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Executive Summary 

The aim of this project was to investigate the economic values of improvements in urban 

streams. The study focused on the Cooks River and Georges River catchments in southern 

Sydney. In many cases, the urban streams and their riparian areas, in the study area, have been 

modified due to urbanisation pressures. Such modifications include removal of native 

vegetation from riparian areas, straightening of the waterways, piping of channels, and using of 

concrete and/or steel lining as bank supports.  

Revealed and stated preference methods were used to estimate use and non-use values of 

improvements in stream quality. The use of both revealed and stated preference methods helps 

to ensure that the different values related to amenity, recreation and altruistic or stewardship 

motives for improving urban waterways are accounted for.  

First, hedonic pricing models were used to investigate the economic values to nearby residents 

from improving both riparian vegetation and channel conditions. Second, a travel cost method 

was used to estimate recreational demand for different public green spaces located along urban 

waterways. Lastly, the non-use values from urban streams were investigated using two choice 

experiments. The choice experiments were designed to investigate willingness to pay to 

improve the riparian vegetation in the Cooks River and Georges River catchments. 

The results from spatial hedonic price models indicate that residents generally place a premium 

on more natural riparian areas with more vegetation. Improving both vegetation and channel 

condition has a larger impact on house values compared to improving vegetation alone. 

Households were found to have a strong aversion to the “bare and barren” socio-ecological state 

areas which has little or no vegetation and highly modified channels. Thus movements from the 

“bare and barren” socio-ecological state yield the highest gains. There were minimal gains in 

value for movements within the “aesthetically pleasing” socio-ecological states. Movements 

from the “aesthetically pleasing” states to the “bushland living” state provide some moderate 

gains in nearby house values.  

While both homebuyers and renters display a preference for improvements in nearby 

waterways, homebuyers generally have higher implicit marginal prices for improvements in 

waterway condition levels. For example, a movement from the lowest vegetation and riparian 

condition level (VRC 1) to the next level (VRC 2) leads to a 4.89% average increase in the selling 

price and a 0.89% average increase in the rental price.  
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It is recommended that non-market valuation analysts should account for both riparian 

vegetation and channel condition when using the hedonic price method to estimate the value of 

improvements in urban waterway qualities. It is also recommended that analysts estimate 

values for both homebuyers and renters to avoid potentially biased cost-benefit analysis 

outcomes. While it is evident that improving both vegetation and channel condition is most 

beneficial, the decision on what to improve should be informed by the outcomes of a cost-

benefit analysis.  

Results from the recreation demand model show that people located near waterways and those 

further away value the improvements in public green spaces in urban riparian areas. Recreation 

demand was estimated by accounting for the cost of travel to a site, the extent of vegetation at 

the site and other site characteristics (presence of walking trails, toilets, benches, barbeque 

area, play/exercise equipment, walking path or picnic area). Areas with high vegetation quality 

were preferred over those with lower vegetation quality. Public green areas with near intact 

vegetation demonstrate the highest value per visit per person. Specifically, moving from the 

lower level of quality to unmodified channels with little or no vegetation produced an implicit 

price of $1.01 per person per visit, while improving a site condition to near intact vegetation 

produced an implicit price of $3.16 per person per visit.  Additionally, toilets and barbeque 

areas were found to command the highest recreation value while demand for picnic areas was 

not statistically significant. Thus, the results demonstrate that public green areas with 

additional facilities tend to attract more users and/or people travel relatively longer distances 

to access such areas.  

Lastly, the results from the stated preference choice modelling study indicate that households 

are willing to pay to improve stream health from a “bare and barren” state to an “aesthetically 

pleasing state”.  Separate choice modelling surveys were conducted for the Cooks River and 

Georges River catchments.  Value estimates were derived for increasing the length of streams 

that had “natural channels and native vegetation” while correspondingly reducing the length of 

streams that had modified channels and no native vegetation.  In the Cooks River catchment, 

households were willing to pay $3.51 per kilometre per year for five years to increase the length 

of streams that had “natural channels and native vegetation”, while in the Georges River 

catchment households were willing to pay $1.14 per kilometre per year for five years. 

The value estimates generated from the three approaches provide information that can be used 

with estimates of costs for conducting cost-benefit analyses of options for improving the quality 

of urban streams in the Cooks River and Georges River catchments. 
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1. Introduction 

The health of urban waterways is important for sustainable living, but little data are available to 

aid communities and land managers in making decisions about improving urban waterway 

quality. Prior Australian studies on the benefits of waterways have tended to focus on rural and 

remote areas where agriculture and major natural ecosystems are located. Thus, there has been 

limited studies on the values of waterways in urban regions where the majority of the 

Australian population is located. This is despite the fact that Australians value the amenities and 

recreational values of their urban waterways. 

However, many of the Australian urban streams have been modified and degraded as a result of 

urban pressures. The degradation of waterways in the southern Sydney has led communities 

and governments that represent them to seek to renaturalise disturbed segments and preserve 

the more natural segments. While these works are costly undertakings, they are done with 

limited knowledge of the economic benefits. The economic benefits are particularly important 

because such works have to compete for funding with other community projects as well as 

among themselves. Given that waterway characteristics are not directly traded in a market, 

there is a need to use non-market valuation methods to estimate the economic benefits of 

improvement of waterways and riparian areas for southern Sydney. 

The Cooks River, Georges River and their tributaries form a prominent part of the southern 

Sydney landscape. These waterways are a source of ecological, recreational, aesthetic and non-

use values. The waterways have also been important for Indigenous life and culture as well as 

other local groups. Many waterway segments in the area have been modified with most of the 

native riparian vegetation cleared. Some segments have had their meanders straightened and 

stabilised with traditional steel sheet piling or concrete while some tributary segments have 

been piped. This has led to a decline in waterway health and a disturbance in the ecological 

environment of the waterways and their riparian areas.  

In order to estimate the economic benefits of improvements in southern Sydney streams, it is 

important to first establish an indicator of waterway and riparian area health. Ecologists have 

developed indices to measure waterway and/or catchment health (for example: Brierley et al. 

(2002); Kleynhans (1996); Taylor et al. (2005) and USDA (2011)). In the USA, one index used by 

the federal government to prioritise watershed restoration activities is the U.S. Department of 

Agriculture’s Watershed Condition Classification (USDA, 2011). This index incorporates 12 

watershed condition indicators, including a riparian vegetation condition, and a channel 
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function indicator. 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 location of the current study, the Rapid Riparian 

Assessment Tool (Taylor, et al., 2005) and the River Styles framework (Brierley et al., 2002) are 

two of several techniques being used to assess riparian zone conditions. These indices use 

scores for riparian buffer size, vegetation conditions, channel characteristics and disturbance by 

human development to construct an overall riparian condition score. Two important indicators 

of health from these indices are riparian vegetation condition and the physical structure of the 

bank.  

While some past studies have used chemical measures, turbidity, temperature and total 

suspended solids, these measures are problematic as they are usually not perceived by the local 

communities. Thus, changes in these indicators are not explicitly observed by local residents for 

them to be able to demonstrated preferences for different quality levels. While water clarity is 

observable to residents, some studies have argued that water clarity may fail to distinguish 

water quality due to ecologically undesirable factors such as acidity (Leggett and Bockstael, 

2000). Additionally, water clarity and other alternative indicators are also problematic and not 

suitable for use in this study because of the challenges that LGAs face in influencing such 

measures.  For example, poor water clarity or high presence of total suspended solids 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; 

alternatively, high levels of government may need to be involved to help deal with the negative 

externalities.  

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). 

More importantly, local communities and councils have control over their riparian revegetation 

and channel naturalisations works and in fact these are the main activities which local 

communities and councils engage in to improve their urban streams. 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 from quality improvement. Such a link provides a pathway for pragmatic 

recommendations that can be implemented by managers to benefit the community and the 

environment. Thus, this study has used vegetation and riparian condition as an indicator of 

urban stream quality. 
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Given that the waterway benefits comprise both use and non-use values, three methods were 

used to estimate the economic benefits of improvements in the southern Sydney waterways. 

These are: the hedonic price, random utility travel-cost and choice experiment methods. 

 The hedonic price model is used to estimate the value of different property attributes under the 

assumption that property prices are influenced by the different property attributes, which 

includes environmental quality. In this case, the assumption is that the heterogeneous 

waterway attributes and their levels have differing effects on property values.  

The random-utility travel-cost model was used to estimate the value placed by people on 

different recreation sites along the waterways in southern Sydney. The basic idea for this 

method is that people make trade-offs between the travel costs they incur and the desirability of 

characteristics of sites they visit, including environmental quality.   

The choice experiment model investigated people’s willingness to pay for improvements in 

waterway qualities by presenting them with various quality levels and household costs, to 

understand how they trade-off between them. The objective of the choice experiment is to 

estimate the non-use values for waterway improvements, even if such individuals do not live in 

close proximity and/or may never visit the specific waterway. 

A literature review, the indicators of waterway quality, study area description, detailed 

explanation and discussion of the three methods, and results are presented in the next sections. 

Also presented in this report are the main project activities and outputs. 

 

2. Economic Values 

Economists are interested in all of the aspects of a resource that a community thinks are 

important and not just the commercial aspects.  Consequently, from a welfare economics 

perspective, the economic value of a natural resource includes both use and non-use values. 

When evaluating the benefits of natural resources for inclusion in a cost-benefit analysis, from 

an economics perspective, the goal would be to identify the change in use and non-use value.   

Use values 

Use values are equal to the consumer surplus associated with usage of the natural resource 

being evaluated.  Consumer surplus is equal to the sum, across all consumers, of willingness to 

pay less cost.  However, for many natural resources, for many visits there will be no cost 
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incurred, such as when walking beside a stream.  When this occurs, the value derived is typically 

called recreational use value. 

Another aspect of use value that has been the subject of some debate in the literature is option 

value.  This reflects the value that individuals place on uncertainty.  The view of the literature is 

that it should not be separately estimated, and should be estimated as part of use value (see 

Morrison 2011 for further explanation). 

Non-use values 

Non-use (or passive use) value reflects individuals’ willingness to pay to maintain or improve 

the quality of a cultural resource apart from any in situ use.  These non-use values may result for 

various reasons, including bequest, altruistic, stewardship and self-seeking motives.  The 

magnitude of non-use value depends on various factors, such as the existence of close 

substitutes and the supply of the resource.   

Total Economic Value 

The concept that is the most relevant measure of value for most economic analyses is total 

economic value. Total economic value is the overall value that an individual has for a good, and 

includes both use and non-use values, where total economic value = use value + non-use value. 
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3. Choice of Valuation Approach 

The different non-market approaches that can be used are reviewed next.  This includes 

revealed preference techniques and stated preference techniques.   

 

Revealed preference techniques 

Revealed preference techniques use information from related markets to impute a value for 

non-market goods.  A related market is one that indirectly reveals values for a good; that is, 

there is some relationship between prices paid in a market and environmental characteristics of 

a good, allowing value to be imputed.  The most commonly used revealed preference techniques 

are the hedonic price and travel cost methods. 

 

 Hedonic Price Method 

The hedonic price method is used to estimate amenity values from residing nearby a natural 

resource, such as a stream.  Hedonic pricing is based on the idea that a person’s preferences for 

different goods (such as housing) depends on the features or attributes of those goods.  Hence a 

person’s willingness to pay for a property will reflect the attributes of that property, including 

house characteristics (e.g., the number of bedrooms, bathrooms), lot characteristics (e.g., size, 

slope) and environmental characteristics (e.g., proximity to schools, access to green space, 

beaches).   Using statistical methods, it is possible to control for a wide range of aspects of real 

estate and isolate the effect on property prices of the features that you are wanting to value, 

such as access to stream quality. 

 Travel Cost method 

The travel cost method is used to value recreational use or changes in recreational quality.  The 

basic idea of the travel cost method is that information on travel costs and reductions in the 

number of site visits at greater distances from a site can be used to estimate a demand curve for 

recreation and thus recreational use value.  This technique is regularly used by State 

government agencies to estimate recreational values (Gillespie 1997).  While used less 

frequently for this purpose, it can also be used to demonstrate the change in use value 

associated with changes in the quality of a recreational site (e.g., Crase and Gillespie 2008).  

There are several different types of travel cost method, including the zonal travel cost model, 

the individual travel cost model, and the random-utility travel cost model.   
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Stated preference techniques 

A second class of techniques that can be used to estimate non-market values are those based on 

the stated preferences of individuals.  Stated preference techniques involve using surveys from 

which estimates are derived of non-market benefits of different resource use alternatives.  

