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It is widely known that housing wealth 
is one of the most important compo-
nents of household wealth. Further-
more, it often serves as collateral for 
households when taking out loans. 
 Therefore, on the one hand residential 
 property price dynamics influence 
 households’ consumption and investment 
decisions via wealth effects. On the 
 other hand, property transactions are 
often financed by loans, and fluctua-
tions of residential property prices there-
fore directly affect households’ liability 
and credibility. As the wish to own 
one’s home is fundamentally human, it 
is important to monitor residential 
 property price fluctuations from a social 
perspective as well. This is, in fact, all 
the more important under circumstan-
ces of economic uncertainty and when 

an escape to real property investment is 
imminent.1

The correct collection of data on 
price movements is the key prerequisite 
for analyzing property market develop-
ments; particularly against the back-
ground of global and strongly interlinked 
financial markets, a harmonized collec-
tion of property price data has become 
more and more important. An analysis 
of property market developments 
should then be twofold, covering both 
commercial and residential property 
prices to get a comprehensive picture. 
This paper discusses some possible 
methods how to calculate a residential 
property price index (RPPI) and intro-
duces the newly available RPPI for 
 Austria as a whole.

A New Residential Property Price Index 
for Austria

As the availability and quality of residential property price statistics are very limited in Austria, 
the construction of a state-of-the-art residential property price index (RPPI) has become an 
urgent topic. In this paper, we therefore describe the setup of a new RPPI for Austria. So far, 
two separate indices – one for Vienna and one for the rest of Austria – have been calculated 
and weighted by population to get an aggregated time series for Austria. But besides the fact 
that the weighting is rather difficult to justify, both indices are calculated using a hedonic 
 regression model with a fixed structure over time. This approach can lead to biased effects for 
current estimation results if changes in the variable effects occur over time. Thus, for the 
new RPPI, we use a different approach: On the one hand, we estimate a single model for 
 Austria which makes arbitrary weighting by share of population unnecessary. We apply semi-
parametric models that take into account nonlinearity and spatial heterogeneity and result in 
unbiased quality-adjusted time effects as omitted variable effects are modeled adequately. 
On the other hand, since we use imputation methods, structural changes in estimated effects 
no longer result in distorting effects. Given the sophisticated modeling of variable effects, 
 spatial heterogeneity and variation over time, the new RPPI can be considered a further mile-
stone in residential property price modeling and data quality enhancement in Austrian residen-
tial property price statistics.
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1  What Makes the Construction 
of Residential Property Price 
Indices so Difficult?

There are several factors that compli-
cate the construction of an RPPI: The 
construction of price indices is typi-
cally based on a comparison of prices of 

identical goods over time, which makes 
the measurement of price changes rela-
tively easy. By contrast, each piece of 
property is located in a unique place 
and has a unique set of characteristics, 
which is why real estate is considered a 
heterogeneous good. Therefore, matching 

Box 1

Macroeconomic Impacts of Residential Property Price Developments

Empirical evidence shows that residential property prices drive macroeconomic developments 
as a leading indicator and that there exists a causal relationship between developments in the 
housing market und the real economy.

Residential property prices and ownership rates: While residential property prices 
recorded all-time increases in the past years in Spain, the United Kingdom and Ireland, 
 comparably low increases were recorded in Austria and in Germany. These differences reflect 
country-specific factors like demographic changes, institutional regulations and the specific 
economic and/or cyclical situations. Different ownership rates (43% in Germany versus 86% in 
Spain) can be explained by taxation incentives and a different access to real estate financing. 
The living situation (home owner or tenant) is determined by people’s income and the ratio of 
the costs of owning a home versus those of renting a home (price-rent ratio) as well as by 
demographic variables.

Residential property price fluctuations as a reason for wealth effects: The life 
cycle model (Ando and Modigliani, 1963) states that consumers distribute the increases in 
their expected wealth over time and that their marginal propensity to consume (MPC) out of 
wealth – independent of the type of wealth – has always the same magnitude. The housing 
market influences consumption in various ways – wealth effects from the housing market 
have not the same intensity as wealth effects from the stock market (Case et al., 2005). 
 Housing wealth most often serves as collateral. An increase in residential property prices can 
alleviate loan repayment and cause spillover effects, thereby driving up consumption. Some 
papers (e.g. Altissimo et al., 2005) show that housing wealth has a significantly positive effect 
on consumption. The authors calculate that the MPC comes to between 2 and 9 cents per 
U.S. dollar of nominal housing wealth. In the euro area this effect is far less significant.

