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We define our indexes as output price indexes. This is in line with the OECD, based on what our representative cost 
components include.
We will come back to these concepts at the end of the presentation to hear your thoughts on the language we should 
be using in our metadata to explain to users what is being measured – is it the price of construction, cost of building, 
etc? 
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• Dwellings (AN111)
• Other buildings and structures (AN112)
• Buildings other than dwellings (AN1121)
• Other structures (AN1122)
• Land improvements (AN1123)
• Land (AN211)

• Reproduced or not:  Land(non-reproduced tangible assets) and Building (reproduced 
tangible assets).

• Activity : Market/non-market output and output for own final use.
• Use (residential, office, retail,  industrial, etc.)

��

����� �	�������
.-



����(�	
)��-�.���

• Residential.
• Business.
• Industrial and warehouses.
• Agricultural. 
• Non-residential properties include: factories, office, warehouses, 

theatres, multiple-use buildings that are primarily non-residential,  
agriculture, forestry properties,  similar properties. 
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The CPA (Statistical Classification of Products by Activity) 2008�	
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• Sectors:  offices,  retail, industrial (including logistics) and 
rental residential.
• Geographic Regions & Markets: geographical divisions, 

within the metropolitan region or not, etc.
• Property Physical Quality & Size Classes: Class A 

(sometimes referred to as “prime” or “premium” or 
“institutional quality”) or Class B.
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Warehouse Model: Midwest  Total Area: 400,393 SF; The building is single-story, 

steel framed with tilt-up concrete panels; Roof covering is EPDM over 
Polyisocyanurate; Gas heat; Electric Cooling (Office areas only); 
Building is fully sprinklered.
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Throughout the rest of the presentation, I will discuss the various steps of the index development process as listed in 
this slide.

9

'

(

)

*

+

,

-

' ���!$�� 
�

( �	���"
�

) �	����&���"
�

* ��&����	���� 
�

+ ��	���#�
�

, 0%�	������
�

- 3����

��



������-�3�)�2
�(�6�	.�

� 

������� �./P49W

%'C21./#
*-+$IRM

%ECU7./#
���������3�	����,��	��,������!��
��,1����"���������������	��,������!�
������������� ����	��,������!

%)C<;S#
�������,���������������
��������!��



��	���.24��3(-)6��
���

��

��	���� ������
	��

Once we have determined the data sources, how do we price the representative cost components through time?
For the first type of data source, which is survey data, we use an electronic questionnaire to collect price movements for 
the architectural and structural representative cost components.

The survey respondents are asked to report how much the output price of each building component has changed in 
the current reference quarter compared with the previous quarter.

The data reported by the respondent includes: labour, material, machinery and equipment, overhead costs and profit 
margins.
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Chart A1: Overview of survey characteristics 

A4 Hedonic methods 

As is well known, price indices are supposed to measure pure price changes. Changes in quality 

and quantity should be excluded. So in case of product replacements quality adjustment is used 

by determining the monetary value of the change in quality. Besides “conventional” methods 

hedonic methods are one way of quality adjustment. Nowadays these methods are well 

acknowledged and used in various countries. 

Houses and flats are products which are well suited for applying hedonic methods: Houses are 

unique objects with very heterogeneous characteristics and houses are sold rarely, so that a 

direct price comparison of identical properties is not possible. Hence “normal” price statistics by 

observing prices of the same product in different points of time is not possible. In this case 

hedonic methods can help to calculate meaningful price indices. However, real estate markets 

are not very transparent and it is very difficult to receive information on property characteristics. 

This is a problem for all quality adjustment methods, also for hedonic calculations. 

To calculate price indices quality adjusted with hedonic methods two steps are necessary. First, a 

functional relationship between the price and the product features has to be found and modelled 

in a regression. Secondly, regression results have to be used for index calculation. There are 

different index calculation methods: the hedonic imputation method and the hedonic time 

dummy variable method are mentioned by the “Handbook on Residential Property Prices 

Indices”. The “Handbook on the application of quality adjustment methods in the HICP” 

mentions additionally the hedonic characteristics price method and the re-pricing method. The 

German HPI is calculated with the double imputation method, a special case of the hedonic 

imputation method. 
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characteristics. While identifying characteristics are necessary for data processing only, the other 
characteristics have an impact on the price. Differentiating characteristics are used for the 
stratification of the sample. Quality characteristics refer to the perceived quality of the dwelling. 
A modifying characteristics impacts the price only, not the quality. They are displayed together 
with their suggested price relevance in Table B1 B1. 

Characteristic Purpose Price relevance 
Address Identification No 
Dwelling number Identification No 
Location of Dwelling in the building Identification No 
Energy consumption/need Quality Yes 
Quality of residential area Quality Yes 
Quality of furnishings Quality Yes 
Date of rental contract Modification Yes 
Other furnishings: balcony, garage, 
fitted kitchen 

Quality Yes 

Type of financing/end of funding 
period 

Differentiation Yes 

Year of construction Differentiation/Quality Yes 
Living space (m²) Differentiation/Quality Yes 
Table B1: Surveyed characteristics of dwellings. 

