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Abstract 

Heritage listing is the process by which homes that are considered to be historically 

significant are identified as such, so that they are protected and conserved for current and 

future generations to enjoy. Private costs such as development restrictions and expensive 

property maintenance are incurred by the home owner. Compensation in the form of land tax 

concessions is available. In reality, however, such concessions are difficult to obtain. This 

creates a problem whereby local communities enjoy built heritage at the expense of home 

owners. Previous literature in Australia has found that heritage listing has a positive impact 

on the prices of heritage listed properties. It is demonstrated, however, that these studies are 

flawed in their methods of analysis. This paper tests for whether heritage listing has an effect 

on property prices, and if so, what that effect is. Housing prices over the past twenty-five 

years from Mosman, Sydney are analysed. A Difference-in-Differences model provides 

insufficient evidence to conclude that heritage listing has an average effect on the prices of 

heritage listed properties, or on the prices of houses surrounding them. An additional result is 

that home buyers pay a premium to live nearby houses that were ever heritage listed. Results 

regarding the average treatment effect of heritage listing are similar when a Fixed Effects 

model is estimated utilising a sample of repeat sales. It is shown, however, that the Fixed 

Effects analysis has its flaws. Finally, the auxiliary regression of the Breusch-Pagan test for 

heteroskedasticity is utilised to test for a variance effect of heritage listing on property prices. 

It finds no evidence to conclude that this is the case. 
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1 Introduction 

Heritage listing is the process by which governments identify homes that are of historical 

significance, and place them on a list that protects them from change or destruction. Different 

countries conduct heritage listing in a different manner. In America and Europe, both 

individual houses as well as entire districts can be designated as historically significant. In 

Australia, houses, for the most part, are listed individually.  

 

Heritage listing imposes a number of costs on the home owner. The rights of an owner to 

develop their property are significantly reduced, in some cases all together (Heritage Act 

1977, s. 57). Renovations that can be made to a property are limited. Proposals for 

renovations must go through a lengthier approval process. Aside from the standard local 

council approval process, renovation plans must also be reviewed by the council’s heritage 

advisor, as well as the Heritage Council of New South Wales (Mosman Local Environmental 

Plan 2012, s. 5.10 and Heritage Act 1977, s. 57). This makes the approval process more 

expensive for the home owner. Proposed plans can be rejected and if the home owner wishes 

to go ahead with their development, plans have to be redrafted and resubmitted. It is possible 

for plans to never be approved. Since the aim of heritage listing is to protect and conserve 

built heritage, destruction of a property is also prohibited (Heritage Act 1977, s. 63). Heritage 

listing also imposes the responsibility on the home owner to maintain and conserve the 

historical aspects of their property (Heritage Act 1977, s. 119). Many of the materials and 

techniques that were used to build these historical homes are seldom used anymore. Sourcing 

such materials and competent tradespeople is difficult and costly relative to modern building 

materials and methods.  
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Heritage listing also provides a number of benefits, both to the home owner and the broader 

community. Preserving and conserving historical homes allows both current and future 

generations to enjoy them. Such homes provide a display of how an area has evolved over 

time, and give it historical character. Heritage listed homes are often of a different quality to 

other properties within an area. Protecting them is important since they can give a 

neighbourhood aesthetic appeal. Thompson et al (2010, p. 478) asserts, “[Heritage listing] 

acts as a form of insurance of future neighbourhood quality, raising property values. It can 

have positive spillovers to neighbouring areas”. The home owner may enjoy the cachet of 

owning a heritage listed home (Thompson et al 2010, p. 478). This could be seen as a type of 

label that certain buyers may want to pay for, analogous, for example, to the badge on a Rolls 

Royce car. It could be seen as a kind of recognition for the fact that the home owner is 

looking after a piece of local history. Schaeffer & Millerick (1991, p. 311) state, “Designation 

may serve a function similar to that of a designer label: it guarantees the quality of the 

merchandise, reducing the uncertainty facing the buyer regarding the future value of the 

purchase”. Financial support is available to home owners in the form of one-off, offsetting 

tax breaks to support them in the conservation and maintenance of their homes (Heritage Act 

1977, ss. 40, 45). It is important to note that this support is not guaranteed to all owners of 

listed homes. In practice, initially obtaining this financial support can be quite difficult and 

costly (C, White 2012, pers. comm., NSW Government, Office of Environment and Heritage, 

17 October).  

 

The problem with heritage listing is that the costs are incurred by the home owner while the 

benefits are mostly enjoyed by the broader community. The tax concessions referred to 

earlier are difficult for home owners to obtain (C, White 2012, pers. comm., NSW 

Government, Department of Environment and Planning, 17 October). The question can then 
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be asked as to whether home owners are bearing the burden of this public good? One way of 

answering this is to analyse the effect that heritage listing has on property prices. If heritage 

listed homes yield a lower price relative to non-listed homes of the same quality as a result of 

heritage listing, then this provides evidence that listing is not valued by home buyers. While 

we can’t measure whether the overall costs exceed the total benefits, we are able to see 

whether the buyers of heritage listed houses care about incurring the associated costs of 

owning such a home. If it is the case that there is a negative effect on house price as a result 

of listing, then the heritage listing framework in Australia should be reviewed. One 

possibility would be to remove the heritage listing process altogether. This would be drastic, 

since it would remove the protection and recognition of Australia’s historic built 

environment. A more appropriate solution would be to make tax concessions more accessible 

to all owners of heritage listed homes. Alternatively, subsidies could be given to completely 

compensate home owners for any maintenance costs that they incur, which otherwise 

wouldn’t arise had their homes not been listed. Home owners are compensated for the 

personal costs imposed by heritage listing, while the broader community are still able to 

enjoy the benefits. If, on the other hand, listing is found to have a non-negative effect on 

house price, then perhaps the system should be left as it is.   

 

While a large body of literature exists regarding the price effects of heritage listing, only a 

small number of papers concern Australia. Australia conducts heritage listing differently to 

the rest of the world, and so the results could be expected to be different. The Productivity 

Commission (2006) conducted a study on the Sydney Local Government Areas of Ku-ring-

gai and Parramatta and found that heritage listing had a positive impact on the prices of listed 

houses in the former, but no effect in the latter. Vinita Deodhar (2004) also analysed house 

prices in Ku-ring-gai and found that heritage listing had a positive impact on the prices of 
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listed properties. These studies estimated Hedonic Price models but they each face similar 

shortcomings. The potential external effect of heritage listing on the prices of houses 

surrounding listed properties has not been considered. This external effect has been 

demonstrated by previous studies in Europe and America (Moro et al 2011, Coulson & 

Leichenko 2001, and Zahirovic-Herbert & Chatterjee 2012). Samples used in analyses have 

only covered periods after heritage listing has occurred. No before and after comparisons are 

made. Heritage listed homes are by nature of a different quality to non-listed houses, even 

after controlling for property characteristics such as the number of rooms. By only 

considering differences between listed and non-listed houses after heritage listing occurred, 

one cannot conclude that the differences were a result of listing. It is possible that these 

differences existed before the practice of heritage listing. Consequently, the estimated 

average treatment effect of heritage listing is likely to be inaccurate. 

 

This paper analyses property prices in the Sydney Local Government Area of Mosman. 

Mosman contains a large stock of heritage listed homes, and was chosen to maximise the size 

of the sample. Heritage listing took place in this area on the 23
rd

 of February, 2001. All 

homes that were listed were done so on that date, and no additional homes have been added 

to the list since. This paper improves upon previous studies of heritage listing in Australia 

(Deodhar 2004 and Productivity Commission 2006) by addressing the issues aforementioned. 

A large sample is utilised spanning the period 1989-2011. This covers the periods both before 

and after heritage listing occurred. The fact that heritage listed homes are generally of a 

different quality to non-listed houses is controlled for. A before and after comparison 

between the two groups of houses is made. The potential external effect that heritage listing 

could have on the prices of houses surrounding listed properties is also controlled for. 
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Addressing these factors should provide a more accurate estimate of the average treatment 

effect of heritage listing.  

 

A number of models are considered to estimate the average treatment effect of heritage 

listing. A base Hedonic Price model is considered, analogous to previous studies conducted 

with Australian data (Deodhar 2004 and Productivity Commission 2006). While finding that 

heritage listing has a statistically significant and positive effect on the prices of listed 

properties, it is demonstrated that this model is flawed. A Difference-in-differences model 

estimates that heritage listing has a negative effect on the prices of heritage listed properties. 

This result is statistically insignificant, however, so it cannot be concluded that heritage 

listing has a mean effect on the prices of listed properties. Nevertheless, this is a different 

result to that found by the base Hedonic Price model and the previous Australian literature. It 

is also found that heritage listing has no average treatment effect on the prices of properties 

surrounding heritage listed houses, and that home buyers pay a premium on average to live 

nearby houses that were ever heritage listed over time. The results of the Difference-in-

differences model regarding the average treatment effect of heritage listing are found to be 

similar when a Fixed Effects model is estimated. It is demonstrated, however, that there are 

issues with the subsample of repeat sales analysed by this model, and that the results cannot 

be relied on. The possibility of heritage listing having a variance effect on property prices is 

considered. Specifically, heritage listing could increase the prices of some houses while 

decreasing the prices of others. The auxiliary regression of the Breusch-Pagan 

heteroskedasticity test finds that this is not the case, however.   

 

The remainder of this paper is organised as follows: Section 2 provides a review of the past 

literature in this area. Section 3 discusses the heritage listing framework in Australia and 
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gives a brief background of the Mosman Local Government Area. Section 4 provides a 

description of the data while Section 5 discusses the methodology that is employed. Section 6 

presents the empirical results while Section 7 concludes. Appendices are provided at the end.  
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2 Literature Review 

2.1 Background 

 

A number of studies have been conducted regarding the effects of heritage listing on property 

values. A variety of techniques have been utilised including Difference-in-differences, Repeat 

Sales, and Hedonic Price models. Different parts of the world conduct and regulate the 

designation of heritage in a dissimilar manner. Entire districts can be designated as being 

historically significant, whereby all properties located within the district are subject to 

heritage legislation. Properties may also be listed on an individual basis, a practice more 

commonly conducted in Australia. Some localities provide tax concessions and/or subsidies 

to compensate home owners for the costs that heritage listing imposes, while others provide 

no compensation at all.  

 

2.2 Hedonic Price Methodology 

 

A large number of studies have employed Hedonic Price models to estimate the impact of 

heritage listing on property prices. This involves a regression of a measure of the value of a 

property on variables thought to comprise that value. A typical Hedonic Price model is 

presented as Equation 2.1. 

 

House-value = α +   heritage-listed + ∑   
 
   structural-variables 

                              + ∑   
 
   location-variables + ∑   

 
   census-information 

                                            + ∑   
 
   sale-period + ε                                                        (2.1) 
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The value of a house is usually measured by its sale price, observed from actual sales 

transactions in the property market. In a number of studies, sale prices are deflated to control 

for inflation over time (Ford 1989 and Schaeffer & Millerick 1991). The appraisal value of a 

property has at times been used instead (Leichenko et al 2001 and Coulson & Lahr 2005). 

Variables that property value is regressed on usually include the structural and location 

characteristics of a property, census information, and details regarding the time of sale. To 

estimate the average treatment effect of heritage listing on the prices of listed properties, a 

binary variable is included to indicate whether a property is heritage listed or not. The log-

linear specification of the model is the most common in the literature, whereby the log of the 

sale price of a house is regressed on each of the explanatory variables. In some instances, a 

linear specification has been used instead (Coffin 1989, Asabere et al 1989, and Ford 1989). 

 

Structural variables of a house that are common in the literature include the number of 

bedrooms, bathrooms and garage spaces, the size of the floor space and land, the type of air-

conditioning and/or heating, whether it is built of bricks, the number of levels, the age and 

architectural style, and if it possesses a garden, pool and/or porch. Location variables are a lot 

more specific to individual study areas. Nevertheless, broad location factors that have been 

commonly controlled for in the literature include the distance to the central business district, 

local parks, shopping centres, the coastline, public transport, and main roads. Binary 

variables are often included to account for the particular census tract that a property is located 

in, while some studies even control for specific information in different tracts (Ford 1989, 

Schaeffer & Millerick 1991, and Coulson & Leichenko 2001). Information commonly 

accounted for in the literature includes the percentage of single family and owner-occupied 

properties, the proportion of residents that are of a particular age group or race, and the 

average or median income of residents in a particular tract. In some studies, information 
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regarding the time period that a property is sold in is included to control for factors in the 

macroeconomic environment. Specifically, binary variables are included to control for the 

month, year, and/or quarter that a property was sold in (Narwold et al 2008 and Moro et al 

2011). Asabere et al (1989) included a linear time trend variable instead. A selection of 

Hedonic studies into the price effects of heritage listing are discussed in the remainder of this 

subsection.  

