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Abstract
The decision on where to locate transportation infrastructure is often a matter of great public dispute.
Typically, positive and negative externalities arise simultaneously, exhibiting varying effects on localities in the
surrounding area of the infrastructure. Given the difficulties in assessing these effects separately, previous
work usually examines aggregate (net) effects of infrastructure provision, typically measured by property prices
or land values. However, this approach is likely to produce biased results if the partially offsetting externality is
not properly controlled for. In this paper, we aim to disentangle the various effects of infrastructure provision,
analyzing a unique micro‐level data set of land values at the individual plot level for the city of Berlin, Germany,
from 1890 to 1914. Specifically, we argue that the inauguration of the city’s first metro line in 1902 provides a
perfect quasi‐experimental setting to analyze this issue.
Dividing our sample of up to 48,436 observations into residentially and commercially used properties, we apply
a multi‐step differences‐in‐differences approach to examine the conflicting effects of infrastructure provision.
Our key results are derived from a fully‐fledged panel analysis which makes use of the full variation of plot‐level
land values in our data. The results indicate an (unbiased) accessibility benefit of 23.7 (4.2) percent on
commercial (residential) properties in the immediate vicinity of a station relative to localities of an additional
km of distance. The corresponding disamenity effects of infrastructure, which are derived by using
contemporary noise data, indicate a decline in land values of 0.5 (0.3) percent per additional db of noise. The
corresponding structural parameters imply a decline of utility for households of 1.3 percent per km of distance
to a station and a decline in firm productivity of 1.6 percent per km. The costs of noise add up to 0.16 percent
and 0.34 percent for each 10 db increase in noise pressure.
Confirming intuition, our results strongly indicate that estimated net effects of infrastructure externalities may
be significantly biased if both amenities and disamenities are not controlled for simultaneously.
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1.

Introduction

The (exact) routing of transportation infrastructure is often a matter of great public dispute. On the
one hand, access to transportation allows easy travel to other locations. Within cities, proximity to
public infrastructure provides opportunities for commuting to other neighbourhoods, in particular
the central city, so that areas around public transportation stations (from which people then have to
walk to their homes or their jobs) appear particularly valuable. Across cities, access to long‐distance
travel is often a major locational advantage. Typically, there is fierce competition among
communities about the location of motorways, railway stations and airports. Also, there is frequent
evidence that cities with good external connections (e.g., port cities) are disproportionately large.
On the other hand, transportation is often associated with local disamenities. Depending on
technology, the operation of transportation infrastructure may imply noise pollution, low air quality
or other forms of environmental damage. As a result, neighbourhoods often strongly oppose the
location (or expansion) of transport infrastructure in their immediate proximity, a phenomenon that
is frequently referred to as a NIMBY (Not‐In‐My‐Backyard) attitude.
In view of the conflicting interests and the large public investments involved in infrastructure
development, a sizable literature aims at understanding the costs and benefits of infrastructure
location. While it seems generally difficult to identify the various effects individually, standard bid‐
rent theory appears to provide useful insights based on aggregate effects. Specifically, if land values
mirror overall utility at a given location (including noise and accessibility), observable property prices
may be used for a (net) welfare analysis of the economic effects of transportation. Indeed, a number
of studies examine the housing price effects of infrastructure improvements, with generally mixed
results; see WRIGLEY and WYATT (2001) and GIBBONS and MACHIN (2008) for excellent surveys.
In the practical implementation of this approach, however, empirical strategies are confronted with
at least three methodological limitations. First, the location of infrastructure (such as railway
stations) is usually jointly determined by a wide variety of location characteristics which are expected
to generate demand by passengers (e.g., a retail or employment centre or an otherwise desirable
feature of location). Since it is difficult to control for all observable and unobservable location
characteristics, co‐location effects may yield confounding outcomes in empirical estimates. A
possible approach to overcome this problem is to make explicit use of the time dimension,
controlling for unobservable location effects in (quasi‐)panel analysis settings (AHLFELDT, 2010;
AHLFELDT and WENDLAND, 2009; GIBBONS and MACHIN, 2005; MCMILLEN and MCDONALD, 2004).1
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Earlier work in the same direction include Dewees (1976), Bajic (1983), Baum‐Snow and Kahn(2000), and
McDonald and Osuji (1995)
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Second, many studies analyse price responses for properties or housing units instead of land values,
with only a few exceptions (e.g. AHLFELDT and WENDLAND, 2009; COFFMAN and GREGSON, 1998).
The main shortcoming of an exploration of housing prices is that new infrastructure development is
likely to be followed by an increase in housing supply to meet the infrastructure‐related rise in
housing demand (i.e., more housing units are built on specific lots); since the supply shift will
mitigate the price response, the pure accessibility effect of infrastructure is likely to be
underestimated. In contrast, land is typically scarce in an urban context and provided (almost)
inelastically. Therefore, reliable and precise information on land values helps to circumvent this
problem (although appropriate data is often difficult to obtain in practice).
Finally, in view of the various effects of infrastructure provision on location, empirical results from
reduced‐form specifications which estimate only a single coefficient, are generally difficult to
interpret. For instance, a majority of studies examines aggregate measures of a location's
attractiveness, focusing exclusively on the overall (net) effect of transportation without disentangling
the costs and benefits. Another set of papers analyzes only a specific aspect of transportation
infrastructure (such as noise pollution) and, thereby, ignores other (potentially offsetting) effects by
design. None of these estimation approaches allows a proper identification of the location effects of
infrastructure.
In this paper, we aim to explicitly address these methodological challenges by providing detailed
estimates of the separate effects of infrastructure development. Specifically, we make use of a
unique data set that allows us analysing the expansion of the suburban railway network in the city of
Berlin between 1890 and 1910. During this period, the establishment of new central city lines
provided various city districts with the amenity of better access to Berlin's city center, with benefits
depending on a locality's distance to the station. Moreover, while the lines were generally built as
underground lines, for some sections, tracks were laid above ground so that these localities also
experienced disamenities from the operation of the railway. We use these quasi‐experimental
sources of variation to identify the costs and benefits of infrastructure location.
Our response measure is assessed land values at the plot level. In total, our data set contains up to
7,000 observations per year, which is a level of spatial detail that is unmatched in a historical context.
Moreover, since it seems reasonable to assume that different uses of land may reveal different
magnitudes of the relevant marginal amenity and disamenity effects, we also split our sample by
forms of land use, thereby allowing us to assess the price effects of infrastructure provision on
residentially used plots and on commercially used plots separately.
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The quasi‐experimental setting of our analysis is strengthened by a number of other useful features.
First, decisions about the routing of the lines and the sections to be built above and below ground
were plausibly exogenous as will be shown below. Second, the inner‐city railway lines were true
innovations in transportation such that there was no anticipation effect in the real estate market
about the possible impact of this change in infrastructure on location. Third, the new infrastructure
had a considerable effect on living conditions since few alternative means of transportation were
available at that time.
The remainder of the paper is organized as follows. Section 2 presents a theoretical framework to
illustrate the difficulties of identifying (conflicting) infrastructure effects. Section 3 explains our
empirical strategy, followed by a description of the historical background and the data. The heart of
our paper is Section 5, which presents the empirical results and the derivation of relevant structural
parameters on transport cost and noise disamenities. Section 6 provides a brief conclusion.

