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OVERVIEW

OVERVIEW

In 2007, the Department of the Environment, Water, Heritage and the Arts (DEWHA) commissioned the Australian Bureau of
Statistics (ABS) to produce a statistical report modelling the relationship between the energy efficiency rating (EER) of houses
and house prices in the Australian Capital Territory (ACT).

This statistical report and the Department’s overview of it is the first study of its kind in Australia.

It shows that the ACT housing market, which in 1999 became the first jurisdiction in Australia to introduce mandatory energy
disclosure for all houses on the market, places a higher value on energy efficiency and suggests that ‘location, location, EER’
has replaced the traditional real estate mantra of ‘location, location, location’ in the ACT.

The study looked at whether a relationship exists between the EER of a house and sale price using data from 2005 and 2006
and found that a statistically significant relationship does exist. This means, if a house has a higher EER than another house, but
in all other respects the houses are the same, the house with the higher EER will command a higher price.

In Europe, energy efficiency disclosure (providing information about a house’s energy efficiency) is high on the energy and
climate change agenda. Mandatory energy efficiency disclosure is also being considered in a number of other countries,
including Australia.

This study will be of value to all governments considering disclosure as a way to improve energy efficiency in existing houses. It
will also be of interest to consumers, the real estate sector and the building and housing industries.

The Australian Government’s commitment

In 2004 the Australian Government committed to the concept of mandatory energy efficiency disclosure. This commitment was
supported by all Australian State and Territory jurisdictions through the Ministerial Council on Energy and is part of the National
Framework for Energy Efficiency (NFEE).

On behalf of all jurisdictions, the DEWHA (which includes programs of the former Australian Greenhouse Office) was asked to
develop a nationally consistent framework that would allow the mandatory disclosure of energy performance on sale or lease of
buildings.

The intention of the 2007 ABS study commissioned by DEWHA was to look at whether a relationship exists between the EER of
a house and the house price. The intention was not to determine the actual value of the EER.
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ENERGY EFFICIENCY RATING IN THE ACT

Since 1999 in the ACT, sellers of residential properties have had to provide information about their property’s Energy Efficiency
Rating (EER) to potential buyers. This is known as mandatory energy efficiency disclosure.

When a property is put on the market in the ACT, the EER must be provided to consumers in all advertising material and
the full certificate supplied when the sale is transacted. This certificate also sets out a menu of possible energy performance
improvements specific to the building.

What is EER?

The EER used in the ACT is confined to a rating of the thermal performance of the building shell. It is designed to provide
accurate and standardised information about building energy efficiency (excluding the hot water and lighting system, other fixed
or movable appliances and occupant requirements for temperature control). Efficient thermal performance means that a house
achieves a comfortable temperature for the occupants for the time they are in the house with minimal energy input from fossil
fuel or other unsustainable or polluting sources.

How is EER measured?

An accredited and professionally trained ACT House Energy Rating Scheme assessor measures a house’s energy efficiency
using a thermal software package (known as FirstRate). The assessment takes into account features such as building fabric,
window design, orientation, air leakage and cross ventilation.

The Star Rating

A star rating is given as part of the EER assessment of a building, it provides a simplified indication of how efficient the building
is, ranging from O to 10 stars (initially the range was to 6 stars) in 0.5 star increments. This is similar to energy labelling of
appliances, such as refrigerators. A 0 star rating is very poor and means the building shell does practically nothing to reduce the
discomfort of hot or cold weather. A 5 star rating indicates good, but not outstanding, thermal performance. People living in a 10
star home are unlikely to need any artificial cooling or heating.
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HOW WE ALL BENEFIT

The results of the ABS study show that the property market values energy efficiency and can benefit from the disclosure of EER
on existing homes.

Property owners

Knowledge that a good EER could bring a higher sale price creates an incentive to property owners to invest in improving the
energy efficiency of their home. This can be particularly appealing as the cost involved in making an energy improvement may be
significantly less than the increased capital value of the property resulting from the improvement.

For example, the study found (in Model 1) that if the energy performance of a house improves by 1 star level, on average, its
market value will increase by about 3 per cent (2.5 in 2005 and 3.8 in 2006). Therefore, if a property owner installs R4 ceiling
insulation at an approximate cost of AUD$1,200 they will, on average, improve the energy performance of a poorly insulated
home by at least 1 star. This means that a detached house sold in 2005 for AUD$365,000 could fetch an additional AUD$8,979
with only a 1 star improvement in energy rating.

Consumers

For the consumer, disclosure of EER assists with purchaser knowledge, particularly as buying a house with a better EER means
reduced operational energy costs as well as greater thermal comfort, physical health, and the satisfaction associated with doing
something positive for the environment.