Residential property prices and the business cycle: Some recessions were predicted 
by the housing or the construction sectors, although these sectors are too small to cause a 
recession on their own. Residential property price fluctuations not only generate substantial 
wealth effects on consumption but also – and this became obvious during the most recent 
 financial crisis – significant spillover effects for the whole macroeconomy. For example, booms 
in housing investment often result in increased employment.

Residential property prices and financial markets: In principle, housing is a local 
good and dependent on national regulations. Institutional arrangements on the housing and 
mortgage markets play a role not only for macroeconomic development but also in the 
 transmission of shocks. They influence the intensity and speed of monetary transmission, and 
they affect the characteristics of the mortgage market (the level of the loan-to-value ratio, 
banks’ valuation methods in lending, etc.) and can strengthen or dampen the transmission 
of residential property price developments on the availability of loans for households and 
 investors.

Regulation may soften fluctuations in the housing market – one of the main arguments 
for promoting regulation efforts. Additionally, there are quite clear differences across countries 
in the taxation and tax deductibility of mortgage interest rates and in the various types of 
loans and grants to households.
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property prices exactly is often very 
difficult or even impossible. Further-
more, one and the same piece of prop-
erty may be subject to depreciation, re-
novation and changes in maintenance 
costs, which renders longitudinal com-
parisons within properties over time 
problematic. Moreover, residential prop-
erty transactions occur on an irregular 
basis and are unequally distributed over 
space. Finally, as explained in box 1, 
residential property price data may 
serve for a wide range of purposes. It is 
therefore appropriate to apply different 
measurement and modeling methods in 
this context. Property price data are 
e.g. interesting 
– for the owners of residential prop-

erty in order to assess the profita-
bility and earning power of their 
property investment,

– for housing market participants 
(funds, issuing agencies, banks) in 
order to be able to recommend resi-
dential property to their clients, etc.,

– for real estate agencies, for mort-
gage banks and insurance agencies 
in order to be able to assess the 
 respective collateral,

– for municipalities in order to be 
able to assess the price effects of 
 investments in infrastructure proj-
ects,

– for sworn appraisers, who may use 
this information as a basis for the 
detailed assessment of specific pieces 
of property,

– and for a number of other economic 
agents.

Another problem concerning residen-
tial property price analysis is the avail-
ability of appropriate data. Generally, 
two separate types of RPPIs can be 
 distinguished: a constant-quality price 
index either for the stock of housing at a 
particular moment or for residential 
property sales that took place during a 
particular period of time. Naturally, 

these two indices will be constructed 
in different ways. As housing stock data 
are not available, however, we have to 
rely on quotation or transaction price 
data. Basically, three different types of 
primary data on residential property 
prices are available in Austria, each 
with different (dis-)advantages:
1.  (Mortgage) data provided by banks, 

insurance companies, etc.: These 
data are often very detailed, as they 
are also used for documentation 
purposes. However, in addition to 
the fact that these data are rarely 
disclosed, they are usually based on 
only a small number of observations 
and are often not representative of 
the entire market as the business 
 activities of the data-providing 
banks and companies are usually 
concentrated within certain regions.

2.  Data on quotation prices from real 
estate platforms: Usually these data 
comprise many observations with a 
detailed measurement of property 
characteristics. However, as real 
 estate platforms usually also focus 
on certain regions, they cannot be 
considered representative of the 
whole market, either. Moreover, 
these data may be biased: Several 
studies (e.g. Knight, 2002) show 
that quotation prices may vary over 
time and differ from the actual 
transaction prices. However, if this 
bias does not vary significantly over 
time, this problem hardly affects 
price index construction.

