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Abstract: The main objective of this paper is to investigate residential real estate capital growth in the state of NSW (Australia). Tracking
capital growth has been instrumental for tracing price variations and value growth of residential real estate. More specifically, residential
real estate past sales transactions can be utilized to track capital growth using repeat sales approach. Ordinary least squares methodwas used
to fit a linear model and construct a price index. The results were used to establish a yearly and quarterly price index for the whole state as
well as for each respective district. The research shows that while using a mean price as a measure for tracking growth can produce
misleading results, the capital growth tracking can be carried out more accurately by the means of investigating repeat sales.
Furthermore, the research reveals trends in the property market as well as areas with the highest and lowest growth. The results
produced can help investors, banks, and government organizations to compare capital growth across different districts at different
times and drive lending, investment, or development decisions.
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1. Introduction

Residential real estate industry plays an important role in the
Australian economy. The total contribution of that sector was
estimated to be over $150 billion per year in 2016. The growth
in residential property building has provided a boost to the
national economy and provided tens of thousands of jobs in
Australia. Tracking capital growth in Australian residential real
estate properties will help both the supply and demand sides to
achieve a healthy market growth.

However, the real estate market is not a homogeneous market
[1]. Residential properties differ based on many characteristics such
as location, size, construction, design, and proximity to other
facilities. As a result, tracking the performance of the real estate
market is a challenge since the heterogenous nature of the market
makes it difficult to determine the trend of prices based on
individual sale transactions. To address this challenge, residential
property price indexes are typically used to track the performance
of the market and measure capital growth [1]. Additionally, user
cost models for housing incorporate the price index value to
estimate the capital growth and the opportunity cost [2]. Diewert
et al. [3] argue that capital growth is the most important part in
calculating user costs. In this paper, we will use the constructed
price index to estimate the final sale price of properties at the end

of each period which could be used to obtain the capital gain
component in the user cost model.

In this research, several methods for establishing price indexes
were considered. Given the nature of the available datasets, the repeat
sales method was chosen and used to construct the price index. The
method was used to build a linear model to predict house prices. The
results are evidently more accurate than one’s achieved by the means
of deployment of a naïve model that uses the mean sale price to track
the growth. The results revealed the current trend in the market, as
well as areas with the highest and lowest capital growth. This
could be beneficial for many stakeholders, such as investors,
governments, lenders, and land developers to assist in future
development or investment decisions.

2. Literature Review

There are different ways to construct a price index for real
estate, and not all of them achieve the same purpose [3]. In
general, there are two main groups of real estate price indexes:
appraisal-based and transaction-based indexes. In appraisal-based
indexes, a sample of properties are valued on a regular basis, and
the valuation results are collected for analysis to measure the
performance [1]. This is common in commercial properties
where past sales transactions are not required. Alternatively, for
residential properties, transaction-based indexes are used [1].

There are two main approaches that belong to transaction-based
indexes. The first takes into consideration all the characteristics of the
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property and builds a model to estimate the price from those
characteristics. An example of this is the hedonic regression model
[4, 5]. The shortcoming of this approach is that a bias is introduced
to the model if some of the attributes are not accounted for. The
second approach is the repeat sales method. As its name implies, it
only considers properties that are sold multiple times. This method
eliminates the need to account for different property characteristics,
assuming that there is no major re-construction or renovation
applied between the multiple sales transactions [2].

The original BMN repeat sales method was first developed by
Bailey et al. [6]. The main idea is that the price of properties changes
over time by the same change in price index. The method uses
properties that were sold repeatedly and fits a linear model using
least squared method to predict the log of the ratio of first and
second sale prices.

Multiple enhancements were applied to the repeat sales method.
Case and Shiller [7] criticized the assumption of the homoscedasticity
of the original method by arguing that if the time difference between
two sales transactions is higher, the variance is different because of the
uncertainty about the condition of the property. This means if the
period between the two sales of the house is long, the house could
have been renovated or could have deteriorated. They introduced
the weighted least squared method, which applies a random term
representing the level of uncertainty depending on the interval
between the consecutive sales.

