
The impact of stratification on the Austrian HPI    Statistics Austria 2019 

 

 

 

 

 

 

  
      1 

 
  

 

 
 
 
 

 
 

 
 
The impact of stratification by regions on the Austrian HPI   
(Work in progress) 
 
Report 

 
 
Statistik Austria - 2019 

 

 
 
 
 
 
 
 
 
 
 
For further information please contact 
 
Stefan Hofbauer 
Directorate Macro-economic Statistics 
Prices and Purchasing Power Parities 
Guglgasse 13 
1110 Vienna 
Tel.: +43 1 711 28 - 8068 
stefan.hofbauer@statistik.gv.at 

  



The impact of stratification on the Austrian HPI    Statistics Austria 2019 

 

 

 

 

 

 

  
      2 

 
  

 

1. “Location, location, location” 

Real estate agents do not hide the fact, that location is one of the main determinants of real estate 

pricing. Many users of official statistics would also prefer a regionalized house price index that can 

give better answers to questions facing local markets. The question for the index compiler is, at 

which regional level can meaningful hedonic models be compiled, and is it a net positive for the 

aggregate index. Maintaining regional indices as standalone side products is problematic, as it may 

lead to confusion for users and potentially slightly different results. Stratification has to follow rules. 

The strata should be chosen as homogeneous as possible, while still providing stable results through 

elementary indices backed by sufficient transactions. Preferably the terms used to describe the strata 

should also be clear – while in principle strata could be define arbitrarily it is more meaningful and 

transparent to use existing administrative borders. At least a classification by “urban”, “sub-urban” 

and “rural” should be provided, and could ideally be combined with administrative regions. A 

reliance on pure administrative definitions is of course also flawed, as administrative borders are not 

set with homogeneity in mind. Indices for single regions are often not feasible as transaction 

numbers are too low to produce quality indices given the available data sources.  

The inquiry into this topic is a continuation work done for a Eurostat-Grant looking into the regional 

dimension of the HPI that showed promising results for smaller scale indices but also highlighted 

some problems with volatility. The indices calculated in this text rely on an internally tool written in 

the R-programming language conceived to allow for rapid testing of different index structures and 

methods.   

The following report tests some available tools to explore the choice of optimal regional 

stratifications and provides empirical insights into the impact on indices compiled with Austrian HPI 

data. Section 2 highlights useable data sources and methods that were tested with Austrian data. The 

third section discusses methods to test the feasibility of variables or strata before the index 

compilation process. The fourth section details the applied methodology, data and presents results 

from experimental index calculations.   
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2. Possibilities to define meaningful strata 

Strata may be defined by administrative borders, geographical factors, socio-economic variables, 

demography and miscellaneous other criteria. From the model perspective homogeneity is the main 

criterion, but as an index compiler user demands and requests need also attention. In an extreme 

case an index of algorithmically compiled strata of non-adjacent tiles may be considered close to 

worthless to users. For regional structure colloquial terms like “rural”, “sub-urban” and “urban” seem 

ideal, at least in case the terms are backed by reasonable definitions.   

2.1. Administrative Borders and Postcodes 

Postcodes and administrative borders are frequently used to define strata. Between the two, there 

may be a direct, a partial or no relationship depending on a countries system. In Austria the 

postcodes are defined by the postal service provider. While administrative borders and postcode 

areas may sometimes align, the system is completely independent and mostly guided by internal 

postal structures. For example most municipalities in one district in Upper Austria, with over 100 000 

inhabitants in total, are assigned postcodes with a leading “5”, which is normally indicative of 

Salzburg. The district may historically been served by the postal service of Salzburg, as the district is 

very close to the city of Salzburg, but this is arbitrary outside the postal context. There is neither an 

official publication of borders, nor any maps.  

Administrative borders are well defined and documented and usually available to anybody digitally 

or in printed form. As administrative borders are developed over time and through politics, they can 

lack consistency across a country. For example in Austria between federal states, the number of 

municipalities, their size and the number of inhabitants can vary wildly. Administrative regions can 

differentiate themselves by providing different quality of infrastructure, education, taxes and 

subsidies to the residents. These factors are all relevant to real estate prices. The in total 2,096 

municipality are uniquely identified by a five digit number that is suitable for aggregation to the 

higher regional hierarchies. The first digit notes the federal province number, and the second and 

third digit note the district.    