 

Leichenko et al (2001) considered the impact of historic district designation on property 

values in nine cities in the US state of Texas. Seven of the cities contained historic districts 

while the remaining two designated properties on an individual basis. Designation in Texas 

can occur either federally, at the state level, or on the local level. Local designation in Texas 

imposes costs on the home owner for which no compensation is available. These costs for the 

most part take the form of reduced property rights. State and federal designation on the other 

hand allow compensation for the costs incurred. Nine separate Hedonic Price models were 

estimated for each city, each including variables thought to be relevant in determining the 

value of houses in the particular city. Each model focused mainly on structural characteristics 

of properties, while a few also included location characteristics. All included a binary 

variable indicating if a property was historically designated or not. Additionally, two dummy 

variables indicating whether or not a property was designated nationally or by the state of 

Texas respectively were incorporated in each of the models. Two of the cities were analysed 

using property sale prices, while the remaining seven utilised appraisal values. Sample sizes 

for each city varied from less than a hundred observations to several thousand. In the two 

cities where properties were individually designated, it was found that designation led to a 

statistically significant increase in the values of designated properties, on average. In five of 

the seven cities where historic districts existed, designation was found to have a positive and 
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statistically significant average impact on the values of properties within the districts. The 

remaining two cities yielded statistically insignificant results. The effects of national and state 

designation were mixed, with properties in some cities yielding premiums and others 

receiving no effect. The authors argue that their conclusion is stronger compared to those of 

previous studies, given that they used a fairly common Hedonic model across nine different 

samples (Leichenko et al 2001, p. 1977).  

 

Coulson & Lahr (2005) studied the impact of historic district designation on housing 

appreciation rates in the American city of Memphis, Tennessee. Eleven neighbourhoods were 

analysed. Six of these were nationally designated, of which three were also designated 

locally. Local designation in these neighbourhoods restricted the property rights of home 

owners. While compensation was not provided locally, national designation ensured that the 

costs of local designation were offset. A Hedonic model was estimated utilising a sample of 

5,889 property appraisals for both of two separate years. The log of the appreciation rate of a 

property’s appraised value was regressed on the explanatory variables, changes in those 

explanatory variables, and a constant. Structural variables of a house that were incorporated 

in the model included the age of the property, the number of bedrooms and bathrooms, the 

area of the floor space and the land, the architectural style, and the number of levels. A 

number of binary variables indicating the particular neighbourhood that a property was 

located in were also included. To estimate the impact of designation on appreciation rates, 

binary variables were included to indicate if a property was nationally and/or locally 

designated respectively. The variable indicating the age of a property was interacted with 

these to determine how the effects of designation varied with age. Estimation of the model 

found that location within a historic district increased the appreciation rate of a property’s 

value. Interestingly, this effect was greater for properties situated in locally designated 
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districts. Newer properties were found to have higher appreciation rates than older properties 

when located within a historic district.  

 

Narwold et al (2008) estimated the effect of the heritage listing of individual properties on 

their prices, in the American city of San Diego, California. In California, owners of listed 

homes may enter into a contract to not renovate or change their properties in exchange for a 

reduction in the taxes paid on those properties. This is conditional on the consent of the home 

owner. Sales data of 1,953 single-family houses covering a seven year period were utilised to 

estimate a Hedonic Price model. Only 25 of these sales were of listed houses that were under 

a contract of the kind mentioned earlier. The log of the sale price of a house was used as the 

dependent variable. Structural factors of a house that were controlled for included the number 

of bedrooms, bathrooms, and garage spaces, the size of the land, the age of the property, and 

whether a pool existed. To control for the location of a property, a series of dummy variables 

were incorporated to indicate the particular census tract that a house was located in. Quarterly 

binary variables were used to account for trends in house prices over time. To estimate the 

average treatment effect of listing on the prices of listed homes, a binary variable indicating if 

a property was listed or not was incorporated. Placing a residential property on the heritage 

list was found to increase its price, on average, by 16 percent.  

 

The issue with the aforementioned studies, however, is that they have not considered the 

potential external effect that heritage listing could have on the prices of properties 

surrounding heritage listed houses. The externalities that historically significant houses could 

provide for properties in the surrounding area have not been accounted for either. Evidence of 

this is provided by Moro et al (2011), which studied the externalities that historic buildings 

can impose on other properties in the surrounding area. A Hedonic Price model was 
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estimated to determine whether home buyers paid a premium to live near historically listed 

buildings in Dublin, Ireland. This was analysed with a sample of 9,700 house sales over a six 

year period. In addition to a number of other explanatory variables, binary variables 

indicating the distance of a property to different types of historic buildings were incorporated. 

These measured the average marginal prices that buyers were willing to pay to live near 

different types of historic buildings. It was found that the closer a property was located to a 

historic building, the higher its price. Again, the studies aforementioned have not controlled 

for this externality. Consequently, the estimated average treatment effect of heritage listing in 

these studies could actually be capturing this external effect, rather than the pure impact of 

heritage listing on the prices of listed properties.  

 

Coulson & Leichenko (2001) studied the impact of heritage listing on the prices of listed 

homes, as well as on the prices of properties surrounding listed houses. A sample of 7,600 

property sales in the US city of Abilene, Texas were analysed, of which 160 were locally 

designated. A total of 75 of these were also nationally designated. Homes are listed 

individually in this city, rather than in historic districts. Owners of listed homes could apply 

for tax breaks. This meant a restriction in property rights, however. Choosing to forgo these 

tax breaks meant that designated home owners had more freedom regarding what they could 

do to their property. A Hedonic Price model was estimated which controlled for a number of 

structural factors and information regarding different census tracts. Historic designation of a 

property was recognised using two binary variables, one to indicate if a property was listed 

locally, and the other to indicate if it was listed nationally. To measure the potential 

externalities of listing on the prices of properties surrounding listed homes, a variable 

indicating the number of designated properties in the same census tract was included. In an 

alternative specification of the model, the percentage of designated houses in the same census 
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tract was used instead. Placing a property on the heritage list at the local level was found to 

increase its price. The external impact of listing on the prices of other houses in the same 

census tract as a listed home was also found to be positive. Evidence regarding the effect of 

listing at the national level was statistically insignificant.  

 

Zahirovic-Herbert & Chatterjee (2011) estimated the impact of historic designation on 

property values in the US town of Baton Rouge, Louisiana. The impact of designation on the 

prices of both designated properties and houses surrounding them was considered. In Baton 

Rouge, both entire districts and individual properties may be designated as historically 

significant. Owners of designated properties must preserve and leave them unaltered. Local 

designation does not provide home owners with compensation for these costs. Tax 

concessions are available, however, to the owners of houses on the national register. The 

assumption was made that the effects of many of the independent variables would differ 

depending on the price of the particular house. This is contrary to the assumption that is made 

under a standard Hedonic analysis, namely that the effects are constant across the 

distribution. A Quantile Hedonic Price model was estimated which allowed the coefficients 

of the independent variables to vary across the conditional distribution of prices.  A series of 

Hedonic Price equations were estimated for the 10
th

, 25
th

, 50
th

, 75
th

 and 90
th

 percentiles. A 

number of explanatory variables were included to control for the structural and location 

characteristics of a property, as well as the type of sale. To estimate the impact of designation 

on property values, a binary variable indicating whether a property was located in a historic 

district or not was incorporated in the model. To measure the external effect that designation 

could have on the prices of surrounding properties, two dummy variables were included. 

Specifically, these were whether a house was located within five-hundred feet of an 

individually designated house, and whether a property was located within one mile of a 
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historic district. Additionally, a continuous variable indicating the distance of a property to 

the closest individually designated house was included, so long as that house was within one 

mile of the listed property. The analysis benefited from a large sample of 28,025 property 

sales spanning a period of 22 years. It was found that historically designated residential 

properties sold at a premium relative to other properties, and that houses located nearby 

historically designated homes received a positive external effect on their value. Lower-priced 

properties received the most value from historic designation. An issue with this study, 

however, is that it hasn’t controlled for whether a property was designation nationally or 

locally. The effect likely varies depending on the type of designation, since national 

designation grants the home owner access to tax concessions. 

 

Despite the results of the studies mentioned in this subsection, all share a common flaw. They 

each analyse samples that cover periods after heritage listing occurred. Differences between 

listed and non-listed houses are only controlled for after listing took place. It is possible that 

some or all of these differences existed before the process of heritage listing, and so it is 

incorrect to conclude that they were caused by heritage listing. Consequently, the estimated 

average treatment effect of heritage listing in these studies is likely to be inaccurate.  

 

2.3 Other Methodology 

 

A small group of studies have utilised the Difference-in-differences method. Sales 

transactions of houses are divided into those which have ever been heritage listed and those 

which have not. These are referred to as the treatment and control groups, respectively. 

Differences in sale prices between the treatment group and the control group are compared, 

both before and after listing took place. This gives an estimate of the average treatment effect 
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of heritage listing on the prices of listed properties. Gale (1991) researched the effect of 

historic district designation on residential property values in the American city of 

Washington, DC. The author compared property appraisals between three historic and three 

non-historic districts. Specifically, the change in the median assessed valuation per city 

square was calculated for each district, three years before and after designation occurred. 

Home owners in the historic districts faced costs including restricted development 

opportunities and expensive property maintenance. No compensation was provided by the 

relevant authorities to offset these costs. Nevertheless, it was concluded that historic district 

designation had no effect on property prices. Gale stated (1991, p. 336), “The fact that rates 

of appreciation in values declined in all six of the study areas at the time that they were 

declining citywide demonstrates that overall economic trends had a much more influential 

effect on the areas than did designation”.  

 

The problem with Gale (1991) is that while time-invariant factors have been accounted for, 

characteristics of properties and their surroundings that change over time have not been 

controlled for. Thompson et al (2010) addresses this issue in his research on the impact of 

historic district designation on the prices of designated properties in the US city of Lincoln, 

Nebraska. Nine designated and nine non-designated districts were considered, providing a 

sample of 2,597 house sales. While home owners incurred costs as a result of designation, no 

compensation was provided by the relevant authorities to offset these. A Difference-in-

differences model was estimated that controlled for factors which one would expect to 

influence the price of a house over time. Specifically, variables describing the structural and 

location characteristics of a property, as well as information regarding different census tracts 

were incorporated in the model. A linear time trend variable was included to control for 

increasing sale values over time. A binary variable indicating if a home was ever located in a 
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historic district was interacted with a dummy variable declaring whether a house was sold 

after district designation had occurred. This interaction term provides the difference-in-

differences estimator of the average treatment effect of designation on the prices of 

designated properties. The sale price of a property was regressed on each of the explanatory 

variables. It was estimated that historic district designation raised property values within the 

designated district, and that newer properties enjoyed the largest increases in price.  

 

In addition to the Difference-in-differences model, Thompson et al (2010) also estimated a 

Repeat Sales model. This involved selecting a subsample of properties for which sales 

occurred both before and after the districts were designated. In this instance, 178 house sales 

were available. For each address, the log of price for a sale before designation occurred is 

deducted from the log of price for a sale after designation. This dependent variable is 

regressed on changes in the explanatory variables over time. These are the same variables 

incorporated in the previous Difference-in-differences model. Explanatory variables such as 

the size of the land which are constant over time drop out of this regression. Changes over 

time in the time-variant explanatory variables remain in the model to be estimated. Whether a 

home is located in a designated district or not is one of these variables, and consequently, 

remains in the model. This provides an estimate of the average impact of district designation 

on the prices of houses within the district. It could not be concluded that designation had an 

average effect on the sale price of a designated house. The problem with this model, however, 

is that it is estimated utilising a non-random sample which may not be a good representation 

of all homes in the study area. Consequently, the estimated results could be biased.   
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2.4 Evidence from Australia 

 

In Australia, historic designation occurs for the most part on a property by property basis. A 

limited number of studies have been conducted regarding the effect of historic designation on 

property values. Those that do exist have their flaws, and consequently provide limited 

evidence.  

 

Deodhar (2004) conducted a Hedonic Price analysis into the effects of heritage listing on 

property prices in the Sydney Local Government Area of Ku-ring-gai. Since Ku-ring-gai is 

situated in New South Wales, the costs and benefits of listing are virtually the same as those 

discussed in the introduction. The Hedonic equation included a number of structural 

variables, namely the number of rooms, the quality of the interior, the age of the property, the 

size of the land, whether a swimming pool existed, and whether the house itself was 

positioned on the street front. Location variables controlled for included the distance to the 

train station, whether a property was located east or west of that train station, distance to the 

local business district, and the traffic levels on the property’s street. Month binary variables 

were included to control for inflation, and a dummy variable indicating if a property was 

heritage listed or not was included to measure the average impact of heritage listing on the 

prices of listed properties. The log of the sale price of a house was regressed on each of these 

variables, utilising a small sample of 140 property sales. The issue with using a small sample 

is that the size of the estimated coefficients can be distorted (Leichenko et al 2001, pp. 1978-

1979, 1985). These sales took place in the period after homes in the area were heritage listed. 

