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Abstract

Applying the hedonic approach to land prices, this paper investigates the capitalization
of public services and pure amenities in a cross section of German communities. Possi-
ble spill-over effects from neighboring municipalities are explicitly included in the ana-
lysis and prove to be of considerable importance. Estimates of the impacts of local at-
tributes on land prices are obtained taking into account the spatial structure among un-
observed variables. The results confirm that differences in land prices can largely be
attributed to local conditions and policies. This implies a significant degree of mobility
as well as a sizeable valuation of local attributes by German households.
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1 Introduction

How much are people willing to pay to live in a sunny and secure community featuring a good
public transport system, nice recreational facilities, and plenty of shopping opportunities? This
question is an interesting one, especially for politics at the community level. After all, many of
the determinants of the local quality of life are, at least to some extent, publicly produced goods.
However, local governments face a trade-off when it comes to the provision of public services. On
the one hand, these services have to be financed by probably unpopular measures. On the other
hand, if public spending ensures a high quality of life, this may both help to win elections and
to attract new citizens, thereby increasing the tax base. Moreover, in the case of Germany, the
attraction of new residents directly generates revenues via the system of municipal fiscal equalization

(“kommunaler Finanzausgleich”).

For quite a long time, economic theory has a method to answer questions of the kind mentioned
above. The hedonic analysis of heterogeneous commodities dates back to the early works of Waugh
(1929), Court (1939), and Griliches (1961, 1971). In the context of this paper, however, the idea
of the hedonic approach is to utilize differences in land prices across communities to infer the
marginal willingness to pay for single community attributes including the quantity and quality of
public services. Rosen (1979) and Roback (1982) were the first to apply the hedonic approach
in a general equilibrium context, including the location decisions made by firms. Since then, the

method has been widely applied and developed in the USA (see Blomquist 2006 for an overview).

Nevertheless, there is hardly any analysis of this kind for German communities. Buettner (2003)
finds capitalization effects of a number of amenities and disamenities in a set of German commu-
nities. However, his research mainly focusses on capitalization of the land tax. Given the large
fraction of the public sector’s budget consumed by sub-national governments in Germany, an eval-
uation of locally provided public services surely makes sense. The case of East Germany thereby
fits especially well for several reasons. On the one hand, after the reunification of Germany, the
eastern part of the land has experienced a massive and continued outflow of people looking for work
in West Germany. Many small and more remote places now face severe problems in maintaining

their infrastructure while the bulk of young and productive people is leaving. Among the 505 mu-



nicipalities of the Free State of Saxony, only 23 (including the cities of Dresden and Leipzig) show
a positive population growth for the period from 2000 to 2006. A reliable evaluation of community
characteristics that helps to change this trend and attract new residents should therefore be vital
for most East German municipalities. On the other hand, precisely through the considerable degree
of mobility that has been shown by the citizens of eastern Germany, it qualifies for hedonic analysis
of this kind. After all, household mobility is a crucial assumption if the capitalization of public

services or amenities is to be observed.

In order to investigate the capitalization of public services and amenities into land prices in German
communities, I focus on the 505 municipalities of the Free State of Saxony, using data from a
variety of sources. Due to a lack of reliable data on wages at the community level, the analysis
is constrained to compensatory differentials on the market for real estate and does not consider
the full general equilibrium model proposed by Roback (1982). Given the rather small dimension
of communities, the possibility of spill-over effects of local characteristics must be considered.
Residents of neighboring municipalities are likely to enjoy not only the amenities provided in their
home community, but also those in the surrounding municipalities. The empirical analysis explicitly
allows for such spill-over effects by including spatial lags of the variables capturing public services
and amenities. Moreover, possible spatial dependence in the unobservables is taken into account

to ensure correct statistical inference.

