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Executive Summary

The Crowe Horwath report, dated 28 March, 2013, was commissioned by the Joint Standing
Committee on the Office of the Valuer General as part of their Inquiry into the Land
Valuation System, tabled in Parliament in May, 2013 as Report 2/55. The report conducts a
statistical analysis of Land Valuation data for the period 2000 to 2011 and focuses on testing
two hypotheses:

i. Individual property holders experience material volatility in land values
(Hypothesis 1); and

ii. Land values on the register have grown materially more than the market
(Hypothesis 2).
(Crowe Horwath, 2013)

In relation to Hypothesis 1, Crowe Horwath find (their emphasis) that:

“based on the data provided and procedures performed, individual property holders
experience material volatility in land values”.

For hypothesis 2, Crowe Horwath compared the rate of change in land value as per the
Register of Land Values with the rate of change in land value as per Residex market data.
They conclude:

“that land values on the register have not grown materially more than the market,
except in specific years and regions”.

This report was commissioned by the Valuer General and presents an examination of the
Crowe Horwath report and its findings. | was provided with the same data as that provided
to the Joint Standing Committee (and which was then provided by the Committee to Crowe
Horwath) by Land and Property Information (LPI). In analysing the data it is critical:

i to identify the appropriate data to analyse;
ii. to remove highly atypical properties or "outliers"; and then

iii. to appropriately analyse the data using methods which identify and take
account of differences between separate markets and sub-markets.

To test Crowe Horwath's analysis and findings for Hypothesis 1, an appropriate set of
properties was identified for analysis of the volatility of land value movements. An analysis
of a data set similar to that used by Crowe Horwath was followed by a further analysis using
a fuller set of data. It is critical that the small number of highly atypical (“outlier”)
properties were excluded from the analysis as inclusion of these properties distorts the
intended analysis of broad trends and features of the land value data.




This report has examined the analysis and conclusions contained in the Crowe Horwath
report and finds:

1. Most significant is that Crowe Horwath find that the Valuer General’s land
values do generally follow the market. This is despite a questionable
assumption made by Crowe Horwath that “land value changes and market
values changes (which include building and land values) are assumed to be
completely proportional”. This is a critical finding as it is the most important
consideration that the Valuer General’s issued land values do follow the
market (of land values) as evidenced by sales of both vacant and improved
land.

2. Crowe Horwath do remove a considerable number of outliers from their
analysis. However, | do not believe they fully recognise the impact of outliers
and do not go far enough to remove clearly atypical properties from their
analysis. A substantial amount of the volatility measured by Crowe Horwath
relates to these relatively small numbers of outliers and is not part of the
broader volatility they sought to measure. This is a contributing factor to
their substantial over-estimation of the underlying volatility in the land value
movements. Clearly, outliers need to be identified and each one analysed in
detail.

3. Movements in land values are not uniform and can vary substantially from
place to place. This is a well-known property phenomenon. The analysis
conducted by Crowe Horwath does not take this locational variation
sufficiently into account and the volatilities they observed are inflated
because of this lack in their modelling. This is a further contributing factor to
Crowe Horwath’s over-estimation of the underlying volatility in the land value
movements.

4. There seems to have been a very arbitrary decision taken by the consultants
and the Committee that a standard deviation above 5% represents high
volatility and that an annual change outside the range +5% represents a
materially high change. The quite considerable evidence available does not
support these rather arbitrarily low values.

5. Notwithstanding these low measures of volatility and material change, the
Valuer General’s issued values for residential property do still largely comply
especially over the later periods of this analysis (2007 to 2011) when analysed
at an appropriate market level. There has also been improved compliance
even at this very stringent level for business, industrial and non-urban
property.

6. There has been reasonably consistent decrease in the volatility of the year to
year land value movements in all zones over the period 2005 to 2011.




Background

The Crowe Horwath reportl, dated 28 March, 2013, was commissioned by the Joint Standing
Committee on the Office of the Valuer General as part of their Parliamentary Inquiry into
the Land Valuation System, tabled in Parliament in May, 2013 as Report 2/55%. Substantial
elements of the Crowe Horwath report are reproduced in the Inquiry report and the Crowe
Horwath report is given, in full, as Appendix 5 of the report. The Crowe Horwath (C-H)
report conducts a statistical analysis of Land Valuation data for the period 2000 to 2011 and
focuses on testing two hypotheses:

i Individual property holders experience material volatility in land values
(Hypothesis 1); and

ii. Land values on the register have grown materially more than the market
(Hypothesis 2).
(Crowe Horwath, 2013)

This report was commissioned by the Valuer General and presents an examination of the
Crowe Horwath report and its findings. | was provided with the same data as that provided
to the Joint Standing Committee (and which was then provided by the Committee to Crowe
Horwath) by Land and Property Information (LPI).

Crowe Horwath, “Statistical analysis of land valuation data”, March, 2013.

NSW Government, Joint Standing Committee on the Office of the Valuer General, “Land valuation system -
report on the inquiry into the land valuation system and the eighth general meeting with the Valuer
General”, Report 2/55, May, 2013




Introduction
In relation to Hypothesis 1, Crowe Horwath find (their emphasis) that:

“based on the data provided and procedures performed, individual property holders
experience material volatility in land values”.

The main focus of this report will be the C-H assumptions and data analyses in relation to
Hypothesis 1 with a view to assessing both the appropriateness of some of the C-H analysis
and the conclusions reached.

In assessing Hypothesis 2, C-H accessed property market data sourced from Residex
“consisting of residential property sales values from 2000 to 2012”. As | do not have access
to the data from Residex, | will not attempt to replicate analyses relating to Hypothesis 2. |
will, however, make some comments below in relation to the C-H findings associated with
Hypothesis 2.

Data validation

The data provided by LPI seems to be the same (based on property numbers and summary
statistics) for the years 2000 to 2008 but for 2009 to 2011 my data appears to have 2000 to
3000 more properties each year compared to that reported by C-H on page 5 of their report.
A check with LPI indicated that | had, indeed, been provided with identical data as given to
the Joint Standing Committee (C-H). | also had full data for 2012 which does not appear in
the Crowe Horwath report. To be consistent, only results for 2000 to 2011 are discussed
and presented here. See Appendix 1 to this report for a summary of the base data provided
by LPI. This should be compared with the summary of validation results provided by C-H on
page 5 of their report.

C-H indicate that they removed properties with 3000 (Victorian) and 4000 (Queensland)
postcodes on the basis that these are “not in NSW according to census data”. This is
incorrect. There are a number of NSW properties with interstate postcodes when the
property is close to the border and the nearest post office is in the neighbouring State. The
number of (remote) properties so removed by C-H appears (based on the postcode) to be:

2000 |2001 [2002 [2003 (2004 (2005 (2006 (2007 |2008 |2009 |2010 |2011

Properties |1176 |1257 |1372 |1345 |1356 |1424 |1631 |1544 |1548 |1563 |1577 |1554

These are largely the same group of properties each year and should be included in the
analysis unless ruled out for other reasons.

The variabilities (that is, standard deviations or the “t” figures which follow) shown in
Appendix 1 for property values ($186,000 + $562,000 in 2000 and $403,000 + $1,111,000 in
2011) and values per metre square (5275 + $9,889 in 2000 and $623 + $19,692 in 2011), at
first glance look to be extremely high. The valuation process — and especially the mass
valuation process — deals with this variation by appropriately grouping the data. By




considering the zoning, location and other value related property characteristics, the mass
valuation process puts comparable properties into like groups (markets and sub-markets —
in NSW these groupings are referred to as “components”). There will usually be differences
in value (and value movements) between these sub-market groups and substantially less
variation in value (and value movements) between the properties within each market or
sub-market group.

Even after considering the grouping of properties as described above, the valuation process
needs to take account of differences between properties. This requires a high level of
valuation expertise. These market and sub-market considerations apply not only to
property valuations themselves but also to the movement in property values over both
short and long time frames. That is, there are likely to be quite substantial variations in the
percentage movements in property values both between properties in different zoning
groups in a single location and properties in the same zone in different locations. This is the
nature of the property market. It is why the identification of separate property markets is a
very critical element of the valuation process.

For example, Appendix 2 of this report gives the Residex market percentage change (2009-
10 and 2010-11) extracted from the residential property market data contained in Appendix
7 of the Crowe Horwath report. This shows very substantial differences in average value
movements between regions; some very large differences in adjacent regions (eg for 2010-
11, +24.4% in the Northern Region compared to -7.3% in the adjacent Richmond-Tweed) but
not in others (eg for 2010-11, -2.5% in both the Sydney regions).

Mass appraisal involves a critical balance between the identification of movements in
property values of individual properties (largely through the detailed analysis of property
sales) and the transfer of this information to like properties which have not transacted in
the given period. As such, statistical analysis is very applicable to the outcomes of the mass
valuation process but needs to be applied to relevant groupings of properties.