3.  Transaction price data from the land 
register: In Austria, transaction pri-
ces for real estate have to be entered 
in the land register. Therefore, this 
source is clearly representative of 
the entire market. However, there 
are again some serious drawbacks in 
using these data: First, they may 
also be biased, e.g. due to tax avoid-
ance behavior, which may vary over 
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different types of residential prop-
erty as well as over space and time. 
Second, these data contain only a 
small number of explanatory va-
riables, which results in an omitted-
variable bias if they are used for he-
donic residential property price 
modeling.

For constructing the RPPI proposed 
in this paper, we decided to use quota-
tion prices because of their relative 
 advantages.2 However, further research 
will be required to examine the spatial 
and temporal variation of offer mark-
ups, i.e. the quality-adjusted diffe-
rence between quotation and transac-
tion prices, in more detail. Especially 
if systematic links are found between 
index level and index development on 
the one hand and offer markups on 
the other, this circumstance has to be 
carefully taken into account in index 
construction.

2  Methods for the Calculation of 
Residential Property Prices

To measure pure price changes, residen-
tial property prices have to be  adjusted 
for quality changes. Basically, there are 
three main issues in the construction of 
property price indices:
1.  Comparability: The index must 

take into account different quality 
 levels (e.g. location, size, age, tech-
nical equipment) and make the 
 results comparable across time 
 periods. Therefore, it is necessary 
to avoid misspecification and, partic-
ularly, omitted variables.

2.  Change of standards: To construct a 
representative index, it is necessary 

to consider changes in quality stand-
ards over time and to rely on com-
parable characteristics. If price in-
dices are evaluated for nonrepresen-
tative characteristics, this may 
result in biased results.

3.  Time-varying effects: Even if the 
 effects of price-determining charac-
teristics change only gradually, in the 
long run they cannot be assumed to 
be fixed.

Four main methods to control for 
 changes in property characteristics are 
discussed in the literature: stratification 
or mix adjustment, repeat sales methods, 
hedonic regression methods and the use of 
property assessment information3.

The stratification of transactions 
 according to specific price-determin-
ing characteristics is the simplest way 
to adjust for changes in the quality mix 
that occurs in the samples at different 
points in time. Homogeneous strata or 
cells are defined within the data set and 
the average transaction price within 
each stratum or cell is used as a proxy 
for the prices of objects featuring the 
same quality mix. These prices are 
 aggregated across cells into an overall 
index.

Given the positive skew of transac-
tion prices, median indices render a 
more realistic picture than simple mean 
indices. But the problem with median 
indices is short-term noise and a 
 systematic bias if quality improvements 
occur over time4. But such a bias also 
occurs when using hedonic and repeat 
sales methods.

A method often applied to reduce 
this bias is the post-stratification of sam-

2 Quotation prices are provided by the internet platform Ametanet of the Austrian real estate software company 
EDI-Real.

3 For more details, see European Commission (2011, chapters 3 and 4).
4 If houses of a higher quality are sold more often than houses of minor quality and the price changes of the former 

are more pronounced than of the latter, a downward bias will occur as the number of sales per house type does not 
correctly represent the number of existing houses per house type (sample selection problem).
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ples, which controls for changes in the 
quality mix of properties sold. This 
method is known as mix adjustment.

The repeat sales method compares repeat sales method compares repeat sales method
properties that are sold more than once 
over the sample period. The standard 
repeat sales method is based on a 
 regression model pooling the repeat 
 sales data over all periods under obser-
vation. One drawback of this method 
is how to control for changes in the 
quality of a property over time (e.g. a 
quality increase caused by renovation). 
Furthermore, the sample sizes available 
for this method are usually very small 
and prone to measurement errors due 
to false matching.

Hedonic regression methods adjust for 
differences in the quality mix using 
 information on the underlying charac-
teristics of a property. In the literature, 
two subgroups are discussed. The time 
dummy variable method, which models 
the property’s price as a function of 
its characteristics and a set of time 
dummy variables, is most popular. As 
data on all sample periods are pooled, 
the  resulting indices may be subject 
to revisions. To deal with this prob -
lem, hedonic imputation methods were 
developed.

Countries charging a real estate tax 
often have an official property valuation 
office providing appraisals of proper-
ties. Assessment-based methods combine 
transaction prices with appraisals and 
calculate transaction price-to-appraisal 
ratios, thereby controlling for quality 
mix changes. Contrary to the repeat 
 sales method, assessment-based methods 
rely on all available transaction data, 
and previously calculated indices are 
not revised.