It was estimated that heritage listed houses sold at a 12 percent premium compared to non-

listed houses, all else equal.  

 



18 
 

The Productivity Commission (2006) provided a study on the effects of heritage listing on 

property prices in the Sydney Local Government Areas of Ku-ring-gai and Parramatta. As 

was the case with the paper previously discussed, these two areas are situated in New South 

Wales. Thus, the costs and benefits of heritage listing are the same as discussed in the 

introduction. A separate Hedonic equation was estimated for each locality. Structural 

variables of a house common to both include the number of bedrooms, bathrooms, and garage 

spaces, the area of land, whether it possessed two stories, a rumpus room, a pool, and/or a 

tennis court, whether it had been recently renovated, and if it was open plan or not. Postcode 

binary variables were used in both models as a proxy for location factors. A sample of 578 

sales in the Parramatta area, and 712 sales in the Ku-ring-gai locality were analysed from the 

financial year 2004-05. It was estimated that heritage listing had no statistically significant 

impact on prices in Parramatta, but that it had a significant and positive impact on the prices 

of listed properties in Ku-ring-gai.  

 

2.5 Contribution of this study to the existing literature  

 

The Australian literature to date has found that the impact of heritage listing on property 

prices is positive. While this result is certainly possible, the methodology employed to come 

about it suffers a number of shortcomings. The potential external effect that heritage listing 

could have on the prices of houses surrounding listed properties has not been considered. 

This external effect has been demonstrated by studies in Europe and the United States (Moro 

et al 2011, Coulson & Leichenko 2001, and Zahirovic-Herbert & Chatterjee 2012). The 

proximity of a house to a heritage listed property would be expected to be highly correlated 

with heritage listing status. As will be shown in Figure 4.1 in Section 4, houses in Mosman 

are listed in clusters. By not controlling for this, there could be omitted variable bias which is 
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overstating the true average treatment effect of placing a home on the heritage list. In other 

words, prior Australian literature could be attributing these positive externalities to the 

average treatment effect of heritage listing.  

 

The selection of samples has also been questionable. The samples analysed in Deodhar 

(2004) and Productivity Commission (2006) only include properties that were sold in the 

period after heritage listing occurred. Consequently, a comparison between listed and non-

listed houses has only been made after listing took place. Listed houses are by nature of a 

different quality to non-listed homes, even after controlling for structural characteristics of a 

property. By only accounting for differences between listed and non-listed properties that 

exist after heritage listing occurred, it cannot be concluded that heritage listing was the cause 

of those differences. It is possible that some or all of the differences existed before the 

process of heritage listing took place. Deodhar (2004) and Productivity Commission (2006) 

fail to make this before and after comparison. Consequently, the pure average treatment 

effect of placing a home on the heritage list is not being captured.  

 

Given the flawed methodology employed by the previous Australian literature, the aim of this 

paper is to estimate the true average treatment effect of heritage listing on the prices of listed 

properties. This will be achieved by addressing the issues aforementioned. Additionally, the 

externalities that heritage listing could have on the prices of houses surrounding listed 

properties is also considered. This has not been addressed in Australia as of yet.  
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3 Institutional Framework 

3.1 A Background of Mosman 

 

Mosman is a harbour side Local Government Area situated in Sydney, Australia. It is one of 

Sydney’s oldest and most sought after suburbs, with residents comprising the more privileged 

portion of the population. Mosman contains a number of amenities including, but not limited 

to, beaches and national parks. It also contains a high stock of large, beautiful homes and 

historic architecture. An example of such a home is displayed in Figure 3.1, Boronia House.  

 

             Figure 3.1: Boronia House, Mosman 

 
 Source: (Boronia gets funding boost from the state 2008).    

 

Staas (1999, p. i) states, “The ‘sense of place’ that is created in Mosman derives from the 

harmonious street patterns, attractive streetscapes, history of residential development in the 

Municipality, and the use of different architectural expressions that reflect its history”. 

Prominent architectural styles which feature in the area include Federation Arts and Crafts, 
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Federation Queen Anne, Victorian Italianate, Californian Bungalow, and Inter-War Georgian 

Revival (Staas 1999, p. i). During the 1990s, criticism voiced from the public regarding the 

development of apartment buildings in the area (A brief history of Mosman, 2012). This led 

the local council to introduce a number of regulations restricting the conversion of 

established housing into apartments, including the practice of Heritage Listing (A brief 

history of Mosman, 2012). Properties considered to be historically significant were placed on 

a list, protecting and conserving them for current and future generations to enjoy.  

 

3.2 Heritage Listing Framework 

 

In New South Wales, properties may be designated either federally, by the State Government, 

or by local councils. Houses that are recognised nationally are protected by the Environment 

Protection and Biodiversity Conservation Act 1999 (Cth), although these are rare 

occurrences. Properties that are designated at the state and local levels are protected by the 

Heritage Act 1977 (NSW) (hereinafter referred to as the Heritage Act). A list of these homes 

can be found on the State Heritage Register, as well as the Local Environment Plans of the 

various local councils. The Heritage Act is administered by the Heritage Branch (a state 

government agency), which in turn is guided by the Heritage Council of NSW (EDO NSW 

2012, ss. 7.1.2.1, 7.1.2.2). The Heritage Council makes recommendations to the Planning 

Minister on what properties should be placed on the State Heritage Register, in addition to 

maintaining that register (Heritage Act 1977, ss. 21, 22, 31). Recommendations are made to 

the Minister at his request, on the merit of the council itself, at the request of the owner of the 

house in question, or if prompted by a local council (Heritage Act 1977, s. 32). Houses are 

listed on the State Heritage Register if they are of State Heritage Significance (Heritage Act 

1977, s. 4A). This means that they must meet at least one of seven criteria (Heritage Office 
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1999). These criteria are broad and allow a high degree of subjectivity. They are displayed in 

Appendix A. The Mosman Local Government Area contains 307 listed residential houses, all 

of which were designated on the 23
rd

 of February, 2001 (Office of Environment and Heritage 

2012). No additional homes have been added to the register since. The majority of houses 

listed in Mosman meet criterion ‘g’, namely that they are representative of the Mosman area 

(Heritage Office 1999). 

 

Listing on the State Heritage Register gives a property permanent protection under the 

Heritage Act (EDO NSW 2012, s. 7.1.2.3). Owners of homes that are to be listed have the 

right to appeal on any ground. Grounds listed in the legislation include that the house is not of 

State Heritage significance, that long-term conservation of the home is not necessary, that a 

listing would render the property incapable of any use, and that listing would result in 

financial hardship to the property owner (Heritage Act 1977, s. 33). Ultimately, the Heritage 

Council has the final decision as to whether it will recommend a listing to the Planning 

Minister – appeals aren’t heard by the courts, they are merely taken into consideration by the 

Heritage Council when making its decision (EDO NSW 2012, s. 7.1.2.3.3). Once a decision 

is made by the Planning Minister to place a house on the State Heritage Register, no avenues 

of appeal are available to the affected home owners (EDO NSW 2012, s. 7.1.2.3.6). Listing 

on the State Heritage Register has a number of implications for home owners. Specifically, 

owners have an obligation to maintain their homes and repair any damages that come to them 

(Heritage Act 1977, s. 119). The Heritage Council reserves the right to force owners of listed 

properties to do so (Heritage Act 1977, ss. 120, 120A). Additionally, approval to renovate or 

develop a listed property must be obtained from the Heritage Council (Heritage Act 1977, s. 

57). Demolishment of a heritage listed house is forbidden (Heritage Act 1977, s. 63). 

Punishment for breaching the Heritage Act can be severe. The Land and Environment Court 
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has the power to impose fines of up to $1.1 million and/or imprisonment for up to 6 months 

(Heritage Act 1977, ss. 156, 157). Local Courts on the other hand can serve fines of up to 

$22,000 dollars and/or up to 3 months imprisonment for less serious offences (Heritage Act 

1977, s. 158). The Planning Minister has the power to order that the land that a listed property 

sits on is not to be used for up to ten years, or alternatively can appropriate the land (Heritage 

Act 1977, ss. 121, 160, 161). Despite the burdens placed on home owners as a result of 

listing, the Heritage Act does provide them with assistance. Owners of listed properties may 

enter into Heritage Agreements with the Planning Minister (Heritage Act 1977, s. 39). These 

agreements provide home owners with financial assistance regarding the conservation and 

maintenance of their property. Such assistance is in the form of offsetting reductions in land 

tax, duty, and/or council rates (Heritage Act 1977, ss. 40, 45). Such agreements are entered 

into at the discretion of the Planning Minister, however, so it is not guaranteed that the owner 

of a listed home will receive such assistance (Heritage Act 1977, s. 39). Entering into an 

agreement with the Planning Minister can be quite costly since a high degree of legal advice 

and assistance is required (C, White 2012, pers. comm., NSW Government, Office of 

Environment and Heritage, 17 October). In practice, very few owners of listed homes enter 

into such agreements (C, White 2012, pers. comm., NSW Government, Office of 

Environment and Heritage, 17 October).    

 

In addition to the Heritage Act, listed homes are given protection under the Environmental 

Planning and Assessment Act 1979 (NSW). Local Government’s may establish Local 

Environmental Plans (LEPs) (Environmental Planning and Assessment Act 1979, ss. 24, 53). 

Amongst other objectives, LEPs serve to identify, protect, and conserve properties that are 

considered to be historically significant to a community (Mosman Local Environmental Plan 

2012, s. 1.2(e)). The Mosman Local Environmental Plan 2012 provides a number of 
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regulations regarding heritage items, all of which mirror the protection provided by the 

Heritage Act. Consent is required from the Mosman Council if the owner of a heritage listed 

home wishes to alter its interior or exterior, erect another structure on the same block of land, 

or subdivide that land (Mosman Local Environmental Plan 2012, ss. 3.1, 3.2, 5.10). Before 

consent is given, an assessment must be made as to how the proposed development will 

impact upon the heritage significance of the property, and ensure that it will not be 

diminished (Mosman Local Environmental Plan 2012, s. 5.10). In practice, this means very 

little can be done to develop a heritage listed house or the land that it sits on. Additionally, 

this makes it difficult and expensive for listed home owners to preserve and maintain their 

properties. Many of the materials and techniques that were used to initially build these homes 

are rarely used anymore. Sourcing such materials and the relevant workmen can be costly 

relative to modern building materials and methods. The Mosman Council set up the Mosman 

Heritage Assistance Fund to provide heritage listed home owners with grants, to financially 

assist them with restoring historic elements of their properties (Mosman Heritage Fund 

2012). Grants of up to three thousand dollars are available (Mosman Heritage Fund 2012). In 

reality, this amount is trivial since the costs of restoration can range from tens to hundreds-of-

thousands of dollars.   
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4 Data 

4.1 Description of the Data 

 

A record of heritage listed houses in the Mosman area was obtained from the NSW Heritage 

Search database (Office of Environment and Heritage 2012). Interestingly, the 306 listed 

houses in the area are grouped together in clusters, rather than being dispersed across the 

suburb. This is evidenced in Figure 4.1, where heritage listed homes are located within the 

red circles. The numbers printed on the circles indicate how many listed properties exist 

within each cluster. 

 

       Figure 4.1: Heritage listed houses in the Mosman LGA. 
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One could argue that there are houses outside of these clusters which are worthy of being 

placed on the heritage list. Staas (1999, p. 9) identifies a number of historically significant 

Federation Arts & Crafts properties on David Street, which don’t appear on the Mosman 

Heritage list. Thus, heritage listing in Mosman can be viewed as an incomplete exercise. Not 

all historically significant homes have been given formal recognition or protection by the 

local council.  

 

Data on property sales transactions for the Mosman Local Government Area were collected 

from the Property Pro database (Australian Property Monitors 2012). This comprised of 

6,965 sales of detached houses over the period 1989-2011. Variables included for each sale 

were the address of the property, the date and price of the sale, the number of bedrooms, 

bathrooms and garage spaces, the area of the land, and whether a property was sold via 

auction or private treaty. Sale prices were deflated to a base year of 1989 using the Sydney 

Consumer Price Index. Figure 4.2 displays a time-series of the annual average and median 

real prices of these sales. Real house prices followed a general trend of increasing over time, 

and were more volatile during the 2000s. For the most part, median and average real prices 

are higher for listed relative to non-listed houses over time. Interestingly, the prices of listed 

houses decreased in the year 2001, while the prices of non-listed homes continued to rise. 