There is a small collection of properties (perhaps 0.25% of the total — that is 2 or 3
properties in each 1000) which do not move in value comparably to other properties. There
are many reasons why this may be the case including contamination, heritage issues or
significant change to the zoning and land use of the property. These properties need to be
removed from the analysis when looking at trends and volatility as represented by the vast
bulk of the data. Clearly, it is critical that there is close scrutiny of those properties omitted
from the analysis as “outliers” as currently occurs in the annual mass valuation process.

Consistent with the above considerations, it is important:
i to identify the appropriate data to analyse (properties with complete details);
ii. to remove highly atypical (“outlier”) properties; and then

iii. to appropriately analyse the data using methods which identify and take
account of differences between separate markets and sub-markets.




C-H have largely followed this process but many of their tables do not indicate precisely the
data used. They provide summary spreadsheets (an Excel file named “Consultant - LGA level
data - Appendix to report”) which identifies (in summary but not the exact properties) that
1,672,198 properties over 2000-2011 were analysed.

The following section of this report identifies firstly an appropriate set of properties for
analysis of the volatility of land value movements (C-H Hypothesis 1) and then conducts
analyses of this property data set.

Data selection and omission of outliers

Appendix 3 shows the outcomes from a process of data selection and removal of outliers
and its impact on the various summary statistics. The data selection process arriving at the
final data set to be analysed (Data set 4) is as follows:

Dataset1l: consists of the 1.658 million properties which have:

e Zone, area and LV for all years 2000 to 2011 and the 2011 zone is broadly the same
as in 2000 (ie both residential or both business, etc).

The main impacting factor here is the fact that many properties did not have a recorded
area for the period 2000 to 2005. Advice from LPI is that, since storage space was quite
expensive at that time, the previous data-base did not record the area for regular shaped
(rectangular) blocks (as the dimensions themselves were recorded for all properties).
Comparison of the summary statistics also shows that the deleted properties tend to have
higher than average land values and values per square metre since the average value
decreases when these properties were omitted (in comparison with the summary statistics
for all properties shown in Appendix 1). This is not surprising as the regularly shaped
properties with no area recorded were largely in metropolitan locations.

This selection has been made as it appears to most closely follow the data selection
procedures described in the Crowe Horwath report. An alternative approach, which greatly
increases the analysed property numbers, without, | believe, compromising the analyses will
also be discussed and results presented later in this report.

Data set 2: Data set 1 less 1357 outliers.

e The outliers were identified similarly to that described by C-H (on pages 17 and 18 of
their report) as properties which either increased in value by 20-fold or more over
the period 2000 to 2011 (651 properties from Data set 1) or decreased in value by
90% or more in value over the same period (706 properties from Data set 1). These
property numbers of outliers are slightly lower than those given by C-H.




Dataset 3: Data set 2 less 4555 properties which had a value below $500 at some time
over the period 2000 to 2011.

e These are atypical properties with value (at least at some time between 2000 and
2011) less than $500 ($500 being less than 0.2% of the average property value).

For rates purposes, these parcels would either have a minimum rate applied or be
considered as part of a larger holding so that their value is largely notional. In some remote
(far-western) villages, there is little market activity so that the value of such land parcels is
difficult to determine. Changes of 2-fold to 10-fold in the value of these properties (is a
particular property worth $100, $500 or even $10007?) are not unusual depending on market
circumstances. In other locations, a property with a value below S500 is clearly atypical. As
such, these properties should be considered as outliers rather than being included in the
analysis.

Dataset4: Data set 3 less 705 further outlier properties.

e Properties which either increased in value by 20-fold or more at any time over the
period 2000 to 2011 (309 properties) or decreased in value by 90% or more in value
over the same period (396 properties).

This is consistent with the C-H approach described above for Data set 2 but extends the idea
to the minimum and maximum land values over the 2000 to 2011 period. In the year in
which the minimum or maximum value occurred, these properties would be omitted from
the analysis so that this approach is consistent with the above removal of outliers (to
generate Data set 2).

The properties described as being omitted to arrive at data sets 2 to 4 are clearly extremely
atypical and should be treated as outliers with a detailed examination conducted on each
such property. The impact on the summary statistics of omitting these properties will be
immediately obvious from Appendix 3. For example, the omission of the 1357 outliers in
moving from Data set 1 to Data set 2 has reduced the average land value % change for 2000
to 2001 from 61.4% to 7.0% and the standard deviation of the % change from just under
70,000% to 15.2%. Most of this dramatic change is associated with just a handful of
properties (10 or less extreme value movements) not all of the 1357 outliers omitted. This
is a huge change in statistics summarising the movement in value of over 1.6 million
properties, through the omission of just a handful of outliers. It is the reason why these
outliers need to be separated out (and separately examined) in order to get an accurate
picture of the overall movement in value of the land value data. While these steps have
omitted a large number of atypical properties from the analysis, it is highly likely that a
considerable number still remain in the analysed data set and may still impact some of the
summary statistics, particularly when they pertain to smaller groups of properties.

The recognition of the impact of outliers on the summary statistics — especially the standard
deviation — and appropriate handling of these outliers — is extremely important. A high
standard deviation is often associated with data that is very scattered. This is the “normal”




interpretation. That is not the case here. The core data is not highly volatile but the high
variabilities (standard deviations) given in the C-H report are associated with just a very
small number of highly atypical properties. Statistical analysis can (and does) help to
identify such properties. It is the role of the property valuer to justify why these highly
unusual situations arise for some properties.

In their report, C-H give (in Appendix 2) a definition of the standard deviation and discuss its
interpretation. They present this in the context of the Normal (bell-shaped) distribution. In
general, property data does not look like this. It is often extremely skewed. This is the
nature of property (and much financial) data. It does not look like the “Normal”
distribution. This does not indicate that anything is wrong with the data; it is simply part of
its make-up. A histogram of the 2011 land values is given in Appendix 4a. Clearly, the
distribution is very skewed. Histograms of the 2011 residential land values and the 2010-11
change (%) in residential land values are also given as Appendices 4b and 4c, respectively.
These do not look at all like the “Normal” distribution.

In many property situations, the probabilities and data spreads quoted in Appendix 2 of the
C-H report simply do not apply. For the 2011 land value data, the average value is $403,000
with a standard deviation of $1,111,000. As a result, since there are no negative land
values, there are no land values in the left hand tail more than half a standard deviation
below the mean value (for the Normal distribution, one would expect approximately 30% of
values to be more than half a standard deviation below the mean). On the other hand,
there are many more extreme values in the right-hand or upper tail than there would be for
the Normal distribution. Given that this is a very large data set of approximately 2.4 million
property values each year, this indicates a large number of extreme (high) valued properties
in comparison with what would occur for a Normal distribution. While the situation may
not be as severe for value changes (as distinct from property values), the distribution of
annual value changes does not follow a Normal distribution (see Appendix 4c).

Results in relation to Hypothesis 1

Data set 4 was used for the analyses which follow. It consists of 1,651,665 properties in
comparison to C-H’s 1,672,198. This is 20,533 properties (1.2%) fewer than C-H but most of
this difference, 13,916 properties (0.8%), is in establishing Data set 1 of properties with full
details throughout the 2000 to 2011 period. A further 6,617 properties were removed as
outliers as described above in establishing Data set 4.

Appendix 5 gives the standard deviations of the change in land values, by zone for all NSW,
on a year to year basis. As can be seen, these are very substantially lower than those given
by C-H (on page 5 of their report) and comparable to the table on page 6 for which C-H
indicate that they omitted a further 500,000 records.

However, examination of standard deviations at a broad State or Regional level is not really
the appropriate way to analyse this data. A standard deviation assumes a single population
(or market). For example, the C-H analysis considers the 1.2 million plus residential
properties in NSW as if they constituted a single market and calculates a single standard




deviation accordingly. Similarly, a single market for each of business, industrial, non-urban
and the assortment of property types in the “other” category are implied when calculating a
single standard deviation across the State. This is simply not the case. Property, in general,
is composed of multiple markets and sub-markets by property type (zoning) but also by
location and other characteristics such as area, construction, style and age. In the present
data set, locational, zoning and strata characteristics can be used to approximate separate
property markets. The well known and widely used statistical technique called Analysis of
Variance (or ANOVA) can be used to analyse such data. ANOVA is a statistical model which
can be analysed in most statistical packages. A brief discussion of ANOVA and why it is
applicable to this data and its analysis, is given in Appendix 6.

Analysis of Variance methods can be used at the whole of State, Region or LGA level using
the LGA and postcodes to identify possible sub-markets within a single zoning type. At the
whole of State level, Appendix 7 gives the comparable ANOVA results to the tables of
standard deviations of annual change in values given in C-H at the bottom of page 6 and
then on page 7 with their much reduced data set. The variabilities for all groups shown in
Appendix 7 are well below those given by C-H even in their substantially reduced data set
since the C-H analysis consistently and substantially over-estimates the variability in the land
value movement data by not taking into account the existence of distinct markets. In these
tables, the “Other” category is an amalgam of so many very different property zonings that
interpretation of the volatility measures has little meaning, since these measures of
volatility include the very different market movements of these distinct and separate zoning
groups.