The results show that most public services included in the analysis do significantly capitalize into
land prices, with the quality of public transport systems and the share of land dedicated to recre-
ational purposes receiving the highest valuation by Saxony’s citizens. The local crime rate seems
to matter for households of higher income only, as a significant capitalization effect is found for
land prices at sites of high quality exclusively. The conjecture that local characteristics also affect
the land prices in neighboring communities is confirmed as most spatially lagged indicators prove
to be significant. Thereby, up to 70 % of the variation in the value of land across communities
can be explained by the used set of variables. These findings imply that household mobility in the
state of Saxony is high enough to create capitalization effects. The hedonic approach is therefore a
promising tool in the evaluation of the local provision of public services and can help communities

to develop well defined strategies to regain some of their lost population.



The remainder of the paper proceeds as follows. The next section briefly illustrates the theory
behind hedonic prices. Section 3 discusses the investigation approach and section 4 describes the
data. Section 5 presents the results from the land-price regressions. Section 6 is concerned with

the illustration of the resulting hedonic prices. Section 7 provides a short summary.

2 Theoretical Background

This section provides a short overview of the hedonic analysis of the housing market. The presen-
tation largely follows that of Sheppard (1999). In contrast to many simple consumption goods that
show relatively little variation in composition as well as in prices, the good housing is much more
heterogenous. Consumers on the housing market can choose between units differing in age, size,
the number of bedrooms, etc. Moreover, since residences are inextricably linked to their location,
regional conditions as well as regional public services become quasi attributes of a dwelling. Each
unit of housing in community j, h;, can therefore be viewed as a bundle of many characteristics,
a; j, which are demanded by consumers but cannot be purchased on their own. Apart from these
attributes, consumers derive utility from the consumption of a composite good, x;, and receive an

exogenous income, y. Preferences are thus given by the quasi-concave utility function
u = u(xj,aij). (1)

Assuming that mobility between locations is costless, spatial equilibrium requires that residents’

utility is equated across all regions, leading to the familiar no-arbitrage condition

uw'=V|y—Ra;|, (2)
—

;

where V(.) denotes the usual indirect utility function. R(u,y,a; ;) represents the bid-rent function
that is defined as the maximum price a consumer is willing to pay for a unit of housing with

attributes a; j, given her income and utility level. Let the price of one unit of housing, r;(a; ;), be



a function of the attributes of the respective dwelling. Then, maximization of (1) subject to the
budget constraint, y > r;j(a; ;) + x;, together with implicit differentiation of (2) yields the following

equality for the hedonic price of attribute i:

=0 _ OR
‘ ﬁam- 8ai,j'

(3)

Thus, the hedonic price f; of any attribute a; is defined as the marginal contribution of attribute
a; to the price of one unit of housing. Furthermore, in this simple setting, an estimate of the
hedonic price allows direct inference of the consumers’ marginal willingness to pay for the respective

attribute.

3 Empirical Approach

To obtain empirical estimates of the capitalization of local amenities and policies into land prices,
I estimate hedonic land-price regressions. In a first step, I regress the natural logarithm of the

community land price on a set of (dis-)amenities and local public services:
Inrj = oo+ oz + a2 dj + ¢, (4)

where z; is a vector of characteristics of the market for real estate and A; is the set of (dis-)amenities
and public services in community j. Note, that there is no a-priori classification of the community
characteristics as an amenity or disamenity at this point. However, when interpreting the results
the nature of most of our variables is common sense. The vector z; contains a couple of control
variables in order to capture variations in the location rent as suggested by standard models of the
urban land market (see DiPasquale and Wheaton, 1996). This includes population density as the
main determinant of the location rent within metropolitan and urban areas and population growth
as an indicator of the expected change in the location rent. Moreover, indicators of the relative

land use and the distribution of residences within buildings are included here.

The issue treated in this study is of an intrinsically spatial nature. There are at least two points



to take into account in estimating such relationships. First, communities are rather small spatial
entities such that it is perfectly reasonable to expect spill-over effects of (possibly publicly produced)
amenities between neighboring communities. Publicly provided parks are a good example of goods
that enhance the quality of life of all people within a certain distance regardless of their residential
community. To capture such effects, spatial lags of most community characteristics are constructed.