The sample data set of 58.079 residential houses in Austria contains transactions in 2,165 postcodes, 

2,079 municipalities and 110 districts. Comparing postcodes and municipalities as categorical 

variables in a regression shows that both variables explain prices comparably well. Postcodes are 
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performing a little better with an R² of 0.429 versus 0.424. This difference is easily attributed to the 

larger number of segments. Given this small difference, as a provider of official statistics it may be 

preferable to use administrative regions, as they are more logically and transparently defined.   

2.2. Measures of urbanisation, density and location 

Location, density and demand are intertwined through effects on property value and infrastructure 

development. Urbanisation raises the value of plots of land, which make apartment buildings more 

attractive to investors and prospective home owners. The population density increases, which 

attracts investment from businesses and infrastructure providers and thus leads to a value increase 

for the region. The density is best assessed at a raster level to avoid skewing the numbers through 

varying sizes of statistical measurement areas. For this report the Austrian HPI dataset was merged 

with the Geostat population density raster, and a classification into rural, intermediate and urban 

was conducted by looking at the density inside the 1km² raster cells. A population under 300 people 

per raster cell indicates a rural area and above 1500 people per raster cell an urban environment is 

indicated. In between these measures grid cells are considered to be intermediate and suburban 

environments. The benefit of this method is that the typical structure of the urban city centre, the 

expanding suburbs and the rural areas can be clearly captured in the data.   

Insights into real estate markets can also be gathered by looking at the population development over 

a specified amount of time. Figure 1 shows the long term population development of Austrian 

municipalities between 2009 and 2018.  These effects can either enter regressions as categories, 

similar to figure 1, as a numeric value, or a simple binary specification. In general a very positive 

effect was found on regressions tested with this specification. In the final models this data was not 

used for stratification but similar areas are covered by a binary variable indicating reasonable travel 

distances to larger cities.   
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Figure 1- The population development of Austrian municipalities from 2009-2018 is shown. Blue indicates shrinking, red 

growing communities. This information was added to the HPI dataset for testing purposes. The long term shift from rural, 

mountainous regions to urban and sub-urban areas is clearly noticeable. Of course supply and demand depends also on 

construction activity that will be significantly higher in growing areas.   

2.3. Others 

Further options could include miscellaneous spatial and regional features. One intriguing options is to 

include a parameter for reachability. One idea would be, to construct isochrones and look at the area 

covered within a certain travel time. Potential question may include the number of residents within a 

30 minute car distance, or the number of employment opportunities. While these options are 

fascinating, one has to keep in mind that the added benefit may not surpass the time and resources 

invested in this endeavour. No travel time measurement is currently used for the Austria HPI, but 

districts with a nigh number of commuters to a major city are marked to include at least a simple 

indicator of proximity.   

Socioeconomic indicators like income, education and employment can add value to the hedonic 

regressions. Stratification by these indicators may be suitable in some regions, but it has not been 

currently tested with Austrian data.  As the population density, raster grid cells may be an interesting 

subject for future testing.  
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3. Testing variables for quality and continuity  

The first question that may come to mind is what actually a suitable choice of variable for inclusion 

into regression models or for stratification is. Fortunately through the rising importance of new data 

sources like scanner data and web scraped data for CPI production there are recent ideas about the 

optimal and efficient determination of product groups, as a balance between homogeneity and 

continuity (Chessa, 2018). The match adjusted R-squared (MARS) takes the standard R-squared 

measure that rises monotonically with added variables, and deflates it through a measure of 

continuity over time.  Houses can of course not be linked by “GTIN” and in countries with a relatively 

low frequency of individual house sales, not even the same house can be matched most of the time. 

But there is still a need for determining groups of homogeneous “neighbourhoods”. On the one 

hand, if the groups are very narrowly defined, indices cannot be compiled continuously, as there will 

be no transactions in some groups and some periods. On the other hand increasing the group sizes, 

and thus the regional scope, may decrease the R² and the homogeneity in regions is compromised. 

The following changes could be introduced to increase the relevance for the real estate context: 

- If the number of transactions in a period falls under a predetermined value, the period is 

removed from the transaction continuity calculation. This threshold could be adapted for the 

regression complexity and objectives.  

- The weighted R² is not purely determined by groups, but also by other relevant hedonic factors 

for real estate like area and age. 

- The R² can be replaced with the adjusted or predicted R², adding an even larger disincentive for 

overfitting.  