2.

Theoretical Framework

To guide our empirical research, consider a simple bid‐rent model in the spirit of AHLFELDT (2011b)
and traditional urban housing models (MILLS, 1969; MUTH, 1969). Space is consumed by identical
and mobile households and firms, who bid for housing or office space depending on the
compensating differentials at any given location. Accordingly, rents adjust to keep utility for
households and profits for firms constant and to ensure spatial equilibrium.
Demand by households
Let individuals at a location i derive a Cobb‐Douglas type utility from the consumption of a composite
(local) non‐housing good (C) and housing space (H):
,

(1)

where A is a composite variable which captures the shift in utility related to a nearby rail station
(both because of reduced travel time to employment and the leisure opportunities that a city offers
and the associated negative effects) as well as all other location‐specific factors L.
,

(2)

where y is the location's distance to the nearest rail station, is a discount parameter reflecting
transportation costs to this station, z is the distance to negative rail externalities (e.g., an overground
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rail track that emanates noise and visual disamenities), and

is the respective spatial decay

parameter.
Further, suppose that the per‐unit cost of housing is bid‐rent Ψ, and the price of the consumption
good is the numeraire. Residents maximize their utility within these constraints. First‐order
conditions and a constant reservation utility level (that is set to

1) then imply that bid‐

rents are a positive function of general location quality and distance to disamenities, and a negative
function of distance to the nearest rail station:
1

1

.

1

(3)

Demand by firms
Firms use labor (N) and space (S) as input factors in a Cobb‐Douglas production function, operate in a
competitive market with free entry and exit, and make zero economic profits (Π), while the price of
labor is the numeraire:
0,

(4)

where B shifts the total factor productivity of firms, depending on the location's endowment.
Specifically, it is assumed that, other things equal, local productivity increases in proximity to the
nearby rail station (e.g., due to the benefits of quick access to consumers, business partners and
employees) and decreases in the local noise level (e.g., as workers become less productive and it
becomes more difficult to attract customers):
.

(5)

First‐order conditions, substituted into the zero profit equation and solved for rent, imply the
following equilibrium rent for office space:
1

η η

.

(6)

Supply
To understand the spatial equilibrium of a city, we also need to consider a supply side since the
supply of building stock is not perfectly inelastic, even with strong regulatory constraints and limits to
densification. For simplicity, we assume that housing is provided by a homogenous construction
sector that uses capital (K) and land (O) as inputs in a Cobb‐Douglas production function:
,

(7)
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where

is a shift parameter that captures city‐specific factors that affect the productivity of the

housing sector (e.g., regulatory restrictiveness). Without loss of generality, the parameter can be set
to one for a given city. Construction firms pay a bid‐rent for land, while the price of capital (which is
a composite of all non‐land inputs) is the numeraire.
The first‐order condition yields the following demand for capital per unit of land (which, in an urban
context, can be reasonably assumed to be fixed and provided inelastically):
.

(8)

With competitive markets, full entry, and construction firms making zero profits, we obtain the land
rent equilibrium condition that must hold at all locations i, and which pins down land rent as a
function of housing bid‐rent and construction technology, similar to well‐known classic housing bid‐
rent models (e.g., MUTH, 1969). Equilibrium land rent at residential and commercial blocks is thus
determined by housing bid rent and the production technology:
1

,

(9a)

1

(9b)

Substituting in equations (3) and (6) and taking logs, we obtain the following equations (for
residential blocks and commercial blocks, respectively), which form the basis for an empirical test of
the equilibrium condition:
log r

ξ

log r

Ξ

1

log L

1

log L

1

1

y

1

1

y

z

(10a)

z .2

(10b)

Note that the marginal effects of location features, including proximity to infrastructure, depend on
the housing production technology as well as on consumption preferences and firm technology. For
consumption preferences, the underlying rationale is that as rents go up, households substitute away
from housing consumption, depending on their preferences for housing (see equation 1). A large
parameter value of α implies that housing consumption is given up more quickly, thereby leading to
stronger marginal price effects. This phenomenon may be even more pronounced in reality, since
individual preferences over amenities vary and residents often sort accordingly. A similar argument
applies to the substitution of labor and space in the firm production process and its implications for
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With ξ

log 1

1

and Ξ

log 1

1

.
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the equilibrium rent. Generally, these relationships may help in understanding why the estimated
transport accessibility effects differ so widely across studies.
The virtue of this simple theoretical exercise is that, given that the parameters α, η and γ are known
(or can plausibly be approximated), the structural parameters of interest, and , can be derived
from the reduced‐form estimation specifications, an issue to which we return in section 5. While the
relative magnitude of these parameters to firms and households is primarily an empirical issue, it
seems straightforward to assume that the overall transport costs to a station over a certain period of
time depend on the frequency of usage. Consequently, given the much greater frequency of
customer and business contacts for firms, transport costs are expected to be higher for firms than for
households.
Also, from equation (8), we note that as builders use more capital, housing space per unit of land
increases. Since capital intensity depends on the land rent, which is itself determined by the housing
rent, any shock that shifts the housing bid‐rent eventually triggers a supply effect which potentially
mitigates the reaction of equilibrium prices for housing. In our empirical analysis, we examine data
on land values, which is a direct measure of the capitalized land rent, allowing us to avoid this issue
in estimation.
Finally, the equilibrium condition (10) also helps in understanding why a proper estimation of
accessibility benefits is empirically challenging. As hypothesized in our model, assume that bid‐rents
are a function of location‐specific advantages L, rail amenities B and rail disamenities C, such that
, ,

, with

0,

0, and

0. Amenities themselves are assumed to depend on

distance y from the source of the amenity (e.g., the railway station), with
disamenities decline with distance z from their source (e.g., the tracks), such that

0. Similarly,
0.

In order to analyze the effects of transportation infrastructure on location, studies then typically
proceed as follows. Conventional accessibility models estimate rent gradients as a function of
distance from the amenity:
.

(11)

Likewise, noise models examine to what extent bid‐rents are affected by transportation‐related
disamenities:
.

(12)

8
In the empirical implementation of these simple model formulations, however, a number of potential
difficulties emerge. For one thing, the association between location‐specific factors and a location's
distance from the infrastructure is generally unknown. A reasonable approximation to deal with this
issue is to ensure that the implicit assumptions dL/dy = 0 and dL/dz = 0 indeed hold. As a result,
studies often aim to analyze the effect of infrastructure for otherwise identical locations by
controlling for as many (observable) location specifics as possible. In our analysis, we deal with this
issue by holding time‐invariant unobservables constant with the use of location‐specific fixed effects
(e.g., AHLFELDT, 2010; AHLFELDT and WENDLAND, 2009; GIBBONS and MACHIN, 2005).
Another potential difficulty is to properly control for the effect of the offsetting factor. Accessibility
models often implicitly assume that dC/dy = 0; noise models typically imply that dB/dz = 0. Both
assumptions, however, are unreasonable, given the evident spatial correlation of sources of positive
and negative externalities of the same infrastructure. A possible solution to this problem is to argue
that the estimation results from these reduced‐form models capture the overall (net) effect of the
transportation infrastructure (that is, net of the impact of the conflicting factor). Still, the problem is
more fundamental. Only if both local costs and benefits of transport infrastructure can be controlled
for, will the reduced‐form specifications (10) yield unbiased estimates of the effect of interest. If one
effect is missing, the presumably positive correlation of a location's distance to infrastructure
amenities and disamenities (dy/dz>0) is likely to bias the estimated marginal effect of the feature of
interest downwards. An obvious empirical limitation of this approach is that only factors with spatial
variation in their effects relative to distance from their source can be disentangled.

