate the economic benefits of improvements in urban waterway 

health to assist decision makers in prioritising investments using robust and valid data. 

When deriving these benefit estimates it is critical to recognise the potential differences 

in community preferences and choices, the environmental features of importance to the 

community, as well as interactions occurring between these features that may affect 

benefit estimates.  

 

Non-market valuation methods such as the hedonic price model have been used to 

estimate the value of improving urban stream health. However, there has been little 

consideration of the effect of channel condition on estimated values even though a range 

of ecological stream health indicators used internationally are based on both vegetation 

and channel condition. In urban residential areas, the preferences for riparian conditions 

may be complex and linked to different states of a socio-ecological system. Thus, in the 

current study, a riparian condition index based on both vegetation and channel condition 

was used to model preferences for improvements in urban stream quality. A theoretical 

perspective about the expected relationship between urban stream condition levels and 

house prices was developed and tested using a socio-ecological system services 

perspective. 
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Residential communities in urban areas are made up of a substantial and growing 

proportion of renters. However, there is limited understanding of their preferences for 

nearby environmental resources. This is despite renters having been found to have 

different demographics and tenure-lengths. These differences are likely to affect their 

willingness to pay for environmental resources compared to homebuyers. Consequently, 

renters’ preferences for improvements in urban stream quality were investigated and 

compared to those of homebuyers. 

 

Despite the common use of property values in hedonic price models to deduce 

households’ preferences for environmental resources, there are some concerns that such 

values may be distorted by the fluctuations in the housing market. This is particularly 

relevant for valuation studies that rely on sales data from relatively short periods which 

may be dominated by one price trend. If housing price trends have an impact on 

purchasing power and/or preferences for luxury goods such as environmental resources 

in desirable conditions, then the estimated values may be inaccurate. Thus, the current 

study which covers house prices for years 2003 to 2013, investigated the effect of 

different house price trends on estimated implicit marginal prices for environmental 

resources.  

 

The three knowledge gaps identified were addressed by (1) using an urban stream 

indicator which accounts for both vegetation and riparian condition, (2) estimating the 

value of improvements in urban stream quality for nearby residential renters and 

comparing that value to homebuyers and (3) modelling the impact of rising and declining 

house price trends on the estimated implicit marginal prices from hedonic price models. 

House sales data with 27,657 observations and rental price data made up of 15,465 

observations were used in modelling the preferences of homebuyers and renters in the 
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Cooks River and Georges River catchments, southern Sydney, New South Wales, 

Australia. Ordinary least squares and spatial hedonic regression models were used to 

estimate the implicit marginal prices for different levels of vegetation and riparian 

condition.  

 

Results from the homebuyers’ regression model indicate that homebuyers generally 

prefer more natural riparian areas with more vegetation. However, the effect of riparian 

vegetation on house values is substantially moderated by the condition of the channel. 

Additionally, the findings from the spatial hedonic valuation model indicate that the 

economic values held by households for urban streams are closely related to changes 

between the three socio-ecological system states identified, and that changes within 

states only produce minor changes in values. Renters were found to have a preference 

for improvement in stream quality; however, their implicit marginal prices are 

substantially lower than those of homebuyers. Additionally, consistent with expectations 

for a market dominated by repeat buyers, results indicate that as house prices rise, so do 

the implicit marginal prices paid for urban stream quality levels. 

 

The findings from this study have important implications for practice and future 

research. For example, greater benefits for both homebuyers and renters are achieved 

when both vegetation and channel condition are improved rather than improving 

vegetation alone. Given the different magnitudes in implicit prices from homebuyers and 

renters, it is worth considering the impacts of using preferences for homebuyers only 

especially in communities with a high population of renters. Analysts should also seek to 

account for housing market price trends, especially those using values from short-time 

periods. 
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Chapter 1 Introduction 
 

1.1 Research Background 
 

Decisions to invest in environmental resources require economic assessments to best 

justify use of limited public funds as decision makers are faced with competing 

investment priorities. While environmental resources are valued by communities 

(Raymond et al., 2009), they are usually not traded in a conventional market. Hence there 

are no direct market data or dollar prices for environmental resources. As a result, 

economists have developed various methods, known as non-market valuation, to 

estimate the economic values of these environmental resources. One of the dominant 

non-market valuation methods is hedonic property valuation. This method is based on 

Rosen’s (1974) seminal paper on product differentiation and Lancaster’s (1966) seminal 

paper on consumer theory. The use of hedonic property valuation follows the 

assumption that properties are valued for their utility bearing attributes and that buyers 

choose a house with combinations of attributes that yield the highest utility, given their 

budget constraints. The approach also assumes that the property market is in 

equilibrium such that buyers’ bids interact with sellers’ offers to determine equilibrium 

property prices and thus the implicit prices of the different house attributes.  

 

Hedonic property valuation models have been used to estimate economic values for 

water quality (Boyle et al., 1998; Gibbs et al., 2002), open spaces (Geoghegan, 2002), air 

quality (Kim et al., 2003), vegetation (Polyakov et al., 2015), forests (Tapsuwan et al., 

2015), and riparian corridors (Netusil, 2006), among others. These studies generally 

involve the use of house structure, location and neighbourhood, and environmental 

attributes. Many of these hedonic pricing studies have found significant impacts of 

environmental attributes of different qualities on the selling price of houses.  
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In urban areas streams are one of the more conspicuous environmental resources. Many 

major cities have streams forming a prominent part of their landscape. Urban riparian 

environments are a source of recreation (walking, kayaking, fishing etc.) and visual 

amenity (pleasing natural outlook). Bin, Landry, and Meyer (2009, p. 1067) noted that 

riparian vegetation provides aesthetic and recreational benefits that may accrue to 

property owners. However, in many cases, these streams have had their quality 

compromised by the urbanisation process. Understandably, declining stream quality has 

motivated both communities and the governments that represent them to seek to 

revegetate and re-naturalise degraded streams and riparian zones. Management 

programs and projects have been developed at all levels of government to improve urban 

stream quality and prevent further deterioration. Some common intervention actions 

include: 

 revegetation and weeding of non-native species from the river banks; 

 stabilisation of eroding waterways with rocks and native plantings to reduce 

erosion; 

 re-naturalisation of concrete or other historic hard urban waterway structures; 

 construction and ongoing maintenance of stormwater litter traps in pipes 

leading to the waterway; 

 construction of wetlands and biofilters to separate dissolved pollutants from 

stormwater before it flows to the waterway; 

 mandating of policy to ensure that new development is sensitive to the waterway 

environment by requiring stormwater quality improvement outcomes and 

reduction in high velocity flows; and, 

 education programs to change behaviours of local community regarding 

waterway management and pollution. 
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While the above-listed works contribute to improvements in urban stream quality, they 

are costly undertakings and have to compete for funds among themselves and with other 

community projects. Still, such works are often done with limited ability to demonstrate 

the value of these works to local residents. As a result, there is a need for catchment 

managers to be able to demonstrate the economic benefits of improvements in urban 

streams to assist decision makers in prioritising investments. Economic values from non-

market valuation studies, such as those using the hedonic pricing method, can provide 

the required dollar values for use in priority setting. 

 

To be able to estimate the value of improvements to urban streams, there needs to be a 

measure of stream quality. Ecologists have developed indices of catchment and riparian 

condition that can be used to create maps of current conditions to guide restoration 

priorities and plans (Brierley et al., 2002; Kleynhans, 1996; Taylor et al., 2005; USDA, 

2011). These tools use scores for riparian buffer size and vegetation conditions, channel 

characteristics and disturbance by human development to construct an overall riparian 

condition score. Significantly, all these indices incorporate measures for riparian 

vegetation condition as well as measures describing channel geomorphology or 

condition. 

 

Notwithstanding the use of riparian vegetation and channel conditions as key ecological 

indicators of catchment and stream health, previous empirical economic evaluations 

have focused on proximity, water quality or the condition of riparian vegetation and not 

the condition of the buffer and/or channel. Such studies have shown that improved 

water quality and proximity to waterbodies led to higher house values (for example, 

Clapper and Caudill (2014), Walsh et al. (2011), and Poor et al. (2007)). While the water 

quality measures are relatively objective, they can also send misleading information to 

local residents. For instance, visually appealing clear water may be an indication of 
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ecologically-harmful acidity levels (Leggett and Bockstael, 2000). Thus, unlike past 

studies that are dominated by the use of water quality or vegetation only indicators, the 

current study used both vegetation and channel condition to estimate the value of 

improvements in urban streams. 

 

Another advantage of using riparian vegetation and channel condition as indicators1 of 

riparian health is that the quality levels can be classified into different states of a socio-

ecological system. A socio-ecological system is a coherent system of biophysical and 

social factors that regularly interact in a stable manner (Redman et al., 2004).  For 

example, different environments (natural and modified) offer different types and levels 

of ecological, recreational and amenity benefits. The different states of a socio-ecological 

system help to identify thresholds which distinguish critical points of benefit or 

detriment accruing from a stream’s ecological attributes to nearby residents. The 

thresholds denote that there are points at which the relatively stable human-

environment interactions change such that both the ecosystem and social services are 

affected (Parlee et al., 2012). If these thresholds are observed and valued by residents, 

then it can be argued that these values will be reflected in residents’ preferences to live 

in proximity to the different socio-ecological system states. Thus, the presence of 

different socio-ecological system states enables the setting of expectations for how 

community values are likely to change with different improvements in environmental 

quality. This allows the establishment of a theoretical framework for how changes in 

environmental quality are likely to influence values. 

 

Significantly, very few of the hedonic property valuation studies on environmental 

resources have focused on the benefits accruing to renters with the majority of studies 

focussing on homebuyers. However, urban communities are made up of both 

                                                           
1 Defined in Section 1.3, page 13 
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homebuyers and renters. Renters typically represent a substantial proportion of the 

urban population (ABS, 2012). Renters have also been found to be demographically and 

psychographically different from their homebuyer counterparts (Goodman, 1988; 

Linneman and Voith, 1991). Renters tend to occupy smaller houses, they are younger, on 

lower incomes, more mobile and relatively more of them are not married. Nonetheless, 

there is a dearth of knowledge and clarity on renters’ economic values from 

improvements in urban environmental resources. Hence, this research will investigate 

whether renters have a preference for improvements in urban stream quality and 

compare the estimated implicit prices of renters to those of homebuyers. 

 

An inherent characteristics of house prices is that they are always in a state of flux (Daly, 

1982). However there is a lack of clarity in the literature about how house price trends 

affect the estimated implicit prices for improvements in environmental resources. Few 

studies have been undertaken to investigate the nature of the effect of different housing 

market trends on the implicit prices for environmental studies. Results from Lyons 

(2013) suggest an inverse relationship effect, while results from Turnbull et al. (2013) 

and Leung et al. (2007) imply a positive effect and no effect, respectively. As a 

consequence, two recent publications have identified this lack of clarity as a gap in the 

literature where more insight would be beneficial for interpreting and using estimated 

implicit prices in benefit-cost analyses (Boyle et al., 2012; Coulson and Zabel, 2013). 

Thus, this research will examine the effect of housing price trends on estimated implicit 

marginal price for improvements in urban stream quality. 

 

Past studies on urban streams have focused mainly on major urban rivers and lakes to 

the exclusion of smaller streams and creeks (for example, Cho et al. (2011); Clapper and 

Caudill (2014); Walsh et al. (2011)). However, smaller urban streams represent a 

substantial proportion of urban waterways and are important for flood control, 
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ecological benefits and general quality of life for nearby residents. These smaller streams 

are usually the ones targeted for restoration and revegetation by land managers 

(Hathway and Sharples, 2012). In this study, all streams from small concrete channels to 

major rivers such as the Georges River were considered in the analysis of economic 

values. 

 

Additionally, a review of the literature showed that a majority of studies valuing 

improvements in urban streams or waterbodies were conducted in the US. The lack of 

studies outside of the US was also a concern raised by Artell (2013). This study presents 

results from a different country and therefore contributes to the limited literature 

outside of the US by providing a test of the generalisability of existing findings which are 

mainly from the US.  

 

In summary, three main gaps in the literature will be addressed in this study. First, the 

indicators used in assessing changes in riparian health will be extended to include 

riparian vegetation and channel condition. An ecologist-developed index which is based 

on both riparian vegetation and channel condition will be used as the basis for estimating 

economic values of improvements in urban streams. Second, renters’ preferences for 

improvements in urban stream quality will be investigated and the results will be 

compared to those of homebuyers. Finally, an analysis of the effect of house price trends 

on implicit marginal prices for environmental improvements will be undertaken. The 

overarching objective in addressing these three areas is to estimate the economic values 

of improvements in urban stream quality to local residential communities. The 

accompanying hypotheses for these three main areas of interest are first outlined in 

Section 1.2. Detailed descriptions of the theoretical and empirical evidence used to 

inform the hypotheses are provided in Chapter 2. 
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1.2 Hypotheses 

 

The background discussed in Section 1.1 and the literature review in Chapter 2 led to 

development of six hypotheses. This section provides an overview of each of the six 

hypotheses.  

 

The first two hypotheses focus on understanding the appropriateness of including 

riparian vegetation in addition to channel condition as indicators of riparian health when 

estimating non-market values using the hedonic price models. As noted urban riparian 

vegetation provides various benefits, such as water quality improvement, flood control, 

beautiful views and recreation activities to nearby residents (Allan, 2004; Geoghegan, 

2002; Ladson et al., 1999; Mazzotta et al., 2014). Similarly, channel condition contributes 

to soil erosion prevention, flood risk reduction, and beautiful views (Bark et al., 2009). 

Given these desirable benefits and the use of both riparian vegetation and channel 

condition in catchment and stream health indicators, the first two hypothesis for the 

study are as follows:  

H1: There is a positive and statistically significant relationship between house 

prices and improvements in urban stream quality as measured by vegetation and 

riparian conditions. 

 

H2: The value of increasing both vegetation and channel condition exceed the value 

of increasing vegetation condition alone. 

 

The different vegetation and riparian condition levels, which are drawn from an 

ecologist-developed index will be assigned to three socio-ecological system states. The 

assignment was based on the quality and level of benefit or detriment each level of 

vegetation and channel condition offered. The three socio-ecological system states 
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identified for the study area are “bare and barren”, “aesthetical pleasing” and “bushland 

living”.  The “bare and barren” state includes poor and degraded urban stream quality 

with highly modified stream channels and minimal vegetation. Less degraded urban 

stream qualities with less degraded channels and some vegetation are represented by 

the “aesthetical pleasing” state. The last socio-ecological system state, “bushland living”, 

epitomises more natural stream conditions that are less impacted by urbanisation with 

extensive vegetation and unmodified channels. Based on a recognition of these states 

and the changes in values likely to occur between and within states, the third hypothesis 

is: 

 

H3: The relationship between house prices and urban stream quality follows a step-

like pattern with large benefits associated with moving from the “bare and barren” 

state to the “aesthetically pleasing” followed by modest benefits for improvements 

within the “aesthetically pleasing” state, and then a further high gain for changes 

from the “aesthetically pleasing” state to the “bushland living” state. 

 

When estimating economic values of environmental resources, this normally occurs for 

a community of residents. In terms of households, communities are made up of both 

homebuyers and renters. However, previous studies have mainly focused on the values 

of homebuyers to the exclusion of renters. Nonetheless, renters tend to have similar 

access as that of buyers to these resources. Hence the fourth hypothesis is: 

 

H4: Renters have a positive and statistically significant preference for urban stream 

quality. 

 

As noted earlier, there is evidence to suggest that renters are demographically and 

psychographically different from their homebuyer counterparts (Goodman, 1988; 
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Linneman and Voith, 1991). Renters generally live in smaller houses, are younger, on 

lower incomes, more mobile and relatively more of them are not married. Therefore, 

while it is hypothesised that renters place a premium on improvements in urban stream 

quality (H4), it is also hypothesised that this premium is lower than that of homebuyers: 

 

H5: Renters’ implicit marginal price for improvements in urban stream quality is 

lower than that of homebuyers. 

 

There is limited knowledge and a lack of understanding about how house price trends 

affect the estimated implicit prices from hedonic property valuation studies. The few 

studies that have investigated the relationship between house price trends and implicit 

marginal prices offer contrasting results. It is also possible that these conflicting findings 

have been influenced by the type of buyers dominating the market; that is whether the 

market is dominated by first-time homebuyers or repeat buyers. If first buyers dominate 

the market, it is likely that higher prices will lead to reduced premiums as first-time 

buyers have tighter budgetary constraints. However, if investors2 dominate the market, 

as is the case for most urban cities, it is likely that as prices rise, then there will be higher 

premiums for houses located nearby environmental luxuries. This is because repeat 

buyers tend to be more wealthy and are beneficiaries from higher values for their 

currently held housing stock. Given the dominance of repeat buyers in the current study 

area and data collection period, the last hypothesis for this research is: 

 

H6: Households have a higher implicit marginal price for urban stream quality 

when the housing market is trending upwards than when the housing market is 

trending downwards. 

                                                           
2 Investors refers to house buyers who buy a property to rent it out. This excludes repeat buyers who sell 
their current home and buy another home to move into. 
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1.3 Key Definitions 

Some of the terminology used in this thesis has specific meanings, and are explained 

below.  

 

Channel condition: refers to the physical modification status of the stream, e.g. a highly 

modified stream is one that has its banks straightened and is concrete lined, a modified 

stream is one that is rock-lined and still meandering, and an unmodified stream is one in 

a more natural state. 

 

Investors: refers to house buyers who buy a property to rent it out. This excludes repeat 

buyers who sell their current home and buy another home to move into. 

 

Psychographics: is the study and classification of people according to their attitudes, 

aspirations and other psychological criteria, especially in market research (Oxford 

English Dictionary, 2010). For this study, the term psychographic characteristics was 

used to refer to the difference in attitudes and/or preferences between homebuyers and 

renters. 

 

Socio-ecological states: a coherent system of biophysical and social factors that 

regularly interact in a stable manner (Redman et al., 2004). Three socio-ecological states 

were identified and they are explained in the context of an urban Australian environment 

as follows: 

 “Bare and barren” state includes the poor and degraded conditions that have 

stream segments with concrete channels and minimal vegetation.  

 “Aesthetically pleasing” state refers to streams with less degraded channels and 

intact or restored vegetation buffers.  
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 “Bushland living” state represents a more natural stream condition that is less 

impacted by urbanisation with extensive vegetation and relatively unmodified 

channels.  

 

Stream: this term is used to refer to waterways of different sizes including canals, creeks, 

rivers, culverts. 

 

Vegetation condition: refers to the riparian buffer width, density and contiguity of 

vegetation. 

 

Vegetation and riparian condition (VRC): refers to an index used to indicate the 

condition of the riparian vegetation and naturalness of the stream banks. It is a way of 

ranking stream segment based on riparian vegetation canopy and buffer, and channel 

condition naturalness. 

 

Waterbody: refers to a body of water such as a lake, dam, bays and reservoir (excludes 

streams and beach areas). 

 

1.4 Outline of the Thesis 

 

There are five chapters that make up this thesis. The structure of the thesis is shown in  

Figure 1.1. In Chapter 1 the policy context of the research, an overview of knowledge 

gaps that are addressed in this study, research hypotheses and some key definitions are 

given. 

 

In Chapter 2 the literature review is provided. The literature review provides the 

theoretical foundation for the study and some empirical studies used to develop and 
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justify the hypotheses. This chapter begins with an introduction and a brief explanation 

of non-market valuation methods. This is then followed by a discussion of the hedonic 

price model and some technical consideration in the application of the model to estimate 

economic values of environmental resources. The technical considerations were used to 

inform the methodology and analysis process for this study. A review of the empirical 

studies on valuation of urban streams, mainly using the hedonic property valuation 

method, is given. This review includes a discussion of different attributes used as 

indicators of quality in estimating economic values of urban streams and waterbodies. 

Then the literature on estimating economic values of environmental resources for 

renters is reviewed and the likely differences in implicit prices between renters and 

homebuyers is explored. This is followed by a review of findings from existing studies 

examining the effect of house price trends on the estimated implicit marginal prices for 

environmental resources and a discussion of how house price trends might be expected 

to influence implicit prices. 

 

A detailed discussion of the research methodology used in this study is given in Chapter 

3. This chapter provides a review of how the data were collected and prepared, and what 

Geographic Information System (GIS) and statistical packages were used in modelling 

the relationship between improvements in urban stream quality and house values. A 

description of the study area, southern Sydney, New South Wales, Australia is given. 

Detailed information about the two catchment areas located in the study area is also 

provided.  The data used in this study can be grouped into four categories: real estate, 

neighbourhood and locational, housing price indices, and urban stream quality data. 

Summary statistics and the econometric analyses undertaken in this study are explained 

in this chapter. Semi-log ordinary least squares (OLS) models and spatial regression 

models were used to analyse the relationship between improvements in urban stream 

quality and house values. 
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Results from testing of the six Hypotheses outlined in Section 1.2 are presented in 

Chapter 4. These results include (1) how improvements in urban stream quality – as 

indicated by vegetation and riparian condition levels, and socio-ecological system states 

– affect nearby house values; (2) how improvements in urban stream quality affect 

renters’ implicit marginal prices; (3) how the renters’ estimated implicit marginal prices 

compare to those of homebuyers; and (4) some results on the effect of housing price 

trends on estimated implicit marginal prices of urban stream quality. Some results from 

robustness checks using different nearest neighbours in the spatial models are 

presented in Appendix 5 Table 5.2. 

  

In Chapter 5 a discussion of the results and conclusions are provided. This discussion 

explains the results and their implications. Four key findings which are based on the 

hypotheses stated in Section 1.2 are discussed in detail to link the results with some 

implications for policy and analysts. The limitations of the current study and some 

recommendations for future studies are also outlined in this chapter. The last section of 

the chapter provides concluding remarks for this thesis. 
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Figure 1.1: Structure of the Thesis 
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2.4 Summary 
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3.4 Data Collection 
3.5 Data Preparation Prior to Modelling 
3.6 Data Analysis 
3.7 Summary 

 

Chapter 4 Results 
4.1 Introduction 
4.2 Effect of Urban Stream Quality on House Values 
4.3 Renters’ vs Homebuyers’ Preference for Urban Stream Quality 
4.4 Effect of housing market price fluctuations on estimated implicit prices for urban stream 
quality 
4.5 Summary 

 

Chapter 5 Discussions and Conclusions 
5.1 Introduction 
5.2 Thesis Overview 
5.3 Key Findings 
5.4 Welfare Economics and application of results 
5.5 Limitations 
5.6 Future Research 
5.7 Concluding Remarks 
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Chapter 2 Literature Review and Hypotheses 

Development 
 

2.1 Introduction  
 

The literature review presented in this chapter provides an introduction to economic 

values and valuation techniques in Section 2.2. A detailed overview of the hedonic price 

model is provided in Section 2.3. This is followed in Section 2.4 by a review of past 

hedonic property valuation studies on environmental resources, with emphasis on 

streams. A specific detailed literature review and identified knowledge gaps on (a) 

valuing urban streams, (b) renters’ willingness to pay for environmental resources, and 

(c) the effect of house price fluctuations on the estimated implicit prices for 

environmental resources from hedonic price models, are given in Sections 2.4.2 to 2.4.5. 

Shaped by this review and the objective of this thesis to estimate the economic values of 

improvements in urban stream quality to local communities, the rationale for six 

hypotheses which are tested in the later the chapters of this thesis are presented and 

explained.  

 

2.2 Economic Values and Valuation Techniques 

Environmental resources have different types of values. These values can be divided into 

use and non-use values. These two main categories reflect the economic understanding 

that goods and services are deemed as beneficial through the utility ascribed to their 

usage and/or knowledge of their existence from an anthropocentric view. Consequently, 

the value of an environmental resource such as an urban waterway may be measured 

through the magnitude of use and non-use values enjoyed by people.  
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2.2.1 Use values 

When people derive utility from the actual usage of a resource, then that resource is 

considered to have a use value. Use values stem from the enjoyment derived from usage 

or consumption of a resource. People are generally willing to pay to enjoy this value or 

willing to accept payment to forego its availability for their usage. Use values can be 

divided into two categories of: direct use and indirect use values.  

 

Direct use values involve the in-situ use of a resource to benefit people and might include 

recreational fishing or walking along a scenic river. These direct use values may be 

consumptive (e.g. drawing drinking water from a river) or non-consumptive (e.g. bird 

watching) (Edwards-Jones, Davies, & Hussain, 2000). While there is no definitive 

agreement on the categorisation of direct use values, consumptive use tends to reduce 

the quantity or quality of the resource being consumed whereas non-consumptive use 

does not necessarily decrease quality or quantity. There are some beneficial functions 

derived from some resources that are not directly used; these are the indirect use values 

(Barbier, 1993). A riverbank stabilisation function of vegetation along a river is an 

example of an indirect use value because this function, while not used by people directly, 

is deemed to be beneficial to people.  

 

2.2.2 Non-use values 

The notion of non-use values was first introduced by Krutilla (1967) in his paper on the 

conservation of environmental resources. The motivation for non-use values may come 

from people’s altruistic nature, their bequest desires and/or just their knowledge that a 

certain environmental resource exists as influenced by their spiritual or philosophical 

motives. Altruistic value is the value placed on a resource by people because they derive 

some satisfaction from preserving that resource for others such as people in another 

location. Bequest value is the satisfaction that individuals derive from knowing that a 
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resource will be preserved for use by future generations. In contrast to altruistic and 

bequest values, existence or intrinsic value relates to the utility derived from simple 

knowledge of the existence of a particular environmental asset. Krutilla (1967) argued 

that there are many people who are willing to pay for the satisfaction of knowing that a 

wilderness area remains even though they would never want to visit it. This existence 

value may be drawn from the satisfaction of knowing a natural resource is preserved for 

itself and not as a function of any human use (Edwards-Jones et al., 2000). Motivations 

for such existence may also include stewardship, whereby individuals feel some 

responsibility for the resource or have a feeling of concern for an asset such as an 

endangered species (Bateman et al., 2002). Individuals who harbour existence values for 

a resource are assumed to be willing to pay for the preservation of that particular 

resource. 

 

Non-use values are non-exclusive, thus they are unlike use values which may have 

multiple uses that are exclusive or non-exclusive. A value placed on the existence of a 

nature park is considered a public good due to its non-exclusive nature and vulnerability 

to exploitation (Plourde, 1975). Therefore, some people may be willing to pay for the 

existence of a unique nature resource that would otherwise be destroyed for competitive 

private economic activities.  
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Option value 

Apart from use and non-use values described above, economists have also identified 

option value as another form of value for resources. Option values may be either 

demand-side option values or supply-side option values. Demand-side option value is 

the value placed on a good or service by people because they want to have an option to 

consume it at a future time, where consumption is uncertain (Weisbrod, 1964). 

Consequently, demand-side option value can serve to reduce future use value, as the 

future value is weighted by the uncertainty of the consumption. Such people may never 

exercise their option. In a case where consumption is certain, option value may arise 

from the uncertainty of future supply; this is termed supply-side option value. Bishop 

(1982) noted that when the future provision of a good or service is uncertain, people 

may be willing to pay over and above its use value to secure its supply in the future.  

 

Another definition of option value is that from Boardman et al. (2011) who defined 

option value as the difference between option price and the expected consumer surplus. 

Option price is what individuals would be willing to pay in uncertain circumstances. It is 

estimated by the sum of option value and expected consumer surplus in the absence of 

uncertainty. Option price may be viewed as an ex ante welfare measure because 

individuals value a resource without knowledge of contingencies that might occur 

(Boardman et al., 2011). A more simple explanation was given by Pearce et al. (2006, p. 

10); option price is the maximum willingness to pay for something in a risky world and 

where there is uncertainty on what the outcomes will be. The correct way to value the 

benefits of a resource/policy in circumstances involving risk is to sum the ex ante 

amounts that the affected individuals would be willing to pay to preserve it (Bishop, 

1982). The willingness to pay values may be elicited from the relevant individuals using 

stated preference techniques. 
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To date, there has been little agreement in the literature on whether option value is a use 

or non-use value. While the resource is not actually used now, an option value could be 

considered a use value because people do harbour some intentions of using it at a later 

time (Bateman et al., 2002; Morrison, 1998; Pearce, Atkinson, & Mourato, 2006). Others 

regard option value as a non-use value because the option of using the resource may 

never be realised (Lyssenko & Martínez-Espiñeira, 2012; Weisbrod, 1964). While it is 

not the purpose of this study to propose an explanation about why option values should 

be a use or a non-use value, the study adheres to the notion that option value exists only 

if there is uncertainty of the availability of the resource for future use, individuals are 

risk averse and more importantly individuals value the existence or consumption of the 

resource in question (Bishop, 1982). Option values are not limited to environmental 

economics (Weisbrod, 1964). Studies of empirical estimates of option value can be found 

in other areas of economics such as transport economics, where it is sometimes 

categorised as a non-use value (Chang, 2010) or a use value (Geurs, Haaijer, & Van Wee, 

2006; Laird, Geurs, & Nash, 2009).  

 

Several studies have been done to theoretically demonstrate the expected sign of option 

value. Some writers such as Schmalensee (1972) argued that demand-side option was 

ambiguous. Another study by Bishop (1982), concluded that the sign of the supply-side 

option value is positive for risk-averse individuals. However, according to Freeman 

(1985, p. 180), the signs of demand- and supply-side option value depend on specific 

(and different) properties of individuals' utility functions and it seems unlikely that any 

general statement can be made. In other words, the sign of option value is ambiguous for 

the risk-averse individual and can only be determined quantitatively with knowledge of 

the relevant probabilities and the specific properties of the utility function (Freeman, 

1985; Pearce et al., 2006). Notwithstanding these difficulties, there seem to be a general 

consensus in the literature that no major errors are introduced by the use of an option 
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price that is estimated by expected consumer surplus alone (Bishop, 1982; Pearce et al., 

2006). Therefore, it is not always necessary to derive option value separately from 

option price. 

 

It is possible that people who derive some use-values from an environmental resource 

may somewhat harbour some level of non-use or option value for the same resource. The 

sum of all these values gives the resource’s total economic value which is discussed in 

Bateman et al. (2002).  

 

2.2.3 Economic valuation techniques 

Different types of values may be estimated using either stated or revealed preference 

techniques. To date, various non-market valuation techniques have been developed and 

used to estimate economic values of environmental resources. An overview of these non-

market valuation techniques can be found in the writings of Freeman (2003a; 2003b) 

and Pearce et al. (2006). These methods may be divided into two main categories of 

stated and revealed preference techniques.  

 

Stated preference techniques elicit people’s values for goods/services from their stated 

responses to questions asked by analysts (Pearce et al., 2006). Because they rely on the 

use of surveys, stated preference techniques can be used in more applications than 

revealed preference techniques. Stated preference methods such as contingent valuation 

method may be used to estimate people’s willingness to pay to access, say, a park or 

potential future improvements in the park or even existence values for the park. In 

contrast, revealed preference techniques use actual observed market choices in the real 

world to deduce people’s underlying preferences to estimate their value for non-

marketed resources (Freeman, 2003a). Thus, revealed preference methods can only be 
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applied ex post while stated preference methods have an added advantage of being able 

to be used in ex ante analyses, as well as for estimating non-use values. 

Revealed preference methods are also known as market-based methods. The behaviour 

of individuals in the market leaves data traces that can be analysed to deduce the 

individual’s implicit preference for a non-marketed good such as an environmental 

resource. These data may be revealed by the amount of time and/or money individuals 

spend to access the public good, or the premium (discounts) they pay (receive) when 

they buy properties with access to a certain level of environmental resource quality. The 

revealed preference method of choice is informed by how the environmental resource 

affects individual utility functions. Freeman (2003b) noted three general ways of how an 

environmental resource can affect an individual’s utility: firstly, an environmental 

resource can produce utility indirectly as a factor input in the production of a marketed 

good that yields utility; secondly, an environmental resource can be an input in the 

household production of utility-yielding commodities. Put differently, assuming the 

environmental resource is irrigation water drawn from a river, then the irrigation water 

can be an indirect factor input if the quality of the river water diverted for irrigation 

impacts on yield, and the environmental resource can also be an input factor when a 

certain amount is needed to produce agricultural commodities. Thirdly, the 

environmental resource can produce utility directly by being an argument in an 

individual’s utility function (Freeman, 2003b). The hedonic pricing method discussed in 

the next section is an example of a revealed preference technique used for valuation 

where an environmental resource is regarded as an argument in an individual’s utility 

function. Thus, individuals are willing to sacrifice their scarce resources to access such 

an environmental resource and/or to access a certain quality or quantity of that 

resource. 
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2.3 Hedonic Pricing Model  
 

2.3.1 Introduction   

Various economic valuation methods have been developed and used to estimate the 

economic values of environmental resources. An overview of such non-market valuation 

techniques can be found in Grafton et al. (2008), Freeman (2003a, 2003b) and Pearce et 

al. (2006). These methods may be divided into two main categories of stated and 

revealed preference techniques. Stated preference techniques elicit people’s willingness 

to pay for goods/services from their stated responses to questions asked by analysts 

(Pearce et al., 2006).  In contrast, revealed preference techniques use actual observed 

market choices in the real world to deduce people’s underlying preferences and to 

estimate their value for non-marketed resources (Freeman, 2003a). Thus, revealed 

preference methods are applied ex post while stated preference methods can be used in 

ex ante analyses. 

 

Revealed preference methods are also known as quasi-market-based methods. The 

behaviour of individuals in the market leaves data traces that may be analysed to deduce 

the individual’s implicit preferences for non-marketed goods and services such as an 

environmental resource (Taylor, 2003). These data may be revealed by the premium 

(discount) individuals pay (receive) when they buy properties with access to a certain 

level of environmental resource quality. Revealed preference methods are usually 

preferred over stated preference methods as they are deemed more credible for 

environmental amenity valuation (Boardman et al., 2011; OBPR, 2010). 

 

The hedonic pricing method is one of the dominant revealed preference methods that 

has been used to estimate non-market values for environmental resources. This method 

assumes that an individual’s utility from a good is a function of the characteristics of that 
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good. Empirical work on the hedonic pricing method for housing prices is based on 

Lancaster’s (1966) seminal paper on consumer theory and Rosen’s (1974) seminal paper 

on product differentiation. It was argued in these two papers that the price of an attribute 

of a good is a function of the observed prices of heterogeneous goods and the attributes 

associated with such differentiated goods. The use of this approach is consistent with the 

hedonic premise that goods are valued for their utility bearing attributes and that people 

choose goods with combinations of characteristics that yield the highest utility. The 

approach also assumes that the property market is in equilibrium such that buyers’ bids 

interact with sellers’ offers to determine equilibrium property prices and thus the 

implicit prices of the different property attributes. 

 

2.3.2 Hedonic Pricing Model 

To estimate the value of a non-market good, the hedonic property price model assumes 

that when buyers or renters choose a house as their home they are making a decision to 

purchase a bundle of characteristics. The hedonic price model is commonly used to 

estimate the implicit prices paid for non-market attributes that are bundled with houses 

that are traded in a market. This model has been used extensively for analyses of 

economic impacts of changes in environmental quality on residential property values. 

 

Consumers or buyers must be able to perceive the different qualities or quantities of an 

attribute so they can adjust their market behaviour with changes in that attribute. The 

hedonic model will not be useful in assessing the value of changes in quality/quantity of 

a given non-market resource where consumers are not able to perceive differences in 

quality or quantity (Grafton et al., 2008).  

 

The relationship between the value of a property and its characteristics is expressed in 

the form of a hedonic price function. To explain the preferences and market actions, 
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house buyers will be used to explain the underlying theory for the hedonic price model, 

however, the same analogy could be applied to house renters. This relationship between 

the price of a house and its characteristics is generally stated as follows (for example in 

Freeman (2003b) and Taylor (2003)): 

P=f(Z)         (2.1) 

Where:  P is the house selling price; 

Z is a vector of characteristics, z1, z2,… , zn, of the house 

 

Equation 2.1 models equilibrium transactions of willing sellers and buyers. It is assumed 

that sellers and buyers are aware of the heterogeneous attributes which come with each 

property. These attributes are made up of the different house structures, neighbourhood, 

and environmental characteristics that come with each location. Characteristics of the 

buyer and seller of a property are not included in the hedonic price regression (Taylor, 

2003). The equilibrium hedonic price function is determined by the interaction of utility-

maximising buyers/renters, and profit-maximising sellers/landlords. Therefore the 

optimal house bundle is defined by a function where marginal bids and marginal offers 

are equal to the marginal prices for house attributes. A home buyer or renter would 

choose a residential house (Z) which maximises their utility (equation 2.2), subject to 

their budget constraint (equation 2.3), expressed as: 

 

U=f(x, z1, z2,… , zn;)     (2.2) 

 

y=x+P(z1, z2,… , zn)     (2.3) 

 

Where for equation 2.2 and 2.3:  

U is the individual’s utility from the property; 

zi are the various characteristics (z1, z2,… , zn) of the residential house; 
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x is a numéraire good, representing all other goods the individual spends their 

income on; 

P(zi)  is marginal price for attribute zi; 

y is the individual’s income; and 

 are demographic characteristics that vary across individuals  

 

The first order conditions are satisfied for the consumer problem by equation 2.4, which 

sets the marginal rate of substitution between one of the property characteristics (zi) and 

the numéraire good (x) equal to the marginal price for the characteristic, P(zi). The 

equation that characterises a solution for the optimal level of the characteristic zi and the 

numéraire good (x), can be written as:  
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The left-hand side of equation 2.4 gives the marginal rate of substitution between zi 

attribute and the numéraire good. The middle-part represents the implicit marginal 

price, which is equivalent to P(zi). This implicit marginal price is the additional amount 

that must be paid by an individual to secure a housing bundle with characteristic zi at a 

specified level, all other things being equal (Freeman, 2003b). For example, with an 

improvement in environmental quality, then the partial derivative reveals the marginal 

price and therefore the marginal willingness to pay for that improvement in 

environmental quality.  

 

A consumer’s marginal willingness to pay a price for different quantities of a good, given 

their budget constraint, may be viewed as their optimal bid for the different 

characteristics of that particular good (Rosen, 1974). The bid function represents the 
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individual consumer’s willingness to pay for a given property, Z, as one or more of its 

characteristics are changed, while utility (u) and income are held constant. The bid 

function () may be represented as follows: 

 =f (Z, u, y;)      (2.5) 

 

Equation 2.5 traces out how a consumer’s optimal bid varies as a given characteristic, zi, 

changes, with utility and income and other characteristics held constant. The marginal 

bid with respect to a given zi will equal the marginal rate of substitution between zi and 

the numéraire good x. As shown in equation 2.6, the necessary conditions for utility 

maximisation are that the marginal bid a consumer places on zi must equal the marginal 

price of that characteristic. 

ii

ii

zP
z

ZP

z

yuZ










),(

)(),;(
      (2.6) 

 

On the other side of the market, there are landlords who must choose if and when to sell 

or rent a house based on prevailing market conditions. These sellers will seek to 

maximise their profits given the cost of production, and the prevailing market prices. The 

costs of production will vary for each seller depending on the production costs they have 

to incur to produce a developed residential property, Z. Their cost function may be given 

as: 

C=f(H, Z;)      (2.7) 

Where: H is the number of units of Z (i.e. residential properties) that the landlord offers 

sell or rent and  are the characteristics of the individual landlord. 

 

Therefore a seller of a given residential property, Z, who is facing an exogenous 

equilibrium price schedule P(zi), will seek to maximise profits, , as follows: 

=H x P(zi) - C(H, zi, )     (2.8) 
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Equation 2.8 is essentially a deduction of costs from revenues to determine profits. The 

seller’s decision to offer a residential property Z for sale, may be represented by a set of 

offer functions:  

=f(Z, ; )      (2.9) 

The offer function, , identifies the amount of money a seller is willing to accept for a 

house with characteristics z and still make profit .  In a similar pattern as for buyers’ 

bid functions, the offer functions trace out the marginal offers by a seller such that the 

offers are equal to the market price P(zi). The optimised bid and offer functions will occur 

at tangency with the marginal price. The interaction of buyers’ bid functions and 

landlord’s offer functions for a differentiated good in a competitive market will 

determine the hedonic price. Thus, the hedonic model is based on the theory that the 

implicit price P(zi)  of an attribute zi, is equal to the consumer’s marginal willingness to 

pay for that attribute zi.  