Additionally, the prices of listed properties were much more volatile following this year, 

while those of non-listed properties remained relatively stable. The beginning of the year 

2001 is the time when heritage listing took place in the Mosman Local Government Area. It 

could be suggested that the act of heritage listing caused both the drop in the prices of listed 

homes as well as the increased volatility. Perhaps the new regulations regarding historic 

homes caused a panic in the market. Such a conclusion cannot be made, however, until an 

econometric analysis is undertaken. 
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Figure 4.2: Mosman Real House Prices - Listed vs. Non-listed. 

 

 

Figure 4.3 describes the number of sales of listed and non-listed houses over time. Property 

sales were lower in the years 1989-1991 due to the recession in Australia. The remainder of 

the 1990s saw a recovery in the housing market as the economy entered a boom, as reflected 

by the growth in property sales. The number of sales dropped significantly in the year 2008 

as the effects of the Global Financial Crisis set in, but the housing market began to recover 

again in the few years that followed. Sales of non-listed properties ranged from around 100 to 

400 per year. This averaged around 8 percent per year of the total stock of detached non-

listed houses in the area. On the other hand, sales of listed homes ranged from around 20 to 

25 per year, averaging just under 5 percent per year of the total number of listed houses. 

Heritage listed homes were sold around 3 percent less frequently on average than non-listed 

homes each year.  
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Figure 4.3: Sample Size - Listed vs. Non-listed. 

 
 

Location data was compiled by the author. Latitude and longitude coordinates were obtained 

for each address as well as a number of places of interest using Batch Geocoding 

(Zwiefelhofer 2012). Distances between addresses and places of interest were then calculated 

in Microsoft Excel 2010. An audit of the data was completed, and all distances tested were 

found to be accurate. Table 4.1 provides a description of the variables included in the 

analysis. 



29 
 

 
 

4.2 Data Cleansing 

 

A number of issues were present in the data collected. Given that the accuracy of the sales 

records relies on the real estate agents compiling them, there is always the possibility that 

human errors exist within the data. Also, there is a degree of subjectivity in compiling sales 

records. For example, what one might consider a study area, another may consider an extra 

bedroom. There is no way to test for these kinds of errors, so the data just has to be taken as 

given. For a number of observations, information on the number of bedrooms, bathrooms & 

garage spaces, as well as the area of land were missing. These missing values were replaced 

with the sample mean of the respective variable. Four binary variables were then created to 

indicate if an observation contained a missing value for each particular variable respectively. 

The prices of 142 sales that were recorded as withheld were omitted from the analysis. It is 

expected that this hasn’t created any significant inaccuracies in the results due to the small 

number of sales involved. During the year 2002, the sale of 10 properties located on 

year Binary Variables - Year of sale ranging from 1989 to 2011.

month Binary Variables - Month of sale ranging from February to December.

100mpublictransport Binary Variable - House is located within 100m of public transport.

250mwater Binary Variable - House is located within 250m of the coastline.

500mmilitaryroad Binary Variable - House is located within 500m of Military Road.

garagespaces Number of garage spaces.

landsqm Area of land of property in square metres.

auction Binary Variable - House was sold via auction as opposed to private treaty.

externaltreatmentgroup Binary Variable - House was ever within 100m of listed house at time of sale.

bed Number of bedrooms.

bath Number of bathrooms.

heritageradius100m Binary Variable - House located within 100m of listed house at time of sale.

treatmentperiod Binary Variable - House sold after heritage listing has occurred.

treatmentgroup Binary Variable - House was ever heritage listed.

Variable Description

price Real House Price (1989 Dollars).

heritagelisted Binary Variable - House is heritage listed at the time of sale.

Table 4.1: Variable Descriptions.
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Markham Close took place as a single transaction. The price recorded was $110,117,819. It 

was impossible to decipher what each property was individually worth. Due to the unusual 

nature of this transaction, the sale of these properties was excluded from the analysis. 

Following the cleansing of the data, a complete sample of 6,955 detached house sales was 

available. Table 4.2 provides summary statistics of this sample.  

 

 
 

The key thing to take away from these summary statistics is that, on average, heritage listed 

houses have more bedrooms, sit on much larger blocks of land, and carry a 17.76 percent 

price premium compared to non-listed homes. These summary statistics are indicative that 

listed houses are of a different nature and quality to non-listed properties.  

 

4.3 Sample of Repeat Sales 

 

Given that the data set spans twenty-three years, a number of addresses within the sample had 

sold more than once. This panel data set provides the opportunity to estimate a Fixed Effects 

model, the details of which will be discussed in the next section. The subsample includes 

Mean SD Mean SD Mean SD

1,299,559 1,127,104 1,103,591 950,194.6 1,113,030 960,287.2 

0.433 0.496 0 0 0.021 0.143

0.561 0.497 0.278 0.448 0.292 0.455

0.433 0.496 0.474 0.499 0.472 0.499

1 0 0 0 0.048 0.214

0.988 0.109 0.529 0.499 0.551 0.497

4.017 1.064 3.708 0.857 3.723 0.871

2.527 0.793 2.437 0.806 2.442 0.805

1.997 1.950 1.900 0.568 1.905 0.700

764.625 475.652 588.890 270.331 597.354 286.078

0.322 0.468 0.297 0.457 0.298 0.457

0.496 0.501 0.352 0.478 0.359 0.48

0.152 0.360 0.252 0.434 0.247 0.431

0.501 0.501 0.400 0.490 0.405 0.491

garagespaces

landsqm

auction

100mpublictransport

250mwater

Table 4.2: Summary Statistics.

Listed Non-listed Full Sample

bed

Variable

price

heritagelisted

heritageradius100m

treatmentperiod

treatmentgroup

externaltreatmentgroup

500mmilitaryroad

bath
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addresses for which at least one sale occurred before and after heritage listing took place. 

Sales of certain addresses were removed from the sample to satisfy the assumptions of the 

Fixed Effects model. Specifically, homes that had been renovated over time were omitted. A 

more relevant discussion of this is provided in the next section. To determine what 

differences exist between the sample of repeat sales and the full sample, summary statistics 

are displayed in Table 4.3. 

 

 
 

The full sample contains a total of 6,955 sales of which 337 are homes that were ever heritage 

listed. The sample of repeat sales on the other hand includes 653 sales of which only 53 were 

ever heritage listed. The summary statistics are fairly similar in both samples for the non-

listed properties. A number of key differences are noticeable, however, if we look at the 

statistics for the heritage listed houses across the samples. Firstly, the average real price in the 

full sample is a little under $400,000 higher than in the sample of repeat sales. The standard 

deviation of this variable shows that there is also more variation in real prices for the full 

sample. Secondly, the standard deviations of the structural characteristics of properties show 

that there is a lot more variation in the full sample than for the sample of repeat sales. Also, 

the average area of land that a property possesses is around 250 square metres greater for the 

Mean SD Mean SD Mean SD Mean SD

916,642.1     835,256.7   1,103,925      969,546.7   1,299,559      1,127,104   1,103,591      950,194.6      

0.472 0.504 0 0 0.433 0.496 0 0

0.264 0.445 0.240 0.427 0.561 0.497 0.278 0.448

0.472 0.504 0.482 0.500 0.433 0.496 0.474 0.499

1 0 0 0 1 0 0 0

0.453 0.503 0.487 0.500 0.988 0.109 0.529 0.499

3.451 0.786 3.495 0.652 4.017 1.064 3.708 0.857

2.203 0.561 2.299 0.472 2.527 0.793 2.437 0.806

1.585 0.317 1.705 0.497 1.997 1.950 1.900 0.568

524.528 314.824 550.803 296.675 764.625 475.652 588.890 270.331

0.283 0.455 0.312 0.464 0.322 0.468 0.297 0.457

0.547 0.503 0.507 0.500 0.496 0.501 0.352 0.478

0.321 0.471 0.200 0.400 0.152 0.360 0.252 0.434

0.434 0.500 0.472 0.500 0.501 0.501 0.400 0.490

Table 4.3: Summary Statistics of Sample of Repeat Sales vs. Full Sample. 

Full SampleSample of Repeat Sales

landsqm

Variable

price

heritagelisted

heritageradius100m

treatmentperiod

Listed Non-listed Listed Non-listed

auction

100mpublictransport

250mwater

500mmilitaryroad

treatmentgroup

externaltreatmentgroup

bed

bath

garagespaces
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full sample than for the smaller subsample. Finally, it appears that a larger proportion of 

heritage listed homes are located within one-hundred metres of other heritage listed houses in 

the full sample relative to the sample of repeat sales. Given the differences between these two 

samples, careful consideration should be made when interpreting the results of the Fixed 

Effects model presented in Section 6. The sample of repeat sales is non-random, and is not 

completely representative of the full sample of house sales in the Mosman Local Government 

Area.  
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5 Methodology 

5.1 Base Hedonic Price Model 

 

The Hedonic Price model was formulated by Rosen (1974). Essentially, it involves a 

regression of the observed price of a product on variables thought to determine that price 

(Rosen 1974, p. 34). By estimating such a regression, the average prices that a consumer has 

paid for the different characteristics of a product can be determined (Rosen 1974, p. 34). In 

this case, we are interested in what factors comprise the sale price of a house. Variables that 

are common in the literature include structural variables such as the number of bedrooms and 

bathrooms, and location variables such as distance to the central business district or to public 

transport. In the context of this study, we are interested in whether heritage listing has an 

effect on property prices. If all factors thought to be correlated with heritage listing are 

controlled for, an accurate estimate of the average treatment effect of listing on property 

prices can be obtained. The base model considered in this study is presented as Equation 5.1.  

 

Log(price) =    +   bed +   bath +   garagespaces +   landsqm +   auction 

               +   250mwater +   100mpublictransport +   500mmilitaryroad 

                               +   heritagelisted + ∑   
  
   month + ∑   

  
   year 

                            + ∑   
 
   missingvalue + ε                     (5.1) 

 

Equation 5.1 is estimated utilising one year of data, specifically the 2003 calendar year. This 

time period occurs long after homes were heritage listed. In this sense, the model can be seen 

as analogous to those estimated by previous Australian studies (Deodhar 2004 and 

Productivity Commission 2006). The natural log of real house price is regressed on a number 

of variables thought to determine that price. Real house prices are obtained by deflating 
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nominal house prices to a base year of 1989 using the Sydney Consumer Price Index. The 

log-linear specification is common throughout the literature. It is chosen for ease of 

interpretation. Additionally, it is likely that there are decreasing returns to scale with respect 

to the marginal impact of the explanatory variables on the price of a house (Moro et al 2011, 

p. 11). For example, a home buyer would likely pay more for the first five rooms in a house 

than for the second five bedrooms. The log-linear specification should account for this.  

 

Structural characteristics incorporated in this model include the number of bedrooms (bed), 

bathrooms (bath), and garage spaces (garagespaces), as well as the area of land of the 

property (landsqm). It is expected that their coefficients will be positive. A binary variable 

indicating whether a home was sold via auction, as opposed to private treaty is also 

incorporated into the model (auction). The value of this variable’s coefficient is expected to 

be positive. Homes that are auctioned but don’t receive any bids or bids that match the 

reserve price are usually taken off the market. They are subsequently put back on the market 

for sale via private treaty. This creates a self-selection effect whereby the homes that are sold 

via auction yield a relatively higher price.  

 

A number of location variables are included in the model. A binary variable indicating 

whether a property is located within one-hundred metres of public transport is included 

(100mpublictransport). Public transport includes both ferry terminals and bus stops. Rail 

transportation is not available in Mosman. The distance of one-hundred metres is chosen 

since this is a short walking distance. Bus stops are located in most parts of Mosman, and so 

an increase in the price of a house is only expected if you are located within a very short 

distance of one. A dummy variable indicating whether a home is located within five-hundred 

metres of Military Road is also incorporated (500mmilitaryroad). Military Road is the central 
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road running through Mosman; it acts as a gateway to both the Sydney Central Business 

District and the Northern Beaches. Additionally, the road itself is filled with numerous shops, 

bars, and restaurants. Consequently, the inclusion of this variable also acts as a proxy for 

these amenities. The distance of five-hundred metres was chosen due to the large number of 

functions that this main road serves. Such a distance is only a short drive away, and for most 

would be considered not too long of a walk. Whether living within five-hundred metres of 

Military Road will yield a positive or a negative impact on price is ambiguous. Residents may 

value living near the road for the amenities and convenience previously described. On the 

other hand, it is a large main road with lots of traffic, pollution, and noise surrounding it. 

Home buyers could place a negative valuation on these aspects. It would have been more 

appropriate to control for properties that were located on or very close to Military Road as 

well, but too small a number of sales of this type existed within the sample. Consequently, 

the present specification will have to suffice. The distance of a property to the coastline is 

also controlled for in the analysis. Specifically, a binary variable indicating whether a house 

is located within two-hundred-and-fifty metres of the water is included (250mwater). The 

specification of two-hundred-and-fifty-metres is chosen since this is approximately the 

largest distance away that a home would be expected to still enjoy an ocean view. 