3.

Empirical Strategy

Our key identifying assumption for the estimation of the effects of transportation infrastructure on
location is that amenities and disamenities arising from the establishment of a new road or railway
network differ across locations. Aiming, then, to make full use of our comprehensive data set, we
proceed stepwise. We begin with a set of differences‐in‐differences regressions; these results not
only provide unbiased estimates of the positive and negative externalities of transportation
infrastructure on location, they also illustrate the extent to which estimation results are likely to
suffer from omitted variable bias if one of the partially offsetting effects is not properly taken into
consideration in the empirical analysis. In another exercise, we perform a detailed balanced panel
analysis in order to derive estimates for the calculation of the structural parameters in our model in
section 2.
3.1

Baseline
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To formally describe our baseline econometric approach, consider the following very general
representation, which is a reduced‐form specification of equation (10):
∑

log

,

(13)

where i denotes locations, t denotes time, and L is a comprehensive set of (time‐invariant) location‐
specific fixed effects. Taking first differences of this equation then yields:
log

log

,

(14)

such that changes in a location's overall attractiveness, as capitalized in the bid‐rent r, can be
decomposed into the pleasant and unpleasant effects of a change in the local transportation
environment.3
To be more precise, consider the following empirical implementation of equation (14) to analyze the
effects of a newly provided infrastructure, such as a new railway line. Let land values lv measure bid‐
rents and assume that, following the literature, distance to the nearest station captures
infrastructure‐related amenities, while noise pollution represents the most important disamenity
from the operation of the railway. Consequently, the regression specification becomes:
log

log

,

(15)

where A and B denote periods after and before the establishment of the line, respectively, and it is
0, as no railway‐based infrastructure was present in that area in

implicitly assumed that

period B, while the railway‐related noise simply adds to the pre‐existing noise level at a given
location. Assuming that trends in the evolution of plot‐level land values unrelated to the
infrastructure are uncorrelated with the error term, this estimation equation gives the unbiased
marginal price effects of transportation amenities and disamenities.
3.2

Differences‐in‐Differences

Moreover, if it is possible to identify a reasonable control group of locations which remain unaffected
by either the comforting or the annoying effects of the transport innovation, it can be shown that
this first differences specification also satisfies quasi‐experimental conditions. For instance, let T
denote the treatment group of locations that suffer from (additional) noise pollution, and C denote a
control group of plots which is unaffected by this disamenity, then:
log

3

log

log

log

(16)

For simplicity, we assume that the marginal benefits () and costs () of transport infrastructure are constant
over time.
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Alternatively, the specification can be extended further to feature a quasi‐experimental setting for
the accessibility effect. In addition to (first) differences over time and (second) differences across
locations, a third difference has to be considered. One possible approach is to take another (this time
long) difference over time such that the empirical specification compares changes in land values at
different distances to a rail station during the inauguration period of the line to the respective
changes in values at the same locations before the rail line was introduced. In such a setting, the
treatment coefficient gives the following differences‐in‐differences estimates:
log

log
where

log

log

(17)

0 is assumed for all periods but A (i.e., there is no anticipation effect), and 0 denotes a

point in time before B so that T denotes the treatment period and C is the control period.
Another differences‐in‐differences identification strategy builds on our previous example in which
not all locations suffer from the negative effects of the transportation structure (e.g., if the tracks are
laid below ground for some sections of the line). Since noise and visual disamenities only affect part
of the line, the conflicting effects of infrastructure can also be disentangled by discriminating the
marginal distance‐to‐station effect across both sections of the line. More specifically, let DistStation ×
Over denote an interaction term where Over is an indicator variable for locations that have an
overground station as their nearest station. The infrastructure‐related disamenity is then identified
by comparing the marginal station effect for locations with noise pollution (treatment area T) to
locations without that effect (control area C).

log

log

log

log

(18)

The different estimation strategies can also be combined, although such an approach is potentially
problematic for reasons that we discuss in more detail below.
3.3

Balanced Panel

In another empirical exercise, we perform a conventional spatial regression analysis of plot‐level land
values. Exploring the panel structure of our data set, we use interaction terms to isolate the effects
of improved accessibility and worsened environment on the location after the opening of the line. As
before, we control for other location‐specific characteristics, such as distance to the CBD and tram
density. We also include a comprehensive set of plot‐level fixed effects to control for all unobserved
location features (which are constant over time). Finally, we add year‐specific fixed effects to capture
any shocks to the overall property market. In sum, we estimate regressions of the form:
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∑ ∑

log

∑

∑

,

(19)

where Post is a dummy for years after the inauguration of the line, Xi is a vector of observable
location features, and Li and Tt are plot and year fixed effects, respectively. The interaction terms
∑ ∑

allow the marginal effects of observable location characteristics to vary over time,

which seems to be of particular importance since the city of Berlin underwent considerable changes
in its structure over the sample period (AHLFELDT and WENDLAND, 2011).
The coefficients of interest provide a differences‐in‐differences identification of the treatment
effects, differentiating land values over time (before and after the rail line started its operations) and
across space (with varying levels of accessibility and noise):
,

(20a)
(20b)

While this specification implicitly assumes a discrete change in the variables of interest as soon as the
infrastructure is established, the construction of new transport facilities is, in practice, often
anticipated by households and businesses (AHLFELDT and FEDDERSEN, 2010; MCDONALD and OSUJI,
1995; MCMILLEN and MCDONALD, 2004). This anticipation may lead to capitalization effects in the
property market before the actual opening of a new line.
For our episode of the establishment of the first electrified rail line in Berlin, the construction time
was very short and accompanied by various changes in the routing plans. Still, we aim to make sure
that possible anticipation effects do not affect our estimation results. Similarly, it could be argued
that it may take some time before residents and businesses fully respond to the new infrastructure.
Therefore, in order to account for gradual adjustments in land values before and after the
establishment of the new line, we follow AHLFELDT (2011b) and estimate a full set of time‐varying
treatment coefficients:
log

∑

∑

Taking 1890 as base year, the parameters

∑ ∑
and

∑

∑

(21)

, defined for u=[1896, 1900, 1904, 1910, 1914],

capture the evolution of infrastructure‐related price effects over time.

4.