Real estate industry

For the real estate industry, EER disclosure creates a more efficient market — because all players have information about a
property’s energy efficiency, they can better determine the value of the property.

For example, if a person buying a house knows from the disclosed EER that a building is more energy efficient than other
houses, they may be willing to pay more for the property because the additional cost will be offset by expected savings in lower
energy bills. Or they may choose to pay less for homes with a low rating, at the same time recognising that the ongoing energy
costs to stay comfortable will be greater.

Building industry

EER disclosure benefits the building industry and encourages new residential buildings to be created above the minimum energy
performance requirements. Since 2006 the Building Code of Australia has required a minimum 5 star rating for all new houses
and all houses built in the ACT between 1996 and 2006 were required to achieve a minimum 4 star energy standard.
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THE STUDY

Climmate in the ACT

The cool temperate climate of the ACT is one of extremes. With its major city, Canberra, elevated at 580 metres above sea
level in the Great Dividing Range, winter night-time conditions can reach minus 10°C while summer day-time temperatures
can exceed 35°C.

The main climate characteristics that impact energy efficient design are:

e low humidity

e high diurnal (shift from day-time to night-time) temperature range

e four distinct seasons

e summer and winter conditions that regularly exceed human comfort range
e cold to very cold winters

e hot dry summers; and

e variable spring and autumn conditions.

Housing sample in the ACT

The ACT housing market is small but robust servicing just over 330,000 people. Many of these live in Canberra, Australia’s
national capital. Canberra was settled from 1912 but grew rapidly during the 1960s and 1970s.

The ACT market is made up of a relatively homogeneous stock of detached housing in suburban neighbourhoods. Over 87 per
cent of existing homes sold in 2005 and 2006 were detached houses, mostly with 3 or 4 bedrooms. The average house size

in the study sample was around 141 m? on a block of 836 m? located in a suburban setting averaging 11 km from the central
business district.

Before minimum energy performance standards were introduced, homes in the ACT were typically built to a standard lower than
2 stars. The average performance of homes in the study was just below 1.7 stars, with examples ranging from O to 6 stars.

Unique data set

Mandatory disclosure has created a large data set of building energy performance and sales information unusual for a modern
city. This represents a unique opportunity to establish whether a relationship exists between a house’s energy efficiency and it’s
sale price.

To build the data set, the ACT Planning and Land Management Agency (ACTPLA) was commissioned to examine all house data
files that matched house sales records in the calendar years 2005 and 2006.

Relevant house characteristics necessary for the analysis were then collated. These characteristics included (among
many others):

e house size

e block size

* window area

e floor and wall material

e the number of storeys

e the potential for cross ventilation; and
e the presence of shading schemes.

Sales information held by ACT Government was also collated for the same houses, including:
e settlement date

e transfer date; and

e transfer price.
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The data was cleaned and checked, and unexplained data removed. The ACTPLA and EER records were then linked using the
suburb, block and section information.

The impact of house price inflation was removed from the house price data using the ABS house price index for the ACT. This
was done to produce a better ‘cross-sectional’ dataset. This means that, after deflation, housing characteristics are assumed to
be the reason for variation in house prices.

Over 5,000 homes sold in the ACT in 2005 and 2006 were included in the study. The final dataset was made up of 2,385 house
records for 2005 and 2,719 for 2006.

The years 2005 and 2006 were used as they represent the latest possible complete dataset for a mature market. To reduce the
likelihood of influences from the start-up of building regulation minimum energy performance, the study did not include houses
built after 1995 as these houses were required to achieve a minimum 4 or 5 star rating.

Method of analysis

Hedonic analysis was used to establish the association between energy performance and price. Hedonic analysis is an
economic valuation technique that works out the implicit price of housing variables, by decomposing the item being researched
(in this case, house price) into its constituent variables (for example, house features or house location). The value of each variable
is then estimated.

\ariables

Five main categories of variables were considered:

1. Structural variables-which covered the design and construction features

2. Distance variables-which described the relative location to shops, schools, hospitals, and the central business district
3. Neighbourhood variables-which covered key social and economic conditions surrounding the home

4.Locational variables-which can explain elements of suburb prestige

5.Energy efficiency variables

The study was careful to allow major variables (such as location, size and construction of house, and value of land) to be treated
in a consistent way to that of the energy efficiency variables.

Modelling house price

In statistics, modelling is the analysis of data objects and their relationships to other data objects. The prices of detached
houses sold in the ACT in 2005 and 2006 were modelled in relation to land, distance, neighbourhood, socio-economic and EER
data using five hedonic models.