Formally, a_; denotes the spatial lag of variable a; and is transformed according to

a—j = ZW[Ja k]a‘]ﬁ (5)
k

1

where W is a spatial weighting matrix containing inverse distances" as weights with:

W{j, k] = 0 if distance between k and j > 30km,
W{j, k] > 0 if distance between k and j < 30km, and

W15, 4] = 0.

In other words, the spatially lagged counterpart of the local crime rate in municipality j contains
the inverse-distance-weighted sum of crime rates in all surrounding communities within a radius of
30 km?. Note, that by taking the sum of values in the surroundings explicit emphasis is put on the
question of how central a community is located. This form of aggregation pays attention to the fact
that municipalities surrounded by many other, possibly attractive, communities exhibit a greater
quality of life to most people than remote places do. On the contrary, a row standardization would

ignore this argument by assigning more equal weights to each location.

Another important point to be addressed in this spatial context is the likely presence of dependence
in the unobserved variables. The literature on spatial econometrics emphasizes that inference based

on simple OLS estimates might be incorrect if individuals are not independently distributed over

!Distances are own calculations based on UTM coordinates (zone 33, W(GS84 ellipsoid) of the Federal Bureau of
Cartography and Geodesy (“Bundesamt fiir Kartographie und Geodésie”).

2 Although chosen arbitrarily, the mark of 30 km seems a reasonable guess when thinking of cross-border effects of
community characteristics. However, regressions with varying cut-off values between 15 and 90 km have been carried
out and the results proved very robust against such variations.



space.> Therefore, I follow Conley (1999) and estimate a heteroscedasticity and spatial-dependence
consistent covariance matrix of the orthogonality conditions. Thus, the second set of regressions

carried out in this study can be formalized as:

Inr; = Bo + Bizj + B2Aj + B3A_; + €5, (6)

where A_; denotes the vector of spatially lagged (dis-)amenities and €; are the spatial dependence

robust error terms.

In a next step, the coefficients (2, 33) are converted into implicit prices for the amenities and
public services. In this case, these implicit prices are just the marginal effects obtained in the
regression analysis and are given in € per sqm at the moment of purchase. This representation
avoids any additional sources of imprecision that might arise through a translation into monthly

budget figures.

4 Data

This study is concerned with the 505 communities of the German federal state of Saxony. Table 1
presents summary statistics for land prices, amenities, public services and control variables. Most
of the data refers to the year 2006 and is obtained from two sources, the statistical office of Saxony
and the Development Bank of Saxony (SAB). The latter provides a couple of interesting measures
of public services at the community level; for example, the rate of physicians to patients as an
indicator of the provision of health services. Another measure of health services is given by the
dummy variable Hospitals which takes the value 1 if a hospital is located in the community itself
or in an adjacent municipality. In order to capture traffic connections as well as remoteness, a
weighted average of minutes of driving time to a number of common destinations such as place of
work, school, shopping centers, train station, and airport is used. The SAB furthermore provides
a self constructed measure of the quality of the public transport system. This figure basically

relates the local number of daily driven kilometers in the public transport system to population

3See Anselin (2001) for an overview.



density.* Moreover, the number of criminal offences against persons per 1000 inhabitants is used as
an indicator of the level of public security provided by a municipality. The degree of local provision
with basic goods is captured by a variable representing the area occupied by food retail stores per

inhabitant.

Another variable of interest is the local unemployment rate, which indicates the economic situation
in the municipality as well as the individual labor market risk faced by residents. The figures are
taken from the state’s statistical office, and from the same source stem the variables reflecting the
local structure of land use. Thereby, the percentage of land dedicated to recreational purposes is
included as an amenity to households. The fractions of community area occupied by buildings or
traffic, on the other hand capture features of the local market for real estate. By the same token the
number of buildings containing 2, or 3 or more residences, respectively, are included in the analysis.
Possible agglomeration effects that are not due to the considered characteristics are controlled for
by including a dummy variable for cities with a population greater than 5,000 people and the
population density itself. Furthermore, land prices are likely to be in part driven by expectations
on future developments. Therefore, population growth between 2000 and 2006, as well as the share
of inhabitants older than 65 years enter the regressions as further control variables. The state of
Saxony has frontiers with the Czech Republic and Poland. As both countries show substantial
differences with respect to the economic and cultural background, the distance to the Eastern
border is included to control for such structural variation within the Saxon municipalities. Finally,
a pure amenity is considered by including figures on average precipitation in the communities. This
variable captures long term averages from 1960 to 1990 and stems from the Federal Meteorological