Because they rely on the use of surveys, stated preference techniques can be used in more 

applications than revealed preference techniques.  For example, they are the only approaches 

that can be used to estimate non-use values, as well as for estimating changes in use values 

prior to a new development.  The two main stated preference techniques are contingent 

valuation and choice modelling. 

 Contingent Valuation 

Contingent valuation involves estimating non-market values through directly questioning 

respondents about their willingness to pay for specific options.  The basic idea of contingent 

valuation is that respondents are presented with a description of a change (e.g., a project to 

improve the quality of a wetland), and a question is asked to identify their willingness to pay for 

this change to occur (e.g., would you support a referendum to achieve outcome X at a cost of $Y).   

 

While it has a long history, the contingent valuation method has been subject to controversy.  

This partly reflects its politicisation due to its usage in several high profile cases (e.g., the Exxon-

Valdez oil spill and mining in the Kakadu Conservation Zone, see Bennett and Carter 1993, 

Bennett 1996).  In the USA, contingent valuation was subject to a review by a panel set up by the 

National Oceanic and Atmospheric Administration and chaired by two Nobel Prize winners (Ken 

Arrow and Robert Solow) to assess the appropriateness of using contingent valuation in damage 

assessment.  The panel concluded that contingent valuation provided a useful starting point for 

damage assessment and provided a number of recommendations regarding the design of 

contingent valuation studies.  Since the early 1990s there have been various developments in 

the contingent valuation literature that have increased understanding of how to effectively 

design contingent valuation questionnaires, including of approaches that have been 

demonstrated to eliminate yea-saying, such as dissonance minimisation (e.g., Morrison and 

Brown 2009).  A recent review of the non-market valuation literature by the Productivity 

Commission concluded that “On balance, the evidence suggests that stated preference methods 

can provide estimates of non-market values that are sufficiently valid and reliable to use in 

policy analysis” (Baker and Ruting 2014).  This included both contingent valuation and choice 

modelling. 
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Contingent valuation has continued to be used in Australia (e.g., Bennett, Morrison and Blamey 

1998, Greiner and Rolfe 2004, Cooper, Crase and Burton 2010), the USA, UK and New Zealand.  

This is in part because contingent valuation has advantages over choice modelling.  It is 

analytically simpler, particularly where the goal is to produce a single valuation estimate for a 

program.  It is also easier to use contingent valuation for valuing particularly complicated goods.   

 Choice Modelling 

Over the past 15 years choice modelling has increasingly been used for non-market valuation, 

and is now more common that contingent valuation, particularly in Australia.  Nonetheless, the 

approaches share many similarities: they are both survey based methodologies, share some 

underpinning theoretical foundations and have many common design features.   

The main differences between contingent valuation and choice modelling relate to how goods 

are described, and in the way valuation questions are asked.  With contingent valuation, 

respondents value single scenarios.  In contrast, choice modelling is a multi-attribute technique.  

That is, goods are decomposed into their constituent attributes (e.g., a car could be described by 

its features such as fuel efficiency, safety rating etc).  Respondents then choose between 

alternatives that are described using these features and a household cost.  These choices are 

repeated many times and by observing how respondents’ choices change as the attributes of the 

alternatives change, it is possible to infer how much respondents are willing to pay for each 

attribute.   

The main advantage of choice modelling over contingent valuation is that it can produce 

information about the value of attributes rather than the value of single scenarios.  The 

information from a choice modelling application can therefore be used to value multiple 

scenarios, as well as the marginal values of attributes.  In many, but not all, contexts this will be 

very useful. 

 

Choosing between the valuation techniques 

In the context of improving stream health in the Cooks River and Georges River catchments, 

techniques are required to estimate both use and non-use values. As use values are involved, 

revealed preference techniques such as the travel cost method and the hedonic pricing method 

are relevant.  However, as there are also non-use values to estimate, a stated preference 

technique is also required.  This will typically require the use of contingent valuation or choice 
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modelling.  As estimates are needed for the value of different changes in a specific attribute, 

choice modelling is the more appropriate approach.  The usage in this study of hedonic pricing, 

the travel cost method and choice modelling is consistent with the recommendations of Baker 

and Ruting (2014), see Figure 1.  

 

 Source: Baker and Ruting (2014, p.51) 

 
Figure 1: Recommended Approach for Choosing Non-Market Valuation Methods from the 2014 

Productivity Commission Report 
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4. Hedonic Pricing Model 
 

4.1 Introduction 
 

A review of past valuations studies shows that prior studies have relied on the hedonic property 

valuation method to estimate the values of improved stream quality. A number of previous 

studies have found that households are prepared to pay premiums for greater extent and 

density of riparian vegetation. For example, using a remotely sensed vegetation index, Bark et 

al. (2011) investigated how homebuyers in Tucson, Arizona, USA valued different types of green 

spaces including riparian corridors. They found that more greenness was preferred by 

households within their property parcel, in their neighbourhood and in nearby riparian 

corridors. While this study distinguished the type of greenspace and the greenness of that space, 

it did not investigate the direct effect of riparian vegetation density. Another study by Kadish 

and Netusil (2012) in Multnomah County, Portland USA examined the effect of vegetation 

structure (low vs. high) on house values and found that at different buffers from a property, 

high structure vegetation was preferable to low structure vegetation. Additionally, many studies 

have made relatively simplistic linear assumptions about how vegetation is likely to influence 

house prices. 

 

However, as far as we are aware, few if any, previous studies have examined how physical 

channel characteristics and riparian buffer width interact with riparian vegetation condition to 

influence house prices. This is despite the adoption of both vegetation and channel 

geomorphologic indicators in the various waterway indices now used internationally for 

prioritising river restoration efforts. The one study that we did identify that valued an aspect of 

channel condition was Bark et al. (2009). Bark et al. (2009) controlled for concrete-lined 

channels in their valuation study of urban riparian habitat and found it to be a positive and 

significant variable. The authors postulate that this counterintuitive result may be an outcome 

of the type of concrete used in the main riparian canal that simulates a riverbed or because 

homebuyers associate concrete lining with reduced flood risk. Their results are suggestive that 

channel condition could be an important variable that could influence economic values; 

however only one type of channel condition, concrete, was investigated. 
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Furthermore, all previous studies on valuing riparian vegetation and/or urban waterways have 

only focused on homeowners. No studies were found to have estimated renters’ willingness to 

pay for improvements in waterway health. 

 

In order to fill the gaps identified in the literature, this hedonic property valuation study has 

four primary objectives: 

i. To examine willingness to pay for different riparian vegetation levels, buffer conditions 

and channel conditions 

ii. To provide greater depth of insight into the nature of the relationship between riparian 

vegetation and channel condition 

iii. To estimate renters’ willingness to pay for urban stream quality 

iv. To compare the renters’ willingness to pay with that of homeowners in the same study 

area and time period 

 

4.2 Theoretical perspectives and hypotheses 
 

A total of five hypotheses were tested. These were driven by logic and theory from the economic 

valuation literature. Prior studies have shown that people have positive willingness to pay for 

increased riparian vegetation cover and/or proximity to vegetated areas (e.g., Bark et al. (2011), 

Ham et al. (2012), and Kadish and Netusil (2012)). Nearby vegetation benefits include increased 

home privacy, better biodiversity in the neighbourhood, and improved nature-related 

recreation activities such as bird watching and bushwalking, among others. Given the findings 

from past studies and the benefits of vegetation, 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. 

While there is strong evidence to support hypothesis 1, environmental economists have been 

criticized for valuing natural resources without considering potential substitute benefits of 

modifying factors from the same resource (Johnston et al., 2002). The modifying factor of 

interest is channel condition and we expect it to moderate the value of riparian vegetation. 

Thus, our second hypothesis is: 

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

increasing vegetation condition alone. 
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The relationship between house price and waterway health may be viewed as a socio-ecological 

system made up of different states. A socio-ecological system is a coherent system of biophysical 

and social factors that regularly interact in a resilient and sustained manner (Redman et al., 

2004). We, therefore, categorised vegetation and riparian condition into three broad states: 

 

a) “Bare and barren”- this includes poor and degraded conditions which have stream 

segments with concrete channels and minimal vegetation. 

 

The “bare and barren” state generates minimal ecosystem services and is often used 

as a flood control environment in urban areas. 

 

b) “Aesthetically pleasing”- refers to streams with less degraded channels and intact or 

restored vegetation, and good buffer condition and size.  

 

 The “aesthetically pleasing” state generates the quantity, quality and/or diversity of 

ecosystem services that lead to a mix of natural views and nature-related recreation 

potential. 

 

c) “Bushland living”- 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 and is 

associated with higher privacy and more biodiversity. 

  

Given the three socio-ecological states and the envisaged benefits from the different socio-

ecological states, the third hypothesis is as follows: 

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 next two hypotheses will focus on renters. Urban communities are made up of a 

combination of owners and renters. In 2006, an estimated 27% of the households in Australian 

major cities were renters and this figure had risen to 29% by 2011 (ABS, 2012). The proportion 
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of renters is higher for some of the local government areas in our study area; for example 31% 

of Fairfield LGA and 36% of Canterbury LGA households were renters in 2011 (ABS, 2012). 

Given the public good nature of urban streams in Australian cities, renters and owners have the 

same access to nearby waterways. 

  

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, 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. In this study, both 

homebuyers’ and renters’ values for improvements in urban stream quality are estimated. It is 

expected that renters will have some preferences for improvements in vegetation and riparian 

conditions. Thus the fourth hypothesis is: 

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

quality. 

 

Past studies have found that renters generally have a lower willingness to pay for different 

house and neighbourhood attributes. For example, Hyland et al. (2013) investigated the effect of 

energy efficiency ratings on sales and rental prices in Ireland. They found that energy efficiency 

had a positive effect on both sale and rental prices but the effect was stronger for sales price. An 

older study by Goodman (1988) also studied the effect of neighbourhood attributes on sales and 

rental prices and found a stronger effect on sales price. Therefore, the fifth hypothesis tested is: 

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

than that of homebuyers. 

 

A hedonic pricing model was used to test all five hypotheses; this model is discussed in the next 

section. 
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4.3 Hedonic pricing model 
 

The hedonic pricing method is one of the primary revealed preference methods that has been 

used to estimate non-market values of environmental resources. This method assumes that an 

individual’s utility from a good is a function of the characteristics of that 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. These two 

papers argued 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 abides by the hedonic hypothesis that the price of a good can be explained by 

decomposing the good according to the characteristics which make up that good. Thus the 

formal ordinary least squares equation used in this study is as follows: 

 

      ninmimlilkikjiji VRCLGALNSAdjP 0)ln(  

 

Where i=1, … ,n, ln(AdjPRICEi) is a log of the ith sale price1 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, Ymi is the mth sales or 

rental event year dummy for house i, LGAni is the nth council area dummy for house i, and VRCpi is 

the pth vegetation and riparian condition attribute for house i. The study area, data sources and 

preparation techniques used for the variables in equation 1 are discussed in Section 2.4 and 2.5. 

 

4.4 Study area 
 

The study area covers 629 km2 in southern metropolitan Sydney, New South Wales, Australia. 

The study area consists of 11 councils or Local Government Areas (LGAs): Ashfield, Bankstown, 

Burwood, Canterbury, Fairfield, Hurstville, Kogarah, Liverpool, Marrickville, Rockdale, and 

Strathfield. Figure 2 shows the study area, waterways and houses sales from January 2003 to 

December 2013. 

 

The Cooks River and Georges River are the main waterways in the study area. The Cooks River 

is located in the inner south-west of the Sydney metropolitan area. Its catchment area covers 

100 km2 and the main stem of the river begins as a small waterway near Bankstown and flows 

                                                           
1
 Or weekly rental fee for the renters’ model 
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23 km in a generally easterly direction, entering Botany Bay just south of the Kingsford Smith 

Airport (International and Domestic) in Mascot (Dewar et al., 2013). As a highly urbanised 

catchment, most of the waterways in Cooks River catchment area have been substantially 

modified with most of the native riparian vegetation cleared (Georges River Combined Councils' 

Committee, 2013). Many areas alongside the Cooks River support recreational activities through 

facilities such as cycle paths, riverside walkways, parks, sports fields as well as pockets of native 

flora and fauna (Cooks River Alliance, 2014). 