3  The Austrian RPPI
3.1  The Old and the New 

Austrian RPPI
Both the old and the new Austrian 
RPPI rely on quotation prices, which 
include price observations combined 
with “structural” (property-specific) 
variables. Approximately 10,000 obser-
vations are available each year. “Loca-
tional” (location-specific) variables are 
used to adjust for spatial differences 
down to census tract level5. On the 
 basis of the available data, indices 
are estimated for condominiums and 
family homes (single- and two-family 
homes, semidetached and terraced 
 houses). The following section describes 
the old Austrian RPPI and the improve-
ments leading to the new RPPI.

For the old Austrian RPPI, two 
 separate indices (one for Vienna and 
one for the rest of Austria) are estima-
ted and weighted by population, which 
is somewhat arbitrary as this approach 
does not take into account the under-
lying model and data structure leading 
to the respective indices. Another 
 problematic issue in constructing the 
old RPPI is that it is based on time 
dummy evaluation in a model with 
 fixed variable effects over time. Basi-
cally, hedonic price models are used 
in both the old and the new RPPI to 
model the effects of structural and 
 locational characteristics (including the 
time trend) on prices. In an unconstrai-
ned version of such a model, the 
parameters for these characteristics are 
 allowed to vary over time. However, 
this leads to very unstable results, 
which is why effects are usually held 
constant over certain time periods, 
with time dummies describing quality-
adjusted changes in the price level over 

5 In Austria, there are 8,748 census tracts in 2,379 municipalities, which form 121 districts across the 9 Austrian 
provinces.
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time. As changes in preferences occur 
only gradually, this is a reasonable 
 approach if applied only for a limited 
time period. However, if variable effects 
turn out to vary significantly over time, 
this results in model misspecification. 
The model can then either be modified 
using time-interaction effects, or must 
be completely re-estimated on the basis 
of a new subsample of observations. 
However, both approaches do not allow 
for applying the relatively simple time 
dummy variable method (i.e. evaluating 
time dummy effects) as in a model 
 based on time-constant parameters, 
 because the time-varying effects may 
interfere with the time dummies. As 
described above, this is why imputation 
methods are applied in constructing 
the new RPPI.

Another issue in hedonic price mod-
eling is the occurrence of nonlinear 
functional relationships and unexplai-
ned spatial heterogeneity, i.e. spatially 
varying relationships that cannot be 
 explained by location-related variables. 
The old Austrian RPPI is based on 
 classical linear models, which allow for 
nonlinearity in covariate effects only in 
a very restricted fashion (by integrating 
polynomial terms in the equation), 
again possibly resulting in functional 
misspecification. Furthermore, unex-
plained spatial variation is modeled by 
dummy effects. This approach yields 
very unstable results in districts where 
only few observations are recorded. 
Also, the time index is modeled accor-
ding to the dummy approach, which 
results in very volatile effects if, in a 
certain time period, there are relatively 
few or outlying observations. To sum 
up, linear models seem to exhibit some 
drawbacks that cause them to yield 
 biased or insufficient results which 

may seriously impair index construc-
tion.

Therefore, the new model uses a 
 semiparametric approach, namely Gen-
eralized Additive Models (GAMs) as de-
scribed in Wood (2006a). GAMs model 
continuous covariates using penalized 
regression splines, which allow for 
 nonlinearity in a regularized statistical 
framework. Distributional and structural 
assumptions, given covariates and param-
eters are based on Generalized Linear 
Models (GLMs), E(yi | zi , xi ) = h(ηi )

6. 
However, instead of a linear predictor, 
GAMs apply the additive predictor 
ηi = fi = fi = f (z(z( i1 ) + ... + fq) + ... + fq) + ... + f  (z (z ( iq ) + xi´γ, where x´γ is 
the usual parametric part of the predic-
tor, zjzjz  is a continuous covariate, time j is a continuous covariate, time j
scale or district index and fjfjf  are (not j are (not j
 necessarily continuous) functions of 
these covariates. The trade-off between 
data fidelity and smoothness is gover-
ned by model selection criteria, in our 
case the generalized cross-validation 
criterion (Wood, 2006a). Unexplained 
spatial heterogeneity is modeled by 
 random effects. Random effects penal-
ize the lack of information in a district: 
The fewer observations there are in one 
unit, the more they tend toward the 
“baseline” effect of the model, i.e. the 
level predicted by location-specific 
 levels of covariates. Again, penalization 
is achieved by model selection criteria.