Figure 2 shows the results for a sample of houses with four different spatial classifications. The R² is 

increasing with the number of strata, but when the area covered by the groups is too small the 

periods cannot be matched as no transactions occur. Depending on the chosen index methodology 

this inability to match periods can have different effects on the indices. Low numbers of transaction 

will also lead to overfitting, which may be controlled for by cross validation measurements or manual 

oversight over minimum transaction numbers per stratum. In figure 2 there is no extra penalty for 

low transaction numbers, but the results are as expected. Districts are superior to the provinces and 

there is neither a matching problem nor a quality concern and thus the MARS score is higher. 

Municipalities increase the R² significantly, but the MARS value increases less as the matching 
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coefficient drops to as low as 0.82. The cadastral municipalities exaggerate this even more, and the 

MARS level is lower than the levels of the district level and municipality level boundaries. Thus 

including cadastral municipalities, may lead to a loss of transactions for certain periods and index 

methods, and it may be better to reduce the models to districts and municipalities. Instead of 

transaction continuity it may also be of interest to optimise for a volatility indicator like the 

coefficient of variance.   

 

Figure 2 A simple standard MARS specification showing the development of the declining “Match”-coefficient and the per 

period R². Smaller regions increase the R² but add problems for hedonic models and index compilation in case continuity is not 

given.   
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4. Empirical results 

Four different regional specifications were tested with hedonic repricing as chosen method. The 

same data was used for all tested models and with the exception of the regional differentiations the 

used variables were held constant. The main objective was to maintain the general split into urban, 

sub-urban and rural areas while introduce further diversifications of the regions.   

4.1. Index methodology 

The hedonic repricing specification applied for this report resembles the method used for the 

Austrian OOH/HPI indices. The notation and equations shown here follow Hill (2017a) but changed to 

represent a fixed base calculation. The term (t = 1, q =1) is defined to be the first quarter of the first 

year. The index calculation is split into two parts. The quality unadjusted price index (QUPI) and the 

quality adjustment factor (QAF). The QUPI is defined as 

𝑄𝑈𝑃𝐼(𝑡,𝑞),(1,1)=
𝑝
~
(𝑡,𝑞)

𝑝
~
(1,1)
=
∏ (𝑝(𝑡,𝑞),ℎ)

1/𝐻(𝑡,𝑞)
𝐻(𝑡,𝑞)

ℎ

 ∏ (𝑝(1,1),ℎ)
1/𝐻(1,1)

𝐻(1,1)

ℎ

. 

It is the geometric mean of the current periods dwelling prices 𝑝
~

(𝑡,𝑞), where t is the year and q the 

particular quarter, over the geometric mean of the first period 𝑝
~

(1,1). The QAF resembles the shift in 

quality evaluated at fixed shadow prices. The shadow prices are sourced from a base model usually 

utilizing the first year’s data 

ln𝑝(1,𝑞),ℎ=∑ 𝛽1,𝑐𝑧(1,𝑞),ℎ,𝑐+𝜖(1,𝑞),ℎ
𝐶

𝑐=1
. 

On the left side is the log price for each dwelling as the dependent variable, and on the right is a sum 

of all necessary characteristics 𝑧(1,𝑞),ℎ,𝑐 and the related coefficients 𝛽1,𝑐, where h indicates the 

dwelling and c the specific characteristic. Then there is a trailing error term 𝜖(1,𝑞),ℎ. The resulting 

coefficients of this model are then used to impute the prices for each house in each period, or 

equivalently to impute the hedonic price of an average house in this period. The QAF is the 

calculated as follows:  
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𝑄𝐴𝐹(𝑡,𝑞),(1,1) =

exp(∑ 𝛽
^

1,𝑐 𝑧(𝑡,𝑞),𝑐)

𝐶

𝑐=1

exp(∑ 𝛽
^

1,𝑐 𝑧(1,1),𝑐)

𝐶

𝑐=1

 where  𝑧(1,1)=
1

𝐻(1,1)
∑ 𝑧(1,1),ℎ,𝑐  and  𝑧(𝑡,𝑞)
𝐻(1,1)

ℎ=1
=

1

𝐻(𝑡,𝑞)
∑ 𝑧(𝑡,𝑞),ℎ,𝑐
𝐻(𝑡,𝑞)

ℎ=1

. 