Models 1 to 3 addressed the hypotheses of the study. Models 4 and 5 validated the use of EER in Models 1 to 3.
Model 1 (basic model) included EER as an explanatory variable.

Model 2, an extension of Model 1, accounted for the non-thermal attributes of EER. EER was included as an explanatory
variable as well as some individual energy efficiency-related variables suspected of having non-thermal effects.

Model 3, also an extension of the Model 1, accounted for thermal attributes separately. In addition to those included in Model 2,
some energy efficiency-related variables accepted to have thermal effects were included. This model modifies the EER variable
to rule out the possibility of any random error contained in the EER of the basic model. Such random error also accounts for any
omitted (but important) factors that may be related to the EER.

Model 4, modified Model 1 and treated the EER as a fitted variable.

Model 5, modified Model 1 and treated the EER as a derived principal component score.
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Results

There is a statistically significant relationship between house price and EER

Model 1 showed that there was a statistically significant relationship between the house price and the following
house characteristics:

e floor area

e block area

e distance to CBD

socio-economic advantage

window area

percentage of 5 bedroom homes in local area

whether the house had previously been a government rental property; and

the energy efficiency rating (EER).

EER was found to be positively associated with house price. The association on average for 2005 was 1.23 percent for each
0.5 EER star and 1.91 percent in 2006, holding all other variables constant.

When the basic model was extended in Model 3 to include some individual energy efficiency variables, it was implied that the
EER coefficient was sensitive to any addition of separate energy efficiency related variables.

Some factors underlying EER add value to a house for reasons other than energy efficiency

Model 2 found there are some factors underlying EER that add value to a house for reasons other than energy efficiency. For
example, double-glazed windows are a visible energy efficiency feature (unlike wall insulation which cannot be seen) as well as a
good barrier for noise, so would add value to the house.

Ceiling and wall vents, common in houses built in the 1970s and early 80s, reduce the thermal performance of a building

and were found to have a negative relationship with house price. This is possibly due to trends and fashions in the housing
market. Other EER non-thermal attributes (such as a brick wall, timber flooring, largest window facing north) were found not to
be significant.

The implicit price range of EER can be determined, but not the value being placed on
EER disclosure ifself.

Figure 3 below shows the estimated implicit price range of EER using the 2005 data. For example, holding all other house
characteristics constant, for a detached house sold in ACT in 2005 with a price value of $365,000 (that is, the median price),
increasing the EER star by 0.5 would be associated with an additional $4,489 in its price.
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Figure 3. Graphical illustration of the implicit price range of EER, 2005
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Although this study modelled the relationship between house price and the EER, (and not EER disclosure itself), Figure 3 may
roughly suggest that the degree of association of EER disclosure on house price in 2005 would lie somewhere between the
x-axis and the lighter bold line (the maximum range). This effect depends, however, on how much the consumers have been
exposed to EER features, what they already know about EER measurement, and the value they put on them. For example,
consumers who know little about EER may add a value of between 0.5 and 1 percent of the house price if the EER is disclosed
to them when buying a house. In contrast, for a consumer with a comprehensive knowledge of strategies to improve the thermal
performance of a home (e.g. an architect), EER disclosure may not be significantly associated with increased house price, as
any value associated with EER may have already been added to the house price.
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CONCLUSION

As with all hedonic models, it is impossible to collect a dataset that contains every possible influence in the sale price. EER
makes up only a small part of the total value of a house — block and house size, and location, have a greater influence on house
price than energy efficiency. It is also impossible to calculate exactly how much energy efficiency is worth as the EER has both
thermal and non-thermal effects on house price.

The sample used in this study, however, is large and of high quality, making it unique in Australia and probably in the world.

The study concluded there is a significant relationship between the house price and EER. This finding was based on modelling
through hedonic regression the various factors that influence house price. A powerful hedonic price model (R?>0.8), with a highly
significant coefficient for EER, is evidence that the market values energy performance.
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MODELLING THE RELATIONSHIP OF ENERGY EFFICIENCY ATTRIBUTES TO HOUSE PRICE:
THE CASE OF DETACHED HOUSES SOLD IN THE AUSTRALIAN CAPITAL TERRITORY IN
2005 AND 2006

Franklin Soriano
Analytical Services Branch
Australian Bureau of Statistics

PREFACE

The study modelled the relationship between house price and the energy efficiency attributes of houses sold in the ACT in 2005
and 2006 using data from administrative sources.

Two sets of regression models were estimated: (1) models which test for any statistically significant link between house prices
and Energy Efficiency Rating (EER), and (2) models which validated the use of the EER in the hedonic regressions undertaken.