Additionally, this is within walking distance of the water. The coefficient of this variable is 

expected to be positive. It is common knowledge that home buyers value views of the water, 

as well as easy access to it. Mosman’s coastline contains a large stock of natural vegetation, 

as well as a number of out-of-commission military forts. This variable can also be seen as 

acting as a proxy for these factors.  

 

A number of month (month) and year (year) binary variables are included in the model to 

control for unobserved factors in the general macroeconomic environment. Missing value 
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dummy variables (missing) indicate if there is a missing value that was replaced by the 

appropriate mean for the bed, bath, garagespaces, and/or landsqm variables, as discussed in 

the Section 4. The constant term, β0, can be thought of as the price that a buyer would pay to 

live in a detached house in the Mosman Local Government Area. The error term is 

represented by ε.   

 

Of key interest, a binary variable indicating whether a home was heritage listed or not at the 

time of sale is included (heritagelisted). The coefficient of this variable is intended to 

measure the average treatment effect of heritage listing on the price of heritage listed homes. 

The potential sign of the coefficient of this variable is ambiguous. There are a number of 

costs and benefits that heritage listing imposes on the home owner. Depending on whether 

the costs exceed the benefits or vice versa, the act of heritage listing a property could yield a 

negative or a positive effect on price respectively. Alternatively, the costs could be offset by 

the benefits leading to no significant impact.  

 

The problem with this basic model is that only one year of sales has been analysed. This year 

corresponds to the period after homes in the area were heritage listed, so no before and after 

comparison has been made between listed and non-listed houses. Heritage listed homes are 

by nature of a different quality to non-listed properties, even after controlling for structural 

characteristics such as the number of rooms. By only making a comparison of listed and non-

listed properties after listing occurred, one is unable to conclude whether the difference is a 

result of heritage listing, or if it is just reflecting the differences in quality between the two 

groups that existed before listing. Also, it is possible that the act of heritage listing could be 

having an effect on the prices of houses surrounding heritage listed properties. This has been 

confirmed in a number of prior studies (Moro et al 2011, Coulson & Leichenko 2001, and 
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Zahirovic-Herbert & Chatterjee 2012). These issues are not addressed in this basic model, so 

it is likely that it will not produce an accurate estimate of the average treatment effect of 

heritage listing.  

 

5.2 Difference-in-differences Model 

 

The Difference-in-Differences model (Ashenfelter 1978 and Ashenfelter & Card 1985) can 

be used to address the issues identified in the previous subsection. The model essentially 

compares differences between the treatment group and the control group both before and 

after the treatment occurred (Ashenfelter & Card 1985, pp. 650-651). In the context of this 

study, the full data set is utilised so that the prices of listed and non-listed houses are 

compared both before and after heritage listing occurred. By controlling for differences 

between listed and non-listed houses that existed both before and after listing occurred, one 

can in theory isolate the treatment effect of heritage listing on the prices of listed houses. This 

should provide a more accurate estimate of the average treatment effect of heritage listing 

than the base Hedonic model presented in the previous subsection. The Difference-in-

differences model is displayed as Equation 5.2.  

 

Log(price) =    +   bed +   bath +   garagespaces +   landsqm +   auction 

              +   250mwater +   100mpublictransport +   500mmilitaryroad 

         +   heritagelisted +    treatmentperiod +    treatmentgroup 

                             + ∑   
  
   month + ∑   

  
   year + ∑   

 
   missingvalue + ε               (5.2) 

  

 

where:        heritagelisted = treatmentperiod*treatmentgroup 
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This equation is still a Hedonic Price Model. The natural log of real house price is regressed 

on characteristics thought to determine that price. The structural, auction, location, time, and 

missing value variables all appear as before. The treatment effect of heritage listing, however, 

is now estimated using a difference-in-differences estimator. The binary variable 

treatmentperiod indicates whether a house was sold during the period after heritage listing 

had occurred. The coefficient of this variable indicates if there were differences in average 

house prices before and after heritage listing occurred. The dummy variable treatmentgroup 

indicates whether a sold house was ever heritage listed or not, irrespective of the time of sale. 

The coefficient of this variable indicates if there are any differences in the average prices of 

listed and non-listed houses across time, after controlling for all other relevant property 

characteristics. The sign of this variable’s coefficient could take on either a positive or 

negative sign. A positive coefficient would indicate that on average, home buyers preferred 

houses of historical significance and style. A negative coefficient would suggest the opposite. 

The interaction of the treatmentgroup and treatmentperiod binary variables generates the 

difference-in-differences estimator of the average treatment effect of heritage listing, 

heritagelisted. This binary variable only holds a value of one if a property was heritage listed 

at the time of sale. The coefficient of this interaction term estimates the average impact of 

heritage listing on the price of heritage listed homes. As discussed in the previous subsection, 

the expected sign of this variable’s coefficient is ambiguous. 

 

Equation 5.2 has not considered the fact that heritage listing could have an impact on the 

prices of properties surrounding heritage listed homes. This has been shown to be the case in 

a number of previous studies (Moro et al 2011, Coulson & Leichenko 2001, and Zahirovic-

Herbert & Chatterjee 2012). Thus, Equation 5.3 controls for this potential external effect. 
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Log(price) =    +   bed +   bath +   garagespaces +   landsqm +   auction 

              +   250mwater +   100mpublictransport +   500mmilitaryroad  

                              +   heritagelisted +    heritageradius100m +    treatmentperiod  

                              +    treatmentgroup +    externaltreatmentgroup + ∑   
  
   month  

                              + ∑   
  
   year + ∑   

 
   missingvalue + ε                                            (5.3) 

 

where:        heritageradius100m = treatmentperiod*externaltreatmentgroup 

 

The binary variable externaltreatmentgroup indicates whether a sold property was ever 

located within one-hundred metres of at least one house that was ever heritage listed, 

irrespective of whether heritage listing had actually occurred at the time or not. The 

coefficient of this variable estimates whether there are any differences in the average price of 

houses located nearby heritage listed homes and those that are not, whether or not heritage 

listing had actually occurred. It must be noted that this includes homes that were ever heritage 

listed that are located within one-hundred metres of other homes that were ever heritage 

listed. It is expected that this will yield a positive coefficient. It is likely that home buyers 

would pay a premium to be located amongst historically significant homes. These properties 

are aesthetically appealing for the neighbourhood and are likely to raise property prices in the 

area. The interaction of the externaltreatmentgroup and timetreatment binary variables 

produces the difference-in-differences estimator of the external treatment effect of heritage 

listing on property prices, heritageradius100m. The coefficient of this interaction term 

estimates the average impact on the price of a property if it is located within one-hundred 

metres of a heritage listed home at the time of sale. Practically, this extends to listed homes 

that are located on the same block or street as the particular property of interest. Again, it is 

noted that this includes heritage listed homes that are located nearby other heritage listed 
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homes. An external effect covering a much larger radius was considered, but it was decided 

that such a variable would likely pick up the effects of a number of unobservable factors. 

This would produce inaccurate estimates of the external treatment effect, and so a smaller 

radius of one-hundred metres was chosen instead. The coefficient of this variable could yield 

either a significant and positive or insignificant effect on house price. Home buyers could 

value the security that the listing provides for the historical homes in the area. They may 

value that the properties will never be changed or demolished, and that the aesthetic quality 

of the neighbourhood will always be maintained. As a result, they are willing to pay a 

premium to live in the area. Listing does not place any burdens on the owners of non-listed 

houses that are located nearby listed properties. If home buyers don’t care about the security 

that listing provides over the historical homes in the area, then the listing of those homes 

should have no effect on the prices of properties in the surrounding area. 

 

5.3 Fixed Effects Model 

 

An alternative to estimating the average treatment effect of heritage listing is to estimate a 

Fixed Effects model. This model utilises a subset of the data that was analysed by the 

previous model. It contains only addresses for which at least one sale occurred before and 

after heritage listing occurred. The basic idea of the Fixed Effects model is that the data is 

demeaned (Wooldridge 2009, p. 482). Effectively, this controls for and eliminates all time-

invariant observables and unobservables (Wooldridge 2009, p. 482). What is left is a model 

of time-variant observables which can be estimated via Ordinary Least Squares (Wooldridge 

2009, p. 482). The basic form of the Fixed Effects model is displayed as Equation 5.4. 
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           ) –            ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =    –    +   (                 –               ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 )  

                                              +   (                     –                   ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 ) 

                                              +   (          –        ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  )  

                                              + ∑   
  
   (        –      ̅̅ ̅̅ ̅̅ ̅̅ ̅

 ) + ∑   
  
   (       –     ̅̅ ̅̅ ̅̅  )  

                                              +     –  ̅                                                                                  (5.4) 

  

For each observation, Equation 5.4 explains differences of the natural log of real house price 

from its mean in terms of differences in the independent variables from their respective 

means. A time-varying error term is represented by (    –  ̅ ). The main attraction of this 

model is that it controls for time-invariant observables and unobservables (  ). Because these 

fixed effects are constant over time, they drop out of Equation 5.4 so that we are left with 

Equation 5.5.  

 

             –            ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =   (                 –               ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 )  

                                              +   (                     –                   ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
 ) 

                                              +   (          –        ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  )  

                                              + ∑   
  
   (        –      ̅̅ ̅̅ ̅̅ ̅̅ ̅

 ) + ∑   
  
   (       –     ̅̅ ̅̅ ̅̅  )  

                                              +     –  ̅                                                                                  (5.5) 

  

Equation 5.5 leaves us with time-variant observables. Specifically, it controls for whether a 

property was sold via auction or private treaty by including the binary variable auction. 

Additionally, it includes a number of month (month) and year (year) dummy variables to 

control for factors in the general macroeconomic environment. Finally, it incorporates a 

binary variable indicating whether a property was heritage listed or not at the time of sale 

(heritagelisted), and a similar variable indicating whether a property was located within one-



42 
 

hundred metres of at least one heritage listed property at the time of sale 

(heritageradius100m). The coefficients of these binary variables estimate the average 

treatment effects of heritage listing. Unfortunately, we are unable to estimate the effects of 

the time-invariant observables that were included in the previous Difference-in-differences 

model. Estimating this model, however, provides a way of testing the robustness of the 

estimated variables of interest, namely the average treatment effects of heritage listing.  

 

The key assumption that is being made in this model is that it has controlled for all time-

variant factors that are correlated with heritage listing (Wooldridge 2009, p. 482). If there are 

any omitted time-variant factors that are correlated with heritage listing, then the estimated 

average treatment effects will be inaccurate. In other words, we are assuming that heritage 

listing is uncorrelated with the time-varying error term. The implication of this assumption is 

that we are accurately estimating the average treatment effect of heritage listing. For the 

sample of repeat sales used in this analysis, it was apparent that a number of homes had been 

renovated between sales since there was an increase in the number of rooms and garage 

spaces in many cases. If a home is renovated then there will be a change in its appearance and 

quality. This creates a time-variant effect which unfortunately cannot be controlled for given 

the data available.
1
 In an attempt to solve this issue, such addresses were removed from the 

sample. Data regarding structural characteristics was missing for a number of properties. 

Thus, it is still possible that there are properties in the sample which have changed over time. 

There is no way of testing or controlling for this, so the estimated results of this model should 

be taken with caution.  

 

                                                           
1
 Incorporating a binary variable to indicate if a property had been renovated over time was considered to 

control for this effect. There were a number of missing values for each of the structural variables, so in a lot of 

cases it was not able to be determined whether a property had been renovated or not. Consequently, such a 

variable was not included in the model.  
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5.4 Breusch-Pagan Test – Auxiliary Regression 

 

The models presented in the previous subsections test for mean effects of heritage listing on 

property prices. It is possible, however, that heritage listing is having a variance effect on 

property prices. Specifically, the treatment of heritage listing could be increasing the prices of 

some houses, but decreasing the prices of others. Buyers interested in houses that are well-

kept and of better quality may have no interest in developing them. Such buyers may pay a 

premium in this case, despite the fact that the property is on the heritage list. On the other 

hand, if a particular property was out of shape or run down, home buyers may value the rights 

to develop that property, or may be concerned about the possibility of high maintenance 

costs. Listing in this case could yield a negative effect on price.  

 

To test this theory, we can estimate the auxiliary regression underlying the Breusch-Pagan 

test (Breusch & Pagan 1979). The Breusch-Pagan test can be used to determine whether 

heteroskedasticity is present in an estimated equation (Breusch & Pagan 1979, p. 1287). 

Ordinary Least Squares assumes that the variance of the residual term is constant and zero. 