The QAF is thus a comparison of one period’s dwellings sum of average characteristics evaluated at 

the base period’s model prices with the first period. Frequent updates of this base model are 

necessary to make sure that the coefficients used to evaluate the characteristics shadow value stay 

relevant. It is obvious that repricing methodology is closely related to the average characteristics 

concept, where a price for an average house is imputed for each period and then compared. The fix 

base repricing index is then obtained by dividing the QUPI and the QAF: 

𝑃𝐹𝐵𝑅𝑃
(1,1)(𝑡,𝑞)

=
𝑃(𝑡,𝑞)

𝑃(𝑡,𝑞−1)
=
𝑄𝑈𝑃𝐼(𝑡,𝑞),(1,1)

𝑄𝐴𝐹(1,1),(𝑡,𝑞)
 

The underlying base model is changed every second year to update the coefficients frequently to 

changed conditions.  For each of the presented indices below, a second nation-wide index without 

any stratification but was created and used to study the impact of the stratification and aggregation 

procedure.  All indices presented below include the age, plot size, living area size, income and a 

binary variable for proximity to large cities in the regression.  Note that QAF for aggregates shown 

below are themselves aggregates.   

4.2. Aggregation 

The indices were aggregated by calculating yearly weights for each stratum. The weights were based 

on the purchase price, as the indices are not meant to show price changes in dwelling stock, but the 

dwelling transactions.  For linking the indices the last quarter (Q4) was used as a base period for the 

next year. This will introduce differences into the indices, as the periods weights will be more volatile 

and may not reflect the yearly values perfectly.  

4.3. Basic Index 

This price index is a simple index splitting Austria’s housing market into three parts of unequal size. 

Vienna and the province capital cities are separated from the housing market for the rest of Austria. 

The models are controlling for region by the first digit of the postcode within the regression. Below 
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this level the regression is utilizing the number of inhabitants and the average income by postcode.  

The data is summarized in table 1. The applied stratification satisfies the demand for a classification 

by “rural”, “intermediate” and “urban” in a very rough sense. Other than the regional capitals and 

Vienna, all municipalities are regarded as rural. There is no differentiation of regions within a 

municipality. Should the average location quality decrease over time, the index will be biased 

downwards. In the opposite direction, should purchases move to more expensive or “better quality” 

locations the, index would be biased upwards. The model without stratification also includes 

variables to control for the regions, as well as the first digit of the postcodes. 

 The results show that even with the extreme dominance of a single stratum the indices show 

significant differences. After eight years the index levels are more than 3% apart. The reason for this 

can be found in both the QUPI and the QAF components of the index. The QUPI is a comparison of 

geometric means of transaction prices. In the overall specification the geometric means are very 

stable, and the transactions of the smaller strata have only little impact on the overall index. In the 

specification with the aggregation only the index for the “Rural” is stable, while the indices for 

Vienna and the other capital cities are very volatile due to the low transaction numbers. But as 

properties in both of these strata are comparatively valuable, their weight is still significant.  The 

same is true for the QAF. As the variance of the objects properties are fluctuating, the volatility 

increases. Some but not all of this volatility is then offset by the ratio of QUPI and QAF, but as the 

underlying models cannot mitigate differences in quality fully.  The subindices for “Vienna” and the 

“Province Capital Cities” shown in figure 3 are consistently above the levels measured for the “Rest” 

index. The resulting index is thus higher than the index calculated without stratification. Given the 

significant volatility of the subindices this might be misleading. The sub index for “Rural” areas is 

Table 1 – Summary Statistics for the regional stratification utilized in the basic index.  

  
Nr. of Sales Avg. Price in € 

Avg. Size (m²) 

Avg. Plot 

Size (m²) 

Austria 58.191 219.144,76 149,81 1.381,71 

Rural 52.876 203.483,34 151,35 1.441,23 

Cities 2.995 307.685,37 130,92 863,35 

Vienna 2.320 461.788,59 140,76 694,18 
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nearly identical with the index without any stratification, indicating a significant difference arising 

from stratification and aggregation. Given this significant difference the question of how the national 

index should be optimally constructed intensifies.  

 

Figure 3 & 4 – Results for model 1. Left the elementary aggregates; Right, overall index and quality 

adjustment factors.   

Table 2 Index results for model 1 and model 1 without any stratification. 

 
Wien Stadt Land Aggregate  

M1 No 
stratification 

2010 Q1 1,000 1,000 1,000 1,000 1,000 

2010 Q2 1,075 0,983 1,036 1,036 1,040 

2010 Q3 1,201 1,070 1,009 1,038 1,022 

2010 Q4 1,124 0,995 1,037 1,045 1,038 

2011 Q1 1,159 1,079 1,039 1,058 1,050 

2011 Q2 1,167 1,138 1,062 1,083 1,070 

2011 Q3 1,285 1,144 1,078 1,109 1,091 

2011 Q4 1,063 1,076 1,046 1,053 1,044 

2012 Q1 1,195 1,197 1,095 1,115 1,105 

2012 Q2 1,115 1,176 1,085 1,099 1,084 

2012 Q3 1,364 1,223 1,092 1,127 1,104 

2012 Q4 1,079 1,208 1,097 1,109 1,107 

2013 Q1 1,420 1,147 1,111 1,143 1,117 

2013 Q2 1,168 1,228 1,132 1,147 1,138 

2013 Q3 1,659 1,263 1,120 1,177 1,137 

2013 Q4 1,561 1,307 1,150 1,198 1,165 
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2014 Q1 1,292 1,123 1,136 1,159 1,142 