Historical Background and Data

4.1

History

After having presented the first fully electrified experimental railway at the Berlin trade and
industrial exhibition (Berliner Gewerbeausstellung) in 1879, the German founder and inventor
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Werner von Siemens constantly worked towards a quick implementation of this innovation in mass
transit for the city of Berlin. By the year 1891, the company Siemens & Halske had proposed a
densely linked network of various lines to connect the inner core of Berlin with its surrounding
municipalities.4
According to initial plans, the network was to be built entirely on elevated tracks, mainly because of
strict regulations of underground activities due to ongoing construction works on the new
canalization system led by James Hobrecht. Given the original structure of the inner city, however,
with its small alleys and winding streets, the plan was widely greeted with skepticism. Moreover,
existing commuting patterns mainly called for the construction of a north‐south connection (in order
to ease many heavily‐used streets), but Berlin’s city government (Magistrat) strongly opposed this
idea, fearing negative consequences for the appearance and attractiveness of one of Berlin's most
prominent north‐south boulevards, Friedrichstrasse (DOMKE and HOEFT, 1998).
As an alternative, a concession was granted in 1895 for the establishment of an east‐west line,
connecting the eastern parts of Berlin, at the station Warschauer Brücke, and the western city of
Charlottenburg, at the station Zoologischer Garten. Although initially less desirable than a north‐
south connection, this line, along another major boulevard of Berlin, was considered the only
possible routing, since trains were still projected to run exclusively on elevated tracks. At the same
time, however, in view of the financial risks involved, the city government of Berlin decided not to
participate in the final execution of this project (BALTZER, 1897). Therefore, to guarantee funding,
Siemens & Halske founded the Elevated Railway Company (Hochbahngesellschaft) in cooperation
with Deutsche Bank in 1897.
Construction began immediately, starting with the eastern sections of the line. However, residents
were quickly dismayed by the viaduct’s unpleasant appearance. Also, Berlin’s municipal planning and
building control office, with its newly appointed head Friedrich Krause, was no longer generally
opposed to plans for the construction of underground lines. As a result, the city of Charlottenburg
managed to ensure, in a last minute move, that the tracks ran beneath the street surface once the
line reaches its boundaries. The decision led, once more, to a change of routing plans along major
parts of the line, with negotiations about possible courses starting less than three years before the
opening of the line.

4

Since the 1870s, social and economic integration among the city of Berlin and its surrounding areas was
growing rapidly. In 1912, the areas formally established an economic partnership. A few years later, in 1920,
Berlin was officially merged with seven other cities, 59 rural municipalities (Landgemeinden) and 27 rural
districts (Gutsbezirke) to form the new city of Greater Berlin (Groß‐Berlin).
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The final routing of the line, especially along the underground sections, can then be viewed as a
compromise between two players. Having just purchased large tracts of land in Charlottenburg’s
Westend district, Deutsche Bank sought to connect these areas to the line in order to benefit from an
increase in land values (ERBE, 1987). The city of Charlottenburg, in contrast, preferred the tracks
further to the north. The line was finally inaugurated on 15 February 1902, with historians later
describing the routing of the line as an outcome of agreements and accidents (BOUSSET, 1935).
4.2

Data

Land Values
Our key source of data are extremely detailed colored maps which identify land values at the
individual plot level for the years 1881, 1890, 1896, 1900, 1904, 1910, and 1914. The maps were
produced by the technician Gustav Müller, in cooperation with municipal planning authorities; the
stated objective was to provide an official guide for public and private investors in the Berlin real
estate market. Regrettably, Müller does not provide a detailed description of the procedure for land
valuation. Still, he claims that assessments refer to the pure value of land, adjusted for all building
and garden characteristics. He also notes that values are corrected for specific location
characteristics such as single and double corner lots, subsoil and courtyard properties. Most notably
for our purposes, the German imperial valuation law (Reichsbewertungsgesetz) includes a rule
providing for the strict use of capital values for the assessment of commercial plots, based on fair
market prices.
Using the Müller maps, we digitize plot‐level land values within a buffer zone of 1,000 meters around
the newly built tracks in a GIS environment. In total, our balanced panel consists of 48,436
observations for seven individual years.
Land Use
In addition, we manually extract and digitize the use of land for the plots in our sample area. The
information is obtained from Aust (1986) who provides detailed maps of land use at the sub‐plot
level for the year 1910.
Noise
For noise disamenities, we consult a highly disaggregated 10 × 10 meters grid map of contemporary
train‐related noise levels, published by the Berlin Senate Department for Urban Development (2007).
Implicitly, we argue that, given that the built‐up structure within our area of interest has remained
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virtually unchanged5, actual noise levels basically reflect the same dissemination of sound as about
one hundred years ago. More importantly, even if the noise emission of trains has changed, the
relative noise exposure of localities in our sample area remains largely unaffected.
Route and Stations of the Line
Finally, historical network plans provide detailed information on the route and the location of the
stations, allowing us to readily digitize the line; see, for instance, http://www.berliner‐
untergrundbahn.de or http://www.berliner‐verkehr.de. The line consists of 20 stations (of which 11
stations are located above ground) with a total length of 15.2 km. Figure 1 illustrates the location of
the line in a map of Berlin.
Figure 1: Routing and Stations of Berlin's First Elevated and Subway Line (Linie A)

5.

Empirical Results

5.1

Baseline

5

Very few blocks within the area of interest experienced a change in their building structure. For those areas
that have changed, we feasibly predict the noise level by estimating the dampening effect of building
structures on noise dissemination within the remaining sample.
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In our first empirical exercise, we follow conventional analyses and explore the evolution of land
values after the establishment of the infrastructure. Specifically, we examine changes in land values
for locations close to the elevated train sections of the line over the period from 1900 to 1914,
hypothesizing that, about a decade after the opening of the line, amenities and disamenities of the
new infrastructure have been fully capitalized in the property prices. Moreover, since price effects
may differ by land use, we analyze residentially used plots and commercially used plots separately.

Table 1a: Price Effects of Overground Stations on Residential Plots, 1900‐1914
Distance to U‐
Bahn (km)
Change Noise
Level (db)

(1)
0.028
(0.016)

(2)
‐0.004***
(0.001)

View (Dummy)

(3)

‐0.063***
(0.014)

Change Tram
Density
Distance to CBD
(km)
Distance to
Kudamm (km)
Sample
Observations
3568
3568
3568
R2
0.001
0.007
0.004
‐160.8
‐182.2
‐170.2
AIC
Notes: OLS estimation. Dependent variable is log
*** p<0.01, ** p<0.05, * p<0.10.

(4)
‐0.006
(0.018)
‐0.004***
(0.001)

(5)
0.012
(0.017)
‐0.058***
(0.015)

(6)
0.009
(0.017)
‐0.001
(0.001)
0.008***
(0.001)
0.120***
(0.006)
‐0.018***
(0.002)

(7)
0.006
(0.016)
‐0.037*
(0.016)
0.008***
(0.001)
0.121***
(0.006)
‐0.018***
(0.002)

Residential
3568
3568
3568
3568
0.007
0.004
0.216
0.217
‐180.3
‐168.8
‐1018.1
‐1022.5
log
. Robust standard errors in parentheses.