 

The Georges River covers about 1,000 km2 and runs 96 km from south-west of Sydney and 

meets the sea at Botany Bay east of Sydney (Office of Environment and Heritage, 1999), and 

south of where the Cooks River enters Botany Bay. Around half of the Georges River catchment 

remains in natural condition (Georges River Combined Councils' Committee, 2013), though it 

contains many tributaries that have undergone significant modification, such as in the Cooks 

River catchment. Notable examples are the concrete lined and straightened channels in the 

Liverpool and Fairfield council areas and the regulation of flows by the Woronora Dam. Our 

study focus is on the metropolitan riparian condition and, therefore, the lower regions of the 

Georges River catchment were not included. 

 

 

Figure 2: Map showing the waterways, council areas and house sales locations across the Cooks 
River and upper Georges River catchments in Sydney, NSW, Australia 
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4.5 Data 
 

There are three main types of data used in this study. These are the (1) house sales and 

property structural data, (2) location and neighbourhood data, and (3) waterway condition 

data. The sales and structural data were supplied by Core Logic RP Data and were cleaned for 

erroneous entries and missing values. For example, some of the sales data were not residential 

but rather commercial use sales and some of the sales observations had missing entries for 

structural features; these were removed from the sample. 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). Study area digital elevation model (DEM) data were sourced 

from NSW Land and Property Information (LPI). DEM, which is a digital representation of a 

terrain’s surface, was used to extract individual elevations above sea level for each house in the 

sample. 

 

The proximity to different location features was calculated using ESRI’s ArcMap, a geographic 

information system package. Neighbourhood attributes were attached to each house using 

ArcMap. For example, property crime and violent offence data were supplied by NSW Bureau of 

Crime Statistics and Research. Other neighbourhood data were sourced from the Australian 

Bureau of Statistics (ABS). 

 

During the data cleaning process observations with missing house lot and structural variables 

were dropped from the sample. However, the data frequently had missing values for the age 

variable. Fortunately, many of those observations with missing age data had neighbours that 

had the age data. In order not to drop all these observations from our sample, a spatially-based 

age imputation technique was used. It has been noted that in urban areas, it is common for the 

housing stock in neighbourhoods or suburbs to be built contemporaneously (Randolph and 

Freestone, 2012; Thompson, 2007). We therefore calculated the average house age for 

individual ABS SA1 areas and imputed this age for houses with a missing age value. Similar 

techniques and data cleaning processes were used for both the house sales and rental data. The 

rental data period ranged from 2005 to 2013 and had a sample of 15,465 observations. 

 

Vegetation and riparian condition data were compiled by Alluvium Consulting group for this 

study. Alluvium Consulting group relied on a prior report by Earth Tech (2007). The Earth Tech 

(2007) report was commissioned by Greater Sydney Local Land Services (formerly Sydney 

Metropolitan Catchment Management Authority). Our study area covers 260 km of stream 

lengths classified into vegetation and riparian condition (VRC) categories. The VRC assessment 
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was developed based on riparian buffer width, contiguity of vegetation, and modification status 

of the stream channel. Table 1 shows the VRC types found on streams nearby to houses in the 

study area. 

Table 1: Descriptions of vegetation and riparian conditions in our study area 

Vegetation and 

riparian 

condition (VRC)  

Description Characteristics 

VRC 1 
No Vegetation/ Flood 

control/ Recreation 

• Little to no buffer; 

• Highly modified channel; 

• Weeds evident; 

• Little to no canopy; and 

• The number and frequency of road crossings is undefined 

VRC 2 
Degraded Condition - 

little/ no vegetation 

• Little to no buffer; 

• Modified channel; 

• Weeds evident; 

• Discontinuous canopy; and 

• The number and frequency of road crossings is undefined. 

VRC 3 

Moderate Condition - 

little/no vegetation 

(cover) 

• Buffer greater than 10m for 30% of length; 

• Un-modified channel; 

• Weeds evident; 

• Discontinuous canopy; and 

• Road crossings occur at intervals of >500m. 

VRC 4 

Degraded Condition - 

good/ moderate 

vegetation (cover) 

• Buffer greater than 10m for 30% of length; 

• Modified channel; 

• Weeds evident; 

• Discontinuous canopy; and 

• Road crossings >100m apart. 

VRC 5 

Moderate Condition - 

good/ moderate 

vegetation (cover) 

• Buffer greater than 20m for 70% of length; 

• Un-modified channel; 

• Weeds evident; 

• Semi-continuous canopy; and 

• Road crossings no less than 500m apart. 

VRC 6 

Good Condition - 

moderate recovery 

potential 

• Buffer greater than 50m for 70% of length; 

• Un-modified channel; 

• Weeds evident; 

• Continuous canopy; and 

• Road crossings that are no less than 2km apart. 

 

To capture nearby vegetation and riparian condition attributes, we used a 1 km buffer around 

each house. Similar buffers or cut-off distances have been used in hedonic property valuations 

for water quality (Dornbusch and Barrager, 1973; Walsh et al., 2011) and water-based 
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recreation (Phaneuf et al., 2008). The 1 km distance is a sufficient distance to capture 

neighbourhood visual amenity and is also a reasonable walking distance to nearby recreational 

areas (Kadish and Netusil, 2012). 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 stream. The 

closest point was then adopted as a starting point to traverse up and down the stream. 

Waterway 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. See Figure 3 for an illustration of how stream segments were attached to a house.    

 

a)                                                                       b) 

Figure 3: Actual houses (dark colour), pivot point on stream (light coloured house), the 
750msegment (dashed line) on Cooks River and, Cup and Saucer Creek attached to house with 

property id. 2031985 and 2175258 

 

Figure 3a shows how vegetation and riparian condition attributes were attached to a house 

when there is one stream within a 1 km buffer. However, in many cases there is more than one 

river segment, with its own specific attributes, within each buffer, as shown in Figure 3b. 

Therefore, we needed a way to account for multiple segments, each with potentially different 

attributes. In the case where there is only one river, as in Figure 3a, but multiple segments 

within the buffer, we grouped segments that have the same attributes levels for vegetation and 

riparian condition. We then identified which segment or combination of segments covered the 

longest distance; this was chosen as a proxy for the vegetation and riparian condition 

characteristics for a given 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 3b, a pivot point on each 

stream was generated, and 750 m stretches were selected from each stream, and the group of 

attributes with the longest length was used for the waterway condition attributes.  
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4.6 Results 
 

Homebuyers’ model results 

 

Table 2 presents homebuyers’ regression results for the ordinary least squares (OLS), and 

spatial error model (SEM) with four nearest neighbours. Nearby houses tend to share similar 

characteristics and nearby house prices tend to influence each other. This may lead to a 

statistical problem known as spatial auto-correlation. We tested for spatial auto-correlation and 

found evidence of spatial auto-correlation in our OLS model. Our tests recommended the spatial 

error model as the preferred model. Thus, the following discussion is based on the spatial error 

model estimates. 

 

Table 2: Homebuyers’ ordinary least squares and spatial error models results (N=29,749)2 

  
Ordinary least 

squares model a 
 Spatial error model (K=4) b 

Variable Coefficient 
Std 

errors 
 Coefficient 

Std 

errors 

Marginal 

Impact (%) 

Bedrooms 0.0785*** 0.0015  0.0738*** 0.0013 7.38 

Bathrooms 0.1062*** 0.0018  0.0948*** 0.0015 9.48 

Land size per 100m2 0.0393*** 0.0006  0.0409*** 0.0006 4.09 

Age -0.0015*** 0.0001  -0.0016*** 0.0001 -0.16 

Elevation per 100m 0.1009*** 0.0093  0.1220*** 0.0134 12.20 

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  -0.0081*** 0.0003 -0.81 

Children -0.0018*** 0.0002  -0.0016*** 0.0003 -0.16 

Non-English speaking background 0.0001 0.0001  0.0003* 0.0002 0.03 

Unemployment -0.0085*** 0.0003  -0.0083*** 0.0004 4.07 

CBD per km  -0.0154*** 0.0006  -0.0165*** 0.0009 -0.83 

School 0.0337*** 0.0040  0.0407*** 0.0060 -1.65 

Stream -0.0148*** 0.0040  -0.0148** 0.0059 -1.48 

VRC 2 0.0507*** 0.0040  0.0477*** 0.0058 4.89 

VRC 3 0.0577*** 0.0040  0.0566*** 0.0060 5.82 

VRC 4 0.0137*** 0.0041  0.0119** 0.0058 1.20 

VRC 5 0.0677*** 0.0036  0.0658*** 0.0054 6.80 

VRC 6 0.0866*** 0.0063  0.0888*** 0.0100 9.29 

Lambda ()      0.4029*** 0.0052  

R2 0.82  0.82   

* Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 
 Spatial error parameter, a With robust standard errors 

 
                                                           
2 Other variables that were included in the model are: Year of sale, Catchment (Georges/Cooks), LGAs, and proximity to: schools, 
beach, bushland, hospital, industrialised area, major road, train station, railway line, and waterbody. 
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Our results indicate that more bedrooms, more bathrooms, larger land parcels, and newer 

houses contribute positively to the selling price of a house, as expected. Of the structural 

attributes used in our analysis, the number of bathrooms has the largest positive and significant 

effect on house selling price. Reported neighbourhood crime has a significant effect on house 

prices. A higher rate of violent crimes lowers house prices. However, our results show that 

house prices are higher in neighbourhoods with higher property offences. Our findings on the 

effect of property offences are similar to those by Li and Saphores (2012) and Lynch and 

Rasmussen (2001). A possible explanation for the positive effect of property crime on house 

prices could be that people living in wealthier areas are likely to report more petty crimes than 

those in poorer areas (Lynch and Rasmussen, 2001). House prices decrease as the number of 

children, and the unemployment rate in an area increase. Houses closer to the CBD and those 

closer to waterways command a positive price premium than those further away. 

The spatial error model results for our variables of interest, the VRC levels, are all compared to a 

house nearby a stream with VRC 1 characteristics. They show that homebuyers are willing to 

pay a 4.89% premium for a house nearby VRC 2 characteristics or the equivalent of $28,020 at 

the median house price of AU$573,378. Homebuyers placed a premium of 5.82% more for a 

house with nearby stream characteristics corresponding to VRC 3, and 6.80% for VRC 5 

characteristics. The premium for vegetation and riparian condition was highest for a house 

nearby a stream with VRC 6 characteristics at 9.29% or $53,266. The result that stands out is 

that for VRC 4. Homebuyers are only willing to pay a premium of 1.20% relative to VRC 1 

characteristics, even though VRC 4 is three condition levels above VRC 1. Given this surprising 

result for VRC 4, we decided to ground check the visual appearance of this category. A site visit 

revealed, for example, a degraded stream, with dirt paths crossing the stream, dense but often 

patchy vegetation with reeds growing inside the stream and still water ponds and litter present. 

We, therefore, believe that this is why VRC 4 has a lower coefficient than VRC 2 and VRC 3. 

In Figure 4 we illustrate the changes in the estimated implicit marginal prices for different VRC 

levels: breaking down the interaction between riparian vegetation and buffer condition 

attributes and channel condition. For example, there is a 4.89% gain in price for a house located 

nearby a modified channel with little/no vegetation or buffer when compared to one with a 

highly modified channel and no vegetation, little or no canopy or buffer (VRC 1 to VRC 2). 

Whereas, if a house is nearby a modified channel with little or no vegetation and little or no 

buffer (VRC 2), 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 a good or moderate cover but degraded vegetation (VRC 2 to VRC 4) there is a -3.69% 

loss in house prices. 
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Figure 4: Effect of riparian vegetation and channel condition on house sales (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. 

The values for the different VRC conditions are statistically different. 
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Renters’ model results 

A test for spatial auto-correlation in the renters’ model suggested that the spatial lag model was 

the preferred model. We, therefore, present the OLS and spatial lag models for renters in Table 

3. 