Together with the rental price, this is the data that is available for the hedonic regression 
analysis. For setting up the hedonic equation, decisions have to be taken how to operationalize 
the variables. As the variables are of continuous, cardinal, and ordinal nature, different 
approaches are pursued. 

B2.1 Variables for type of dwelling 

The type of dwelling is delineated by the size of the dwelling, its year of construction, the type of 
financing and whether it is an apartment or a single-family house. Except the last, which is not a 
value by itself and which may be seen as a matter of substitution especially in urban areas, all 
delineation matters can be observed as characteristics of the dwelling as displayed in Table B11. 
Hence, no own variables were created for type of dwelling. 

B2.2 Variables for type of landlord 

Type of landlord is a cardinal measure without natural order. For this purpose, dummy variables 
are common for data modelling (Wooldridge 2009, pp. 225). As type of landlord is an exclusive 
variable, two variables are sufficient for its modelling. We presume that dwellings owned by 
private persons have the lowest level of rents compared to those of the other types of landlord; 
hence, two dummy variables are chosen for representation in the model: 

vij, for dwelling i and landlord type j; j ∈ {2,3}: 

vi2 = �1 if i is owned by a publicly − owned or cooperative housing company
0 otherwise  

vi3 = �1 if i is owned by a private sector housing company
0 otherwise  
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context of German HPI no problems concerning multicollinearity occur in the log-log regression 
function: VIF doesn’t exceed the value two. 

Following this approach the resulting regression function for existing houses is shown below. The 
price and the continuous exogenous variables have been transformed by taking their natural 
logarithms. Additionally, dummy variables for the Standard Land Value (SLV) enter the regression 
function which classifies the quality of the location. The standard land value is converted into 
dummy variables (up to 10) to avoid the inclusion of prices in the exogenous variables. Although 
the exogenous variables represent only the basic features of a residential property this model 
explains 70-80% of the variation in prices. The R² the four types of residential property 
(house/flat, existing/new) amounts between 70-80%. 

ln(𝑝𝑝) = 𝛽𝛽0 + 𝛽𝛽1 ∙ ln(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠) + 𝛽𝛽2 ∙ ln(𝑠𝑠𝑙𝑙𝑠𝑠𝑠𝑠 𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠) +𝛽𝛽3 ∙ ln(𝑠𝑠𝑙𝑙𝑠𝑠) + �𝛽𝛽𝑖𝑖 ∙ 𝑑𝑑(𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖) + 𝜀𝜀 

Formula A1: German HPI hedonic regression function for existing houses 

Chart A4 shows the result of OLS regression for existing houses 2016Q4. The adjusted R² 
accounts for about 73%. Furthermore the regression coefficients (Parameterschätzer) are highly 
significant and no problems with multicollinearity occur. 

 

 

Chart A4: Regression analysis for existing houses 2016Q4 
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B3 The hedonic approach and results 

Now, with the hedonic method, we try to combine all price-relevant categories into one 
regression model. A double-logarithmic model, as very common to price statistics, is used for 
modelling the relationship: 

ln pi = β0 + �β1jvij
3

j=2
+ �β2kdik

3

k=1
+ � β3lril

l∈PR
+ β4 ln eni + β5eci + � β6mqaim

4

m=2
+ �β7nqfin

3

n=2
+ β8bci + β9gari + β10fki + β11 ln agei + β12 ln lsi + β14 ln dci + β15ffi + ui 

For the parameter estimation, OLS regression is used and the stepwise procedure applied. The 
regression covers only those observations for which all characteristics were available; 
incomplete observations were deleted from the data set.10 The estimation was calculated for the 
first time in 2015 on a test basis with the December 2014 data for only two out of 16 
Bundesländer. Only for those, the new sample had already been implemented and over 60% of 
the observations could be used, as their characteristics were fully provided. Only one regression 
equation was estimated; the influence of different Bundesländer is to be loaded on the regional 
and district type dummies. The exercise was repeated in 2016 (now for 7 Bundesländer) and 
2017 (for 12 Bundesländer). The increasing number of covered Länder illustrates the progress in 
the implementation of the new sample and in surveying all characteristics. In the following, the 
results for the 2017 estimation are presented. Table B2 contains the overall results of the 
regression as well as the coefficients of the variables that turned significant at the 5% level. For 
ease of illustration, out of the regional dummy variables, only the two with the highest and the 
two with the lowest coefficient are displayed; the other regional dummy variables and their 
coefficients are displayed in Annex I. 

Results of 2017 hedonic regression model for rents 
Dependent variable ln𝑝𝑝𝑖𝑖  
Number of Länder included 12 
Number of observations 16798 
Number of observations used for regression 14314 
R² 0.767 
R² adjusted 0.766 
Sum of squared residuals 495.5 
Standard error of the regression ( σσ) 0.187 

 
 
 
 
 
 
 
 

 

                                                           
10 No rule without exception: as an energy performance certificate is not mandatory for listed buildings, 
missing values for buildings with a year of construction until 1930 were imputed with the German average 
on energetic quality for the year 2013, 133.6 kWh/(m²*a). This figure is provided by the real estate 
association GdW, see http://web.gdw.de/uploads/pdf/infografiken/15.10.2014/Energieverbraeuche.pdf 
(accessed 08/05/17).  
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