Additional improvements were applied to the repeat sales
method by Gao and Wang [8]. Instead of using pair transactions
used by Bailey et al. [6] and Case and Shiller [7] to compare price
changes between two periods, they created a multiple transactions
model (UP model) without breaking them into pairs of transaction.

A studywas done in 2021 to compare the threemain repeat sales
methods in New Zealand by using a dataset from CoreLogic NZ [9].
The study compared the original repeat sales method by Bailey
(BMN), the Case and Shiller method (CS), and the Gao and
Wang [8] unbalanced panel approach (UP). Figure 1 [9] shows a
sample of Grimes results showing the comparison between BMN,
CS, and UP prices index. The study concluded that the three
indexes produced similar results across different markets.

One disadvantage of repeat sales method is that it does not use
the whole dataset. An alternative approach is to use both single sales
and repeat sales in one model. An autoregressive approach was
developed that utilizes the whole dataset in addition to using the
Zip code [10].

Figure 2 shows hierarchy of the surveyed methods for this
research. It is not feasible to obtain accurate datasets that
contain all the attributes of sold properties, and hence the
repeat sales method is the most suitable method for the purpose
of this research given the nature of the currently available
public datasets.

2.1. Theoretical framework

It was shown that the best twomethods to establish a price index
were BMN and autoregressive. BMN is favored for its simplicity,
and autoregressive approach for its accuracy from utilizing the Zip
code which was found to be a very significant predictor [11]. For
this research, we chose the original BMN method. Additionally,
to make use of the significance of the location, the method was
used to build a separate model for each local government area (LGA).

To summarize the BMN method model, if a specific property
was sold for a price Pt

i at time t and sold again for a price Pt0
i at time

t’, the ratio between the two prices can be expressed as:

log Pt
0
i
Pt
i

� �
¼ log β0

β

� �
þ ɛ (1)

where β is the price index at time t, and β0 it the price index at time t’,
and ϵ is the residual error. The model is changed to the logarithmic
scale as follows:

ritt0 ¼ �bt þ bt0 þ ɛ (2)

where ritt is the logarithm of the ratio between the two prices, bt is the
logarithm of the price index at period t, and bt is the logarithm of the
price index at time t’. Using the ordinary least squares method (OLS),
the model can solve the equation for the price indexes at each period.
This model assumes that the error term has a mean of zero, follows
the normal distribution, and has a constant variance (homoscedastic-
ity assumption).

So, despite these shortcomings of the original BMNmethod, the
empirical results are still similar when compared with other methods.
The simplicity of the BMNmodel and the empirical results show that
it is a valid and suitable data analysis method for this task. This
research demonstrates how to use NSW public data to construct a

Figure 1
Comparison between BMN, CS, and UP price indexes

Figure 2
Hierarchy of surveyed methods
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price index. The results are separated by property type, used to track
capital growth, and compared in different districts.

3. Research Methodology

3.1. Dataset and preprocessing

The dataset is a secondary data source collected from various
publicly available sources and published by the NSW government
website on a weekly basis. The files contain sale transactions data
from 2001. Historic data from 1990 till 2001 are also available in
a different format. The dataset is available as part of NSW
Government open data policy and subject to the Creative
Commons attribution 3.0 Australia license.

The original dataset contained a total of 134,500 files having
4,737,735 transactions. Only transactions with settlement date
within the range (1/1/2001–30/6/2023) were considered. Entries
with missing information, such as prices or legal description, were
removed. Transactions of partial interest sales were removed; this
is when a part of the property is sold. Non-residential properties
were removed such as shops, offices, farms, and hotels. Some

duplicate transactions were also identified and removed using the
legal description and either contract or settlement dates.

Figure 3
Number of sales per year/type

Figure 4
Distribution of sale price per type

Figure 5
Heatmap showing initial sale year versus final year

Figure 6
Distribution of duration of owning a property in NSW

Figure 7
Distribution of annual growth rate
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3.2. Feature engineering

A property type feature was added to the dataset with a value of
either house, unit, or land. The value was assigned based on the address
(whether it contains a unit number), title reference (whether it is a strata
title), or purpose of the land (e.g., townhouses, duplex, and villas were
considered as units). Figures 3 and 4 summarize the dataset between Jan
2001 and June 2023. It shows the number of transactions per year per
type, and the price distribution per type. It shows that house transactions
are the most common with the highest prices, units come second, and
land sales are the least common with the lowest prices.