This is known as the assumption of homoskedasticity. If the variance of the residual term is 

non-constant, it is said that heteroskedasticity is present. This would mean that for some 

observations, the sale price of a house differs from the estimated sample mean price. Specific 

variables can be the driving cause of this. In this instance, we are interested in whether 

heritage listing is having such an effect. To test for this, one runs a simple Ordinary Least 

Squares regression of the dependent variable on each of the independent variables 

(Wooldridge 2009, pp. 272-273). In this context, one would estimate Equation 5.3 which is 

reproduced below.   
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Log(price) =    +   bed +   bath +   garagespaces +   landsqm +   auction 

              +   250mwater +   100mpublictransport +   500mmilitaryroad  

                              +   heritagelisted +    heritageradius100m +    treatmentperiod  

                              +    treatmentgroup +    externaltreatmentgroup + ∑   
  
   month  

                              + ∑   
  
   year + ∑   

 
   missingvalue + ε                                            (5.3) 

 

The residuals are taken from this regression and squared. These are then regressed on the 

independent variables included in the original equation, as demonstrated by Equation 5.6 

(Wooldridge 2009, pp. 272-273).  

 

                =    +   bed +   bath +   garagespaces +   landsqm +   auction 

              +   250mwater +   100mpublictransport +   500mmilitaryroad  

                              +   heritagelisted +    heritageradius100m +    treatmentperiod  

                              +    treatmentgroup +    externaltreatmentgroup + ∑   
  
   month  

                              + ∑   
  
   year + ∑   

 
   missingvalue + μ                                            (5.6) 

 

The estimated values of this equation indicate which variables are driving the 

heteroskedasticity, or non-constant variance of the residual term. A statistically significant 

coefficient for either or both of the heritagelisted or heritageradius100m binary variables 

would provide evidence that heritage listing has a variance effect on property prices. 
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6 Empirical Results 

6.1 Estimation Method 

 

All models presented in this section were estimated via Ordinary Least Squares. Robust 

standard errors are used in estimating each equation in subsections 6.2 to 6.4 to account for 

potential heteroskedasticity in the data. All prices were deflated to a base year of 1989 using 

the Sydney Consumer Price Index.    

 

6.2 Evidence from the Base Hedonic Price Model 

 

As mentioned in Section 5, this base Hedonic Price model is analogous to those models 

estimated in previous Australian studies (Deodhar 2004, Productivity Commission 2006). 

Only one year of data is analysed covering a period after heritage listing has occurred. The 

year 2003 was chosen. This contained a sample of 231 sales. A number of other years yielded 

similar results which are presented in Appendix B. This model can be seen as a basis for 

comparison for the other equations estimated in this paper. The results of Equation 5.1 for the 

year 2003 are presented in Table 6.1.  
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On average, houses that possess an extra bedroom, garage space, or square metre of land 

receive a premium in price, all else equal. The same can be said of properties that are located 

within two-hundred-and-fifty metres of the water. Nothing can be concluded regarding the 

possession of an extra bathroom or if your home is sold via auction. Results regarding these 

variables are statistically insignificant. The same is true for the remaining location variables. 

The statistical insignificance of these variables is likely a result of the small sample analysed 

for this particular year, and a lack of variation in the data. Summary statistics for the year 

2003 are displayed in the Appendix C. The results of the month and missing value binary 

variables are also presented in the appendix in Table D.1.  

 

Of most interest, the coefficient of the heritagelisted binary variable is positive and 

statistically significant. All else equal, the average treatment effect of heritage listing is 

estimated to increase the price of a house by 17.9 percent. This result is similar to that of 

previous Hedonic studies conducted in Australia (Deodhar 2004, Productivity Commission 

2006). As discussed in previous sections, those studies as well as the model estimated in this 

Coefficient Standard Error

0.179 ** 0.087

0.183 *** 0.038

-0.011 0.053

0.112 ** 0.046

0.00109 *** 0.000

0.045 0.050

0.015 0.058

0.202 *** 0.075

-0.059 0.066

12.228 *** 0.215

Note: 3 stars = 1% significance.

         2 stars = 5% significance.

         1 star = 10% significance.

auction

100mpublictransport

garagespaces

landsqm

Constant

250mwater

500mmilitaryroad

Table 6.1: Estimates of Equation 5.1.

bed

bath

Equation 5.1

Variable

heritagelisted
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section are flawed. A comparison of listed and non-listed houses has only been made after 

heritage listing took place. Heritage listed houses are by nature of a different quality to non-

listed homes, even after controlling for property characteristics such as the number of rooms. 

It is possible that the observed differences between listed and non-listed houses, captured by 

the positive coefficient of heritagelistedt, also existed before listing occurred. Consequently, 

the estimated average treatment effect of listing could be inaccurate. The potential external 

effect that heritage listing could have on the prices of properties surrounding listed houses has 

not been controlled for. If evidence is found that there is in fact a positive external effect, this 

would reduce and offset the magnitude of the coefficient of heritagelistedt, the average 

treatment effect of heritage listing.    

 

6.3 Evidence from the Difference-in-differences Model 

 

The Difference-in-differences model addresses the issues mentioned in the previous 

subsection. The full data set is utilised so that a comparison of listed and non-listed houses 

both before and after heritage listing occurred is possible. The results of Equations 5.2 and 

5.3 are displayed in Table 6.2.  
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Equation 5.2 only considers the effect that heritage listing could have on the prices of 

heritage listed houses. The coefficient of heritagelisted, the difference-in-differences 

estimator of the average treatment effect of heritage listing, is now negative. This result is 

statistically insignificant, however, so we cannot conclude that heritage listing had a negative 

impact on the prices of listed homes. Nevertheless, this is different to the positive result 

found in the base model. The coefficient of the treatmentperiod binary variable is positive, 

indicating that prices were higher on average in the period after heritage listing occurred 

relative to before. This result is statistically insignificant, however, so it cannot actually be 

concluded that there were differences in real prices before and after heritage listing occurred. 

The coefficient of the treatmentgroup binary variable estimates that on average, homes that 

were ever heritage listed sold at a premium. After controlling for the relevant characteristics 

of a property, home buyers paid a premium on average to live in a historically significant 

Table 6.2: Estimates of Equations 5.2 and 5.3.

Coefficient Standard Error Coefficient Standard Error

-0.010 0.054 -0.007 0.055

      . . 0.006 0.026

0.327 0.221 0.338 0.222

0.039 0.039 0.019 0.039

      . . 0.045 ** 0.019

0.107 *** 0.009 0.105 *** 0.009

0.136 *** 0.011 0.136 *** 0.011

0.022 0.015 0.022 0.015

0.00075 *** 0.000 0.00075 *** 0.000

0.060 *** 0.013 0.059 *** 0.013

0.025 * 0.013 0.022 * 0.013

0.157 *** 0.018 0.163 *** 0.018

-0.069 *** 0.015 -0.075 *** 0.015

12.053 *** 0.064 12.038 *** 0.064

Note: 3 stars = 1% significance.

          2 stars = 5% significance.

          1 star = 10% significance.

garagespaces

100mpublictransport

250mwater

500mmilitaryroad

Constant

landsqm

auction

bath

treatmentperiod

treatmentgroup

bed

heritageradius100m

heritagelisted

externaltreatmentgroup

Equation 5.2 Equation 5.3

Variable
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home. We are unable to definitively conclude that this was the case though, since the result is 

statistically insignificant.   

 

The potential external effect that heritage listing could have on the prices of surrounding 

properties is incorporated into Equation 5.3. The coefficient of heritagelisted, the difference-

in-differences estimator of the average treatment effect of listing, remains negative and 

statistically insignificant. Again, we are unable to conclude that heritage listing had a 

negative impact on the prices of listed homes. The coefficient of heritageradius100m, the 

difference-in-differences estimator of the external average treatment effect of listing, is 

positive. This result is statistically insignificant, however, so we are unable to conclude that 

heritage listing had a positive impact on the prices of houses surrounding listed homes. 

Nevertheless, the inclusion of heritageradius100m has reduced the magnitude of the 

coefficient of heritagelisted from 0.01 to 0.007. Accounting for the potential external effects 

of heritage listing has reduced the original estimated average treatment effect of listing on the 

prices of listed houses. The coefficients of the treatmentperiod and treatmentgroup binary 

variables remain positive and statistically insignificant. The coefficient of the 

externaltreatmentgroup binary variable is positive and statistically significant. We can 

conclude that on average, home buyers are willing to pay a premium of 4.5 percent to live 

amongst houses that were ever heritage listed over time. It would appear that the base 

Hedonic Price model in the previous subsection may have been attributing this positive 

externality to the average treatment effect of heritage listing. By not controlling for this 

externality, and for differences between the treatment and control groups both before and 

after listing occurred, omitted variable bias has resulted. The base Hedonic Price model has 

overstated the average treatment effect of heritage listing on the prices of listed properties. 
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Now that these factors have been accounted for, this effect is no longer positive or 

statistically significant.  

 

The estimated coefficients of the remaining variables are similar across both equations. Each 

of them display the expected signs, and the majority are statistically significant at 

conventional significance levels. The results of Equation 5.3 show that a house with an 

additional bedroom is expected to receive an average premium of 10.5 percent, all else equal. 

Interestingly, an extra bathroom is expected to have a larger effect on price. An additional 

bathroom increases house prices on average by 13.6 percent, all else equal. It is likely that 

there is a large amount of correlation between these two variables, and it could be this that is 

driving the result. Nevertheless, both are positive as expected. The availability of a single 

garage space to park a car increases house price on average by 2.2 percent, an intuitive result. 

This result is statistically insignificant, however, so it cannot be concluded that home buyers 

valued garage spaces. The insignificance could be a result of the fact that there were a large 

number of missing values for the garage variable. Adding an extra one-hundred square 

metres of land to a property increases house price on average by 7.5 percent. Land would be 

expected to be very valuable in a congested and sought after suburb such as Mosman, so the 

sign and magnitude of this coefficient are sensible. Homes that were sold via auction as 

opposed to private treaty did so at a premium of 5.9 percent. This was expected due to the 

self-selection effect described in Section 5. Home buyers are willing to pay an average 

premium of 2.2 percent for homes located within short-walking distance of public transport. 

They are also willing to pay 16.3 percent more on average to be located within walking 

distance of the coastline. Interestingly, location within five-hundred metres of Military Road 

reduces the average house price by 7.5 percent. It appears that home buyers would rather live 

on quieter, less congested, and less polluted streets, despite the amenities that Military Road 
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provides. The estimated coefficients of the month, year, and missing value binary variables 

are shown in the appendix in Table D.2.  

 

6.4 Evidence from the Fixed Effects Model 

 

The Fixed Effects model is estimated to test the robustness of the results regarding the 

average treatment effects of heritage listing found in the previous subsection. The estimated 

results of Equation 5.5 are presented in Table 6.3.  

 

  
 

The coefficient of the heritagelisted binary variable is estimated to be negative but 

statistically insignificant. Additionally, the coefficient of the heritageradius100m binary 

variable is estimated to be positive yet statistically insignificant. These are the same results 

found by the Difference-in-differences model. The magnitudes of the coefficients are much 

smaller in the Fixed Effects model. The binary variable indicating whether a property was 

sold via auction yields a positive but statistically insignificant result. This coefficient was 

statistically significant in the Difference-in-differences model. The estimated coefficients of 

the month and year binary variables are presented in the appendix in Table D.3. It is worth 

noting that they are different to those found by the previous model.  

 

Standard Error

0.089

0.069

0.029

Note: 3 stars = 1% significance.

         2 stars = 5% significance.

         1 star = 10% significance.

Table 6.3: Estimates of Equation 5.5.

auction 0.041

heritageradius100m 0.018

Equation 5.5

Variable Coefficient

heritagelisted -0.086
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While the results regarding the average treatment effects of heritage listing are similar under 

both the Difference-in-differences and Fixed Effects models, the estimates of the remaining 

variables are not robust. It is possible that the sample of repeat sales analysed by the Fixed 

Effects model is driving its results. If an analysis of this sample using the Difference-in-

differences model yields different results to those found when analysing the full sample, then 

it would appear that the use of a Fixed Effects model is inappropriate given the available data 

set. Table 6.4 presents estimated results of Equation 5.3 using the sample of repeat sales. 

Estimated results of Equation 5.3 utilising the full sample are reproduced for purposes of 

comparison.  

 

 
 

The original results of the Difference-in-differences model are not robust when the same 

model is estimated utilising the sample of repeat sales. The only comparable result is that 

heritage listing has a negative but statistically insignificant impact on the average price of 

Standard Error Standard Error

-0.048 0.097 -0.007 0.055

-0.039 0.089 0.006 0.026

-0.095 0.130 0.338 0.222

-0.003 0.070 0.019 0.039

0.022 0.070 0.045 ** 0.019

0.031 0.069 0.105 *** 0.009

0.194 *** 0.070 0.136 *** 0.011

0.088 ** 0.044 0.022 0.015

0.00105 *** 0.000 0.00075 *** 0.000

0.034 0.038 0.059 *** 0.013

0.003 0.038 0.022 * 0.013

-0.027 0.049 0.163 *** 0.018

0.005 0.058 -0.075 *** 0.015

12.337 ** 0.196 12.038 *** 0.064

Note: 3 stars = 1% significance.