Appendix 8 gives, at the Regional level, results for a similar analysis to that in Appendix 7 (at
the State level). This is a yet more appropriate analysis since the movement in land values
between LGAs and postcodes within a Region is likely to be reasonably similar and possibly
different to the movement in other Regions. Appendix 8 shows a trend of reduced volatility
in nearly every zone over the period from 2005 to 2011. There are fluctuations within
regions on a year to year basis but this trend of reduced volatility is clearly evident in the
NSW summaries (the last row in each table) or as seen collectively in Appendix 7. Some of
the volatility reduction may be due to subdued property markets over the period following
the Global Financial Crisis.

As Appendix 8 shows, the actual variability in the movement in value is reduced in all cases
as this analysis removes the effect of different regional markets across the State for
different property types (zones). This analysis therefore gives a more appropriate measure
of the variability in value movements between properties.

In their assessment of Hypothesis 1, Crowe Horwath indicate the following:

In determining whether the hypothesis has been confirmed or rejected, the
Committee has provided the following guiding principles:

° Volatility: where the standard deviation of the annual growth in property
value is greater than +/- 5%;




Materially high: Where the annual change exceeds +/- 5%; and

Fluctuations are widespread: Material and volatile change in property value in
more than 5% of the population.

From where have these “principles” come? There is no empirical basis given nor is any
authoritative source provided to indicate this to be an appropriate assessment of “material

volatility”

in valuations, as per Hypothesis 1. It is clear that a rigid bar at +5% is

unsupportable. There are a number of reasons for this. These include:

Property markets routinely vary in value by more than +5% per annum. The
market data from Residex used to assess Hypothesis 2 clearly indicates this
with market movements in excess of 10% in the early 2000s and regional
average value movements ranging from -7.3% to +24.4% for 2010-11 (see
Appendix 2 to this report with data extracted from Crowe Horwath Appendix
7).

Appendix 9 gives the year-on-year movement (roughly July to July as the
Valuer General’s land values are base dated 1 July each year) in the Sydney
residential property market, as derived from the ABS price index of
established houses (Sydney) in the ABS publication catalogue number 6416.0
for the period 1986 to 2012. In 13 years of the 26 years of that series, the
percentage change in value has been outside the “guiding principles” and
both the average percentage change and the standard deviation of the
percentage change are also outside the suggested +5% ranges. The average
being “materially high” and the standard deviation “materially volatile”.

There is an extensive academic literature on valuation accuracy which
indicates that the acceptable “margin of error” in valuation is well above 10%
and may be over 20% in some circumstances (see Crosby et al, 1998° or
Crosby, 20004); and

International standards such as those of the International Association of
Assessing Officers (IAAO), as measured by the Coefficient of Dispersion (COD)
rather than the standard deviation, give a value of 10% (sometimes 15%) for
residential property and 15% for business, industrial, rural and other property
types. While the COD is a different statistical measure of volatility, the COD
standard is not consistent with a standard deviation as low as 5%.

The “guiding principles” provided by the Committee as to what constitutes material
volatility (and, by inference, that the land values provided by the Valuer General are at fault)

is

unsupportable. As the ABS data in Appendix 9 shows, the Sydney residential property

Crosby, Lavers and Murdoch (1998), "Property valuation variation and the ‘margin of error’ in the UK",
Journal of Property Research, Vol. 15 No.4, pp.305-330.

Crosby (2000), "Valuation accuracy, variation and bias in the context of standards and expectations"”,
Journal of Property Investment & Finance, Vol. 18 No.2, pp.130-161.




market has been “materially high” as per the Committee’s guiding principle in 13 of the 26
years of this series. If taxes are to be “ad valorem” then the appropriate question is
whether the Valuer General’s statutory land values follow the market as given in the Crowe
Horwath Hypothesis 2 (and answered in the affirmative except for some qualifications). It is
not appropriate to simply designate a particular level of annual value movement as being
materially high without an empirical basis for doing so.

Finally, the attached spreadsheet (Post_Code_Analysis_1.xIsx) includes the standard
deviations, at the postcode level within each LGA, of the value movements for residential
property (based on data set 4). This spreadsheet (at the SD_Residential tab) gives the
variability (standard deviation) at a postcode level for residential properties. 72% of
postcode areas have a standard deviation of the percentage change in value below 5% for
2010-11 and 95% below 10%. The figures are comparable for business (75% below 5% and
90% below 10%) and industrial property (82% below 5% and 91% below 10%). It is not as
low for rural property (51% below 5% and 73% below 10%) but this is not surprising as
factors such as property size, farming type and differences between rural
residential/lifestyle and working properties also have a considerable impact on rural
property values and movement in values and are not taken into account in a model based
on location alone.

In terms of volatility, it is important that the volatility in value movement between similar
properties is not over-estimated by including in the measure differences in the value
movement between separate sub-markets. That is, estimates of volatility derived from
appropriate Analyses of Variance should be used in preference to “simple”, broadly applied
(ie State or Regional) standard deviations. Alternatively, standard deviations should be
calculated at appropriate market/sub-market levels. As also indicated, an appropriate
measure of “excess volatility” may well be 10% for residential property and 15% for other
property types. The Valuer General’s land values meet these marks in most circumstances.

As can be seen from this series of analyses (in Appendices 7 and 8 and the spreadsheet
Post_Code_Analisis_1.xlsx), the volatility in land value movements reduces as the locational
basis for the volatility calculations is reduced (from the State to the Regional to the LGA and
postcode level). Postcode areas may be getting close to identifying relevant property sub-
markets but still do not fully take account of proximity to infrastructure and services and
other topographic factors which impact on land value and value movements. It is likely that
volatility measures would be further reduced if property markets were more appropriately
identified than is possible with the existing data set (used by Crowe Horwath and in this
analysis). A well constructed mass valuation system does take account of such features to
identify sub-markets or components.

It needs to be recognised that movements in land values are not directly reflected in similar
movements in the associated taxes, rates and charges. For example, for local government
rates, rate payers are issued with a Notice of Valuation normally every three years as the
basis of their rate assessments for the following three years. Where there has been a
general upward movement in values, this will be reflected in a reduction in the rate per S of
land value so that the increase in rates is roughly in line with inflation. It is when a
property’s value moves differently to others in the LGA that it will have a more significant




impact on the level of rates charged. For State Government Land taxes, a three-year
averaging is used to moderate the potential volatility in land values.

The analysis described above has been completed using a data set (identified here as Data
set 4) using data with complete details and from which outliers have been removed. This
has been done to mirror as closely as possible the data set apparently used by Crowe
Horwath. While this is a very large data set in excess of 1.6 million properties, it is only 80%
or thereabouts of those properties which have remained in existence through the 2000 to
2011 period. The main reason for properties not being included is the lack of an area
measure in the early years of data covered in this analysis. Since these properties have not
changed over the period, it is reasonable to backfill the area measure for the earlier years
using the area measure in a later year but only in place of missing area values. A more
complete set of data (Data set 8) has been assembled on this basis, with only missing area
values replaced by a later area measure for the same property. The data supplied by LPI
also identified those properties subject to a strata scheme. There are significant numbers of
these in the residential (generally apartment blocks), business and industrial zones and they
tend to be quite distinct markets from their non-strata counterparts. In reporting the
analysis of this more complete data set (Data set 8, with approximately 2.04 million
properties following the removal of outliers in similar fashion to that for Data set 4), these
strata groups have been added to the analysis.

The associated analyses and results for Data set 8 are given in Appendices 10, 11 and 12 and
the spreadsheet Post_Code_Analysis_2. The results are very similar to those reported
above for Data set 4. That is, a trend of reduced volatility over the period 2005 to 2011 at
the State, Regional and LGA/postcode levels. Again, the volatility measures are much lower
than those given in the Crowe Horwath report.

Comments in relation to Hypothesis 2

For hypothesis 2, the consultants, Crowe Horwath, compared the rate of change in land
value as per the Register of Land Values with the rate of change in land value as per Residex
market data. They conclude:

“that land values on the register have not grown materially more than the market,
except in specific years and regions”.

In conducting their analysis, C-H compare the Valuer-General’s changes in land value with
changes in value for the broader property market as indicated via data from Residex and
largely derived from improved property sales. C-H indicate:

“as there is minimal vacant land sales, comparison of land value changes and market
values changes (which include building and land values) are assumed to be

completely proportional”.

This assumption is unlikely to be correct under most market circumstances. While land
values are impacted by supply, demand and inflationary factors, building values are also

10.




impacted by construction related factors. There is a level of depreciation in existing building
stock which does not directly impact on the value of land. It is also likely that the impact of
inflation and other market factors will be different on land to buildings and is also highly
likely to have different financial effects in different markets and for different property types.

As a result of the depreciation of existing stock, buildings will not tend to appreciate at the
same rate as land. Put another way, contrary to the Crowe Horwath assumption, the
observed market appreciation in improved property sales is likely to have a higher
proportion associated with movement in land value than with the improvements on that
land. When put into an index over time (as per the second table on page 13 of the C-H
report), an index of land value will tend to be a little higher than an improved value index.
This is exactly what the C-H report demonstrates. The basic assumption above, made by
Crowe Horwath, is, at best, a rough approximation of the relationship between the
movement of land and improved property values.