NSW has over 4500 localities, which is too granular. Using the
localities as a feature would result in a highly sparse dataset.
Alternatively, NSW has only 128 LGAs. LGA name was added to
the dataset using the Australian statistical geography standard
dataset to provide a higher-level categorization of properties.

Table 1
Annual growth statistics

Mean 7.765608e+21
Standard deviation 9.266820e+24
Min 2.728775e-24
25th percentile 1.025117e+00
50th percentile 1.055411e+00
75th percentile 1.095935e+00
Max 1.105827e+28

Figure 8
Results of OLS method

Figure 9
Verifying linear model assumptions
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3.3. Transforming the dataset

To use repeat sale method, the dataset was transformed into pair
transactions for properties that were sold multiple times. The result is
a directed graph as follows:

Initial sale time& price ! Final sale time& price

To visualize the distribution of repeat sales, Figure 5 shows a
heatmap of the number of pair transactions by the initial year and
final sale year. Light regions on the map indicate a higher number
of repeat sales. For example, many properties bought in 2003
were sold again in 2007 and 2009. In general, the light region
goes diagonally, begins after 2 years from initial sale, and starts to
fade away after 10 years.

Figure 6 shows the distribution of the duration of owning a
property expressed as the difference in years between buying and
selling a property. It can be noticed that the peak duration of
owning a house is 4 years, which is the same value for units.
However, land resales peak at a shorter period of 2 years.

3.4. Outlier removal

The dataset was inspected and found to have outliers. Table 1
confirms the existence of outliers in the growth rate in pair
transactions. It shows that the mean and max values are huge
compared to the median and the 75th percentile. This could be
attributed to major development, or depreciation in the property
conditions, as well as mis-reported price values.

To inspect outliers in the pair transactions dataset, g is defined
as the annual growth as follows:

g ¼ � P1
P0

� 1
y1�y0 (3)

Where:
g : annual growth
P0 : Initial price
P1 : Final price
y0 : Initial sale year
y1 : Final sale year

The interquartile range (IQR) method was used iteratively to
remove outliers outside the range [12]. The method simply
calculates the IQR as the difference between Q3 (75th percentile)
and Q1 (25th percentile) and excludes observations outside the
range from Q1-1.5 IQR to Q3+1.5 IQR]. The result was
removing around 10% of pair transactions. Figure 7 shows the
distribution of the annual growth rate after removing outliers. It
shows that the mean annual growth rate is around 5% for
properties in NSW.

3.5. Performance metrics

The pair transactions dataset was split into a training set of 80%
and test set of 20% and stratified by the final sale year to allow for
balanced coverage over the years between the training and test sets.
The OLS model was fitted using the training set [9]. Using the test

Table 2
Comparing model performance versus naïve model for yearly price index

Property type Training size Test size

Naïve model results OLS model results

MAE MAPE RMSE R2 MAE MAPE RMSE R2

House 558,823 139,706 275,894 0.350 532,351 0.597 134,286 0.171 290,263 0.880
Unit 366,784 91,696 179,971 0.269 316,248 0.689 91,605 0.140 189,187 0.888
Land 31,318 7,830 103,607 0.318 332,108 0.674 62,420 0.204 216,652 0.861

Figure 10
Scatter plot showing actual versus fitted prices

Table 3
Areas with the highest house capital growth in 2023

Capital growth %

LGA 2022 2023*

Murrumbidgee 14.6% 29.7%
Gilgandra 18.1% 24.7%
Junee 18.7% 23.8%
Warren 10.0% 20.5%
Cobar 3.8% 18.0%

Note: *2023 results are up to June 2023.