Table 1b: Price Effects of Overground Stations on Commercial Plots, 1900‐1914
Distance to U‐
Bahn (km)
Change Noise
Level (db)
View (Dummy)

(1)
‐0.276***
(0.063)

(2)

(3)

0.004*
(0.002)
0.065
(0.062)

Change Tram
Density
Distance to CBD
(km)
Distance to
Kudamm (km)
Sample
Observations
504
504
504
2
R
0.035
0.005
0.002
249.8
265.2
266.8
AIC
Notes: OLS estimation. Dependent variable is log
*** p<0.01, ** p<0.05, * p<0.10.

(4)
‐0.397***
(0.100)
‐0.006
(0.003)

(5)
‐0.295***
(0.068)

‐0.049
(0.066)

(6)
‐0.336***
(0.099)
‐0.005
(0.003)
0.009*
(0.004)
0.104***
(0.024)
‐0.051**
(0.019)

(7)
‐0.262***
(0.064)

‐0.035
(0.068)
0.009*
(0.004)
0.098***
(0.023)
‐0.055**
(0.019)

Commercial
504
504
504
504
0.042
0.036
0.163
0.161
248.2
251.3
186.0
187.7
log
. Robust standard errors in parentheses.
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Tables 1a and 1b present the results. To highlight potential biases in the estimation of net effects of
infrastructure location, we proceed stepwise. In column (1), we estimate a standard accessibility
model in which aggregate effects are assumed to be dominated by the amenity of easy travel, with
benefits declining as the distance of a locality to the station increases. Interestingly, however, we
find no measurable relationship between location and the change in land values for residential plots;
the estimated coefficient on our distance measure is indifferent from zero at any conventional level
of statistical significance and even takes a positive sign. This finding indicates that for localities close
to stations the disamenities dominate the benefits of greater accessibility.
Next, we provide analogous results for conventional disamenity models. In column (2), price effects
are modeled as a function of noise pollution. Column (3) uses a binary dummy variable that takes the
value of one if a plot is located in the front row of the elevated tracks (and zero otherwise), capturing
the disamenity of a considerably worsened scenery which may have led to a relocation of high‐
income families.6 For both measures, we find consistent evidence that locations exposed to more
disamenities experienced less favorable changes in land values. For instance, the estimated noise
coefficient of ‐0.004 implies that an increase in train‐related noise levels by ten decibels is associated
with a relative decrease in land values by about 0.4 percent.
Columns (4) and (5) tabulate results for combined estimation specifications when we include
measures of infrastructure amenities and disamenities jointly. While we would expect that taking
explicit account of factors which are likely to offset the effect of interest reduces potential
(downward) biases in estimated aggregate coefficients, the effect of this extension on our estimation
results seems negligible. Again, there is no price‐distance gradient observable (though the coefficient
on distance is now smaller in magnitude and even changes sign), while the estimated coefficients on
noise exposure and location remain basically unchanged.
In columns (6) and (7), we further extend our specification. In particular, we add control variables for
other factors which have the potential to affect either land values directly or the effect of the newly‐
built infrastructure on the relative attractiveness of locations. For instance, there were several
extensions of the tram network in Berlin in the early 20th century; Figure 2 illustrates the high
density of this alternative mode of transportation along our corridor of interest. With the tram‐
related increase in accessibility, however, the new rail connection may not have been able to
generate further benefits.

6

Not surprisingly, properties in the front row of the elevated line also experienced the largest increase in noise
pollution. Therefore, it seems difficult to disentangle the two effects.
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Fig 2: Tram Network across the Sample Area

We also introduce controls for two plot‐specific spatial characteristics, the distance to the historical
central business district (CBD) and the distance to Berlin’s newly emerging secondary center,
Kurfürstendamm 7 . All of these additional control variables take significant and reasonable
coefficients; in line with intuition, our results indicate that plots with improved access to the tram
network, plots at greater distance from the CBD and plots close to the Kudamm area experienced
relatively larger increases in land values. More notably, the key coefficients of interest turn out to be
even weaker with this extension.
Table 1b presents an analogous set of results for commercially used plots. Interestingly, coefficient
estimates differ sizably from previous estimation results for areas used for residential purposes.
Specifically, we find evidence of strong accessibility effects for commercial areas, with plots in the
immediate vicinity of the infrastructure having gained on average about 28 percent in value relative
to plots on the edge of our 1,000 meter buffer. Disamenities, in contrast, have no measurable effect
on land values. Moreover, disaggregation of the overall estimate into separate effects increases the
magnitude of the estimated coefficients. The price‐distance gradient becomes steeper in the
combined specifications, and the disamenity measures now take negative coefficients which, for
noise pollution, only just miss statistical significance at conventional levels of confidence. Finally, it
seems reassuring to note that other specifics of plot location exhibit effects on land values similar to
results obtained for other uses of land, while the inclusion of those controls leaves our key results
unaffected.

7

The historical center was located almost within the geographical center of Berlin, while the Kurfürstendamm
area is located about 5 kilometers to the southwest of the center. The Kurfürstendamm area started to become
a center for retail and entertainment in the 1900s and experienced rapid growth during the 1920s.
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5.2

Differences‐in‐Differences

Although our empirical analysis of the effects of a technological innovation in transportation offers a
number of useful features, it is not exactly clear which factors have determined in detail the final
routing of the first line. For instance, the choice of locations for stations may have been influenced by
a neighborhood's potential for future development. Similarly, tracks may have been laid upon land of
otherwise limited use. To the extent that location decisions were not completely random, our
estimates perhaps capture fundamental price developments of specific localities rather than
infrastructure‐related amenities and disamenities. Therefore, to deal with the issue, we next use a
"higher‐order" differences‐in‐differences approach in which we examine changes in price trends,
both over time and across locations.
In a first step, we replace the dependent variable with a measure that relates the observed changes
in land values over the period of interest (1900‐1914) to the comparable changes in land values in
the decade before (1890‐1900). The key feature of this modification is that the estimated coefficients
now capture the extent to which amenities and disamenities of the new infrastructure affect price
changes instead of price levels.

Table 2: Price Effects of Overground Stations on Residential and Commercial Plots, 1890‐1914
Distance to U‐Bahn
(km)
Change in Change
Noise (db)

(1)
‐0.026
(0.024)
‐0.002
(0.001)

(2)
‐0.598***
(0.127)
‐0.015**
(0.005)

(3)
‐0.042
(0.024)
‐0.001
(0.001)

(4)
‐0.509***
(0.130)
‐0.016**
(0.005)

(5)
‐0.053*
(0.023)

‐0.072**
(0.025)
0.009***
0.002**
Change in Change
0.002**
(0.001)
(0.000)
(0.001)
Tram Density
0.034***
0.112***
0.034***
Distance to CBD (km)
(0.008)
(0.033)
(0.008)
Distance to Kudamm
0.004
‐0.013
0.004
(km)
(0.003)
(0.024)
(0.003)
Sample
Residential
Commercial Residential
Commercial Residential
Observations
3568
504
3568
504
3568
R2
0.001
0.057
0.018
0.140
0.020
2197.1
435.8
2140.5
395.1
2133.2
AIC
log
log
Notes: OLS estimation. Dependent variable is log
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10.
View (Dummy)

(6)
‐0.343***
(0.085)
‐0.361**
(0.111)
0.009***
(0.002)
0.113***
(0.030)
‐0.014
(0.021)
Commercial
504
0.145
329.0
log
.