Exceptions in specific years and regions, as identified in the report, may well be due to the
inappropriateness of this basic assumption (and some possible data issues such as paucity of
sales in some locations at some times) rather than any issue with the Valuer General’s land
valuations. It is notable that the example cited by Crowe Horwath in their report (on page
16) is for the Far-West region where land values are the lowest (on average) in relation to
improved values and the assumption is least likely to apply. Crowe Horwath indicate that
this is the region in which the correlation between the Valuer General’s land values and the
Residex market values was the lowest.

Notwithstanding the above issue, it is critical to note the Crowe Horwath conclusion in
relation to Hypothesis 2:

“that land values on the register have not grown materially more than the market,
except in specific years and regions”

This is a strong affirmation of the land values produced by the Valuer General. It confirms,
as should be the case, that the Valuer General’s land values reflect movements in the
property market. They reflect movements in land value as distinct from movements in
improved property values. This is a basic requirement of statutory land values — that they
do follow the movement in land values in different land use and locational markets.

Conclusions

The Crowe Horwath Report sets out to test hypotheses in relation to the volatility of land
values (Hypothesis 1) and whether they have grown materially more than the market
(Hypothesis 2). The Crowe Horwath analysis determined that there was significant volatility
in the Valuer General’s land values but that, with some exceptions, they had not grown
materially more than the market.

This report has examined the analysis and conclusions of Crowe Horwath and finds as
follows:
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Most significant is that Crowe Horwath find that the Valuer General’s land values do
generally follow the market. This is despite a questionable assumption made by
Crowe Horwath that “land value changes and market values changes (which include
building and land values) are assumed to be completely proportional”. This is a
critical finding as it is the most important consideration that the Valuer General’s
issued land values do follow the market (of land values) as evidenced by sales of
both vacant and improved land.

Crowe Horwath do remove a considerable number of outliers from their analysis.
However, | do not believe they fully recognise the impact of outliers and do not go
far enough to remove clearly atypical properties from their analysis. | have
described above a series of steps to remove outliers, including some very low valued
properties, from the analysis. A substantial amount of the volatility measured by
Crowe Horwath relates to these relatively small numbers of outliers and is not part
of the broader volatility they sought to measure. This is a contributing factor to their
substantial over-estimation of the underlying volatility in the land value movements.
Clearly, outliers need to be identified and each one analysed in detail.

Movements in land values are not uniform and can vary substantially from place to
place. This is a well-known property phenomenon. The analysis conducted by
Crowe Horwath does not take this locational (regional, LGA or suburb) variation
sufficiently into account and the volatilities they observed are inflated because of
this lack in their modelling. This is a further contributing factor to Crowe Horwath’s
over-estimation of the underlying volatility in the land value movements.

There seems to have been a very arbitrary decision taken by the consultants and the
Committee that a standard deviation above 5% represents high volatility and that an
annual change outside the range +5% represents a materially high change. The quite
considerable evidence available, including the ABS index of Sydney house prices,
does not support these arbitrarily low values.

Notwithstanding these low measures of volatility and material change, the Valuer
General’s issued values for residential property do still largely comply, especially
over the later periods of this analysis (2007 to 2011), when analysed at an
appropriate market level. There has also been improved compliance even at this
very stringent level for business, industrial and non-urban property.

As shown in Appendices 7/8 and again in the fuller analysis presented in Appendices
11/12, there has been a reasonably consistent decrease in the volatility of the year
to year land value movements in all zones over the period 2005 to 2011.

John MacFarlane
August, 2013
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Appendix 1:

Summary of data provided by LPI

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Properties 2306711 | 2352792 | 2384176 |2402434 | 2417152 | 2431265 |2446782 | 2460741 | 2473954 |2480245 | 2484356 | 2486465
Duplicate property (drops 2) 0 1 1 0 0 1 1 0 0 0 0 0
Invalid Postcode 123 114 73 52 43 39 34 25 23 23 10 8
Zone missing 4305 2 0 0 0 0 0 0 0 0 0 0
Remaining Properties 2302283 2352674 2384101 2402382 2417109 2431224 2446746 2460716 2473931 2480222 2484346 2486457
New Properties 73135 69524 56708 53908 50774 51643 51348 49946 43954 36816 25839
Deleted properties 22744 38097 38427 39181 36659 36121 37378 36731 37663 32692 23728
Change in zone 3249 5350 4477 5714 1179 8069 4583 7423 7219 32089 24804
Area missing 439370 433002 421805 405396 377609 198621 89727 73908 30471 20365 20127 18720
Change in area 3006 7405 7097 7761 6482 10672 10597 16316 8117 8557 5466
Area added to record 13705 16807 19614 29160 181594 107992 15854 43830 9664 631 1330
Area removed from record 24 43 63 54 34 49 65 33 30 20 28
Average LV ($'000s) 186 201 232 285 336 349 354 369 380 381 399 403
Standard deviation ($'000) 562 578 633 721 827 853 914 1060 1050 1103 1156 1111
Average value per m” ($/m?) 275 318 346 422 487 538 575 584 601 600 615 623
Standard deviation ($/m?) 9889 23920 11540 15134 14414 19697 26138 25924 20557 20682 20909 19692

Note: Summary statistics for land value (LV) are for all data as indicated at row 7 (Remaining Properties). Summary statistics for value per
metre square are for those properties with an area measurement in the given year.
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Appendix 2: Annual rate of change (%) in residential property values ($/m?) by region, 2009-10 and 2010-11.
Data as extracted from Crowe Horwath Appendices 6 and 7 (and based on data Crowe Horwath
sourced from Residex)

Region 2009-10 | 2010-11
Central West -6.1% 3.9%
Far West 21.9% 18.1%
Hunter 2.9% 3.4%
Illawarra 0.4% 1.4%
Mid-North Coast 2.3% 3.7%
Murray 11.0% 17.0%
Murrumbidgee 8.5% 3.3%
North Western -6.0% 16.5%
Northern 17.2% 24.4%
Richmond-Tweed 3.9% -7.3%
South Eastern -0.1% 3.5%
Sydney Inner 11.2% -2.5%
Sydney Outer 9.2% -2.5%
Sydney Surrounds 2.7% -1.7%
NSW 11.6% 0.4%
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Appendix 3: Data selection and removal of outliers
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Data set 1: Common properties 2000 to 2011 with area given and the same broad zoning in 2011 as in 2000

Properties 1658282 1658282 1658282 1658282 1658282 1658282 1658282 1658282 1658282 1658282 1658282 1658282
Average LV ($'000s) 167 180 210 258 308 319 323 335 345 344 361 367
Standard deviation ($'000) 484 488 527 578 633 679 721 801 847 799 831 847
Average value per m’ ($/m2) 273 290 340 410 473 486 487 503 514 518 534 545
Standard deviation ($/m2) 8932 9385 10646 11736 11992 12777 13364 14081 13728 21020 21528 20527
Average change in LV (%) 61.4 18.0 31.3 28.3 6.2 3.3 21.1 12.2 1.3 4.1 1.7
Standard deviation (%) 69889.7 224.1 752.5 36.7 77.9 23.3 21611.4 8851.5 17.4 15.2 15.8
Data set 2: Set 1 less 1357 outliers

Properties 1656925 1656925 1656925 1656925 1656925 1656925 1656925 1656925 1656925 1656925 1656925 1656925
Average LV ($'000s) 167 180 210 258 308 319 323 335 345 344 361 367
Standard deviation ($'000) 484 488 527 578 633 679 721 800 847 799 831 847
Average value per m> ($/m’) 273 290 340 411 473 487 487 503 514 519 534 545
Standard deviation ($/m2) 8936 9389 10651 11740 11997 12782 13369 14086 13734 21029 21537 20536
Average change in LV (%) 7.0 17.9 30.5 28.3 6.1 33 21.0 2.4 1.2 4.0 1.7
Standard deviation (%) 15.2 220.7 28.6 29.1 21.4 21.4 21620.2 13.8 14.3 11.6 10.1
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Appendix 3 (cont): Data selection and removal of outliers
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Data set 3: Data set 2 less 4555 properties valued below $500 at some time 2000 to 2011

Properties 1652370 1652370 1652370 1652370 1652370 1652370 1652370 1652370 1652370 1652370 1652370 1652370
Average LV ($'000s) 168 180 211 258 309 320 324 336 346 345 362 368
Standard deviation ($'000) 485 489 527 578 633 680 722 801 848 800 832 848
Average value per m’ ($/m2) 274 291 341 412 474 488 489 505 516 520 536 547
Standard deviation ($/m2) 8948 9402 10665 11756 12014 12800 13388 14106 13753 21058 21566 20564
Average change in LV (%) 7.0 17.7 30.6 28.2 6.0 3.3 4.2 2.3 1.2 4.1 1.6
Standard deviation (%) 10.6 19.5 28.5 28.7 21.1 19.9 24.4 13.2 13.6 11.3 9.5
Data set 4: Data set 3 less a further 705 outliers