The new RPPI takes these problems 
into account in the following way: In a 
first step, a reference model with time-
invariant effects is estimated using all 
available data. The time period for 
 condominiums covers 5 years (from 
2007 to 2012), that for family homes 
7 years (from 2005 to 2012). For the 
current version of the RPPI, the log of 
the property price is taken as the 
 dependent variable. The effect of the 

6 For the models applied here, we use the identity link, i.e. the linear predictor corresponds to the mean of the 
distribution function.
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age of the respective object, the specific 
living area and, in the case of family 
 homes, also the plot area as well as 
 locational covariates7 are modeled as 
penalized regression splines, and unex-
plained spatial heterogeneity is modeled 
by district random effects8. The time 
trend is considered in five different 
ways:
1.  In the dummy approach, quarterly 

time dummy effects are estimated 
like in the old model. However, as 
can be seen in charts 1 and 2, this 
leads to rather volatile estimation 
results, e.g. for condominiums in 
Q4 08 and for family homes in 
Q4 06.

2.  The second version is a smooth trend 
estimation, where a nonlinear time 
trend is estimated using penalized 
regression splines. However, for 
both models, this approach seems 
to underestimate abrupt jumps.

3.  The third version estimates a random
time effect. As mentioned before, 
random effects models tend to 
weight the estimated parameters 
toward zero. Although this helps 
prevent large outliers, the effect is 
underestimated if the market truly 
tends up- or downward over time.

4.  The fourth model combines a 
 nonlinear time trend and random 
effects for modeling deviations from 
this trend, which is why it is called 
“smooth-random” model. This ap-“smooth-random” model. This ap-“smooth-random”
proach should account for abrupt 
deviations from a continuous base-
line trend. Nevertheless, the results 
seem to be dominated by the non-
linear trend.

5.  Finally, a model is estimated that 
integrates time effects in a hierar-
chical manner: The baseline time 
effect is estimated as a yearly effect, 
and deviations from that effect are 

7 For the new RPPI, the log of the share of academics or high school graduates in the total population of a census 
tract is taken as a proxy for the social composition of the neighborhood. Furthermore, four variables enter the 
model at the municipality level: an index for the price of building land; the number of overnight stays (as a proxy 
for touristic activity in the municipality); a measure for accessibility (as a measure of centrality); and the growth 
of purchasing power from 2005 to 2009.

8 There are 121 census districts in Austria.
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captured by random effects on a 
quarterly basis, which is why this 
model is called “year-random” model. “year-random” model. “year-random”
It seems to provide a robust trade-
off between data fidelity and penali-
zation, as the baseline effect is 
 defined by a relatively large sub-
sample while abrupt changes are 
also captured to some extent.

Given the relative advantages described 
above, namely the penalization of abrupt 
changes without over-smoothing, the 
“year-random” model is preferable for “year-random” model is preferable for “year-random”
both condominiums and family homes. 
In a next step, time effects are evaluated 
at the level of characteristics for the 
year 2012 and rebased for the year 
2007, which yields the current index 
values as displayed in table 1.

3.2 Imputation for Index Update

As mentioned above, one undesirable 
feature of a time effect resulting 
from a pooled model is the index 
 revision that goes with it. If the time 
series is extended, i.e. new observa-
tions enter the data base, the estimated 
effects, including the time effect, tend 
to change gradually. Therefore, an in-