Table 4
Areas with the lowest house capital growth in 2023

Capital growth %

LGA 2022 2023

Central Darling 19.0% −15.8%
Lismore 8.7% −14.0%
Walcha 48.0% −12.7%
Waverley 13.0% −11.7%
Lane Cove 12.2% −10.6%

Journal of Data Science and Intelligent Systems Vol. 4 Iss. 2 2026

186



set, the model can predict by; the log of the ratio between the final
price and the initial price as follows:

ŷ ¼ log P1
P0

� �
(4)

To test the model, the result was transformed to calculate the
final price (P1) as follows:

Predicting final sale price:

P1 ¼ eŷ � P0 (5)

The errors in predicted final price were evaluated using mean
absolute error (MAE), mean absolute percentage error (MAPE),
root mean square error (RMSE), and R2. To validate the model
results, a naïve model was built that predicted the growth in price
as the average sale price in the final year divided by the average

price sale in the initial year. The OLS performance metrics were
compared against the naïve model.

4. Results

Figure 8 shows the results after applying the OLS method to
solve for yearly houses coefficients and transform back to the
price index values for each property type.

Based on the analysis, it has been established that on average,
every $1 invested in houses in 2001 turned into $4.08 by 2023, while
every $1 invested in a “unit” turned into only $2.601 by 2023. Land
showed the highest capital growth where every $1 spent turned into
$4.601 by 2023. The results also show that the price index has been
increasing since 2001 and peaks in 2022 for all real estate properties.
The only years that suffered a negative growth in prices were 2019
and 2023 (note that 2023 results are partial and only up to June 2023).
Land price indexes seem to have a different pattern than units and
houses and only had a negative growth in 2009.

4.1. Verifying model assumptions

The OLSmethod assumes that residuals are normally distributed
with the mean of zero and having constant variance [13]. Figure 9
shows four plots used to verify the linear model assumptions using
a graphical method [14]. First, the residuals versus the fitted values

Figure 11
Mean sale price by year (naïve method)

Figure 12
Yearly price index

5
Predicting final sale price
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were plotted. The result is a flat line at 0.0, which verifies the linearity
assumption. Second, the study used the scale-location plot to check for
homoscedasticity assumption (constant variance). The plot shows the
square root of absolute standardized residuals versus the fitted values.
The results show a slight growth in the line, then it becomes flat. This

indicates that the variance of the error is increasing slightly as the fitted
values are increasing. The final two plots show the distribution of the
residuals against the normal distribution. The distribution and the QQ-
plot show that it is very close to normal distribution, and hence, the
normality assumption of the model can be accepted.

Figure 13
Scatter plot of land sales in Camden, NSW over time

Figure 14
Greater Sydney price index since 2011
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4.2. Model performance

To measure the model performance, final sale price was
predicted using Equation (5). Table 2 summarizes the results
comparing metrics of the model against the naïve model. The
performance metrics show that using repeat sale OLS method
provides significant improvement than the naïve model, which
validates the model. For example, using the naïve model would
result in an absolute error of $276k on average, compared to only
$134k if the OLS model was used.

Figure 10 shows the plot of actual prices versus predicted prices
by the model. It shows the values are scattered around the line with
slope close to 1.0.

5. Discussion

5.1. Heterogeneity problem and validity of the
research

One can argue that mean sale price could be used to measure
capital growth given a large enough sample. However, results in
Table 3 showed otherwise. Additionally, it could be illustrated

Figure 15
Heatmap comparing capital growth in 2023 in NSW

Figure 16
Comparing districts of Greater Sydney area in 2022
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visually that the mean price is not suitable to measure growth.
Figure 11 shows that considering mean sale price, land growth is
less than houses and units. However, results from yearly price
index in Figure 12 show the opposite case where land is
achieving a higher growth. This could be explained by the
heterogeneity nature of land sales. The available land lots are
intrinsically different every year. Figure 13 illustrates this point,
by showing a scatter plot of land sales in Camden area, where
land sales are progressively moving by time and are not randomly
distributed. And hence, the price index method would overcome
this shortfall and produce a more accurate result.