The results indicated a statistically significant relationship between the EER and house price. However, caution should be taken
when using or interpreting the results, as there are recognised limitations in the data and the models that were used.

Acknowledgements

The inputs and guidance from Marion McEwin, Shiji Zhao, Ruel Abello, Jill Charker, Gemma Van Halderen, Merry Branson and
Lewis Conn (ABS) are gratefully acknowledged. The following individuals also provided very useful input and/or comments:
Tony Marker (Department of the Environment, Water, Heritage and the Arts) and Adam Zaborszczyk (ACT Planning and Land
Authority). Valuable administrative support was received from Carmen Kong and Dale Wallace of the ABS Statistical Consulting
Unit. Errors and omissions are the responsibility of the author.

Disclaimer

Views expressed in this report are those of the principal investigator (author) and do not necessarily represent those of the
Australian Bureau of Statistics. Where quoted or used, they should be attributed clearly to the author. For more information,
contact franklin.soriano@abs.gov.au.

Confidentiality

Data have been provided for this study by official sources on the understanding that they are not to be released outside of the
ABS, DEWHA or their contracted parties.



EER STUDY

1.BACKGROUND

This study examines the relationship between energy efficiency rating and house price, a relationship that has never before been
modelled using Australian data. The energy efficiency attributes of a house are considered by many as a selling point (e.g. north-
facing living spaces), but how they are associated with house price was previously unknown. This paper sheds information on
this using hedonic regression and data on Class 1a buildings' sold in the Australian Capital Territory (ACT) in 2005 and 2006.

Governments in many countries have recently examined the policy option of mandating the disclosure of energy or
environmental performance of buildings to facilitate a more efficient real estate market where all players could recognise the
inherent performance characteristics, and be better able to determine value. In Europe, the Energy Performance of Buildings
Directive (EPBD) has moved mandatory energy efficiency disclosure to the forefront of the energy and climate change policy
agenda (see European EPBD Directive Implementation Advisory Group (DIAG) 2003).

Securing Australia’s Energy Future, the Energy White Paper released by the Australian Government in 2004, committed to
ensuring that all commercial and residential building owners disclose the building’s energy performance prior to sale or lease.
This concept has been supported by all Australian State and Territory jurisdictions through the Ministerial Council on Energy, and
is part of the National Framework for Energy Efficiency (NFEE) (Commonwealth of Australia 2004).

The former Australian Greenhouse Office (AGO)?, on behalf of all jurisdictions, was asked to develop a nationally consistent
framework that would allow the mandatory disclosure of energy performance on sale or lease of buildings.

In 2005, the AGO and the ACT Government conducted a study to examine the impact of mandatory energy efficiency disclosure
(MEPD) requirements for Class 1 buildings in the ACT.

The Productivity Commission in its inquiry entitled, The private cost effectiveness of improving energy efficiency (Productivity
Commission 2005) had recommended independent evaluations of the influence of the MEPD on the house purchasing decisions
of consumers.

The DEWHA-ACT study aimed to produce a quantitative analysis that measures the impact of MEPD requirements for Class 1
buildings with respect to improving the market’s ability to value thermal performance (i.e. statistically identifying the impact of the
value of energy efficiency rating (EER) on house prices in the ACT). In addition, DEWHA wanted to identify major factors other
than EER that may have contributed to any change in house prices, energy and greenhouse performance of residential buildings
in the ACT.

In late 2005, DEWHA asked the Australian Bureau of Statistics (ABS) through the ABS Statistical Consulting Unit (ABS SCU) to
provide a critique of the DEWHA-ACT study. The ABS made recommendations for methodological improvements and the use of
alternative sources of data (ABS 2006). This formed the first stage of the technical assistance requested by DEWHA.

DEWHA subsequently requested ABS assistance to: (a) compile data; and (b) analyse the relationship between EER and house
prices in the ACT. DEWHA commissioned the ACT Planning and Land Authority (ACTPLA) to extract the necessary EER and
house sales information with the technical guidance of the ABS.

As previously mentioned, the aim of AGO and ACT Government was to examine the effects of the mandatory reporting of EER
on house prices. The original intention was thus to examine the relationship of the disclosure itself, not of the actual value of the
EER, with house prices. Studying the effect of mandatory reporting of EER on house price requires a randomly selected sample
of sold houses, where both EER reporting and EER non-reporting houses are included. These data are not available. The study
was therefore refocused to look at the association of the EER value or score itself, with house prices.