Table 2 contains the results. As before, we analyze residential areas and commercial areas
separately. However, to economize on space, we present estimates from only three (selected)
regression specifications. We begin with a joint estimation of accessibility and noise effects in the
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most parsimonious set‐up; the results are tabulated in the first two columns on the left of the table.
In line with our previous findings, the estimates seem to imply that the newly‐built infrastructure has
primarily affected commercial areas. Plots for business use which offer direct access to the new
transportation routes have obviously become relatively more attractive, with a strong acceleration of
increases in land values after the opening of the line, while noisy areas have tended to fall behind. In
contrast, price developments for residentially used land have apparently been unrelated to both the
amenities and the disamenities of the rail.
In columns (3) and (4), we provide estimation results for the more comprehensive regression
specification when other location‐specific control variables are added to the specification. As shown,
location features shape the dynamics of price changes in similar ways as before. For instance, there is
evidence of a continuous flattening of the monocentric city structure of Berlin, with areas more
distant from the CBD experiencing a growing increase in land values. Again, however, our key results
remain largely unaffected by this modification.
In a final perturbation, we replace the disamenity measure, using a (binary) view dummy to identify
first‐row properties instead of the (more continuous) noise variable. Although both measures are
highly correlated (preventing their joint inclusion in the regression), results turn out to be
considerably stronger for the visual disamenity measure, for both commercial and residential areas.
Irrespective of the designated land use, plots become relatively less attractive, seeing their relative
value decline, after being suddenly exposed to additional noise pollution and a much less pleasant
scenery. Overall, our measures of the offsetting effects of infrastructure take coefficients of similar
magnitudes, suggesting that locations at the center and the boundary of our area of analysis display
largely similar price movements, such that, for locations at the core, infrastructure‐related
disamenities seem to fully compensate for the benefit of better accessibility.
Next, we extend our sample area considerably. Instead of analyzing only the elevated train section of
the line, we now also cover areas in which tracks are placed below ground, the main difference being
that residents close to the underground section of the line are much less (in practice almost zero)
exposed to rail disamenities. For consistency, we provide a similar set of results as before; that is, we
first examine price developments after the establishment of the line, followed by an analysis of the
change in price dynamics after opening.
As a first approximation, Figure 3 provides scatter plots of fitted values for the change in land values
from locally weighted regressions (relative to the sample mean) against a location’s shortest distance
to a station. For both residential and commercial properties, land values gained more strongly in the
vicinity of the underground section of the line. Moreover, to the extent that a price‐distance

20
relationship is observable, the increase has been disproportionately large for properties at shorter
distance to stations.
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Figure 3: Price Effects of Overground and Underground Stations, 1900‐1914
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Notes: Upper (lower) panel shows results for residential (commercial) plots. Grey X (black O) mark
locations close to overground (underground) stations. Solid (dashed) lines are lowess estimates
(linear fits).
Table 3: Price Effects of Overground and Underground Stations, 1900‐1914
Distance to U‐Bahn (km)
Distance to U‐Bahn x
Overground Area
Overground Area (Dummy)

(1)
0.097***
(0.029)
‐0.068*
(0.033)
‐0.262***
(0.017)

(2)
‐0.760***
(0.139)
0.484**
(0.153)
‐0.426***
(0.076)

Change Tram Density
Distance to CBD (km)
Distance to Kudamm (km)
Sample
Residential
Observations
6938
R2
0.193
3134.5
AIC
Notes: OLS estimation. Dependent variable is
parentheses. *** p<0.01, ** p<0.05, * p<0.10.

Commercial
550
0.109
277.8
log

(3)
(4)
0.057*
‐0.699***
(0.029)
(0.126)
0.024
0.473***
(0.031)
(0.140)
‐0.119***
‐0.038
(0.021)
(0.104)
0.013**
0.021***
(0.001)
(0.004)
0.112***
0.067***
(0.004)
(0.018)
‐0.044**
‐0.013***
(0.002)
(0.016)
Residential
Commercial
6938
550
0.317
0.241
1988.0
196.0
log
. Robust standard errors in

Table 3 provides accompanying parametric estimation results. Columns (1) and (2) tabulate reduced‐
form differences‐in‐differences estimates, comparing price developments for locations in overground
and underground areas of the line; columns (3) and (4) report the analogues for our extended
specification when additional control variables are included. In line with our visual evidence, plots
located in the elevated train section of the line performed significantly worse than properties which
experienced no infrastructure‐related disamenities; the estimated coefficient on a dummy variable
for plots for which the closest station is located above ground is consistently negative. In contrast,
the results turn out to be somewhat less convincing for the price‐distance gradient. For commercial
areas, proximity to the rail seems to be of considerable value, confirming intuition; the coefficient of
about ‐0.7 implies that an increase in a location’s distance from the line by 100 meters is associated
with a relative decline in value of about 7 percent. Moreover, the effect is much weaker for the
elevated train sections of the line, where closeness to the station not only provides the benefit of
better accessibility, but, in addition, also noise‐related distress and other disamenities; the
coefficient on the interaction term suggests that for overground stations the price‐distance gradient
is lower by about 5 percentage points (thereby, reducing the effect by about three quarters). For
residential areas, however, for which the disamenities could perhaps be expected to weight even
more strongly, the results are much less clear. The reduced‐form estimates for the gradient indicate
that especially locations at greatest distance from the underground stations gained in value,
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although coefficients decrease in magnitude and lose statistical significance for the extended
specification. A possible explanation for this finding is that previously undeveloped land in the
surrounding of the inner city of Berlin underwent rapid transformation at, and especially before, the
period of investigation (BOUSSET, 1935; ERBE, 1987), such that observed price dynamics for the post‐
1900 episode may be largely a continuation of pre‐opening price developments.
To further analyze this issue, we follow our previous approach and relate the change in a location's
land value after the establishment of the line to the corresponding change in the land value before
the opening. Since our analysis now covers not only a longer period but also the full rail line, this
specification seems to be the most comprehensive empirical setting possible. More specifically,
results are derived from an exploration of the variation in land values over time, across locations and
for different types of infrastructure.
To once again economize on space, estimation results for a subset of selected specifications are
reported in Table 4. There are six columns; each column tabulating the results for residential plots
follows a column presenting the results of an analogous regression specification for commercial
areas. We begin with a plain differences‐in‐differences specification which explores the variation in
price developments across different sections of the line, additionally including the noise disamenity.
In the specification reported in the next two columns, the noise disamenity is replaced with the view
dummy. Finally, we add other location‐specific control variables, with results being tabulated in the
final two columns of the table.
A number of results seem particularly noteworthy. First, the estimated coefficients on the distance
measure take consistently negative values, indicating that land with better access to the newly‐
established infrastructure performed significantly better in terms of value than more distant
properties; although the magnitude of the estimated coefficients differ by type of land use, there is
clear evidence of an emerging price‐distance gradient. Second, the price‐distance gradient turns out
to be weaker for areas in the overground section of the line; the coefficient on the Distance x
Overground interaction term is positive, which suggests that for plots around the newly established
elevated rail stations the disamenities associated with the operation of the infrastructure reduce the
benefit of improved accessibility (to varying degrees, again dependent on the type of land use).
Third, the estimated coefficients on the overground dummy now take consistently positive values,
indicating that these areas have relatively gained in value. As noted before, this observation supports
our notion that especially land in the western (underground) section of the line experienced
particularly strong increases in value in the period before the opening of the line. Finally, all of our
results are robust to the inclusion of other time‐varying and time‐invariant control variables,
including measures of the disamenity itself. In fact, we find particularly strong (negative) effects for
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our binary identification scheme, which separately captures relative developments of land values for
residential front and second‐row properties. This finding, however, seems not too surprising;
anecdotal evidence suggests that the construction of the new elevated train line across a high‐priced
residential area led to massive emigration of high‐income families towards the south‐east of the city
(LEYDEN, 1933).