5.2. Comparison with current market data

Australian Bureau of Statistics (ABS) has been publishing
residential real estate price index for the eight capital cities in
Australia including Greater Sydney in NSW [15]. To compare the
results of the model deployed against ABS results, the quarterly
price index was constructed from Q4/2011 to Q2/2023 for both
houses and units. Figure 14 plots the model’s house and unit price
index for all LGAs constituting Greater Sydney area against the
ABS price index for the same area.

The results show the model trend is aligned with the ABS price
index up to Q4/2021, which validates our model. In addition to that,
the model has additional contributions:

1) The model can provide up-to-date insights using the available
public dataset. Figure 14 shows the trend up to Q2/2023.

2) The model can provide clear separation between houses, units,
and lands.

The results in Figure 14 also show that property prices suffered
a decline since the second half of 2022. However, the market has
been recovering and property prices are starting to rise again from
Q2/2023. This aligns with CoreLogic price index based on their
proprietary data that show that Sydney area had a negative
growth year on year, and positive growth in in Q2/2023.

5.3. Cash rate impact on property prices

Market experts have traditionally been relating the drop of
property prices in the second half of 2022 and 2023 to the rising
interest rates [16]. Anderson and Hawkins [17] have raised the
cash rate for 12 times for the period from May 2022 to June
2023. Results shown above in Figures 8 and 14 confirm with

Figure 17
Comparing districts of Greater Sydney area in 2023
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those market reports. For example, this research shows that houses
in NSW lost on average 1.1% of their value in 2023, while units lost
2.7% of their value.

5.4. Comparing districts

The results of the model can be used to compare areas in terms
of annual capital growth. Tables 3 and 4 show five LGAs with
the highest and lowest capital growth for houses in 2023 (up to
May 2023). It is noticeable that some areas have significantly
higher capital growth than the state average. For example,
“Murrumbidgee” has achieved a growth of 29.7% growth. It is
out of the scope of this research to explain why some particular
areas have significantly higher capital growth than other areas;
however, it is evident from Table 3 that some areas such as “Lane
Cove” that had very high growth in recent years suffered from a
10.6% decline in 2023. Figure 15 shows the heatmap for capital
growth across NSW in 2023.

Additionally, Figures 16 and 17 compare areas in Greater
Sydney between 2022 and 2023. It shows that there was a
positive overall growth in 2022 and negative growth in 2023.
Comparing districts can have many benefits, for example,
property investors can have more informed decisions on where to
invest next or how much are their properties currently worth. On
the other hand, mortgage lenders can better assess the risks on
loans and mitigate future losses.

5.5. Limitations of the study

The study uses a public dataset collected from multiple sources
and provided by the NSWGovernment. The dataset used covers only
residential real estate properties sold in NSW between 2001 and 30/
06/2023. The NSW government does not guarantee the accuracy nor
the completeness of the data, and hence, the accuracy of the results is
limited by the quality of the dataset.

5.6. Future considerations

The results of the study can have implications for many sectors.
A frequently updated price index for residential real estate could help
property investors makemore informed decisions. Banks and lenders
could benefit from the geographic comparison of districts and adopt a
capital growth risk-based approach. But most importantly,
government agencies could use the results in planning land
development in rapidly growing districts to better balance supply
and demand or introduce more community development programs
in slower growing districts.

6. Conclusion

Based on the residential properties sales information for the
state of NSW (Australia), the research has led to construction of a
price index using the repeat sales method. The price index was
used to estimate annual and quarterly capital growth in houses,
units, and lands. Results showed that using the price index
achieved significantly higher accuracy in estimating growth than
using the mean sale price. The results were aligned with the ABS
property index for Greater Sydney area; additionally, it provided
more insights about the current market trend. Properties in Greater
Sydney areas dropped in value since mid-2022; however, this
trend is starting to change directions and go up from Q2/2023.

The research also covered all areas in NSW; the comparison
between different areas revealed areas with the highest or lowest
growth. This model can be used with current sales data to provide
up-to-date residential real estate price index. The results can be
used by investors to have more informed decisions about their
future investment or estimate the current value of their properties.
Mortgage lenders can also use the results to better assess risks on
future loans or estimate equity on current ones. Government
agencies could rely on the results for planning future projects to
target slower growing districts.
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