This paper reports on the modelling and analysis conducted by the ABS, and is divided into six sections. Section 2 provides
a brief description of the EER. A critical review of data quality, sources and limitations is presented in Section 3. The research
hypotheses, hedonic models and methods utilised in determining the statistical relationship between the EER and house prices
are discussed in Section 4. Section 5 reports the findings. Section 6 concludes. Appendices are also attached to this report.

1 The Building Code of Australia (Volume 2) defines a Class 1a building as single dwellings which is either a detached house, or one of a group of two or more
attached dwellings, each being a building, separated by a fire-resistant wall, including a row house, terrace house, townhouse or villa unit, which is not located
above or below another dwelling or another class of building other than a private garage (ABCB 2007).

2 The functions of the Australian Greenhouse Office were split in 2007, between the Department of Climate Change and the Department of the Environment,
Water, Heritage and the Arts.

-10-
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2. UNDERSTANDING THE ENERGY EFFICIENCY RATING

2.1 Defining and calculating the EER

The house energy rating measures the energy efficiency of a house by allocating a point score for various design features (such
as building fabric, window design, orientation and other features) and provides an overall rating on a scale from 0 to 10 stars,
with half star increments. The rating scheme was originally developed from computer modelling of heat flows in building shells,
and relates only to the thermal performance of the building shell. The higher the number of stars, the more energy efficient the
dwelling is. A higher star rating would mean that the dwelling consumes less energy for heating and cooling, resulting in lower
greenhouse gas emissions, and providing greater comfort.

The house energy rating is independent of the size and type of housing. This means that large and small houses, attached and
detached dwellings, all have the potential to achieve a high energy efficiency rating.

The EER is calculated by an accredited and professionally trained ACT House Energy Rating Scheme (ACTHERS) assessor
using a house energy rating computer software program called FirstRate. The program generates point scores based on design
information and features, such as the floors, external walls, ceilings, windows, skylights, air leakage, orientation, zoning, glazing,
thermal mass, cross ventilation, etc. For example, insulated ceilings and walls as well as double-glazed windows increase the
point score. Windows without curtains or drapes, and unsealed cracks and gaps around doors and vents reduce the point
score. The total point score determines the EER value of the house®.

Once an EER statement has been issued by the assessor, anyone selling or leasing a house is required to disclose the EER
value in all sales advertising of the house. A copy of the EER Statement has to be provided to the purchaser and is included in
the contract for sale*.

More information about the ACTHERS can be found in ACTPLA (20083).

2.2 Other features captured or not captured in an EER

When modelling the relationship between the EER and house price, it is important to recognise that the EER may have an
association with house price for reasons other than the thermal effect. Efficient thermal effect means that a house achieves a
comfortable temperature for the occupants at the time that they are in the house with minimal input of energy from fossil fuel
sources or other sources that are either not sustainable or polluting. In addition, thermal effect is closely associated with thermal
mass, a term used to describe the ability of house building materials to store heat.

2.2.1 Non-thermal features embodied in an EER

An EER encapsulates the energy efficiency attributes of a house, but these attributes also reflect characteristics that may
influence the house price (or the buying decision) for reasons other than their effect on energy demand. For example, while brick
walls, timber flooring, and attic ceilings may influence the energy efficiency of the house, they also have some ‘aesthetic’ appeal
that adds value to the house for reasons other than the thermal effects.

2.2.2 Thermal features not captured in an EER

In addition, there may be thermal features which are not captured in the EER score. There are some features of the house which
have a thermal or energy efficiency impact but which are not taken into account in the FirstRate assessment. For example, the
presence of an efficient and flexible heating system and energy efficient hot water system (e.g. solar) installed in the house, as
well as the lighting system and appliances (e.g. built-in oven or dishwasher), are not covered. Landscaping sympathetic to the
microclimate of the house was another element that may further add to the energy efficiency of a home (ACTPLA 2008 p. 6).
Many consumers would think of these as having energy efficiency effects as well.

3  In FirstRate EER assessment, utility rooms such as bathrooms, laundries, powder rooms and toilets as well as garages are not considered because they are
assumed to be not centrally heated or cooled, and their construction has little impact on the energy use of the house. For more information about the FirstRate
software, see SEAV (2004). More details about the EER calculation can be found in HEAT (2007), NFEE (2005), and NatHERS (2007).

4 Since 1995 it has been a Government requirement that all designs for newly constructed houses in ACT achieve an EER of at least four stars.

-11-
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3. DATA

3.1 Data sources

The modelling to be described in Section 4 made use of data on house price, EER, other house characteristics, and geographic
and socio-economic characteristics of the neighbourhood where the house is located. Data were sourced from ACTPLA
administrative forms as well as from the 2001 Census of Population and Housing conducted by the ABS.