2014 Q2 1,154 1,203 1,153 1,173 1,160 

2014 Q3 1,133 1,126 1,121 1,139 1,116 

2014 Q4 1,433 1,190 1,172 1,204 1,186 

2015 Q1 1,192 1,264 1,158 1,180 1,166 

2015 Q2 1,187 1,429 1,241 1,263 1,245 

2015 Q3 1,428 1,472 1,290 1,325 1,303 

2015 Q4 1,406 1,417 1,313 1,341 1,320 

2016 Q1 1,432 1,452 1,358 1,384 1,357 

2016 Q2 1,434 1,559 1,392 1,420 1,399 

2016 Q3 1,351 1,562 1,407 1,427 1,405 

2016 Q4 1,516 1,458 1,400 1,428 1,409 

2017 Q1 1,524 1,537 1,458 1,484 1,460 

2017 Q2 1,504 1,503 1,507 1,524 1,500 

2017 Q3 1,697 1,700 1,494 1,536 1,496 

2017 Q4 1,677 1,560 1,518 1,549 1,515 
 

4.4. Basic Index with postcode dummy variables  

The second model is identical to the first one, with the exception that the hedonic regression 

includes postcode dummy variables and thus the QAF can better correct for differences in the spatial 

distribution of transactions. The model without stratification also includes postcode dummy 

variables. The results are interesting, as both the stratified and the non-stratified model produce 

similar results to the first model with aggregation. Without postcodes in the regression the QAF, and 

thus average quality seemed to decline more, than with the postcodes included. The overall index is 

thus rising higher than the equivalent index of model 1. As location is one of the most critical 

variables in the real estate context, the predictive power of post codes is good. As the geometric 

mean is applied to over 1600 transactions per quarter in average the result of the non-stratified 

model are also very stable. While the regression including postcode dummy variables is certainly 

suffering from overfitting, it is an easy and effective way to mitigate spatial effects (see Hill 2017b). 

The comparison of model 2 and model 1 would confirm that a downward bias exists in the indices 

when location is not included at a low level in the house price index. A reason for this could be an 

increase in the average quality of location overtime that is insufficiently captured by the location 

dummies used.  Although the geometric mean as part of the QUPI should be identical between 

model 1 and model 2, this is also not the case. The reason is simple: Around 500 observations had to 

be dropped, because the postcodes were not available during the base period.  Thus as discussed in 
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the previous section, it is better to choose variables or strata large enough to provide a continuous 

coverage through all periods.   

Figure 5 & 6 – Results for model 1. Left the elementary aggregates; Right, overall index and quality 

adjustment factors.   

Table 3 Index results for model 2 and model 2 without any stratification. 

 
Wien Stadt Land M2 Aggregate 

M2 No 
Stratification 

2010 Q1 1,000 1,000 1,000 1,000 1,000 

2010 Q2 1,075 0,971 1,067 1,060 1,067 

2010 Q3 1,201 1,107 1,040 1,066 1,054 

2010 Q4 1,124 1,072 1,059 1,069 1,066 

2011 Q1 1,159 1,091 1,077 1,088 1,080 

2011 Q2 1,167 1,161 1,101 1,115 1,104 

2011 Q3 1,285 1,135 1,100 1,125 1,112 

2011 Q4 1,063 1,118 1,084 1,086 1,085 

2012 Q1 1,195 1,271 1,110 1,131 1,123 

2012 Q2 1,115 1,275 1,123 1,136 1,130 

2012 Q3 1,364 1,329 1,129 1,165 1,146 

2012 Q4 1,079 1,320 1,140 1,152 1,150 

2013 Q1 1,420 1,199 1,183 1,208 1,197 

2013 Q2 1,168 1,322 1,214 1,222 1,220 

2013 Q3 1,659 1,336 1,188 1,241 1,205 

2013 Q4 1,561 1,391 1,204 1,250 1,225 

2014 Q1 1,292 1,233 1,165 1,191 1,168 
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2014 Q2 1,154 1,312 1,191 1,212 1,197 