Q1 07 = 100
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Table 1

RPPI for Condominiums and 
Family Homes

Q1 07 = 100 Condominiums Family homes

Q1 05 x 98.16
Q2 05 x 97.38
Q3 05 x 97.54
Q4 05 x 97.32
Q1 06 x 95.89
Q2 06 x 95.35
Q3 06 x 95.49
Q4 06 x 95.02
Q1 07 100.00 100.00
Q2 07 100.30 100.45
Q3 07 100.79 101.11
Q4 07 102.10 100.66
Q1 08 103.18 98.94
Q2 08 105.20 100.44
Q3 08 105.69 100.25
Q4 08 106.46 99.91
Q1 09 106.25 100.36
Q2 09 108.88 101.23
Q3 09 106.90 100.70
Q4 09 110.04 100.55
Q1 10 112.30 103.45
Q2 10 115.55 103.56
Q3 10 115.20 102.79
Q4 10 116.01 102.98
Q1 11 120.92 105.69
Q2 11 122.39 105.39
Q3 11 125.45 106.94
Q4 11 126.39 105.72
Q1 12 129.91 109.56

Source: Authors’ calculations.
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dex constructed this way is of limited 
use.

In order to circumvent this problem, 
imputation methods are applied. This 
means that separate models are estimat-
 ed for each time period, and the RPPI 
is constructed by evaluating these models 
on a period-average level of property 
characteristics, while locational co-
variates are evaluated at the local level 
of characteristics for each census tract. 
Hence, a set of synthetic properties is 
constructed, with prices varying over 
8,748 census tracts. As, by construction, 
census tracts are comparable in terms 
of population data, this approach repre-
sents an implicit population weighting. 
Since the implicit price functions are 
thus allowed to vary over time and 
also incorporate spatial variation, this 
approach is very flexible.

The crucial point is how to choose 
the level of characteristics applied. Ba-
sically, there are two possibilities: The 
Laspeyres-type hedonic imputation index 
applies the level of characteristics of the 
base period 0 (indicated by the super-
scripts) and evaluates the estimated pre-
dictors η̂ for the base period (subscript η for the base period (subscript η̂ for the base period (subscript ˆ
0) and the current period (subscript t)t)t 9:

PHL
0t =

exp η̂t
0 +

σ̂ t
2

2
⎛

⎝⎜
⎞

⎠⎟

exp η̂0
0 +

σ̂ 0
2

2
⎛

⎝⎜
⎞

⎠⎟

,

while the Paasche-type hedonic index 
evaluates the models at the mean level 
of the current period:

PHP
0t =

exp η̂t
t +

σ̂ t
2

2
⎛

⎝⎜
⎞

⎠⎟

exp η̂0
t +

σ̂ 0
2

2
⎛

⎝⎜
⎞

⎠⎟

.

The Fisher-type hedonic imputation 
 index combines these types by taking 
the geometric mean of these indices:

PHF
0t = [PHL

0t × PHP
0t ]

1
2 .

Thus, the updates for the new index in 
period t are derived as follows:t are derived as follows:t
1.  Selection of a base period 0 (in this 

case Q1 12) and estimation of a 
pooled base model, obtaining  η̂0, σ̂0σ0σ 2.
This base model is
a)  evaluated for period 0 on the 

 period-average level of attributes. 
However, instead of just taking 
the mean attributes from one 
quarter, we take the average level 
of attributes over one year (in 
this case from Q1 11 to Q1 12) in 
order to stabilize the results, so 
for any variable

xk , xk = xiti=1

n∑t=−4

0∑ , and
b)  evaluated at the mean level of 

 attributes for period t. Again, the 
mean of these attributes is taken 
over one year.

2.  Estimation of a new model for the 
current index level in time period t, 
similar to the model for the base 
period. For this purpose, data over 
a period of two years are pooled, 
obtaining  η̂ t , σ̂tσtσ 2. Again, this model 
is evaluated at the period-average 
level of attributes a) in 0 and b) in t
as described above.

3.  Calculation of the Laspeyres-type 
hedonic imputation index, using the 
results from 1a) and 2a).

4.  Calculation of the Paasche-type he-
donic imputation index, using the 
results from 1b) and 2b).

5.  Calculation of the Fisher-type he-
donic imputation index, taking the 
geometric mean of 3) and 4).

9 As we take the log of the dependent variable in this model, half of the estimated variance has to be added to the 
estimated predictors for the base period before exponentiation in order to get unbiased results.
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6.  After five years, the indices will be 
rebased to a new base period (in this 
case Q1 17) to prevent too strong 
deviations between the Laspeyres- 
and the Paasche-type hedonic im-
putation indices.