Office (“Deutscher Wetterdienst”).

The dependent variable of the main regression is based on an official collection of purchasing prices
for land.? The figures used are average values derived from purchasing prices for lots of nearly
identical features and values. These so called standard ground values (“Bodenrichtwerte”) refer
to lots typical for the respective region and are reported separately for residential, commercial,

and mixed areas. In order to take into account the fact that companies and households are both

Avg.dailynumberofdrivenkilometers

The € 7 por t =
Xac formula 1S: PUblZCT anspo 100
0 \/mz'n(settle'menttn ea/totalarea; 5%)/\/znhabztants/settlementa'r ea

5These prices are collected and stored by the Geschiftsstelle des Gutachterausschusses following §195 BauGB.
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competing for land and to guarantee a maximum of representativeness, I calculate averages of these
three categories using the corresponding shares of land as weights.® Moreover, the Development
Bank of Saxony (SAB) provides similar data for purchasing prices for land, distinguishing sites of
good, medium, and basic quality. This data is used to check the results of the main regression
with respect to their robustness. Furthermore, income related patterns in the demand for local
characteristics might be detected by separate analysis of the three categories, as better lots are

likely to be demanded by households with higher income.

The spatial lags of the variables Crime, Public Transport, Commerce, Land recreation, and Physi-
cians are calculated according to equation (5). Note, however, that such a spatial transformation
does not make sense for all kinds of community characteristics. Take, for example, the unemploy-
ment rate. This indicator is not irreversibly linked to specific areas of land, since there exists the
possibility of commuting. If a community features a splendid labor market this fact will not only
be reflected in the local unemployment rate, but also in the unemployment rates of all neighboring
municipalities. Including a spatial lag of the above mentioned form is therefore not very promising.
In a similar manner, the precipitation in adjacent communities is most likely to be of minor interest
to residents. In contrast, the variables Hospitals and Peripherality are not transformed because

both of them already include a spatial reference to neighboring communities by definition.

5 Results

Table 2 reports the results of the hedonic regressions of land prices on the set of amenities. For
reasons of comparison, the results for regression equation (4) which ignores any spatial issues are
reported in Column 1. Columns 2 - 5 report the results of different specifications of equation
(6) with spatial dependence robust standard errors and including spatial lags. The specifications
differ with respect to the dependent variable. The results in column 2 are obtained using the local
averages of all land prices. Therefore, this “main regression” gives the most representative picture

and is later used to infer the hedonic prices (see next section). Columns 3 - 5 provide the respective

6 Alternative regressions with the untransformed data showed that the results presented in this paper are robust
to this transformation.



results for the land prices in good, medium, and basic quality sites, which are based on fewer
observations. First note that the explanatory power of the regressions in general is considerably
high. The main estimation presented in column 2 is able to explain 66 % of the variation in local
land values, and for sites of medium quality this figure even reaches 70 %. As the figures used as
dependent variables are not directly observed market prices, the high goodness of fit is an important

indicator for the validity of the presented results.

The different specifications by and large give a consistent picture. The bulk of coefficients on the
explanatory variables prove to be significant at standard levels and practically all of them show
the expected signs. Moreover, the results of the different specifications turn out to be consistent
with respect to their significance levels and signs. Despite the varying dependent variables and the
different number of observations, even differences in the absolute values of the coefficients are of

minor magnitude.