  

Under the hedonic theory, buyers are not able to move to a higher utility by choosing a 

product with different characteristics, similarly sellers cannot increase profit by 

changing the quantity or type of house they offer. However, bid functions will be 

expected to change as income changes. 

 

The use of data on property prices and attributes to establish an hedonic price function 

and therefore the estimation of the implicit prices of characteristics is referred to as first-

stage analysis. The second-stage analysis involves the use of the implicit prices estimated 

in multiple and separate first-stage analyses to estimate the demand functions for the 

characteristics of the commodity (Taylor, 2003). The first-stage to modelling preferences 

using the hedonic price technique is sufficient for answering questions at the margin 

(Ham et al., 2012). At the minimum, hedonic analyses are useful if they provide empirical 

evidence that the price of a heterogeneous market good reflects the level of some 
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environmental good embodied in it, even if the price is zero (Leggett and Bockstael, 

2000). The results of first-stage analysis address questions such as what magnitude, sign, 

and statistical significance an additional unit increase in an attribute quality/quantity 

will add to the value of a property. 

 

Welfare analysis requires that the first-stage implicit prices are converted to money 

values and aggregated over the affected community (Brucato et al., 1990). The 

aggregated monetary amount gives the estimated welfare impact on the community and 

may be used for welfare analysis. When a change in an environmental attribute is 

localised and marginal, the estimated change in sales price, resulting from the change in 

the attribute, is the measure of net-benefits or total willingness to pay across all 

properties that receive the attribute change (Taylor, 2003). Depending on the goals of 

the study, the expected moving costs may be considered and subtracted from the net 

benefits to estimate welfare impacts. Given the many variables and assumptions 

involved in the estimation of the hedonic price function, there are a number of issues that 

must be considered and addressed in a first-stage analysis. These issues are discussed in 

subsequent sections. 

 

2.3.3 Technical Considerations 

The underlying theory for the hedonic pricing model was discussed in the previous 

section. When the model is applied to estimate the economic value of non-market goods 

such as environmental amenities, there are a number of technical considerations that 

need to be taken into account. These include sample selection, the source and 

measurement of the variables, functional form of the hedonic price function, and spatial 

considerations. The economic theory of hedonic price modelling provides limited 

guidance on how to deal with of these technical issues.   
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Sample Frame 

Defining a sample for hedonic price analysis of an environmental resource quality that 

impacts on properties is not necessarily easy. There needs to be sufficient variation in 

the environmental quality of interest to allow meaningful application of the hedonic 

price method to gauge the value of changes in the quality of that resource. For example, 

when valuing water quality, this may be achieved by observing changes in water quality 

over time for the same location or by sampling a cross-section of waterbodies with 

varying water quality levels (Steinnes, 1992). The use of a cross-section of waterbodies 

such as lakes has been dominant in recent hedonic price studies. For instance, Artell 

(2013) employed a national database of property sales which provided a fragmented 

sample of property sales data (across Finland) with the required water quality variation. 

 

In quantitative studies, all other things equal, larger sample sizes are preferred to smaller 

ones because they provide a better representation of the population. Historically, due to 

data limitation issues, analysts have tended to use cross-section data from multiple years 

to increase sample sizes. More recently, the increase in data availability has led to a 

widening of the sample spatial and temporal boundaries (Kuminoff et al., 2010). Some 

studies have used sales data from 6 or up to 11 years to estimate the value for 

environmental resources. These include: Benson et al. (1998), Boyle et al. (1999), 

Hamilton and Morgan (2010), Osland (2010), and Walsh et al. (2011). When sample data 

are derived from multiple years, it may be necessary to control for unobserved annual 

changes. Moreover this control must be specific to the place and time of study so as to 

capture any actual changes for the location. For example, if a property was last sold on 

the market 10 years ago, and subsequently there has been construction of a major 

highway nearby, the historical price will not account for this change if grouped with 

properties sold after the construction. While the location of the house is fixed, the 

environmental amenity or disamenity levels may not be constant over multiple years.  
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To address temporal variation in decade-long data used in a study of lakeshore property 

values in the US, David (1968) assumed no changes in housing and community 

infrastructure attributes. Steinnes (1992), later criticised this assumption as a dubious 

way of controlling for temporal variation in data. The simplistic approach of pooling 

together data before and after non-marginal changes in neighbourhood amenities leads 

to biased results similar to that of omitted variables (Kuminoff et al., 2010). It is, 

therefore, evident that the use of data from multiple years either for variation in the 

amenity of interest or to increase sample sizes, should be done with care and it should 

be checked whether or not the hedonic price function is stable over that time. 

Additionally, the sales prices have to be deflated using an index such as the consumer or 

housing price index (Ham et al., 2012). Year fixed effects are usually included to control 

for unobserved annual shocks or time clustered omitted variables. Studies that have 

included year fixed effects in the models are Bin et al. (2009) and (Kuminoff et al., 2010). 

 

Spatial fixed effects dummies are used to help mitigate the effect of spatially clustered 

omitted variable bias in hedonic price models. Kuminoff et al. (2010) used an empirical 

Monte Carlo study to investigate how omitted variable biases undermine the estimates 

from a hedonic property valuation model. They found that the use of spatial fixed effects, 

quasi-experiments and use of repeat sales data all help to reduce omitted variable biases. 

In environmental economics, quasi-experiments are used to investigate the difference 

between a treatment and control group. The treatment, however, is not determined by 

nature, politics, an accident, or some other action beyond the researcher’s control 

(Greenstone and Gayer, 2009), but it is determined by the researcher. 

 

The spatial extent of the sample can have a significant impact on the estimated aggregate 

benefits. Different studies have assumed different spatial extent of benefits for 
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environmental amenities and disamenities. For example, Dornbusch and Barrager 

(1973) investigated the impact of pollution abatement on the residential properties 

located on San Diego Bay and the Kanawha, Ohio, and Willamette Rivers in the US. This 

empirical study found that water quality improvements can affect property values up to 

1,200 m away from the water's edge. A study by Walsh et al. (2011) used a distance of 

1,000 m from a lake as cut-off while investigating the effects of enhanced water quality 

on both waterfront and non-waterfront property prices, using hedonic models within an 

urban market. Tapsuwan et al. (2009) found that wetlands in Perth, Western Australia, 

influenced property sales price up to 1,700 m away from the wetland. Palmquist and 

Fulcher (2006) and Phaneuf et al. (2008) set an amenity impact cut-off distance of 805 

m (half a mile) while developing a non-linear distance function for incorporation in a 

hedonic regression function.  Colby and Wishart (2002) found that 75% of benefits from 

proximity to riparian corridors accrued to houses located within 800 m of riparian 

corridor. Artell (2013) used an even shorter cut-off of 250 m when estimating the 

benefits of water-bodies in Finland. These studies reflect the fact that there is no 

universal agreement on how far off from the property or resource to set a boundary of 

influence on property value.3  

 

Dependent Variable 

When undertaking a hedonic regression analysis, a decision on the type and source of 

dependent variable has to be made. The dependent variable may be actual market sales 

or rental values. Other studies have used owner or expert valuation estimates where 

actual market data are not available, though this is no longer common (Ihlanfeldt and 

Martinez-Vazquez, 1986; Mukherjee and Caplan, 2011). Analysts should also decide on 

whether they will use housing sales data, vacant land sales data or rental prices data. 

                                                           
3 This is particularly the case where access is not limited to residents adjacent to the waterbody or 
waterway 
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Sales and rental prices data may be purchased from private companies that sell property 

data. Assessed property values may be obtained from local or state government offices 

in Australia, or through tax assessment reports in other countries, such as the US.  

 

The literature in hedonic price models is most supportive of using housing market sales 

data involving actual transactions. Ihlanfeldt and Martinez-Vazquez (1986) investigated 

sample selection bias by comparing use of sales data with tax assessor and home-owner 

provided values for Atlanta Standard Metropolitan Statistical Area in the US. They 

concluded that the best approach was to use sales price as the measure of property 

values. Homeowner estimates of property values were found to be the least desirable 

(Ihlanfeldt and Martinez-Vazquez, 1986) as homeowners tend to overestimate their 

house values compared to the actual sales price (Goodman and Ittner, 1992). Thus, 

housing market sales transactions data are the most commonly used in recently 

published hedonic property modelling studies. For example, Mahmoudi et al. (2013) 

used sales price data from RP Data for their hedonic model application to value green 

spaces in Adelaide, Australia. These data were augmented by information from the South 

Australian Valuer General and with advertised market information. In a somewhat 

similar manner, Phaneuf et al. (2008) sourced property sales data from the Wake County 

Revenue Department for use in their analysis of impacts of urban watersheds on 

property values. Other studies that have used sales prices of individual properties 

include Mahan et al. (2000), Paterson and Boyle (2002), Tapsuwan et al. (2009), 

Hamilton and Morgan (2010) and Abelson et al. (2013).  

 

While actual sales transactions data are preferred, this type of data has some issues when 

used in hedonic regression analyses. First, care needs to be taken to exclude sales that 

are not “arms-length” transactions. For example, some transactions may involve 

exchange of property ownership within families, or gifts and donations, resulting in 
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prices that are lower than the market value (Taylor, 2003). Such transactions should be 

identified by the analyst and excluded from use in hedonic regressions. One way of 

excluding such transactions by trimming the top and bottom 1% of sales from sample 

(Ham et al., 2012). Potential outliers are also eliminated by trimming the top and bottom 

1% of sales based on selling price. Discussions with real estate industry experts can help 

to identify non-arms-length transactions (Cho et al., 2014). Second, the use of market 

sales data may also lead to sample selection bias. Such sample selection bias may arise if 

there are houses with specific unobservable features that make them less (or more) 

likely to be placed on the market for sale or make them less (or more) likely to be sold if 

they are put on the market. Additionally, there is usually a small number of houses traded 

in a market for any given year. So analysts may opt to source data from other providers 

such as government offices which may have house appraisal values. Inclusion of rental 

prices in the analysis may help decrease sample selection bias.4 

 

Where there are sufficient data on structurally bare properties, the value of such vacant 

land has been used as the dependent variable. This approach helps to circumvent the 

extensive data requirements of using developed properties. The use of structurally bare 

land instead of built houses eliminates the need for structural variables for estimating 

the hedonic price model and assumes that the vacant land is a bundle that has sufficient 

characteristics that can be regressed on price to elicit the value of the environmental 

attribute of interest. This approach is theoretically correct as the environmental 

premium is effectively attached to the land, and house characteristics are introduced to 

account for the heterogeneous attributes of each property. For instance, Steinnes (1992) 

used aggregate land value per lake; this aggregate was based on market appraisal 

procedures for individual lots on 53 lakes in the US State of Minnesota. In another study, 

Artell (2013) obtained sales information of vacant summer house lots sales for year 2004 

                                                           
4 Use of rental prices in hedonic property valuations is discussed in Section 2.4.4 
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from the Finnish real estate market prices register. The lots sales price were regressed 

against water quality variables, locational variables, and lot attributes. The only physical 

properties that were used by Artell (2013) were lot size, opening direction of the lot, and 

whether the lot was an island or not. While reduction in data requirements through the 

use of vacant land prices over house prices is attractive, the approach is not always a 

pragmatic option, especially in already established urban areas where economic values 

are most important. 

 

Explanatory Variables 

After a decision has been made on the dependent variable, the analyst must identify the 

independent or explanatory variables. There is a greater possibility of omitted variables 

when using developed lots than structurally bare lots (Artell, 2013). For built plots, 

structural variables data may be collected from the same source as the dependent 

variables. However, many studies use multiple sources for neighbourhood and 

environmental variables.  

 

In all cases, explanatory variables chosen for the hedonic price should be those that best 

capture the attributes of interest in each market. More importantly, such variables 

should only be those that affect the price (Taylor, 2003). Irrelevant variables may be 

systematically related to other explanatory variables. Therefore, inclusion of irrelevant 

variables in the hedonic regression function may lead to increased errors and Type II 

errors in hypothesis testing (Taylor, 2003). Using too few variables is also problematic 

as it may bias coefficient estimates due to missing relevant variables. Therefore there is 

a trade-off between these two issues; regrettably, theory has not provided explicit 

solutions. The most common variables used in hedonic property valuation studies in 

analysis of environmental resources are: selling price, size of structure, number of 

bedrooms and number of bathrooms, and age (Sirmans et al., 2005). Common 
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neighbourhood attributes include crime rates, proximity to central business district, 

proximity to highways and some environmental amenity and/or disamenities features.  

 

The choice of independent variables varies for different studies. In fact, the choice of 

independent variables is largely influenced by data availability (Hill, 2013). US based 

studies tend to have a school performance variable as a neighbourhood quality indicator 

(for example, Kuminoff and Jarrah (2010), and Li and Saphores (2012)). However, in 

Australia only the proximity to a school has tended to be included as there is a lack of a 

comprehensive and accessible dataset for school performance for research purposes. An 

example of an Australian study that has used proximity to a school is Mahmoudi et al. 

(2013). Other studies such as Abelson et al. (2013), while not including school 

performance, do acknowledge its importance as a neighbourhood quality indicator that 

they were not able to collect data for due to constrained resources. 

 

Another contributing factor to the variability in house and lot attributes used in hedonic 

price models could be regional differences (Sirmans et al., 2006). For example, in areas 

with cold climates, availability and type of heating would be an important attribute, 

which a researcher may seek to include. However, in regions with warm climates, heating 

may not be an issue and may be excluded in many of the studies. Thus, house and lot 

attributes vary among the published literature. The choice of variables used is influenced 

by data availability and the geographical location of the study. 

 

Any earlier study by Sirmans, Macpherson, and Zietz (2005) provides a list of the most 

common 20 attributes used in hedonic property valuation. The most common structural 

variables are parcel size, built area, age of house number of bathrooms and number of 

bedrooms (Sirmans et al., 2005). A review of the 51 hedonic property valuation studies 

showed that these are still very common to date; parcel area, house age, bathrooms, 
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bedrooms at 40, 39, 33, and 28, respectively. Other important structural attributes were 

year of sale, flood risk and house elevation. 

 

Neighbourhood attributes tend to be more variable compared to structural attributes. 

The most common neighbourhood attributes from the 51 studies were median income, 

race, property and violent crime, young population/children, and unemployment. 

Location attributes also tended to be more variable. The most common location 

attributes were proximity to open space such forests or parks, waterbodies, 

suburb/region, coastline/beach, central business district, river/stream, railway line, 

train station. A sample list of variables that have been used for structural, neighbourhood 

and location attributes is given in appendix Table A7. 

 

Researchers also have to make a careful decision on how to measure non-marketed 

amenities. The measurement of environmental amenities or disamenities is usually not 

easy to do in an objective manner. There is, therefore, usually a risk of measurement 

error when dealing with changes in environmental quality. Errors in variable 

measurement have the capacity to bias some or all coefficients in the regression equation 

(Taylor, 2003). For example, it is not easy to quantify the amenity derived from air 

quality or a healthy river at a specific site in a way that accurately captures the market’s 

perception. Several past studies of water-related environmental amenity/disamenity 

have used the Euclidian distance from a house to the waterbody (for example, Dornbusch 

and Barrager (1973); Walsh et al. (2011)). The assumption in using the distance to the 

waterbody is that houses closer to an amenity (disamenity) source will sell at a premium 

(discount), ceteris paribus. The use of proxies such as distance has been questioned. 

Hamilton and Morgan (2010) argued that the amenity value of living close to a resource 

comprises both access and view. Therefore, in measuring amenity benefits in urban 

beach residential property markets they used a geographic information system (GIS) to 
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estimate distance to beach access points. They accounted for view of the beach using data 

from a remote sensing technology known as Light Detection and Ranging (LiDAR). The 

study by Hamilton and Morgan (2010) on the urban area of Pensacola Beach, Florida, US 

found that view did affect property values. Similar conclusions were also made by 

Paterson and Boyle (2002) who used GIS to incorporate visibility in hedonic property 

models for Simsbury and Avon, towns in the US. They concluded that proximity alone 

may not result in value losses (or gains) if visibility is minimised. An earlier Australian 

study by McLeod (1984) also found that views of the Swan River in Perth had a 

substantial impact on house transaction prices, valued at an average of 28% of selling 

price. 

 

Notwithstanding the seemingly attractive results from accounting for view and access, 

there are still many more recent studies that do not separately account for views in their 

analysis. For instance, a study by Walsh et al. (2011) on an urban housing market in 

Florida’s Orange County, US, examined the effects on house prices of whether a house 

was on the edge of the waterbody or not, the distance between waterbody and house, 

and the size of the waterbody. There are many challenges in accounting for view in 

hedonic studies. One challenge is developing a way to accurately identify houses with a 

view, without actually accessing each and every property in the sample. Even if one has 

the time to access each sample house, there is also a challenge in getting all 

owners/occupants to consent for one to visit and check if their house has a view of the 

waterway. It could also be argued that as more buildings are constructed, or trees are 

planted, view may be affected.  

 

Functional Form 

Subsequent to assembling data on the dependent and explanatory variables, analysts 

need to decide on the functional form of the hedonic price method. Different functional 
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forms have been used in hedonic property valuation models. These include: linear, 

quadratic, double-log, semi-log, inverse semi-log, exponential and Box-Cox 

transformation. Table 2.1 provides a sample of common functional forms, their 

equations, and the specific form for computing the marginal implicit prices, P/zi. 

 

Table 2.1: Hedonic Price Model Functional Forms and Implicit Price 

Functional Form Hedonic Price Equation Implicit Price (P/zi) 

Linear 𝑃 = 𝛼0 + ∑ 𝛽𝑖𝑧𝑖  = 𝛽𝑖  

Semi-log ln𝑃 = 𝛼0 + ∑ 𝛽𝑖𝑧𝑖  = 𝛽𝑖 ∙ 𝑃 

Double-log ln𝑃 = 𝛼0 + ∑ 𝛽𝑖ln𝑧𝑖  = 𝛽𝑖 ∙ 𝑃 𝑧𝑖⁄  

Quadratic a 𝑃 = 𝛼 + ∑ 𝛽𝑖𝑧𝑖 +
1

2

𝑁

𝑖=1

∑ ∑ 𝛿𝑖𝑗𝑧𝑖𝑧𝑗

𝑁

𝑗=1

𝑁

𝑖=1

 = 𝛽𝑖 +
1

2
∑ 𝛿𝑖𝑗𝑧𝑗 + 𝛿𝑖𝑗𝑧𝑖

𝑗=𝑖

 

Linear Box-Cox b 𝑃(𝜃) = 𝛼 + ∑ 𝛽𝑖𝑧𝑖
(𝜆)

𝑁

𝑖=1

 = 𝛽𝑖𝑧𝑖
(𝜆−1)

𝑃1−𝜃 

Quadratic Box-Cox a,b 𝑃(𝜃) = 𝛼 + ∑ 𝛽𝑖𝑧𝑖
(𝜆)

+

𝑁

𝑖=1

1

2
∑ 𝛿𝑖𝑗𝑧𝑖

(𝜆)
𝑧𝑗

(𝜆)

𝑁

𝑖,𝑗=1

 
= (𝛽𝑖𝑧𝑖

𝜆−1 + ∑ 𝛿𝑖𝑗𝑧𝑖
𝜆−1𝑧𝑗

(𝜆)

𝑁

𝑗=1

) 𝑃1−𝜃 

 
aij0 for all i and j, b 0 and 0. 

Adapted from Taylor (2003) and Sakia (1992) 

 

The functional form has mainly been empirically derived. Past hedonic price studies have 

argued that the functional form which yields the best fit of the data is the one that should 

be selected (for example Rosen (1974)). Cropper et al. (1988) investigated the functional 

form issue in hedonic price models using simulations. Their study demonstrated that 

when all housing attributes are observed without error, the more complicated functional 

forms such as quadratic, quadratic Box-Cox are better estimators of the implicit price. 

The same study found that if some independent variables are not observed or are 

replaced by proxies, then simpler forms such as the linear, semi-log or linear Box-Cox 

perform relatively better than the complex forms.  
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More recently, this widely held view that simpler functional forms are generally better 

has been questioned and tested. Kuminoff et al. (2010) carried out an empirical Monte 

Carlo study to find out whether omitted variables seriously undermined the hedonic 

pricing method’s accuracy using data for Wake County, North Carolina US. In this case 

the more flexible specifications such as the quadratic Box-Cox outperformed the more 

simple specifications that had dominated empirical practice for over two decades. While 

the findings of this study suggested that it may be time to reconsider the quadratic Box-

Cox model and other flexible specifications for empirical hedonic research, there is little 

evidence of change in the literature.  

 

The majority of recent literature tends to rely on the use the Box-Cox model to inform 

model specification. Examples of studies that have used the Box-Cox test to determine 

functional form are: Polyakov et al. (2015), Kadish and Netusil (2012), and Li and 

Saphores (2012). The semi-log specification is the most frequently used in the literature 

(Netusil et al., 2014). The use of semi-log models is advantageous as it offers convenient 

interpretation of coefficients. For a semi-log model with a log dependent variable and a 

linear independent variable, the implicit price for the independent variable is a product 

of the estimated coefficient and the mean or median house price. However, if the 

independent variable is a dummy, the implicit price is the exponential value of the 

coefficient minus one, then multiplied by the average or median house price (Halvorsen 

and Palmquist, 1980; Ham et al., 2012). 

 

Endogeneity and Spatial Considerations 

Residential property values are likely to be spatially interdependent, especially among 

neighbouring properties and/or adjacent suburban areas. According to Tobler (1970, p. 

236), “everything is related to everything else, but near things are more related than 
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distant things”. The spatially based relations between properties and/or suburbs require 

consideration when the hedonic pricing model is used to explain property values.  

 

Issues that are associated with the spatial nature of house values and their 

characteristics are spatial dependence and spatial heterogeneity. Spatial dependence can 

arise because nearby properties have common locational features. Similarity in 

structural characteristics due to contemporaneous construction may also lead to spatial 

dependence (Bin et al., 2009). In the housing market it is usually assumed that house 

price will be influenced by the value of neighbouring homes (Can, 1990). When an 

observation, p, at a location i in the sample, depends on other observations at locations j, 

and location i  j, then there is spatial dependence (LeSage, 1999). The systematic 

relationship may be formally represented by the following general equation as: 

ijnipfp ji  ,,1),(     (2.10) 

Spatial dependence might refer to the lack of independence across observations in 

spatially distributed cross-sectional data. In a manner similar to autocorrelation in time-

series data, there could be a systematic relationship between what happens at one 

location and what happens at a neighbouring location (Taylor, 2003). However, spatial 

dependence, sometimes referred to as spatial autocorrelation, is multi-directional and 

more complex than autocorrelation in time-series data which is one directional. 

 

Spatial heterogeneity is a closely related concept to spatial autocorrelation and it can 

originate from characteristics of the demand, supply factors, institutional barriers or 

racial discrimination that cause differentials across neighbourhoods in the way house 

prices are determined (Anselin et al., 2010). Property features in urban areas usually 

exhibit spatial patterns due to the phased nature of urban development; for example 

some suburbs tend to attract rich people while others are home to an economically 
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disadvantaged population. Presence of spatial heterogeneity yields a systematic 

variation in the behaviour of property price determination across space, and usually 

leads to heteroscedastic error terms (Can, 1990; LeSage, 1999). Heteroscedastic error 

terms violate the Gauss–Markov theorem which states that in a linear regression model 

in which errors are uncorrelated and have an expectation of zero and variance of the 

error terms is constant, the best linear unbiased estimators of the coefficients are given 

by the ordinary least squares estimators (Shaffer, 1991).   

 

While neither spatial autocorrelation nor heteroscedasticity  leads to a bias in the 

ordinary least squares coefficient estimates, they make the estimates inefficient, and may 

lead to biased standard errors (Leggett and Bockstael, 2000). Such biased standard 

errors will then result in inaccurate hypotheses test outcomes. Additionally, if spatially 

autocorrelated residuals result from the omission of spatially autocorrelated variables, 

the parameter estimates are also biased (Abelson et al., 2013). Therefore, studies such 

as Abelson et al. (2013) and Anselin et al. (2010), have emphasised that spatial 

autocorrelation is an issue that should not be overlooked in hedonic property valuation 

analysis. Testing for spatial dependence and estimating spatially corrected models has 

the potential to improve the accuracy of estimated implicit marginal prices for the 

environmental variables of interest to a study. Thus, a spatially corrected model implies 

that the estimated implicit marginal price is dependent on both the observed and 

unobserved characteristics. 

 

Spatial weights matrices are required to estimate spatially corrected models. In spatial 

econometrics, weights (W) are used to define and assign neighbours to a given spatial 

feature. The spatial weight matrix is developed and applied based on how it is assumed 

that prices of neighbouring properties affect the price of a given property. The spatial 

weights matrices are used to measure the strength of potential interaction between a 
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spatial feature i and its neighbours j, where j=1 … n, and 𝑖 ≠ 𝑗. The spatial weight is an n 

x n non-negative matrix with each element wij ranging from 0 to 1. To avoid self-

neighbours or self-influence in modelling, 𝑤𝑖𝑖 = 0. It is important to define the 

neighbours when constructing spatial weights matrices for spatial features.  

 

There are two primary techniques for defining neighbours: contiguity-based and 

distance-based weights matrices. If neighbours have a shared border, then they can be 

defined using the contiguity spatial matrices. The length of common border may be used 

to assign spatial weights. Another approach is assigning a value of 1 if properties or 

suburbs share a common border, and zero otherwise (Anselin and Rey, 1991). The 

contiguity-based matrices only apply when there is a common border of non-zero length 

between two spatial features. Thus, features need to be in polygon shape rather than 

point shape. When features are in point shape distance-based spatial weights matrices 

may be considered.  

 

Distance-based weights are constructed using the distance between spatial features. 

However, the distance itself is not the weight, but is used to construct the weight such 

that the further apart the spatial features the lesser the influence. In the case of property-

level data, it is expected that neighbours may not necessarily have a shared border. In 

such instances, distance-based matrices may be used. Distance-based weights for spatial 

feature i with feature j as neighbour may be constructed using inverse distance weights 

or k-nearest neighbour weights (Anselin, 2005). 

 

Inverse-distance weights matrices also known as distance-decay weights allow for 

spatial features closer to each other to have a greater influence on the estimation 

process. With distance decay-weights, it is assumed that the effect on i from j will 

diminish with the increase in distance up to a defined maximum distance.  
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𝑤𝑖𝑗 = {

1

𝑑𝑖𝑗
∝ , 𝑖𝑓 0 ≤ 𝑑𝑖𝑗 ≤ 𝑑𝑚𝑎𝑥

0 , 𝑖𝑓𝑑𝑖𝑗  > 𝑑𝑚𝑎𝑥

 

 

Where  is determined a priori by the researcher and dmax is the cut-off distance beyond 

which the influence of j on i is negligible. The  is typically 1 or 2 but the 2 is more 

preferred as it is believed that it is a better estimator which reflects how fast the 

relationship decays when distance increases (Wong and Lee, 2005). For property 

valuation studies, the distance-decay method may include a cut-off distance as well as a 

time limit. For example, Walsh et al. (2011) defined neighbours for i using a distance-

decay based weights matrix. They also defined neighbours as all sales within 200 m of i 

that occurred 6 months before or 3 months after the sale i. Other studies that have used 

a distance decay-based weights matrix are Ham et al. (2012) and Li and Saphores (2012).  

The common cut-off distance when distance-decay based weights are used for property 

level hedonic valuation is 200 m (for example, Atreya et al., 2013; Ham et al., 2012; Walsh 

et al., 2011). 

 

Islands are a problem when distance decay-weights are used in modelling. Island 

features are those identified as without neighbours depending of the specified cut-off 

distance, dmax. Usually dmax is set such that islands are avoided in the construction of 

distance based spatial weight matrices. Islands are not desirable as they are not helpful 

in modelling spatial dependence. Spatial weights construction software such as GeoDa, 

have the ability to help identify the minimum dmax such that all observations have at least 

one neighbour. However, cut-off distances driven by the two features that are furthest 

apart may be too distant and some of the spatial features will have relatively too many 

neighbours. The two points that are furthest apart may not necessarily be representative 

of the rest of the distribution. In such cases, care needs to be taken when the dmax is 
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specified. One way of dealing with dmax specification is the use of k-nearest neighbours 

(Anselin, 2005). Where k=1,…, N and represents the specified number of neighbours. 

 

The k-nearest neighbour weights matrices ensure that no features are islands and all 

observations have the same number of neighbours. The k-nearest neighbour weight 

matrix, W, for feature i can be represented as: 

 

𝑤𝑖𝑗 = {
1, 𝑖𝑓 𝑗 𝑖𝑠 𝑎 𝑘 − 𝑛𝑒𝑎𝑟𝑒𝑠𝑡 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟

0, 𝑖𝑓 𝑗 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑘 − 𝑛𝑒𝑎𝑟𝑒𝑠𝑡 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑢𝑟
 

 

Earlier hedonic property valuations have used multiple nearest neighbour weights. The 

common reported number of nearest neighbours used are four and/or eight (Mueller 

and Loomis, 2008; Netusil, 2013). The spatial weights are usually standardised which 

means that the row elements (wij) for each observation sum to 1, with zero on the 

diagonal and some non-zero off-diagonal elements. If the 4-nearest neighbours option is 

chosen, it therefore means that wij =0.25when the weight matrix is standardised so that 

the values of each row sum to 1. The k-nearest neighbour matrix guarantees neighbours 

for each feature but has a limitation in that some nearest neighbours may be much closer 

than others and this may have an effect on the influence. Once a decision has been made 

on the nature of spatial weights, these weights are then used to test and model spatial 

relations.  

 

Modelling Spatial Relations 

The spatial lag, spatial error and spatial Durbin models have been used in the literature 

to correct for spatial dependence (Anselin and Rey, 2014). In order to formally explain 

and describe these models, a general regression model (equation 2.11) is used:  
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iiii Xp         (2.11) 

Where: i indexes observations collected at ith location and i=1, …, N locations, 

pi is the dependent variable at location i,  

Xi represents a (1 x k) vector of explanatory variables with an associated 

set of parameters i, and 

i denotes a stochastic disturbance in the linear relationship. 

The spatial lag model, also known as the spatial autoregressive model, includes a 

spatially lagged dependent variable on the right hand side of the hedonic equation 

(Anselin, 1988; Anselin and Bera, 1998). Adding a spatially lagged dependent variable to 

equation 2.11, results in 2.12: 

 

  XWpp      (2.12) 

 Where: p is an  n  1 vector of observations on the dependent variable, 

  X is an  n  k matrix of observations on explanatory variables, 

   is a k  1 vector of regression coefficients, 

  W is an n  n spatial weights matrix, 

 is the spatial autoregressive coefficient , and 

 is an n  1 vector of independent and identically distributed (i.i.d.) error 

terms. 

 

Equation 2.12 incorporates the spatially lagged dependent variable Wp and assumes that 

the value of p at any location is determined by its values at nearby locations, as well as 

the other explanatory variables. In a hedonic property value analysis, the spatially lagged 

dependent variable is included under the assumption that price values are a function of 

both observed and unobserved characteristics. For instance, attribute values for one 

house are also a function of values among neighbouring units. The model therefore 
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captures the spatial dependence effects through a weighted average of a given house’s 

neighbouring prices. Recent hedonic property valuation studies that have used the 

spatial lag model include Sander et al. (2010), Walsh et al. (2011), Artell (2013) and 

Mahmoudi et al. (2013).   

 

Similarly to the spatial lag model, the spatial error models apply a spatially lagged 

variable, but the spatial lagged variable is placed in the error term. This spatially lagged 

variable is intended to address missing variables with spatially distinguishable effects 

on property prices. Spatial error models are applied when it is suspected that there is 

some spatially clustered feature, such as bigger plots or richer people being located in 

one area within the same study location that influences the value of a dependent variable 

for a house and its neighbours, but is omitted from the hedonic price function 

specification (Ward and Gleditsch, 2008). Studies that have applied the spatial error 

model include Atasoy et al. (2006), Bastian et al. (2002), and Abelson et al. (2013). The 

spatial error model may be formally represented as: 

  Xp       (2.13) 

  W       (2.14) 

Where:  is an n  1 spatial autoregressive error, 

  is an n  1 random error term that is i.i.d., and 

  is the spatial autoregressive coefficient. 

 

The spatial Durbin model is an extension of the spatial lag model. It includes both a 

spatially lagged dependent variable as well as spatially lagged explanatory variables 

from neighbouring locations (Anselin, 2003). It is effectively a joint spatial lag and spatial 

error model. Similarly to the spatial error model, the spatial Durbin model can be 

motivated by omitted variables. Environmental amenity/disamenity studies that have 

applied the spatial Durbin model include Brasington and Hite (2005), Mukherjee and 
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Caplan (2011), and  Abelson et al. (2013), among others. The spatial Durbin model may 

be formalised as: 

   








W

XWpp
      (2.15) 

Spatial weights are used to specify for spatial relations and to establish which of the 

models just described is most suitable to use. There are a number of diagnostic 

approaches that may be used to test for spatial dependence and/or spatial heterogeneity. 

Two common approaches are the Lagrange multiplier (LM) test and the Moran’s I 

statistics test (Greene, 2012). Anselin and Rey (1991, p. 114) noted that an attractive 

feature of both the LM and Moran tests is that they are based on estimates obtained from 

ordinary least squares estimation (OLS); that is, when the null hypothesis of no spatial 

autocorrelation is assumed to be valid.  

 

The null hypothesis for a spatially lagged dependent variable using the LM test for 

equation 2.12 is: 

 𝐻0: 𝜌 = 0 and the alternative hypothesis is 𝐻1: 𝜌 ≠ 0. 

 

The null hypothesis for a spatially error model using the LM test for equation 2.14 is: 

𝐻0: 𝜆 = 0 and the alternative is hypothesis is 𝐻1: 𝜆 ≠ 0.  

The Moran’s I test measures spatial autocorrelation based on feature locations and 

attribute values. The Moran’s I statistic gives a formal indication of the degree of linear 

association between a vector of observed values and a weighted average of neighbouring 

values, or spatial lag (Anselin, 1996). The Moran’s I statistics is specified as follows:  

𝐼 = (
𝑁

𝑆
) 𝑒′𝑊𝑒/𝑒𝑒′      (2.16) 

 Where: e is a vector of residuals, 

   N is the number of observations, 
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S is the sum of all elements in the spatial weights matrix
 

n

i

n

j

ijw
1 1

, and 

W is the spatial weight matrix. 

 

This statistic tests the null hypothesis of no spatial effects in residuals. If the null 

hypothesis is rejected then further tests may be undertaken using LM tests. The LM test 

is used to diagnose and assess hedonic price model misspecification due to spatial 

dependence and spatial heterogeneity (Anselin, 1988). Equations 2.17 and 2.18 show 

formal representation of the LM test statistics for spatial lagged dependent variable and 

the spatial error autocorrelation, respectively, as outlined in Anselin and Rey (1991). 

 

          122 
 WWWtreeWXbMWXbNeeWpeN ''/''/'lagLM       (2.17) 

      122 
 WWWtreeWpeN ''/'errLM          (2.18) 

 

 Where: b is the OLS estimate for  in equation 2.11,   

  tr is the trace matrix operator, 

  M=I-X(X’X)-1X’, and 

the other notation is as before. 

 

The LMlag test statistic is used to test the null hypothesis of no spatial autocorrelation 

(=0), given the assumption that =0. If the null hypothesis is rejected then a spatial lag 

model may be applied. The LMerr tests the null hypothesis that of no spatial 

autocorrelation (=0), given that =0. If the null hypothesis is rejected then a spatial 

error model may be applied.  

 

Another way to address spatial heterogeneity is through the inclusion of dummy 

variables when dealing with aggregated units. The dummy variables are fitted through 
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separate intercepts for different spatial regions, thus allowing for control of fixed, mean 

differences in the dependent variable across discrete regions (Ward and Gleditsch, 

2008). This approach is similar to that suggested by Kuminoff et al. (2010) to help to 

mitigate the effect of spatially clustered omitted variable bias in hedonic price models. 

Table 2.2 provides a summary of spatial tests and spatial hedonic price modelling 

techniques. 

 

So far the common technical considerations for applying the hedonic price model for 

valuing different changes in environmental quality have been covered. The focus in the 

next section is on empirical studies that have applied the hedonic price model to estimate 

the economic benefits of urban waterways. 

 

Table 2.2: Spatial tests and estimation techniques 

Test Null and alternative hypotheses Estimation technique 

Moran’s I  𝐻0:  𝐴𝑏𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒 

𝐻1: 𝑃𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑒 

If H0 is rejected, estimate LM 

tests 

   

LMlag test 𝐻0: 𝜌 = 0         𝐻1: 𝜌 ≠ 0 If H0 is rejected, estimate a spatial 

lag model 
   

LMerr test 𝐻0: 𝜆 = 0         𝐻1: 𝜆 ≠ 0 If H0 is rejected, estimate a spatial 

error model 
   

  If both the LM null hypotheses 

are rejected, study the robust 

statistics and choose the model 

with the largest robust test 

statistic* 

* As per Anselin and Rey (2014) 

 

 

2.4 Empirical Studies on Valuation of Urban Streams 
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2.4.1 Introduction  

The hedonic price model provides an opportunity to empirically estimate the economic 

benefits of environmental attributes that are bundled with the value of a property. In 

Section 2.4.2 a review of past studies on valuing urban waterbodies is presented. A 

discussion on past studies on riparian corridors is provided in Section 2.4.3. The 

marginal implicit prices for environmental resources by buyers and renters from 

hedonic property valuation is presented in Section 2.4.4. A review of hedonic property 

valuation literature on the effect of house price trends on estimated implicit prices is 

examined in Section 2.4.5. For all sections, while urban streams and riparian 

environments are the primary focus of this literature review, values from other types of 

waterbodies and public open spaces are mentioned to strengthen arguments and/or 

explain different circumstances that may be applicable to valuation of urban streams. A 

summary of the literature review and gaps identified in all sections is outlined in Section 

2.5. 

 

2.4.2 Valuation of Urban Streams and Waterbodies 

There is a growing body of literature on the application of hedonic price models to 

measure changes in the quality of environmental amenities. As a result, a number of 

studies have used the hedonic price model to estimate the influence of waterbody quality 

on property price, these include Artell (2013), Boyle et al. (1999), Epp and Al-Ani (1979), 

Leggett and Bockstael (2000), and Steinnes (1992). These studies have shown that 

improved water quality and proximity to a waterbody increases residential property 

values, as shown in Table 2.3. 
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Table 2.3: Water quality measures and their impact on property values 

Study Measure of 
Water 

Quality/Variable 

Relationship 
with property 

value 

Significance Study region 

Artell (2013)a Usability index (5 
categories from 
Poor to Excellent) 

Positive * to *** Finland 

Cho et al. 
(2011)b 

Dummy for 
impaired river 

Negative ** North Carolina 
& Tennessee, US 

Dummy for 
impaired stream 

Negative ** 

Clapper and 
Caudill (2014) 

Water Clarity 
(Secchi disc) 

Positive *** Ontario, Canada 

Log of water 
clarity 

Positive *** 

Epp and Al-Ani 
(1979) 

pH (0 for pH<5.5 
and 1 for pH>5.5) 

Positive *** Pennsylvania, 
US 

Perceived water 
quality (from a 
owners’ survey, 0 
if water quality 
was seen as a 
hindrance to 
recreation, 1 
otherwise) 

Positive *** 

Leggett and 
Bockstael 
(2000)c 

Faecal coliform Negative *** Maryland, US 

Polyakov et al. 
(2016) 

Stream 
restoration 

Positive *** Perth, Australia 

Poor et al. 
(2007) 

Dissolved 
inorganic 
nitrogen 

Negative *** Maryland, US 

Total suspended 
solids 

Negative ** 

Walsh et al. 
(2011)d 

Water Clarity 
(Secchi disc) 

Positive *** Florida, US 

***, ** and * denotes significance at the 1%, 5% and 10% levels, respectively 

a the two models in this study had different significant levels for the four (excluding the reference 

“satisfactory” category) water usability index categories, see (Artell, 2013) 

b Cho et al. (2011) estimated different models for North Carolina and Tennessee, three of four models for 

North Carolina had significant (1% level) coefficients for Pigeon River impairment, the 2 models for 

Tennessee also produced significant coefficients (1% level) for the Pigeon River and streams impairment 

c all eight models had a negative coefficient, seven of the models produced a significant coefficient for 

coliform at the 5% level and the remaining model’s coefficient was significant at the 10% level 

d significant water clarity coefficients were report for four of the six models, the remaining two were 

reported as not significant at the 1% level 
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While significant empirical results have been found from investigating the effect of a 

waterbody on residential properties, there have been limited applications of the hedonic 

price model for valuing the improved quality of waterbodies outside the US. Column 5 of 

Table 2.3Error! Reference source not found. shows the study location of published 

studies of water quality effect on property values. Studies by Artell (2013), Clapper and 

Caudill (2014), and Polyakov et al. (2016) are a relatively rare and recent occurrence in 

the application of the hedonic method for valuing the effect of stream or waterbody on 

property prices outside of the US. It is possible that this is because of a dearth of housing 

data outside of the US, leading to fewer hedonic pricing studies. In Australia, real estate 

data are now available for sale from a few vendors (e.g. CoreLogic RP Data), but this is a 

relatively recent phenomenon. This contrasts with the US where similar data are freely 

available from local government departments (e.g. Multnomah County Assessor) for 

research purposes.  