The results indicate that more bedrooms, more bathrooms, and newer houses contribute 

positively to the rental price of a house, as expected. Of the structural attributes used in our 

analysis, the number of bedrooms has the largest positive and significant effect on house rental 

price. Unlike owners, renters are not willing to pay a premium for larger land parcels. This could 

be because larger land parcels command more effort from renters in terms of maintenance e.g. 

gardening. Reported neighbourhood crime has a significant effect on house rental prices. A 

higher rate of violent crimes lowers house rental prices. However, our results show that house 

rental prices are higher in neighbourhoods with higher property offences; this is a similar 

outcome as that for owners. House rental prices are lower in locations with a higher number of 

children, non-English speaking population, and higher unemployment rates. Houses further 

away from Sydney CBD command a lower rental price than those closer to the CBD and there is 

a premium for proximity to a stream. 
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Table 3: Regression results from the ordinary least squares and spatial error models for renters’ 

willingness to pay for stream quality 

 Ordinary least 
squares model 

 
Spatial lag model  

Variable Coefficient 
Std 

errors 
 

Coefficient 
Std 

errors 
Marginal 

Impact (%) 
Bedrooms 0.1177*** 0.0016  0.1170*** 0.0016 11.70 

Bathrooms 0.0889*** 0.0020  0.0879*** 0.0020 8.79 

Land size per 100m2 -0.0006*** 0.0001  -0.0006*** 0.0001 -0.06 

Age -0.0006*** 0.0001  -0.0006*** 0.0001 -0.06 

Elevation per 100m 0.0714*** 0.0096  0.0641*** 0.0096 6.41 

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  -0.0045*** 0.0003 -0.45 

Children -0.0613** 0.0247  -0.0594** 0.0243 -5.94 

Non-English speaking 

background 
-0.1065*** 0.0128  -0.1027*** 0.0127 -10.27 

Unemployment -0.3305*** 0.0329  -0.2973*** 0.0329 -29.73 

CBD per km -0.0089*** 0.0006  -0.0084*** 0.0006 -0.84 

School 0.0089** 0.0043  0.0071** 0.0043 0.71 

Stream -0.0150*** 0.0041  -0.0141*** 0.0041 -1.41 

VRC 2 0.0100** 0.0041  0.0089** 0.0041 0.89 

VRC 3 0.0276*** 0.0042  0.0246*** 0.0042 2.49 

VRC 4 0.0033 0.0042  0.0027 0.0042 - 

VRC 5 0.0247*** 0.0038  0.0216*** 0.0038 2.18 

VRC 6 0.0411*** 0.0064  0.0360*** 0.0063 3.67 

W_logAdjPrice      0.0811*** 0.0116  

R2 0.746  0.749 

Where: * Significant at the 10% level, ** Significant at the 5% level, *** Significant at the 1% level 

 

Renters in southern Sydney had an implicit marginal price of 0.89% more for a house nearby a 

stream with VRC 2 characteristics or the equivalent of $4.45 per week at the median weekly 

house rental price of AU$499, when compared to a house with VRC 1. Renters’ premium was 

2.50% for a house with nearby stream characteristics corresponding to VRC 3, and 2.18% for 

VRC 5 characteristics. The premium for vegetation and riparian condition was highest for a 

house nearby a stream with VRC 6 characteristics at 3.67% or $18.28 per week for the spatial 

lag model. The result that stands out is that for VRC 4. The coefficient for VRC 4 is positive but 

not significant, implying that for renters, there is no premium for a house nearby VRC 4 stream 

relative to VRC 1 characteristics even though VRC 4 is three condition levels above VRC 1. 

Furthermore, the VRC 3 coefficient is greater than that for VRC 5; however, a test of equality of 
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these two coefficients indicates that the two are actually not statistically different. Both VRC 3 

and VRC 5 represent streams with unmodified channels, but VRC 5 has longer riparian buffers. 

In Figure 5 we illustrate the changes in renters’ willingness to pay for different VRC levels: 

breaking down the interaction between riparian vegetation and buffer condition attributes, and 

channel condition. For example, there is a 0.89% gain in house rental prices for a house located 

nearby a modified channel with little/no vegetation or buffer when compared to one with a 

highly modified channel and no vegetation, little or no canopy or buffer (VRC 1 to VRC 2). If a 

house is nearby VRC 2 there is a 1.60% 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 a good or moderate cover but degraded vegetation (VRC 2 to VRC 4), there 

is a -0.89% loss in house rental price. 
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Figure 5: Effect of riparian vegetation and channel condition on house rental (based on spatial lag model results)  

 

* This change is not statistical significant 

 

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 line, a modified 

stream is one that has rock-lined and still meandering, and an unmodified stream is one in a more natural state 

 

The percentage values shows the implicit change in willingness to pay as a percentage of rental price across different VRC levels 
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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 

used to compare renters and homebuyers is the same as that previous presented, but with 

house sales from 2005 to 2013. This ensured that the homebuyers’ model temporal boundary is 

the same 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. Similar to findings from Linneman and Voith (1991), renters were found 

to display different psychographic characteristics from those of renters. 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. 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. There were no differences 

between renters and homebuyers in preference choice for catchment area and proximity to a 

waterway. 

 

The renters’ and homebuyers’ implicit marginal prices for different VRC level improvement are 

presented in Table 4. An example of how to apply these implicit prices to evaluate the benefits of 

a site improvement is presented in the Appendix. 

 

Table 4: 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 0.89 4.99 

VRC 2 → VRC 3 1.60 0.89 

VRC 2 → VRC 4 -0.89 -4.99 

VRC 3 → VRC 4 -2.22 -4.63 

VRC 3 → VRC 5 -0.31 1.05 

VRC 4 → VRC 5 1.91 5.68 

VRC 5 → VRC 6 1.48 2.69 

 

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 
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3 compared to VRC 1 is much lower than that of homebuyers. 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. 

Statistical testing of the differences between hedonic implicit prices 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, and the model used a pooled sample in a semi-log function. The 

buyers’ and renters’ data were pooled together and a dummy variable “d” was created with 

renters as the reference group.  

Table 5 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. 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 5: Pooled sample results for interaction VRC variables (d=0 for renters, N= 43,123) 

Variable Coef. 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 

 

Summarised results by hypothesis 
  

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. 
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- The results presented above indicate that both homebuyers and renters have a positive 

implicit marginal price for improvements in vegetation and riparian condition. Thus, there is 

evidence for not reject H1. 

 

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

vegetation condition alone. 

- Results as illustrated in Figure 4 and Figure 5 demonstrate that higher gains can be achieved 

when both vegetation and channel conditions are improved, consequently the evidence 

supports not rejecting this second hypothesis. 

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 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), 

followed by moderate benefits for changes between conditions relating to “aesthetically 

pleasing” states (VRC 2 to VRC 4) and then a further large gain moving to the VRC6 or the 

“bushland living” state. 

 

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

- The results from this study indicate that renters generally have positive and significant implicit 

marginal prices for certain improvements in urban stream quality. However, unlike 

homebuyers, there was no positive premium from improvements from VRC 3 to VRC 5. The 

results from this study indicate that renters have positive and significant implicit marginal 

prices for certain improvements in urban stream quality 

 

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

that of homebuyers. 

- 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. 
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5. Travel Cost Model 
 

5.1 Introduction  

The hedonic price model discussed in Section 2 estimates the value of improvements in urban 

streams to nearby residents. However, in Australia the recreation amenities located in and 

around urban streams are also accessible to the general public who may travel from locations 

further away to access the recreation amenities. While the hedonic price model estimates only 

covered houses located within a 1 km of the stream. The travel cost models estimates recreation 

demand for all residents in the study area. Thus the travel cost study fills an additional part of 

the information gap by estimating a recreation demand model to quantify local residents’ 

preferences for the vegetation improvement of riparian vegetation in the catchments.  This 

model allows the benefits of riparian vegetation improvements to be computed for council 

residents who visit public green spaces along the waterways. This report provides an initial 

summary of study methods and initial results. 

 

5.2 Study area 

The travel cost study covered two more LGAs, Campbelltown City and Sutherland Shire, in 

addition to the 11 LGAs in the hedonic property valuation study. Figure 6 shows the study area 

for the travel cost model. Also shown are the main streams, Cooks River and Georges River, and 

the small urban streams that are tributaries to the main streams. 
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Figure 6: Recreation demand model study area in white 

 

The data were collected using an internet survey designed to collect individual trip data on 

recreation visits to public green spaces along the rivers within the council areas.  Respondents 

were told that the term “public green spaces” in the survey referred to parks, reserves, sports 

fields, playgrounds, or other public green spaces along creeks and rivers in the two catchments. 

Figure 7 is an example map of Beaman Park in Earlwood, Canterbury shown to the respondents, 

and similar graphics were provided for other public green spaces studied.  

 

 

Figure 7: Beaman Park in Earlwood, Canterbury 
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The percentage of the public green spaces residing in each council is presented in Table 6.  It can 

be seen that Liverpool has the most (68) and Ashfield has the least number (9). 

 

Table 6: Public Green Spaces by Local Government Area 

Local Government Area 
Percentage of  Study Public Green 

Spaces  in Local Government Areas 

Ashfield 2.10% 

Bankstown 6.80% 

Burwood 0.90% 

Campbelltown 12.90% 

Canterbury 13.10% 

Fairfield 14.30% 

Hurstville 5.30% 

Kogarah 3.50% 

Liverpool 15.90% 

Marrickville 2.30% 

Rockdale 4.90% 

Strathfield 4.40% 

Sutherland Shire 13.60% 

 

5.3 Recreation demand model 

What is referred to as a random-utility, travel-cost model (Parsons, 2014) was estimated to 

understand council residents’ preferences for recreational public green space characteristics, 

including riparian vegetation, when choosing a site to visit.  

The basic idea for this method is that people make trade-offs between the travels costs they 

incur and the desirability of characteristics of sites they visit.  All other factors equal, a person 

will travel further to visit a site with more desirable characteristics, and it is this behaviour that 

allows us to estimate the value visitors place on characteristics of public green spaces, including 

riparian vegetation.  

Consider the focus of the current application, native riparian vegetation.  If native vegetation 

along a waterway is desirable, a person may choose to incur higher travel costs to visit a public 
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green space that has native vegetation along the waterway and skip over nearer public green 

spaces that where a waterway is channelized with less extensive native vegetation.  The 

attributes of interest in this study include native vegetation along waterways and park 

characteristics.  These vegetation levels and other public green space characteristics studied are 

described below. 

5.4 Data collection 

Four types of data were used to estimate the travel cost model: 1) individual trip data were 

collected via the internet survey; 2) respondents travel costs to visit public green spaces were 

also collected in the internet survey; 3) facilities at public green spaces, which are key site 

characteristics that make a public green space more or less desirable for recreation; and 4) 

riparian vegetation condition data for the creeks and rivers along public green spaces.   

The survey instrument was developed over a period of several months from March 2015 to 

September 2015. In June 2015, focus groups were conducted in the Fairfield and Canterbury 

councils to ensure the survey questions were clear and could be readily understood by the 

respondents. The target respondents of the survey are people whose home address postcode is 

within the area of the Georges River and Cooks River Catchments. The survey instrument was 

programmed online in Qualtrics and was distributed by two Australian internet panel provider 

companies. The survey was administered by Online Research Unit from November, 2015 to 

January, 2016, and by PureProfile in May 2016. 

The public green space characteristic data were drawn from public green space location data 

provided by the Greater Sydney Local Land Services and public green space facilities data 

collected from multiple sources (local government websites and documents, Google Street View, 

Google Earth and other online resources, and site visits by study team members during early 

June 2015).  

The riparian vegetation condition data for Cooks River and Georges River catchments were 

provided in GIS format by the Greater Sydney Local Land Services, with definition found in the 

“Georges River and Cooks River Waterway Index Report” prepared by Knights and Stacey 

(2014). The riparian vegetation and the public green spaces location data were joined together 

using the “nearest feature” algorithm in ArcGIS, i.e., each public green space was given the 

riparian vegetation condition of the waterway traversed or adjoined or nearest to it. 
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5.4.1 Individual recreation trips 

The survey asked respondents to report public green spaces they visited in the study area 

during the preceding 12 months from the day they answered the survey questions. The survey 

also asks respondents report the number of trips to each of the public green spaces, activities 

engaged in, time spent on traveling to the sites, time spent at the sites, and their own 

characteristics that could affect what site they chose to visit. 

 

5.4.2 Travel cost 

Travel cost for a recreation trip typically includes out-of-pocket trip costs and opportunity cost 

of travel-time. Trip cost is usually computed by multiplying the round-trip distances by a per 

kilometre trip cost. Time cost represents the opportunity cost of the leisure time forgone by a 

person to travel to and from a recreation site (Parsons, 2014). Here the travel cost is computed 

as: 

T                  
 

    
             (2) 

Where y is the annual income in Australian dollars collected in the internet survey, 2040 is 

the number of full-time working hours per year, 0.33 is the discount factor for the 

opportunity cost for the leisure time as research has shown it is valued less than work time, 

t is the round-trip driving time in hours from a respondent’s home to the public green space, 

c is the fuel cost per kilometre, and d is the round-trip driving distance in kilometres.   