Properties 1651665 1651665 1651665 1651665 1651665 1651665 1651665 1651665 1651665 1651665 1651665 1651665
Average LV ($'000s) 168 180 211 258 309 320 324 336 346 345 363 368
Standard deviation ($'000) 483 488 527 577 633 679 721 801 848 800 832 848
Average value per m> ($/m’) 274 291 341 412 474 488 489 505 516 520 536 547
Standard deviation ($/m2) 8947 9401 10664 11755 12012 12798 13387 14105 13752 21062 21571 20568
Average change in LV (%) 7.0 17.7 30.6 28.2 6.0 3.2 4.2 2.3 1.2 4.1 1.6
Standard deviation (%) 10.5 17.2 28.2 28.7 20.3 19.4 18.0 12.5 10.9 10.5 9.1
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Appendix 4a:

Histogram of all 2011 land values ($25,000 intervals)
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Appendix 4b:

Histogram of 2011 residential land values ($25,000 intervals)
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Appendix 4c:

Histogram of 2010-11 residential land value changes (%)
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Standard deviation (at the whole of State level) of the percentage change in land values from year to

Appendix 5:
year by property zoning

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Residential 9.4 16.6 28.3 23.9 15.3 16.5 16.2 9.2 8.0 8.3 6.3
Business 9.9 17.8 25.5 203 223 21.1 23.2 15.8 9.9 12.0 9.1
Industrial 11.9 16.0 21.8 26.5 25.4 26.0 24.6 20.1 11.9 11.4 9.9
Non Urban 11.0 16.4 233 35.7 21.9 18.2 19.2 16.6 14.8 14.5 13.0
Other 17.0 21.7 35.0 49.5 40.1 36.6 27.1 24.5 23.4 18.7 20.1
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Appendix 6: Analysis of Variance methods
When data comes from more than one population, analysis of variance methods are an
appropriate way to analyse them.

For example, suppose we have 2 populations, each with 3 properties. In population A, the 3
properties each rise in value by 6% while in population B, the 3 properties each fall by 6%.

A: +6%, +6%, +6% average of +6%, standard deviation, 0%
B: -6%, -6%, -6% average of -6%, standard deviation, 0%

There is variation BETWEEN these groups (markets) but no variation WITHIN the groups.

If the 2 groups are pooled into one, then we have:

C: +6%, +6%, +6%, -6%, -6%, -6% average of 0%, standard deviation, 6% (the
sample standard deviation is, in fact, 6.6%)

For data consisting of multiple markets, a simple standard deviation is not the appropriate
volatility metric. As a measure of volatility it produces a substantial over-estimate as it
includes both the within group variability as well as the between group variability.

Analysis of Variance (ANOVA) is an appropriate way to analyse data consisting of multiple
populations (markets). ANOVA provides a “root mean square error” (square root of the
mean square error — MSE) which is analogous to the standard deviation for a single
population (market). It measures the within group variability pooled for each group.
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Appendix 7: Volatility measures (%)
ANOVA root mean square errors for change in land values from year to year by property zoning

Number of
Zoning Properties | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Residential 1266010 6.2 9.6 13.8 13.4 8.1 11.0 8.9 6.7 6.2 6.0 4.8
Business 38640 7.8 11.2 17.2 14.3 16.9 14.5 19.2 12.6 7.8 9.3 7.9
Industrial 26485 7.2 10.1 11.4 13.9 17.8 15.7 16.7 14.7 9.0 8.9 8.5
Non Urban 110215 9.3 10.9 16.1 24.5 16.1 13.8 16.5 14.3 13.4 13.1 12.1
Other 210315 12.0 14.8 20.4 30.0 20.8 22.5 22.1 19.0 18.2 17.4 17.2
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Appendix 8: Volatility measures (%)
ANOVA root mean square errors for change in land values from year to year by property zoning
Each of 14 Regions

Residential
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 25743 8.7 8.1 16.6 15.4 11.9 5.3 10.7 7.7 9.4 7.5 6.6
Far West 6229 14.4 1.5 13.7 53.7 18.0 113.3 37.2 24.1 1.4 24.7 7.6
Hunter 135045 6.9 7.9 18.2 18.5 7.9 7.4 8.3 5.4 7.3 6.6 6.3
lllawarra 95991 9.9 14.7 24.7 14.8 10.0 7.0 8.0 7.1 4.8 4.4 5.0
Mid-North Coast 60246 5.5 13.7 24.5 18.6 12.6 6.6 6.2 7.7 5.1 6.3 3.6
Murray 20544 3.7 9.8 10.9 13.7 15.5 16.2 13.6 9.7 8.4 6.8 6.6
Murrumbidgee 20744 6.9 5.7 3.7 17.2 9.7 9.2 3.8 3.8 6.3 5.0 4.3
North Western 14039 4.1 9.4 15.3 44.9 14.6 11.4 39.6 6.8 5.0 11.6 5.7
Northern 35642 5.8 11.8 6.6 9.1 11.7 24.2 16.9 11.5 6.7 10.8 7.4
Richmond-Tweed 44520 8.1 17.4 15.7 15.0 10.4 8.2 9.0 9.0 9.6 6.2 7.3
South Eastern 52446 5.0 13.5 23.2 20.8 10.4 11.1 9.8 8.6 6.6 5.9 6.1
Sydney Inner 131007 4.8 5.2 4.2 5.9 7.0 5.0 5.0 5.7 4.9 5.0 3.6
Sydney Outer 486062 4.2 6.9 7.5 6.7 4.9 4.4 5.7 4.8 5.0 4.3 3.5
Sydney Surrounds 137752 8.1 10.8 10.7 10.8 7.0 6.1 7.5 7.6 8.6 6.8 5.1
NSW 1266010 6.2 9.6 13.8 13.4 8.1 11.0 8.9 6.7 6.2 6.0 4.8
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Appendix 8 (cont):

Volatility measures (%)

Business
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 1358 11.0 6.5 22.9 13.9 18.6 11.7 26.2 4.3 13.2 6.5 15.6
Far West 0

Hunter 4221 6.3 6.6 18.4 12.0 26.4 20.7 16.5 12.7 7.3 7.3 5.7
lllawarra 2393 12.2 21.3 27.6 24.9 15.5 10.3 18.4 4.3 5.4 6.9 3.7
Mid-North Coast 2233 8.3 11.7 23.7 11.1 19.0 17.9 10.1 10.3 8.6 10.5 7.2
Murray 851 2.3 14 15.7 4.9 8.6 14.3 6.4 8.2 1.3 7.1 8.6
Murrumbidgee 825 5.8 2.5 1.7 19.0 22.9 24.6 7.5 19.2 5.4 3.8 3.9
North Western 924 1.1 10.2 12.8 8.7 18.9 24.0 19.0 15.3 7.6 22.7 9.6
Northern 2350 3.1 7.5 5.8 10.4 9.7 14.2 235 12.0 4.2 12.2 9.1
Richmond-Tweed 1841 5.1 14.2 18.0 14.1 6.9 9.9 6.3 9.3 4.9 19.4 6.1
South Eastern 1895 7.0 10.3 27.9 19.5 23.3 11.0 234 26.7 14.6 9.5 6.9
Sydney Inner 9909 8.3 7.1 6.7 8.5 10.8 10.7 12.8 12.9 6.8 6.5 7.5
Sydney Outer 7743 7.9 13.4 15.7 14.3 17.8 14.4 24.5 9.8 8.8 7.0 9.0
Sydney Surrounds 2097 8.9 15.2 25.3 24.0 15.7 12.1 30.9 11.6 5.1 7.4 7.3
NSW 38640 7.8 11.2 17.2 14.3 16.9 14.5 19.2 12.6 7.8 9.3 7.9
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Appendix 8 (cont):

Volatility measures (%)

Industrial
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 962 19.0 8.7 25.2 26.1 32.0 5.2 16.5 3.5 20.7 12.6 20.0
Far West 0

Hunter 3218 4.4 6.4 12.8 12.8 14.8 23.8 18.4 21.7 8.1 11.5 8.2
lllawarra 1673 6.0 9.3 14.0 25.1 18.0 19.5 104 16.9 7.4 5.6 2.7
Mid-North Coast 1526 6.4 4.3 12.5 12.2 17.4 22.1 14.8 24.6 11.0 9.6 3.7
Murray 482 2.9 8.7 9.3 22.1 18.4 27.7 14.3 2.4 6.6 17.8 5.3
Murrumbidgee 919 3.3 9.1 19.6 19.7 18.7 26.0 10.7 8.6 7.1 6.9 2.8
North Western 541 0.8 11.2 7.9 14.8 6.4 6.8 71.8 14.0 2.1 12.6 30.1
Northern 1216 4.3 5.4 3.7 9.4 32.9 13.6 19.9 18.2 4.5 23.0 9.1
Richmond-Tweed 1032 3.9 7.5 14.9 21.6 13.7 10.7 11.0 18.8 3.1 10.3 9.0
South Eastern 1381 4.1 5.4 19.5 17.8 40.1 12.8 18.1 20.0 8.9 4.0 4.8
Sydney Inner 3410 4.0 3.3 4.8 3.3 4.6 6.4 10.6 13.6 4.5 2.8 2.3
Sydney Outer 8366 8.5 14.8 6.6 8.6 6.8 7.7 7.9 6.5 6.8 4.5 7.3
Sydney Surrounds 1759 7.7 8.8 6.6 12.7 23.8 24.9 18.3 14.3 17.7 6.2 6.3
NSW 26485 7.2 10.1 11.4 13.9 17.8 15.7 16.7 14.7 9.0 8.9 8.5
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Appendix 8 (cont):