 

Another challenge faced by analysts when estimating economic values for improvements 

in waterbody quality through the use of hedonic price models is the difficulty in 

obtaining objective measures of waterbody quality that are relevant to homebuyers. 

Steinnes (1992, p. 171) pointed out that value may be attached to perceived rather than 

actual environmental resource quality. When the objective quality indicator used in a 

hedonic model differs systematically from the perceived measures, used by consumers, 

the calculated results may be biased (Artell et al., 2013). This makes it difficult for 

analysts to accurately estimate economic benefits of environmental quality. 

  

Results from using objective measures that are unobservable to property owners may 

also be misleading as some of these indicators may not interfere with the enjoyment 

experienced by individuals. However, when the subjective perceptions of individuals are 

used in modelling, there is a risk that these perceptions may differ systematically with 
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the objective measures which would lead to biased valuation results (Artell et al., 2013). 

For relevant estimates to be produced, the subjective perception proxies should be 

linked to objective measures, or ideally objective measures that are also relevant for 

homebuyers should be used in modelling.  

 

Water quality has been a popular measure used in hedonic price models to estimate the 

value of changes in waterbody quality. Various measures have been employed to 

measure water quality changes. These proxies include: pH (Epp and Al-Ani, 1979), faecal 

coliform abundance (Leggett and Bockstael, 2000), water clarity (Boyle et al., 1999; 

Steinnes, 1992; Walsh et al., 2011), and amount of total suspended solids, total 

phosphorous, and ambient dissolved oxygen (Phaneuf et al., 2008). Some of these 

proxies are provided in Table 2.3 along with the significance and direction of the effects 

on property values. Objectively capturing the market’s perception of environmental 

amenity or disamenity is a challenge in the literature as evidenced by the range of proxies 

used in attempt to capture people’s perceptions. 

  

Water clarity, as measured by the Secchi disc, is the most commonly used water quality 

indicator for waterbodies. Although, water clarity is easily observable, it may fail to 

differentiate water clarity due to ecologically undesirable factors such as acidity. For 

instance, Leggett and Bockstael (2000) noted that the benefits of water quality have 

ambiguous ecological merits, because a waterbody impacted by acid rain may have clear 

water yet without the desired biota that usually accompanies a health waterbody. 

Nevertheless, water clarity has also been argued to be an easily observed indicator by 

water users and is correlated with nutrient levels in waterbodies (Vesterinen et al., 

2010). Additionally, reductions in water clarity are usually due to known factors such as 

unstable and eroding banks leading to sediment run-off as well as nutrient import 
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leading to algal blooms (Herath, 1997). This link between water clarity and its potential 

sources is helpful for informing decisions on mitigating policy measures. 

 

In addition to water quality measurement challenges, there may be inadequate or 

insufficient variation in water quality or sales data to run an hedonic price model. 

Solutions have included use of a cross-sectional sample across multiple waterbodies 

(Artell, 2013; Michael et al., 2000) and clarity measurements over time for the same 

location (Steinnes, 1992). Expanding the geographical domain of the analysis to achieve 

variation in water quality should be done with caution. The hedonic function estimated 

is unique to a single market, so analysts must avoid applying the same hedonic function 

on more than one market. An hedonic model for multiple markets violates the 

assumption of a common equilibrium market. Geographically distinct areas such as 

different states or cities are likely to be different housing markets and tests must be 

undertaken to ensure that they are a single market. This can be done by testing the null 

hypothesis that parameters from the different areas are equal. If the null hypothesis of 

homogeneous housing market is rejected, then analysts should estimate separate 

regressions (Cho et al., 2011). Given these challenges, the valuation of water quality has 

proved difficult for analysts using hedonic methods. 

 

Past studies on urban stream valuations have focused on major urban rivers and 

wetlands to the exclusion of smaller streams and creeks. However, smaller urban 

streams represent a substantial number of urban waterways and are usually the ones 

targeted by restoration and revegetation programs (Hathway and Sharples, 2012). 

Similarly to their larger counterparts, small urban streams are important for flood 

control, ecological benefits and general quality of life for nearby residents. 
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When valuing urban waterbodies, it is apparent that the waterbody health indicators of 

choice have been dominated by measures of water quality such as water clarity.. Riparian 

corridors have received limited usage as indicators of waterbody health. Riparian 

corridors provide attributes that are both measurable and observable to buyers or 

renters and more importantly, the condition of indicators have an in impact on the health 

and desirability of urban riparian corridors and water quality. These indicators include 

riparian vegetation and channel condition, which are described and discussed in the next 

section. 

 

2.4.3 Valuation of Riparian Corridors 

 

Ecological Indices and Preferences for Urban Stream Quality Improvements 

Riparian vegetation and stream channel conditions have been widely used by ecologists 

to develop catchment or riparian corridor health indices.  Such indices are used to create 

maps of current conditions to guide restoration priorities and plans (Brierley et al., 2002; 

Kleynhans, 1996; Taylor et al., 2005; USDA, 2011). Riparian corridor restoration works 

are usually undertaken by land managers in consultation with ecologists. In the US, one 

index used by the Federal government to prioritise watershed restoration activities is 

the US Department of Agriculture’s Watershed Condition Classification (USDA, 2011). 

This index incorporates a number of Watershed Condition Indicators including riparian 

vegetation condition, channel shape and function indicator, water quality, aquatic biota 

and soil contamination. In South Africa, the Index of Habitat Integrity grades river health 

based on 15 characteristics including the degree of modification of the river bed and 

channel, and remnant vegetation (Kleynhans, 1996). In Australia, the Rapid Riparian 

Assessment Tool (Taylor et al., 2005) and the River Styles framework (Brierley et al., 

2002) are two of several tools being used to assess riparian zone conditions. These tools 

use scores for riparian buffer size and vegetation conditions, channel characteristics and 
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disturbance by human development to construct an overall riparian condition score. 

Significantly, all these indices incorporate measures for riparian vegetation condition as 

well as measures describing channel geomorphology or condition into the overall index.  

 

Given that these indices have been developed by ecologists, their use in economic 

valuation provides a platform to link ecologists’ measures of quality to the economic 

benefits of quality improvement and thus a pathway to recommendations that are 

practical and can be implemented by managers to benefit the community and the 

environment. Revegetation, de-culverting and concrete bank removal works are 

common initiatives to re-naturalise urban waterways (Hathway and Sharples, 2012; 

Rios-Touma et al., 2015). When used in hedonic property valuation studies, channel 

condition and riparian vegetation may provide responses that have greater diagnostic 

value than the more prevalent water quality measures. Channel condition and riparian 

vegetation are indicators that are relevant to homebuyers and also objective measures 

from ecologists which are likely to be consistent with the views of homebuyers. Although 

water quality, as discussed in the previous section is an important indicator, at times it 

fails to offer a linkage between the problem and a direct and actionable response.  

 

Riparian vegetation and channel condition also have direct ecological and social benefits. 

Urban riparian vegetation provides multiple benefits including wildlife habitat, soil 

erosion prevention, water quality improvements, flood control, carbon sequestration, 

and beautiful views (Allan, 2004; Geoghegan, 2002; Mazzotta et al., 2014). Channel 

condition also contributes to soil erosion prevention, flood risk reduction, and beautiful 

views (Bark et al., 2009). Instability and changes in channel shape are likely to contribute 

to a complex cascade of changes that ultimately alter and degrade stream quality (Allan, 

2004). Along with these primary benefits, urban communities enjoy, buffers from noise 

and access to recreation activities such as walking and bird viewing from better managed 
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riparian vegetation and stream channels. In an attempt to capture these benefits and 

naturalise waterways, urban councils and land management authorities are 

continuously investing in projects that seek to revegetate and re-naturalise urban 

streams.  

 

The first hypothesis for this study is therefore aimed at investigating the relationship 

between house prices, and urban stream quality as measured by vegetation and riparian 

condition. The first hypothesis is: 

 

H1: There is a positive and statistically significant relationship between houses 

prices and improvements in urban stream quality as measured by vegetation and 

riparian conditions. 

The hypothesis is based on the results from past studies, as summarised in Table 2.3, 

which have demonstrated that improvements in the quality of waterbodies has a positive 

effect on nearby house values. 

 

Some of the few studies that have evaluated how riparian vegetation influences property 

values include Bark et al. (2009), Bin et al. (2009), Colby and Wishart (2002), Mooney 

and Eisgruber (2001), and Netusil (2006). Bark et al. (2009) used riparian vegetation 

indices to account for difference in vegetation diversity, wetness and biomass in the city 

of Tucson, Arizona. These three riparian vegetation characteristics were found to be 

significant and positive in explaining variation in house prices. However, in terms of the 

physical structure of the waterway, they only used a dummy variable to indicate 

presence/absence of concrete lining. Initial modelling results by Bark et al. (2009) 

produced a positive and significant coefficient in favour of concrete lining. This was 

unexpected as it implied people prefer concrete-lined waterways. While unexpected, this 

could be a plausible result, because concrete lining may be perceived as protection from 
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floods and it was designed to look natural. After adjusting for heteroscedasticity, 

however, the bank structure variable was found not to be significant. The Bark et al. 

(2009) study did not address recreation facilities afforded by waterways and riparian 

corridors. 

 

Bin et al. (2009) investigated the effect of a mandatory riparian buffer zone on riparian 

residential property values in Craven County, North Carolina. Riparian-located 

properties were found to attract a premium over their non-riparian counterparts. 

However, the study found that a mandatory riparian buffer rule, imposed on property 

owners, had no significant influence on riparian property values when compared with a 

control group. One explanation for the result may be that the negative impacts of limiting 

private property owners’ ability to develop their land was off-set by the positive 

environmental benefits accruing to the same property owners. Another explanation may 

be that property owners value riparian buffers on private land differently from those on 

public areas. A similar explanation was offered by Netusil (2013), who investigated 

nearby homeowners’ willingness to pay for waterbodies located in public land versus 

those located in privately owned land. Netusil (2013) found a negative preference for 

waterbodies located on private land and a positive preference for those on public land. 

According to Netusil (2013), the contrasting preferences for public and privately located 

waterbodies could be a reflection of the different accessibilities to nearby homes that 

come with the different ownership types. 

 

Colby and Wishart (2002) examined the influence of desert riparian areas on residential 

property values in Tucson metropolitan area, Arizona, US. The influence of a 24 km 

stretch on private properties within 2.4 km of a riparian corridor was investigated. The 

average distance from the corridor for their sample was 1.35 km. Proximity to the 
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corridor attracted a premium, and 75% (or $77.3 million)5 of the estimated total benefits 

to the 25,560 single family houses was attributed to properties within 800 m of the 

riparian corridor (Colby and Wishart, 2002). 

 

An earlier study by Mooney and Eisgruber (2001) investigated the influence of riparian 

protection measures on residential property values in western Oregon, US. In their 

hedonic price analysis they differentiated whether a property was adjacent to a stream 

or not using a dummy variable and also accounted for the width of the riparian buffer 

from the stream to the property. The results showed that properties adjacent to a stream 

attracted a premium. However the width of the riparian buffer was negatively related to 

property values. They suggested that a possible explanation for the negative impact 

could be that wider riparian buffers obscured stream view. The Mooney and Eisgruber 

(2001) study was motivated by a policy initiative that encouraged Oregon residential 

property owners to plant riparian buffers. Given that the study used a revealed 

preference approach, it may be the case that the results are reflective of an ex ante market 

equilibrium that may change with new knowledge and experience of riparian buffer 

benefits in this market. Hodgkinson and Valadkhani (2009) proposed that Mooney and 

Eisgruber’s (2001) results may be an indication that natural riparian corridors are 

valued by communities, but attempts to replant in already developed private residential 

areas are not preferred because of their effect on views. Therefore, this explanation may 

not necessarily apply to revegetation of public areas, as Netusil (2013) and Bark et al. 

(2009) showed that public and private land riparian buffers are possibly valued 

differently by the community.  

 

                                                           
5 It seems that the dollars amounts were not adjusted to a single base year, even though the 
sales data were from years 1996 to 1999 
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Netusil (2006) focused on riparian corridors and wildlife habitats in Portland city, 

Oregon State, US. The author examined how the quantity and quality of riparian 

corridors influenced the sale price of residential properties. Quantity of a riparian 

corridor was measured by percentage of forest and flood plain within a specified 

distance from a stream or river. Quality was measured in terms of forest or wetland area 

and structure (i.e. patches or contiguous). The study found that owners were placing 

higher premiums on properties with habitats providing the highest ecological values and 

a discount on lots with lower valued habitat. The results also showed that property 

prices decreased as the number of streams increased, and proximity to a stream was 

found to be desirable.  

 

A less-studied aspect from catchment or riparian condition economic valuation studies 

is the use of channel condition indicators in hedonic price modelling. Past studies on 

water quality monitoring have suggested that channel characteristics may prove a cost-

effective indicator for overall catchment condition (MacDonald et al., 1991). Kondolf and 

Micheli (1995) also argued that stream channel has a significant role in supporting 

aquatic and riparian structures and functions. Despite the argument for consideration of 

channel condition in evaluating catchment or stream condition and the use of channel 

condition indicators in catchment and riparian zone indices, there is still a dearth of 

economic analyses focused on channel condition as an indicator of health or quality. The 

one study that was identified that examined an aspect of this issue was Bark et al. (2009). 

As noted, their results are suggestive that channel condition could be an important 

variable that could influence economic values; however only the presence or absence of 

concrete-lining was investigated.  

 

Accounting for quality and quantity of riparian areas has been achieved using several 

approaches. Variables or indices such as width of a buffer from the waterbody, structure 
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of the vegetation based on contiguity, vegetation density and tree canopy levels, have 

been used to classify riparian green infrastructure (Bark et al., 2009; Mooney and 

Eisgruber, 2001; Netusil, 2006). In a more general sense these measures may be divided 

into indicators of riparian vegetation quantity and quality. Quality indicators may 

include width and contiguity of the riparian green infrastructure while quantity 

indicators may be represented by riparian vegetation density. 

 

While there is evidence of the value of riparian vegetation and limited evidence on the 

value of urban stream channel condition, there is no evidence of how the two may 

together influence willingness to pay for urban stream quality. Analysts have previously 

been criticised for valuing natural resources without considering potential substitute 

benefits or modifying factors from the same resource (Johnston et al., 2002). Thus the 

second hypothesis for this study is to investigate how channel condition affects the 

willingness to pay for improvements in urban stream quality as measured by riparian 

vegetation condition indicators. The second hypothesis is: 

 

H2: The value of increasing both vegetation and channel condition exceed the value 

of increasing vegetation condition alone. 

 

Socio-Ecological System States and residents’ preferences 

In an urban context, there may be a complex relationship between residents’ willingness 

to pay and natural elements of the stream such as riparian vegetation and channel 

condition. People are generally willing to pay for improvements in their quality of life. 

Humans are interconnected with their natural environment and the environmental 

quality affects human well-being (Giddings et al., 2002).  
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The amount people are willing to pay for environmental quality may, therefore, be 

related to different states of a socio-ecological system. A socio-ecological system may be 

defined as a coherent system of biophysical and social factors that regularly interact in a 

stable manner (Redman et al., 2004). An alternative definition, also by Redman et al. 

(2004), is that a socio-ecological system is a set of critical resources whose flow and use 

is regulated by a combination of ecological and social systems. In this instance, the 

biophysical and critical resources are the riparian vegetation and channel conditions and 

social factors are the recreation and amenity used by the local residents.  

 

The states of a socio-ecological system are likely to have thresholds based on critical 

points of benefit or detriment accruing from the stream’s ecological attributes to local 

residents. As noted in the introduction, the thresholds mean that there are points at 

which the relatively stable human-environment interactions change such that both the 

ecosystem and social services are affected (Parlee et al., 2012). The stream attributes are 

factors that influence residents’ lifestyle experience and wellbeing within the socio-

ecological system. A desirable socio-ecological system is one which improves the quality 

of life and well-being of the residents (Costanza and Kubiszewski, 2016). If these 

thresholds are observed and valued by residents, then it can be argued that these values 

will be reflected in residents’ preference to live in proximity to the different socio-

ecological system states.  

 

Using the socio-ecological system approach, vegetation and riparian condition can be 

classified into three broad states: the “bare and barren”, “aesthetically pleasing”, and 

“bushland living” states. The “bare and barren” state includes the poor and degraded 

conditions that have stream segments with concrete channels and minimal vegetation. 

This state represents a degraded ecology that generates minimal ecosystem services and 

is often used as a flood control environment in urban areas. The “aesthetically pleasing” 
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state refers to streams with less degraded channels and intact or restored vegetation 

buffers. This state generates a quantity, quality and/or diversity of ecosystem services 

that leads to a mix of natural views and nature-related recreation potential. Finally, the 

“bushland living” state represents a more natural stream condition that is less impacted 

by urbanisation with extensive vegetation and unmodified channels. The “bushland 

living” state provides a ‘wilderness’ experience to residents, involving additional 

ecosystem services, and is associated with higher privacy, and higher biodiversity. 

Environmental resources are known to contribute to residents’ well-being (Daams and 

Veneri, 2016). It is, therefore, expected that homebuyers’ willingness to pay may rise 

sharply with movement from the “bare and barren” state of the socio-ecological system 

to the “aesthetically pleasing” state, and then rise again with changes to “bushland 

living”. Thus the third hypothesis is: 

 

H3: The relationship between house prices, and vegetation and riparian condition 

follows a step-like pattern with large benefits associated with moving from the 

“bare and barren” state to the “aesthetically pleasing” followed by modest benefits 

for improvements within the “aesthetically pleasing” state and then a further high 

gain for changes from the “aesthetically pleasing” state to the “bushland living” 

state. 

 

The hypothesised relationships above are based on the benefits acquired from the three 

different socio-ecological states.  

  

2.4.4 Accounting for Renters in Hedonic Property Valuation Studies  
 

So far the studies reviewed in the previous sections have focused on estimating the 

economic benefits of environmental resources to homebuyers, who are only a subset of 
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the community. Communities are made up of both homebuyers and renters, but renters 

are a less-studied segment in terms of property valuation for natural resources. This 

raises the question of whether renters have any willingness to pay for natural resources 

and if so whether their willingness to pay is similar to that of homebuyers. An answer to 

these questions is likely to have an impact on environmental policy-making. In this 

section, the proportion and characteristics of renters in urban areas and studies that 

have accounted for renters in hedonic price modelling and/or compared renter 

attributes to buyer attributes are reviewed.  

 

Renters typically represent a substantial proportion of the urban population. In US cities, 

rental occupancy rates range from 30% to 52% of the household population (Joint Center 

for Housing Studies, 2013). In the United Kingdom, the percentage of renting households 

increased in all English and Welsh regions in the decade to 2011, and in London just over 

half of all households (50.4%) were renting their homes (Office for National Statistics, 

2013). In Australia it is estimated that 27% of the population in major cities were renting 

in 2006, and this figure grew to 29% by 2011 (ABS, 2012). 

 

As well as representing a substantial component of the population, renters are 

demographically different from homebuyers. For example, Goodman (1988) analysed 

the national sample from the 1978 Annual Housing Survey in the US and found that on 

average 90% of owner households were headed by males, compared to 63.5% for renter 

households; and buyers were on average older and had a higher average income than 

renters. Rented houses were also found to be generally smaller than owner-occupied 

houses (Goodman, 1988). Linneman and Voith (1991) also found preference differences 

for housing and neighbourhood attributes, such as number of bedrooms and public 

transportation availability, between renters and buyers using a hedonic pricing model 

for residents in Philadelphia, US. Given these differences between owners and renters, 
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and their preferences for housing and neighbourhood attributes, Linneman and Voith 

(1991) concluded that there was potential selectivity bias when only homebuyers’ 

willingness to pay is used to estimate the value of housing and neighbourhood attributes. 

There is no reason to suspect this selectivity bias would not apply to environmental 

resources when only the selling prices are used in hedonic price modelling. This raises 

the question of why so many previous studies have excluded renters. The most likely 

explanation is that the estimation of the value of natural resources solely for homebuyers 

and excluding renters has been driven by the availability of sales data. Though there may 

also be theoretical reasons for doing so.  

 

One argument supporting the use of sales data only could be that the premium paid by 

owners of rental properties to buy the property covers any environmental premium. It 

could be argued that this premium is passed on to a renter by the rental property owner. 

However, while it is accepted that rental prices are related to property values, this 

relationship is not necessarily proportional (Phillips, 1988). The differences in rental 

prices and property values are influenced by a number of factors including supply and 

demand of properties for sale and for rental. Therefore, it is not clear whether 

environmental premiums are wholly or partly passed on to the renter in the form of a 

rental premium.  

 

Another related argument may be that rental properties that were sold during the study 

period are included in the sample of market sales data. However, hedonic regression 

results from such a study would not reflect the renters’ willingness to pay but that of 

buyers. Use of only previously sold properties may also lead to sample selection bias due 

to possible systematic differences in housing characteristics between rental residential 

properties and the owner-occupied properties (Arévalo and Ruiz-Castillo, 2006). 

Additionally, if renters and buyers are systematically different, then implicit prices 



 
69 

calculated from a homebuyers’ only sample may be inefficient when applied to renters 

(Linneman and Voith, 1991). Therefore, given these potential sample selection biases, it 

is important for analysts to account for both renters and buyers in hedonic property 

valuations for public environmental goods in a community. Also, given that renters are 

the ones residing in the community, and if rental markets are capable of providing values 

estimates, it is arguably more appropriate to include values derived in rental markets for 

renters than solely using those of homebuyers. To address this gap about renters’ 

willingness to pay for environmental resources, the fourth hypothesis is aimed at 

investigating renters’ preference for urban stream quality. The fourth hypothesis is: 

 

H4: Renters have a positive and statistically significant preference for urban stream 

quality. 

 

Past evidence has shown that buyers and renters can and do exhibit different willingness 

to pay for different housing and neighbourhood attributes. For example, Eichholtz et al. 

(2010) found that a property attracted sales premiums ranging from 15.8% to 16.8% 

(depending on model specification) for being “green” certified, while a rental one 

attracted lower rent premiums ranging between 7.9% and 10%. A related study by 

Hyland et al. (2013) found that residential properties attracted a sales premium of 9.3% 

for being A-rated for energy efficient, while a similarly rated rental property would 

attract a lower 1.8% premium (Goodman, 1988). Linneman and Voith (1991) also found 

preference differences for housing and neighbourhood attributes such as number of 

bedrooms and public transportation availability between renters and owners using a 

hedonic pricing model for residents in Philadelphia, US.  

 

There are some contrasting findings on whether the willingness to pay of renters and 

homebuyers for property and related attributes differ. While the results from Eichholtz 

et al. (2010), Hyland et al. (2013) and Linneman and Voith (1991) suggest that renters 
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have lower willingness to pay amounts for house and neighbourhood attributes, 

contrasting results were found by Donovan and Butry (2011). In their Portland, Oregon 

US study on the effect of urban trees on rental prices, Donovan and Butry (2011) 

concluded that there were no differences in willingness to pay for urban trees between 

renters and homebuyers. To arrive at this conclusion, they compared renters’ 

willingness to pay results for number of street trees at the house frontage with that of 

homebuyers from their earlier study (Donovan and Butry, 2011). Donovan and Butry 

(2011) used one variable, number of street trees, to calculate a price elasticity. At 0.0147 

(95% confidence interval: 0.0104 – 0.0191) the price elasticity for homebuyers was 

found to be higher than that of renters which was 0.00940 (95% confidence interval: 

0.00379 – 0.0150). Using a two sample t-test and assuming unequal variances, they failed 

to reject the null hypothesis of equal elasticities between homebuyers and renters. 

However, the results provided in Donovan and Butry (2010) and Donovan and Butry 

(2011), indicate that the coefficient for the variable for the number of street trees 

fronting a house was different. The coefficient for the number of street trees was 0.0255 

for the homebuyers’ model and 0.0164 for the renters’ model. This suggest that 

homebuyers may have a higher implicit marginal price than renters. A pooled sample 

test can be used to test whether the two models have different intercepts and/or slope 

coefficients though this was not done in this study.6 

 

There are also different independent variables used in the two models presented in the 

Donovan and Butry (2010 and 2011) studies. The homebuyers’ model had more house 

and structural attributes than that of renters, similarly there were differences in the 

location and neighbourhood variables used in the two models. The differences in the 

independent variables used between the two models could be a result of the use of an 

                                                           
6 This test is similar to that used by Wuensch et al. (2002) to test for differences in attitudes towards 
animals between idealists and non-idealist groups. 



 
71 

iterative backward selection process by Donovan and Butry (2011) to build their 

hedonic regression model.  

 

The different time periods for the renters’ and homebuyers’ samples are also a cause of 

concern for the conclusion in Donovan and Butry (2011). Rental data were collected 

between 23 Oct 2009 and 24th January 2010 while house sales data were for houses sold 

between 1st July 2006 and 26th April 2007. According to FHFA (2016), in 2006/2007 

houses prices were at their peak since 2001 and by January 2010 there had been a 

substantial reduction in house prices with the lowest prices achieved in early 2011. So it 

is likely that the different housing market conditions/trends may have affected 

willingness to pay for street trees by homebuyers and by extension that of renters as 

well. A more ideal comparison would have been one where data were sourced from the 

same temporal and geographical boundaries and one that used similar house, location 

and neighbourhood attributes in the two models. Given the differences in the models, the 

different coefficient sizes and the different temporal boundaries between the two models 

for number of street trees, the conclusion of these researchers that the two groups have 

a similar willingness to pay is subject to question. 

 

Other studies have used stated prefences methods and experiments to estimate how 

much homebuyers and renters value environmental amenities. For example, Lindsey and 

Knaap (1999) used contingent valuation and an actual experiment to solicit people’s 

willingness to pay for the Crooked Creek Greenway in Indianapolis, US. They found that 

of the 365 owners of properties located within a proposed greenway, only 36% stated 

that the greenway will increase property values. In contrast, in a sample of 44 renters, 

48% stated that the proposed greenway would increase property values. Interestingly, 

none of the renters made any actual donation while 10 property owners did send 

cheques. These results show different responses between homebuyers and renters using 
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two methods to elicit values for environmental amenities from homebuyers and renters. 

Thus overall, apart from the one study by Donovan and Butry (2011), it appears that the 

values of homebuyers and renters differ. However, there was only one peer-reviewed 

and published application of the hedonic price model to value environmental amenities 

for renters, and this one study by Donovan and Butry (2011) that has valued such 

amenities found no difference in values between renters and homebuyers. As noted 

earlier, there are a number of concerns with the methodology employed in this study. 

This suggests that there is a need for more studies of this type to test the generalisability 

of this finding. The fifth hypothesis for this thesis is therefore: 

 

H5: Renters’ proportion of the implicit marginal price for improvements in urban 

stream quality is lower than that of homebuyers. 

 

Hypothesis 5 is informed by the multiple studies discussed above which have compared 

renters’ and homebuyers’ willingness to pay for various characteristics such as energy 

efficiency, house structural attributes, and neighbourhood attributes. A census data-

based comparison of renters and homebuyers, as noted earlier, found that renters had 

relatively lower incomes when compared to homebuyers (Goodman, 1988). Renters are 

likely to be relatively more limited in terms of affording luxuries such as urban stream 

quality when compared to homebuyers. Testing Hypothesis 5 offers an opportunity to 

probe the generalisability – or lack of thereof – for the Donovan and Butry (2011) finding 

of no difference in willingness to pay for environmental resources between renters and 

homebuyers. 

 

2.4.5 Effect of House Price Fluctuations on the Estimated Implicit Prices 
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It is well known that the housing market is often in a state of flux (Daly, 1982). Studies 

on the relationship between housing prices and household expenditures indicate that as 

housing prices increase, expenditure on other household goods and services also 

increases. Housing is a major component of household wealth and fluctuations in 

housing prices affect household consumption decisions (Case et al., 2005). Thus, as 

housing prices rise, households’ perceived wealth increases leading to greater household 

consumption and easing of borrowing constraints. Hill (2013) stated that a house price 

boom can cause a significant redistribution of wealth from the younger to the older 

generation, thus leading to increased inequality as house owners achieve capital gains 

and renters miss out. However, during periods of house price busts, these homebuyers 

are negatively affected and some households will default on their mortgages. 

 

The relationship between income and environmental resources is particularly important 

as shown by the Environmental Kuznets Curve (EKC). The EKC demonstrates that there 

is a threshold from which, as people’s incomes increase, so will their demand for better 

environmental quality (Dinda, 2004; Kuznets, 1955). The premiums paid for 

environmental resources will be affected by the income levels of the homebuyers in a 

market.   

 

Additionally, the housing market is considered to have an effect on general economic 

activity. When the housing market is at the bottom of the housing price cycle, general 

demand is lower due to poor economic conditions. On the other hand, when the market 

is at the top of the cycle, demand is higher and the economy is said to be in good condition 

(Belsky, 2009; Boyle et al., 2012). Thus in general, the house price cycle provides a 

valuable indicator of the state of the economy with useful information for government 

fiscal and monetary policies.  
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In terms of willingness to pay for environmental resources, few studies have investigated 

the effect of fluctuations in housing prices. A study on capitalisation of flood risk on house 

values in Louisiana, US, found that flood risk had a negative effect on house prices and 

this effect was more modest when the market was weak than when it was strong 

(Turnbull et al., 2013). In a weak market, properties in a high flood risk zone sold at less 

than 1% discount compared to those located in a low flood risk area, but this discount 

was higher (2.8%) when the market was strong. On that account, it could be inferred that 

location out of a high flood risk zone was relatively worth more when the market was 

strong. Leung, Wong, and Cheung’s (2007) study on the stability of implicit prices for 

property attributes found different outcomes for different attributes. For example, the 

implicit price of proximity to a “luxurious hill” showed instability over the period 

between 1992 and 2005. While the demand for proximity to a “luxurious hill” was 

negatively affected by the downwards trend in housing prices, other attributes such as 

proximity to water, were not affected. Overall, Leung et al. (2007) concluded that there 

were no significant changes in the implicit prices of environmental attributes despite 

significant fluctuations in the housing prices. 

 

McGreal and Taltavull de La Paz (2013) and Lyons (2013) also investigated the effect of 

housing market trends on implicit marginal prices for environmental attributes. The first 

study found that the values placed on house attributes by sellers varied depending on 

the position in the housing cycle during 1995 to 2010 for the Spanish market. This 

variation could be a result of changing preferences for different house attributes or 

changing budgetary constraints over time. However, they did not investigate the nature 

of the relationship between house price trends and willingness to pay for different 

attributes. Lyons (2013) used national data on sale and rental listings for Ireland and 

found relative prices for amenities were counter-cyclical; that is, as house prices 

increased, the implicit marginal prices for amenities declined.  These two studies were 
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based on seller’s asking prices, not actual transaction prices. Actual transaction prices 

have been found to be the better reflection of the property market than sellers’ estimates 

(Ihlanfeldt and Martinez-Vazquez, 1986). Asking or listing prices are problematic as they 

could be an indication of a price range the seller is willing to accept. Sellers generally 

overestimate the selling price of their properties (Goodman and Ittner, 1992). Therefore, 

since sellers’ asking prices are not necessarily the actual market transaction prices, they 

are not a reliable indicator of actual preferences. 

 

In summary, the effect of housing price trend on the implicit prices of environmental 

amenities has seldom been studied. Evidence from non-environmental studies suggest 

that willingness to pay for vehicles and consumption in general are positively related to 

house price trends. There is also evidence of similar relationships between house prices 

and location away from high flood-risk (Turnbull et al., 2013), and proximity to a 

“luxurious hill” amenity (Leung et al., 2007). Based on the few studies that have been 

completed on house price fluctuations and environmental resources, it is evident that 

the value of environmental resources can vary significantly as house prices fluctuate 

(Coulson and Zabel, 2013). 

 

What relationship should be expected from implicit marginal prices for environmental 

amenities and general house prices? One possibility is that an inverse relationship would 

be expected. As house prices on average rise, buyers would then have reduced budgets 

available to spend on environmental attributes which could be argued to be a luxury 

good (Dinda, 2004). However, such an argument does not consider the type of buyers in 

a market and how they are affected by relative increases in house prices. The possibility 

of an inverse relationship between general house price trends and implicit marginal 

prices would be an expectation for a market with a large proportion of first time 

homebuyers. In most developed economies, the housing market is dominated by repeat 
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buyers while first time buyers make a lesser proportion. For example, in the US, first time 

buyers were only 32% of the home purchases in 2015 (Lautz et al., 2016). In the state of 

New South Wales, Australia the location of the study area, only 18% of all financed 

residential dwellings were bought by first time buyers (ABS, 2016). Thus, in the housing 

market, it is probable that higher house prices are not entirely detrimental to the 

majority of house buyers because many of them would have benefited from the increased 

wealth effect from their currently held houses. For these home owners this wealth effect 

potentially stimulates purchasing of higher value houses with improved environmental 

amenity. For example, Aoki et al. (2004) points out that as house prices rise, home 

owners have access to higher collateral which encourages them to borrow more to 

finance consumption and housing investments.  

 

There is evidence that when house prices increases, household spend more on luxury 

goods. The effect of housing price trends on other household consumption has been 

studied on different goods. For example, Gillitzer and Wang (2015) investigated the 

housing wealth effects on consumption of new vehicles in Australia. First, Gillitzer and 

Wang (2015) used a bivariate analysis to test for any relationship between house prices 

and new vehicle registrations. They found a positive relationship which means that as 

house prices increase in area so do new vehicles registrations. A more robust regression 

analysis was also undertaken to estimate the relationship between house prices and new 

vehicles registrations while controlling for other determinants of household 

consumption other than housing wealth (Gillitzer and Wang, 2015). Their regression 

results also demonstrated that an increase in housing prices was associated with a higher 

level of new car registrations. This, therefore, implies that there is increased 

consumption of new vehicles as housing prices increase.  
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Coulson and Zabel (2013, p. 276) postulate that weak and strong markets can affect the 

types of buyers who enter the market and thus the composition of transactions, which 

can then affect the overall price level and the estimated implicit marginal prices for 

environmental resources. It could be that when prices are higher, wealthier buyers 

dominate the market as they have relatively higher purchasing power, while conversely, 

it could be that when prices are lower poorer buyers dominate the market. 

 

Based on this evidence from past literature and Coulson and Zabel’s (2013) postulation, 

it is hypothesised that in general willingness to pay for urban stream quality will be pro-

cyclical with house price trends. Thus the sixth hypothesis for this study is: 

 

H6: Households have a higher implicit marginal price for urban stream quality 

when the housing market is trending upwards than when the housing market is 

trending downwards. 

 

Hedonic property valuation studies tend to use house sales data from multiple years and 

thus may cover different points in housing price cycle. As noted in Section 2.3.3, because 

of increased data availability, there has been a widening of temporal boundaries for 

hedonic pricing model data.   For example, Benson et al. (1998), Boyle et al. (1999), 

Hamilton and Morgan (2010), Osland (2010), and Walsh et al. (2011) used house sales 

data from between six and 11 years to estimate values for environmental resources. It is 

likely that some of the variables used in the model will not be constant over the multiple 

years and this may lead to biased results similar to that of omitted variables (Kuminoff 

et al., 2010). It is, therefore, evident that the use of data from multiple years either for 

variation in the amenity of interest or to increase sample size, should be done with care 

and it must be checked whether or not the hedonic price function is stable over that time.  

Additionally, the sales prices have to be deflated using an index such as the consumer 
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price index  and/or explanatory variables for specific years need to be included (Ham et 

al., 2012; Walsh et al., 2011). Still, the estimated implicit marginal prices are likely to vary 

across the housing price cycle even when the housing market is in equilibrium (Coulson 

and Zabel, 2013). Thus, when sales data are sourced from multiple years, it is likely that 

the hedonic prices will vary and reflect the prevailing market conditions across the 

selected temporal boundary. 

 

Other studies have used housing price data from one or two years (for example, 

Tapsuwan et al. (2009), Li and Saphores (2012), and Clapper and Caudill (2014)). 

Although, the use of short periods of time avoids the challenges faced by studies that use 

multiple years or extended temporal boundaries, this approach also has limitations. A 

common constraint is usually the limited number of houses that are sold in a year for a 

given location; this may lead to a small sample size which may fail to sufficiently capture 

variation to enable estimation of all model coefficients. The other challenge is that the 

implicit prices from studies with data from a very short timeframe may be highly 

influenced by the housing price market position prevalent for that point in time. The use 

of implicit prices from one point in the housing market in benefit-cost analyses to inform 

policy decisions requires careful consideration because that one point may not be an 

accurate reflection of general consumers’ willingness to pay. In fact, Coulson and Zabel 

(2013) recommends the use of average hedonic prices from different phases in the 

housing cycle. Thus, use of multiple years or points in the housing market cycle has the 

benefit of capturing the average implicit marginal prices for non-marketed resources 

across multiple phases of the market cycle.  

  

Given the few previous studies on this topic, there is a need to investigate how different 

housing price trends affect the estimated implicit prices for environmental resources to 

better understand how housing market cycles affect non-market values. In this study, a 
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hedonic property valuation method was used to investigate how values for different 

categories of vegetation and riparian condition are affected by fluctuations in the 

housing market. This forms the sixth hypothesis as stated earlier.  

 

2.5 Summary  
 

The literature review in this chapter has focused on the use of the hedonic pricing model 

to estimate economic values of environmental resources, particularly urban streams.  

 

Various techniques have been used to estimate the economic values of environmental 

resources. The hedonic pricing model is one of the dominant techniques used for this 

purpose. As a revealed preference method, it is also one of the preferred methods of 

policymakers (OBPR, 2010). The fundamental assumption in using the hedonic price 

model for valuing environmental resources is that when buyers or renters choose to buy 

or rent a house, they are making a decision to purchase a bundle of attributes and one 

these attributes is the environmental amenity.  

 

Sample selection is an important aspect when applying the hedonic price model for non-

market valuation. First, the temporal and geographical boundaries must be determined 

for the sample. The choice of boundaries is influenced by the need to achieve sufficient 

variation in the variables of interest while still operating within the same housing 

market. In general, the geographic boundaries tend to be a city or a section of a given 

city. Where the geographic area covered is large and potentially made up of unique 

boundaries, spatial fixed effects dummies have also been used to capture unobserved 

spatial clustered effects. In contrast, temporal boundaries vary from a single year to as 

many as six or more years (for example, Benson et al., 1998; Hamilton and Morgan, 

2010). The use of data from long periods requires controlling for unobserved annual 
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changes. Ignoring this issue may lead to a results bias similar to that of omitted variables 

(Kuminoff et al., 2010). Year fixed dummies and/or deflation of the prices to a base year 

are normally used to control for unobserved annual shocks and to standardise the value 

of the currency. 