In Equation 2, the first set of terms is the opportunity cost of travel time to visit a public green 

space and the second set of terms is the out-of-pocket costs associated with the visit. 

 

5.4.3 Public green space characteristics 

There are a total of 428 public green spaces along the waterways in the Georges and Cooks 

considered in the study that respondents could indicate they visited.  The public green space 

characteristics are facilities people would use when visiting these sites and the incidence of 

these facilities at the 428 sites is documented in Table 7. 
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Table 7: Public Green Space Characteristics 

Recreation facility Percent of public green spaces with facilities 

Toilets 37% 

Seating 48% 

Barbecue 17% 

Picnic 21% 

Play/ Exercise Equipment 36% 

Sports Fields 35% 

Walking/ Running/ Biking Path 53% 

 

 

5.4.4 Riparian vegetation 

The riparian vegetation condition has eight levels as defined by Knights and Stacey (2014), and 

is represented by the labels VRC 1, VRC 2, VRC 3, VRC 4, VRC 6, VRC 7 and VRC 8. A high VRC 

score (e.g., VRC 8) was given to waterway sections that have near intact vegetation and 

unmodified channels, while low scores (e.g., VRC 1) were given to riparian areas with 

substantial anthropogenic modifications (Table 8). Channel condition refers to the physical 

modification 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.  

Table 8: Riparian Vegetation in Study Area 

Label Description 
Length 
(km) 

Percent of public green  
spaces with vegetation 

conditions 

VRC 1 No vegetation/flood control 55.8 27% 

VRC 2 Degraded condition - little/no vegetation 35.3 14% 

VRC 3 Moderate condition - little/no vegetation 33.8 18% 

VRC 4 Degraded condition - good/moderate vegetation 16.3 10% 

VRC 5 Moderate condition - good/moderate vegetation 34.8 13% 

VRC 6 Good condition - moderate recovery 14.1 5% 

VRC 7 Good condition - high recovery 55.5 6% 

VRC 8 Near intact - inside reserve/outside reserve 267.1 8% 
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Figure 8 presents the distribution of the VRCs in the study area. Fifty-two percent of the 

waterways have near intact native vegetation with unmodified channels (VRC 8), but Figure 8 

shows that most of the waterways with intact native vegetation and unmodified channels are 

located in the lower part the Georges River Catchment and away from where most people live in 

the study area. Example aerial photographs of each vegetation condition are shown in Figure 9. 

 

Figure 8: Riparian Vegetation Conditions in the Study Area 
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Figure 9: Riparian Vegetation Condition Google Earth Photos Earth Tech 2007 

 

5.5 Results 

The results show that respondents like most of the characteristics given, which means a person 

is more likely to visit a public green space if it has one or more of the desired characteristics. 

However, the presence of seating results in people being less likely to visit a public green space. 
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Further research will be needed to fully understand why this characteristic is not desirable to 

people who recreate at public green spaces.   

The model results show that an average respondent is willing to pay $2.28 per trip to have a 

toilet available at a public green space. The willingness to pay for having barbeque, sports fields, 

playground/exercise equipment and walk/run/bike paths are $2.17, $1.00, $1.39 and $1.13 per 

trip, respectively. 

To estimate the travel cost model one of the vegetation conditions needed to be excluded, and 

VRC 1 was excluded.  The model then tells how much people will pay to obtain each of the other 

seven VRC conditions instead of having VRC 1.  All VRCs have statistically significant willingness 

to pay, which means that visitors to public green spaces will pay to have vegetation improved 

over the condition of VRC 1. In Table 9 we report willingness to pay for the VRC conditions 

stratified by the amount of vegetation and the extent of channel modification. 

Visitors to public green spaces are willing to pay $1.10 per trip for channel modification to be 

reduced and vegetation improved to the condition of VRC 2 (Table 5). The highest willingness to 

pay is $3.16 per trip for a public green space where the waterway channel is not modified and 

native vegetation is nearly intact.  This means, that people who visit public green spaces are 

willing to incur $3.16 more in travel costs to visit a public green space with the conditions of 

VRC 8 over VRC 1, and a similar interpretation applies to the estimates for VRC 3, VRC 4, VRC 5 

and VRC 7. 

We also tested the statistical equivalence of the willingness to pay for different VRC scores and 

the results are as follows:  

   VRC 6 < VRC 2 = VRC 3 < VRC 4 = VRC 5 < VRC 7 = VRC 8 

It can be seen that respondents’ willingness to pay increases as the channel is less modified and 

there is more riparian vegetation. The reason VRC 6 is the smallest among all improved 

conditions could be due to a lack of statistical power in that only 5% of all the public green 

spaces have this condition. But this might change when we add more respondents to the sample. 
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Table 9: Per Trip Implicit Prices for  Improvements  from VRC 1 

Vegetation and 

riparian condition 

No 

vegetation 

Little /no 

vegetation but 

degraded 

Little/no 

vegetation 

Good/ 

moderate  

vegetation 

but 

degraded 

Good/moderate 

vegetation 
Good vegetation 

Near intact 

vegetation 

Little to 

no canopy 

or buffer 

Discontinuous 

canopy, 

little to no 

buffer 

Discontinuous canopy, 

buffer greater than 10 m 

for 30% of length 

Semi-

continuous 

canopy, 

buffer greater 

than 20 m for 

70% of length 

Continuous 

canopy, 

buffer 

greater 

than 50 m 

for 70% of 

length 

Continuous 

canopy, 

buffer 

greater 

than 100 m 

for 70% of 

length 

Buffer 

greater than 

200m, 

inside/outside 

reserve 

 

C
h

a
n

n
e
l 

co
n

d
it

io
n

 

 

Unmodifieda 

 

  
VRC 3 

$1.01*** 
 

VRC 5 

$1.63*** 

VRC 6 

$0.52*
 

VRC 7 

$2.56*** 

VRC 8 

$3.16*** 

Modifiedb 

 
 

VRC 2 

$1.10*** 
 

VRC 4 

$1.98*** 
    

Highly 

modifiedc 
VRC 1

d 
       

a 
An unmodified channel is one in a more natural state.  

b 
A modified channel is one that is rock-lined and still meandering. 

c 
A highly modified stream is one that has its banks straightened and concrete lined. 

d 
VRC 1 is the status quo condition in the travel cost model and the implicit price estimates indicate how much money 

per trip an average respondent is willing to pay to improve from this riparian vegetation condition to other (improved) 

conditions. 

*
 
The implicit price is statistically significant at the 10% level 

*** The implicit price is statistically significant at the 1% level. 

 

The value estimates presented in Table 9 are implicit prices, which provide an indication of the 

relative value of each of the features that may be present across all sites.  However, to identify 

willingness to pay for a specific site improvement requires the use of a formula that requires 

identification of the characteristics of each of the substitute sites, plus the change in the 

characteristics of the site being valued. This implies that values for a policy change depends not 

only the extent of change at a specific site, but on the characteristics of substitute sites:   

    CS
M

V

i

V

i
   

1
0 1


ln exp ln exp

   

where M is the coefficient for the travel cost attribute and is interpreted as the marginal 

utility of income, V0 represents the utility of the initial state, and V1 represents the utility 

of the subsequent state (for each of the alternatives). 
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An additional report will be provided to project partners on use of this formula after additional 

model estimation involving the random utility model has been completed.  An example of the 

use of this formula for value estimation is provided in the Appendix. 

 

5.6 Conclusions 

 

This study shows that riparian vegetation does affect local residents’ recreation decision about 

which public green spaces they choose to visit, and they place a significant value on visiting sites 

where the waterway channel is less modified and there is more native riparian vegetation.  

These estimates, when aggregated over the share of council residents who visit public green 

spaces can be used to as benefits estimates to compare against the cost of reducing channel 

modifications and increasing native vegetation in the study area. 
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6. Stated preference model 
 

In addition to the use values described and estimated in Sections 3 and 4, urban streams are 

also a source of non-use values. Economic literature points out that people can derive some 

form of benefit from the knowledge of the existence of a resource, independent of any personal 

use now or in the future. This notion was first introduced by Krutilla (1967) in his paper on 

conservation of environmental resources.  

The motivation for non-use values may come from the 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 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 

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 the asset such as an endangered species (Bateman et al., 2002). Individuals who 

have existence values are assumed to be willing to pay for the preservation of that particular 

resource that they ascribe an existence value for. 

Non-use values from urban streams were investigated using two choice experiments. The choice 

experiments were designed to investigate local residents’ willingness to pay to improve the 

riparian vegetation in the Cooks River and Georges River catchment respectively.  

 

6.1 Questionnaire Design 

The questionnaire used for estimating the non-use values associated with improving stream 

condition in the Georges River and Cooks River catchments is now described.  This 

questionnaire was in the second part of the survey completed by respondents, and followed the 

travel cost questionnaire described in Section 5 of this report. 
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The questionnaire has several elements.   

 Description of the Georges and Cooks River Catchments 

First, an overview was provided of Creeks in the Georges River and Cooks River catchments and 

their location (see Figures 10 and 11). 

 

 

Figure 10: Description of the Georges River Catchment 
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Figure 11: Description of the Cooks River Catchment 

 

 Information about Native Vegetation along Waterways and possible Vegetation 

and Channel Conditions 

Before describing the current condition of native vegetation and river channels along the Cooks 

River and Georges Rivers, information was first provided to respondents about what native 

vegetation is, and its benefits and costs (Figure 123).  Information about different conditions for 

                                                           
3
 In this section we only present examples from both catchments where they are substantively different.  For 

Figure 12, essentially the same information was provided in both surveys, so only the page from the Georges 
River Catchment has been presented. 



  

48 
 

native vegetation and channels is also presented (Figure 13).  These definitions were chosen to 

be consistent with the VCR definitions used for the hedonic and travel cost modelling, while still 

being relevant for respondents.  The “No native vegetation and no native vegetation” option is 

consistent with VRC 1.  That is the “bare and barren” socio-ecological state.  The “Natural 

channel and native vegetation” option is consistent with VRC 3 and 5; that is the “aesthetically 

pleasing” socio-ecological state.  These two possible states are used as a basis for defining 

attributes for vegetation in the choice sets which are described later in this section. 

 

 

 

Figure 12: Description of Native Vegetation and its Benefits and Costs 
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Figure 13: Description of possible conditions for Channels and Native Vegetation 
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  Description of Native Vegetation in the Georges and Cooks River Catchments, and 

its Current Condition 

Next the current condition of waterways in the Georges and Cooks River Catchments are 

described (Figure 14 and 15).  The current length of the waterways that have a modified river 

channel and no native vegetation, and the length that has a natural river channel and native 

vegetation was defined for both catchments, and shown on a map of each catchment.  

 

 

 

Figure 14: Description of the Current Condition of Waterways in the Georges River 

Catchment 
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Figure 15: Description of the Current Condition of Waterways in the Georges River 

Catchment 
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 Description of management options for improving channels and vegetation 

Next potential management options for improving channels that have been modified and native 

vegetation were described and examples shown (see Figure 16). 

 

 

Figure 16: Description of Management Options for Improving Waterway Health 
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Description of the Payment Scenario 

Next, a hypothetical scenario was put to respondents to enable valuation of improvements in 

channel and native vegetation condition (see Figure 17).  Households were asked to vote on 

whether to approve management plans to improve waterway channels and increase native 

vegetation. A referendum was used as this has been shown to produce more conservative value 

estimates that are closer to the value estimates derived when actual payment is involved 

(Taylor et al. 2010). 

Respondents were told that costs would be experienced through increased land rates, starting 

in 2016, and that costs would be passed onto renters through rental payments.  Payments 

would occur for five years.  Respondents were told that the funds raised would go into a trust 

fund, which would only be used for this purpose.   

Respondents were also told that the results will be used by local Councils and Sydney Water to 

make decisions, which is consistent with encouraging respondents to believe that the results 

will be consequential, which has been shown to be important in deriving valid value estimates 

(Vossler et al. 2009, Vossler et al. 2012). Respondents were also reminded that they could 

always spend their money on other things, and asked to vote as if they were participating in a 

referendum today, which is consistent with the wording often used in a short cheap talk script 

which are designed to reduce yea-saying (List et al., 2006; Morrison and Brown 2009). 
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Figure 17: Payment Scenario used in the Questionnaire 

 

 Description of the Choice Sets 

After the payment scenario was described, respondents were shown an example choice set and 

provided with a description of how to answer it.  They were then given four choice sets to 

answer, examples of which are shown in Figures 18 and 19.  There were three attributes used 

plus household cost.  The first two attributes were related to vegetation and channel condition: 

“Modified channel and no native vegetation” and “Natural channel with native vegetation”.  