Volatility measures (%)

Non-urban
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 24869 154 11.6 15.6 22.7 16.8 14.2 14.6 139 14.9 17.8 11.7
Far West 32 82.5 7.6 0.0 20.3 65.2 7.1 21.2 0.2 0.0 10.7 2.0
Hunter 25719 7.9 14.5 15.8 28.8 13.5 7.8 18.5 12.4 10.6 9.8 13.1
lllawarra 7752 11.2 18.4 20.0 18.0 17.1 12.7 41.0 27.7 10.0 9.3 9.3
Mid-North Coast 25377 8.1 10.0 24.9 24.3 12.6 10.8 10.1 9.4 7.6 10.5 5.9
Murray 11518 9.6 12.8 14.0 21.8 20.3 17.8 13.5 16.7 14.9 14.5 13.8
Murrumbidgee 10945 9.5 7.3 16.1 27.1 15.4 16.8 24.3 24.6 10.2 19.1 11.8
North Western 11642 7.7 9.4 12.9 29.0 18.7 16.5 14.8 17.7 19.0 12.6 17.2
Northern 18609 8.3 6.4 13.1 38.4 22.3 21.3 19.8 17.2 22.9 18.5 16.4
Richmond-Tweed 19647 4.7 11.0 11.0 18.0 17.8 10.9 10.1 13.6 9.9 9.2 8.4
South Eastern 25600 7.7 11.1 17.6 23.2 14.7 11.5 11.7 9.3 12.5 9.8 12.8
Sydney Inner 0

Sydney Outer 16805 6.6 6.3 11.0 11.8 10.4 16.9 8.6 6.6 10.4 7.9 11.6
Sydney Surrounds 11800 10.2 5.6 7.0 10.1 13.1 7.1 13.4 7.7 12.3 14.6 12.0
NSW 210315 9.3 10.9 16.1 24.5 16.1 13.8 16.5 14.3 134 13.1 12.1
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Appendix 8 (cont):

Volatility measures (%)

Other
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 14986 9.4 8.5 13.1 23.9 17.3 26.1 14.9 11.2 12.3 14.6 24.9
Far West 537 3.1 9.7 5.0 16.3 1.6 5.1 0.0 0.2 0.0 19.3 18.6
Hunter 4499 24.9 10.2 15.3 94.1 9.8 23.7 28.4 15.8 23.6 15.9 19.5
lllawarra 11779 12.1 22.1 42.6 22.1 28.6 44.6 15.6 17.4 7.6 16.2 17.1
Mid-North Coast 6170 11.7 15.7 26.9 29.7 18.8 9.4 12.6 11.8 7.4 11.0 6.8
Murray 7229 14.4 9.6 20.1 13.3 23.0 14.3 10.5 7.3 7.0 139 9.4
Murrumbidgee 11222 9.0 5.1 6.8 17.2 30.2 11.8 14.9 13.3 20.9 8.0 7.4
North Western 10246 8.3 4.9 11.7 13.8 17.7 14.7 14.0 18.5 27.7 19.9 10.4
Northern 6824 4.4 5.1 5.0 20.3 18.3 34.3 43.6 16.8 8.9 27.9 16.0
Richmond-Tweed 3794 10.3 24.1 26.2 25.2 21.6 12.2 10.8 26.2 15.4 22.1 8.9
South Eastern 5679 6.2 10.3 16.7 59.1 20.9 11.3 30.4 9.7 17.7 16.7 9.1
Sydney Inner 3885 21.9 27.1 8.0 12.5 12.9 20.4 25.1 44.9 34.0 18.7 41.1
Sydney Outer 11367 15.2 25.5 19.5 9.6 8.7 10.3 16.4 26.9 24.6 18.5 16.9
Sydney Surrounds 11998 8.8 8.8 14.4 22.9 21.5 12.2 33.4 21.6 16.4 20.5 16.2
NSW 110215 12.0 14.8 20.4 30.0 20.8 225 22.1 19.0 18.2 17.4 17.2
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Appendix 9: Price index of established houses (Sydney) 1986 to 2012

Year Index (1 July) % change (year on year)
1986 53.7
1987 57.4 7.0%
1988 78.7 37.1%
1989 101.6 29.0%
1990 100.1 -1.4%
1991 103.2 3.1%
1992 104.8 1.5%
1993 106.9 2.0%
1994 112.9 5.6%
1995 114.5 1.5%
1996 117.1 2.3%
1997 122.1 4.2%
1998 133.8 9.6%
1999 144.2 7.8%
2000 160.4 11.2%
2001 173.8 8.4%
2002 210.8 21.3%
2003 249.8 18.5%
2004 268.9 7.6%
2005 255.7 -4.9%
2006 258.2 1.0%
2007 272.2 5.4%
2008 278.9 2.5%
2009 280.7 0.6%
2010 320.6 14.2%
2011 316.1 -1.4%
2012 311.2 -1.6%
Average % change 7.4%
Standard deviation of the annual % change 9.8%

(Source: ABS Catalogue 6416.0)

The index is centred on or about 1 July by averaging the June and September quarter figures

in each year.
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Appendix 10: Data selection and removal of outliers for the data set with area backfilled
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Data set 5: Common properties 2000 to 2011 with area known (or backfilled) and the same broad zoning in 2011 as in 2000
Properties 2050665 2050665 2050665 2050665 2050665 2050665 2050665 2050665 2050665 2050665 2050665 2050665
Average LV ($'000s) 178 191 223 273 324 335 339 351 362 363 384 391
Standard deviation ($'000) 452 457 494 544 597 642 681 755 799 758 791 806
Average value per m’ ($/m2) 302 322 378 458 526 541 542 561 578 585 614 628
Standard deviation ($/m2) 8163 8589 9727 10739 10992 11722 12145 12779 12466 18981 19437 18542
Average change in LV (%) 51.0 18.0 30.8 27.1 5.4 3.1 17.9 10.5 1.4 4.7 2.0
Standard deviation (%) 62848.5 201.6 676.9 34.7 72.4 29.6 19434.1 7959.7 17.1 17.2 14.8
Data set 6: Data set 5 less 1440 outliers
Properties 2049225 2049225 2049225 2049225 2049225 2049225 2049225 2049225 2049225 2049225 2049225 2049225
Average LV ($'000s) 178 191 223 274 324 335 339 351 362 363 385 391
Standard deviation ($'000) 452 457 494 544 597 642 681 754 799 758 791 807
Average value per m> ($/m’) 302 322 378 458 526 541 543 562 579 585 614 628
Standard deviation ($/m2) 8166 8592 9731 10743 10996 11726 12150 12784 12471 18988 19444 18548
Average change in LV (%) 7.1 17.9 30.1 27.0 5.3 3.1 17.8 2.5 1.4 4.7 1.9
Standard deviation (%) 14.2 198.5 29.9 28.2 23.5 20.6 19440.9 13.3 133 11.5 9.7
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Appendix 10 (cont): Data selection and removal of outliers for the data set with area backfilled

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Data set 7: Data set 6 less 4830 properties valued below $500 at some time 2000 to 2011

Properties 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395 | 2044395
Average LV ($'000s) 178 191 224 274 325 336 340 352 363 364 386 392
Standard deviation ($'000) 453 457 495 544 597 643 682 755 800 759 792 807
Average value per m’ ($/m2) 303 323 379 459 527 542 544 563 580 586 615 630
Standard deviation ($/m?) 8176 8603 9742 10756 11009 11740 12164 12799 12485 19010 19467 18570
Average change in LV (%) 7.1 17.8 30.2 27.0 5.3 3.0 4.2 2.5 1.4 4.7 1.9
Standard deviation (%) 10.3 18.4 29.8 27.8 23.3 19.4 23.0 12.9 12.7 11.2 9.1

Data set 8: Data set 7 less a further 811 outliers

Properties 2043584 2043584 2043584 2043584 2043584 2043584 2043584 2043584 2043584 2043584 2043584 2043584
Average LV ($'000s) 178 191 224 274 325 336 340 352 363 364 386 392
Standard deviation ($'000) 451 456 494 544 597 642 681 755 799 759 792 807
Average value per m> ($/m’) 303 323 379 459 527 542 544 563 580 586 616 630
Standard deviation ($/m2) 8175 8601 9741 10755 11007 11739 12163 12798 12484 19014 19471 18574
Average change in LV (%) 7.1 17.8 30.2 27.0 5.3 3.0 4.1 2.5 1.3 4.7 1.9
Standard deviation (%) 10.1 16.5 27.1 27.8 19.3 18.9 17.6 12.1 10.4 10.4 8.8
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Appendix 11: Volatility measures (%)
ANOVA root mean square errors for change in land values from year to year by property zoning