         2 stars = 5% significance.

         1 star = 10% significance.

Coefficient

Equation 5.3 (Repeat Sales)

Variable Coefficient

treatmentgroup

heritageradius100m

treatmentperiod

heritagelisted

externaltreatmentgroup

garagespaces

landsqm

bed

bath

250mwater

500mmilitaryroad

auction

100mpublictransport

Constant

Table 6.4: Estimates of Equation 5.3 utilising different samples. 

Equation 5.3 (Full Sample)
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heritage listed homes. The difference-in-differences estimator of the external average 

treatment effect is still insignificant, but now yields a negative coefficient. The coefficients of 

the treatmentperiod and treatmentgroup binary variables while still insignificant, now display 

negative coefficients as well. The externaltreatmentgroup binary variable is still positive but 

is now statistically insignificant. The number of bedrooms that a property possesses no longer 

has an impact on price, and an additional bedroom seems to have a very large average effect. 

Properties that possess a garage space now attract an average price premium of 8.8 percent. 

While this is a reasonable result, it is not in line with the estimate from the full sample.  The 

area of land of a property now has a larger effect on the average property price. The location 

variables now display statistically insignificant coefficients. Location within walking distance 

of the coastline now yields a negative average effect on price, a counter-intuitive result. 

Houses located within half a kilometre of Military Road now yield a price premium on 

average, contrary to the negative result found previously. As before, the estimated 

coefficients of the month, year, and missing value binary variables are presented in the 

appendix in Table D.4. A number of these variables now display different coefficients to 

those previously estimated. Given these results, it would appear that it is the underlying 

sample of repeat sales, rather than the Fixed Effects model itself, which is driving the results 

presented in Table 6.3. The potential issues of using this sample were discussed in Sections 4 

and 5.  

 

6.5 Does Heritage Listing have an Average Effect on Property Prices? 

 

The base Hedonic Price model estimated earlier in this section found that, on average, 

heritage listing has a positive and statistically significant effect on the price of heritage listed 

houses. It was demonstrated that this model was flawed. The Difference-in-differences model 
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corrects for these issues. It could not be concluded from the estimates of this model that 

heritage listing has an average effect on the prices of heritage listed houses, or on the prices 

of properties in the surrounding area. A Fixed Effects model found similar results regarding 

the average treatment effects of heritage listing on property prices. It was shown that there 

were fundamental issues with the underlying sample of repeat sales that were analysed. 

Consequently, the results of the Fixed Effects model cannot be relied on. Of the three models, 

the Difference-in-differences model yielded the largest R-squared statistic, followed by the 

base Hedonic Price model and Fixed Effects model respectively. These statistics are 

displayed in Table 6.5. This indicates that the Difference-in-differences model performed the 

best in explaining the variation in the log of real house price. Specifically, 50.3 percent of the 

variation in the log of real house price was explained by variation in the independent 

variables.  

 

 
            

Given the factors aforementioned, the Difference-in-differences model that accounts for the 

potential externalities of heritage listing (Equation 5.3) is the preferred model.
2
 From the 

estimates of this model, it cannot be concluded that heritage listing has an average treatment 

effect on the prices of heritage listed homes. There are many reasons why this could be the 

case. There could be a variance effect whereby heritage listing increases the prices of some 

homes, but reduces the prices of others. The overall average effect ends up being insignificant 

                                                           
2 Coffin (1989, p. 222) argues in favour of such a model, but states that it was not possible in his research due 

to the necessary data being unavailable. Gale (1991, pp. 326-327) states that by only controlling for differences 
between listed and non-listed properties after listing occurred, one cannot conclude that listing had a 
significant effect on property values – the differences could have existed beforehand. This adds favour to the 
choice of the Difference-in-differences model as the most appropriate model.  

Table 6.5: R-squared Statistics of the three models.

Fixed Effects Model 0.2160

Model R-squared

Base Hedonic Price Model 0.4197

Differences-in-Differences Model 0.5031
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since these two effects offset each other. The next subsection will test for this specific kind of 

impact. It is also possible that people aren’t aware of heritage listing, although it seems 

unlikely that persons purchasing a home would not first do their research. It could be that 

people simply don’t care about heritage listing, one way or the other. The most likely 

explanation is that the costs of listing are offset by the benefits, leading to no significant 

overall effect. This is a different result to what has been found in the previous Australian 

literature (Deodhar 2004 and Productivity Commission 2006).  

 

It could not be concluded that heritage listing has a statistically significant mean effect on the 

prices of houses within one-hundred metres of listed homes. Practically, this effect extends to 

houses on the same street or block as a heritage listed property. This is a somewhat expected 

result. Heritage listing has no implications for the owners of homes surrounding listed 

properties. Thus, listing should have no significant, average treatment effect on the prices of 

those properties. It could be argued that home buyers may value the security that listing 

provides for the historically significant houses in the neighbourhood. This doesn’t seem to be 

the case here, however.  

 

An additional finding was that, on average, we could not conclude that homes that were ever 

heritage listed were priced any differently to non-listed homes, after controlling for relevant 

property characteristics. In other words, we cannot conclude that an average premium was 

paid to purchase a historically significant house. Mosman contains a high stock of beautiful 

homes, both historical and non-historical. In this context, it is plausible that buyers on 

average were indifferent between whether the house they purchased was historical or modern. 

They may have paid a premium for homes with more rooms and land, but there wasn’t an 

average preference for whether those homes were historical or modern. There could be 
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groups of buyers who preferred one type over the other, but on average there was an overall 

indifference between the two. Another interesting result is that homes located within close 

proximity to houses that were ever heritage listed received a price premium. In other words, 

home buyers in Mosman paid a premium on average to live in historical neighbourhoods. 

This is a similar result to that of a number of studies conducted in Europe and America (Moro 

et al 2011, Coulson & Leichenko 2001, and Zahirovic-Herbert & Chatterjee 2012). Thus, it 

would appear that home buyers care more about living in a historically significant 

neighbourhood instead of a historical house itself. On average, it is the neighbourhood that a 

house is located in that is important, rather than the home itself being of historic or modern 

style. This plays to the old adage of ‘Location, Location, Location’, whereby location is the 

most important factor determining the price of a property.  

 

6.6 Does Heritage Listing have a Variance Effect on Property Prices? 

 

The models estimated in the previous subsections tested for mean effects of heritage listing 

on property prices. While it was found that heritage listing has no statistically significant, 

average effect on house prices, it is possible that there is a variance effect. Specifically, 

heritage listing could increase the prices of some properties and decrease the prices of others. 

This combination of positive and negative effects could be averaging out to an insignificant 

impact overall. The auxiliary regression of the Breusch-Pagan test can be estimated to test for 

these effects. The results of Equation 5.6 are displayed in Table 6.6.  
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We can see from the results that heritage listing did not have a varying effect on the prices of 

the heritage listed homes themselves, or on the prices of the houses surrounding them. The 

coefficients of the heritagelisted and heritageradius100m binary variables are statistically 

insignificant. The area of land of a property appears to have a varying effect on house prices. 

Whether a home owner can actually do anything with the land that a property is located on, 

rather than the quantity of it is more likely to have an impact on house price. This could 

explain the varying effect of land size on sale prices. Whether a property is sold via auction 

or not also has a varying effect on price. Choosing to sell a home via auction will not yield 

the same price premium for each and every home. The result of the auction will depend on 

the auctioneer, as well as the bidding skills of the buyers wishing to purchase a particular 

home. Location within half a kilometre of Military Road has a differing effect on house price. 

This is expected since Military Road is several kilometres long. Accordingly, different parts 

of the road are more likely to be worth living near than others. The closer a property is to 

Coefficient Standard Error

-0.087 0.205

0.005 0.088

-0.620 0.387

-0.024 0.137

-0.074 0.064

-0.016 0.030

0.034 0.032

0.034 0.032

0.00031 *** 0.000

-0.223 *** 0.052

-0.036 0.045

0.054 0.058

0.124 ** 0.052

-0.030 0.240

Note: 3 stars = 1% significance.

         2 stars = 5% significance.

         1 star = 10% significance.

250mwater

500mmilitaryroad

auction

100mpublictransport

Constant

externaltreatmentgroup

heritageradius100m

treatmentperiod

garagespaces

landsqm

bed

bath

Table 6.6: Estimates of equation 5.6.

Equation 5.6

Variable

heritagelisted

treatmentgroup
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certain portions of the road instead of others is likely to have a differing effect on price. 

Additionally, properties that are closer to the road within the chosen distance of five-hundred 

metres will likely suffer a stronger impact on price than properties that are further away. The 

estimated results of the month, year, and missing value binary variables are shown in the 

appendix in Table D.5. Briefly, homes that are sold in October, as well as the years 2001 and 

2004 seem to yield varying prices, all else equal. There is no obvious intuition as to why this 

is the case, although it is interesting to restate that heritage listing occurred during the year 

2001.   
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7 Conclusion 

It cannot be concluded that heritage listing has an impact on the prices of listed properties, or 

on the prices of houses surrounding them. A variance effect of heritage listing on property 

prices was tested for, but this yielded statistically insignificant results. Listing and protecting 

historical homes does not seem to be imposing a burden on home owners. It was found that 

historical homes that were ever heritage listed yielded positive externalities for the houses 

surrounding them. On average, home buyers are willing to pay a premium to live in 

neighbourhoods containing these sorts of homes. Consequently, it is recommended that the 

protection of these historical properties through heritage listing should continue. These results 

are very different to those found in previous Australian studies (Deodhar 2004 and 

Productivity Commission 2006).  

 

The major shortcoming of this study is the external validity of the results. Data collection in 

this area of research is time consuming, and consequently did not permit the analysis of a 

second Local Government Area. An obvious option for future research would be to calibrate 

this model to other areas in Australia. It could be the case that the results of this paper are 

very specific to Mosman. It would be valuable to see whether these results are robust, and if 

we can generalise them for the rest of the country. An additional avenue for research would 

be to extend this model to control for different architectural styles. Given the time constraints 

placed on this paper, collection of such data was not feasible. It would be interesting to see 

whether home buyers place varying valuations on different heritage styles, as is likely the 

case. The same could be said regarding the effects of listing on properties of different ages. 

This could provide some future direction as to which historical homes are actually worth 

placing on the heritage list relative to others.  
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Appendices 

Appendix A – Seven Criteria for Heritage Listing 

          Figure A.1: Seven Criteria for Listing on the State Heritage Register (Heritage Office                 

                            1999). 
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Appendix B – Results of Equation 5.1 for Alternative Years  

                                                  Note that for each Table in this appendix: 

                       3 stars = 1% significance. 

                       2 stars = 5% significance. 

                                                 1 star = 10% significance. 

 

 

Table B.1: Estimates of Equation 5.1 for the Year 2001.

Coefficient Standard Error

0.162 0.125

0.184 *** 0.051

0.134 ** 0.051

-0.081 0.152

0.0008 *** 0.000

0.270 *** 0.083

0.032 0.082

0.114 0.094

-0.074 0.103

0.040 0.184

-0.013 0.113

0.173 * 0.091

0.402 ** 0.173

-0.126 0.351

-0.055 0.367

0.113 0.309

0.149 0.313

0.423 0.299

0.182 0.309

0.397 0.300

0.079 0.322

0.308 0.305

0.232 0.308

0.353 0.301

12.005 *** 0.431

september

december

october

november

june

july

august

500mmilitaryroad

Constant

missingbed

missingbath

missinggarage

missingland

february

march

april

may

Equation 5.1

Variable

heritagelisted

bed

auction

100mpublictransport

250mwater

bath

garage

landsqm
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Table B.2: Estimates of Equation 5.1 for the Year 2004.

Coefficient Standard Error

0.190 0.173

0.007 0.590

0.225 *** 0.056

0.032 0.067

0.001 *** 0.000

0.045 0.063

0.127 0.079

0.084 0.107

-0.125 0.100

-0.381 * 0.214

-0.056 0.141

0.053 0.095

0.325 0.390

-0.122 0.168

-0.065 0.148

0.097 0.152

-0.067 0.144

-0.155 0.172

0.004 0.174

0.086 0.191

-0.182 0.198

-0.236 0.272

-0.225 0.173

-0.628 * 0.371

12.825 *** 0.246Constant

april

may

june

missingland

february

march

october

november

december

july

august

september

garage

landsqm

auction

heritagelisted

bed

bath

missingbed

missingbath

missinggarage

100mpublictransport

250mwater

500mmilitaryroad

Equation 5.1

Variable
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Table B.3: Estimates of Equation 5.1 for the Year 2005.