These were based on the current state of the streams in each catchment.  The levels for these 

two attributes were varied within the range of possible changes.  An increase in the length of 

“Natural channel with native vegetation” implied an equivalent decrement in the length of 
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streams with “Modified channel and no native vegetation”.  The third attribute was time until 

improvement occurs, and its levels were 6, 10 and 20 years.  The last attribute was household 

cost.  This is placed in the final row as this has been demonstrated to produce more 

conservative value estimates (Kjaer et al. 2006).  Two different bid designs were used, one with 

even dollar amounts ($10, $25, $50, $100, $150, $250) and a second with modified bids ($9, 

$24, $52, $93, $147 and $256) given that there is emerging evidence that using uneven bid 

amounts (eg $9 rather than $10) leads to respondents providing more thoughtful responses 

when answering questions of this type.  Half of the sample received each bid vector4. 

As noted above, the choice questions were framed as a referendum, as this has been 

demonstrated to produce value estimates that are significantly closer to the value estimates that 

would be produced if actual payment was involved (Taylor et al, 2010).  Respondents answered 

four of these choice tasks. 

 

 

 

Figure 18: Example Choice Set for the Georges River Survey 

                                                           
4 Subsequent statistical testing indicated that the coefficients for household cost for the two sub-samples were 
equivalent, so the samples for the two treatments were merged for the analysis in this report. 
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Figure 19: Example Choice Set for the Cooks River Survey 

 

 Debrief and Classification Questions 

Lastly, a series of attitudinal and socio-demographic questions were asked.  Questions were 

asked to understand serial non-respondents; that is, respondents who always chose the status 

quo in the choice tasks, and their motivations for doing so.  A question was also included to 

assess respondents’ environmental orientation. 

A question was asked about whether respondents believed that their responses to this 

questionnaire will influence government policy, as an indicator of respondents’ perceptions of 

the consequentiality of the survey.  Previous research has indicated that respondents to 

dichotomous choice referendum questions who indicate that they believe the survey to be 

consequential have hypothetical willingness to pay equal to actual willingness to pay (Vossler et 

al. 2009, Vossler et al. 2012), while for those who do not, hypothetical willingness to pay is 

likely to exceed actual willingness to pay.  The implication is that those designing non-market 
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valuation surveys either need to restrict their willingness to pay estimates to those who 

perceive the survey to be consequential, or use a demand revealing approach (such as 

dissonance minimisation) or use an approach known to produce conservative value estimates 

(such as a payment card). 

Several socio-demographic questions were then included to identify respondents’ gender, age, 

whether they had children, whether they owned their home, education and income.  These 

questions are useful for assessing the representativeness of the sample, and for testing 

construct validity. 

 

6.2 Pretesting 

The draft questionnaires were refined using in-depth interviews with residents conducted in 

the Georges River Catchment (Campsie) and Cooks River Catchments (Fairfield). This process is 

an important step to ensuring the clarity and integrity of the survey and its results. The in-depth 

interviews provided feedback on the suitability of photographs, diagrams and sketches in 

providing information and the appropriateness of the payment vehicle.  It also provided 

information about respondent understanding of the questionnaire, whether there were any 

issues with wording including any information that was unclear, insufficient, biased or whether 

too much detail was provided.  The in-depth interviews also provided information about the 

range of willingness to pay bids for input for the final questionnaire. 

In addition, two pre-test samples were collected using a sample from the Online Research Unit.  

While the initial feedback from the in-depth interviews was positive, we found that the survey 

was not working effectively in the pre-test sample.  This appeared to be because of the initial 

framing of different levels of vegetation in terms of “limited”, “moderate” and “extensive”.  This 

was exacerbated by the limited amount of “extensive” vegetation in Sydney which was 

cumbersome to explain, especially when it was initially included in the choice sets but did not 

vary.  In a second pre-test we removed “extensive” vegetation from the choice set while 

including it in the background information about vegetation levels, but that also did not produce 

significant results.  Our third attempt, which used a sample from the online provider 

PureProfile, involved framing vegetation and channel condition in a way that was consistent 

with our findings from the hedonic pricing and random utility travel cost model, and this 

produced significant results.  Prior to our third pre-test, additional in-depth interviews were 

conducted to confirm respondent understanding of the refined attribute definition in the 

questionnaires.   
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6. 3 Sample 

The main survey was conducted in June and July 2016, with a total sample collected of n=539 in 

the Georges River catchment and n=442 in the Cooks River catchment.  The data were collected 

through an internet survey using the Research Now Internet Panel.   

The socio-demographic profile of respondents is shown in Table 10.  

Table 10: Sociodemographic Profile of Respondents 

 Cooks Georges 

Male 47.7% 41.1% 

Children 48.0% 67.2% 

Age 43.5 46.5 

Household income $92,702 $75,779 

Degree 57.3% 34% 

Pro-environmental 53.2% 48.8% 

 

 

6.4 Experimental Design 

A Bayesian efficient experimental design was used to derive choice alternatives for both 

surveys.  Each experimental design had 24 choice sets.  Dominated alternatives were specifically 

excluded from the design.    

 

6.5 Model Estimation 

Several different regression models were used to analyse the data, including the conditional 

logit, mixed logit and latent class models (Train 2003).   

Conditional Logit Model 

The conditional model has the following form, where Vj is the deterministic utility component of 

alternative j: 

      
        

        
 

The utility function Vji, which represents the utility of the different alternatives in the 

conditional logit model, typically has the following functional form: 
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Vi = C + k.Xk where i = 1,…, N and k = 1,…, N  

where C is an alternative specific constant,  is a coefficient, and X is a 

variable representing an attribute from a choice set. 

The alternative specific constants (C) show the effect of systematic but unobserved factors on 

respondents’ choices.  That is, while the X variables show the effect of the attributes in the 

choice sets, the constants capture the unobserved factors that explain choice.   

 

Mixed Logit Model 

A commonly used model for analysing choice data is the mixed logit model, which is also known 

as the random coefficients logit.  The model has become popular because of its ability to model 

preference heterogeneity and because it does not have the independence of irrelevant 

alternatives (IIA) property found with the conditional logit model.  It also has the capacity to 

allow for repeated choices.  In most stated preference choice modelling applications, 

respondents are asked to answer several choice sets, typically from 4 to 8.  Each respondent’s 

answers are likely to be correlated, and ignoring this correlation is likely to inappropriately 

affect standard errors. 

 

For the mixed logit model it is assumed that the utility for an individual i choosing alternative j 

with C attributes is expressed as follows5.  The model parameters ci
~

 are random but are 

distributed independently of the error of the alternatives which have a type I extreme value 

distribution.  The vector x represents the choice set attributes (apart from cost), while m is the 

attribute for cost. 





C

c

jiijmicjci

i

j mxu
1

,

~
  

The coefficient vector which is denoted as ci
~

 has a fixed component c as well as a random 

component ci .   

cicci  
~

 

The random component ci  captures unobservable individual taste differences and other 

                                                           
5 This discussion of the random coefficients logit model draws on Haab and McConnell (2002), Train (2003) and 
Swait (2007). 
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effects.  This contrasts with the conditional logit model which only has the fixed component.  

Most researchers estimate a continuous distribution for ci
~

 and typically assume a normal or a 

lognormal distribution for ci  (Train, 2003).  In estimating this distribution, it is possible to 

specify the model so that all or only a subset of the C coefficients vary randomly.  It is 

recommended in the literature that not all coefficients are varied randomly, as very large 

datasets and strict adherence to identification restrictions are required to reliably estimate 

multiple random parameters (Swait, 2007). 

The probability of choosing alternative j is the integral over all possible values of i
~

: 

)
~

()
~

(
)

~
exp(

)
~

exp(
)(

1

iiJ

k iki

iji

i df
x

x
j 




 

 

  

The probability is therefore a weighted average of the logit formula across different values of 

i
~

, with the weights given by the density )
~

( if  .  i
~

 is now a vector  that includes all of the 

coefficients in  
ic

~
 (ie c=1,2,…,C) plus mi . Simulation procedures are used to maximise the 

likelihood function for a random coefficients logit.    

 

Latent Class Model 

The latent class model is used to simultaneously estimate different models for different 

segments within the population.  The segments are described as “latent” as they are identified 

by the model, and are based on similarity of groups in terms of their preferences (or other 

variables in the case of non-choice experiment data).   

The latent class model in the choice modelling context incorporates two models (Boxall and 

Adamowicz 1999).  First is a conditional logit model which is estimated for each of the segments 

to model preferences within the segment.  Second is a multinomial logit model which is used to 

model segment membership. As Boxall and Adamowicz (1999) noted, the probability that a 

respondent i chooses alternative j is given by the following equation, where  i|s(j) is the 

probability of choice for a specific segment (as indicated by a conditional logit model for that 

segment) and  ns is the probability of membership of a segment (as indicated by the 

multinomial logit model): 
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Substituting in the formulas for the conditional logit and multinomial logit models yields the 

following form for the latent class model: 

        
        

      
 
   

  

 

   

          

          
  

Weighting 

The weights were developed using raking or sample balancing of the data using the STATA add-

in survwgt from Winter (2008).  This involved weighting based on postcode, gender, age, 

income and having a degree. Weights were used in all models apart from the latent class models. 

 

Statistical Programs  

All analysis has been completed in STATA, apart from the estimation of the latent class models 

which was completed in LIMDEP. 

 

Combining of Treatments 

Two different bid vectors were used within each catchment with “odd” and “even” bid levels 

(see questionnaire description).  F-tests suggested that the household cost coefficients were 

equivalent across both treatments, so the treatments have been combined. 

 

Choice of Variables 

In addition to the choice set attributes and the alternative specific constant, various other 

variables were included in the models.  Sociodemographic interactions with Natural Channels 

and Native Vegetation were included in two of the Cooks models.  These interacted 

sociodemographic variables are having a Pro-environment attitude and household Income.   

These were interacted with Natural Channels and Native Vegetation and not the constant as this 

is the main attribute of policy interest in this study.  These sociodemographic interactions were 

not included in the Georges models as they were not found to be significant.  Other 

sociodemographic variables were tested in both the Georges and Cooks models as possible 

interaction variables with Natural Channels and Native Vegetation, but were not found to be 

significant.  These included gender, age and having a degree. 
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Table 11: Variable Definitions 

Variable Definition 

Household cost 
Cost to households from improving river health, an annual payment 
over five years starting in 2016 

Natural Channels and Native 
Vegetation 

Increase in kilometers of streams with natural channels and native 
vegetation. 

Time Time until improve occurs 

Natural Channel and Native 
Vegetation * Time 

Two way interaction between Natural Channels and Native 
Vegetation and Time 

Pro-environment * Natural 
Channel and Native 
Vegetation 

Interaction between Natural Channels and Native Vegetation and 
respondent indicating that they have a pro-environmental attitude 
(dummy variable, with missing category either a pro-development 
environmental attitude or neither) 

Income * Natural Channel 
and Native Vegetation 

Interaction between Natural Channels and Native Vegetation and 
household income 

 

 

Treatment of Protest Responses 

Serial non-respondents are those respondents who consistently choose the status quo 

alternatives.  Serial non-respondents were asked their reason for doing so, and one of the 

response options was “I support improving river quality, but object to a levy of any amount”.  In 

some of the models for both the Cooks River and Georges River catchments, these protest 

responses were deleted from the sample, which is consistent with prior practice (Morrison et al. 

1998).   

Second, it is recognised in the literature that respondents need to believe that their responses 

are at least partially consequential for government policy to provide accurate answers.  

Previous research has found that when respondents who believe that their responses are fully 

inconsequential are excluded from the sample, then there is greater convergence between 

actual and stated willingness to pay estimates (Vossler et al. 2009, Vossler et al. 2012).  Thus 

removing such respondents arguably reduces bias. 
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6.6 Model Results 

The analysis revealed significant amounts of heterogeneity in respondents’ preferences with 

respect to the “natural channel and native vegetation” attribute, which is the focus attribute in 

this analysis.  This suggested the use of the mixed logit and latent class models, which are useful 

models when there is significant heterogeneity of preferences.  In all models apart from the 

latent class model, the data were weighted using an approach known as raking.  This involved 

weighting the data based on postcode, income, having a degree, gender and age. 