2014 Q3 1,133 1,245 1,150 1,170 1,151 

2014 Q4 1,433 1,432 1,185 1,230 1,206 

2015 Q1 1,192 1,373 1,179 1,204 1,190 

2015 Q2 1,187 1,511 1,314 1,331 1,322 

2015 Q3 1,428 1,656 1,316 1,358 1,355 

2015 Q4 1,406 1,544 1,275 1,314 1,316 

2016 Q1 1,432 1,622 1,394 1,425 1,429 

2016 Q2 1,434 1,613 1,394 1,424 1,434 

2016 Q3 1,351 1,701 1,394 1,423 1,435 

2016 Q4 1,516 1,616 1,385 1,423 1,428 

2017 Q1 1,524 1,769 1,530 1,561 1,566 

2017 Q2 1,504 1,652 1,521 1,545 1,545 

2017 Q3 1,697 1,867 1,498 1,548 1,540 

2017 Q4 1,677 1,764 1,529 1,570 1,565 
 

4.5. Regional index with raster based urbanisation assessment 

This index specification aims to provide better regional results through stratification into four major 

regions. Furthermore the regions are separated by population density into rural, intermediate and 

urban parts (see Table 4). In comparison to the previous model stratification strategy this leads to 

more balanced transaction numbers between the strata and also more consistent indices.  The model 

without stratification is controlling for the four regions as well as district level dummy variables.  

Table 4 – Summary Statistics for Austria and the federal districts for houses from 2010 to 2017.  

 

Nr. of Sales Avg. Price in € Avg. Size (m²) 
Avg. Plot Size 

(m²) 

Austria 58.0791) 219.244,83 149,84 1.352,75 

Upp. Aut/Salzburg („North“) 12.998 235.162,84 143,27 1.359,69 

Intermediate 5.945 236.071,23 158,92 1.115,79 

Rural 4.883 212.174,46 131,47 1.949,64 

Urban 2.170 284.403,33 126,50 700,37 

East Austria 25.687 201.297,55 161,64 1.183,83 

Intermediate 11.866 193.744,14 157,48 906,79 

Rural 9.309 141.216,98 173,31 1.770,90 

Urban 4.512 345.118,21 149,54 701,17 

South Austria 13.798 170.943,27 128,00 1.858,43 

Intermediate 5.330 172.333,12 126,22 1.136,18 

Rural 6.459 157.118,93 130,68 2.586,02 
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Urban 2.009 211.701,60 124,74 1.435,70 

West Austria 5.596 383.750,64 144,41 865,22 

Intermediate 2.465 377.189,78 145,90 778,51 

Rural 1.567 415.892,24 145,66 1.191,78 

Urban 1.564 361.887,86 140,72 674,70 
1) 112 Transactions were dropped by merging the dataset with the GEOSTAT population density raster.  

 

 

 

Figure 7 – Overview of the elementary indices of the four strata.   
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Figure 8 – Index result for model 3 and model 3 without any stratification.    

 

Figure 9 – Results for the regional sub aggregates.     
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Figure 10 – Results for the sub aggregates by population density.     

Both indices shown in figure 8 are comparable in the trajectory and no excessive movements are 

visible. The indices are 0.024 points apart in Q4 2017, with the offset beginning after 2015. The 

aggregated QAF is consistently below the QAF of the stratified model, but the relative movements 

are with exception of Q3 2014 very consistent.  

The twelve elementary indices as shown in figure 7 seem to strike the balance fairly well. There are 

some significant period-over-period shifts that raise doubts about the index stability but the indices 

seem to add significant value to the index. For purposes of publication it seems that publishing yearly 

means would be insightful. There is two different ways to aggregate the data seen in figure 9 and 10. 

Figure 9 highlights the aggregation by region, which paints a fairly consistent picture of the Austrian 

regions. Only the mountainous West, the provinces Vorarlberg and Tirol show a significantly larger 

increase in 2016 and 2017 than the other regions. Styria and Carinthia in the South are experiences a 

large increase during 2015 while the prices in the East and North regions developed more gradually. 