High shares of recreational area, nearby hospitals and a good system of public transport all prove
to be positively correlated with the local price for land, both when measured in the community
itself or in its surroundings. In contrast, high levels of unemployment and precipitation are asso-
ciated with a lower value of land. These effects are of similar magnitude throughout the different
specifications, with the results for unemployment and the spatial lag of the public transport system
being remarkably robust. A good provision of health services through physicians at the local level
is also found to have a positive impact on land prices. However, the ratio of physicians to patients
in the surrounding communities does not show a significant coefficient. This might indicate that
the local provision of health services is considered to be sufficient, especially since the availability
of hospitals is accounted for separately. No significant effect is found for the supply of basic goods,
neither when measured locally nor in the neighbor communities. The remoteness of a community
clearly goes hand in hand with lower prices for land. This result holds throughout all specifications,
although the amenities of neighboring locations and the respective distances are explicitly controlled
for. The results obtained for the crime rate and its spatial lag show an interesting variation across
the quality levels of sites: The negative coefficient of the local crime rate is only significant in the
specification referring to good locations. On the contrary, the crime rate in surrounding municipal-

ities has a highly significant coefficient in all other specifications. Given that living space in sites

10
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of good quality is predominantly demanded by high income households, this might indicate that
public security matters systematically more to people with higher income levels. The significance
of the crime rate in the neighborhood might be explained by studies finding that criminal acts
tend to be committed in adjacent locations providing more profitable opportunities, rather than in
the residential region of the criminal (see, e.g. Katzmann 1981, or Buettner and Spengler 2008).

However, without information on the origin of offenders, this cannot be confirmed.

Note that the results of all specifications clearly point at the existence of agglomeration effects.
The coefficients on the natural logarithm of the population density, on the indicator for cities
over 5,000 inhabitants, and on the share of buildings containing more than 3 residences are all
significantly positive throughout the different specifications. However, the variables designed to
control for expectations and speculation in the market, i.e. population growth and the share of old
people, do not show consistently significant coefficients. A further interesting finding is the robust
significant effect of the distance to the eastern border. Apparently, the proximity to the countries

of the eastern enlargement of the EU is valued negatively at Saxony’s market for land.

6 Hedonic Prices

The hedonic prices of public services and amenities are obtained according to equation (3) and
are based on the results of the main regression shown in column 2 of table 2. Table 3 reports
the resulting hedonic prices for the community characteristics. The figures in column 1 report the
marginal willingness to pay for one unit of the respective amenity or public service in € per sqm
at the moment of purchase. For example, the results suggest that households are willing to pay
around € 0.96 per sqm to have a one percentage point smaller unemployment rate in their home
community. Since each amenity is measured in different units, this exact form of representing the
willingness to pay is not very convenient for getting a feeling of relative magnitudes. Thus, for ease
of comparison, column 2 reports the prices in € per sqm for an increase of one standard deviation of
the respective characteristic. Accordingly, a one standard-deviation increase in the unemployment
rate is associated with a decrease in willingness to pay for one sqm of land of about € 1.72. By

combining hedonic prices with the observed variation in amenities, this column gives an insight into
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Table 3: Hedonic Prices (in €/sqm)

Variable Price per unit Price per 1 Std. Dev.
Unemployment -.964 -1.72
Share of land: recreation 2.45 2.35
Hospitals 2.72 1.28
Physicians 4.94 1.76
Crime -.105 -.254
Peripherality -.251 -1.79
Public Transport 1.31 2.08
Precipitation -.029 -3.26
Commerce 964 .293
W Share of land recreation 2.13 .653
W Physicians 1.26 .186
W Crime -.964 -.872
W Public Transport .029 493
W Commerce 2.75 271

what is mainly driving the differences in local land prices. Apparently, the share of recreational land
and the quality of the public transport system play the biggest role in location choices of people,
as they are valued at € 2.35 and € 2.08, respectively. Relatively high valuations are also found for
physicians, the unemployment rate and good traffic connections, for which the hedonic prices lie
around € 1.75 sqm for a one standard deviation enhancement. The prices for the crime rate and
food retailing are of minor magnitude and are based on insignificant coefficients. Surprisingly, the
only “true” amenity in the analysis, precipitation, is very highly valued by Saxony’s inhabitants
and has a price of € 3.26 per sqm for a reduction of one standard deviation. However, this high

valuation might be a result of the severe flooding that took place in Saxony in 2002.