3.3  Prospects for Future 
 Development

The new RPPI seems to overcome most 
of the difficulties in hedonic index 
construction very well. However, there 
are still some issues that will have to 
be considered in the future. First, the 
base model currently captures spatial 
heterogeneity only on the intercept 
(i.e. the spatial variation in price levels) 
using a hierarchical fixed- and random-
effects structure. Spatial slope hetero-
geneity (i.e. spatial variation in price 
changes) might be incorporated to im-
prove the model’s predictive quality. In 
a semiparametric framework similar to 
the one described in this paper, this has 
been done by Brunauer et al. (2010). 
Furthermore, a way to model continu-
ous spatial heterogeneity in a GAMs 
framework would be the integration 
of tensor product splines (TP splines, 
Wood, 2006b), which extend the spline 
basis to two or even higher dimensions. 
As the observations used for index 
construction are geo-coded, TP splines 
could be estimated over the respective 
geo-coordinates.

Nevertheless, the most important 
topic seems to be the data base. As 
mentioned before, we use quotation 
price data for this study. Several other 
studies show that quotation price data 
differ systematically from transaction 
price data (e.g. Knight, 2002). As price 
data are usually hardly available – and 
if so, only in a form that makes them 
difficult to use (i.e. a very small number 
of characteristics, see section 1.1) – 

they cannot easily be used in hedonic 
price index construction. Therefore, in 
order to derive the offer markup, one 
could either perform a kind of data 
matching to find the actual purchase 
prices that correspond to the quotation 
prices in question or derive some kind 
of spatially varying markup, again using 
imputation methods (in this case spatial 
imputation) that cope with the lack of 
explanatory covariates.

Finally, as mentioned in section 1.1, 
the RPPI should be constructed either 
for the stock of housing or for property 
sales, using spatially varying weighting 
schemes. The new RPPI described in 
this paper only accounts for such sche-
mes implicitly, by evaluating the model 
for census tracts, which roughly corre-
sponds to population weights. However, 
on a small scale, hardly any data are 
available to construct a spatially varying 
weighting scheme. Furthermore, it seems 
that the application of such a weighting 
scheme in some respects produces 
more model-related problems than it 
solves: It might assign very high weights 
to outliers in regions with small num-
bers of observations or induce specifi-
cation problems like heteroskedasticity. 
This topic will have to be considered 
carefully in the future.

4  Alternative RPPIs in Austria
4.1  The OOH Project of the ECB, 

Eurostat and Statistics Austria

As housing market analysis is becoming 
increasingly important, there is an 
 obvious need for harmonized statistical 
data. First efforts to survey owner- 
occupied housing (OOH) at the Euro-
pean level were made in 2000 as the 
Statistical Programme Committee pro-
posed to implement an OOH price 
 index. A pilot project was launched, 
which followed the net acquisitions 
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principle10; after the pilot, a possible 
 inclusion of the OOH index in the 
 Harmonized Indices of Consumer Prices 
(HICP) was to be considered. The proj-
ect was to be conducted in five stages, 
during which the methodological and 
procedural framework for regularly 
calculating and transmitting residential 
property prices was to be developed. 
Finally, in December 2010, these efforts 
led to the first release of experimental 
harmonized RPPIs11. Statistics Austria12

transmitted the first experimental re-
sults to Eurostat in February 2010.

OOH Stage 5 started in January 
2012 and is scheduled for 27 months. 
So far, a regulation on the OOH index 
has not been passed, but a draft regula-
tion has been prepared, laying down 
detailed rules for the implementation of 
Council Regulation (EC) No. 2494/95 
as regards establishing OOH price 
 indices within the HICP. The respec-
tive regulation is to be passed in the fall 
of 2012.

The OOH index will be produced 
on a quarterly basis with T+75 and will 
be calculated backward to Q1 05. For 
this new index, Statistics Austria calcu-
lates a data series which includes new 
and used houses, prefabricated houses 
and data on maintenance and repairs. 
Self-construction, insurance and char-
ges related to property purchases will 
not be captured in the series. The 
 calculation by Statistics Austria will be 
based on data provided by the Austrian 
Federal Ministry of Finance from its 
property acquisition tax database. 
Should the OOH index be integrated in 

the HICP, calculating it on a monthly 
basis will be another difficult challenge.