 

Previous studies have used different dependent and independent variables. The choice 

has mostly been influenced by data availability. The use of actual house prices is 

preferred over owner estimates, as actual house sales prices best reflect house values in 

an equilibrium market (Ihlanfeldt and Martinez-Vazquez, 1986). However, sometimes 

market transactions may be misleading and not “arms-length” as a result of transactions 

within families, gifts and donations. This may lead to selling prices that are lower than 

the market value and such transactions should be identified and excluded from the 

modelling process (Ham et al., 2012).  

 

Given that house prices are likely to be interdependent, more recent studies have used 

spatial models to test and account for spatial relations between house prices. There are 

three main models used for spatial relations, these are: the spatial lag, spatial error and 

spatial Durbin models. A spatial model is applied when it is assumed that the price values 

are a function of both the observed and unobserved characteristics for individual houses. 

If it is suspected that there is some spatially clustered feature that influences house 

prices and this feature is not accounted for in the model, then the spatial error model is 

used. The spatial Durbin model is effectively a joint model of the spatial lag and spatial 

error models, and it can be motivated by omitted variables. The choice of the spatial 

model is commonly informed by results from the Moran’s I statistics test and/or the LM 

test. 
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A major challenge when valuing improvements in the condition of urban streams or 

waterbodies has been finding a measure that is both objectively measured and perceived 

by nearby residents. While water quality indicators have been used as measures of 

waterway or waterbody health, other physical measures such as riparian vegetation and 

channel condition have received limited usage. However, it is likely that other measures 

of catchment or waterbody quality will be better linked to the variation in nearby house 

values given that they are readily observable, and their linkage with ecological quality is 

more consistent. 

 

Ecologists have developed catchment and waterway condition indices. These indices are 

commonly used to inform land managers about the required restoration or management 

programs for urban streams. Two primary indicators used in these ecologist developed 

indices are riparian vegetation condition and channel condition (Brierley et al., 2002; 

Kleynhans, 1996; USDA, 2011). Riparian vegetation and stream channel have direct 

ecological and social benefits. Improvements in these indicators contribute to the value 

of houses near urban streams. Significant and positive effects on house values have been 

found by past studies for improvements in riparian vegetation (for example, Bark et al. 

(2009) and Netusil (2006)). Nonetheless, with the exception of Bark et al. (2009), no 

study was found to have considered the effect of channel condition on nearby house 

values. An even more understudied relationship is how riparian vegetation and channel 

condition may together influence willingness to pay for urban streams. There is, 

therefore, a need to investigate the relationship between different socio-ecological 

systems and residents’ preferences. 

 

In an urban context, there may be a complex relationship between residents’ preferences 

and natural elements of the stream such as riparian vegetation and channel condition. 

The natural elements of nearby streams offer different states of a socio-ecological system 
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with thresholds based on critical points of benefit or detriment to the residents’ quality 

of life. If these threshold are realised and are of value to residents, then these values will 

be reflected by residents’ willingness to pay to live in a given socio-ecological system 

state.  

 

A substantial proportion of the urban population who are renters rather than buyers are 

not accounted for in hedonic price modelling these studies. This is despite renters being 

a sizeable and growing proportion of the urban population across the world. Renters 

have also been found to be demographically and psychographically different from 

homebuyers. There is, therefore, a need to estimate the homebuyers’ and renters’ 

preferences for the natural resource and test whether these two groups have similar 

willingness to pay for nearby natural resources.  

 

As noted earlier, real estate data used in hedonic studies is made up of sales data from 

varying lengths of time. Sales records used in these model typically range from a single 

year up to 11 years. Given that housing markets are often fluctuating, then some of these 

studies may have used data from a time when markets were on a downward or upward 

trend while others may have used data covering multiple market trends. Studies on 

house prices and household expenditure have found that when prices are trending up, 

households feel wealthier and spend more, and when prices are trending down, 

households reduce spending as they do not feel as wealthy. The market effect of house 

price trends is likely to be influence by the dominating buyers in a market. If a market is 

dominated by relatively more wealth repeat buyers, it is likely that environmental 

luxuries may command on average higher premiums. In contrast, if the market is 

dominated by relatively poorer first time homebuyers then there may be an inverse 

relationship between house price trends and the premiums paid for environmental 
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luxuries. However, at present there is limited robust evidence about how these house 

market price trends affect the estimated implicit marginal prices of natural resources.  

 

In conclusion, this literature review has outlined previous work on the use of the hedonic 

pricing model to estimate economic values of urban streams. A number of knowledge 

gaps were identified and six hypotheses were developed to address these gaps. The 

research methods used to test the hypotheses are outlined in the next chapter. 
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Chapter 3 Research Methodology 
 

3.1 Introduction  
 

This research is an investigation of the effects of changes in urban stream quality on 

house values. In Chapter 2, a number of hypotheses were developed for use in testing 

various aspects of the relationship between urban stream quality, house sales and rental 

prices, and housing market price fluctuations. In this chapter the research design used 

to test the hypotheses developed in Chapter 2 is discussed. 

 

This chapter is organised as follows: Section 3.2 explains the different research 

philosophical views and justifies the research paradigm for this study. A post-positivist 

philosophical worldview is adopted for this study. Thus, the study was undertaken using 

an objective and scientific method to potentially falsify hypotheses based on the use of 

empirical data. 

 

Section 3.3 provides a description of the study area, with particular emphasis on the 

catchments found in the study area. The study area is located in southern Sydney, New 

South Wales and covers the Cooks River and Georges River catchments. The study area 

provides heterogeneous urban stream qualities for use in the modelling process. 

 

An explanation of the types of data used in the study and how they were collected is given 

in Section 3.4. Modelling data were sourced from various organisations and consisted of 

real estate, neighbourhood and location, house price indices and urban stream quality 

data.  
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In Section 3.5 the various data preparation techniques prior to modelling are discussed. 

Some observations from the real estate data had to be removed from the sample as they 

were outside the study area, had missing values, were not single-dwelling residential 

houses, or were suspected non-arm’s length transactions or potential outliers.  

 

The data analyses techniques are outlined in Section 3.6. Semi-log OLS and spatial 

regression analyses were used to investigate the relationship between house prices and 

improvements in urban stream quality. The final section of this chapter, Section 3.7, 

provides some concluding remarks on the research methodology. 

 

3.2 Research Paradigm 
 

The methodology for this study is guided by the researcher’s philosophical worldview or 

research paradigm. All research is guided by some worldview or paradigm. While these 

paradigms are not always explicitly stated, they remain influential to research, and they 

should be identified (Creswell, 2009). Creswell (2009, p. 6) referred to these paradigms 

as philosophical worldviews and described them as “a general orientation about the 

world and the nature of research that a researcher holds”. Paradigms may be influenced 

by the discipline of the researcher, past research experiences and/or research purpose. 

In turn, the paradigm of choice, contributes to the research method and procedures 

applied in a given study. 

 

Numerous classifications have been used to identify research paradigms. The 

classification used by Lincoln and Guba (2000) and Ponterotto (2005) are used to discuss 

and explain the paradigm followed in this study as well as other alternative paradigms. 

Table 3.1 presents four main research paradigms as well as their philosophical anchors 

as outlined by Lincoln and Guba (2000) and Ponterotto (2005) in terms of: ontology 
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(nature of reality and being), epistemology (the study of knowledge), axiology (the role 

and place of researcher values), rhetorical structure (language and presentation of the 

research), and methodology (the process and procedures of research). These paradigms 

are classified into four main groups of positivism, post-positivism, constructivism-

interpretivism, and critical-ideological paradigm.  
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Table 3.1: Research paradigms and their philosophical views 

  

Research Paradigm 

Positivism Post-positivism Constructivism-

Interpretivism 

Critical-

Ideological 

P
h

il
o

so
p

h
ic

a
l 

it
em

 

Ontology Naïve realism- 

“real” reality and 

apprehensible 

Critical realism- “real” 

reality but only 

imperfectly and 

probabilistically 

apprehensible 

Relativism- local 

and specific 

constructed 

realities 

Historical 

realism-virtual 

reality shaped by 

social, political, 

cultural, 

economic, 

gender values 

Epistemology Dualism & 

objectivity; 

findings are true 

Modified dualism & 

objectivity; critical 

tradition/community; 

findings are probably 

true 

Transactional & 

subjective; 

created findings 

Transactional, 

subjective & 

dialectic; value 

mediated 

findings 

Axiology Researchers take 

detached, 

emotionally 

neutral role 

Researchers take 

detached, emotionally 

neutral role 

Values and lived 

experience 

cannot be 

divorced from 

research process 

Researchers 

hope and expect 

that their value 

biases to 

influence 

research process 

and outcome 

Rhetorical 

Structure 

Precise & scientific Precise & scientific First person 

and/or 

personalised 

First person 

and/or 

personalised 

Methodology Experimental & 

manipulative; 

verification of 

hypotheses; 

mainly 

quantitative 

methods 

Modified 

experimental & 

manipulative; 

falsification of 

hypotheses; may 

include quantitative 

methods 

Hermeneutic and 

dialectic 

Dialogic & 

dialectic 

Source: Adapted from Ponterotto (2005) and Lincoln and Guba (2000) 

 

The positivism paradigm is based on the philosophical ideas of August Comte and 

positivists follow the scientific method as a means of knowledge generation (Mack, 

2010). It is a form of philosophical worldview that adheres to the hypothetico-deductive 

method of research (Ponterotto, 2005). A related but different philosophical worldview 
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to the positivism paradigm is post-positivism. Post-positivism arose out of 

dissatisfaction with the positivism view. While positivists hold that their findings are 

“true”, post-positivists are of the view that their findings are “probably true”. Thus, post-

positivists question the traditional positivist notion of finding the absolute truth about 

knowledge and recognise that researchers cannot claim absolute truth for their findings 

when studying the behaviour and actions of humans (Creswell, 2009). The key difference 

between positivists and post-positivists is that the positivists focus on “theory 

verification” while post-positivists are concerned with “theory falsification” (Lincoln and 

Guba, 2000).7 Both paradigms proffer an objective and emotionally detached researcher 

role and serve as the primary foundation of quantitative research. 

 

In contrast to the naïve and critical realisms of positivists and post-positivists, 

respectively, constructivists assume a relativist ontological position. Constructivists or 

interpretivists believe that findings are jointly constructed by the researcher and their 

participants from interactive dialogue and interpretation (Ponterotto, 2005). 

Researchers aligned to the constructivism paradigm are of the view that reality is not 

absolute, but that there are multiple, apprehensible, and equally valid realities (Lincoln 

and Guba, 2000). The researcher would use their interaction with participants or 

collected data to build a theory. This is the opposite of positivists/post-positivists who 

start their research with a theory. The constructivist process of research tends to be 

qualitative. 

 

The final paradigm classifications in Table 3.1 are referred to as critical-ideological 

paradigms. These worldviews seek to challenge the status quo and are guided by the 

                                                           
7 Early proponents of the post-positivist philosophies include Jacob Bronowski, Charles Hanson, Karl 
Popper and Thomas Kuhn (Clark, 1998). The basic argument by these early writers is that the goal of the 
scientific research approach should be theory falsification rather than verification; this is the approach that 
tends to be used in today’s econometrics. 
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researcher’s values. While there is no single critical theory, all the critical theories are a 

form of social/cultural criticism to transform and emancipate the oppressed (Ponterotto, 

2005). Criticalists believe in a reality that is constructed within a social-historical 

context. Their work is conceptualised within power relations and they use their research 

to seek emancipation of the oppressed. 

 

The researcher is of the view that for the context of this research there is one reality, but 

that reality is imperfectly apprehensible and that the study should be undertaken 

objectively following the scientific method. Hence the post-positivist paradigm was 

chosen as appropriate for this study. The data suppliers for this study were carefully 

selected to ensure that contextually relevant and credible data sources were used. This 

is particularly important for the post-positivist paradigm, because while both positivism 

and post-positivism follow the scientific method, post-positivists distinguish themselves 

by arguing that a study needs a context and that a study without contextual boundaries 

is insufficient (Carpiano and Daley, 2006). Additionally, Adam (2013) argues that post-

positivists pay attention to the quality and source of the data, while positivists somehow 

presuppose that data are good quality and adequate if they can be quantified.  

 

Throughout the research process the researcher aims to be objective and emotionally 

detached so as to best estimate the economic value of urban streams using a revealed 

preference analysis method. Constructivism-interpretivism and critical-ideological 

paradigm are not appropriate for a social science study such as economics. For example, 

as shown in Table 3.1 the constructivism-interpretivism and critical-ideological 

practitioners do not separate their own values from the research process and in fact 

critical-ideologist expect their value biases to influence the research process. Moreover, 

these paradigms are dialectic rather than experimental in nature. Constructivism-

interpretivism and critical-ideological are dialectical in that they are not empirical but 
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are used to investigate competing ideas or arguments without the use of data (Dybicz 

and Pyles, 2011).  Thus, these paradigms were not considered for use in the current 

study. The findings from this study are based on testing hypotheses using empirical 

quantitative data from observed human actions or preferences for improvements in 

urban stream quality; this approach is consistent with the post-positivist paradigm. 

Unlike in the use of a positivist paradigm, both controversial and expected findings will 

be interpreted. This is also consistent with the post-positivist research philosophical 

worldview (Adam, 2013). 

 

3.3 Study Area  
 

The study focuses on waterways located in southern Sydney, New South Wales, 

Australia. The two main catchments in the study area are the Cooks River and Georges 

River Catchments. The study location represents a typical urban setting as it covers high 

population density closer to the city centre and low density areas farther away from the 

city centre. The streams located in these study areas represents typical urban stream 

conditions in an urban area with highly disturbed to relatively undisturbed streams. 

Vegetation condition ranges from no riparian vegetation to good riparian vegetation. 

There is also variety in stream channel conditions, ranging from highly modified to un-

modified channels. 

 

The Cooks River catchment is located in the inner south west of Sydney city. Its 

catchment covers an estimated 100 square kilometres and the main stream of the river 

begins as a small waterway near Graf Park in Bankstown and flows 23 km in a generally 

easterly direction to enter Botany Bay just south of the Kingsford Smith Airport in Mascot 

(Dewar et al., 2013). There are 13 Local Government Areas (LGAs)8 that are partly or 

                                                           
8 These LGAs are Ashfield, Auburn, Bankstown, Botany Bay, Burwood, Canterbury, City of Sydney, 
Hurstville, Kogarah, Marrickville, Randwick, Rockdale, and Strathfield. 
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fully located within the Cooks River catchment. It is estimated that over 500,000 people 

live or work in the Cooks River catchment and there are over 130,000 dwellings and 

more than 100,000 commercial and industrial properties (Cooks River Alliance, 2012).  

 

The Cooks River is fed by a number of tributaries including: Wolli Creek, Cup and Saucer 

Creek, Cox’s Creek, Bardwell Creek, Muddy Creek, Alexandra Canal, and Sheas Creek. The 

waterways in the Cooks River catchment have been substantially modified with most of 

the native riparian vegetation cleared. Some sections of the Cooks River have had their 

meanders straightened and stabilised with steel sheet piling or concrete, and some of the 

tributaries are piped. Many parts of the Cooks River offer recreational activities and 

facilities such as cycle paths, riverside walkways, parks, sports field and some native 

flora and fauna (Cooks River Alliance, 2014). 

 

The Georges River is longer than the Cooks River and covers a larger catchment area of 

about 1,000 square kilometres. The Georges River runs 96 km from south west of Sydney 

in the town of Appin in the Wollondilly Shire and meets the sea at Botany Bay in the east 

of Sydney (Office of Environment and Heritage, 1999). There are 14 local government 

areas9 that are located within or have some parts located within the Georges River 

catchment. The catchment is estimated to have a population of over one million people 

and it is one of the most highly urbanised catchments in Australia (Department of  

Planning and Environment, 2009).  

 

The Georges River has a number of tributaries including Bunbury Curran Creek, 

Cabramatta Creek, Woronora River, Prospect Creek, Williams Creek, Salt Pan Creek, and 

Mill Creek. While some parts of the Georges River remain in relatively natural condition, 

                                                           
9 These LGAs are Bankstown, Blacktown, Camden, Campbelltown, Canterbury, Fairfield, Holroyd, 
Hurstville, Kogarah, Liverpool, Rockdale, Sutherland, Wollondilly, and Wollongong. 



 
92 

there are many tributaries that have undergone significant modifications. Notable 

examples are the concrete lined and straightened channels in the Campbelltown, 

Liverpool and Fairfield council areas and the regulation of flows by the Woronora Dam. 

This project is focused only in the urbanised areas of the Georges River catchment and 

therefore does not cover rural areas of the catchments such as those within the 

Wollondilly Shire and Wollongong City Council areas.  

 

The study area, as shown in Figure 3.1, is composed of 11 Council or LGAs in southern 

Sydney: Ashfield, Bankstown, Burwood, Canterbury, Fairfield, Hurstville, Kogarah, 

Liverpool, Marrickville, Rockdale, and Strathfield. This is an area of 629 km2. Figure 3.1 

shows the study area, streams and locations of houses sold between January 2003 and 

December 2013. The locations of houses advertised for rent between 2005 and 2013 are 

shown in Figure 3.2. 
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Figure 3.1: Map showing the streams, council areas and house sales locations across the 

study area 

 

Figure 3.2: Map showing the streams, council areas and houses advertised for rent in 

across the study area 
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The study area, as described above, provided a geographical boundary which informed 

the researcher on the required data and potential data sources. The data collection 

processes, sources and challenges are discussed in the next section.  

 

3.4 Data Collection 
 

To provide context to the description of the data collection process, it is useful to 

describe the general form of the equation that was planned for estimation as the data 

were being collected and prepared. This description also assists understanding of the 

way in which the various components of the data are related to each other, and provides 

a richer picture of the data. The general model specification is: 

Adjusted Price = f(house and lot attributes, neighbourhood 

and location attributes, urban stream quality attributes) 
                     (3.1) 

 

Where Adjusted Price is house selling or rental price adjusted to 2013 dollars using the 

CPI; house and lot structural attributes for a house such as age, lot size, and number of 

bedrooms; neighbourhood and locational attributes include crime statistics and distance 

to a railway line; local government area; and urban stream quality as measured by 

vegetation and riparian condition attribute for each house. Hence, the data collection 

task involved discovering data sources for data on the dependent and independent 

variables included in this equation. Data collection and analysis was undertaken between 

2013 and 2016. A detailed discussion on the estimation model and tests is provided in 

Section 3.5. 

 

3.4.1 Sample Selection 

The sample used in this study is defined in detail in subsequent sections. In general 

terms, however, the sample was based on houses nearby streams from 11 LGAs located 

within or partly within either the Cooks River Catchment and/or Georges River 
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Catchment. Selection of sample LGAs and thus houses was based on proximity to the 

tributaries and main streams of the Cooks River and Georges River. 

 

The research involved collection of data from various government and private sources 

based on the selected LGAs. Several techniques were employed to collect and record 

data. Potential providers of data sources were contacted to ensure their ability to provide 

data. After their ability was confirmed, formal requests for data were sent. Data usage 

agreements from data providers were screened to avoid limitations on publication of 

results in the form of thesis, journal articles, and conference presentations. The data 

collection and cleaning process for each type of data is discussed in the following sub-

sections. The required data are grouped into four categories: real estate, neighbourhood 

and location, housing price indices, and urban stream quality data. 

 

3.4.2 Real Estate Data 

Property data were sourced from CoreLogic RP Data. CoreLogic RP Data is a provider of 

property information, analytics and risk management services in Australia and New 

Zealand (RP Data, 2012). This company has provided property data for a number of 

recently published Australian peer-reviewed studies, such as Mahmoudi et al. (2013) 

and Abelson et al. (2013). In Australia, datasets from CoreLogic RP Data are also used to 

develop hedonic property price indices, known as the CoreLogic RP Data Home Value 

Index (Hill, 2013). The CoreLogic RP Data daily, monthly and quarterly indices are widely 

published in the Australian media and are also available to the generally public via the 

CoreLogic website (http://www.corelogic.com.au/research/monthly-indices.html).  

 

The extensive archival data held by CoreLogic RP Data provides a rich opportunity for 

property valuation based studies. Nonetheless, there are some challenges in using 

archival data. For example such data may have an insufficient sample size or missing 

http://www.corelogic.com.au/research/monthly-indices.html
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values (Rudestam and Newtown, 2007). In the case of CoreLogic RP Data, however, there 

was extensive historical data for the study area, thus sample size was not an issue. 

However, some of the requested attributes were not provided or suffered from a high 

incidence of missing values. For example, at least 85% of the supplied sales events and 

rental data had missing values for floor size, number of floors, swimming pool, and wall 

type, while at least 40% of the sales data had missing values for parking and year built.  

 

The hedonic price valuation literature does not recommend any group of attributes that 

must absolutely be included in models. In fact, the choice of independent variables is 

often largely influenced by data availability (Hill, 2013). However, all variables that are 

included in a model need to be theoretically justified for the kind of analysis undertaken. 

A contributing factor to the variability in house and lot attributes used in hedonic price 

models could be the differences in what are considered important attributes for a home 

across regions. For example, in areas with very cold climates, availability of heating 

would be an important attribute which a researcher may seek to include. However in 

regions with warm climates heating may not be an issue and may be excluded in many 

of the studies. Thus, quite reasonably, house and lot attributes vary among the published 

literature. Additionally, the quality of data accessible to researchers in different 

countries or regions may also affect the choice of attributes used in modelling. For 

instance poor archival data may lead to high incidence of missing values and/or lack of 

records for some of the desired house and lot attributes from data suppliers, leading to 

such attributes being dropped from the analysis. It is, therefore, common to find that 

different studies with differing spatial and temporal characteristics have used different 

independent variables. 

 

At minimum, the most common house and lot attributes for hedonic property valuation 

studies in analysis of environmental resources are: selling price, size of structure, 
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number of bedrooms, number of bathrooms and age (Sirmans et al., 2005). However, it 

is also common for some studies to be done without one or more of the common house 

and lot attributes. For example, Hamilton and Morgan (2010) estimated amenity values 

for urban beach residential properties using number of bathrooms, size of structure, and 

age, they did not include the number of bedrooms in their regression. Clapper and Caudill 

(2014) used hedonic analysis to show that water quality had a significant effect on lake 

front properties, and the only house and lot attributes in their study were number of 

bedrooms, bathrooms and area of the property.  

 

The choice of house and lot attributes requested from CoreLogic RP Data was informed 

by past hedonic price modelling studies and by the researcher’s and his supervisory 

team’s knowledge about the Sydney housing market as informed by past Sydney housing 

market reports. The requested house and lot attributes were: selling price or rental 

price10, date of sale or rental advertisement, property type (e.g. house or unit), property 

sub-type (e.g. duplex, freestanding, terrace), floor area, land size, year of construction, 

number of bedrooms, number of bathrooms, number of parking spaces/ lock-up garage, 

roof type, number of floors, availability of a swimming pool, street address and geo-

coordinates for each lot. However, due to the archival data limitations, the house and lot 

attributes data that were collected and used for modelling were limited to the following: 

selling or rental price, year of sale or rental advertisement, number of bathrooms, 

bedrooms, parcel size, age of the structure, council area of the property, elevation above 

sea level, street address11 and geo-coordinates. This limitation is not unique to this study, 

as mentioned earlier, the choice of independent variables is often driven by the 

availability of data to the researcher. 

                                                           
10 Advertised rental prices were used. In the NSW state, actual and rental prices are usually the same and it 
is not common to negotiate a lower price for a residential rental property. 
11 Street address were used to double check and resolve erroneous geo-coordinates which led to a 
property being place at the wrong location.  
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House sales and rental data were sourced over periods of relatively rising, stable and 

declining house prices across the Sydney area to enable testing of Hypothesis 6. Based 

on the Sydney House Price Index, year 2008 represents a period of declining house prices 

while year 2009 represent an upward trend in house prices across Sydney. As noted, 

house sales data were collected from transactions that occurred between October 2003 

and December 2013 and rental data were from a shorter period of January 2005 to 

December 2013, as pre-2005 data were not available.   

 

All house and lot attributes data were received in a spreadsheet from CoreLogic RP Data, 

except for the elevation data which was sourced separately from New South Wales Land 

and Property Information (LPI). Elevation data were in the form of digital elevation 

model (DEM) data. DEM is a digital representation of a terrain’s surface, and it was used 

to extract individual elevations above sea level for each house in the sample using 

ArcMap – an application located within ArcGIS for Desktop – which is a geographic 

information software developed by the Environmental Systems Research Institute 

(ESRI). Higher elevation has been shown to be a desirable feature for properties. It is 

likely that people associate houses on high elevation with reduced risk of flooding and 

better views. While elevation is not a direct measure of flood risk, it has been used as a 

proxy indicator for flood risk, and has been found to have a positive and significant 

relationship with house prices (McKenzie and Levendis, 2010). Perhaps this positive 

preference is because higher elevations offer reduced flood risk and better views. It 

might also be more expensive to build a house on a hill leading to higher prices for such 

houses. 

 

It would have been more desirable to have had data on whether a property is located in 

a flood prone area. Indeed, location of a house in a flood risk area has been found to have 
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a negative and significant effect on house values (Bark et al., 2009; Epp and Al-Ani, 1979; 

Samarasinghe and Sharp, 2010). However, for this study, flooding area data were not 

available to the researcher. Numerous attempts were made to source the flood data from 

the custodians, who are the local governments or councils. However, the majority of the 

councils in the case study were not comfortable sharing what they deemed to be 

sensitive data. Two of the councils mentioned that they could not share data which are 

not publicly available and another stated that their flood zone GIS layers “...  are not 

provided to students as a matter of protocol, unless Council is directly involved in the 

project”. Due to the unavailability of flooding risk maps, house elevation data were 

sought from NSW LPI and used in the modelling process.  

 

3.4.3 Neighbourhood and Location Data 

Estimating the implicit prices of non-marketed goods or services using hedonic price 

models requires accounting for the effect of neighbourhood and location-specific 

attributes for a given house. Only the attributes that affect the price of a property in a 

competitive market should be included in the hedonic function. Thus, characteristics of 

the buyer and seller of a property are not included in the hedonic price regression as 

explained in Section 2.3.2 and as per the product differentiation framework by Rosen 

(1974). However, attributes that describe the neighbourhood of a given house such as 

the unemployment rate or crime rates, among others, can be included in the regression 

analysis provided such characteristics are theoretically justified.   

 

A list of neighbourhood and location attributes used in this study is given in Table 3.2. 

The choice of data used was influenced by past hedonic property valuation studies as 

well as data availability.12 Table 3.2 also gives the expected impact of the variables on 

                                                           
12 21 of the top 32 variables from past studies were included in this study (See Table A7). 
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house values and example of studies that have used the variable and the impact, positive 

or negative, from those studies.  

 

All data from NSW LPI division were procured on behalf of and at the request of the 

researcher by Spatial Data Analysis Network (SPAN), which is a research support unit 

within Charles Sturt University. SPAN has an ongoing agreement with LPI to be the point 

of contact between the University and LPI.  
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Table 3.2: Neighbourhood and location data collected for use in the hedonic price model 

 
Source Expected 

impact 
Example of previous use  study (impact 
direction) 

Neighbourhood attribute    

Number of children Australian Bureau of 
Statistics 

- Li et al 2015 (negative) 
Kuminoff et al. 2010 (negative) 

Crime rates NSW Bureau of Crime 
Statistics and Research 

- Abelson et al 2013 (negative for violent 
crime) 
Li et al 2015 (negative for violent and 
positive for property) 

Non-English speaking 
population13 

Australian Bureau of 
Statistics 

+/- Li et al 2015 (mixed i.e. positive or negative 
for different areas) 
Gawande et al 2013 (not significant) 

Unemployment rate14 Australian Bureau of 
Statistics 

_ Cho et al 2009 (negative, NS) 
Epp & Al Ani 1979 (negative) 

Location attribute    

Distance to a beach NSW Land and Property 
Information 

- Abelson et al 2013 (negative) 

Distance to a bushland NSW Land and Property 
Information 

+/- Sander and Haight 2012 (positive) 
Pandit et al. 2013 (positive for park with 
bushwalking, negative for small park or park 
with lake) 

Catchment or other multi-
suburb group 

NSW Land and Property 
Information 

+/- Abelson et al 2013 
Sander and Haight 2012 (positive) 

Local government area / 
council area 

Australian Bureau of 
Statistics 

+/- Samarasinghe and Sharp 2010 

Distance to CBD NSW Land and Property 
Information 

- Abelson et al 2013 (negative) 
Pandit et al 2013 (negative) 

Distance to a hospital NSW Land and Property 
Information 

- Gawande et al 2013 (negative) 

Distance to an industrial site NSW Land and Property 
Information 

+ Netusil et al 2013 (positive) 

Distance to a major road NSW Land and Property 
Information 

+ Tapsuwan et al 2009 (Positive) 
Pandit et al 2013 (positive) 

Distance to a railway line NSW Land and Property 
Information 

+ Bin and Landry 2013 (positive, NS) 
Mahmoudi et al 2013 (positive) 

Public access Greater Sydney Local 
Land Services 

+/- Netusil 2005 (positive Not significant) 

Distance to a school NSW Land and Property 
Information 

+ Gawande et al 2013 (negative) 
Mahmoudi et al 2012 (positive) 
Hansen and Naughton 2013 (positive) 

Distance to a stream Greater Sydney Local 
Land Services 

- Netusil 2013 (negative) 
Samarasinghe and Sharp 2010 (negative) 

Distance to a train station NSW Land and Property 
Information 

- Abelson et al 2013 (positive) 
Shimizu and Nishimura 2007 (negative) 

Distance to a waterbody NSW Land and Property 
Information 

- Li et al 2015 (negative) 
 

 

Neighbourhood data were sourced in a spreadsheet format whereas the location data 

were in a GIS shapefile format. The shapefile format is a vector data storage format for 

storing the location, shape, and attributes of geographic features (ESRI, 2006). A 

                                                           
13 In the US it is common to distinguish the impact of white vs African-American, Hispanics and other 
minority groups. In Australia, the ABS provides data on Non-English speaking proportion of the population 
and these data were used in this study. 
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shapefile enables the projection of data into a map and allows the user to relate the 

features (e.g. major roads) in the map with another feature or attribute of interest (e.g. 

house). 

 

The different neighbourhood and location attributes were measured and allocated to 

each property in various ways. Neighbourhood attribute measurement entailed 

assigning a suburb level or an Australian Bureau of Statistics’ Statistical Level Area level 

1 (SA1) attribute measure. SA1 is the smallest unit for processing and release of census 

data in Australia and has an average population of 400 people (ABS, 2014a). The 

neighbourhood data collected were: crime rates (property and violent offences), 

unemployment rates, proportion of children per SA1 area, and proportion of people from 

non-English speaking background per SA1 area. Unemployment, proportion of children 

and people from non-English speaking background was based on an average value from 

the 2006 and 2011 Australian census data. Location attributes were measured by their 

distance from a property to a feature of interest. Thus, location attributes measured 

spatial relationship from the property in question to points of interest such as the city 

centre or beach.  

 

Python language, and in particular the ArcPy site package from ESRI, was used to develop 

geoprocessing toolboxes which were used to relate houses to stream segments and other 

features. Python is a scripting and programming language that can be used for relatively 

easy scripting tasks as well as for more advanced programming functions (Zandbergen, 

2013). The use of Python scripts allowed for the automation of geoprocessing workflows 

in ArcGIS for Desktop to measure distances between a house and various other spatial 

features which formed part of the explanatory variables.  The use of Python scripts 

allows for the development of custom tools and Graphical User Interfaces (dialog boxes) 
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that can be seamlessly incorporated into the main application, which in this instance, is 

ArcGIS for Desktop. 

 

Figure 3.3 illustrates the Graphical User Interface of a custom geoprocessing script tool 

(.py), which was in this case used to calculate distances between individual house points 

and different features such as beach, bushland and major roads. The custom script tool, 

which implements Euclidean distance functionality, is stored in a custom toolbox (.tbx). 

 

 

Figure 3.3: A custom geoprocessing toolbox used to calculate distance between house 

points and location features 

 

House selling and rental prices from a given year were associated with crime statistics 

from the previous year. Thus crime statistics were collected for years 2002 to 2012. This 
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approach is similar to how crime rates and school quality have been linked to house 

values in hedonic price models (Li and Saphores, 2012). The underlying assumption for 

allowing a lag for crime effects is that reported crimes are assumed to affect prices of 

future houses sales. Due to privacy related issues, the smallest geopolitical unit that NSW 

Bureau of Crime Statistics and Research could supply the crime data was at the suburb 

level, which is higher than the SA1 level used for other neighbourhood features.  

 

There were challenges in sourcing some of the desired location and neighbourhood data. 

For example, numerous NSW government departments were contacted to source school 

quality data, but unfortunately this was not successful. The main reason given for not 

supplying school data was that the NSW government was against ranking of schools as 

this may lead to school league tables which are not desirable to the NSW Department of 

Education and Communities. Nonetheless, it has been shown that school quality has an 

effect on nearby property prices (Davidoff and Leigh, 2008). Instead of the school 

academic performance, the distance to schools was used in the analysis.15 Distance of a 

property to a school in hedonic analysis has been used before for Australian based 

studies; for example by Mahmoudi et al. (2013). Other Australian studies, such as 

Abelson et al. (2013), were similarly not able to include the school attribute at all due to 

resource constraints.  

  

                                                           
15  More recently data on individual school performance has become available via the My School website 

https://www.myschool.edu.au/ which has school performance data since 2008. Additionally, my schools 

data website has data for different school years (e.g. year 2, 5, 7 and 9) and different subject areas, and does 

not provide a summary index. Synthesising these data for each school in the study area was beyond the scope 

of this current study. 
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3.4.4 Housing Price Indices Data 

House price indices are used to measure changes in house prices. These are needed for 

testing Hypothesis 6 of this study which examines whether implicit prices for 

environmental attributes are influenced by house price trends. The ABS defines the 

house price index as a measure of price change in all established detached houses on 

their own block of land (ABS, 2014b). House price indices from the ABS were used to 

track changes in house prices for the city of Sydney. 

 

Figure 3.4 shows the Sydney housing price index for the 2003 to 2013 period and also 

identifies when prices were generally declining, flat or rising. Over the study period, 

there were numerous short and relatively long-term prices trends. For example, there 

was a steep drop in prices from the fourth quarter of 2007 to the first quarter of 2009, 

this was immediately followed by a sharp rise in house prices to the second quarter of 

2010.  
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Figure 3.4: Sydney Established Housing Price Index and housing price trends (2003 to 

2013), with index reference period: 2011-12 = 100.0 

 

 

3.4.5 Urban Stream Quality 

The value of different urban stream qualities is of primary importance in this research. 

The data on urban stream quality indicators were sourced from the NSW Greater Sydney 

Local Land Services (GS LLS). GS LLS is one of the 11 local land service divisions in the 

State of NSW responsible for engaging with the local communities, including landholders 

and Aboriginal groups, to develop strategies for natural resource management in the 

region (GS LLS, n.d.). GS LLS funds and supports work on local streams to promote 

beneficial social, environmental and economic outcomes for local residents.  

 

Past studies on stream or waterbody quality have used water clarity, chemical indicators, 

and suspended solids, as per Section 2.4.3. Many of these measures are not suitable for 

use in the current study for two main reasons. First, the indicators mentioned above are 
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difficult for individual councils or community groups to control.16 For example poor 

water clarity for a stream in one LGA or community could be a negative externality from 

up-stream communities’ or LGAs. If this is the case, it can be difficult for local residents 

or LGAs to influence a change in behaviour of up-stream communities. Such action may 

require negotiations across multiple jurisdictions as many of the urban streams traverse 

multiple communities and LGAs. Second and more importantly, as noted in the Chapter 

1, riparian revegetation and channel naturalisations are the main activities which local 

communities and councils engage in to improve their urban streams. At the same time, 

these vegetation and channel condition indicators are observable to local residents, 

unlike the chemical indicators. 

 

The stream quality indicator data provided by GS LLS was in the form of a GIS shapefile 

and a technical report on vegetation and riparian conditions (VRC) across the Cooks 

River Catchment and the Georges River Catchment. The shapefile and technical report 

were produced by ecologists at Alluvium Consulting group based on data collected in 

2007. These data were built from a dataset compiled by Earth Tech Pty Ltd, who were 

commissioned by the former Sydney Metropolitan Catchment Management Authority 

(SMCMA), now consolidated under the GS LLS. Earth Tech was tasked with the 

development of, and application of, a simple, easy-to-use method to prioritise and 

monitor progress on activities to protect and rehabilitate Sydney’s waterways and 

waterway corridors (Earth Tech, 2007). The condition assessment involved a study of 

remotely sensed spatial data which was sourced from government departments and 

further consolidated with a series of stakeholder and community consultation groups 

(Earth Tech, 2007). The stakeholder and community consultations were undertaken to 

confirm the accuracy of the VRC categories for different stream reaches in the study area. 

The riparian vegetation and channel condition assessment was developed based on 

                                                           
16 Hence it is important for higher levels of government to be involved in these types of works. 
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riparian buffer width, contiguity of vegetation, and modification status of the stream 

channel. Similar riparian vegetation and channel condition assessments are also used in 

prioritising stream health in the Hawkesbury-Nepean catchment, in the west and south-

west of Sydney. It is also important to note that the ordering of VRC levels was dominated 

by vegetation cover. For example, VRC 4 in Table 3.3 has frequent road crossing and a 

modified channel whilst VRC 3 had less frequent road crossings and unmodified channel, 

but VRC 4 segments were ranked higher because they had more vegetation cover than 

VRC 3.  

 

A Python language-based geoprocessing toolbox was created for identifying streams 

within a specified distance from a house and measuring a specified stream length from 

the closest point to the house. The toolbox is similar to that in Section 3.4.3, but with a 

different purpose and logic. The toolbox for identifying the closest stream and its 

characteristics also required relatively more parameters, as shown in Figure 3.5. 17The 

toolbox was used to select a unique house in a given suburb and LGA, determine all 

streams within a 1 km radius and to select a 750 m stream segment that is closest to each 

house. 

                                                           
17 The Python code used to in the toolbox shown in Figure 3.5 is provided in Appendices 1a and 1b. 



 
109 

 

Figure 3.5: A custom geoprocessing toolbox used to calculate distance from a house to the 

closest stream, and identifying the stream attributes from 750m stream segment 

 

Table 3.3 shows the VRC types found on streams nearby to houses that were sold 

between 2003 and 2013 and rental houses from 2005 to 2013 in the study area. The 

study area covers 260 km of stream lengths classified into VRC categories. Aerial view 

images for all VRC categories are provided in Appendix 2. 
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Table 3.3: Vegetation and riparian conditions found along the urbans stream in the study 

area 

Vegetation and riparian 
condition (VRC) 

Description  
Characteristics 

Channel Condition Vegetation Condition 

VRC 1  

Degraded condition - No 

Vegetation/ Flood 
control/ Recreation  

• Highly modified 

channel;  
 

• Little to no buffer;  
• Weeds evident;  

• Little to no canopy; and  
• The number and frequency of 

road crossings is undefined. 
 

VRC 2  
Degraded Condition - 
little/ no vegetation  

• Modified channel;  
 

Little to no buffer;  
• Weeds evident;  

• Discontinuous canopy; and  
• The number and frequency of 
road crossings is undefined. 

 

VRC 3  
Moderate Condition - 
little/no vegetation 
(cover)  

• Un-modified channel;  

 

• Buffer greater than 10m for 30% 
of length;  
• Weeds evident;  

• Discontinuous canopy; and  
• Road crossings occur at intervals 
of >500m. 

VRC 4  

Degraded Condition - 

good/ moderate 
vegetation (cover)  

• Modified channel;  
 

• Buffer greater than 10m for 30% 
of length;  

• Weeds evident;  
• Discontinuous canopy; and  
• Road crossings >100m apart. 

VRC 5  

Moderate Condition - 

good/ moderate 
vegetation (cover)  

• Un-modified channel;  
 

• Buffer greater than 20m for 70% 
of length;  

• Weeds evident;  
• Semi-continuous canopy; and  

• Road crossings no less than 500m 
apart. 

VRC 6  
Good Condition - 
moderate recovery 

potential  

• Un-modified channel;  
 

• Buffer greater than 50m for 70% 
of length;  

• Weeds evident;  
• Continuous canopy; and  
• Road crossings that are no less 

than 2km apart. 