A somewhat puzzling finding is that the price of unemployment is not among the highest ones
in this list. This is clearly at odds with the prevailing view that labor market conditions are the

main determinant of inner German migration flows.” However, one possible explanation for this

"This view is, among others, confirmed by a similar study for Germany at the county level by Buettner and
Ebertz (2008) who find that among a range of local characteristics the willingness to pay is highest for good local
labor market conditions. Moreover, the “Perspektive Deutschland” study 2004, a survey among more than 500,000
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might be the overall alarming state of the East German labor market. Given the fact that huge
numbers of East German workers are commuting to the western part of the land, the local rate
of unemployment might not be of major importance, especially not when compared to the east
German neighbors. Moreover, the community level is likely to be a too small entity of aggregation
to measure the willingness to pay for labor market conditions. Labor markets are usually defined

as broader regions, even when ignoring the possibility to find work in West Germany.

Care must be taken when looking at the figures regarding the spatial lags in Table 3. The numbers
in column 1 report the implicit prices calculated for the spatially lagged variables as described in
equation (5). In other words, each of these valuations refers to the weighted sum of the respective
characteristic within the neighborhood. Thus, a reduction of the aggregated and inverse-distance
weighted crime rates in the neighboring communities of 1 crime per 1,000 inhabitants is valued at
€ 0.96 per sqm. On the contrary, the prices reported in column 2 are calculated for a one standard-
deviation increase of the respective characteristic in the closest community. The observations of
the amenities in the closest neighbor are, however, still weighted with the inverse distance of this
community. This representation relates the valuations to amenity levels within only one municipal-
ity instead of a sum of community characteristics and should facilitate comparisons. Accordingly,
the willingness to pay for a decrease of one standard deviation in the crime rate of the closest
neighbor is € 0.87 per sqm. This is the highest valuation among the conditions in neighboring
municipalities. High valuations are also associated with the share of land dedicated to recreational
purposes (€ 0.65 per sqm) and the public transport system (€ 0.49 per sqm). Note, that all the
neighbors’ values are lower than their counterparts, which is a natural consequence of the lower

influence on the local quality of life, that is reflected in the inverse distance weights.

7 Summary

In order to estimate hedonic prices for a number of public services and amenities, I apply the

hedonic approach to land prices in the 505 communities of the Free State of Saxony. Taking into

German households, also finds that, along with personal relationships, the labor market is the main reason for moving
in Germany.
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account spill-over effects from neighboring municipalities as well as issues of spatial dependence,

the capitalization of community attributes into land prices is investigated.

The hedonic regressions of land prices on a set of community characteristics are able to explain up
to 70 % of the variation in land prices across the communities of Saxony. Estimation shows that
capitalization of most of the investigated amenities and disamenities occurs in the expected way.
The results indicate that the valuation of Saxony’s citizens is highest for a good public transport
system and high percentages of land dedicated to recreational purposes. Furthermore, the local
crime rate seems to matter only at sites of higher quality, which are expected to be demanded by
high-income households. In addition, a significant influence of attributes of neighboring communi-
ties is found. Accordingly, the public transport system, recreational land, and the crime rate in the
surrounding communities are found to have the highest hedonic prices among all spatially lagged

attributes.

The results confirm the usefulness of the hedonic approach in the German context. As many of
East Germany’s communities suffer extensively from the loss of young and productive individuals,
an evaluation of the strengths and weaknesses of communities with regard to the attraction of
households might help to recover some of the lost population. More centrally located, small mu-
nicipalities could use it to develop strategies to take advantage of the recent rise in attractiveness

of the big cities of Dresden and Leipzig.
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