3.1.1 ACT Planning and Land Agency (ACTPLA) Land Information Centre (LIC) Transfer Data

The electronic dataset obtained from the LIC included individual records of all Class 1 buildings (i.e. detached house) sold in the
ACT in 2005 and 2006. Each record contained the following information:

e block-key (unique ID)

e suburb and postcode

e street number and name

¢ block and section

e commencement date of original construction
e contract date (i.e. exchange date)

e settlement date

e transfer date

e transfer price (i.e. purchase price); and

e block area.

Appendix A gives an account of the steps undertaken to ensure that the above dataset was useful for the modelling activities in
this study.

3.1.2 ACTPLA EER Data

The EER Statements of the dwellings sold or leased in 2005 and 2006 are kept by ACTPLA. (Most of these were stored as
paper files prior to 2005, while the more recent EER statements were scanned and electronically stored in portable document
format, PDF).

From the EER statements, in addition to the overall EER star rating and score, the following specific information was available:
® assessment date

e gross and net conditioned floor areas®

e |argest window'’s direction and area

e total area of the windows

e presence or absence of double-glazed windows

e floor, ceiling and wall (material and insulation R value)

e presence of eaves, shading, chimney, fans, vents, utility and external doors, and skylights
e whether the dwelling was one-storey or not

e cross-flow ventilation; and

¢ whether the house was a former government housing facility or not.

5 Conditioned floor area is the area of the house assumed to be heated or cooled for EER purposes.
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3.1.3 ABS Distance Data

Earlier studies suggest that the distance of the house to certain points may have an influence on house price, and therefore this
was accounted for in the model. The ABS distance data included the distance (in kilometres) from the mid-point of each street
where the house is located, to the central business district (CBD), the nearest shops, the nearest primary, secondary and tertiary
educational institution, and the nearest hospital and emergency service provider.

3.1.4 ABS 2001 Socio-Economic Indexes for Areas (SEIFA)

The neighbourhood’s socio-economic characteristics are represented in the model by the ABS SEIFA, the latest of which
was calculated based on the 2001 Census of Population and Housing. In particular, the Index of Relative Socio-Economic
Advantage/Disadvantage was used. Further information about this index can be found in the ABS Cat No. 2309 (ABS 2001).

3.1.5 ABS 2001 Census Neighbourhood Data

Other housing neighbourhood attributes at collection district (CD)e level were obtained from the 2001 ABS Census. These
included the following:

e percentage of dwellings with 2, 3, 4, 5 or more bedrooms
e percentage of dwellings that were privately-owned, occupied, rented or in the process of being leased or purchased; and

e percentage of dwellings that were house, townhouse or unit types.

3.2 Compiling the data

After the necessary data cleaning and quality checks, removal of outliers and influential observations, and the linking of the
ACTPLA and EER records using the suburb, block and section information, a dataset consisting of 2,385 and 2,719 house
records for 2005 and 20086, respectively, became available for merging with ABS data. The ABS distance data were merged
with the above linked dataset via street name and number. The ABS SEIFA and Census neighbourhood data were linked to the
merged dataset via CD information, where CD was available, and by postcode if CD was not available.

Further details regarding the data cleaning and compiling processes that were undertaken in this study are found in Appendix A.
An important consideration that was made is the exclusion in the dataset of houses younger than 10 years. Newly-built houses
constructed after the implementation of the ACT House Energy Rating Scheme (ACTHERS) in July 1995 were excluded from
the dataset. These new houses were required to achieve a minimum four-star rating. Their exclusion ensured that the focus of
the study was on the housing stock that existed prior to the introduction of minimum energy standards, and that for modelling
purposes, there was sufficient variation in the variable for the regressions to work.

6 The census Collection District (CD) is the smallest geographic area defined in the Australian Standard Geographical Classification (AGSC). It has been designed
for use in the Census of Population and Housing as the smallest unit for collection, processing and output of data. For the 2001 Census there is an average of
about 225 dwellings in each CD ( ABS 2001 p.183).
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4. MODELLING THE RELATIONSHIP OF EER TO HOUSE PRICE

4.1 Research hypotheses

The study aimed to test the following hypotheses:

e that EER has a statistically significant association with the price of detached houses in the ACT in 2005 and 2006; and
e that the variation in house prices explained by EER is small relative to other explanatory variables.

In addition to testing the above hypotheses, the study also aimed to determine the possible implicit price range of EER.
Whilst it is possible to establish this implicit price range, an ‘exact’ value cannot be determined, due to data constraints.
A theoretical model that illustrates the concept of implicit price determination in hedonic regression is found in Dinan and
Miranowski (1989 p. 53).