 

To capture nearby VRC attributes, a 1 km buffer around each house in the sample was 

used. Similar buffers or cut-off distances have been used in hedonic property valuations 

for waterways (Dornbusch and Barrager, 1973; Walsh et al., 2011) and water-based 

recreation facilities (Phaneuf et al., 2008). There is also evidence that the majority of 

benefits from proximity to a riparian corridor are captured within 1 km. For example 

Colby and Wishart (2002) found that 75% of benefits accrued to houses located within 

800 m of a riparian corridor. ArcMap was used to identify all streams within a 1 km 

radius of the house. Euclidean distance was then used to find the closest point on the 
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stream, or points if there is more than one stream within the 1 km distance. The closest 

point was then adopted as a starting point to traverse up and down the stream. Stream 

condition attributes were identified over a 750 m stream section closest to the house, 

pivoting on this point i.e. 375 m upstream from this starting point, and another 375 m 

downstream.18  

 

Figure 3.6 shows how VRC attributes were attached to a house when there is one stream 

within a 1 km buffer. However, in some cases there was more than one stream segment, 

with its own specific attributes, within the 1 km buffer. Therefore, there was a need to 

find a way to account for multiple segments, each with potentially different VRC 

attributes. In the case where there was only one stream, as in Figure 3.6, but multiple 

segments within the buffer, segments with the same attributes VRC levels were grouped 

together. This was done to help identify the lengths covered by the different VRC levels 

within the 750 m stream length closet to a given house. The VRC level with the longest 

distance was then identified; this was then chosen as a proxy for the VRC characteristics 

for a given house. 

                                                           
18 The 750m distance was chosen following expert advice from experienced environmental economists and 
analysts familiar with the study area. The average number of different VRC levels for a house was 4, and 
the VRC segment lengths varied from as short as 10m and as long as 2km. By using 750 m, overall urban 
stream quality was able to be captured rather than when the closest point on the stream is used, 
particularly when the closest stream is just a short small proportion (in length) of the actual condition 
nearby a house. Future studies could go further to investigate the impact of different lengths. 
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Figure 3.6: Actual house (dark colour), pivot point on stream (light coloured house), the 

750 m segment (dashed line) on Cooks River with VRCs associated with the house 

 

Where the house was at the confluence of two streams or there was more than one 

stream within the 1 km buffer, as in Figure 3.7, a pivot point on each stream was 

generated, as shown by the light coloured houses on the streams, and 750 m stretches 

were selected from each stream, and then the group of attributes with the longest length 

was used for the VRC attributes. 

 

 

Figure 3.7: Actual house (dark colour), pivot points on both streams (light coloured 

houses), the 750 m segment (dashed line) each on Cooks River and Cup and Saucer Creek 

associated with the house 
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So far the data collected for modelling purposes has been discussed in this section. The 

next section is focused on explaining different data preparation techniques before actual 

modelling of relationships between house prices and urban stream quality. 

 

3.5 Data Preparation Prior to Modelling 
 

Prior to using the data in modelling, the data were prepared using a number of statistical 

and spatial packages and techniques. These procedures involved all types of data 

collected for use in this study; that is, real estate, neighbourhood, location, stream quality 

and house price trends data. To facilitate analysis of spatial relations all collected data 

were spatially coded using longitude and latitude coordinates or in a shapefile format. 

The GIS input data were in a projected coordinate system, based on the Geocentric 

Datum Australia (GDA1994) for Zone 56, which covers the study area (NSW-LPI, N.d.). 

 

3.5.1 Real Estate Data 

Real estate data were mapped using ArcMap to ensure that all houses were within the 

study area as described in Section 3.3. A total of 250,751 sale records for houses and 

apartments from 29 LGAs were provided by the real estate data supplier. These were 

sales events that occurred between 2003 and 2013. Some of the houses were found to 

have erroneous longitude and latitude coordinates when projected in ArcMap; this was 

corrected by matching the correct longitude and latitude coordinates with the house’s 

physical address in Google maps.  

 

Further inspection revealed some observations that were not suitable for modelling 

purposes. For example, some of the sales data were not residential, but commercial sales 

and these observations were removed from the dataset. All house sales that occurred 

further than 1 km from a stream were removed from the sample as these were not 
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located in the study area as described in Section 3.3. Apartments were also removed from 

the sample so that only detached single-dwelling houses remained in the sample. 

Additionally, house sales observations missing primary structural features - that is, 

number of bedrooms or bathrooms - were also removed from the dataset.  

 

Potential non-arm’s length transactions and outliers were removed by trimming the 

bottom and top 1% of the data based on selling price (Ham et al., 2012).  A total of 31,287 

sales records remained after dropping potential non-arm’s length transactions, potential 

outliers and those with missing primary structural features.  

 

An initial OLS regression was used to test for presence of influential observations. The 

influential observations were detected using Cook’s distance test (Cook, 1977, 2000). 

The Cook’s distance is a common test which combines leverage or unusualness and 

outlier observation in a sample to measure influence (Dıáz-Garcı́a and González-Farı́as, 

2004; Kim and Storer, 1996). It measures the aggregate change in the estimated 

regression coefficients when an observation is excluded from an estimation sample. An 

observation is considered influential when the removal of a particular observation from 

the sample yields substantial changes in the estimated regression coefficients. The 

conventional approach is to examined further or exclude such observations when they 

have Cook’s D value greater 4/n, where n=sample size (StataCorp, 2013). All 

observations which had a Cook’s D value greater than 4/sample size were removed from 

the sample leading to a sample size of 29,749 sales records. Hedonic pricing studies 

which have used this approach to remove outliers and/or influential observations 

include Chen et al. (2011) and Kiel (1995).  

 

However, of the remaining data, there was a high incidence of missing values for the age 

of the structure variable. A total of 77% of the remaining 29,749 sales records of single-
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dwelling houses had missing data on the age of the house. A spatially-based imputed age 

variable was used to avoid dropping all these observations from the sample dataset. The 

age imputation technique was based on the nature of suburb developments in urban 

areas.19 It has been noted that in urban areas, it is common for the housing stock in 

neighbourhoods or suburbs to be built around the same time (Randolph and Freestone, 

2012; Thompson, 2007). The average house age for individual ABS Statistical Area Level 

1 (SA1) areas was used to impute age for houses with a missing age value. This is a form 

of geo-imputation and it relies on location attributes to impute the missing values. SA1 

is the smallest unit for processing and release of census data in Australia and SA1s have 

an average population of 400 people (ABS, 2014a). This approach is similar to the k-

means clustering-based imputation (KMI) (Luengo et al., 2012). The average used to 

impute missing values for an observation are based on a proximity or geographic 

measure. For this study, the SA1 area was used to identify houses closest to the one with 

a missing age value. The KMI approach uses an average from a portion of the data set and 

has been found to perform better than using mean/mode from the whole dataset 

(Rahman and Islam, 2015).20 

 

All remaining selling prices were adjusted to 2013 dollars using the ABS consumer price 

index. In hedonic price models, consumer price indices are used to standardise the value 

of the currency and allow meaningful comparison of prices from multiple years by 

deflating the value of currency to a single base year (for example, Ham et al. (2012) and 

                                                           
19 While it is technically possible to check the consistency of a house’s age with its neighbours e.g. using 
Google Street View, this was not possible given the resources available for the study. 
20Other imputation techniques include casewise deletion, single imputation, multiple imputation and 

maximum likelihood (Allison, 2001; Enders, 2010). However, Enders (2010, p. 344) also acknowledges that 

“missing data analyses are difficult because there is no inherently correct methodological procedure”. The 

choice of an imputation is usually based on the type of analysis and the nature of data. There is an increase 

in the use of spatial relation based imputation for various studies e.g. environmental attributes (Poloczek et 

al., 2014; Srebotnjak et al., 2012). 
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Walsh et al. (2011)).21 Table 3.4, lists the descriptive statistics for the house and lot 

attributes used in modelling homebuyers’ implicit marginal prices. The descriptive 

statistics cover both the Cooks River and Georges River catchments. 

 

Table 3.4: House and lot attribute definitions and summary statistics (N=29,749 house 

sales) 

Variable Description Mean Std. Dev. Min Max 

Price (2013 
$Au) 

Sales price in 2013 Australian 
dollars 

633,148.90 256,735.90 202,832.50 2,408,168.00 

Age Age of house at time of sale 
(years) 

49.57 27.10 0.34 212.34 

Beds Number of bedrooms 3.36 0.85 1.00 10.00 

Baths Number of bathrooms 1.55 0.71 1.00 6.00 

Land size Area of land parcel (/100 m2) 5.38 1.93 0.43 19.98 

Elevation Metres above sea level (/100 
m) 

0.30 0.16 0.01 0.91 

 

Similar data checks and preparation as those described for house sales data were 

undertaken for the rental dataset. A total of 142,671 advertised houses and apartments 

from 29 LGAs was provided by CoreLogic RP Data. These data were cleaned by removing 

apartments, housing outside the study area and excluding non-arm’s length transactions 

and influential and outlier observations using the techniques outlined earlier for house 

sales data preparation. Similarly to the house sales data, the age variable had a high 

incidence of missing values, at 61%. The spatially-based age imputation variable was 

used to account for the age of the rental house where the age variable had a missing 

value. A slightly higher proportion of observations were found to be influential using the 

Cook’s D measure, thus 934 (5.7%) rental observations were removed from the rental 

sample compared to 1,538 (4.9%) sales observations. A sample of 15,465 rental records 

for single-dwelling houses remained and was used for modelling. Table 3.5 lists the 

descriptive statistics for the house and lot attributes used in modelling renters’ implicit 

                                                           
21 The CPI is only part of the problem in house price comparisons over time. Housing market cycles also 
have an impact and some of the impact may be picked up by using year fixed effects. Hypothesis 6 of this 
research address the issue of housing market cycles and the estimated implicit prices 
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marginal prices. The descriptive statistics cover both the Cooks River and Georges River 

catchments. 

 

Table 3.5: House and lot attribute definitions and summary statistics (N=15,465 rental 

houses) 

Variable Description Mean Std. Dev. Min Max 

Rent (2013 
$Au) 

Rental price per week in 2013 
Australian dollars 

517.11 124.66 220.00 1108.38 

Age Age of house at time of rental 
advert (years) 

56.52 27.14 0.01 151.81 

Beds Number of bedrooms 3.10 0.76 1.00 8.00 

Baths Number of bathrooms 1.35 0.57 1.00 5.00 

Land size Area of land parcel (/100 m2) 5.43 4.04 0.57 202.30 

Elevation Metres above sea level (/100 m) 0.28 0.15 0.01 0.86 

 

 

3.5.2 Neighbourhood and Location Attributes 

Neighbourhood and locational attributes were attached to specific areas or mapped 

across the study area. The neighbourhood attributes were attached to SA1 areas or 

suburbs using ArcMap. Locational features used in this study were also mapped in 

ArcMap. All locational features were then overlayed with ESRI’s basemaps to check the 

locational accuracy of the spatial code in a map. A basemap is a map depicting 

background reference information such as landforms, roads, landmarks, and political 

boundaries, onto which other thematic information is placed; its main use is for 

locational reference (ESRI, 2006). Three types of basemaps were overlayed on the spatial 

attributes maps to check for locational accuracy. The first basemap used was the world 

imagery. World imagery basemap is a reference layer providing a one metre or better 

satellite and aerial imagery (ESRI, 2014) and overlays spatial attributes such as streams, 

industrial areas, sports grounds or parks. The second and third basemaps used to check 

locational accuracy were the topographic and street basemaps. The topographic 

basemap was used to check locational accuracy for natural and built environment 

attributes such as industrial sites and bushland while the street basemap was used to 

check locational accuracy of major roads and railway lines. Where attributes appeared 
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to be misplaced, the ArcMap Editor tool was used to reposition the attributes accurately. 

Table 3.6 and Table 3.7, list the descriptive statistics for the neighbourhood and location 

attributes used in modelling homebuyers’ and renters’ implicit marginal prices, 

respectively.  

 

Table 3.6: Neighbourhood and location definitions and summary statistics (N=29,749 

house sales) 

Variable Description Mean Std. Dev. Min Max 

Neighbourhood variables 
    

Children a Population under 18 years per SA1 24.50 5.43 0.00 38.75 

Property offencesb Previous year property offences per 
1000 persons in a suburb 

34.67 21.55 4.76 164.92 

Violent offencesc Previous year violent offences per 
1000 persons in a suburb 

9.43 5.80 0.00 49.54 

Non-English 
Speaking a 

Non-English-speaking population (%) 
per SA1 

33.89 12.43 0.00 76.40 

Unemployed a Average unemployment rate (%) per 
SA1  

6.83 4.24 0.00 38.95 

Location attributes 
    

Central Business 
District 

Distance from Sydney Central 
Business District (km) 

18.95 8.88 2.40 34.18 

School Distance from a School (km) 0.48 0.25 0.02 1.96 

Streamd Distance from a stream (km) 0.51 0.27 0.00 1.00 

a Given that the SA1 level boundaries were used, some SA1 areas had small populations and/or no people 
recorded as under 18 years or non-English speaking background or unemployed the 2006 and 2011 
censuses (for example SA1 1135345 in Bankstown Council area is primarily an industrial/commercial area 
and had two residential house sales observation, a population of 3 people and none of the three people was 
under 18 years, of non-English speaking background or unemployed. 
b Property offences comprises of break and enter in dwellings, break and enter non-dwellings, motor 
vehicle theft, stealing from motor vehicle, stealing from retail store, dwelling or person, stock theft and 
other theft and fraud. 
c Violent offences comprises of homicide, assault, sexual and robbery offences. There were reported violent 
offences for 3 suburbs: Clemton Park in 2007, Kyle Bay in 2003, Pleasure Point in 2005 and 2012 and 
Voyager Point in 2003, hence a minimum of zero. 
d Sixteen properties were located on the edge of the concrete channel, hence a minimum of 0 km distance, 
the X-Y coordinates used to specify the location of properties were located anywhere within the property 
boundary 
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Table 3.7: Neighbourhood and location definitions and summary statistics (N=15,465 

rental houses) 

Variable Description Mean Std. Dev. Min Max 

Neighbourhood variables     

Children Population under 18 years 23.64 5.46 4.40 38.75 

Property 
offences 

Previous year property offence per 1000 
persons in a suburb 

33.20 19.48 0.00 146.61 

Violent offences 
Previous year violent offence per 1000 
persons in a suburb 

9.52 5.80 0.00 49.54 

Non-English 
Speaking 

Non-English-speaking population (%) per 
SA1 

33.85 12.61 4.90 76.40 

Unemployed Average unemployment rate (%) per SA1  6.84 4.28 0.00 29.90 

Locational attributes 
    

CBD Distance from Sydney CBD (km) 17.15 8.66 2.39 34.14 

School Distance from a school (km) 0.46 0.24 0.03 1.96 

Stream Distance from a stream (km) 0.51 0.26 0.00 1.00 

 

While proximity variables can be used as distance variables, it is also common for the 

location amenities and disamenities to be estimated using binary variables. The reason 

for this could be that the amenity or disamenity effect is realised only within a short 

distance from a feature and/or the effect is suspected to change with distance. For 

example, some buyers are likely to prefer to be close to a train station but not too close 

to be affected by the train noise. Thus the proximity to a railway line may be negative for 

houses that are within 100m but positive for those that are located between 100 m and 

500 m and then negative for those that are located further than the 500 m. In such cases 

the effect of a feature could be modelled by using binary variables for different distances 

from a house. For example Sander and Haight (2012) included tree cover at 100 m, 100-

250 m, 250-500 m, 500-750 m and 750-1000 m. Li, Saphores, and Gillespie (2015) also 

used different distance cut-offs for power lines (10 m), major road (250 m), and landfill 

(500 m) in their study on the impact of green spaces on house values. The distance cut-

off for binary or dummy variables vary; for example Leung et al. 2007 used a dummy 

variable to identify houses located within 500 m of a train station while Armstrong and 

Rodriguez (2006) used 0.5 miles (804 m) as a cut-off distance for proximity to a train 

station. The driver of the cut-off for binary variable seems to be the expected influence 

for a given amenity or disamenity at the specified distance. For example Ham, Champ, 
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Loomis, and Reich (2012) used a longer distance cut-off of 2 miles for a national forest 

while Netusil (2005) used 200 m for a smaller urban park. For this study, the impact of 

different features was modelled at different and varying distance. The location binary 

variables were influenced by the expected impact and incidence rate within a specified 

distance. For example there were no houses located within 100 m of a beach and less 

than 5% of the houses in the dataset was within 2.5 km, thus a variable was created to 

model the impact of houses within 2.5 km against those further away. However, for other 

variables such as major roads there were sufficient observations to model the effect at 

closer proximities and further away distances of more than 500m. In such cases, it could 

be argued that a house located within 100 m of a road will be exposed to higher traffic 

noise (Jim and Chen 2006), but not being too far away could be desirable for easy driving 

access. 

 

Table 3.8 presents descriptions and incidence rates of binary variables that were used in 

modelling both homebuyers’ and renters’ hedonic prices. For example 3.5% of the 

sample of houses sold was located within 2.5km of an ocean beach. additional binary 

variables that were used include year fixed effects, that is the year when the house was 

sold or rental advert was posted, and LGA fixed effects, that is the council area for the 

house and a score for the types of facilities found on the stream segments nearby a given 

rental house. Given that the sales data used in the analysis are from multiple years, year 

fixed effects were included to control for unobserved annual shocks or omitted variables. 

Given the widening of temporal boundaries over the years, many recent studies have 

included year fixed effects in their models (for example, Bin et al. (2009) and Kuminoff 

et al. (2010)). The motivation for including Council fixed area is discussed later in Section 

3.6. 
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Table 3.8: Binary variable definitions and frequency 

Category Description Incidence rate (%) 

  
Houses sold 

Rental 
houses 

beach2500 Number of houses within 2.5 km of an ocean beach 3.50 4.13 

bush100 Number of houses within 100 m of a bushland 3.46 2.72 

bush500 Number of houses between 100 m and 500 m from a 
bushland 

22.38 19.94 

hospit2500 Number of houses within 2.5 km of hospital 48.73 54.84 

indust500 Number of houses within 500 m of an industrial area 30.01 32.05 

mroad100 Number of houses within 100 m from a major road 5.40 5.94 

mroad500 Number of houses between 100 m and 500 m from a major 
road 

26.31 27.44 

railst100 Number of houses within 100 m from a train station 0.13 0.17 

railst500 Number of houses between 100 m and 500 m from a train 
station 

10.62 14.04 

railst1000 Number of houses within 1 km from a train station 23.99 28.50 

railway100 Number of houses within 100 m of a railway line 3.88 4.79 

railway500 Number of houses between 100 m and 500 m from a 
railway line 

20.50 25.50 

wbody500 Number of houses within 500 m of a waterbody (e.g. lake, 
bay) 

3.97 3.25 

Georges Number of houses located in the Georges River catchment 64.95 55.74 

Cooks Number of houses located in the Cooks River catchment 35.05 44.26 

Note: Other binary variables used are for public access, year of sale and council area. Frequency 

statistics for these binary variables are provided in Appendices 3 and 4. 

 

3.5.3 Urban Stream Quality 

The VRC levels were included in the regression model as indicators of urban stream 

quality. Table 3.9 shows the VRC types found on streams nearby to houses that were sold 

between 2003 and 2013 and rental houses that were advertised from 2005 to 2013 in 

the study area. As noted in Section 3.4.5, the study area covers 260 km of stream lengths 

classified into VRC categories. The most dominant VRC type for the houses sold is “No 

Vegetation/ Flood control/ Recreation” or VRC 1 and the least frequent is VRC 6. Overall, 

66.0% of the sold houses are associated with stream segments with no vegetation and 

little vegetation and 42.5% of the houses are located near channels that are not modified. 

The distribution of VRC levels for rental houses follows a similar pattern to that of house 

sales.  The most dominant VRC for rental houses is VRC 1 and the least frequent is VRC 
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6. About 70% of the rental houses are associated with stream segments that which have 

no or little vegetation and 36.2% of rentals are near unmodified streams segments. 

 

Table 3.9: Vegetation and riparian condition, and incidence rate across for sold and 

rental house sample 

Vegetation and riparian 

condition (VRC) 
Sold houses nearby 

 
Rental houses nearby 

 Number Percent  Number Percent 

VRC 1 10,512 35.3  6,487 41.9 

VRC 2 4,294 14.4  2,104 13.6 

VRC 3 4,839 16.3  2,307 14.9 

VRC 4 2,317 7.8  1,279 8.3 

VRC 5 7,051 23.7  2,870 18.6 

VRC 6 736 2.5  418 2.7 

 

An attempt to separately model the vegetation and channel conditions (e.g. buffer size 

for each VRC level as outlined in the third and fourth column of Table 3.3) was not 

successful due to very high collinearity between the individual characteristics. For 

example, the correlation coefficient, from the homebuyers’ model, between a highly 

modified channel and little to no canopy is 1, a buffer greater than 50 m for 70% of length 

and continuous canopy also have a correlation coefficient of 1. An un-modified channel 

and little to no buffer have a correlation of -0.85. Thus, the more aggregated VRC 

indicators and their interaction terms were used for modelling purposes. 

 

3.5.4 Housing Price Indices Data 

The effect of fluctuations in the housing market on VRC implicit prices was investigated 

using interaction variables between VRCs and house price trends. It is common to use 

interaction variables to investigate the relationship between different attributes and 

how such a relationship might affect the dependent variable, or house prices in this case. 

For example, Mahmoudi et al. (2013) used an interaction variable between proximity to 

main roads and a park in Adelaide, South Australia to distinguish between the price effect 

of the park and main roads. In the case of this study, the effect of fluctuating house prices 
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on the VRC coefficients was modelled by interacting each of the six VRC categories in 

Table 3.3 with the prevailing housing price trend at the time of sale for each transaction 

in the sample. There are three housing price trends that were identified, these are: 

declining (d), flat (f) and rising (r) housing prices. For example, VRC 6d identifies a house 

near VRC 6 stream characteristics that was sold when prices were declining. The 

coefficient for VRC 6r, therefore, reflects the estimated implicit marginal price for VRC 6 

when prices are rising.  

 

3.6 Data Analysis 
 

After the data preparation process was completed, the next stage was the data analysis. 

An hedonic price model was used to analyse the effects of changes in urban stream 

quality on house values. As outlined in Section 2.3, the hedonic price model is an 

established revealed preference method that has been used widely to estimate economic 

values for environmental resources. An inherent assumption of the first-stage hedonic 

model is that when consumers make a decision to buy a good (e.g. a house), then that 

good is made up of a number of attributes, and differences in the levels or presence of 

such attributes affect their utility and hence the implicit marginal prices.   

 

After data on the relevant dependent and independent variables were sourced and 

checked for errors, some tests were run to choose a specification for the hedonic model. 

Stata data analysis and statistical software was used for initial preparation, functional 

form test and OLS regressions. A Box-Cox functional form test was used to test for the 

best model specification. The test statistic for both the homebuyers and renters models 

gave greater support to the semi-log functional form and thus, a semi-log functional form 

was used in the regression equations to model the relationship between house values 

and VRCs. The application of the semi-log functional form to analyse the effect of 
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environmental resources on house values is common in the literature (for example: 

Anselin et al., 2010; Bark et al., 2011; Hamilton and Morgan, 2010; Kadish and Netusil, 

2012). In addition to the variables of interest – vegetation and riparian condition – the 

models in this study account for other structural, neighbourhood and location attributes 

as explained in previous sections of this chapter. The general OLS model specification is: 

 

      ninmimlilkikjiji VRCLGALNSAdjP 0)ln(   (3.2) 

 

Where i=1, …, N, ln(AdjPi) is a log of the ith house selling or rental price adjusted to 2013 

dollars using the CPI,  are the regression coefficients, Sji represents the jth structural 

attribute for house i, Nki is the kth neighbourhood variable, Lli is the lth location attribute 

for the ith house, LGAmi is the mth council area dummy for house i, VRCni is the nth vegetation 

and riparian condition attribute for house i and ε is the error term.  

 

Residential property values are likely to be spatially interdependent, especially among 

neighbouring properties and/or adjacent suburban areas. As noted in Chapter 2, 

according to Tobler (1970, p. 236), “everything is related to everything else, but near 

things are more related than distant things”. The spatially based relations between 

properties and/or suburbs require consideration of spatial issues when the hedonic 

pricing model is used to explain property values (Anselin et al., 2010). 

 

Diagnostic tests were undertaken to check for the appropriateness of the spatial lag and 

spatial error models. A general spatial lag model is shown in equation 3.3, where ln(AdjP) 

is the log of adjusted selling or rental price,  is the lag operator, W is an n x n weighting 

matrix, X is a vector of explanatory variables,  is a vector of estimated coefficients and  

is an n 1 vector of independent and identically distributed error terms. In a hedonic 

property value analysis, the spatially lagged dependent variable, Wln(AdjP), is included 
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under the assumption that price of a given house is influenced by prices of nearby 

houses. The spatial lag model therefore captures spatial dependence effects through a 

weighted average of a given house’s neighbouring prices. 

 

  XAdjPWAdjP ji )ln()ln(                  (3.3) 

 

Similarly to the spatial lag model, the spatial error model applies a spatially lagged 

variable but the spatially lagged variable is placed in the error term. This spatially lagged 

variable is intended to address missing variables with spatially distinguishable effects 

on property prices. Spatial error models are applied when it is suspected that there is 

some spatially clustered feature that influences the value of a dependent variable for a 

house and its neighbours but is omitted from the hedonic price function specification 

(Ward and Gleditsch, 2008). A general spatial error model is shown in equation 3.4, 

where  is the coefficient of the spatially weighted errors,  is an n 1 vector of 

independent and identically distributed error term, and all other parameters are as per 

equation 3.3 above. 

 

  XAdjPi )ln( , where   W     (3.4) 

 

Spatial fixed effects dummies for council and catchment area were used to help mitigate 

the effect of spatially clustered omitted variable bias in the model. As noted in the 

previous chapter, Kuminoff, Parmeter, and Pope (2010) used an empirical Monte Carlo 

study to investigate how omitted variable biases undermine the estimates from a 

hedonic property valuation models. They found that the use of spatial fixed effects, quasi-

experiments and repeat sales data all help to reduce omitted variable biases. Due to data 

limitations, only the spatial fixed effects approach was used in the current study to help 

absorb the confounding influence of omitted variables. Spatial fixed effects are 
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commonly addressed using locality/regional dummies, these regional dummies can 

either be suburbs (e.g. Abelson et al. 2013) or local government authority-based 

boundaries (e.g. Hyland et al. 2013), or cities (e.g. Bin et al. 2009). In this study, local 

government authority-based or council area dummies were used. The council dummies 

were used because the study area was a portion a single city and the smaller suburb level 

dummies were highly correlated with each other and the distance to CBD variable. 

Similar to Abelson et al. (2013), an additional dummy variable, catchment area, was used 

to identify and capture neighbourhood or environmental factors that might otherwise be 

ignored. 

 

Spatial model tests and spatial hedonic regression models were undertaken using 

GeoDaSpace software developed by the Centre for Geospatial Analysis and Computation. 

GeoDaSpace is a desktop graphical user interface which uses a spatial regression code in 

the PySAL spreg module, which is one of the modules contained in the PySAL library of 

Python-based spatial analysis commands (Anselin and Rey, 2014). All spatial tests and 

spatial models were estimated using GeoDaSpace. Hedonic regression studies that have 

used GeoDaSpace to account for spatial relations in their models include Mendiola et al. 

(2015), Mack (2014) and Seo et al. (2014). 

 

Ordinary least squares and generalised method of moments (GMM) regression 

estimations were used to estimate the influence of property structural data, location and 

neighbourhood data, and stream condition data on house sales and rental prices. 

Separate analyses were conducted for house sales and rentals. The general method of 

moments, suggested by Kelejian and Prucha (1999), is considered the state-of-the-art 

approach for spatial econometrics (Anselin and Rey, 2014). An alternative method of 

estimation for spatial models is the maximum likelihood approach, which has been found 

to encounter substantial computational problems if the number of cross-sectional units 
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is large (Kapoor et al., 2007; Neill et al., 2007). This proved to be the case with this study, 

for example when the maximum likelihood approach was used to estimate a spatial error 

model with four nearest neighbours, the process used nearly the maximum computer 

memory (i.e. 15.7 GB of the 15.9 GB available physical memory) and still failed to 

complete the estimation within an hour. However, when the same model was estimated 

using GMM approach, the estimation process was completed in under 3 minutes with 

less computer memory deployed for the process. 

 

Initial spatial dependence test were done using the Moran’s I test and the Lagrange 

Multiplier (LM) test using four, six and eight nearest neighbours’ spatial weights 

matrices. Spatial dependence was detected for both the homebuyers’ and renters’ 

models. However, the dependence was not identical, with the spatial error model being 

most suitable for homebuyers’ model and the spatial lag for renters. The results reported 

in the next chapter are therefore, the OLS for both homebuyers and renters, spatial error 

model for homebuyers and spatial lag for renters. More detailed results on the spatial 

tests and modelling is provided in the next chapter. 

 

A number of tests were performed to check for results robustness. The first test involved 

testing for statistical differences between the estimated OLS coefficients. Post-estimation 

Wald tests for the OLS model coefficients were undertaken to test for statistical 

differences between different VRC levels within the regression model. Additional 

robustness checks were undertaken through the use of different numbers of nearest 

neighbours as spatial weights. The reported results are those from four nearest 

neighbours. Detailed description of specific tests and results on robustness are provided 

in the next chapter.  
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A number of approaches were used in testing specific hypotheses of this study. These 

hypotheses were outlined earlier in Chapter 2. Hypothesis 1 focuses on the relationship 

between house prices and the urban stream the condition. To test Hypothesis 1, an OLS 

and spatial error model were used. The different VRC levels were checked for statistical 

significance (i.e. statistical different from zero) and then a post-estimation test was also 

undertaken to check if the individual OLS coefficients were statistically different from 

each other.  

 

The second hypothesis was on the value of increasing both vegetation and channel 

condition against the value of increasing vegetation alone. This hypotheses was tested 

by checking the relative differences in magnitude for changes that involved increases in 

vegetation and improvements in channel condition against changes that only involved 

improvements in vegetation levels. For example a change from VRC 2 to VRC 3 was 

compared to a change from VRC 2 to VRC 4. A move from VRC 2 to VRC 3 involves an 

improvement in both vegetation and channel condition while a move from VRC 2 to VRC 

4 only involves an improvement in vegetation. See Table 3.10 Column 2 for a description 

of the VRC levels. 

 

To investigate Hypothesis 3, which is about the nature of the relationship between house 

prices and the socio-ecological system, the six VRC levels were assigned to the three 

different socio-ecological system discussed in Chapter 2. The “bare and barren” state 

includes the poor and degraded conditions that have stream segments with concrete 

channels and minimal vegetation, thus VRC 1 level was assigned to this urban socio-

ecological state. This state represents a degraded ecology that generates minimal 

ecosystem services and is often used as a flood control environment in urban areas. The 

“aesthetically pleasing” state refers to streams with less degraded channels and intact or 

restored vegetation buffers, thus VRCs 2 to 4 were allocate to this urban socio-ecological 
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state. This state generates a quantity, quality and/or diversity of ecosystem services that 

leads to a mix of natural views and nature-related recreation potential. Finally, the 

“bushland living” state represents a more natural stream condition that is less impacted 

by urbanisation with extensive vegetation and unmodified channels, thus VRCs 5 and 6 

were assigned to the “bushland living” urban socio-ecological state. The “bushland 

living” state provides a ‘wilderness’ experience for residents, involving additional 

ecosystem services, and is associated with higher privacy, and higher biodiversity. Table 

3.10 provides a summary of classifications of the VRCs into the different states of the 

socio-ecological system.  

 

Table 3.10: Classification of VRC levels into socio-ecological states 

Vegetation and 
riparian 
condition (VRC) 

                                             Characteristics Socio-ecological state 
classification 

Channel Condition Vegetation Condition 

VRC 1  

Highly modified channel;  

 

• Little to no buffer;  
• Weeds evident;  
• Little to no canopy; and  
• The number and frequency of road 
crossings is undefined. 

Bare and barren  

 

VRC 2  

Modified channel;  

 

• Little to no buffer;  
• Weeds evident;  
• Discontinuous canopy; and  
• The number and frequency of road 
crossings is undefined. 

Aesthetically pleasing  

VRC 3  

Un-modified channel;  

 

• Buffer greater than 10m for 30% of length;  
• Weeds evident;  
• Discontinuous canopy; and  
• Road crossings occur at intervals of 
>500m. 

Aesthetically pleasing  

VRC 4  

Modified channel;  

 

• Buffer greater than 10m for 30% of length;  
• Weeds evident;  
• Discontinuous canopy; and  
• Road crossings >100m apart. 

Aesthetically pleasing  

VRC 5  
Un-modified channel;  
 

• Buffer greater than 20m for 70% of length;  
• Weeds evident;  
• Semi-continuous canopy; and  
• Road crossings no less than 500m apart. 

Aesthetically pleasing  

VRC 6  
Un-modified channel;  
 

• Buffer greater than 50m for 70% of length;  
• Weeds evident;  
• Continuous canopy; and  

Bushland living  
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• Road crossings that are no less than 2km 
apart. 

 

A similar approach to that applied in testing Hypothesis 1 was applied to investigate 

renters’ implicit marginal prices for improvements in urban stream quality (i.e. 

Hypothesis 4). Thus, the statistical significance of the VRC coefficients from an OLS and 

spatial model were used to check for significant renters’ implicit marginal prices for 

different VRC levels. 

 

A comparison of the homebuyers’ and renters’ implicit marginal prices, as per 

Hypothesis 5, was undertaken by comparing the differences in estimated implicit 

marginal prices proportions for different VRC levels by the two groups at the same 

geographical and temporal boundaries. The magnitude of the VRC coefficients and the 

95% coefficient intervals for the VRC variables between homebuyers and renters were 

compared.  

 

Additionally, as a way to compare the proportional contribution of VRCs to the selling 

and the rental price, the sales and rental data were pooled together and a dummy 

variable “d” was created with renters as the reference group. Thus d=0 if an observation 

is from renters’ sample and d=1 if an observation was from the homebuyers sample. 

Interaction variables were created between the independent variables and the dummy 

variable. A pooled and unconstrained regression model was then applied using all 

independent variables, the dummy variable and the interaction variables. The 

unconstrained model allows intercepts and all slopes to vary across the two groups 

based on a qualitative factor (Hill et al., 2008).  The OLS pooled regression model 

specification used to compare the proportional contribution of VRCs to the selling or 

rental price is: 
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ln(𝐴𝑑𝑗𝑃𝑖) = 𝛽0 + ∑ 𝛽𝑗𝑆𝑗𝑖 + ∑ 𝛽𝑘𝑁𝑘𝑖 + ∑ 𝛽𝑙 𝐿𝑙𝑖 + ∑ 𝛽𝑚𝐿𝐺𝐴𝑚𝑖 + ∑ 𝛽𝑛𝑉𝑅𝐶𝑛𝑖 + 𝑑 +

                         ∑ 𝛽𝑗 𝑑𝑆𝑗𝑖 + ∑ 𝛽𝑘𝑑𝑁𝑘𝑖 + ∑ 𝛽𝑙𝑑𝐿𝑙𝑖 + ∑ 𝛽𝑚𝑑𝐿𝐺𝐴𝑚𝑖 + ∑ 𝛽𝑛𝑑𝑉𝑅𝐶𝑛𝑖 + 휀      (3.3) 

 

Where i=1, …, N, ln(AdjPi) is a log of the ith house selling or rental price adjusted to 2013 

dollars using the CPI,  are the regression coefficients, Sji represents the jth structural 

attribute for house i, Nki is the kth neighbourhood variable, Lli is the lth location attribute 

for the ith house, LGAmi is the mth council area dummy for house i, VRCni is the nth vegetation 

and riparian condition attribute for house i, d is a dummy variable to distinguish sales 

from rental observations and ε is the error term.  

 

Interaction variables between VRCs and prevailing market trends at the time of sale were 

used to investigate the effect of house price trends on estimated implicit marginal prices 

for urban stream quality. House price trends were identified using ABS’s Sydney house 

price indices as discussed in Sections 3.4.4 and 3.5.4. Comparisons between the same 

VRC levels when prices are trending up against when they are trending down were used 

to investigate the effect of house price trends on the estimate implicit prices. 

 

The OLS specification for the model used to investigate the effect of house price trends 

on the estimated marginal implicit prices is: 

 

ln(𝐴𝑑𝑗𝑃𝑖) = 𝛽0 + ∑ 𝛽𝑗𝑆𝑗𝑖 + ∑ 𝛽𝑘𝑁𝑘𝑖 + ∑ 𝛽𝑙 𝐿𝑙𝑖 + ∑ 𝛽𝑚𝐿𝐺𝐴𝑚𝑖 + ∑ 𝛽𝑛𝑉𝑅𝐶𝑛𝑖𝑠 + 휀          (3.4) 

 

Where VRCnis is the nth VRC attribute for house i, when the market price for house price 

trend s, and s denotes a declining, flat or rising housing price trend.  All other variables 

are as per equation 3.3. 
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3.7 Summary 
 

The purpose of this chapter was to discuss the research paradigm for this study, and to 

explain the data collection, preparation and data analysis methods. A post-positivist 

philosophical world view was followed in this research. Thus the study follows a 

scientific method of research by using empirical data to investigate the effects of changes 

in urban stream quality on house values. 

 

The Cooks River and Georges River catchments in southern Sydney were used as the 

study area. The study area comprised 11 LGAs located in the two catchments. Streams in 

the study area ranged in quality from “no vegetation to good vegetation” and channel 

condition ranged from “un-modified to highly modified”. The overall study area was 629 

km2 and consisted of high density areas closer to the central business district and low 

density areas further away from the central business district. 

 

The required data were grouped into four categories: real estate, neighbourhood and 

locational, housing price indices, and urban stream quality data. Archival databases from 

different sources were used to collect the required data. These sources ranged from state 

and local government departments to private data vendors. Considerable challenges 

were encountered during the data collection process, including unwillingness to share 

data with non-employees by some government departments, as well as unavailability or 

missing values for some of the requested attributes. Where possible, proxy attributes 

were used; for example due to lack of flood risk data, house elevation data were sourced 

for use in the modelling process.  Assumptions on the use of proxies or imputations for 

missing values were justified by theoretical evidence, logic and/or previous use in the 

literature. 

 



 
133 

Three main software packages were used in the study. ArcMap, an application located 

within ArcGIS for Desktop was used for mapping and geo-processing spatial data used in 

the modelling process. Stata 13.1 data analysis and statistical software, was used for 

modelling, preparation and testing of model robustness. The third main software used 

was, GeoDaSpace which is a desktop graphical user interface which uses a spatial 

regression code in the PySAL spreg module.  

 

The measurement and logic used to attach urban stream quality on nearby houses was 

also explained. Particular emphasis was given to how houses with multiple streams or 

different VRCs were associated with the stream attributes for analysis purposes. Some 

descriptive statistics on the variables used in modelling were also provided. 

 

Lastly, a description of the hedonic regression model used in this study was given. The 

study used a semi-log hedonic price model. Spatially interdependent relationships were 

checked and accounted for. Also, spatially and temporally clustered unobserved effects 

were controlled for by using fixed effects dummies for LGAs, catchments and yearly 

binary variables. This approach was used to mitigate the effects of omitted variables bias. 

 

In the next chapter, results based on the methodology presented in this chapter are 

reported. 
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Chapter 4 Results 
 

4.1 Introduction  
 

In Chapter 2, six hypotheses about the effect of improvements in urban stream quality 

on house values were outlined. The methodology used to test the hypotheses was 

discussed in Chapter 3. This chapter is organised in terms of the six hypotheses. Results 

are presented on implicit marginal prices for urban stream qualities (Section 4.2); 

comparisons between renters’ and homebuyers’ implicit marginal price proportions 

(Section 4.3); and the effect of house price trends on the estimated implicit prices 

(Section 4.4). Lastly, concluding remarks for this chapter are presented in Section 4.5. 