Figure 10 aggregates by population density category based on the 1km x 1km  Geostat Raster. Over 8 

years the rural areas increased over 10% more in price than urban areas. In all regions except the 

West the rural dwellings were significantly lower priced and thus it may seem that the potential for 

price increases without alienating demand was higher.  
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Table 4 - Index results for model 3 and model 3 without any stratification 

  East West North South M3 
M3 No 

Stratification 

2010 Q1 1,000 1,000 1,000 1,000 1,000 1,000 

2010 Q2 1,071 0,969 1,025 1,072 1,043 1,052 

2010 Q3 1,064 1,041 1,044 1,033 1,049 1,050 

2010 Q4 1,062 1,123 1,055 1,035 1,065 1,060 

2011 Q1 1,078 1,016 1,072 1,059 1,064 1,064 

2011 Q2 1,112 1,132 1,068 1,055 1,093 1,081 

2011 Q3 1,130 1,020 1,112 1,110 1,106 1,102 

2011 Q4 1,062 1,062 1,082 1,102 1,077 1,065 

2012 Q1 1,094 1,170 1,059 1,167 1,115 1,111 

2012 Q2 1,084 1,033 1,111 1,181 1,106 1,117 

2012 Q3 1,154 1,164 1,110 1,173 1,149 1,134 

2012 Q4 1,143 1,104 1,144 1,130 1,134 1,137 

2013 Q1 1,130 1,291 1,151 1,164 1,169 1,155 

2013 Q2 1,185 1,241 1,146 1,193 1,186 1,184 

2013 Q3 1,219 1,318 1,143 1,165 1,203 1,180 

2013 Q4 1,252 1,238 1,156 1,203 1,214 1,193 

2014 Q1 1,126 1,183 1,161 1,193 1,158 1,164 

2014 Q2 1,229 1,110 1,092 1,207 1,167 1,184 

2014 Q3 1,161 1,045 1,058 1,181 1,117 1,133 

2014 Q4 1,202 1,301 1,184 1,213 1,217 1,218 

2015 Q1 1,195 1,333 1,140 1,138 1,198 1,202 

2015 Q2 1,315 1,348 1,201 1,335 1,295 1,286 

2015 Q3 1,316 1,395 1,336 1,440 1,351 1,330 

2015 Q4 1,256 1,444 1,336 1,389 1,328 1,303 

2016 Q1 1,364 1,645 1,351 1,442 1,422 1,392 

2016 Q2 1,374 1,617 1,437 1,463 1,444 1,416 

2016 Q3 1,377 1,564 1,365 1,451 1,420 1,415 

2016 Q4 1,388 1,623 1,449 1,440 1,451 1,416 

2017 Q1 1,478 1,653 1,376 1,574 1,503 1,487 

2017 Q2 1,498 1,806 1,480 1,464 1,541 1,514 

2017 Q3 1,526 1,644 1,457 1,478 1,529 1,510 

2017 Q4 1,505 1,735 1,492 1,532 1,548 1,524 
 

4.6. NUTS3 based Index 

This index was based on the Austrian NUTS3 level. Some adjustments were made as some regions 

only consist of a single district, which seemed unlikely to produce stable results.  The model without 
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stratification is controlling for the applied NUTS3 regions and also district dummy variables. This 

specification was chosen to depict a scenario of a very high stratification level.   

Figure 10 shows that the index level is heavily impacted by the 37 levels of aggregation. While the 

overall shape is still intact, it looks like index movements are exaggerated through the underlying 

volatility and the weighting. In figure 11 the aggregates for the region “West” and “East” are 

compared between model 3 and model 4. The index for “East”, which has the most transactions, is 

very similar in both specifications showing only some deviations from the common path between 

both indices. The opposite is true for the West, where the index based on NUTS3 strata varies wildly. 

Figure 10 – Quality adjustment factors and index results for model 4.      
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Figure 11 – Comparison of regions “East” and “West” for models 3 and 4.     