Number of
Zoning Properties | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Residential 1581660 5.9 8.9 13.2 13.0 7.8 11.1 8.4 6.5 6.0 5.8 4.8
Residential strata 48559 9.0 11.9 12.3 11.6 7.7 7.0 7.1 6.5 6.4 5.8 5.1
Business 47077 7.4 10.7 16.5 13.9 16.2 13.7 18.1 12.3 7.4 8.9 8.2
Business strata 3163 10.2 10.5 15.1 14.2 11.4 14.4 14.7 7.8 7.3 6.9 7.0
Industrial 28110 7.3 9.9 11.1 13.6 17.5 15.8 16.3 14.6 9.1 8.7 8.5
Industrial strata 1702 10.5 4.4 6.7 7.0 8.1 7.1 7.4 8.4 4.2 3.7 2.7
Non-urban 212481 9.4 10.9 16.2 24.6 16.1 14.0 16.4 14.3 13.4 13.1 12.1
Other 120832 11.8 14.6 20.2 30.4 204 23.1 21.8 18.8 18.5 17.3 17.3
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Appendix 12: Volatility measures (%)
ANOVA root mean square errors for change in land values from year to year by property zoning
Each of 14 Regions

Residential
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 32288 8.6 8.1 18.6 14.2 11.7 4.8 10.4 8.0 8.7 7.8 6.5
Far West 9354 14.1 1.4 14.1 52.6 19.0 111.5 31.8 25.7 1.2 21.6 7.7
Hunter 175651 7.1 7.9 18.5 18.7 8.0 7.3 7.8 5.4 7.4 6.5 6.5
lllawarra 118039 9.8 13.9 23.4 14.6 9.7 6.7 7.6 6.8 4.8 4.3 4.8
Mid-North Coast 63167 5.3 13.4 24.7 18.4 12.6 6.6 6.3 7.6 5.1 6.4 3.7
Murray 23349 7.4 10.4 10.8 13.9 15.3 15.4 13.0 9.6 7.8 6.4 6.3
Murrumbidgee 23877 6.6 5.9 4.0 19.1 9.1 9.8 3.7 3.9 6.4 4.8 4.3
North Western 15847 4.0 9.3 14.9 43.8 14.2 11.8 38.5 6.6 5.2 12.0 5.8
Northern 35484 5.8 11.8 6.6 9.1 11.8 24.3 16.8 11.5 6.8 10.8 7.4
Richmond-Tweed 45507 7.8 16.5 15.5 15.0 10.1 8.4 8.9 9.0 9.6 5.9 7.0
South Eastern 52530 5.0 13.1 23.0 20.5 10.3 10.2 9.8 8.1 6.6 5.9 6.0
Sydney Inner 250995 3.3 4.2 3.7 4.9 6.1 4.5 4.6 5.7 4.6 4.4 3.4
Sydney Outer 593032 3.9 6.5 7.3 6.5 5.1 4.5 5.6 4.7 4.9 4.4 3.7
Sydney Surrounds 142540 8.2 10.6 10.6 10.7 6.9 6.0 7.4 7.5 8.6 6.7 54
NSW 1581660 5.9 8.9 13.2 13.0 7.8 11.1 8.4 6.5 6.0 5.8 4.8
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Appendix 12 (cont):

Residential strata

Volatility measures (%)

Number of
Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 351 11.8 5.1 11.2 16.2 6.2 2.0 9.4 3.5 18.8 11.3 7.3
Far West 17 18.7 0.0 16.4 56.4 13.3 89.2 41.9 0.1 0.0 16.6 9.7
Hunter 3815 7.1 8.4 17.3 14.1 7.3 9.2 7.3 5.6 6.9 4.9 8.7
lllawarra 2576 12.7 16.7 17.2 131 11.8 5.0 9.7 7.5 4.5 3.4 3.0
Mid-North Coast 2649 7.9 18.8 31.6 21.9 11.7 6.8 53 6.3 4.7 4.6 2.7
Murray 857 2.0 111 9.3 7.9 11.6 10.4 54 3.7 14.0 6.5 3.5
Murrumbidgee 538 8.6 4.4 4.1 14.6 6.1 7.2 4.3 3.2 5.6 7.9 5.6
North Western 87 3.4 6.4 14.6 16.1 22.0 6.5 7.2 1.6 1.8 11.2 3.0
Northern 444 2.9 12.1 3.3 8.1 7.7 8.2 22.6 3.7 3.0 3.4 3.7
Richmond-Tweed 3357 10.2 23.6 13.2 13.1 12.0 6.2 9.0 7.6 8.0 7.8 9.3
South Eastern 1319 5.5 18.1 20.1 18.5 7.6 20.0 5.7 19.1 6.3 7.1 7.3
Sydney Inner 16464 9.4 5.4 4.1 8.7 7.0 5.7 3.9 4.9 4.0 4.9 3.7
Sydney Outer 12644 8.5 11.3 8.3 8.3 4.0 4.4 7.6 5.8 7.0 6.1 4.0
Sydney Surrounds 3441 9.8 10.5 9.7 13.0 7.3 5.8 9.4 6.9 8.0 7.1 5.5
NSW 48559 9.0 11.9 12.3 11.6 7.7 7.0 7.1 6.5 6.4 5.8 5.1
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Appendix 12 (cont):

Volatility measures (%)

Business
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 1774 10.3 6.2 21.4 16.5 20.7 10.6 24.7 4.4 11.6 5.7 18.6
Far West 0

Hunter 4970 6.1 7.3 179 131 24.4 21.0 16.6 12.0 7.2 7.7 5.9
lllawarra 3184 12.3 18.9 26.4 25.3 14.5 10.2 17.8 4.3 5.0 6.6 3.5
Mid-North Coast 2423 7.9 11.2 24.4 11.2 18.4 17.8 9.9 10.5 8.7 10.3 6.9
Murray 1098 2.3 1.2 16.1 4.9 8.4 12.7 6.3 7.4 2.3 7.5 8.6
Murrumbidgee 1087 5.2 2.9 1.8 19.7 24.6 22.0 7.9 18.9 5.4 3.4 3.8
North Western 1092 2.1 9.7 12.1 8.1 17.9 24.1 18.3 14.2 7.0 23.2 9.1
Northern 2364 3.0 7.6 5.9 104 9.8 14.2 23.3 12.0 4.8 11.4 9.1
Richmond-Tweed 1802 5.1 14.6 18.0 14.3 7.0 9.9 6.7 9.5 4.9 19.5 6.0
South Eastern 1987 6.8 9.8 26.7 18.2 22.7 10.4 22.2 26.5 13.9 9.3 6.2
Sydney Inner 14239 6.8 6.8 6.8 7.7 9.7 8.3 11.3 13.1 6.2 6.8 7.5
Sydney Outer 9004 7.9 13.5 16.0 13.4 17.9 14.3 23.5 9.5 8.6 6.7 9.5
Sydney Surrounds 2053 9.2 15.2 249 23.5 15.8 12.2 31.7 11.7 5.0 7.6 7.2
NSW 47077 7.4 10.7 16.5 13.9 16.2 13.7 18.1 12.3 7.4 8.9 8.2
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Appendix 12 (cont):

Business strata

Volatility measures (%)

Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 30 9.3 0.1 8.1 5.1 8.1 7.4 15.3 54 3.5 6.9 7.4
Far West 0

Hunter 241 6.7 7.7 19.6 8.1 17.3 16.4 11.6 4.6 34 4.7 3.2
lllawarra 173 16.1 12.7 17.8 21.5 14.2 7.2 19.9 2.9 3.7 5.6 3.8
Mid-North Coast 129 10.7 11.3 17.3 119 9.5 11.4 5.1 12.5 6.3 3.5 4.0
Murray 23 1.0 0.0 18.0 3.9 10.7 1.5 3.7 1.4 2.1 12.3 9.4
Murrumbidgee 31 1.4 0.9 2.4 32.3 20.2 9.6 2.8 2.8 1.1 2.7 1.7
North Western 26 0.0 3.0 0.0 3.8 8.0 11.4 9.8 0.0 2.8 4.6 11.4
Northern 56 2.5 4.6 4.7 7.6 9.0 16.2 18.8 4.4 2.0 25.2 4.5
Richmond-Tweed 135 3.6 16.0 12.3 9.0 5.9 9.0 2.6 7.8 4.2 7.3 53
South Eastern 71 2.2 15.3 40.3 35.1 10.2 16.6 41.4 13.2 18.3 4.5 12.8
Sydney Inner 1231 11.0 5.7 6.1 9.1 9.1 17.1 10.6 8.8 7.1 6.2 8.4
Sydney Outer 828 10.6 14.6 18.3 15.3 13.3 11.6 11.3 6.7 8.6 6.4 6.0
Sydney Surrounds 189 6.5 10.8 20.8 23.5 8.8 13.4 32.5 6.0 6.8 5.7 6.0
NSW 3163 10.2 10.5 15.1 14.2 114 14.4 14.7 7.8 7.3 6.9 7.0
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Appendix 12 (cont):