 

4.2 Effect of Urban Stream Quality on House Values 
 

The first question of the study concerned how changes in urban stream quality affect 

values of nearby houses. The results presented in this section are based on the 

preferences of homebuyers only, and the dependent variable used is the natural log of 

the actual selling price adjusted to 2013 Australian dollars.  

 

Some tests were undertaken prior to and after the estimation process. A Box-Cox 

functional form test was applied to check for the best model specification. The Box-Cox 

results (LHS only) rejected all three functional forms of linear or no transformation, 

semi-log and reciprocal transformation. The test statistic was, however, smallest for 

semi-log transformation and the estimate of theta, θ = -0.21, gave greater support for a 

log-linear model (Cameron and Trivedi, 2010). Thus a semi-log functional form was used. 

After deciding on the functional form, OLS with robust standard errors and GMM 

estimations were used to estimate the influence of property structure, location and 
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neighbourhood, and stream condition. The GMM, suggested by Kelejian and Prucha 

(1999), is considered the state-of-the-art approach for spatial econometrics (Anselin and 

Rey, 2014). An alternative method of estimation for spatial models is the maximum 

likelihood approach, which has been found to encounter substantial computational 

problems if the number of cross-sectional units is large (Kapoor et al., 2007).   

 

The variables used for modelling the effect of urban stream quality were also tested for 

serious multicollinearity.  A common approach for testing for multicollinearity is the 

Variance Inflation Factor (VIF) (O’Brien, 2007). The rule of thumb is that a VIF value 

greater than 10 is not desirable (Anselin & Rey, 2014). The average VIF value was 3.3 for 

all variables used in the homebuyers’ model. The variable for distance to the CBD had a 

very high VIF value of 32.86 and an assessment of the correlation matrix showed that 

this variable was highly correlated to at least one of the 11 LGA variables (Marrickville) 

and the binary variable identifying one of the river catchments.22 As per Wetherill 

(1986), converting the distance to the CBD to its inverse or third power seemed to solve 

the multicollinearity issue. However, there was no theoretical reason for including the 

proximity to the CBD as an inverse variable. One option would have been to delete 

distance to the CBD variable (Allen, 1997). However, omission of distance to the CBD 

from the model, is more likely to lead to biased results as this is a relevant variable which 

does affect house values and there is no theoretical basis for its removal. Given that the 

distance to the CBD variable is not a variable of interest but rather an important control 

variable with a significant coefficient, this variable was kept in the model. This option 

has been used in similar regression analysis scenarios where the variable is a control 

variable with a significant impact, for example in Cheung & Hart (2014). 

 

                                                           
22 See Appendix A6 for VIF values 
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Spatial dependence diagnostic tests were calculated using GeoDa Centre’s GeoDaSpace 

spatial econometrics package. The LM test results, using four, six and eight nearest 

neighbours’ spatial weights matrices showed that both the spatial lag (LMlag) and spatial 

error (LMerr) were significant. The robust test statistics for spatial lag and spatial error 

were also significant; this can happen with large sample sizes (Anselin and Rey, 2014). 

However, the LMerr and robust LMerr test statistics were higher than the LMlag and robust 

LMlag, respectively, thus suggesting that spatial error dependence is more prominent in 

the dataset (Anselin and Rey, 2014; Boxall, Chan, and McMillan, 2005). A test of 

heteroscedasticity was undertaken using the Breusch-Pagan test (Breusch & Pagan, 

1979) and the Koenker-Bassett test (Koenker & Bassett, 1982). Both tests indicated the 

presence of heteroscedasticity. A spatial error model was estimated with both spatial 

heteroscedasticity and autocorrelation errors (KP-HET) as per Kelejian and Prucha 

(2010). Results from both the OLS and spatial error models are therefore presented. The 

presentation of results focuses on vegetation and riparian condition, and neighbourhood 

variables. Results for other variables used in modelling are given in Appendix 5 Table 

A5.1. The OLS model and subsequent spatial error model had the same structural, 

neighbourhood and location attributes. Council area and year fixed effects variables 

were included in all models. 

 

As indicated by the VRC coefficients in Table 4.1, homebuyers in the Cooks River and 

Georges River catchments have preferences for improvements in urban stream quality. 

For example, the VRC 2 coefficient for the spatial error model is 0.0469. This shows that 

homebuyers have an estimated implicit marginal price that is 4.80% higher for a house 

nearby a stream with VRC 2 characteristics, compared to a house near a stream with VRC 

1 characteristics.23 As compared to VRC 1 characteristics, the relative or percentage 

effect of the VRC levels, which are dummy variables, were calculated using the formula 

                                                           
23 VRC 1 is the excluded VRC category from all OLS and spatial models 
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(𝑒𝛽 − 1) ∗ 100, as per Halvorsen and Palmquist (1980). The estimated implicit marginal 

price was $27,532 at the median price of $573,378 for VRC 2 compared to VRC 1. The 

implicit marginal price was calculated as (𝑒𝛽 − 1) ∗ 𝑚𝑒𝑑𝑖𝑎𝑛 𝑝𝑟𝑖𝑐𝑒 (Halvorsen and 

Palmquist, 1980; Ham et al., 2012).  

 

Table 4.1: Homebuyers’ ordinary least squares and spatial error models results 

(N=29,749) 

Variable 

OLS Model a  Spatial error model (k=4) b 

Coefficient 

Robust 
Std 
errors  Coefficient 

KP HET 
Std 
errors 

Marginal 
impact 
(%) 

Number of bedrooms 0.0785*** 0.0015  0.0730*** 0.0014 7.30 

Number of bathrooms 0.1062*** 0.0018  0.0939*** 0.0016 9.39 

Land size (100m2) 0.0393*** 0.0006  0.0409*** 0.0007 4.09 

Age of the house -0.0015*** 0.0001  -0.0016*** 0.0001 -0.16 

Elevation per 100m 0.1009*** 0.0093  0.1254*** 0.0142 12.54 

Property offences per 1,000 people 0.0009*** 0.0001  0.0004*** 0.0001 0.04 

Violent offences per 1,000 people -0.0103*** 0.0003  -0.0079*** 0.0003 -0.79 

Number of children -0.0018*** 0.0002  -0.0016*** 0.0004 -0.16 

Non-English speaking background 0.0001 0.0001  0.0003* 0.0002 0.03 

Unemployment -0.0085*** 0.0003  -0.0084*** 0.0004 -0.84 

Distance to CBD (km) -0.0154*** 0.0006  -0.0165*** 0.0009 -1.65 

Distance to a school (km) 0.0337*** 0.004  0.0415*** 0.0062 4.15 

Distance to a stream (km) -0.0148*** 0.004  -0.0147** 0.0062 -1.47 

VRC 2 0.0507*** 0.004  0.0469*** 0.0061 4.80 

VRC 3 0.0577*** 0.004  0.0568*** 0.0062 5.84 

VRC 4 0.0137*** 0.0041  0.0112* 0.0061 1.13 

VRC 5 0.0677*** 0.0036  0.0654*** 0.0056 6.76 

VRC 6 0.0866*** 0.0063  0.0890*** 0.0097 9.31 

Lambda ()    0.4403*** 0.0056  

Adjusted R2 0.8182     

Pseudo R2    0.8170   
* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 
 Spatial error parameter 
a With robust standard errors 
b k= nearest neighbours, for results using 6 and 8 neighbours see Appendix 5 Table A5.2 
Adjusted R2 was estimated using the following STATA command display "adjusted R2 = " e(r2_a) 

 

 

The regression results in Table 4.1 indicate that more bedrooms, more bathrooms, larger 

land parcels, and newer houses contribute positively to the selling price of a house, as 

expected. Reported neighbourhood crime has a significant effect on house prices. Houses 

located in suburbs with higher violent crime rates are generally lower priced than those 
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in suburbs with lower violent crime rates. However, the results show that house prices 

are higher in neighbourhoods with higher property offences.24 House prices are lower in 

areas with higher numbers of children and those areas with a higher unemployment rate. 

Houses closer to the Sydney CBD and those closer to streams command a price premium. 

 

The OLS estimates as presented in Table 4.1 are robust to the spatial treatment as shown 

by the similar VRC coefficients, statistical significances and explanatory power between 

the OLS and spatial error model results. Post-estimation Wald tests results for the OLS 

model coefficients showed that the VRC coefficients were statistically different from each 

other. STATA test command was used to test whether the coefficients of the different VRC 

levels were statistically different from each other. This command applies what is 

commonly known as the Wald Test. This test command performs a Wald test of simple 

and composite linear hypotheses about the parameters of a model (StataCorp, 2013).25 

For example a test that a VRC 2 coefficient is statistically different the VRC 3 coefficient 

is undertaken using the constraint VRC 2 – VRC 3 = 0 after an estimation command. The 

Wald test results are given in Table 4.2. All coefficient equality hypotheses are rejected 

at the 0.01 significance level, except for VRC 2=VRC 3 which is rejected at the 0.10 

significance level. 

 

                                                           
24 This counterintuitive results are similar to those by Li and Saphores (2012) and Lynch and Rasmussen 
(2001). A possible explanation is that people living in more wealthy areas are likely to report more petty 
crimes than those in poorer areas (Lynch and Rasmussen, 2001). Another explanation could be that 
criminals are more likely to steal in wealthier neighbourhoods where there is likely to be higher valued 
items. 
25 For more information on the Wald test see StataCorp (2013) 
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Table 4.2: Post-estimation equality tests for VRC coefficients 

Test  Prob>F  Outcome 

VRC 2 = VRC 3  0.060  Reject at 10% 

VRC 2 = VRC 4  0.000  Reject at 1% 

VRC 2 = VRC 5  0.000  Reject at 1% 

VRC 2 = VRC 6  0.000  Reject at 1% 

VRC 3 = VRC 4  0.000  Reject at 1% 

VRC 3 = VRC 5  0.002  Reject at 1% 

VRC 3 = VRC 6  0.000  Reject at 1% 

VRC 4 = VRC 5  0.000  Reject at 1% 

VRC 4 = VRC 6  0.000  Reject at 1% 

VRC 5 = VRC 6  0.001  Reject at 1% 

 

The VRC levels, which are a measure of urban stream quality, were developed from a 

combination of riparian vegetation and channel status.  
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Figure 4.1 illustrates the changes in implicit marginal prices for different VRC levels 

while also identifying for each VRC level the vegetation and channel conditions. For 

example, there is a 4.89% gain in house price for a house located near a modified channel 

with little/no vegetation or buffer when compared to one with a highly modified channel 

and no vegetation, and little or no canopy or buffer (VRC 1 to VRC 2). Whereas, if a house 

is near a modified channel with little or no vegetation and little or no buffer (VRC 2), 
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there is a 0.94% gain in improving the channel and adding at least 10 m buffer for 30% 

of the length (VRC 2 to VRC 3). However, if the channel and buffer remain modified but 

there is good or moderate vegetation cover but the vegetation is degraded (VRC 2 to 

VRC4) there is a -3.69% decline in house prices
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Figure 4.1: Effect of riparian vegetation and channel condition on implicit marginal prices (based on SEM model results) 

VRCi refers to the vegetation and riparian condition ranking of a stream segment nearby a given house based on riparian vegetation, canopy and buffer, and channel 
condition. 

Channel condition refers to the physical modification status of the actual stream, e.g. highly modified stream is one that has its banks straightened and concrete lined, a 
modified stream is one that is rock-lined and still meandering, and an unmodified stream is one in a more natural state. 

The percentage values shows the implicit changes as a percentage of house price (spatial error model) across different VRC levels. 

As shown in Table 4.2, the values for the different VRC conditions are statistically different. 
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The first three hypotheses for this study are associated with using ecological indices and/or socio-

ecological system states in a hedonic price model to estimate the value of improvements in urban 

streams. 

 

The accompanying hypotheses and their outcomes are as follows. 

H1: There is a positive and statistically significant relationship between houses prices and 

improvements in urban stream quality as measured by vegetation and riparian conditions. 

 

As per the post-positivist paradigm, the positive and statistically significant VRC coefficients in 

Table 4.1, can be interpreted as providing evidence for not rejecting the first hypothesis. This 

suggests that as urban stream quality improves the prices of nearby houses increase.  

 

H2: The value of increasing both vegetation and channel condition exceed the value of 

increasing vegetation condition alone. 

 

Hypothesis 2 was concerned with whether the value of increasing both vegetation and channel 

condition will exceed the value of increasing vegetation condition alone. A move from VRC 2 to 

VRC 3 sees both vegetation and channel condition improve, and there is a 1.04% premium for the 

change. However when the change is from VRC 2 to VRC 4, where only vegetation improves, there 

is a decrease in house prices of 3.68%. Similarly, a move from VRC 4 to VRC 5 sees both vegetation 

and channel improve and there is a 5.63% premium for the move. However, when the move is 

from VRC 3 to VRC 5 only vegetation improves and there is a smaller premium of 0.91%. So these 

results show that higher gains can be achieved when both vegetation and channel conditions are 

improved, and the evidence supports not rejecting this second hypothesis. 
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H3: The relationship between house prices, and vegetation and riparian condition follows a step-like 

pattern with large benefits associated with moving from the “bare and barren” state to the 

“aesthetically pleasing” followed by modest benefits for improvements within the “aesthetically 

pleasing” state and then a further high gain for changes from the “aesthetically pleasing” state to 

the “bushland living” state. 

 

The evidence is supportive of not rejecting hypothesis 3. The results reflect the “bare and barren”, 

“aesthetical pleasing” and “bushland living” states of a socio-ecological system that were 

characterised in Chapter 2. The relationship between house prices and improvements in VRC 

level is found to display a step-like pattern with large benefits from avoiding the “bare and 

barren” states (VRC 1 to VRC 2), followed by moderate benefits for changes between conditions 

relating to “aesthetically pleasing” states (VRC 2 to VRC 5) and then a further large gain moving 

to the higher VRCs or “bushland living” states (VRC5 to VRC 6). However, there is no gain in 

moving from VRC 3 to VRC 4 where there is more vegetation, but degraded channels. There is a 

relatively small premium for a house nearby a stream with VRC 4 characteristics as compared to 

VRC 1 characteristics. 

 

4.3 Renters’ Versus Homebuyers’ Preference for Urban Stream Quality 
 

The third and fourth hypotheses of the study were on whether renters had a positive preference 

for improvements in urban stream quality and how their implicit marginal price proportions 

compared with those of homebuyers. The results presented in this section are based on the 

preferences of both renters and homebuyers. Thus, the natural log of rental and selling prices are 

used as the dependent variables for the renters’ and homebuyers’ models, respectively.   
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Similarly to the homebuyers’ model in Section 4.2, the Box-Cox functional form test for the 

renters' model favoured the semi-log functional form. The estimated test statistic with the rental 

price as the dependent variable, θ = -0.09, also gave greater support for a semi-log model.  

 

Spatial dependence diagnostic tests were calculated using the GeoDaSpace spatial econometrics 

package. The LM test results, using four, six and eight nearest neighbours’ spatial weights 

matrices, showed that both the spatial lag (LMlag) and spatial error (LMerr) were significant. 

However, the LMlag and robust LMlag test statistics were higher than the LMerr and robust LMerr, 

respectively, thus suggesting that spatial lag dependency is more prominent in the dataset 

(Anselin and Rey, 2014; Boxall et al., 2005). Similar to the homebuyers’ model, the Breusch-Pagan 

test (Breusch & Pagan, 1979) and the Koenker-Bassett test (Koenker & Bassett, 1982), indicated 

the presence of heteroscedasticity. Thus, a spatial lag model with spatial heteroscedasticity and 

autocorrelation errors was estimated as per Kelejian and Prucha (2010). An Anselin-Kelejian 

(AK) test (Anselin & Kelejian, 1997) was undertaken for the spatial lag model. The AK test is used 

to assess whether the residuals from the spatial lag or spatial two stage least squares model 

exhibit spatial patterns. The result of the AK test returned a value of 15.976 and p<0.0001, thus 

suggesting the presence of residual spatial autocorrelation in the model. Thus a combined 

generalised spatial two-stage least squares (GS2SLS) model with both spatial heteroscedasticity 

and autocorrelation errors was estimated. 

 

The OLS and spatial lag models regression results are presented in Table 4.3. The spatial model 

results in Table 4.3 are based on a model with four nearest neighbours.26 Renters in southern 

Sydney were found to place a 0.91% premium for a house nearby a stream with VRC 2 

characteristics or the equivalent of AU$4.56 at the median house rental price of AU$499 per week, 

when compared to a house nearby a stream with VRC 1 characteristics.  

  

                                                           
26 Results for six and eight nearest neighbours are presented in Appendix 5.1 
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Table 4.3: Regression results from the ordinary least squares and the GS2SLS (with 

heteroskedastic and autocorrelation consistent standard errors) for renters’ implicit marginal 

effects from urban stream quality (N=15,465) 

 

Where: * Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level  

 

Results in Table 4.3 indicate that more bedrooms, more bathrooms, and newer houses contribute 

positively to the rental price of a house, as expected. Similarly to the homebuyers’ model, results 

in Section 4.2, reported neighbourhood property offences has a significant and positive effect on 

house rental prices, while a higher rate of violent crimes lowers house rental prices. House rental 

prices are lower in areas with higher numbers of children and those areas with a higher 

unemployment rate. Houses closer to the Sydney CBD and those closer to streams command a 

rental price premium. 

 

To compare the implicit marginal prices for urban stream quality between renters and 

homebuyers, a homebuyers’ model similar to that of renters was used. The homebuyer model 

 Ordinary least squares 
model 

 
Spatial lag model k=4 Marginal 

Impact 
(%) Variable Coefficient 

Robust  Std 
errors 

 
Coefficient 

KP Het 
Std errors 

Number of bedrooms 0.1177*** 0.0016  0.1172*** 0.0016 11.72 

Number of bathrooms 0.0889*** 0.0020  0.0876*** 0.0020 8.76 

Land size (100m2) -0.0006*** 0.0001  -0.0006*** 0.0001 -0.06 

Age of the house -0.0006*** 0.0001  -0.0006*** 0.0001 -0.06 

Elevation per 100m 0.0714*** 0.0096  0.0649*** 0.0102 6.49 

Property offences per 1,000 people 0.0007*** 0.0001  0.0006*** 0.0001 0.06 

Violent offences per 1,000 people -0.0051*** 0.0003  -0.0044*** 0.0003 -0.44 

Number of children -0.0613** 0.0247  -0.0584** 0.0256 -5.84 

Non-English speaking background -0.0011*** 0.0001  -0.0010*** 0.0001 -0.10 

Unemployment -0.0033*** 0.0003  -0.0029*** 0.0003 -0.29 

Distance to CBD (km) -0.0089*** 0.0006  -0.0084*** 0.0006 -0.84 

Distance to a school (km) 0.0089** 0.0043  0.0081* 0.0045 0.81 

Distance to a stream (km) -0.0150*** 0.0041  -0.0143*** 0.0043 -1.43 

VRC 2 0.0100** 0.0041  0.0091** 0.0043 0.91 

VRC 3 0.0276*** 0.0042  0.0245*** 0.0045 2.48 

VRC 4 0.0033 0.0042  0.0028 0.0044  

VRC 5 0.0247*** 0.0038  0.0215*** 0.0040 2.17 

VRC 6 0.0411*** 0.0064  0.0362*** 0.0067 3.69 

W_logadjrent    0.0803*** 0.0118  

lambda(λ)    0.0638*** 0.0164  

Adjusted R2 0.7451    
 

Pseudo R2    0.7493  

spatial pseudo R2    0.7468  
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used to compare renters and homebuyers is the same as that in Section 4.2, but with house sales 

from 2005 to 2013. This ensured that the temporal boundary of the homebuyers’ model is similar 

to that of the renters’ model. Identical statistical tests were undertaken for both renters’ and 

homebuyers’ models.  

 

The homebuyers’ data were from the same study area as that of the renters. The homebuyers’ 

model had a sample size of 27,657 observations while the renters’ model had 15,465 

observations. Both the homebuyers’ and renters’ models had high explanatory power at 82% and 

72%, respectively. Similarly to findings to Linneman and Voith (1991), renters were found to 

display different psychographic characteristics from those of owners. Renters displayed lower 

implicit marginal prices for larger land parcels and they had an aversion for areas with a higher 

percentage of residents of non-English speaking background.27 In contrast, buyers preferred 

larger land parcels which are away from main roads, and they were indifferent about the 

proportion of people from non-English speaking backgrounds. A few of the neighbourhood and 

locational attributes indicated no preference differences between renters and buyers, these 

include catchment (Cooks River or Georges River) and proximity to a stream. 

 

Regression results showing the effect of urban stream quality variables on house selling prices 

are presented in Table 4.4. A comparison of implicit marginal prices from the estimated spatial 

models between renters and homebuyers is given in Table 4.6. Homebuyers have higher implicit 

marginal prices for the majority of changes in urban stream quality, apart from the change from 

VRC 2 to VRC 3. The renters’ implicit marginal price for VRC 3 compared to VRC 1 is much lower 

than that of homebuyers. In Table 4.5, the OLS 95% confidence interval results from the 

regression model (all coefficients are relative to VRC 1) indicate that none of the equivalent VRC 

                                                           
27 It is also likely that people of non-English speaking backgrounds tend to be new arrivals in Australia with lower 
economic resources and would seek out low rent areas. 
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categories for renters and homebuyers overlapped, the renters’ model VRC coefficients were 

always lower than those for homebuyers.  

 

Table 4.4: Regression results from the ordinary least squares and spatial error models for 

homebuyers (N=27,657) 

  
Ordinary least squares 

model 
  Spatial error (HET) 

Marginal 
impact (%) 

variable Coefficient 
Robust 
Std errors   Coefficient 

KP HET 
Std err   

VRC 2 0.0519*** 0.0042  0.0484*** 0.0063 4.96 
VRC 3 0.0577*** 0.0041  0.0576*** 0.0064 5.93 
VRC 4 0.0139*** 0.0043  0.0119** 0.0063 1.20 
VRC 5 0.0698*** 0.0038  0.0670*** 0.0058 6.93 
VRC 6 0.0906*** 0.0065  0.0928*** 0.0101 9.72 

R2 0.8186       

Pseudo R2     0.8175   

 

 

Table 4.5: 95% Confidence intervals from homebuyers’ and renters’ models* 

Variable Homebuyers  Renters 

VRC 2 0.0519 [0.0437, 0.0600] 
 

0.0100 [0.0019, 0.0180] 

VRC 3 0.0577 [0.0496, 0.0658] 
 

0.0276 [0.0193, 0.0359] 

VRC 4 0.0139 [0.0055, 0.0223] 
 

0.0033 [-0.0050, 0.0116] 

VRC 5 0.0698 [0.0624, 0.0772] 
 

0.0248 [0.0173, 0.0322] 

VRC 6 0.0906 [0.0779, 0.1032] 
 

0.0411 [0.0286, 0.0536] 

* mean (lower CI, upper CI) 

Another difference between renters and homebuyers worthy of comment is that unlike renters, 

homebuyers had a positive and significant premium for VRC 4 when compared with VRC 1. 

However, consistent with the previous results for homebuyers, the premium for VRC 4 was lower 

than that of VRC 2 and VRC 3.  
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Table 4.6: A comparison of the estimated implicit marginal prices for improvements in vegetation 

and riparian condition between renters and homebuyers 

 Renters vs. Owners 

Improvement  Renters’ implicit 
marginal price (%) 

Homebuyers’ implicit 
marginal price (%) 

VRC 1 → VRC 2 0.91 4.96 

VRC 2 → VRC 3 1.57 0.97 

VRC 2 → VRC 4 -0.91 -4.96 

VRC 3 → VRC 4 -2.20 -4.73 

VRC 3 → VRC 5 -0.31 1.00 

VRC 4 → VRC 5 1.89 5.73 

VRC 5 → VRC 6 1.51 2.79 

 

Hypotheses four and five of this research are concerned with renters’ implicit marginal prices for 

improvements in urban waterways and how these compare to those from homebuyers. The 

hypotheses and their outcomes are given below: 

H4: Renters have a positive and statistically significant preference for urban stream quality. 

 

The results from this study indicate that renters have positive and significant implicit marginal 

prices for certain improvements in urban stream quality. A positive implicit marginal price was 

found for improvements between VRC 1 and VRC 3, and between VRC 5 and VRC 6.  However, in 

this study renters were not willing to pay for increased riparian vegetation where the stream 

channel is modified and degraded (VRC 4). In addition, and unlike homebuyers, renters did not 

have a positive premium for improvements from VRC 3 to VRC 5. A post-estimation Wald test 

using the test command in STATA showed that VRC 3 and VRC 5 coefficients are not statistically 

different. Thus there is partial support for hypothesis four. 

 

H5: Renters’ implicit marginal price for improvements in urban stream quality is lower than 

that of homebuyers. 
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Consistent with expectations, results from both the OLS and spatial models indicate that 

homebuyers had a higher premium for urban stream quality levels. For the largest possible 

change in stream quality modelled using the spatial lag model, a change from VRC 1 to VRC 6 

characteristics, renters were found to have a premium of 3.69% of the median rental price. 

However, homebuyers had a higher premium at 9.72% for a median house purchase price nearby 

VRC 6 when compared to nearby VRC 1.  

 

Additionally, renters had a smaller implicit marginal price as a proportion of their house rental 

costs for small improvements from VRC 1. Figure 4.2 illustrates the magnitudes of VRC levels 

contribution to rental and selling prices. For example, the renters’ implicit marginal price was 

0.91% of their rental cost for improvements from VRC 1 to VRC 2, while homebuyers’ was higher 

at 4.96% of the house cost for the same change.  The only contrary evidence is for changes for 

VRC 2 to VRC 3, where the proportional implicit marginal effect for renters exceeds that of 

homebuyers.  However, as already noted, the implicit marginal price of homebuyers for a change 

from VRC 1 to VRC 3 substantially exceeds that of renters for the same change. 

 

 

Figure 4.2: Comparison of renters’ and homebuyers’ preferences for VRC levels (VRC 1 is the base 

VRC level) 
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A comparison of the hedonic implicit price from homebuyers and renters is complicated because 

two separate regression models were estimated for homebuyers and renters. As a way to 

compare the proportional contribution of VRCs to the selling and the rental price, the differences 

in the percentage were used. The dependent variable was a log of the rental and selling price, as 

the model used a pooled sample in a semi-log function. As noted in the methodology chapter, the 

buyers’ and renters’ data were pooled together and a dummy variable “d” was created with 

renters as the reference group.  

 

Table 4.7 shows the regression results for the VRC variables. The d variable is highly significant, 

implying that renters and buyers have different implicit marginal prices for the VRC levels. All 

VRC interaction variables are positive and statistically significant at the 1% level, except for the 

VRC 4 interaction variable which is significant at the 10% level. Thus, homebuyers’ implicit prices 

for VRC levels have a larger effect on selling prices than rental prices as shown in Figure 4.2. The 

differences between homebuyers and renters using the interaction variables are a comparison of 

the estimated percentage contribution from the different levels of urban stream quality to selling 

prices and rental prices. Overall, the evidence is supportive of not rejecting hypothesis five and 

concluding that homebuyers’ implicit marginal prices for urban streams are higher than those of 

renters. 

 

Table 4.7: Pooled sample results for interaction VRC variables (d=0 for renters, N= 43,123) 

Variable Coefficient Std. Err. P>t 

d 7.3106 0.0268 0.000 

d*VRC 2 0.0419 0.0059 0.000 

d*VRC 3 0.0301 0.0059 0.000 

d*VRC 4 0.0105 0.0060 0.081 

d*VRC 5 0.0451 0.0054 0.000 

d*VRC 6 0.0495 0.0091 0.000 

See Appendix 5 Table A5.4 for a detailed statistical results from the unconstrained pooled model. 
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4.4 Effect of Housing Market Price Fluctuations on Estimated Implicit Prices 

for Urban Stream Quality 
 

The sixth hypothesis for this thesis was about how trends in house prices affect the estimated 

implicit prices for urban stream quality. To investigate this relationship, OLS and spatial hedonic 

price models for homebuyers were used. These are the same models as were used for the results 

presented in Section 4.2, but with some changes in the VRC coefficients to account for different 

price trends in the housing market. 

 

An OLS and a spatial error model with four nearest neighbours (k) were estimated. The effect of 

housing price fluctuations was modelled by interacting each of the six VRC categories in Table 3.3 

with the prevalent housing price trend at the time of sale for each transaction in the sample. There 

were three housing price trends that were identified, these are, declining (d), flat (f) and rising 

(r) housing prices. For example, VRC 6d identifies a house near VRC 6 stream characteristics that 

was sold when prices were declining. The coefficient for VRC 6d, therefore, is related to the 

implicit price for VRC 6 when prices are declining. The excluded category for VRC variables is VRC 

1d and all results for different VRC variables are compared to a house nearby a stream with VRC 

1 characteristics when prices are declining. 

 

Estimation results for the OLS and spatial errors models (SEM) are presented in Table 4.8. The 

SEM results show that when house prices were trending up (VRC 1r), the implicit marginal price 

was 0.98%. Thus homebuyers generally paid a 1.01% premium for a house nearby VRC 1 

characteristics or the equivalent of AU$5,791 at the median housing price of AU$573,378 when 

house prices were trending up compared to when they were trending down. For the remaining 

VRC levels, except for VRC 4, all coefficients are significant, and the lowest implicit marginal price 

for each VRC level is attained when house prices are declining and the highest implicit marginal 

price is achieved when prices are rising. Coefficients of VRC 4d and VRC 4f are not statistically 



 
152 

significant, implying that there is no evidence of a premium for a house located near a stream 

with VRC 4 characteristics when housing prices are declining or flat. However, when prices are 

rising, VRC 4 achieves a 2.23% premium or AU$12,786 at the median housing price relative to a 

VRC 1 in a market with declining house prices (VRC 1d). The results demonstrate that the 

estimated implicit prices for urban stream health are pro-cyclical with fluctuations in housing 

prices. 

 

A post-estimation Wald test showed that coefficients for declining and rising prices for the same 

VRC level were statistically different from each other, with only VRC 4 interaction variables failing 

the test at the 5% significance level. However, VRC 4d was found to be statistically different from 

VRC 4r at the 10% significance level. 
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Table 4.8: Model A OLS and spatial regression results with VRCs interacted with housing price 

market trend (N=29,749) 

  Ordinary least squares  Spatial error model Marginal 
Impact 

(%) Variable Coefficient 
Robust 
Std error   

Coefficient 
KP HET 
Std error 

Number of bedrooms 0.0784*** 0.0016  0.0729*** 0.0014 7.29 

Number of bathrooms 0.1063*** 0.0018  0.0939*** 0.0016 9.39 

Age of house -0.0015*** 0.0001  -0.0016*** 0.0001 -0.16 

Land size (100m2) 0.0394*** 0.0006  0.0409*** 0.0007 4.09 

Elevation per 100 m 0.1014*** 0.0093  0.1257*** 0.0142 12.57 

Property offences per 1,000 people 0.0009*** 0.0001  0.0004*** 0.0001 0.04 

Violent offences per 1,000 people -0.0103*** 0.0003  -0.0078*** 0.0003 -0.78 

Number of children -0.0018*** 0.0002  -0.0016*** 0.0004 -0.16 

Non-English speaking background 0.0001 0.0001  0.0003* 0.0002 0.03 

Unemployment rate -0.0085*** 0.0003  -0.0084*** 0.0004 -0.84 

Distance to the CBD (km) -0.0154*** 0.0006  -0.0166*** 0.0009 -1.66 

Distance to a school (km) 0.0337*** 0.0040  0.0416*** 0.0062 4.16 

Distance to a stream (km) -0.0149*** 0.0040  -0.0147** 0.0062 -1.47 

VRC 1f -0.0050*** 0.0047  -0.0066 0.0042  

VRC 1r 0.0103*** 0.0045  0.0100** 0.0040 1.01 

VRC 2d 0.0479*** 0.0056  0.0422*** 0.0070 4.31 

VRC 2f 0.0510*** 0.0067  0.0493*** 0.0078 5.05 

VRC 2r 0.0608*** 0.0060  0.0567*** 0.0072 5.83 

VRC 3d 0.0520*** 0.0052  0.0502*** 0.0069 5.15 

VRC 3f 0.0620*** 0.0062  0.0623*** 0.0075 6.43 

VRC 3r 0.0686*** 0.0058  0.0666*** 0.0072 6.89 

VRC 4d 0.0130*** 0.0060  0.0084 0.0072 0.84 

VRC 4f 0.0046*** 0.0080  0.0069 0.0086 0.69 

VRC 4r 0.0268*** 0.0068  0.0221*** 0.0077 2.23 

VRC 5d 0.0633*** 0.0047  0.0595*** 0.0063 6.13 

VRC 5f 0.0693*** 0.0056  0.0689*** 0.0068 7.13 

VRC 5u 0.0786*** 0.0053  0.0756*** 0.0066 7.85 

VRC 6d 0.0773*** 0.0097  0.0792*** 0.0119 8.24 

VRC 6f 0.0849*** 0.0105  0.0908*** 0.0121 9.50 

VRC 6u 0.1042*** 0.0093  0.1034*** 0.0117 10.89 

Lambda (λ)      0.4410*** 0.0056  

Adjusted R2 0.8183     

Pseudo R2    0.8172  

* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 

 is spatial error parameter, k=number of nearest numbers, let i=1…N, then VRC id is VRC when housing prices are 

declining,  

VRC if is VRC when housing prices are generally flat, and VRC ir is VRC when housing prices are rising. 

Adjusted R2 was estimated using the following STATA command display "adjusted R2 = " e(r2_a) 

 

 



 
154 

There is evidence that households are found to be paying a relatively smaller premium when 

housing prices are declining as compared to when prices are rising.  

Hypothesis six of this study was on the effect of house price trends on estimated implicit prices 

for improvements in urban stream quality. The hypothesis and its test outcome are given below: 

H6: Households have a higher implicit marginal price for urban stream quality when the 

housing market is trending upwards than when the housing market is trending downwards. 

 

As per results presented in Table 4.8, it is apparent that households place a higher implicit 

marginal price for urban stream quality when house prices are trending up than when house 

prices are declining. Thus, hypothesis 6 cannot be rejected on the basis of this evidence. For all 

VRC levels, households display the highest implicit marginal price when house prices are trending 

upwards, and the lowest implicit marginal prices are when house prices are trending down. 

 

4.5 Summary 
 

The results presented above indicate that both homebuyers and renters have a positive implicit 

marginal price for improvements in urban stream quality (H1). Residents demonstrated higher 

implicit marginal prices for changes which lead to improvements in both vegetation and channel 

condition rather than just vegetation alone (H2). The estimated implicit marginal prices for VRC 

levels reflected the hypothesised relationship between residents’ preferences and socio-

ecological systems as outlined earlier in Chapter 2. There are higher gains for avoiding the “bare 

and barren” state, moderate benefits for changes within the “aesthetically pleasing” state and 

further higher gains for improvements to the “bushland living” state (H3).  

 

Generally renters were found to have significant and positive preference for improvements in 

VRC levels except for VRC 4 (H4).  However, renters’ implicit marginal prices are proportionally 

smaller than those of homebuyers (H5).  
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Finally, the results also indicate that house price trends have an impact on the implicit marginal 

prices paid for improvements in urban stream quality (H6). During periods of declining house 

prices, the estimated implicit marginal prices for urban stream quality are smaller, and vice versa 

for periods of rising house prices. A more detailed discussion of the findings is presented in the 

next chapter. 
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Chapter 5 Discussions and Conclusion 
 

5.1 Introduction 
 

This study investigated how changes in urban stream quality affect values of nearby houses. 

Streams are a prominent feature of the urban landscape. However, as a result of urbanisation 

pressures, many urban streams have been modified leading to deterioration of stream quality and 

consequently the services they offer to their local communities. Communities and their 

governments are now working on revegetating and re-naturalising these impaired urban 

streams. Restoration works on urban streams require significant financial resources and such 

works have to compete for funding among themselves and with other community or public 

works. Thus, there is a need to estimate the economic benefits of improvements in urban stream 

quality to assist decision makers in prioritising public investments.   

 

Based on the reviewed literature, six hypotheses were developed. These hypotheses were 

concerned with the effect of improvements in urban stream quality on nearby house values. 

These six hypotheses are:  

H1: There is a positive and statistically significant relationship between houses prices and 

improvements in urban stream quality as measured by vegetation and riparian conditions. 

 

H2: The value of increasing both vegetation and channel condition exceed the value of 

increasing vegetation condition alone. 

 

H3: The relationship between house prices, and urban stream quality follows a step-like 

pattern with large benefits associated with moving from the “bare and barren” state to the 

“aesthetically pleasing” followed by modest benefits for improvements within the 

“aesthetically pleasing” state, and then a further high gain for changes from the 

“aesthetically pleasing” state to the “bushland living” state. 

 

H4: Renters have a positive and statistically significant preference for urban stream quality. 
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H5: Renters’ implicit marginal price for improvements in urban stream quality is lower than 

that of homebuyers. 

 

H6: Households have a higher implicit marginal price for urban stream quality when the 

housing market is trending upwards than when the housing market is trending downwards. 

 

This next sections provide an overview of the thesis and the key findings of the research. A 

summary of literature review, methodology and results is presented in Section 5.2. Section 5.3 

outlines the key findings from testing the six hypothesis of the study and a discussion of how 

these findings enhance the literature on valuation of urban environmental resources using the 

hedonic price model. This is followed by some limitations and recommendations for future 

research, in Section 5.4 and 5.5, respectively.  

 

5.2 Thesis Overview 
 

The literature review, in Chapter 2, showed that while there are a number non-market valuation 

techniques used to estimate economic values of environmental resources, the hedonic pricing 

model is one of the dominant methods used. As a revealed preference method, the hedonic pricing 

model is one of the non-market valuation methods preferred by government decision makers 

(Boardman et al. 2011; OBPR 2010). 

 

Empirical literature on using the hedonic pricing model to estimate economic values of 

environmental resources is based on Lancaster’s (1966) seminal paper on consumer theory and 

Rosen’s (1974) seminal paper on product differentiation. The main assumption when using the 

hedonic price model is that goods are valued for their utility bearing attributes and that people 

choose goods with combinations of characteristics that yield the highest utility considering their 

budgetary constraints. Thus, the price of a good is a reflection of the attributes that make up the 

good and changes in the attributes affect the price of the good. 
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As noted in Section 2.4, the hedonic price model provides an opportunity to empirically estimate 

the economic value of improvements in urban stream quality using values of nearby houses. A 

review of the literature identified studies that have used the hedonic price model to investigate 

how changes in the quality of streams and waterbodies affect selling prices for nearby houses 

(Artell, 2013; Boyle et al., 1999; Epp and Al-Ani, 1979; Leggett and Bockstael, 2000; Steinnes, 

1992). Findings from these past studies have shown that improved water quality and proximity 

to streams and waterbodies generally increases the values of nearby houses.  

 

To be able to estimate the economic value of stream quality or waterbody quality, changes in that 

quality must be able to be measured. Different measures of water quality, such as pH, water 

clarity, suspended solids, dissolved oxygen and total phosphorous have been used as indicators 

of stream or waterbody quality. A driver in the use of water clarity as an indicator of water quality 

is that clarity is observable to people. However, some studies have argued that water clarity may 

fail to distinguish water clarity due to ecologically undesirable factors such as acidity (Leggett 

and Bockstael, 2000). Alternative measures of urban stream quality have been developed by 

ecologists to help guide restoration and preservation plans. These measures or indices account 

for riparian buffer size, vegetation conditions and channel attributes to construct an overall 

riparian condition score (Brierley et al., 2002; Kleynhans, 1996; Taylor et al., 2005; USDA, 2011). 

Significantly, all these indices incorporate measures for riparian vegetation condition as well as 

measures describing channel geomorphology or condition. Unlike water quality and other 

chemical indicators, vegetation and channel condition are observable to the public and thus have 

a more direct link to nearby house values (Artell, 2013). 

 

When publicly observable and ecologist-developed indices, such as riparian vegetation and 

channel condition indicators, are used in economic evaluation, they provide a platform to link 

measures of stream quality to economic benefits. Such a link provides a pathway for pragmatic 
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recommendations that can be implemented by managers to benefit the community and the 

environment. As noted earlier, common initiatives to re-naturalise urban waterways include 

revegetation, de-culverting and concrete bank removal works. These initiatives are all connected 

to riparian vegetation and channel condition.  