We first present the modelling results for the Cooks River catchment, and subsequently the 

modelling results for the Georges River catchment. 

 

Cooks River Catchment Results 

The conditional logit and mixed logit results for the Cooks River catchment are presented in 

Table 12.  The conditional logit model, which is the most basic of the discrete choice models, 

produced significant coefficients for all variables at the 5% level.  

The next model is a mixed logit model and has normally distributed individual level coefficients 

for the attributes Natural Channel and Native Vegetation and Time.  This model, however, does 

not produce a significant coefficient for the main variable of policy interest, namely Natural 

Channels and Native Vegetation. However, the standard deviation for this coefficient is 

significant and relatively large (0.278), suggesting that there is significant heterogeneity for this 

variable.  That is, respondents preferences for Natural Channel and Native Vegetation differ 

substantially.   

Therefore, in the next model two sociodemographic variables are interacted with Natural 

Channels and Native Vegetation.  These are having a Pro-environment attitude and household 

Income.   This interaction allows us identify how the coefficient Natural Channel and Native 

Vegetation changes when respondents have a pro-environmental attitude and with household 

income.  In this third model we find that when households have a higher income then Natural 

Channels and Native Vegetation becomes positive. Specifically, once household income exceeds 

$102,000, then respondents have a positive willingness to pay for increasing the amount of 

Natural Channels and Native Vegetation.  However, in this model, at the average household 

income there is not a positive willingness to pay for this attribute. 

The fourth model in Table 12 has the same variables as the third model, however the sample 

has been modified.  From the sample respondents who always voted against improving stream 

health because they objected to a levy of any amount or thought that the results were 
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completely inconsequential for government policy were excluded.  In this model the interaction 

between having a Pro-environment attitude and Natural Channels and Native Vegetation is 

significant, in addition to the interaction with income.  There is a positive willingness to pay at 

the average household income in this model, with the implicit price becoming positive at an 

income of about $55,000. 

Table 12: Cooks River Catchment Conditional Logit and Mixed Logit Models 

 
Conditional 
Logit Model 

Mixed Logit 
Model 

Mixed Logit with 
Sociodemographic 

Interactions  

Mixed Logit with 
Sociodemographic 

Interactions and 
protests removed 

ASC 
0.829*** 

(8.97) 
2.431*** 

(9.63) 
2.567*** 

(9.75) 
2.513*** 

(9.30) 

Household cost 
-0.347e-2*** 

(-5.46) 
-0.673e-2*** 

(-6.42) 
-0.657*** 

(-6.45) 
-0.579*** 

(-5.72) 

Natural Channels 
and Native 
Vegetation 

0.185e-1** 
(2.11) 

-0.189e-1 
(-0.80) 

-0.103*** 
(-2.54) 

-0.634e-1* 
(-1.76) 

Natural Channel and 

Native Vegetation 
 

0.277*** 
(7.52) 

  

Time 
-0.203e-1*** 

(-2.53) 
-0.354e-1*** 

(-3.21) 
-0.399e-1*** 

(-2.54) 
-0.302e-1*** 

(-2.94) 

Time  
0.675e-1*** 

(7.52) 
  

Sociodemographic interactions 

Pro-environment 
* Natural Channel 
and Native 
Vegetation 

  
0.559 
(1.51) 

0.639e-1** 
(1.93) 

Income * Natural 
Channel and 
Native Vegetation 

  
0.722e-6** 

(2.13) 
0.537e-6* 

(1.85) 

Summary statistics 

2 71.87 110.68 115.80 105.53 

N 1768 1768 1768 1768 

Notes: t-statistics are in brackets, ***significant at 1% level, ** significant at 5% level, * significant at 10% 
level. Dependent variable is respondent choice.  is the standard deviation of the distribution of the 
respondent-level parameters for the specified coefficient.  In models 3 and 4, correlated errors between 
alternatives were estimated and therefore standard deviations for Natural Channel and Native Vegetation 
and Time are not reported. 
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To further explore the heterogeneity in the Cooks data, a latent class model was estimated.  The 

model had three classes, and is presented in Table 13.  The first segment comprises 62% of 

respondents, and in this class there was a significant and positive coefficient for Natural 

Channels and Native Vegetation and a significant and negative coefficient for Time.  The second 

segment comprises 20% of respondents, and has a negative coefficient for Natural Channels and 

Native Vegetation and an insignificant coefficient for Time.  This suggests that this second 

segment does not want to see any improvement in river health and prefers more open 

vegetation and non-natural channels.  In the third segment only the constant is significant and 

has a negative sign, suggesting that members of this segment predominantly chose the 

“continue the current situation” option in the choice sets.   

This latent class model therefore provides more insight into the heterogeneity of the Natural 

Channels and Native Vegetation variable, indicating that about 60% of respondents would like to 

see this attribute increased, 20% of respondents would like to see it decreased, and 20% would 

prefer to maintain the status quo.   

Table 13: Cooks River Catchment Latent Class Model 

 Class 1 Class 2 Class 3 

ASC 
3.132*** 
(10.34) 

3.500*** 
(7.09) 

-2.700*** 
(10.34) 

Household cost 
-0.424e-2*** 

(-5.71) 
-0.256e-1*** 

(-3.87) 
0.395e-2 

(1.51) 

Natural Channel 
and Native 
Vegetation 

0.626e-1*** 
(4.23) 

-0.994e-1*** 
(3.08) 

-0.9433-1 
(-1.57) 

Time 
-0.291e-1*** 

(-3.36) 
-0.164e-1 

(-0.79) 
0.516e-2 

(0.12) 

Class 
Probabilities 

0.617 0.203 0.179 

Summary statistics 

Rho2 0.244   

N 1768   

Notes: t-statistics are in brackets, ***significant at 1% level, ** significant at 5% level, * significant at 10% 
level. Dependent variable is respondent choice. 

 

Georges River Catchment Results 

The conditional logit and mixed logit results for the Georges River Catchment are presented in 

Table 14.  Unlike the Cooks data, the conditional logit model did not produce a significant 
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coefficient for the Natural Channels and Native Vegetation variable.  This variable was also 

insignificant in the mixed logit model which had the same variables included, and where Natural 

Channels and Native Vegetation and Time were both normally distributed.  However, the 

variable Natural Channels and Native Vegetation did become significant (p<0.01) when the 

constant was normally distributed and the alternatives correlated rather than distributing 

Natural Channels and Native Vegetation and Time.  However, the coefficient for Time is 

insignificant.  Distributing the constant in this way and correlating the errors of the alternatives 

is consistent with estimating a multinomial probit model.   The fit of this model appears to have 

improved relative to the model where both Natural Channels and Native Vegetation and Time 

were both normally distributed, as indicated by the larger chi-square value.  In the fourth 

model, the same model specification was estimated, but protesters were excluded (see 

discussion in the previous section for the Cooks River catchment models).  In this model the 

variable Natural Channels and Native Vegetation is significant at P<0.05 and Time is marginally 

significant p<0.15. 

The sociodemographic interactions with Natural Channels and Native Vegetation (income, pro-

environment attitude) were also tested, but were not found to be significant.  However, the 

magnitude of the standard deviation in the individual respondent parameters for with Natural 

Channels and Native Vegetation attribute is much smaller for this dataset (see Model 2 in Table 

14), implying less respondent heterogeneity. 
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Table 14: Georges River Catchment Conditional Logit and Mixed Logit Models 

 
Conditional 
Logit Model 

Mixed Logit 
Model 

Mixed Logit with ASC 
distributed 

Mixed Logit with ASC 
distributed and 

protests removed 

ASC 
0.713*** 

(7.94) 
1.974*** 

(9.94) 
3.218*** 

(7.34) 
3.177*** 

(7.34) 

Household cost 
-0.472e-2*** 

(-7.76) 
-0.601e-2*** 

(-6.43) 
-0.594e-2*** 

(-7.60) 
-0.601e-2*** 

(-7.60) 

Natural Channel 
and Native 
Vegetation 

0.246e-2 
(0.84) 

-0.730e-3 
(-0.17) 

0.707e-2*** 
(2.64) 

0.269e-21** 
(2.24) 

Natural Channel and 

Native Vegetation 
 

0.448e-1*** 
(6.34) 

  

Time 
0.110e-2 

(0.11) 
-0.656e-1*** 

(-3.19) 
-0.133e-1 

(-1.24) 
-0.173e-1# 

(-1.50) 

Time  
0.218*** 

(7.99) 
  

Summary statistics 

2 108.96 121.30 134.67 120.40 

N 2148 2148 2148 1772 

Notes: t-statistics are in brackets, ***significant at 1% level, ** significant at 5% level, * significant at 10% 
level, #significant at 15% level. Dependent variable is respondent choice.  is the standard deviation of 
the distribution of the respondent-level parameters for the specified coefficient. 

A latent class model was also estimated using the Georges River catchment sample (Table 15).  

Similar to the Cooks sample, the first segment comprised 64% of respondents.  Respondents in 

this segment had a positive willingness to pay for Natural Channels and Native Vegetation, but 

the coefficient for the Time variable was insignificant.  In segments 2 and 3 the coefficient for 

Natural Channels and Native Vegetation was insignificant, suggesting no willingness to pay for 

changes in this attribute.  Segment 3 respondents (12.5% of the sample), had a positive and 

significant alternative specific constant, suggesting respondents have a positive willingness to 

pay for an improvement in stream quality, but the amount of improvement does not matter to 

them. 
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Table 15: Georges River Catchment Latent Class Model 

 Class 1 Class 2 Class 3 

ASC 
3.169*** 
(11.98) 

-1.801*** 
(-4.11) 

3.278*** 
(2.78) 

Household cost 
-0.440e-2*** 

(-5.90) 
-0.810e-2*** 

(-2.69) 
-0.421e-1** 

(-1.99) 

Natural Channel 
and Native 
Vegetation 

0.574e-2** 
(1.93) 

-0.209e-2 
(-0.20) 

0.1822e-1 
(1.23) 

Time 
-0.956e-2 

(-0.96) 
-0.618e-2 

(-0.16) 
-0.219e-1 

(-0.47) 

Class 
Probabilities 

0.637 0.237 0.125 

Summary statistics 

Rho2 0.234   

N 2156   

Notes: t-statistics are in brackets, ***significant at 1% level, ** significant at 5% level, * significant at 10% 
level. Dependent variable is respondent choice. 

 

6.7 Value Estimates 

Point estimates of the value of a unit change in an attribute can be found by estimating implicit 

prices (also known as ‘part-worths’).  Implicit prices are equivalent to the marginal rates of 

substitution between environmental (or other) attributes and the monetary attribute.  Implicit 

prices are not, however, welfare estimates which are equal to compensating surplus.  Implicit 

prices are calculated as follows, if utility is a linear function of all attributes: 

IP = A/M 

where IP is the implicit price, A represents the coefficient of the Ath non-monetary 

attribute, and M represents the monetary attribute.   

When evaluating changes in multiple attributes the following equation is used to identify 

compensating surplus, or willingness to pay:  

 10

M

VV
1

CS 


  

where V0 is the utility in the initial situation, and V1 is the utility in the final situation.  



  

69 
 

A critical decision when estimating compensating surplus is whether to include the constant in 

the value estimation.  The constant captures reasons that respondents value a good that are not 

captured by the attributes.  This includes respondents who want to pay for a management 

option but are not concerned about the attribute levels.  However, it is possible that the 

constant also captures either yea-saying behaviour (if positive) or status quo bias (if negative). 

Thus the literature is equivocal about whether the constant should be included in value 

estimation (see Morrison et al. 1999, Hatton-MacDonald et al., 2011).  In this report we exclude 

the constant from surplus estimates. 

 

Cooks River Catchment  

Implicit prices generated using the results from the Cooks River models are presented in Table 

16.  The conditional logit model produced a mean implicit price for an additional kilometre of 

natural channels and native vegetation of $5.49 per household.  The third mixed logit model that 

includes sociodemographic interactions and removes protest responses produced an estimate 

of $3.51, while the latent class model produced a willingness to pay estimate of $8.31.  The 

mixed logit estimate of $3.51 per kilometre is the preferred estimate as this model addresses IIA 

limitations (a weakness of the conditional logit), includes weights (not included for the latent 

class model) and excludes protest responses. 