Volatility measures (%)

Industrial
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 991 18.7 8.7 24.9 26.3 32.0 5.1 16.2 3.6 20.6 12.4 19.9
Far West 0

Hunter 3217 4.5 6.5 12.6 12.8 15.1 24.3 18.3 21.9 8.3 11.5 8.4
lllawarra 1825 5.8 9.3 13.6 24.1 17.5 18.8 10.6 16.2 7.6 5.7 2.7
Mid-North Coast 1521 6.5 4.3 13.5 12.5 17.2 23.8 15.0 24.7 11.0 9.7 3.7
Murray 481 2.9 9.0 9.3 22.1 18.4 27.7 14.3 2.2 6.6 17.9 54
Murrumbidgee 940 16.1 8.9 19.4 19.6 18.8 27.1 10.6 8.5 7.3 6.9 2.7
North Western 559 0.7 11.0 7.8 14.6 6.3 6.7 70.9 13.8 2.0 12.4 29.7
Northern 1232 4.2 5.5 3.7 9.3 32.9 13.7 19.9 18.5 4.5 22.8 9.1
Richmond-Tweed 1026 3.9 7.7 14.7 22.2 13.7 11.4 11.4 18.8 3.1 9.9 10.2
South Eastern 1390 4.4 5.4 19.4 17.6 40.0 12.8 18.1 19.9 9.0 4.0 4.8
Sydney Inner 4392 3.9 3.4 4.5 3.2 5.0 7.5 9.6 13.9 5.1 3.2 2.3
Sydney Outer 8849 7.4 14.4 6.6 8.2 6.8 7.7 7.7 6.2 7.1 4.4 7.1
Sydney Surrounds 1687 7.9 8.9 6.7 12.7 24.7 25.7 18.5 14.1 18.8 6.2 10.1
NSW 28110 7.3 9.9 11.1 13.6 17.5 15.8 16.3 14.6 9.1 8.7 8.5
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Appendix 12 (cont):

Industrial strata

Volatility measures (%)

Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 13 18.2 0.0 26.1 18.1 26.4 7.7 28.6 1.9 17.6 6.7 3.2
Far West 0

Hunter 133 3.2 13 14.0 5.2 4.8 6.6 13.5 12.9 4.5 3.3 4.4
lllawarra 72 3.0 6.7 8.9 10.7 15.0 7.2 5.0 2.6 2.2 2.3 0.9
Mid-North Coast 47 2.0 3.4 3.0 1.6 21.4 2.6 6.0 11.7 7.2 3.7 2.5
Murray 5 0.4 0.0 0.0 0.5 16.9 0.2 10.0 1.3 1.4 0.0 0.0
Murrumbidgee 10 0.0 18.5 0.3 21.2 13.1 15.9 0.0 2.7 1.1 2.6 0.0
North Western 4 0.0 5.0 5.0 4.1 0.4 0.0 2.9 0.0 0.0 7.8 7.9
Northern 8 0.0 1.1 7.6 0.3 15.6 25.3 0.1 0.1 3.2 0.0 1.3
Richmond-Tweed 48 1.8 4.7 12.2 7.5 8.3 2.6 4.8 10.8 2.1 13.1 6.5
South Eastern 29 4.6 2.7 1.0 15.9 7.1 3.9 13.2 8.3 4.3 1.4 1.3
Sydney Inner 244 1.4 1.8 4.0 2.5 1.9 2.7 3.6 8.0 3.2 1.2 1.1
Sydney Outer 946 13.3 4.3 5.0 6.3 5.6 7.0 5.5 6.9 3.0 2.8 2.5
Sydney Surrounds 143 4.9 6.6 5.5 10.0 13.8 11.7 11.2 12.9 8.1 5.5 2.5
NSW 1702 10.5 4.4 6.7 7.0 8.1 7.1 7.4 8.4 4.2 3.7 2.7
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Appendix 12 (cont):

Volatility measures (%)

Non-urban
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 24986 15.5 11.6 16.2 22.7 16.9 14.2 14.6 13.9 14.9 17.8 11.7
Far West 33 81.4 7.5 0.0 26.0 64.5 46.0 324 0.2 0.0 10.8 2.0
Hunter 26269 7.9 14.6 16.0 28.8 13.7 7.8 18.3 12.3 10.6 9.9 13.2
lllawarra 7854 11.2 18.5 20.0 179 17.0 12.7 41.1 27.6 10.0 9.3 9.3
Mid-North Coast 25594 8.1 10.0 24.9 24.5 12.7 12.0 10.1 9.3 7.6 10.5 5.9
Murray 11568 9.6 12.8 14.0 21.8 20.3 17.8 13.5 16.7 14.9 14.4 13.7
Murrumbidgee 11008 9.5 7.3 16.1 28.4 15.4 16.8 24.3 24.6 10.3 19.1 11.8
North Western 11667 7.7 9.4 129 29.0 18.7 16.6 14.9 17.7 19.1 12.7 17.2
Northern 18706 8.3 6.3 13.1 38.3 22.3 21.3 19.9 17.2 22.8 18.5 16.3
Richmond-Tweed 19691 4.7 111 111 18.2 17.8 10.9 10.1 13.6 10.0 9.2 8.4
South Eastern 25737 7.8 111 17.6 23.3 14.7 11.5 11.7 9.3 12.5 9.8 12.7
Sydney Inner 0

Sydney Outer 17377 6.7 6.2 11.9 11.9 10.3 17.6 8.6 6.8 10.6 8.3 11.7
Sydney Surrounds 11991 10.2 5.6 7.0 10.0 13.9 7.1 13.5 7.7 12.3 14.8 12.0
NSW 212481 9.4 10.9 16.2 24.6 16.1 14.0 16.4 14.3 134 13.1 12.1

38.




Appendix 12 (cont):

Volatility measures (%)

Other
Number of

Region Properties 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Central West 17746 9.2 8.7 12.8 23.3 16.2 24.6 14.1 10.7 12.1 16.0 23.1
Far West 635 2.8 9.5 4.7 15.6 1.5 4.8 1.2 3.0 0.0 19.6 18.3
Hunter 4870 25.0 11.0 149 100.1 9.5 23.0 27.8 15.5 23.1 17.2 19.2
lllawarra 12617 12.2 22.1 42.2 22.0 28.1 47.7 15.5 18.1 7.7 15.7 20.5
Mid-North Coast 6408 11.6 15.6 26.9 29.6 19.6 9.3 12.4 11.8 7.4 10.9 6.7
Murray 7995 13.8 9.6 21.1 13.2 22.8 14.2 10.1 7.1 6.9 13.6 9.2
Murrumbidgee 13147 8.8 5.6 6.4 17.4 28.4 11.9 14.8 12.5 20.0 7.4 7.6
North Western 10886 8.1 4.8 114 13.8 18.7 14.3 13.6 18.3 28.5 19.5 10.1
Northern 6974 4.4 5.1 5.0 204 18.3 34.0 43.5 16.8 8.9 28.8 15.8
Richmond-Tweed 4084 11.5 23.5 26.1 24.8 21.1 12.2 10.8 26.4 15.5 21.8 9.1
South Eastern 5777 6.2 10.3 16.7 58.8 20.8 11.2 30.2 9.7 18.2 16.7 9.4
Sydney Inner 4832 19.7 24.8 7.9 12.2 12.3 20.7 24.7 42.2 31.6 17.5 39.4
Sydney Outer 12438 14.6 25.0 194 10.9 9.9 14.9 16.5 26.4 27.2 17.9 16.7
Sydney Surrounds 12423 8.8 8.9 15.0 23.7 215 12.1 34.7 21.5 16.2 20.2 16.1
NSW 120832 11.8 14.6 20.2 30.4 20.4 23.1 21.8 18.8 18.5 17.3 17.3
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Appendix 13: Accompanying spreadsheets (Post_Code_Analysis.xlsx)

Two spreadsheets containing the results of analyses for postcodes within each LGA are
included with this report. Post_Code_Analysis_1.xIsx contains analyses arising from Data
set 4, while Post_Code_Analysis_2.xlIsx contains analyses arising from Data set 8 (the data
with back-filled areas for some properties).

Both spreadsheets contain separate tabs for average percentage change in land value and
standard deviation of the percentage change in land value at the postcode area. They are
further divided into different land use tabs — 5 for Post_Code_Analysis_1 corresponding to
Data set 4 and the Crowe Horwath Analysis (Residential, Business, Industrial, Non-urban and
Other zones) and 8 for Post_Code_Analysis_2 corresponding to Data set 8 and the fuller
data set (with zones Residential, Residential strata, Business, Business strata, Industrial,
Industrial strata, Non-urban and Other). A tab with summaries of the volatility (standard
deviations) of 5% and under, and 10% and under for 2010-11 is also included in each
spreadsheet.
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