 

This study, therefore, adopted a measure based on vegetation and riparian channel (VRC) 

condition as an indicator of urban stream quality. Urban riparian vegetation provides a number 

of benefits including scenic views, soil erosion prevention, flood control, water quality 

improvements and wildlife habitat. Channel condition also has benefits such as scenic natural 

views, soil erosion control and flood risk reduction. It is not surprising that governments and 

communities have targeted vegetation and riparian conditions as a way of restoring their urban 

streams. Compared to water clarity and other chemical indicators, VRC levels have an added 

advantage of being localised. This means that residents and councils can improve conditions 

locally and within their jurisdictions. This is not necessarily possible with water clarity and 

chemical indicators as the source of the impairment may be a different upstream community 

and/or council area which would make it more challenging to deal with. The first and second 

hypotheses were framed to test the effect of changes in VRC levels on house values and also to 

test whether values for improvements in vegetation and channel condition exceeds the value of 

improvements in vegetation alone. 

 

In Section 2.4, it was explained that the human-environment dynamics may be influenced by 

different states of the socio-ecological system. The VRC levels were categorised into three socio-

ecological states, namely: “bare-barren”, “aesthetically pleasing” and “bushland living”. If these 

states are observed and valued by residents, then such values may be reflected by different 

implicit marginal prices for the different states. The third hypothesis was developed to test this 

relationship. 

 



 
160 

Another important observation from the literature was that there was a dearth of hedonic 

property valuation studies that have considered renters’ preferences for environmental 

resources. Renters represent a substantial and growing proportion of the urban community (ABS, 

2012; Joint Center for Housing Studies, 2013; Office for National Statistics, 2013). Past studies 

have also shown that renters are demographically and psychographically different from 

homebuyers (Eichholtz et al., 2010; Goodman, 1988; Hyland et al., 2013; Linneman and Voith, 

1991). While studies from non-environmental resources valuation showed that renters and 

homeowners displayed different willingness to pay amounts (Eichholtz et al., 2010; Hyland et al., 

2013), no difference was found in the willingness to pay amounts for urban trees by Donovan and 

Butry (2011). However, the Donovan and Butry (2011) study used different models and time 

periods to estimate the implicit marginal price of renters and homebuyers. Thus, their conclusion 

of no difference between renters and homebuyers is limited. Further testing is required to 

investigate the generalisability (or the lack thereof) of the similarity between renters’ and 

homebuyers’ preference for environmental urban resources. Hypotheses four and five were used 

to test whether renters have a positive and significant preference for improvements in urban 

stream quality and whether their implicit marginal prices are lower than those of homebuyers. 

 

House prices tend to fluctuate over time. A review of the literature on house prices and household 

expenditure revealed that when prices are trending up, households generally spend more on 

luxuries and when they are trending down, households tend to reduce their expenditures on 

luxuries (Gillitzer and Wang, 2015; Mian et al., 2013). As noted in Section 2.4.5, the effect of 

housing price trends on environmental resources is a less-studied aspect of the hedonic pricing 

model. Two studies were found to have considered the effect of house price trends on flood risk 

and proximity to a “luxurious” hill (Leung et al., 2007; Turnbull et al., 2013). Findings from these 

two studies suggest that higher premiums are paid for environmental resources when house 

prices are rising than when they are declining. Given that the current literature is not clear on the 
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nature of the relationship between housing market trends and implicit prices for environmental 

resources, the sixth hypothesis was developed to investigate this issue.  

 

The methods used to address the gaps identified in the literature and test the hypotheses were 

outlined in Chapter 3. An econometrics research method was adopted in this study by using 

empirical data to analyse the effects of changes in urban stream quality on house values. Various 

data custodians were contacted to source data. There were four main data categories: real estate, 

neighbourhood and locational, housing price indices, and urban stream quality data. After data 

cleaning and preparation, STATA and GeoDaSpace were used for modelling, testing and 

accounting for spatial relationships using primarily a semi-log regression model. 

 

The main results of the study were presented in Chapter 4. The results generally support the 

hypotheses outlined in Chapter 2. The OLS and spatial models showed that there generally was a 

positive relationship between house prices and improvements in urban stream quality, as 

measured by VRC levels. Regression results presented in Section 4.2 showed that higher 

premiums are gained when both vegetation and channel conditions improve, compared to when 

only vegetation is improved.  

 

Homebuyers were found to have different implicit marginal prices for the three socio-ecological 

states introduced in Chapter 2. The “bushland living” state commanded the highest premium, 

followed by the “aesthetically pleasing” and lastly the “bare and barren”. The highest gain is 

attained when moving from the “bare and barren” to the “aesthetical pleasing” with some modest 

gains for moving from “aesthetically pleasing” to “bushland living” socio-ecological system states. 

Thus, there was a strong aversion to the “bare and barren” socio-ecological states. However, as 

expected, there are minimal gains for movements within the “aesthetically pleasing” states. 
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An analysis of renters’ preferences showed that, similar to homebuyers, renters had a preference 

for improvements in urban stream quality. However, while homebuyers had their lowest 

premium for VRC 4, renters had no premium for VRC 4 (moderate vegetation and modified 

channel) over VRC 1 (no vegetation and highly modified channel). The percent contribution of 

VRC levels to the price of the house was found to be consistently higher for homebuyers than for 

renters.  

 

Housing market trends were found to have a significant effect on the estimated implicit marginal 

prices for urban stream quality. Results from a model with interaction variables for house price 

trends and urban stream quality showed that when house prices were trending up, the implicit 

marginal price for VRC levels were relatively higher than when house prices were trending down. 

Consequently, studies based on short periods may lead to implicit marginal prices that are 

influenced by the prevailing market trend. Thus, models with longer temporal boundaries would 

be expected to average out the effect of house price fluctuations. A more detailed discussion of 

the key findings from the study is given in the next section. 

 

5.3 Key Findings 
 

This thesis presents a unique study that has applied ecologist-developed indices and states of the 

socio-ecological system to investigate the economic value of improvements in urban stream 

quality. It adds to the literature by providing a robust investigation on the generalisability of 

renters’ and homebuyers’ preferences for improvements in environmental quality, and also to 

compare the preferences of these two groups. Another important aspect of the study is that it is 

one of only a few that provide an investigation of estimated implicit marginal prices for 

environmental attributes and fluctuating house prices. Results from this empirical study 

demonstrate that urban communities, both homebuyers and renters, have a positive preference 

for improvements in nearby streams. However, the implicit marginal prices are affected by the 
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type of urban stream improvement, housing tenure type and housing market trends. A discussion 

of the key findings, and contributions to the literature and practice is given below. 

 

Key finding 1: Preferences for urban stream quality improvements as measured by 

riparian vegetation and channel conditions 
 

This study used ecologist-developed stream quality indicators that measure the health of urban 

streams and are perceivable to urban residents. Riparian vegetation and channel conditions were 

used as indicators of stream quality. These indicators are fundamental components of ecological 

indices of catchment and riparian conditions (Brierley et al., 2002; Kleynhans, 1996; Taylor et al., 

2005; USDA, 2011). Riparian vegetation and channel conditions also have direct ecological and 

social benefits. Urban riparian vegetation provides multiple benefits including wildlife habitat, 

reduced soil erosion, water quality improvements, flood control, carbon sequestration, and 

beautiful views (Allan, 2004; Geoghegan, 2002; Mazzotta et al., 2014). Channel condition also 

contributes to soil erosion prevention, flood risk reduction, and beautiful views (Bark et al., 

2009). Instability and changes in channel shape are likely to contribute to a complex cascade of 

changes that ultimately alter and degrade stream quality (Allan, 2004). Results from this research 

demonstrated that higher premiums are gained when both vegetation and channel condition are 

improved.   

 

The lower implicit marginal price demonstrated by residents for VRC 4 imply that the positive 

value of vegetation is off-set by the modified channel status and other undesirable characteristics 

such as dirt paths crossing the stream, dense but often patchy vegetation with reeds growing 

inside the stream and still water ponds. Additionally, for the urban stream quality data, ecologists 

based their categorisation primarily on riparian buffer width, contiguity of vegetation and 

channel condition. However, the distinction between VRC 3 and VRC 4 was vegetation cover; VRC 

4 had more vegetation while VRC 3 had less. All other attributes were still better in VRC 3 than 4; 

for example VRC 3 had an unmodified channel and road crossings greater than 500 m apart, while 
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VRC 4 had a modified channel and road crossing were more frequent at  distances no less than 

100 m. Compared to VRC 2 and VRC 1, it is likely that while these are more disturbed than VRC 4, 

they are able to compensate for loss in ‘nature related’ value by offering more usable recreation 

services as they have sports fields, and picnic areas adjacent to the waterway. In the study area, 

there are many sports and other recreation parks located on the riparian areas, in and many cases 

these are where you will find the lower VRC levels, such as 1 and 2.    

 

Results in this study are consistent with Bark et al. (2009), who looked at both vegetation and 

channel condition, and found positive effect from use of more natural looking concrete channels. 

However, the Bark et al. (2009) study only investigated the presence or absence of a concrete 

channel for flood control and did not consider other forms of channel banks.  

 

Riparian corridor restoration works are usually undertaken by land managers in consultation 

with ecologists. Thus, vegetation and channel condition based indicators are important because 

they provide a platform to link ecologists’ measures of stream quality to the associated economic 

benefits and thus provide a pathway for recommendations that are practical and can be 

implemented by managers to benefit the environment and community. For example, common 

urban riparian works include revegetation, de-culverting and concrete bank removal (Hathway 

and Sharples, 2012; Rios-Touma et al., 2015). These type of riparian works add to both the 

ecological and social benefits from urban streams.  

 

The findings about the value of riparian vegetation and channel condition have some major 

implications for waterway managers. For example, greater benefits are accrued when both 

vegetation and channel condition are improved rather than just improving the vegetation alone. 

When prioritising works on urban streams, managers should consider improving both riparian 

vegetation and channel conditions to best meet the preferences of local residents. However, such 
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decisions should be taken after a benefit-cost analysis to ensure that benefits exceed costs.28  

Given the high values of both vegetation and channel condition, land and waterway managers 

should evaluate the net-benefits of restoring, but also preserving the remnant natural and higher 

VRC level segments in their areas. It is also recommended that non-market valuation analysts 

should account for both riparian vegetation and channel conditions when using the hedonic 

property valuation to estimate implicit marginal prices for urban stream quality. 

 

Key finding 2: Socio-ecological system states and preferences for urban stream 

quality improvements 
 

Despite the widely acknowledged contribution of nature to human well-being, the social and 

economic connections between nature and urban residents is a less-studied aspect in the non-

market valuation literature. This connection is usually referred to as the socio-ecological system 

and it describes a coherent system of biophysical and social factors that regularly interact in a 

stable manner (Redman et al., 2004).  

 

In this study, three socio-ecological system states were described based on the social and 

environmental services they offer. As noted in Section 2.4.3, the “bare and barren” represents a 

degraded ecology that generates minimal ecosystem services and is often used as a flood control 

environment in urban areas. The “aesthetically pleasing” state refers to streams with less 

degraded channels and intact or restored vegetation buffers. This state generates a quantity, 

quality and/or diversity of ecosystem services that leads to a mix of natural views and nature-

related recreation potential. Finally, the “bushland living” state represents a more natural stream 

condition that is less impacted by urbanisation with extensive vegetation and unmodified 

                                                           
28 All else equal, improving the channel condition (removing concrete/steel barriers and making the waterway less 
straight) is likely to be more expensive than planting vegetation. Also, there are other welfare 
complications/consideration when choosing a project to fund. These are discussed in Section 5.4. 
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channels. The “bushland living” state provides a ‘wilderness’ experience to residents, involving 

additional ecosystem services, and is associated with higher privacy, and greater biodiversity. 

 

In Chapter 2, it was hypothesised that if the socio-ecological system has thresholds that are based 

on critical points or states of benefit or detriment which affect well-being, then such a relationship 

would lead to different levels of impact on house prices. Results from this study demonstrate that 

the three states of the socio-ecological system states described in Section 2.4.3 command 

different economic premiums. 

 

In contrast to prior riparian vegetation studies, results from this study indicate that the 

relationship between households’ preferences and riparian vegetation is not linear (see 
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Figure 4.1). The relationship between house prices and improvements in urban stream quality 

was found to display a step-like pattern with large benefits from avoiding the “bare and barren” 

state, followed by minor benefits for changes between conditions relating to “aesthetically 

pleasing” states and then a further moderate gain moving to the “bushland living” states.  
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As residents have the largest premium for avoiding the “bare and barren” state locations or 

streams with highly modified channels and little or no vegetation, this finding suggests that there 

are large gains to be realised from removing concrete lined channels and replacing them with 

stones for banks, or re-creating unmodified channels, even if there is only limited scope for 

increasing vegetation. This finding supports a recommendation from Davies et al. (2011), that 

traditional concrete channels should be removed and replaced with more environmentally 

appropriate solutions. Conversely, this key finding also emphasises the importance of preserving 

the few relatively natural stream channels left in cities. 

 

Results from this study are helpful in informing land and waterway managers on the nature of 

human-environment dynamics. Similar to Key finding 1, this finding is important as it identifies 

the desirability of different socio-ecological systems states by urban residents. The results 

demonstrate that the economic values of improvements are tied to socio-ecological states and 

changes within a state only produce minor changes in economic value. For the sales and rental 

house samples used in this study, 35.3% and 41.9% of households, respectively, were located 

near a stream with VRC 1 attributes or “bare and barren” socio-ecological system level.  Thus, 

land managers should seek to identify and target areas with the “bare and barren” states for 

improvement to “aesthetically pleasing” where there is opportunity for such improvements.   

Overall, for many stream segments there is potential to improve stream quality to a higher socio-

ecological system level and achieve beneficial outcomes for nearby residents. Similarly, areas 

with “bushland living” status should be identified and preserved as they offer the greatest value 

to nearby residents.  

 

Key finding 3: Accounting for renters in hedonic property valuation studies 
 

Despite the growing proportions of renters across the world, hedonic property valuation studies 

on environmental resources have continued to focus on homebuyers’ economic values and thus 

have failed to account for values of renters. Evidence from housing tenure-type and non-
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environmental house attributes have demonstrated that renters are psychographically and 

demographically different from homebuyers (Goodman, 1988; Linneman and Voith, 1991). 

Results from studies on the availability of public transport, energy efficiency, and “green” 

certification of houses demonstrated that the rental premiums (percentage) attracted by these 

attributes were lower than the sales premiums from the same attributes (Eichholtz et al., 2010; 

Hyland et al., 2013). Renters have also been found to be demographically different from their 

homebuyer counterparts. Renters tend to occupy smaller houses, they are younger, on lower 

incomes, more mobile and relatively more of them are not married.  

 

The one study that was found to have compared homebuyers’ and renters’ preferences for urban 

environmental attributes concluded that there was no difference in the implicit prices between 

the two groups (Donovan and Butry, 2011). However, the application of different models and 

temporal boundaries for homebuyers and renters by Donovan and Butry (2011) means that only 

limited confidence can be placed in the conclusion of no difference in preference for urban trees 

between the two tenure types. In addition, the findings from Donovan and Butry (2011), which is 

the only peer-reviewed and published study comparing renters’ and buyers’ preferences for 

environmental resources, is at odds with findings for other house and neighbourhood attributes. 

This suggests that there is a need for more studies of this type to test the generalisability (or lack 

thereof) of the findings of the Donovan and Butry (2011) study. 

 

Given the limitations of the Donovan and Butry (2011) study, the current study presents a unique 

comparison of renters’ and homebuyers’ preferences for urban environmental resources. To 

enhance the validity of the comparison, data from the same temporal and geographical 

boundaries were used to estimate economic values for the two groups. Renters’ were found to 

generally have positive premiums for improvements in urban stream quality. However, a 

comparison of implicit marginal prices and interaction variables of the urban stream quality 

levels from the renters’ and homebuyers’ models demonstrated that renters’ place a lower 
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premium on urban environmental resources than homebuyers. This is an important contribution 

to the literature as the findings demonstrate that renters do have a preference for environmental 

resources and that their preference pattern and implicit marginal prices are not similar to those 

of buyers.  

 

This study provides researchers and policymakers with some insight into the similarities and 

discrepancies between homebuyers’ and renters’ preference structure for vegetation and 

riparian conditions. For example, while homebuyers had their lowest implicit marginal price for 

VRC 4 compared to VRC 1, renters have no premium for VRC 4 stream segments. Also evident 

from the results is that renters appear to be indifferent towards changes between VRC 3 and VRC 

5, as shown by the lack of statistical difference between the coefficients of VRC 3 and VRC 5. 

However, renters will pay a premium for a change from VRC 5 to VRC 6; this implies that they 

view this as an improvement worth paying for. 

 

Similar to past studies, renters were found to have different preferences from those of 

homebuyers. For example, renters demonstrated an aversion to larger land parcels and higher 

proportions of non-English speaking background people, while homebuyers placed a premium 

on larger land parcels and were indifferent to language background diversity in their 

neighbourhoods. It is, therefore, arguably appropriate to include the preferences of renters, 

especially in markets that are dominated by renters such as those found in urban areas. This is 

particularly important in instances where the buyers live in a different area from where they 

bought and rented out a house. In such cases, it is the renters who access the environmental 

resource and they are the ones directly affected by its detriment or improvement. When 

estimating the economic value of improvements in environmental amenities to local 

communities, analysts should be careful not to use the potentially biased buyers’ implicit 

marginal prices and fail to account for renters. Such biases will lead to misleading decisions when 
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ranking and prioritising community projects. The use of both rental and sales prices to estimate 

values for urban environmental resources to local communities is recommended. 

 

Key finding 4: Effect of house price fluctuations on estimated implicit marginal 

prices 
 

House prices are always in a state of flux and these swings affect implicit marginal prices for 

housing attributes. The literature on housing market fluctuations and household consumption 

indicates that as house prices increase, so do expenditures on other household goods and services 

(Case et al., 2005). Studies from Australia and the US demonstrated that when house prices rose 

in a given location, so did the increase in household consumption expenditures, for example on 

new vehicles (Gillitzer and Wang, 2015). A common explanation for this phenomenon from these 

bivariate and regression analysis based studies is that higher house prices have a positive impact 

on household wealth and thus the stimulation of household consumption. 

 

The effect of house price fluctuations on willingness to pay for environmental resources is less-

studied, let alone established, in the literature. There is evidence of an inverse relationship 

between price trends and implicit prices for environmental amenities (Lyons, 2013). Similarly 

there is evidence of a positive effect (Turnbull et al., 2013) and no effect (Leung et al., 2007) of 

house price fluctuations on estimated implicit prices.  

 

Overall, the effect of housing market trends on environmental amenities has seldom been studied. 

Evidence from household consumption and housing price trends suggest that the relationship 

between house price trends and consumption of luxuries such as environmental amenity may be 

positively related. Also, Coulson and Zabel (2013, p. 276) argued that the price trends or market 

conditions affect the types of buyers who can enter the housing market. Thus, it is possible that 

when house prices are higher, the wealthier buyers dominate the market and affect the implicit 

marginal prices paid for environmental resources. The wealth effects give more capacity to pay 
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for luxuries, including environmental amenities. If the relatively poorer first-time buyers 

dominate the market, it would be expected that budget constraints would lead to a lower 

willingness to pay for luxury attributes such as environmental quality. 

 

Results from this research do demonstrate that as house prices rise so do the implicit prices paid 

for environmental amenities. This effect could be a consequence of the dominance of the market 

by relatively more wealthy repeat buyers than poorer first time buyers. The ABS (2016) showed 

that between 2003 and 2013, some 82% of all financed house purchases were bought by repeat 

buyers. Implicit marginal prices from hedonic property valuation studies for environmental 

resources may be biased if the transactions used in an analysis is from a period when prices were 

highly dominated by one housing market trend. It is, therefore, recommended that when analysts 

estimate implicit marginal prices for environmental resources they consider the prevailing 

market trends and/or conditions. This recommendation is even more important for hedonic 

property valuation studies that are based on sales observations from short time periods, as these 

are more likely to display limited diversity in price trends. Such studies may then lead to biased 

benefit-cost analysis outcomes when projects are ranked and prioritised for investment, 

particularly if applied in a period where a different house price trend is occurring. Whenever 

possible, data should be sourced from longer time periods which better capture the housing 

market fluctuations and buyer/renter preferences. 

 

5.2.3 Summary of Key Findings 

There are four main findings in this study:  

 Residents place a premium on improvements in urban stream quality as measured by the 

VRC levels and the value of improving both vegetation and channel condition exceeds the 

value of improving vegetation alone. 

 Residents’ preferences for improvements in urban stream quality follows a step-like 

pattern that reflects critical points of benefit or detriment which affect human well-being. 
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Large benefits are gained from avoiding the “bare and barren” socio-ecological state and 

thus there is a strong case to remove concrete channels and/or preserve any remnant 

channels in urban areas. 

 Renters have a positive preference for improvements in urban stream quality. However, 

their implicit marginal prices for urban stream qualities are lower than those of buyers. 

 The estimated implicit marginal prices for improvements in urban stream quality are 

generally higher when the housing market is trending up and vice versa. Short temporal 

boundaries for sales transactions used in hedonic property valuation studies may lead to 

a market trend bias in the estimated implicit marginal prices for environmental resources.  

These main findings extend current literature, and inform future research and professional 

practice. While important contributions to the literature and professional practice have been 

generated from this study, there were some limitations in terms of data availability and quality, 

and data analysis. These limitations are discussed in the following section. 

 

5.4 Welfare economics and application of results  
 

Results from this community benefits estimation study showed that the magnitudes of benefits 

and thus the benefit-cost ratio will be affected by the proportion of renters and buyers in an area. 

The marginal implicit prices for homebuyers are higher than those displayed by renters, which 

could lead to a situation where the highest benefit-cost ratios are found in areas dominated by 

homebuyers, thus leading to a greater proportion of public resources being spent to improve 

areas where the more wealthy members of the community are located.29  

 

In any community there will be competing priorities for public funds, and it is judicious to rank 

policies according to their social welfare impact. There is, therefore, a need to estimate welfare 

                                                           
29 As discussed in Section 2.4.4, compared to homebuyers, renters generally are on lower incomes compared to 
buyers. 
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for the whole community. Freeman (2003b) discussed four solutions in the literature that address 

the relationship between the welfare of individuals and social welfare. First, is the Pareto 

criterion, which states that a policy change that makes at least one person better off without 

making anyone worse off is Pareto improving and should be undertaken (Johansson, 1991). 

However, this method has serious drawbacks, because in the real world policies tend to have 

mixed impacts with some people benefiting while others are negatively affected. 

 

The restrictive nature of the Pareto criterion renders it difficult to use and thus Kaldor (1939) 

and Hicks (1939) separately proposed what is now commonly known as the compensation 

criterion. This second test requires that gainers from a policy change should be able to 

(potentially) compensate losers, such that no one individual is worse off and those who stand to 

lose from a policy change are not able to pay off the gainers for a decision not to proceed 

(Freeman, 2003b; Johansson, 1991). If actual compensation were undertaken, this then becomes 

a pathway to the application of the Pareto criterion. However, if compensation is not carried out 

and a project that passes the Kaldor-Hicks test is undertaken, then the analyst must assume that 

individual changes in welfare can be added together into an aggregate welfare measure 

(Freeman, 2003b). If this aggregate measure is positive for a policy change, then the policy change 

can be implemented. This criterion has also been labelled the “efficiency criterion” as it is valuable 

in maximising the aggregate value of all goods and services that people receive (Freeman, 2003b). 

Polinsky (1972) used a general probabilistic framework to show that if a large number of efficient 

projects are undertaken over time, they will distribute the benefits so that everyone is a net gainer 

even though some people are losers for individual projects.  

 

The compensation criterion is likely to lead to better urban stream quality in locations with more 

homebuyers while those locations with a higher proportion of renters are likely to be neglected 

or to deteriorate further. This criterion is essentially devoid of equity considerations. For 

example, Mishan (1960) argued that the purported efficiency of the potential Pareto criterion is 
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deceiving as it fails to consider inequality in the society. This concern was initially noted by Little 

(1949), who explained that a change in resource distribution could be said to increase welfare 

but be found undesirable on the grounds of equity. Thus, the third approach should be two-fold; 

can winners compensate losers and be no worse off, and does the change improve the income 

distribution across society? Whereas this third criterion considers an important aspect of social 

welfare measurement, it does not address the question of which policy is welfare improving at a 

societal level (Freeman, 2003b).  

 

The fourth approach seeks to assign weights on the individual’s welfare changes. This approach 

attempts to make specific and systematic social judgements regarding equity in the analysis of 

social policies. To explain this approach, Freeman (2003b, p. 89) used the following example to 

illustrate a decision to pursue a policy that is not necessarily efficient but deemed more equitable: 

… such a policy would be one that imposes a welfare loss of $1,000 on a millionaire while 

bringing benefits of $99 to each of 10 impoverished orphans. 

Depending on the relative weights assigned to the millionaire and the poor orphans, such a policy 

change may be approved even though it leads to negative-sum policies. There are limited studies 

that assign welfare weights to different individuals or groups in a society (Scarborough & Bennett, 

2008). The limiting factors for explicit application of weights include the following, among others: 

equity may come at an efficiency cost as shown by the above example from (Freeman, 2003b), 

and lack of knowledge of the community’s distributional preferences and the inability to elicit and 

estimate welfare weights for all who are impacted (Scarborough & Bennett, 2008).  

 

Another noteworthy study on the use of distributional weights was done by Johansson-Stenman 

(2005); this study questioned the proposition that distributional weights lead to large efficiency 

losses. However, the results from this study were somewhat inconclusive as it did not establish 
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whether distributional concerns should always be included or should never be included in 

monetary welfare analyses.30  

 

From these four approaches, it may be concluded that while the potential Pareto criterion is the 

most controversial, it can be justified by the argument that if many efficient policy changes are 

undertaken, benefits and cost will be spread across the population such that, over time, society 

as a whole may be better off. The potential Pareto criterion has at times been argued to be the 

only piece of information available to policymakers who are free to reject changes with adverse 

distributional consequences (Mitchell & Carson, 1989). The decision to change or implement a 

policy usually lies with policymakers who make value judgements on which policy to implement 

and the potential Pareto criterion may provide valuable information for the decision-making 

process. However, it is also up to the policymaker to decide on the acceptability of equity effects. 

This was the view adopted by Australia’s Commonwealth Office of Best Practice Regulation 

(OBPR) as outlined in its Best Practice Regulation Handbook (2010). The OBPR (2010, p. 73) 

argued that, 

… as there is no consensus about the weight to be attached to equity effects. Ultimately, it 

is up to decision makers to decide the trade-off between equity and efficiency. 

 

All four solutions discussed above focus on the issues of efficient and equitable use of public 

resources. In the case of improvements in urban waterways, findings from this study demonstrate 

that if only homebuyers’ preferences are considered, then decision makers are not accurately 

accounting for the preferences of a society.  This is so because, using homebuyers’ only estimates, 

leads to an overestimation of benefits, and therefore leads to an inefficient distribution of public 

resources (Daly, 1992). This is particularly so because, in a society dominated by renters, the 

estimated benefits should be lower to reflect their lower willingness/ability to pay. Using an 

                                                           
30 Johansson-Stenman (2005) also concluded that it was optimal to use weights in the choice between different 
publicly provided goods, when such goods are expected to affect tax revenues equally per dollar spent, through 
changes in labour supply. 
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extreme example to illustrate this point, assume that there is a society where 5% of the 

population owns 95% of all homes.  In this case, basing economic policy on the preferences of the 

few landlord but otherwise absentee owners is arguably not what the government should do; 

rather the preferences of those who rent these homes and are the effective users of the natural 

resources should be preferred for policy.  

  

Thus an efficient approach will be where the preferences of both homebuyers and renters are 

considered given the proportional representation of each tenure-type in a community. The 

preferences of actual users should take precedence as they are the ones that are appropriate to 

consider.  

 

The efficient approach, however, has some undesirable consequences. When both renters and 

buyers are considered, it is likely that still only areas that are dominated by the wealthy 

homebuyers will be favoured for improvements. According to Daly (1992), a good distribution of 

public resources is one that is just and fair or one in which the degree of inequality is limited 

within an acceptable range. In Australia, councils collect land rates based on land values which 

reflect the local property market (Office of State Revenue, 2017).  As a way to evaluate the equity 

effects, local councils should assess how the benefits gained for homeowners through increased 

property values compare to the changes in local land rates charged to those who benefit from an 

improvement in urban waterways. It is likely that the increase in land rates will not be enough to 

compensate for the actual property value gains and thus the issue of inequality will persist. As a 

solution, when prioritising funding for urban stream improvements, decision makers could weigh 

the benefits for the more wealthy homebuyers lower than those of renters to promote equitable 

distribution of public resources in the society. This approach is consistent with the suggestion 

from Daly (1992) that inequality should be limited to acceptable levels.  

 

http://www.osr.nsw.gov.au/taxes/land
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The discussion in this section, so far, was undertaken with the distinction between renters and 

homebuyers in mind. However, it is worth noting that the arguments will also apply for the 

distinction between residents located near an urban stream and those located further away. The 

hedonic regression results presented in this study are an estimation of the marginal implicit 

prices for residents located within a 1 km radius of an urban stream. Decision makers who 

prioritise and fund public works will also have to consider residents outside of the 1 km buffer. 

In the case where households in close proximity to urban streams benefit more than those further 

away, decision makers could consider a levy through which households located closer to the 

stream, or will experience much greater benefits from larger improvements in environmental 

quality, are required to pay in proportion to their estimated property value benefits. However, 

for the levy to be more accurate and fair it should be proportional to the estimated benefits at 

different distances away from the stream, which has not been modelled in this study.   

 

Overall, welfare economics theory provides limited guidance on how to deal with issues of equity 

while being efficient in the allocation of public resources. Decisions about allocation of resources 

should be balanced with other community needs, goals and objectives. All this should be done 

with equitable distribution of resources in mind, including an understanding of whom the 

benefits accrue to, and politics will also be a factor. Arguably, separately identifying benefits of 

homebuyers and renters clarifies the distribution of benefits. Lastly, the introduction of a levy on 

those who benefit the most  may also help to moderate unfair allocation of resources to projects 

that benefit a few at the cost of the majority of society. 

 

5.5 Limitations 
 

This research had a number of limitations mainly due to data challenges. The real estate data 

purchased from CoreLogic RP Data had a high incidence of missing values. This led to some house 

attributes data not being included in the analysis; for example 93% of the dataset was missing the 

swimming pool record. Other variables such as flooding data were not possible to source from 
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the councils who are the custodians of flood risk data. As noted in Chapter 3, elevation data were 

then calculated and used as proxy for flood risk. Additionally, spatially imputed age values were 

used to overcome the high missing value incidences in the age variable. In future studies, it would 

be ideal to be able to have a reduced incidence of missing values in the house structural variables. 

It is also important to note that data limitations are common in hedonic property valuation, and 

the choice of independent variables is often largely influenced by data availability (Hill, 2013). 

 

There were also some limitations that arose from the nature of the stream quality data. The study 

was focused on investigating how changes in urban stream quality affected nearby house values. 

Stream segments nearby houses were found to have multiple VRC levels with differing lengths, 

so it was not possible to simply choose the closest point and associate the stream quality as the 

one driving the price of the nearby house. Such an approach could lead to misleading results as 

the closest point may not be representative of the stream quality near the house. To overcome 

this problem, all stream qualities in a 750 m stream segment nearest to the house were identified 

and the stream quality or VRC level covering the longest breadth of the 750 m was then identified 

as the relevant VRC level to associate with the house. While this approach captured the dominant 

stream quality nearby a house, there was some loss of information as some of the existing 

qualities were not represented in the modelling process. In future, a method that identifies and 

associates all stream qualities to a house would provide an improvement to the modelling 

process. Another measurement-related limitation is the use of an Euclidean proximity measure 

between a house and the stream. This approach does not account for the potential lack of access 

or longer distance that may be required to travel on paths and/or road to access the stream from 

a given house. Nevertheless, it is important to note that the Euclidian distance approach measures 

actual proximity, which for houses that are closer to the streams is important for privacy, views, 

and general closeness to nature. This proximity related benefits may not be reflected for some 

houses where road networks are used in modelling.   
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Another limitation of the study is also linked to the stream quality or VRC level data. While the 

sales and rental data cover multiple years, the stream quality data were not available for each 

year but rather were collected and collated in 2007.31 This static nature of the stream quality data 

meant it was not possible to use quasi-experiments or difference-in-difference or repeat sales 

models to further investigate the identification of the implicit marginal prices. Thus, due to data 

limitations, only the spatial fixed effects approach was used in the current study to help 

ameliorate the confounding influence of omitted variables. 

 

The high collinearity between vegetation status and channel condition made it not possible to 

separately model the impact of these attributes on house prices. Thus, the aggregated VRC 

indicators were used in the regression models. The ability to separately model vegetation status 

and channel condition would have helped to explain further the substantial differences between 

VRC 1 and VRC 2. 

 

One other limitation of the study is the lack of data and an established method of converting sales 

prices to rental prices or vice versa. Such a conversion will improve the comparison of renter’ and 

buyers’ implicit marginal prices for improvements in urban stream quality. In the absence of such 

a method, only the percentage contributions of the different VRC levels to the price were 

compared for the two tenure-types.  

 

The unavailability of a summary index on school rankings when accounting for neighbourhood 

attributes is also a limitation in this study. Past evidence has demonstrated that school quality 

has a statistically significant effect on nearby house price (Davidoff and Leigh, 2008). However, 

due to unavailability of a summary index on school performance, proximity to schools was used. 

This is a common method for Australian-based hedonic property valuation studies. For example 

                                                           
31 While it is likely that there may be a mismatch between urban stream quality and selling year, such changes will be for very small 
stream segments across the different LGAs. These changes are usually done on small segments of about 300m. Such changes will not 
be widespread and significant enough to influence the overall results from the 11 LGAs. Thus, only a few transactions would have 
been affected. 
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Mahmoudi et al. (2013) and Abelson et al. (2013) both used proximity to a school to account for 

the effect of schools on house prices. 

 

A final limitation of the study was a result of the choice of the study area. While sales and rental 

data of apartments were available, it was not possible to undertake a robust investigation of the 

effect of changes on urban stream qualities on nearby apartments. This problem was due to lack 

of spatial variability in the distribution of the VRC levels in places with most of the apartments. 

Apartments were heavily clustered closer to the Sydney CBD where prices are generally higher 

and the VRC levels are the lowest. Thus the majority of the sold apartments were located in the 

Cooks River Catchment, and 82% of those apartments were nearby VRC 1 levels. Thus, only data 

on single-dwelling residential houses were used in this study. Notwithstanding these limitations, 

the techniques used in this study have shown that there improvements in both vegetation and 

urban stream quality have a positive impact on house values. 

 

5.6 Future Research 
 

Additional studies are needed to enhance the existing literature and professional practice as 

outlined throughout this thesis. The first area of further research, as described in Section 5.3, 

relates to the association of houses to nearby urban stream quality. An approach that accounts 

for all VRC levels located within a given radius of a house may help improve the hedonic property 

valuation estimates by avoiding loss of information. Second, an investigation of the effects of 

changes in a VRC levels for the same area using a repeat sales model or other quasi-experiment 

method will provide more insight into the nature of preferences for urban stream quality. Third, 

a road network based proximity indicator between the house and an urban stream would provide 

more insight on whether a road network based measure leads to higher estimated value than a 

Euclidean distance measure as it did in Sander, Ghosh, van Riper, and Manson (2010). 
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Research findings described in this thesis are based on a first-stage hedonic price model. While 

the first-stage hedonic price model is sufficient for estimating the magnitude and sign of the urban 

stream quality effect on house values (Ham et al., 2012), it does not estimate the demand function. 

More insights may be gained by running a second-stage analysis for urban stream quality to 

estimate the demand function. Thus, the fourth area of further research involves applying a 

second-stage hedonic price model for estimating values of urban stream quality. A fifth area of 

further investigation is on the investigation of how the effect of urban stream quality on houses 

change as distance between the stream and houses increase. Such a study would help inform any 

potential levy that might be imposed on those who stand to benefit the most from improvements 

in urban streams. 

 

Another important area of further research involves actual welfare analysis for improvements in 

urban stream qualities. This last and sixth area of further research involves doing a benefit-cost 

analysis study for an area given the types and cost of the improvements, the tenure-type of 

households in the area and accounting for the housing market trend. 

 

5.7 Concluding Remarks 
 

As result of urbanisation, many urban streams have been modified. However, governments and 

local communities are now motivated to revegetate and re-naturalise degraded streams and 

urban riparian zones. The decisions to invest in these urban stream works require economic 

assessments to justify the use of scarce public funds. This research investigated the economic 

values of improvements in urban stream health to nearby residential communities. 

 

A review of the literature revealed that there were some knowledge gaps and opportunities to 

enhance understanding of economic values to residential communities. The literature review also 

showed that the hedonic property valuation method was one of the dominant non-market 
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valuation methods used to estimate economic values of environmental resources. The hedonic 

property valuation method was thus used to estimate economic values of improvements in urban 

stream quality. Urban stream quality was measured using a vegetation and channel condition 

based index.  

 

First, the research demonstrated urban homebuyers have a premium for improvements in 

vegetation and riparian conditions of their nearby streams. Additionally, the estimated premiums 

are higher when both vegetation and riparian conditions are improved rather than improving 

vegetation alone. Second, the research findings indicate that like homebuyers, urban renters also 

value improvements in the health of their nearby streams. Similarly to homebuyers, renters have 

access to nearby streams and they enjoy the aesthetic and recreational benefits these streams 

have to offer. However, the renters’ premiums were found to be generally lower than those of 

homebuyers. Lastly, the research showed that the estimated implicit prices from the hedonic 

property valuation model are affected by trends in the housing market. In a market dominated by 

repeat buyers, as house prices rise, so do the premiums paid for urban stream quality. The 

methods and findings used in this research extend current literature and will help professional 

practice.  
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Appendices 
 

A1: Python code used to calculate distance and identify closest stream 

segments to a given house 
Bring back this bit from ( 

a) Code used to identify closest stream from a house 

# -*- coding: utf-8 -*- 

#----------------------------------------------------------------------------------------------------------------------------------- 

# Name:        Stream_length.py 

# Purpose:     This is the worker script. It pre-processes the data, creates folders and .bat files.  It is 

the back end script that gets called when loading up the toolbox in arc. 