4.2 Model specification

In this study, hedonic regression was employed to determine the degree of association of EER on the house price, holding all
other house characteristics constant. Essentially, hedonic regression regresses price against a host of explanatory variables,
where it decomposes the item being researched (house price) into its constituent characteristics (e.g. house features or
characteristics), and obtains estimates of the value of each characteristic.

Many studies on house price modelling in Australia have involved the use of hedonic techniques. For example, the recent
work of the Reserve Bank of Australia (RBA) found hedonic regression to be useful in measuring pure house price changes
after controlling for both compositional and quality change (see Hansen 2006). Melser and Hill (2006) made use of hedonics to
examine the effects of quality adjustments in accounting for house price changes across regions in Sydney. In 2004, the ABS
experimented with and tested the efficacy of hedonic methods to account for the impact of housing attributes on the house
price index (HPI) (Chen et al. 2004).

4.2.1 The choice of functional form

The initial step in hedonic regression is to specify a hedonic model whose explanatory variables capture much of the variation

in house prices. While it is relatively easy to generate a list of house characteristics, the question is what functional form should
these variables take? Unfortunately, there is no a prior theoretical reason for assuming any particular functional form. This

is because a hedonic equation is a reduced form reflecting both supply and demand influences. While theory may provide
information about the form of the underlying supply and demand equations, the resulting functional form for the hedonics
equation depends on unknown parameters (elasticities) and can only be determined empirically. By experience, plotting the
house price against individual house characteristics is the most powerful way of examining the functional form of the variables in
the hedonic model.

Several studies on house prices and energy- or efficiency-related variables have shown that the non-linear functional form
performs well in explaining the variation of house prices. Grether and Mieszkowski (1973) and Halvorsen and Pollakowski (1981)
made use of a semi-log model while Longstreth, Coveney and Bowers (1984) preferred a polynomial functional form. Dinan and
Miranowski (1986) used a Box-Cox model. Some studies used linear functional forms (e.g. Ridker and Henning (1967), Horowitz
and Haeri (1990), Johnson and Kaserman (1983) and Nevin and Watson (1998)), but most of these were found to suffer from
several problems such as heteroscedasticity, bias in the hedonic implicit price estimates and simultaneous relationships in

the data. Diewert (2001) argued that linear hedonic models are difficult to justify on theoretical grounds and hence should

be avoided if possible. The advantages and disadvantages of using log-log, semi-log, translog, non-parametric and other
generalised functional forms were discussed in Diewert’s paper.

Dinan and Miranowski (1986) argued for the use of a general functional form that is as flexible as possible so that the data
ultimately determine the model specification. Flexible functional forms allow analysis of second-order effects. For example, the
implicit price of EER is allowed to vary over different values of EER or different values of other explanatory variables. In addition,
by choosing a functional form that best fits the data, the overall error variance is reduced, reducing the standard errors of the
estimates. Dinan and Miranowski used the Box-Cox modelling procedure. However, estimating a Box-Cox model presents a

lot of problems in practice (e.g. availability of software to perform the estimation; estimation of the transformation parameters;
dealing with zero characteristics if present). In addition, flexible functional forms have not been used in the hedonic literature to a
greater extent due to problems with multicollinearity.
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For this study, a semi-log functional form is employed, although one explanatory variable has undergone logarithmic
transformation. Some researchers have found that semi-log functional forms are sufficient in addressing the problems of
multicollinearity and heteroscedasticity. This is also the functional form used in the ABS and RBA hedonic studies (see Hansen
2006 and Chen et al. 2004).

4.2.2 The dependent variable: the item being researched

To produce a better ‘cross-sectional’ dataset, house price inflation was removed from the house prices data. This means that
the house prices were first deflated by the ABS house price index to produce a dependent variable in which the variation is only
caused by non-inflationary effects. Thus the variation in house prices, after deflation, is assumed to be a function of housing
characteristics only. A logarithmic transformation was then applied to the deflated house prices due to its distribution and to
improve the ease of interpretation of the results.

To further verify if logarithmic transformation was adequate for the hedonic model, a Box-Cox transformation of the dependent
variable was performed using maximum likelihood estimation (MLE). The estimated transformation parameter revealed that the
log of the deflated house price was the preferred functional form for the dependent variable.

4.2.3 The explanatory variables: the constituent characteristics

A listing of the explanatory variables and their descriptive statistics are provided in Appendix B.