4.2  Further Data Published by Real 
Estate Agents and Companies

There are further indices provided e.g. 
by the Austrian Economic Chambers 
(Wirtschaftskammer Österreich). The 
by the Austrian Economic Chambers 
(Wirtschaftskammer Österreich). The 
by the Austrian Economic Chambers 

so-called Immobilienpreisspiegel is a rather Immobilienpreisspiegel is a rather Immobilienpreisspiegel
detailed database capturing data on the 
quotation prices of new and used con-
dominiums, family houses, detached 
houses, building areas, rented flats, office 
space and business premises. As data 
are available on this disaggregated level 
for all political districts of Austria, 
the sample numbers of the respective 
districts are sometimes quite small. 
There is no underlying model; rather, 
the data are based on a survey among 
real estate trustees and estate agents. 
Moreover, some real estate agencies 
publish related data – e.g. RE/MAX in 
its RE/MAX ImmoSpiegel, using data 
from the land  registry, or the platform 
www.immobilien.net, which publishes 
immoDex, using the median of quotation 
price data from their database.

5 Conclusions

Housing wealth is one of the key com-
ponents of household wealth. As resi-
dential property price dynamics exert a 
crucial influence on consumption and 
investment but also on households’ finan-
cial position, the correct collection of 
price data is one of the fundamental 
prerequisites for analyses of residential 
property price movements and their 
 effects.

10 The Handbook on Residential Property Prices Indices suggests four possible approaches (European Commission, 
2011, chapter 3): The money outlays or payments approach (adding up the expenses of home ownership 
including expenditure on repairs, mortgage interest costs, etc.), the net acquisition approach (ignoring the 
service costs of OOH and applying only the purchase price), the rental equivalence approach and the user 
cost approach (calculating the financial opportunity cost of owning a house).

11 See European Commission (2010). For further releases, see: http://epp.eurostat.ec.europa.eu/portal/page/
portal/hicp/methodology/owner_occupied_housing_hpi/experimental_house_price_indices.

12 In Austria, Statistics Austria is the institution responsible for calculating the OOH index.
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In this paper, we describe the setup 
of a new residential property price 
 index (RPPI) for Austria. So far, a time 
series for Austria has been calculated by 
taking the two existing RPPIs – one 
for Vienna and one for the rest of 
 Austria – and applying population 
weights. But in this old model, weight-
ing is arbitrary and both indices are 
 calculated using a hedonic regression 
model with a fixed structure over time. 
This approach can lead to biased effects 
for current estimation results if changes 
in the variable effects occur over time. 
For the new RPPI, we estimate a single 
model for Austria which makes arbi-
trary weighting unnecessary. However, 
in order to avoid biased results due to 
spatial heterogeneity and nonlinearity 
in variable effects, we propose the use 
of Generalized Additive Models (GAMs), 
i.e. a semiparametric regression method. 
Comparing five alternative model spe-
cifications, a model integrating time 
 effects in a hierarchical manner is chosen 
for both condominiums and family 
houses: The baseline time effect is esti-
mated as a yearly dummy effect, and 

deviations are captured by random 
 effects on a quarterly basis. In addition, 
in the old model the relevant time trend 
is derived by evaluating time effects, 
which can lead to unstable results 
 regarding previous time effects on the 
one hand and does not account for the 
change in variable effects over time on 
the other. Thus, for updating the new 
RPPI, we suggest using an imputation 
method that avoids these problems. 
Our paper explains in detail the individ-
ual steps in the calculation of the new 
RPPI and its advantages over the old 
 index.

To sum up, the new RPPI repre-
sents a further milestone in the field of 
residential property price modeling and 
data quality enhancement in Austrian 
residential property price statistics. 
However, there are still some open 
 issues to be considered in the future, 
e.g. allowing for spatial slope hetero-
geneity or smooth spatial heterogeneity, 
taking offer price markups into account 
and applying weighting schemes to gain 
even higher representativeness and pre-
cision in the estimated RPPI.
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