Coefficient Standard Error

0.057 0.099

0.033 0.034

0.207 *** 0.038

0.092 ** 0.038

0.0007 *** 0.000

-0.023 0.053

0.058 0.057

0.061 0.096

-0.076 0.053

-0.390 0.370

0.3600 * 0.214

-0.148 0.092

0.335 *** 0.101

0.142 0.222

0.069 0.204

0.067 0.209

0.111 0.204

0.061 0.216

0.030 0.246

-0.190 0.231

-0.011 0.214

0.107 0.207

-0.092 0.228

-0.019 0.211

12.823 *** 0.241

october

november

december

july

august

september

april

may

june

Constant

500mmilitaryroad

garage

landsqm

auction

missingland

february

march

missingbed

missingbath

missinggarage

heritagelisted

bed

bath

Equation 5.1

Variable

100mpublictransport

250mwater
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Table B.4: Estimates of Equation 5.1 for the Year 2007.

Coefficient Standard Error

0.143 0.145

0.057 0.038

0.148 *** 0.036

0.028 ** 0.012

0.0011 *** 0.000

-0.121 ** 0.052

-0.028 0.047

0.210 *** 0.066

0.039 0.050

0.076 0.284

0.026 0.280

-0.166 ** 0.079

-0.096 0.298

-0.095 0.189

-0.059 0.193

-0.038 0.187

-0.009 0.186

0.009 0.193

-0.046 0.201

-0.048 0.198

0.150 0.194

-0.197 0.224

-0.006 0.196

-0.006 0.203

12.903 *** 0.207

october

november

december

july

august

september

Constant

missingbed

missingbath

missinggarage

100mpublictransport

250mwater

500mmilitaryroad

april

may

june

missingland

february

march

Variable

garage

landsqm

auction

heritagelisted

bed

bath

Equation 5.1
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Table B.5: Estimates of Equation 5.1 for the Year 2009.

Coefficient Standard Error

0.010 0.079

0.050 0.037

0.191 *** 0.034

-0.010 0.035

0.0008 *** 0.000

-0.055 0.094

-0.019 0.048

-0.086 0.124

-0.069 0.051

-0.026 0.224

0.284 0.231

-0.282 * 0.150

-0.053 0.198

-0.094 0.189

-0.042 0.191

-0.042 0.193

0.000 0.191

0.050 0.195

0.090 0.199

0.079 0.193

0.071 0.199

-0.075 0.278

0.151 0.199

13.012 *** 0.206Constant

october

november

december

february

march

missingbed

missingbath

missinggarage

july

august

september

april

may

june

Equation 5.1

Variable

100mpublictransport

250mwater

500mmilitaryroad

garage

landsqm

auction

heritagelisted

bed

bath
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Table B.6: Estimates of Equation 5.1 for the Year 2010.

Coefficient Standard Error

0.062 0.080

0.060 * 0.036

0.131 *** 0.033

-0.014 0.026

0.0011 *** 0.000

-0.096 ** 0.046

-0.078 * 0.040

0.141 ** 0.071

-0.034 0.046

0.193 0.216

0.017 0.173

-0.248 *** 0.093

-0.046 0.169

-0.195 0.173

0.101 0.178

-0.102 0.175

-0.235 0.173

-0.127 0.178

-0.117 0.192

-0.111 0.175

-0.085 0.179

-0.237 0.182

-0.244 0.186

13.126 *** 0.187Constant

april

may

june

february

march

october

november

december

july

august

september

auction

heritagelisted

bed

bath

missingbed

missingbath

missinggarage

100mpublictransport

250mwater

500mmilitaryroad

Equation 5.1

Variable

garage

landsqm
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Table B.7: Estimates of Equation 5.1 for the Year 2011.

Coefficient Standard Error

0.086 * 0.052

0.092 *** 0.032

0.114 *** 0.034

0.060 * 0.032

0.0008 *** 0.000

-0.059 0.039

0.063 0.042

0.058 0.056

-0.088 ** 0.044

0.061 0.335

-0.227 0.284

-0.099 * 0.059

0.120 0.150

0.139 0.163

0.192 0.166

0.029 0.150

0.047 0.150

0.187 0.180

-0.084 0.161

-0.097 0.149

0.054 0.155

-0.046 0.154

0.045 0.162

12.818 *** 0.193

july

august

september

april

may

june

Constant

october

november

december

500mmilitaryroad

garage

landsqm

auction

february

march

missingbed

missingbath

missinggarage

heritagelisted

bed

bath

Equation 5.1

Variable

100mpublictransport

250mwater
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Appendix C – Summary Statistics for the Year 2003 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table C.1: Summary Statistics for the Year 2003.

Mean SD Mean SD Mean SD

2,282,090 1,461,105 1,552,924 1,340,192    1,586,270 1,352,182    

1 0 0 0 0.046 0.209

4.099 1.133 3.656 0.798 3.676 0.820

2.619 0.937 2.350 0.737 2.362 0.747

1.796 0.324 1.890 0.483 1.885 0.477

726.067 401.900 586.350 221.868 592.739 233.960

0.400 0.507 0.294 0.456 0.299 0.458

0.533 0.516 0.374 0.485 0.381 0.486

0.267 0.458 0.294 0.456 0.293 0.456

0.267 0.458 0.377 0.485 0.372 0.484

bed

heritagelisted

500mmilitaryroad

auction

100mpublictransport

250mwater

bath

garagespaces

landsqm

Listed Non-listed Full Sample

Variable

price
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Appendix D – Estimated Results of the Month, Year, and Missing Value Binary 

Variables 

                                                  Note that for each Table in this appendix: 

                       3 stars = 1% significance. 

                       2 stars = 5% significance. 

                                                 1 star = 10% significance. 

 

 

Table D.1: Estimates of Equation 5.1

Coefficient Standard Error

-0.109 0.182

-0.048 0.084

0.102 * 0.061

0.173 0.231

0.284 0.193

0.223 0.206

0.309 * 0.184

0.373 ** 0.185

0.286 0.182

-0.119 0.232

0.332 * 0.183

0.269 0.178

0.131 0.226

0.194 0.183

0.194 0.302

missinggarage

missingland

february

Equation 5.1

Variable

missingbed

missingbath

march

april

may

june

july

august

september

october

november

december
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Table D.2: Estimates of Equations 5.2 and 5.3.

Coefficient Standard Error  Coefficient Standard Error

-0.056 ** 0.028 -0.055 * 0.028

-0.034 * 0.019 -0.036 * 0.019

0.032 * 0.017 0.033 * 0.017

0.034 0.048 0.045 0.048

0.029 0.046 0.029 0.046

0.053 0.044 0.054 0.044

0.086 * 0.045 0.085 * 0.044

0.082 * 0.045 0.082 * 0.044

0.091 ** 0.043 0.092 ** 0.043

0.017 0.048 0.017 0.048

0.053 0.045 0.053 0.045

0.051 0.045 0.051 0.045

0.050 0.049 0.048 0.049

0.032 0.045 0.032 0.045

0.043 0.047 0.042 0.047

-0.259 *** 0.049 -0.261 *** 0.048

-0.228 *** 0.043 -0.229 *** 0.043

-0.243 *** 0.039 -0.242 *** 0.039

-0.163 *** 0.042 -0.162 *** 0.042

-0.102 ** 0.041 -0.104 ** 0.041

-0.147 *** 0.045 -0.148 *** 0.045

-0.094 * 0.050 -0.096 * 0.050

0.068 0.047 0.067 0.046

0.149 *** 0.040 0.151 *** 0.040

0.274 *** 0.041 0.276 *** 0.041

0.365 *** 0.044 0.364 *** 0.044

0.037 0.220 0.029 0.220

0.270 0.225 0.262 0.225

0.375 * 0.226 0.366 0.225

0.238 0.227 0.230 0.227

0.338 0.225 0.327 0.225

0.348 0.226 0.342 0.226

0.472 ** 0.225 0.466 ** 0.225

0.372 0.226 0.363 0.226

0.326 0.226 0.318 0.226

0.396 * 0.225 0.387 * 0.225

0.363 0.224 0.356 0.224

Equation 5.3

2010

2011

2007

2008

2009

2004

2005

2006

1995

1996

1997

1992

1993

1994

2001

2002

2003

1998

1999

2000

august

march

april

may

december

1990

1991

september

october

november

missinggarage

missingland

february

Equation 5.2

Variable

missingbed

missingbath

june

july
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Table D.3: Estimates of Equation 5.5.

Coefficient Standard Error

0.025 0.102

0.036 0.104

0.110 0.106

0.017 0.113

0.015 0.112

0.172 0.186

0.049 0.107

0.021 0.106

-0.137 0.155

0.010 0.098

0.027 0.110

0.273 0.174

-0.126 0.128

-0.198 0.165

-0.146 0.124

-0.007 0.147

0.085 0.122

0.001 0.136

0.034 0.104

0.295 ** 0.131

0.345 ** 0.149

0.424 *** 0.153

0.443 *** 0.139

0.517 *** 0.117

0.734 *** 0.141

0.940 *** 0.116

0.581 *** 0.192

0.846 *** 0.118

1.161 *** 0.270

0.874 *** 0.122

0.801 *** 0.122

0.844 *** 0.150

0.939 *** 0.122

0.933 *** 0.135

1999

2000

1996

1997

1990

1998

1991

1992

1993

1994

1995

October

November

December

Equation 5.5

Variable

March

2008

2009

2007

2004

2001

2005

2006

2002

2003

August

September

July

April

May

June

February

1989

2010

2011
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Table D.4: Estimates of Equation 5.3 utilising different samples.

Coefficient Standard Error   Coefficient Standard Error

0.192 ** 0.083 -0.055 * 0.028

-0.171 *** 0.054 -0.036 * 0.019

0.015 0.047 0.033 * 0.017

0.022 0.130 0.045 0.048

-0.069 0.117 0.029 0.046

-0.033 0.109 0.054 0.044

-0.063 0.110 0.085 * 0.044

-0.107 0.115 0.082 * 0.044

-0.083 0.112 0.092 ** 0.043

-0.105 0.140 0.017 0.048

-0.080 0.114 0.053 0.045

-0.072 0.112 0.051 0.045

-0.244 0.177 0.048 0.049

-0.111 0.117 0.032 0.045

-0.042 0.127 0.042 0.047

-0.219 0.243 -0.261 *** 0.048

-0.448 *** 0.155 -0.229 *** 0.043

-0.258 * 0.137 -0.242 *** 0.039

-0.319 ** 0.130 -0.162 *** 0.042

-0.287 ** 0.114 -0.104 ** 0.041

-0.290 ** 0.122 -0.148 *** 0.045

-0.370 0.232 -0.096 * 0.050

-0.041 0.118 0.067 0.046

0.062 0.122 0.151 *** 0.040

-0.033 0.147 0.276 *** 0.041

0.067 0.126 0.364 *** 0.044

0.309 ** 0.142 0.029 0.220

0.506 *** 0.178 0.262 0.225

0.673 *** 0.183 0.366 0.225

0.237 0.256 0.230 0.227

0.676 *** 0.200 0.327 0.225

0.773 *** 0.178 0.342 0.226

0.740 *** 0.192 0.466 ** 0.225

0.544 *** 0.200 0.363 0.226

0.719 *** 0.194 0.318 0.226

0.680 *** 0.182 0.387 * 0.225

0.645 *** 0.197 0.356 0.224

1990

1992

1996

1998

2000

2002

2004

Equation 5.3 (Full Sample)

may

june

april

missingbath

missinggarage

missingland

february

march

november

december

1991

Equation 5.3 (Repeat Sales)

2008

2009

2010

2011

2007

2005

2001

2003

2006

Variable

missingbed

july

august

september

october

1997

1999

1994

1995

1993
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Table D.5: Estimates of Equation 5.6.

Coefficient Standard Error

0.119 0.086

-0.029 0.068

-0.004 0.056

-0.035 0.174

0.055 0.159

0.144 0.154

0.087 0.158

0.118 0.155

0.019 0.156

0.177 0.160

0.079 0.159

0.123 0.156

0.280 * 0.158

0.190 0.153

0.170 0.159

-0.009 0.218

-0.171 0.198

-0.200 0.185

-0.121 0.180

-0.104 0.177

-0.051 0.184

0.114 0.183

0.122 0.178

-0.189 0.183

-0.116 0.178

-0.010 0.183

0.878 ** 0.402

0.580 * 0.425

0.592 0.425

0.754 0.429

0.498 0.429

0.663 0.425

0.465 0.426

0.587 0.432

0.482 0.431

0.408 0.429

0.361 0.432

may

june

july

august

march

april

missingland

february

2006

2007

2008

2000

2001

2002

1994

1995

1996

november

december

2011

2009

2004

2005

2003

1998

1999

1997

1992

missingbath

missinggarage

1993

1991

september

october

1990

2010

Equation 5.6

Variable

missingbed
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