As in previous hedonic studies, the most difficult part of the process is obtaining a suitably comprehensive dataset of house
characteristics. Ideally, all major house price determining characteristics should be represented in the dataset, but often such
data are not available, as is the case in this study.

In this study, the explanatory variables were divided into five categories, namely:

1. Structural variables

Structural variables point to the ‘qualities’ or structural features of the house. They consist mainly of the age, block area and
gross floor area of the house. Since the information on the number of main rooms, bedrooms and bathrooms was not available,
the gross floor area was then divided to form two variables: conditioned floor area and laundry and bathroom area. In addition,
window area and window space were also considered as additional structural variables. All of the above variables were used in
the model as continuous variables.

Whether a house was privately owned or part of the existing public housing stock at the time of sale may also be considered
as another feature of the house that may influence a consumer’s valuation. This was also added to the model in a form of a
dummy variable.

2. Distance variables

Distance variables included the distance from the mid-point of the street where the house is located, to the following: the central
business district (CBD), the nearest shops, the nearest school and tertiary institutions (primary secondary, college and university),
the nearest hospital, and emergency service providers. All of these were continuous variables.

3. Neighbourhood variables
Neighbourhood attributes refer to the general social and economic conditions in the surrounding environment of the house.

This study made use of the ABS SEIFA Index of Relative Socio-Economic Advantage/Disadvantage as an indicator of the
socio-economic condition of the area where the house is located’. ABS HPI studies (ABS 2005 and Chen et al. 2004)
have shown that SEIFA can explain most of the variation in house prices across areas, followed by location and structural

7 Ahigher score on the Index of Relative Socio-Economic Advantage/Disadvantage indicates that an area has attributes such as a relatively high proportion of
people with high incomes or a skilled workforce. It also means an area has a low proportion of people with low incomes and relatively few unskilled people in the
workforce. Conversely, a low score on the index indicates that an area has a higher proportion of individuals with low incomes and more employees in unskilled
occupations; and a low proportion of people with high incomes or in skilled occupations. For more information about the SEIFA and to guide the interpretation of
its estimated coefficients in this study, see ABS (2004).
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characteristics. The SEIFA index used in this study was based on the 2001 Census, and therefore it was necessary to assume
that the socio-economic status of the CDs in ACT in 2005 and 2006 were similar to those in 2001. (The 2006 SEIFA will be
available in 2008).

The study also made use of other variables which supplemented the structural characteristics of houses. These included the
housing neighbourhood attributes at CD level (e.g. proportion of two, three, four, five or more bedroom houses in CD, proportion
of privately owned, rented or leased dwellings in CD) and these were obtained from the 2001 Census.

4. Locational variable

Although distance and neighbourhood variables can be thought of as locational attributes, in this study, the locational variable
refers only to the house address postcode. The RBA study (Hansen 2006) revealed that postcode can be the most important
characteristic explaining the variation of prices in Sydney, Brisbane and Melbourne, in the absence of structural, locational and
neighbourhood attributes. While postcode is not a house characteristic per se, it can be considered as a proxy for a range

of unaccounted characteristics associated with house location. However, because postcode might have some degree of
collinearity with both neighbourhood and distance variables, caution was exercised when it was included in the final model.

Nineteen postcode dummies were created for the modelling.

5. Energy efficiency variables

The EER star rating (i.e. values ranging from O to 6 with an increment of 0.5) is the energy efficiency variable for the model. This
variable was used as a continuous variable in the basic model and the model extensions, as described in section 4.3.

As discussed in Section 2.2, the EER also has attributes that may influence the house price for reasons other than its effect

on energy efficiency or demand. Dummy variables were created for these factors and were included in the supplementary
models, in addition to the EER score itself. Likewise, a few pure thermal variables, such as the R values® for wall, ceiling and floor
insulation, were also used in some of the models tested.

4.2.4 Non-linear variables

Transformations were applied to structural, distance, neighbourhood and locational variables that depicted non-linear
relationships with log deflated house price based on scatter plots. Logarithmic transformations were applied to block
area, conditioned floor area and all the distance variables, however diagnostics showed that only block area required such
transformation. We found that squaring the house age and its distance to CBD was necessary for the hedonic model.

4.2.5 Other variables

Interaction effects among all explanatory variables were considered in the modelling process, however no one interaction was
found to be significant. Adding a time-dummy variable to represent the quarterly house price variation was also found to be not
significant and unnecessary in this cross-sectional analysis. A Box-Cox transformation was not implemented for all explanatory
variables due to processing constraints.

8 Allinsulation materials are rated for their performance in restricting heat transfer. This is expressed as the R value, which is the measure of the material’s
resistance to heat transfer (alternatively known as thermal resistance