Table 4: Price Effects of Overground and Underground Stations, 1890‐1914
Distance to U‐Bahn
(km)
Distance to U‐Bahn x
Overground Area
Overground Area
(Dummy)
Change in Change
Noise (db)
View (Dummy)

(1)
‐0.106***
(0.029)
0.280***
(0.008)
0.794***
(0.026)
0.003*
(0.001)

(2)
‐0.597***
(0.106)
0.141*
(0.064)
0.266***
(0.072)
‐0.011*
(0.005)

(3)
‐0.119***
(0.027)
0.281***
(0.008)
0.801***
(0.025)

(4)
‐0.519***
(0.085)
0.146*
(0.062)
0.248***
(0.072)
‐0.296**
(0.103)

(5)
‐0.122***
(0.028)
0.267***
(0.011)
0.707***
(0.035)

‐0.025
(0.027)
Change in Change
‐0.004***
(0.001)
Tram Density
Distance to CBD (km)
0.009
(0.009)
Distance to Kudamm
0.036***
(0.004)
(km)
Sample
Residential
Commercial Residential
Commercial Residential
Observations
6938
550
6938
550
6938
R2
0.236
0.070
0.235
0.077
0.248
10260.7
512.5
10263.1
508.3
10157.9
AIC
log
log
Notes: OLS estimation. Dependent variable is log
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10.

5.3

‐0.002
(0.025)

(6)
‐0.432***
(0.077)
0.062
(0.043)
0.387***
(0.102)
‐0.391***
(0.109)
0.010***
(0.002)
0.138***
(0.026)
‐0.002
(0.019)
Commercial
550
0.191
441.5
log
.

Balanced Panel

Differences‐in‐differences models draw inferences from final outcomes. Therefore, to take better
account of price dynamics over the full sample period (by examining the path of price adjustment
over the years), we estimate equation (21) using information for a balanced panel of yearly
observations.
Tables 5a and 5b present the estimation results. As before, we divide properties by the type of land
use. Also, we tabulate results for various specifications of the regression equation of interest,
gradually increasing the set of additional control variables. In our most parsimonious specification,
then, we hold constant for all (time‐invariant) location‐specific characteristics and year‐specific
developments which affect the prices of all properties alike.
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As shown in column (1) of Table 5a, the estimated coefficient on the key variable of interest, which
captures relative changes in property prices after the provision of the infrastructure as a function of
distance to the line, is significantly negative, suggesting that a substantial price‐distance gradient has
emerged after the establishment of the line. The parameter estimate of ‐0.12 indicates that
residential plots in the immediate vicinity of the line experienced a relative increase in property
prices by about 12 percent compared with properties at the boundary of our 1,000 meters buffer,
implying strong positive effects of infrastructure provision on location. In its aggregate form,
however, the estimated coefficient provides no information on the various offsetting effects of
infrastructure, most notably the amenity of quick and easy accessibility versus the disamenities of
infrastructure operation. In column (2), therefore, we add a control for the change in noise pollution
after the establishment of the line. Specifically, we expect that this variable takes a negative
coefficient, such that noisier areas display a less favorable performance on the property market,
while the price‐distance gradient should become steeper. Surprisingly, however, this simple
extension has no measurable effect on our results, perhaps because of the dramatic changes in
Berlin’s city structure (mainly due to other influences) during our sample period. To deal with this
potential issue, we further extend our specification in column (3) by additionally including three
time‐variant location controls (which we have also used before to characterize locations). Indeed,
with this perturbation, we basically replicate our earlier differences‐in‐differences results of strong
negative externalities of the railway on residential plots, while the price‐distance gradient
disappears. In another extension, we allow for anticipation effects (although historical evidence
suggests otherwise) by supposing that the new infrastructure influenced property prices as far back
as the year 1900, that is, shortly before the opening of the line. As shown in column (4), the
coefficients increase in magnitude and statistical significance when we additionally control for this
effect. Finally, it may be argued, despite the various quasi‐experimental features in our setting, that
the routing of the line was not completely random, but city planners and/or the financing firms
targeted specific areas. Following AHLFELDT and WENDLAND (2011), we address these endogeneity
concerns, applying a 2SLS instrumental variables approach.8 Specifically, we use lagged population
densities within a block and the block's straight‐line distance to a hypothetical minimum cost
transport network as instruments; see AHLFELDT and WENDLAND (2011) for more details. In
addition, we instrument for noise exposure using the block's distance to the next overground station.
Reassuringly, the 2SLS estimates are largely in line with or, if anything, somewhat larger than the
corresponding OLS estimates.
Table 5b replicates our analysis for commercial properties. As before, we obtain very similar results
but, again, with typically much larger and more robust coefficient estimates. Overall, we find
8

For a recent application of IV estimation on issues in transportation, see Duranton and Turner (2011).
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consistent evidence that single coefficient estimates of the infrastructure effect on location,
aggregating both positive and negative externalities, provide (at best) only limited insights.

Tab 5a: Panel Estimates, Residential, 1881‐1914
(1)
OLS
‐0.121***
(0.016)

(2)
OLS
‐0.121***
(0.016)
‐0.000
(0.001)
Residential
YES
YES

(3)
OLS
‐0.021
(0.015)
‐0.001***
(0.000)
Residential
YES
YES
YES
YES
YES

(4)
(5)
OLS
2SLS‐IV
Distance to U‐Bahn (km) x
‐0.042**
‐0.086***
POST=(year>1902)
(0.018)
(0.020)
Noise (db) x POST=(year>1902)
‐0.003*** ‐0.002**
(0.001)
(0.001)
Sample
Residential
Residential Residential
Location Effects
YES
YES
YES
Year Effects
YES
YES
YES
Dist. CBD x Year Effects
YES
YES
Dist. Kudamm x Year Effects
YES
YES
Tram Density x Year Effects
YES
YES
Announcement Effects
YES
Observations
44,630
44,630
44,630
44,630
44,630
R2(within)
0.761
0.761
0.827
0.828
0.827
Notes: Estimation method is noted in the first line. Dependent variable is the log of land value. Announcement
effects control for Distance to U‐Bahn and Noise in the year 1900. Robust standard errors in parentheses and
clustered on plots. *** p<0.01, ** p<0.05, * p<0.10.