Table 16: Implicit Prices for Natural Channels and Native Vegetation (per km per 

household per year for five years) 

Model Implicit prices 

Conditional Logit $5.49 

Mixed logit (choice set attributes only) NS 

Mixed logit with sociodemographic interactions (at mean 
income, and mean pro-environmental) 

-$1.12 

Mixed logit with sociodemographic interactions and 
protests removed (at mean income, and mean pro-
environmental)* 

$3.51 

Latent Class Model $8.31 

* Preferred estimate 

 

Some example surplus estimates are presented in Table 17 using the results from the preferred 

model. 
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Table 17: Surplus Estimates for the Cooks River Catchment (per household per year for 

five years) 

Time to  
completion of 
works 

Increase in Natural Channels and Native Vegetation 

+ 3 km + 5 km + 10 km + 20 km 

1 year $5.31 $12.34 $29.88 $64.98 

5 years - - $9.03 $44.13 

10 years - - - $18.07 

20 years - - - - 

 

Georges River Catchment  

Implicit prices generated using the results from the Georges River models are presented in 

Table 18.  The conditional logit model and the mixed logit model with choice set attributes only 

could not be used to produce implicit price estimates because the coefficient for Natural 

Channels and Native Vegetation was insignificant in these models.  However, it was possible to 

use the remaining models to produce value estimates.  The mixed logit with the ASC distributed 

produced an implicit price of $1.19, while the mixed logit with ASC distributed and protest 

removed, which is the preferred model, produced an implicit price of $1.14.  The final model, the 

latent class model, produced an implicit price of $0.77 per household, but it is a less preferred 

model because the data were not weighted for this model. 

The implicit prices in the Georges River Catchment are lower than in the Cooks River 

Catchment.  This most likely reflects the higher proportion of streams in the Georges River 

catchment that already have natural channels and native vegetation, but may also reflect lower 

average household income and differences in preferences. 
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Table 18: Implicit Prices for Natural Channels and Native Vegetation (per km per 
household per year for five years) 

Model Implicit prices 

Conditional Logit NS 

Mixed logit with Natural Channels and Native Vegetation and 
Time distributed 

NS 

Mixed logit with ASC distributed $1.19 

Mixed logit with ASC distributed and protests removed * $1.14 

Latent Class Model $0.77 

* Preferred estimate 

 

Some example surplus estimates are presented in Table 19 for the Georges River catchment 

using the results from the preferred model. 

 

Table 19: Surplus Estimates for the Georges River Catchment 

Time to  

completion of 

works 

Increase in Natural Channels and Native Vegetation 

+ 3 km + 5 km + 10 km + 20 km 

1 year $0.57 $2.86 $8.61 $20.09 

5 years - - - $8.58 

10 years - - - - 

20 years - - - - 

 

Aggregate implicit prices or the Cooks River and Georges River catchments are presented in 

Table 20. The number of households is drawn from Australian Bureau of Statistics 2011 Census 

data. It should be noted that when conducting a cost-benefit analysis, the annual implicit prices 

over five years should be discounted rather than simply multiplied by five.  In addition, if the 

improvements in stream health are to be achieved in a year further into the future than when 

the analysis is being completed, then the compensating surplus measure should be applied.  The 
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aggregate estimates presented also assume that all households have willingness to pay equal to 

the sample willingness to pay6.   

 

Table 20: Aggregate Implicit Prices (per year for five years) for an Additional Kilometre 

with Natural Channels and Native Vegetation 

Catchment 
Per household 
implicit price 

Number of 
households 

Aggregate value (per 
year for five years) 

Cooks $3.51 284,481 $998,528 

Georges $1.14 441,121 $502,878 

 

  

                                                           
6
 A more conservative assumption would have been to assume that a proportion of non-respondents had 

lower willingness to pay than respondents (see Morrison 2000).  However, response rates are normally not 
provided in panel surveys, or are very low.  Given that other conservative assumptions have been made, 
including only surveying respondents in Southern Sydney when people living in the north of Sydney may have 
some values for environmental improvements in the south of Sydney, as well as the use of various design 
features likely to produce more conservative results, sample value estimates were used to estimate aggregate 
values.   
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7. Combining Value Estimates from Revealed Preference 

and Stated Preference Approaches in a Cost-Benefit 

Analysis 
 

The hedonic pricing captures amenity and recreation values (use values) for home owners, 

while the travel cost models captures recreation values (a use value) for the population where 

the survey occurred.  Choice modelling captures use and non-use values for the population 

where the survey occurred.  Consequently, it is possible that there is some overlap in the value 

estimates from these three approaches and if all are applied in a single cost-benefit analysis 

than some double-counting of values may occur. 

There are several options for analysts when applying the results from all three approaches in a 

cost-benefit analysis. First, the possibility of such double-counting should be acknowledged.  

Second, the values estimates from the application of each technique can be reported separately 

as well as in aggregate as this will provide an indication of the potential degree of double-

counting.  Another option is to report stated preference choice modelling values separately for 

those who live within one kilometre of where the improvement is occurring (and are thus 

captured by the hedonic pricing model) and for those who live elsewhere. 
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8. Activities and outputs 

A number of activities and outputs have so far been achieved for this project. These are listed 

below. 

 Xu, Boyle, Parons, Morrison and Thomy (2017) Attribute Non-attendance in a Revealed 

Preference Study, to be presented as an poster at the 2017 Allied Social Sciences 

Associations (ASSA) Annual Meeting, 6 – 8 January 2017, Hyatt Regency Chicago, Illinois, 

USA https://www.aeaweb.org/conference/2017/preliminary 

 Thomy, Morrison and Bark (2016) Renters vs. Buyers: Willingness to pay for urban stream 

quality, Presented at the 2016 Joint Meeting of Canadian Agricultural Economics and the 

Western Agricultural and Economics Association, 21-24 June 2016, Hotel Grand Pacific, 

Victoria, BC, Canada 

 Thomy, Morrison, Duncan, Bark, Boyle and Birtles (2016) Valuing urban riparian 

corridors: The interaction of riparian buffers and channel condition and their influence on 

property prices, Presented at the 2016 EvEcon-London 

 Thomy, Morrison, Duncan, Bark, Boyle and Birtles (2016) Valuing urban riparian 

corridors: The interaction of riparian buffers and channel condition and their influence on 

property prices, Presented at the 2016 Australian Agricultural Resources Economics 

Conference, 2-5 February 2016, Hyatt Hotel, Canberra, Australia 

http://ageconsearch.umn.edu/handle/235637  

 Xu, Boyle, Parons, Morrison and Thomy (2016) Recreation Value of Riparian Vegetation in 

the Georges and Cooks River Catchments in Sydney, Australia, presented as an invited 

paper at the 2016 Ecostream Conference  on 23 August, Renaissance Asheville Hotel, 

Asheville, NC, USA. 

 

There are some activities and outputs that are planned before and after project completion, 

these include submission of manuscripts to peer-reviewed journals and completion of two PhD 

dissertations focusing on the hedonic property valuation and travel cost models.  
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Appendix: Benefit analysis for improvements at Heynes Reserve, 

Earlwood, NSW 
 

The estimated values of improvements to an urban stream were applied to a recently completed 

improvement works at the confluence of Cooks River and Cup & Saucer Creek. For these 

improvement, 4,428 m2 of wetlands were established in Heynes Reserve. An estimated 300 m 

segment of the Cooks River bank was improved form highly modified channel to modified by 

replacing concrete channels with rock-lining. Additional improvements on the Cook River 

included 5,352 m2 of re-vegetated area. Figure A1 shows the VRC levels that existed in the area 

prior to improvements and after the improvements. Some 300 m segments of the Cooks River 

were improved from to another 200 m on Cup and Saucer Creek were 

improved from to .  

First the benefit from the hedonic price method are estimated, followed by the travel cost 

method. As a result of these improvements, some houses will have experienced a change in the 

VRC level. The approach described in Section 4.5 was to estimate the number of houses affected 

by this improvement. That is, all houses within a 1 km radius of the change were identified from 

a cadastral dataset. Non-residential and multi-residential parcels were removed from the 

dataset, thus leaving an estimated 4,711 houses.  Two stream layers, before and after the 

improvements, were used to associate houses with the VRCs, respectively. The two stream 

layers were used to identify houses impacted by this change. 
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Figure A1: Heynes Reserve area before and after the improvements, stream segments and houses within 1 km radius of the improvements 

 

                        

a. Before improvements        b. After improvements 

                 houses located within 1 km of the improvements 
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Table A1 shows how many houses were affected by this change with regards to VRCs. 

 

Table A1: Distribution of VRCs before and after the improvement 

 Number of houses 

VRC Before improvement After improvement 

1 3,826 3,028 
2 202 614 
3 0 128 
4 594 808 
5 89 133 

Total 4,711 4,711 

 

According to Table A1: 

 798 houses have improved from VRC 1 (3826-3028),  

 412 more houses are no longer at VRC 2 (VRC 1-2),  

 128 houses now are VRC 3 (VRC 2-3) 

 214 more house are VRC 4 (VRC 1-4) 

 44 more houses are VRC 5 (VRC 2-5) 

As a result of the approach described in Section 4.5, removing VRC 1 means that some houses 

that were previously dominated by this level can experience a move not only to VRC 2 but to 

other VRC levels that are present within a 1 km radius of the house. For example, if a house was 

dominated by VRC 1 at 500 m followed by VRC 3 at 250 m, if VRC 1 is reduced to 200 m then 

this house will move to VRC 3 because VRC 3 is now the dominant VRC level. This explains why 

some houses moved to VRC 4 and VRC 5 while no improvements were undertaken at these 

levels.  

The changes in VRC levels were then used to calculate the benefits of the works done on the 

ground. Tables A2 and A3 illustrate the estimated benefits for home buyers and renters. In 

summary there is a total gain of $15,133,795 in nearby house values. These calculations are 

based on the median house price of $573,378 for the 2003 to 2013 period7 and an assumed 

34% of house being rentals. The benefit to rentals values is estimated at $91,104 per annum. 

                                                           
7
 We note that median house prices have increased substantially since this period, which would lead to an 

underestimation of values in this example. 
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Table A2 Nearby house value benefit estimation* 

Change Number of houses Implicit Price Estimate value 

VRC 1 to VRC 2 0.64* 798=513 4.89% $14,383,588 

VRC 2 to VRC 3 0.64*128=82 0.94% $441,959 

VRC 1 to VRC 4 0.64 *214=137  1.20% $942,633 

VRC 2 to VRC 5 0.64*44=28 1.92% $308,248 

Total benefit   $16,076,428 

* Assuming 36% of the houses are rentals, based on ABS tenure type data and a medium house value of $573,378 

 

Table A3 Nearby house value benefit estimation* 

Change Number of houses Implicit Price Estimate value 

VRC 1 – VRC 2 0.36* 798=283 0.89% $1,257 

VRC 2 – VRC 3 0.36*128=46 1.60% $367 

VRC 1 – VRC 4  Not statistically significant for renters 

VRC 2 – VRC 5 0.36*44=16 1.60% $128 

Total benefit per week $1,752 

Total benefit per annum $91,104 

* Assuming 36% of the houses are rentals, based on ABS tenure type data and a medium house rental price of $499 

per week 

 

The travel cost method estimations were also used to evaluate the recreational benefit of 

improving the Heynes Reserve from a VRC 1 to a VRC 2 level. The benefit was estimated at 

$1,089 per year.  This is a relatively low figure, but reflects the existence of substitute sites in 

the study area.  More generalised improvements, however, produced a larger value estimate.  If 

riparian vegetation conditions in all public green spaces in Canterbury LGA with VRC1 or VRC2 

characteristics were improved to VRC3 (31 sites), this would produce an increase in 

recreational use value of $1,088,790 per year. 

The choice modelling approach also provides estimates of non-use value which should be 

include in this case study. We assume that 300m has now reached the “aesthetically pleasing” 

socio-ecological state (VRC3).  Using the aggregate value for the Cooks Catchment presented in 

Table 20, and assuming a 5% discount rate, the present value of this improvement is 

$1,361,778. 
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It is apparent that recreational and amenity values for nearby residents dominate the benefits of 

the improvements at Heynes Reserve. This is likely to be the case for urban areas with high 

residential density such as those found in southern Sydney. 

While it is apparent that the improvement at the confluence of Cooks River and Cup & Saucer 

Creek have had some positive impact on house values and generated some non-use values, 

these benefits need to be measured against costs in a cost-benefit analysis. The outcome of the 

cost-benefit analysis will help to inform the decision making process.  

 

 