Table 5 - Index results for model 4 and model 4 without any stratification 

  East West North South M4 
M4 No 

Stratification 

2010 Q1 1,000 1,000 1,000 1,000 1,000 1,000 

2010 Q2 1,048 1,016 1,060 1,098 1,056 1,053 

2010 Q3 1,069 1,106 1,065 1,052 1,070 1,052 

2010 Q4 1,049 1,123 1,031 1,055 1,058 1,063 

2011 Q1 1,064 0,981 1,083 1,095 1,065 1,066 

2011 Q2 1,106 1,145 1,111 1,127 1,119 1,086 

2011 Q3 1,113 1,033 1,144 1,176 1,124 1,104 

2011 Q4 1,051 1,041 1,132 1,134 1,089 1,070 

2012 Q1 1,082 1,217 1,107 1,163 1,130 1,115 

2012 Q2 1,040 1,186 1,146 1,184 1,124 1,121 

2012 Q3 1,121 1,137 1,159 1,182 1,148 1,139 

2012 Q4 1,101 1,174 1,188 1,159 1,149 1,137 

2013 Q1 1,137 1,325 1,201 1,156 1,187 1,160 

2013 Q2 1,210 1,317 1,230 1,186 1,227 1,186 

2013 Q3 1,212 1,285 1,209 1,199 1,221 1,181 

2013 Q4 1,234 1,379 1,292 1,208 1,266 1,194 

2014 Q1 1,106 1,233 1,292 1,149 1,180 1,168 

2014 Q2 1,189 1,213 1,208 1,181 1,195 1,190 

2014 Q3 1,115 1,171 1,255 1,161 1,167 1,140 

2014 Q4 1,207 1,438 1,337 1,229 1,281 1,221 

2015 Q1 1,180 1,125 1,402 1,290 1,236 1,207 

2015 Q2 1,256 1,406 1,308 1,344 1,308 1,296 
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2015 Q3 1,298 1,544 1,472 1,500 1,411 1,332 

2015 Q4 1,259 1,631 1,364 1,402 1,371 1,304 

2016 Q1 1,405 1,856 1,351 1,525 1,490 1,401 

2016 Q2 1,389 1,777 1,432 1,520 1,488 1,419 

2016 Q3 1,379 1,695 1,405 1,507 1,464 1,421 

2016 Q4 1,417 1,836 1,441 1,536 1,515 1,423 

2017 Q1 1,540 1,580 1,517 1,626 1,577 1,498 

2017 Q2 1,493 2,031 1,511 1,576 1,600 1,515 

2017 Q3 1,521 1,899 1,474 1,683 1,605 1,518 

2017 Q4 1,528 2,030 1,531 1,630 1,630 1,528 
 

4.7. Results 

The produced indices reveal the significance of choosing a suitable stratification strategy for index 

production. Over eight years the differences in specifications are non-negligible.  Yet overall with the 

exception of the last model the results were very consistent. Table 6 shows that the elementary 

indices for model 4 were based on significantly less transaction than the other three models, thus 

deteriorating the quality of the aggregate. The second and third specifications seem preferable to the 

first model, as the first number of the postcode is a very rough indicator for location, neglecting the 

differences in location quality over time. In terms of information and index quality it seems the third 

model is superior to the other two. The models can take advantage of regional specifics, while still 

providing a reasonably stable foundation for the national aggregate. Of course this analysis showed 

that the development of the Austrian price level was fairly consistent for density clusters and regions. 

Still there might be value in these numbers for users and researchers working with the numbers. As 

an index compiler the sub-aggregates reveal problems with data faster and allow for more flexibility 

in designing hedonic models. For mountainous terrain models utilizing height models or solar 

exposure may be of interest, while in urban terrain the distance to the next bus stop or subway 

station might be of higher value.  

The possibility to calculate a national aggregate in parallel seems to favour an approach utilizing 

regional aggregation for published indices in the long term, as long as the strata are homogeneous 

and reasonably balanced. 
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Table 6 – Distribution of transaction numbers between strata and models.  

 
Min. 1st Qu. Median Mean 3. Qu. Max. 

Model 1 & 2  12 69 99 547.3 1239 2214 

Model 3 12 54 106 136.8 190 616 

Model 4 2 23 37 44.4 57 246 

 

Figure 12 – Comparison of  all highlighted models with stratification.   
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Appendix I – Usage of the R package “RRPPI” 

Here a quick overview of the developed R package for this project. Note that there is still heavy 
development and the classes and functions might still change.  

The first step is the creation of a dwelling-class object. The idea is to unify the column names, 
correctly and give further functions a unified interface to work with the real estate data. 

 

As you can see the use of coordinates and the definition of a spatial reference system are also 

implemented to allow map plots and also the use of generalized additive models for hedonic indices. 

Then for the first step of the index creation the structure of the index is defined. In the example 

below, an index for a federal state with two subindices for houses and flats is defined. Also defined is 

the type of model in the “calc” parameter and specifications for the weights. 

 

The model names above are then translated into different specifications using a string 

representation of the index function to use in a second data frame.  

 

Both data frames are then used to create the index structure.  

 

Then in a final step the weights can be calculated and then the whole index structure can be 

resolved. It is possible to use external weights if the weights cannot be calculated from the dataset, 

or external indices if other indices like construction price indices are required for the index structure.  
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The calculation process is kept very flexible to allow for many different index calculations and to 

easily add new elements. The output is also given in standardized price index objects that can be 

converted to tables and plots.   
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