# 

# Created:     06/01/2015 

#-------------------------------------------------------------------------------------------------------------------------------------- 

import os 

import arcpy 

import zones 

import suburb_bats 

 

arcpy.env.overwriteOutput = 1 

 

def 

stream_length(properties,prop_id,suburb,lga,lga_name,group_size,waterway,waterway_buffer_dist,water

way_stretch_length,seed_script,processing_folder,py_executable): 

    try: 

        scratch_folder = os.path.dirname(processing_folder) 

        arcpy.env.scratchWorkspace = scratch_folder 

        outws = arcpy.env.scratchGDB 

        arcpy.env.workspace = outws 

 

        #create a working copy 

        props_temp = os.path.join(outws,"{0}_temp".format(os.path.basename(properties))) 

        arcpy.CopyFeatures_management(properties,props_temp) 

 

        #remove duplicate records using property id 

        arcpy.DeleteIdentical_management(props_temp,prop_id) 

        print arcpy.GetMessages() 

 

        #buffer waterway 

        waterway_buffer = 

os.path.join(outws,"{0}_{1}m_buf".format(os.path.basename(waterway),waterway_buffer_dist)) 

        arcpy.Buffer_analysis(waterway,waterway_buffer,waterway_buffer_dist,"FULL","ROUND","ALL","#") 

 

        #find properties within waterway buffer 

        props_within_waterway_buf = os.path.join(outws,"CLIPPED") 

        arcpy.Clip_analysis(props_temp,waterway_buffer,props_within_waterway_buf) 

 

        #add processing zones to properties within waterway buffer 

        zones.assign_zone(props_within_waterway_buf,suburb,int(group_size)) 

 

        #generate suburb batch files 
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        arcpy.AddMessage("\nCreating batch files (.bat) in...") 

        arcpy.AddMessage(processing_folder) 

        split_zone = "SPLIT_ZONE" 

        suburb_splitzones = [] 

        lga_query = "{0}='{1}'".format(arcpy.AddFieldDelimiters(props_within_waterway_buf,lga),lga_name) 

        with arcpy.da.SearchCursor(props_within_waterway_buf,[suburb,split_zone],lga_query) as cursor: 

            for row in cursor: 

                suburb_sz = "{0}_{1}".format(row[0].replace(" ","_"),row[1]) #suburb split zone pair 

                if suburb_sz not in suburb_splitzones: 

                    suburb_splitzones.append(suburb_sz) 

 

        arcpy.AddMessage("\n".join(suburb_splitzones)) 

         

        #generate suburb batch files 

        for pair in suburb_splitzones: 

            print pair 

            x = pair.split("_") 

            zone = x[-1] #zone code 

            s = " ".join(x[:-1]) #suburb name 

 

            fgdb_name = "{0}_{1}.gdb".format(lga_name,pair) 

            fgdb_path = os.path.join(processing_folder,fgdb_name) 

            if not os.path.exists(fgdb_path): 

                arcpy.CreateFileGDB_management(processing_folder,fgdb_name) 

 

            #extract properties 

            pair_query = "{0}='{2}' AND {1}={3} AND {4} 

='{5}'".format(arcpy.AddFieldDelimiters(props_within_waterway_buf,suburb),\ 

            

arcpy.AddFieldDelimiters(props_within_waterway_buf,split_zone),s,zone,arcpy.AddFieldDelimiters(props

_within_waterway_buf,lga),lga_name) 

 

            pair_fc = os.path.join(fgdb_path,pair) 

            arcpy.Select_analysis(props_within_waterway_buf,pair_fc,pair_query) 

     

            half_stream_length = int(waterway_stretch_length)/2 

            suburb_bats.create_bat(waterway,pair_fc,s,fgdb_path, 

waterway_buffer_dist,half_stream_length,seed_script,py_executable,lga_name) 

 

        #clean up temp files 

        arcpy.AddMessage("\nNEXT STEP.") 

        arcpy.AddMessage("Navigate to {0} and run the bat files.\n".format(processing_folder)) 

 

    except: 

        import sys 

        import traceback 

 

        tb = sys.exc_info()[2] 

        tbinfo = traceback.format_tb(tb)[0] 

        pymsg = "\nTraceback info:\n" + tbinfo + "\nError Info:\n" + str(sys.exc_info()[1]) 

        arcpy.AddError(pymsg) 

 

if __name__ == '__main__': 

 

    properties = arcpy.GetParameterAsText(0) 
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    prop_id = arcpy.GetParameterAsText(1) 

    suburb = arcpy.GetParameterAsText(2) 

    lga = arcpy.GetParameterAsText(3) 

    lga_name = arcpy.GetParameterAsText(4) 

    group_size = int(arcpy.GetParameterAsText(5)) 

    waterway = arcpy.GetParameterAsText(6) 

    waterway_buffer_dist = arcpy.GetParameterAsText(7) 

    waterway_stretch_length = arcpy.GetParameterAsText(8) 

    seed_script = arcpy.GetParameterAsText(9) 

    processing_folder =  arcpy.GetParameterAsText(10) 

    py_executable =  arcpy.GetParameterAsText(11) 

 

    

stream_length(properties,prop_id,suburb,lga,lga_name,group_size,waterway,waterway_buffer_dist,water

way_stretch_length,seed_script,processing_folder,py_executable) 

 

b) Code used to identify the required stream length and VRCs present in that length 
#----------------------------------------------------------------------------------------------------------------------------- 

# Name:        Closest_stream_segment.py 

# 

# Purpose:    Identifies the required stream length and VRCs in the stream length closest  

#  stream to a point (house), it used as a paramenter to the stream_length.py script 

# 

# Created:     06/01/2015 

#----------------------------------------------------------------------------------------------------------------------------- 

 

import os 

import arcpy 

import math 

import sys 

 

arcpy.SetLogHistory(True) 

arcpy.env.overwriteOutput =1 

 

 

def closest_stream(streams,houses,suburb,ws,bufdist,half_stream_length): 

 

    try: 

         

        folder_name = os.path.basename(ws).split(".")[0] 

        scratch_folder = os.path.dirname(ws) 

        scratch_ws = os.path.join(scratch_folder,folder_name) 

        if os.path.exists(scratch_ws): 

            arcpy.Delete_management(scratch_ws) 

        os.mkdir(scratch_ws) 

 

        arcpy.env.scratchWorkspace = scratch_ws 

        outws = arcpy.env.scratchGDB 

        arcpy.env.workspace = outws 

 

        #dissolve stream feature class 

        stream_diss = os.path.join(outws,"{0}_diss".format(os.path.basename(streams))) 
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arcpy.Dissolve_management(streams,stream_diss,dissolve_field="NAME",statistics_fields="#",mu

lti_part="SINGLE_PART",unsplit_lines="UNSPLIT_LINES") 

         

        route_id = "RID" 

        arcpy.AddField_management(stream_diss,route_id,"LONG") 

        arcpy.CalculateField_management(stream_diss,route_id,"!OBJECTID!","PYTHON") 

 

        #stream chainage 

        stream_route  = "{0}_route".format(os.path.basename(streams)) 

        

arcpy.CreateRoutes_lr(stream_diss,route_id,stream_route,measure_source="LENGTH",from_meas

ure_field="#",\ 

        

to_measure_field="#",coordinate_priority="UPPER_LEFT",measure_factor="1",measure_offset="0

",ignore_gaps="IGNORE",build_index="INDEX") 

 

 

        #find properties within “x”m of stream 

        stream_diss_buf = "{0}_buf".format(os.path.basename(streams)) 

        

arcpy.Buffer_analysis(stream_diss,stream_diss_buf,bufdist,line_side="FULL",line_end_type="ROU

ND",dissolve_option="ALL",dissolve_field="#") 

 

        houses_within_stream_buf = "{0}_clip".format(os.path.basename(houses)) 

        

arcpy.Clip_analysis(houses,stream_diss_buf,houses_within_stream_buf,cluster_tolerance="#") 

 

        tagged_stream_segs = [] 

        failed_to_process = [] 

 

        #process each house 

        with arcpy.da.SearchCursor(houses_within_stream_buf,["SHAPE@","propid"]) as cursor: 

            for row in cursor: 

                try: 

                    house_id  = math.trunc(row[1])  

                    print 

                    print "Prop ID: {0}".format(house_id) 

 

                    #locate house on stream - i.e find closest section of stream to house. 

                    house_event_tbl  = 

os.path.join(outws,"{0}_ET_{1}".format(os.path.basename(streams),house_id)) 

                    

arcpy.LocateFeaturesAlongRoutes_lr(row[0],stream_route,route_id,radius_or_tolerance="{0} 

Meters".format(bufdist),\ 

                    out_table=house_event_tbl,out_event_properties="RID POINT 

MEAS",route_locations="ALL",distance_field="DISTANCE",\ 

                    

zero_length_events="ZERO",in_fields="FIELDS",m_direction_offsetting="M_DIRECTON") 

                     

                    house_info  = [row for row in 

arcpy.da.SearchCursor(house_event_tbl,[route_id,"MEAS","Distance"])] 

                                         

                    for h in house_info: 
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                        print                         

                        route_length = [srow[0] for srow in 

arcpy.da.SearchCursor(stream_route,["SHAPE@LENGTH",route_id]) if srow[1] == h[0]][0] 

                         

                        l_point = h[1] - half_stream_length 

                        r_point = h[1] + half_stream_length 

                         

                        if route_length < r_point: 

                            r_point = route_length 

                        else: 

                            r_point 

                 

                        if l_point<0: 

                            l_point = 0 

                        else: 

                            l_point 

                                             

                        segment_pnts  = [(h[0],l_point),(h[0],r_point)] #stream stretch end points  

                         

                        insert_cur = arcpy.da.InsertCursor(house_event_tbl,[route_id,"MEAS"]) 

                        for seg_pnt in segment_pnts: 

                            insert_cur.insertRow(seg_pnt) 

                        del insert_cur 

     

                        print os.path.basename(house_event_tbl) 

         

                        house_event_lyr = 

"{0}_event_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        

arcpy.MakeRouteEventLayer_lr(stream_route,route_id,in_table=house_event_tbl,in_event_proper

ties="rid POINT meas",out_layer=house_event_lyr,\ 

                        

offset_field="#",add_error_field="NO_ERROR_FIELD",add_angle_field="NO_ANGLE_FIELD",angle_t

ype="NORMAL",complement_angle="ANGLE",offset_direction="LEFT",point_event_type="POINT"

) 

                     

                        print house_event_lyr 

                         

                        #house on stream 

                        house_on_stream  = 

os.path.join(outws,"House_{0}_on_stream_{1}".format(house_id,h[0])) 

                        query = """{0}={1} AND Distance is not 

null""".format(arcpy.AddFieldDelimiters(house_event_lyr,route_id),h[0]) 

 

                        arcpy.Select_analysis(house_event_lyr,house_on_stream,query) 

     

                        stream_verts = 

"{0}_seg_v_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        

arcpy.Select_analysis(house_event_lyr,stream_verts,"{0}={1}".format(arcpy.AddFieldDelimiters(h

ouse_event_lyr,route_id),h[0])) 

     

                        print stream_verts 
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                        stream_endpnts = 

"{0}_seg_endpnts_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        arcpy.Select_analysis(stream_verts,stream_endpnts,where_clause="Distance is null") 

                        print stream_endpnts 

     

                        stream_segs = "{0}_segs_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        

arcpy.SplitLineAtPoint_management(stream_route,stream_endpnts,stream_segs,search_radius="

1 Meters") 

                        print stream_segs 

     

                        stream_segs_lyr = 

arcpy.MakeFeatureLayer_management(stream_segs,"{0}_seg_lyr_{1}_{2}".format(os.path.basena

me(streams),house_id,h[0])) 

                        

arcpy.SelectLayerByLocation_management(stream_segs_lyr,overlap_type="INTERSECT",select_fe

atures=house_on_stream,search_distance="1 Meters",selection_type="NEW_SELECTION") 

                        print stream_segs_lyr 

                                             

                        house_stream_seg = 

"{0}_c_seg_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        

arcpy.Select_analysis(stream_segs_lyr,house_stream_seg,"{0}={1}".format(arcpy.AddFieldDelimit

ers(house_event_lyr,route_id),h[0])) 

                        print house_stream_seg 

     

                        house_stream_seg_detail = 

"{0}_d_seg_{1}_{2}".format(os.path.basename(streams),house_id,h[0]) 

                        arcpy.Clip_analysis(streams,house_stream_seg,house_stream_seg_detail) 

     

                        arcpy.AddField_management(house_stream_seg_detail,"propid","DOUBLE")  

                        

arcpy.CalculateField_management(house_stream_seg_detail,"propid",house_id,"PYTHON") 

                         

                        closest_p_seg = os.path.join(outws,house_stream_seg_detail) 

                        if closest_p_seg not in tagged_stream_segs: 

                            tagged_stream_segs.append(closest_p_seg) 

                              

                except: 

                    print "{0} failed to process.".format(house_id) 

                    failed_to_process.append(house_id) 

         

        suburb_stream_segs = 

os.path.join(ws,"{0}_{1}_{2}m_segments".format(suburb.strip().replace(" 

","_"),os.path.basename(streams),bufdist)) 

        if arcpy.Exists(suburb_stream_segs): 

            arcpy.Delete_management(suburb_stream_segs) 

        arcpy.Merge_management(tagged_stream_segs,suburb_stream_segs) 

 

        print "\n{0}".format(suburb_stream_segs) 

          

        print "\n{0} failed to process".format(len(failed_to_process)) 

        print failed_to_process 

 

    except: 
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        import traceback 

 

        tb = sys.exc_info()[2] 

        tbinfo = traceback.format_tb(tb)[0] 

        pymsg = "\nTraceback info:\n" + tbinfo + "\nError Info:\n" + str(sys.exc_info()[1]) 

        arcpy.AddError(pymsg) 

 

if __name__ == '__main__': 

     

    streams = sys.argv[1] 

    houses = sys.argv[2] 

     

    x = sys.argv[3:] 

    if len(x)>=5:         

        suburb = " ".join(x[:-3]) 

        ws = x[-3:-2][0] 

        bufdist = x[-2:-1][0] 

        half_stream_length = int(x[-1:][0]) 

 

    else: 

        suburb = sys.argv[3] 

        ws = sys.argv[4] 

        bufdist = sys.argv[5] 

        half_stream_length = int(sys.argv[6]) 

         

    closest_stream(streams,houses,suburb,ws,int(bufdist),half_stream_length) 
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A2: Aerial view images for different vegetation and riparian conditions 

(VRCs) 
 

 
Appendix 3.1a: VRC 1 - Degraded condition - No Vegetation/ Flood control/ Recreation 

Source: Earth Tech (2007) 
 

 
Appendix 3.1b: VRC 2 - Degraded Condition - little/ no vegetation 

Source: Earth Tech (2007) 
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Appendix 3.1c: VRC 3 - Moderate Condition - little/no vegetation (cover) 

Source: Earth Tech (2007) 

 

 
Appendix 3.1d: VRC 4 - Degraded Condition - good/ moderate vegetation (cover) 

Source: Earth Tech (2007) 
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Appendix 3.1e: VRC 5 - Moderate Condition - good/ moderate vegetation (cover) 

Source: Earth Tech (2007) 

 

 

 
Appendix 3.1f: VRC 6 - Good Condition - moderate recovery potential 

Source: Earth Tech (2007) 
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A3: Binary variable definitions and frequency for the year of sale, local3 

government area and public access 

Category Description Incidence rate (%)  

sale2003 Houses sold in year 2003 1.32 

sale2004 Houses sold in year 2004 5.67 

sale2005 Houses sold in year 2005 8.04 

sale2006 Houses sold in year 2006 10.12 

sale2007 Houses sold in year 2007 11.93 

sale2008 Houses sold in year 2008 10.58 

sale2009 Houses sold in year 2009 12.92 

sale2010 Houses sold in year 2010 10.30 

sale2011 Houses sold in year 2011 10.25 

sale2012 Houses sold in year 2012 8.65 

sale2013 Houses sold in year 2013 10.22 

Ashfield Ashfield 2.96 

Bankstown Bankstown 13.60 

Burwood Burwood 1.79 

Canterbury Canterbury 11.09 

Fairfield Fairfield 20.33 

Hurstville Hurstville 3.42 

Kogarah Kogarah 6.25 

Liverpool Liverpool 24.46 

Marrickville Marrickville 8.39 

Rockdale Rockdale 5.66 

Strathfield Strathfield 2.04 

Public access 1 Public access 1 22.15 

Public access 2 Public access 2 6.00 

Public access 3 Public access 3 63.12 

Public access 4 Public access 4 8.73 
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A4: Binary variable definitions and frequency for the rental year, local 

government area and public access 

Category Description Incidence rate (%) 

rental2005 Rental price in 2005 1.25 

rental2006 Rental price in 2006 2.25 

rental2007 Rental price in 2007 3.80 

rental2008 Rental price in 2008 5.37 

rental2009 Rental price in 2009 5.70 

rental2010 Rental price in 2010 10.81 

rental2011 Rental price in 2011 19.48 

rental2012 Rental price in 2012 22.06 

rental2013 Rental price in 2013 29.29 

Ashfield Ashfield 3.87 

Bankstown Bankstown 14.42 

Burwood Burwood 1.91 

Canterbury Canterbury 13.97 

Fairfield Fairfield 16.24 

Hurstville Hurstville 4.70 

Kogarah Kogarah 4.69 

Liverpool Liverpool 19.70 

Marrickville Marrickville 9.99 

Rockdale Rockdale 7.64 

Strathfield Strathfield 2.86 

Public access 1 Public access 1 22.50 

Public access 2 Public access 2 7.44 

Public access 3 Public access 3 62.05 

Public access 4 Public access 4 8.02 

 

A5: Extended results tables 

Table A5.1 Homebuyers’ model OLS and Spatial Error model results with all modelling 

results for house sales (N=29,749) 

  Ordinary Least Squares   Spatial Error Model (k=4) 

Variable Coefficient 
Robust 
Std. 
Err. 

P>t   Coefficient 
KP HET 
Std. Err. 

P>t 

Bedroom 0.0785 0.0015 0.000  0.0730 0.0014 0.000 

Bathrooms 0.1062 0.0018 0.000  0.0939 0.0016 0.000 

Land size (/100m2)  0.0393 0.0006 0.000  0.0409 0.0007 0.000 

Age -0.0015 0.0001 0.000  -0.0016 0.0001 0.000 

Elevation (/100m) 0.1009 0.0093 0.000  0.1254 0.0142 0.000 

Property offence (/1000people) 0.0009 0.0001 0.000  0.0004 0.0001 0.000 

Violent offences (/1000people) -0.0103 0.0003 0.000  -0.0079 0.0003 0.000 

Children -0.0018 0.0002 0.000  -0.0016 0.0004 0.000 

Non=English speaking background 0.0001 0.0001 0.322  0.0003 0.0002 0.094 
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Unemployment -0.0085 0.0003 0.000  -0.0084 0.0004 0.000 

Georges River Catchment -0.0189 0.0061 0.002  -0.0110 0.0094 0.241 

CBD(/km) -0.0154 0.0006 0.000  -0.0165 0.0009 0.000 

School (/km) 0.0337 0.0040 0.000  0.0415 0.0062 0.000 

Stream (/km) -0.0148 0.0040 0.000  -0.0147 0.0062 0.018 

Beach2500 0.1098 0.0069 0.000  0.1061 0.0106 0.000 

Bush100 -0.0319 0.0049 0.000  -0.0334 0.0064 0.000 

Bush500 -0.0256 0.0024 0.000  -0.0246 0.0036 0.000 

Hospital2500 0.0437 0.0027 0.000  0.0419 0.0041 0.000 

Industrial500 -0.0496 0.0023 0.000  -0.0472 0.0034 0.000 

Major road100 -0.0893 0.0043 0.000  -0.0812 0.0056 0.000 

Major road500 -0.0154 0.0023 0.000  -0.0157 0.0034 0.000 

Train station100 -0.0085 0.0122 0.490  -0.0223 0.0151 0.139 

Train station 500 0.0107 0.0046 0.021  0.0086 0.0066 0.191 

Train station 1000 -0.0052 0.0030 0.078  -0.0088 0.0044 0.044 

Railway line100 -0.0490 0.0056 0.000  -0.0466 0.0074 0.000 

Railway line500 0.0038 0.0034 0.266  0.0002 0.0048 0.959 

Waterbody500 0.1041 0.0062 0.000  0.1041 0.0086 0.000 

Ashfield 0.4986 0.0117 0.000  0.4982 0.0181 0.000 

Bankstown 0.0801 0.0058 0.000  0.0755 0.0091 0.000 

Burwood 0.3853 0.0116 0.000  0.3914 0.0183 0.000 

Canterbury 0.2128 0.0091 0.000  0.2084 0.0139 0.000 

Fairfield -0.0285 0.0037 0.000  -0.0341 0.0058 0.000 

Hurstville  0.2505 0.0087 0.000  0.2461 0.0136 0.000 

Kogarah  0.3641 0.0089 0.000  0.3621 0.0139 0.000 

Marrickville  0.5045 0.0117 0.000  0.5037 0.0179 0.000 

Rockdale  0.2305 0.0102 0.000  0.2293 0.0158 0.000 

Strathfield  0.4888 0.0112 0.000  0.4906 0.0168 0.000 

Sale2003   0.0384 0.0078 0.000  0.0439 0.0073 0.000 

Sale2004 0.0147 0.0048 0.002  0.0139 0.0044 0.001 

Sale2005 -0.0717 0.0044 0.000  -0.0748 0.0039 0.000 

Sale2006 -0.1380 0.0042 0.000  -0.1398 0.0038 0.000 

Sale2007 -0.1542 0.0040 0.000  -0.1546 0.0036 0.000 

Sale2008 -0.1925 0.0041 0.000  -0.1925 0.0037 0.000 

Sale2009 -0.1463 0.0038 0.000  -0.1427 0.0034 0.000 

Sale2010 -0.0496 0.0040 0.000  -0.0525 0.0036 0.000 

Sale2011 -0.0581 0.0040 0.000  -0.0602 0.0036 0.000 

Sale2012 -0.0597 0.0042 0.000  -0.0608 0.0037 0.000 

VRC 2 0.0507 0.0040 0.000  0.0469 0.0061 0.000 

VRC 3 0.0577 0.0040 0.000  0.0568 0.0062 0.000 

VRC 4 0.0137 0.0041 0.001  0.0112 0.0061 0.066 

VRC 5 0.0677 0.0036 0.000  0.0654 0.0056 0.000 

VRC 6 0.0866 0.0063 0.000  0.0890 0.0097 0.000 

Public Access2 0.0132 0.0044 0.003  0.0089 0.0070 0.200 

Public Access3 -0.0098 0.0028 0.000  -0.0122 0.0042 0.004 

Public Acces4 -0.0119 0.0046 0.010  -0.0058 0.0070 0.409 
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Constant 13.0731 0.0177 0.000  13.0996 0.0253 0.000 

Lambda ()     0.4403 0.0056 0.000 

Adjusted R2 0.8182   0.817 

Pseudo R2    0.817 

 Spatial error parameter 
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Table A5.2 Homebuyers’ spatial error model results with different nearest neighbours 

(k), N=29,749) 

 SEM (k=4)  SEM (k=6)  SEM (k=8) 

Variable Coefficient 
KP Het 
Std 
errors 

  Coefficient 
KP Het 
Std 
errors 

  Coefficient 
KP Het 
Std 
errors 

Bedrooms 0.0730*** 0.0014   0.0731*** 0.0014   0.0735*** 0.0014 

Bathrooms 0.0939*** 0.0016   0.0932*** 0.0016   0.0925*** 0.0016 

Land size per 100m2 0.0409*** 0.0007   0.0411*** 0.0007   0.0412*** 0.0007 

Age -0.0016*** 0.0001   -0.0015*** 0.0001   -0.0015*** 0.0001 

Elevation per 100m 0.1254*** 0.0142   0.1355*** 0.0158   0.1436*** 0.0171 

Property offences per 1,000 people 0.0004*** 0.0001   0.0003** 0.0001   0.0003** 0.0001 

Violent offences per 1,000 people -0.0079*** 0.0003   -0.0075*** 0.0003   -0.0072*** 0.0004 

Children -0.0016*** 0.0004   -0.0014*** 0.0004   -0.0013*** 0.0004 

Non-English speaking background 0.0003* 0.0002   0.0004* 0.0002   0.0004* 0.0002 

Unemployment -0.0084*** 0.0004   -0.0080*** 0.0005   -0.0074*** 0.0005 

CBD per km  -0.0165*** 0.0009   -0.0171*** 0.0010   -0.0172*** 0.0011 

School 0.0415*** 0.0062   0.0434*** 0.0070   0.0439*** 0.0077 

Stream -0.0147** 0.0062   -0.0153** 0.0071   -0.0169** 0.0077 

VRC 2 0.0469*** 0.0061   0.0442*** 0.0068   0.0413*** 0.0073 

VRC 3 0.0568*** 0.0062   0.0531*** 0.0069   0.0505*** 0.0075 

VRC 4 0.0112* 0.0061   0.0103 0.0066   0.0093 0.0071 

VRC 5 0.0654*** 0.0056   0.0613*** 0.0063   0.0590*** 0.0068 

VRC 6 0.0890*** 0.0097   0.0862*** 0.0107   0.0849*** 0.0115 

Lambda (l)                 

Pseudo R2 0.8170   0.8164   0.8157 

* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 
 Spatial error parameter 
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Table A5.3 Renters’ model regression results from GS2SLS (HAC) with different nearest 

neighbours (k), N=15,465 

 OLS GS2SLS k=4 GS2SLS k=6 GS2SLS =8 

variable Coef. 
Std 
err. 

Coef. 
Std 
err. 

Coef. 
Std 
err. 

Coef. Std err. 

Bedrooms 0.1177*** 0.0016 0.1172*** 0.0016 0.1170*** 0.0016 0.1168*** 0.0016 

Bathrooms 0.0889*** 0.0020 0.0876*** 0.0020 0.0875*** 0.0020 0.0873*** 0.0020 

Land size ( 
/100m2) 

-0.0006*** 0.0001 -0.0006*** 0.0001 -0.0006*** 0.0001 -0.0006*** 0.0001 

Age -0.0006*** 0.0001 -0.0006*** 0.0001 -0.0005*** 0.0001 -0.0005*** 0.0001 

Elevation (/100m) 0.0714*** 0.0096 0.0649*** 0.0102 0.0618*** 0.0101 0.0581*** 0.0100 

Property offences 
(/ 1000 people) 

0.0007*** 0.0001 0.0006*** 0.0001 0.0006*** 0.0001 0.0005*** 0.0001 

Violent offences (/ 
1000 people) 

-0.0051*** 0.0003 -0.0044*** 0.0003 -0.0042*** 0.0003 -0.0039*** 0.0003 

Children -0.0613** 0.0247 -0.0584** 0.0256 -0.0593* 0.0254 -0.0586** 0.0251 

Non-English 
speaking 
background 

-0.0011*** 0.0001 -0.0010*** 0.0001 -0.0001*** 0.0001 -0.0010*** 0.0001 

Unemployment -0.0033*** 0.0003 -0.0029*** 0.0003 -0.0028*** 0.0003 -0.0027*** 0.0003 

CBD (/km) -0.0089*** 0.0006 -0.0084*** 0.0006 -0.0082*** 0.0006 -0.0080*** 0.0006 

School (/km) 0.0089** 0.0043 0.0081* 0.0045 0.0073 0.0045 0.0062 0.0044 

Stream -0.0150*** 0.0041 -0.0143*** 0.0043 -0.0145*** 0.0043 -0.0141*** 0.0042 

VRC 2 0.0100** 0.0041 0.0091** 0.0043 0.0085** 0.0043 0.0082* 0.0043 

VRC 3 0.0276*** 0.0042 0.0245*** 0.0045 0.0234*** 0.0045 0.0221*** 0.0044 

VRC 4 0.0033 0.0042 0.0028 0.0044 0.0018 0.0044 0.0019 0.0043 

VRC 5 0.0247*** 0.0038 0.0215*** 0.0040 0.0204*** 0.0040 0.0189*** 0.0040 

VRC 6 0.0411*** 0.0064 0.0362*** 0.0067 0.0339*** 0.0067 0.0317*** 0.0066 

W_logadjrent 
  0.0803*** 0.0118 0.1128*** 0.0134 0.1494*** 0.0147 

lambda(λ) 
  0.0638*** 0.0164 0.0611*** 0.0188 0.0472** 0.0211 

adj R2 0.7451       

pseudo R2   0.7493 0.7501 0.7509 

spatial pseudo R2   0.7468 0.7471 0.7475 

* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 
 

 

Table A5.4 Detailed results for the pooled sample model with interaction VRC variables 

(d=0 for renters, N= 43,123) 

Variable Coef. Robust Std. Err. P>t 

bedrooms 0.1177 0.0016 0.000 

bathrooms 0.0889 0.0020 0.000 

Landsize /100m -0.0006 0.0001 0.000 

Age -0.0006 0.0001 0.000 

Elevation /100m 0.0714 0.0096 0.000 

Property offences 0.0007 0.0001 0.000 

Violent offences -0.0051 0.0003 0.000 

Children -0.0613 0.0247 0.013 

Non-English speaking background -0.1065 0.0128 0.000 

Unemployment  -0.3305 0.0329 0.000 

Georges -0.0133 0.0061 0.029 

CBD /km -0.0089 0.0006 0.000 

School /km 0.0089 0.0043 0.039 
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Stream /km -0.0150 0.0041 0.000 

beach2500 0.0796 0.0066 0.000 

bush100 -0.0122 0.0055 0.025 

bush500 -0.0083 0.0026 0.001 

hospit2500 0.0245 0.0027 0.000 

indust500 -0.0221 0.0023 0.000 

mroad100 -0.0342 0.0043 0.000 

mroad500 -0.0102 0.0023 0.000 

railst100 -0.0267 0.0114 0.019 

railst500 -0.0109 0.0044 0.012 

railst1000 -0.0105 0.0029 0.000 

railway100 -0.0080 0.0053 0.127 

railway500 0.0066 0.0032 0.041 

wbody500 0.0372 0.0062 0.000 

Ashfield  0.2137 0.0120 0.000 

Bankstown  0.0061 0.0061 0.322 

Burwood  0.1296 0.0118 0.000 

Canterbury  0.0780 0.0094 0.000 

Fairfield  -0.0187 0.0041 0.000 

Hurstville  0.0877 0.0086 0.000 

Kogarah  0.1182 0.0095 0.000 

Marrickville  0.2837 0.0123 0.000 

Rockdale   0.0926 0.0102 0.000 

Strathfield  0.1452 0.0106 0.000 

Year2006 0.0079 0.0098 0.422 

Year2007 0.0871 0.0093 0.000 

Year2008 0.1563 0.0089 0.000 

Year2009 0.2048 0.0088 0.000 

Year2010 0.2419 0.0084 0.000 

Year2011 0.2628 0.0082 0.000 

Year2012 0.2658 0.0081 0.000 

Year2013 0.2719 0.0080 0.000 

VRC 2 0.0100 0.0041 0.016 

VRC 3 0.0276 0.0042 0.000 

VRC 4 0.0033 0.0042 0.432 

VRC 5 0.0247 0.0038 0.000 

VRC 6 0.0411 0.0064 0.000 

Public access 2 -0.0036 0.0045 0.426 

Public access 3 -0.0129 0.0029 0.000 

Public access 4 -0.0039 0.0049 0.427 

d 7.3106 0.0268 0.000 

dBedrooms -0.0403 0.0023 0.000 

dbathrooms 0.0176 0.0027 0.000 

dLandsize /100 0.0393 0.0007 0.000 

dAge -0.0009 0.0001 0.000 

dElevation /100 0.0273 0.0136 0.045 
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dProperty offences 0.0004 0.0001 0.001 

dViolet_offences -0.0058 0.0004 0.000 

dChildren 0.0593 0.0247 0.016 

dNone-Enghlish speaking background 0.1065 0.0128 0.000 

dUnemployment 0.3222 0.0329 0.000 

dGeorges River catchment -0.0080 0.0088 0.359 

dCBD /km -0.0067 0.0008 0.000 

dSchool /km 0.0253 0.0060 0.000 

dStream /1km 0.0008 0.0058 0.887 

dbeach2500 0.0295 0.0097 0.002 

dbush100 -0.0201 0.0074 0.007 

dbush500 -0.0175 0.0036 0.000 

dhospit2500 0.0189 0.0039 0.000 

dindust500 -0.0285 0.0033 0.000 

dmroad100 -0.0588 0.0061 0.000 

dmroad500 -0.0043 0.0033 0.193 

drailst100 0.0256 0.0177 0.149 

drailst500 0.0227 0.0065 0.000 

drailst1000 0.0068 0.0042 0.103 

drailway100 -0.0403 0.0078 0.000 

drailway500 -0.0046 0.0048 0.336 

dwbody500 0.0661 0.0090 0.000 

dAshfield 0.2902 0.0171 0.000 

dBankstown 0.0731 0.0086 0.000 

dBurwood 0.2698 0.0169 0.000 

dCanterbury 0.1341 0.0132 0.000 

dFairfield -0.0074 0.0057 0.193 

dHurstville 0.1631 0.0124 0.000 

dKogarah 0.2460 0.0132 0.000 

dMarrickville 0.2267 0.0173 0.000 

dRockdale 0.1372 0.0147 0.000 

dStrathfield 0.3390 0.0157 0.000 

dYear2006 -0.0733 0.0108 0.000 

dYear2007 -0.1688 0.0102 0.000 

dYear2008 -0.2756 0.0099 0.000 

dYear2009 -0.2777 0.0097 0.000 

dYear2010 -0.2176 0.0095 0.000 

dYear2011 -0.2466 0.0093 0.000 

dYear2012 -0.2515 0.0093 0.000 

dYear2013 -0.1983 0.0092 0.000 

dVRC 2 0.0419 0.0059 0.000 

dVRC 3 0.0301 0.0059 0.000 

dVRC 4 0.0105 0.0060 0.081 

dVRC 5 0.0451 0.0054 0.000 

dVRC 6 0.0495 0.0091 0.000 

dPublic access 2 0.0142 0.0065 0.027 
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dPublic access 3 0.0026 0.0041 0.517 

dPublic access 4 -0.0080 0.0068 0.239 

Constant 5.7049 0.0194 0.000 

R2= 0.9957 
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Table A5.5 Homebuyers’ model regression results with VRCs interacted with housing 

market trends from spatial error model with different nearest neighbours (k), N=29,749) 

 SEM k=4 SEM k=6 SEM k=8 

Variable Coef. 
KP HET 
S.E 

Coef. 
KP HET 
S.E 

Coef. 
KP HET 
S.E 

bedrooms 0.0729*** 0.0014 0.0730*** 0.0014 0.0734*** 0.0014 

bathrooms 0.0939*** 0.0016 0.0932*** 0.0016 0.0925*** 0.0016 

Age -0.0016*** 0.0001 -0.0015*** 0.0001 -0.0015*** 0.0001 

Land size 0.0409*** 0.0007 0.0411*** 0.0007 0.0412*** 0.0007 

Elevation 0.1257*** 0.0142 0.1360*** 0.0158 0.1439*** 0.0171 

Property offences 0.0004*** 0.0001 0.0003*** 0.0001 0.0003** 0.0001 

Violent offences -0.0078*** 0.0003 -0.0075*** 0.0004 -0.0072*** 0.0004 

Children -0.0016*** 0.0004 -0.0014*** 0.0004 -0.0013*** 0.0004 

Non-English speaking 
background 

0.0003* 0.0002 0.0004* 0.0002 0.0004* 0.0002 

Unemployment -0.0084*** 0.0004 -0.0080*** 0.0005 -0.0074*** 0.0005 

CBD -0.0166*** 0.0009 -0.0171*** 0.0010 -0.0172*** 0.0011 

School 0.0416*** 0.0062 0.0434*** 0.0070 0.0439*** 0.0077 

Stream -0.0147** 0.0062 -0.0153** 0.0071 -0.0169** 0.0077 

vrc1_f -0.0066 0.0042 -0.0067 0.0042 -0.0067*** 0.0042 

vrc1_u 0.0100** 0.0040 0.0102** 0.0039 0.0102*** 0.0039 

vrc2_d 0.0422*** 0.0070 0.0386*** 0.0077 0.0352*** 0.0081 

vrc2_f 0.0493*** 0.0078 0.0474*** 0.0083 0.0449*** 0.0087 

vrc2_u 0.0567*** 0.0072 0.0546*** 0.0078 0.0522*** 0.0083 

vrc3_d 0.0502*** 0.0069 0.0466*** 0.0076 0.0441*** 0.0081 

vrc3_f 0.0623*** 0.0075 0.0584*** 0.0081 0.0564*** 0.0086 

vrc3_u 0.0666*** 0.0072 0.0631*** 0.0079 0.0602*** 0.0083 

vrc4_d 0.0084 0.0072 0.0079 0.0076 0.0076 0.0080 

vrc4_f 0.0069 0.0086 0.0055 0.0090 0.0040 0.0093 

vrc4_u 0.0221*** 0.0077 0.0215*** 0.0082 0.0202** 0.0085 

vrc5_d 0.0595*** 0.0063 0.0545*** 0.0069 0.0523*** 0.0073 

vrc5_f 0.0689*** 0.0068 0.0652*** 0.0073 0.0622*** 0.0078 

vrc5_u 0.0756*** 0.0066 0.0722*** 0.0071 0.0702*** 0.0076 

vrc6_d 0.0792*** 0.0119 0.0768*** 0.0128 0.0745*** 0.0135 

vrc6_f 0.0908*** 0.0121 0.0880*** 0.0127 0.0889*** 0.0133 

vrc6_u 0.1034*** 0.0117 0.1002*** 0.0124 0.0985*** 0.0132 

Lambda ( ) 0.4410*** 0.0056 0.5264*** 0.0059 0.5807*** 0.0061 

Pseudo R2 0.8172 0.8166 0.8159 

* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 

 Spatial error parameter 
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A6: VIF results for both the homebuyers and renters models 

Homebuyers’ model  Renters’ model 

Variable VIF  Variable VIF 

cbdkm 32.86  cbdkm 31.6 

marrickville 12.96  marrickville 15.87 

georges 10.92  canterbury 12.9 

canterbury 9.97  georges 11.08 

rockdale 6.7  rockdale 8.77 

kogarah 5.71  ashfield 6.05 

bankstown 5.17  bankstown 5.85 

ashfield 4.64  kogarah 4.81 

ageimpall 3.91  hurstville 4.02 

v_off 3.78  v_off 3.83 

p_off 3.51  strathfield 3.49 

hurstville 3.06  p_off 3.48 

vrc5 2.94  burwood 3.07 

nes 2.85  ageimpall 3.04 

fairfield 2.84  nes 2.92 

vrc3 2.8  vrc3 2.83 

burwood 2.8  fairfield 2.83 

strathfield 2.65  vrc5 2.66 

elev100 2.58  railst500 2.44 

vrc2 2.33  vrc2 2.3 

railst500 2.33  unemployed 2.29 

ra4 2.22  elev100 2.29 

hospit2500 2.2  railway500 2.18 

ra3 2.18  ra3 2.16 

unemployed 2.16  hospit2500 2.12 

children 2.14  children 2.1 

railway500 2.14  ra4 2.09 

sale2009 1.99  beach2500 1.86 

sale2007 1.93  railst1000 1.79 

sale2008 1.83  ra2 1.52 

railst1000 1.82  vrc6 1.44 

sale2011 1.82  railway100 1.43 

sale2006 1.81  beds 1.42 

sale2010 1.81  baths 1.41 

beach2500 1.77  wbody500 1.4 

beds 1.7  vrc4 1.4 

sale2012 1.69  rent2011 1.39 

sale2005 1.68  rent2012 1.38 

baths 1.67  bush500 1.34 

landsize100 1.53  waterwaykm 1.34 

sale2004 1.52  indust500 1.28 

wbody500 1.47  mroad500 1.25 
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ra2 1.45  schoolkm 1.24 

vrc4 1.41  rent2010 1.23 

vrc6 1.39  mroad100 1.14 

railway100 1.39  rent2008 1.14 

waterwaykm 1.35  rent2009 1.14 

bush500 1.33  bush100 1.13 

indust500 1.32  landsize100 1.11 

schoolkm 1.25  rent2007 1.1 

mroad500 1.24  rent2006 1.06 

sale2003 1.15  railst100 1.05 

bush100 1.15  rent2005 1.04 

mroad100 1.12    

railst100 1.04    

Mean VIF 3.33  Mean VIF 3.46 

 

A7: A list of structural, neighbourhood and location variables from 51 

hedonic regression studies 

Variable 
# of studies 
including the 
variable 

Variable 
# of studies 
including the 
variable 

Parcel Area 40 Lake 5 

Age 39 % of population white 5 

Bathrooms 33 % of population black or others 5 

Bedrooms 28 Railroad 5 

Built/living area 28 Property crimes 5 

CBD 20 Train station 5 

Garage/Parking spaces 19 Landfill 4 

Open space/park/forest 18 Population density 4 

Pool  16 Children/young 4 

Fireplace/heating 15 Unemployment 4 

Year of sale 14 Industrial site 3 

Median house income for census tract 12 Cemetery 3 

Highway/main road/traffic noise 12 Population >65 3 

Waterbody 12 School 3 

Location/suburb/ward 12 Shops 3 

Coastline / bay 11 Household income 2 

Air conditioning 8 Deck 2 

Basement 7 Housing density 2 

Number of stories 7 Hill 2 

River 7 Public transport 2 

School district/quality 7 Powerline 1 

Elevation 6 Education 1 

Brick 6 Hospital 1 

Golf course 6 Sidewalk 1 

Violent crimes 6 Church 1 

Flooding 6 Poverty 1 

 
 