Tab 5b: Panel Estimates, Commercial, 1881‐1914
(1)
OLS
‐0.235***
(0.0.49)

(2)
OLS
‐0.282***
(0.055)
‐0.004***
(0.002)
Commercial
YES
YES

(3)
OLS
‐0.235***
(0.045)
‐0.005***
(0.001)
Commercial
YES
YES
YES
YES
YES

(4)
(5)
OLS
2SLS‐IV
Distance to U‐Bahn (km) x
‐0.237***
‐0.380***
POST=(year>1902)
(0.046)
(0.088)
Noise (db) x POST=(year>1902)
‐0.005***
‐0.007***
(0.001)
(0.002)
Sample
Commercial
Commercial Commercial
Location Effects
YES
YES
YES
Year Effects
YES
YES
YES
Dist. CBD x Year Effects
YES
YES
Dist. Kudamm x Year Effects
YES
YES
Tram Density x Year Effects
YES
YES
Announcement Effects
YES
Observations
3,806
3,806
3,806
3,806
3,806
R2(within)
0.875
0.876
0.892
0.892
0.892
Notes: Estimation method is noted in the first line. Dependent variable is the log of land value. Announcement
effects control for Distance to U‐Bahn and Noise in the year 1900. Robust standard errors in parentheses and
clustered on plots. *** p<0.01, ** p<0.05, * p<0.10.

While pooled estimates derived from the full sample are useful, we are also interested in the paths of
adjustment in land values over time. Therefore, to identify price dynamics, we estimate variants of
equation (23), allowing infrastructure effects to vary across years. The corresponding coefficient
estimates are graphed in Figure 4, along with the associated bands at the 95 percent level of
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confidence. The figure contains four plots: the upper panel shows the estimated accessibility effects,
while the lower panel presents the analogues for noise disamenities; as before, we also run separate
regressions for residential properties (left) and commercial areas (right). Moreover, each graph
presents the results from two different regression specifications, with the default specification
including only the variables of interest, while an extended version includes a set of additional control
variables. The plots generally confirm our findings from pooled estimations, but also illustrate
considerable differences in price dynamics. For instance, there seem to have been measurable
anticipation effects for residential areas, leading to an increase in land values before 1900 even
though the exact routing of the line had not been decided. At the same time, while the expectation
of a soon‐to‐be‐established transport connection to the city center has obviously pushed prices, part
of the increase was matched by the prospective noise environment. Overall, however, spatial price
differentials for residential properties gradually adjusted after the inauguration of the line,
suggesting that both the positive and negative externalities of the new infrastructure were initially
overestimated. For commercial properties, in contrast, no market capitalization effect is observable
before the actual provision of the infrastructure. Still, property prices started to respond sizably as
soon as the line was established, thereby providing support for our interpretations based on
estimates of the average difference in price levels between the pre period and the post period.

Figure 4: Time‐Varying Treatment Effects
Effects of enhanced accessibility (conditional on noise effects)
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Effects of rising noise levels (conditional on accessibility benefits)

Notes: Left (right) panel illustrates time‐varying treatment effects for residential (commercial) plots based for
the default (black lines) and extended specification (red lines) of equation (23). Accessibility coefficients have
been multiplied by ‐1 so that positive values indicate positive treatment effects. Note that the scales of the
y axis differ.

5.4

Structural Parameters

In a final exercise, we tie our estimates of the positive and negative effects of infrastructure to
empirical findings on the magnitudes of the structural parameters in our model developed in
section 2. Based on estimated parameter values for the relative change in land values after the
establishment of the infrastructure,

and

, we can solve for the parameters of interest,

and , for households and firms, respectively. More specifically, we derive the following expressions
from equations (10) and (11):

Transport cost parameter
Noise cost parameter

Households
1
1
1
1

Firms
1
1

1
1

These terms allow the direct quantification of the relative impacts of transport costs and noise
pollution on both the utility function for households and the production function for firms. The
remaining structural parameters are borrowed from the literature. For the share of expenditure on
housing, we use α=0.32 as approximated by DAVIS and ORTALO‐MAGNÉ (2011) and recently used by
ROSSI‐HANSBERG et al. (2010). However, given generally higher costs of living within cities at the
beginning of the 20th century, this parameter value may perhaps be somewhat low in a historical
context. A corresponding estimate for firms has been provided by CHESHIRE et al. (2011), who
suggest that for the retail industry in the UK η takes the value of 0.85. Finally, we set (1‐γ) equal to
0.45, as suggested by estimates from the housing production function in AHLFELDT (2011a).
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Given these parameter choices, we use our empirical estimates on the marginal effects reported in
Tables 5a and 5b to obtain the following set of results:9

Transport cost parameter
Noise cost parameter

Households
  0.013
  0.00016

Firms
  0.016
  0.00034

These results imply that household utility decreases by about 1.3 percent with every additional km of
distance to the infrastructure and by 0.016 percent for every additional db of noise. The analogous
discount factors for firms are somewhat larger, with 1.6 percent for accessibility and 0.034 percent
for noise pollution.

6.

Conclusions

The provision of infrastructure typically exhibits various offsetting effects on location, most
prominently the benefits of easy travel and accessibility, which often come at the costs of
transportation‐related noise and pollution. Since it is empirically difficult to distinguish these forces,
many studies focus on the aggregate effect of infrastructure on location. In this paper, we explore a
natural experiment that allows the (joint) identification of the amenities and disamenities of
infrastructure. Specifically, we argue that the introduction of a new innovation in mass transit, the
establishment of the world’s first electrified railway line in the city of Berlin, Germany, in the 1900s,
provides exogenous sources of variation which allow us to disentangle the various forces of
infrastructure provision.
Using a detailed data set on thousands of city plots for the period from 1890 to 1914, we apply
various estimation techniques, including differences‐in‐differences analysis, to isolate the conflicting
effects of infrastructure on land values. We find strong empirical support for the hypothesis that
aggregate estimates mask considerable variation in positive and negative externalities of
infrastructure location, with results differing sizably by type of land use. For residential properties,
our estimates suggest that plots in the immediate vicinity of an overground station experienced a
relative decline in land value of about 23.6 percent compared with otherwise identical plots in the
underground section of the line, for which the (unbiased) amenity of enhanced market access (as
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We use the following estimation values:
0.003 for households.

0.237 and

0.005 for firms; and

0.042 and
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capitalized in the land value) is estimated to be 12.2 percent. For commercial properties, we find
typically even larger effects.
Finally, we use our estimates to derive structural model parameters. Our results indicate that the
utility of households decreases by about 1.3 percent for every additional km of distance from the
infrastructure and 0.016 percent for every additional db of noise. The corresponding values for the
firm production function are computed to be 1.6 percent for accessibility and 0.034 percent for noise
pollution.
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