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Is the sky the limit?
High-rise buildings and office rents*
4.1

Introduction

In contemporary cities, skyscrapers are an increasingly common sight in areas where rents are high.
Urban economists usually assume that high density buildings are merely the result of a high price for
land, which provides an incentive to economise on land and to increase expenditure on building capital
(Mills, 1967; Fujita, 1989; Lucas and Rossi-Hansberg, 2002). However, it is argued that the presence of
very tall buildings cannot be fully explained by standard urban economic models (Helsley and Strange,
2008). In addition, these models cannot explain the presence of short and tall building adjacent to each
other, because the height of a building is in these models fully determined by the price of land at a
location. Hence, in addition to economising on land rents, some tenants may be willing to pay an
additional premium for tall buildings. This relationship between office rents and building height has not
been satisfactorily studied in the literature. We may come up with reasons that may explain the
presence of a building height premium, independent of the buildings’ location, based on the literature.
First, and most importantly, workers may be more productive in skyscrapers, which we label as
within-building agglomeration economies. Tall buildings imply an extreme density of workers allowing
for internal returns to scale for a firm renting (a part of) the building (Gold, 1981). As almost all tall
buildings are offices that host many tenants, within-building external returns to scale may also play a
role. An important source of external returns encompasses face-to-face contacts, leading to knowledge
spillovers between workers (Marshall, 1890; Storper and Venables, 2004; Combes et al., 2008).
Moreover, Jacobs (1969) argues that a diverse portfolio of firms may lead to product innovations and
new combinations. Arzaghi and Henderson (2010) show that most of these externalities take place
within a very close distance from the firm location, especially for high-end business services. Withinbuilding interactions are more likely than between-building interactions, because restaurants, gym
facilities, etc. are shared among workers of the same building. Moreover, the low time cost of vertical
transportation using elevators (rather than horizontal transportation) stimulates (within-building)
interactions and leads to the construction of tall buildings, even on cheap land (Sullivan, 1991).
Second, one may argue that many tall buildings are landmarks. The construction of tall buildings
usually receives substantial attention in the (national) media. If tall buildings are landmarks, it is
plausible that renters will place an inherent value on occupying the tallest buildings in a geographic
market and will pay a premium, so this effect is likely a relative effect that only holds for the tallest
buildings (Helsley and Strange, 2008). A landmark premium may also encompass intangible benefits
related to the aesthetic beauty of tall buildings. Tenants that occupy a tall building will usually benefit
* This chapter is based on: Koster, H.R.A., Van Ommeren, J.N. and Rietveld, P. (2011). Is the Sky the Limit? High-rise
Buildings and Office Rents. Forthcoming in Journal of Economic Geography. We thank Strabo, NVM, Statistics
Netherlands and the Department of Infrastructure and Environment for providing data. Molley Morgan is thanked
for collecting data on floor levels. We thank Eric Koomen for supplying building height data and Ronnie Lassche for
geocoding. Paul Koster and seminar audiences at the third annual conference of the Spatial Economics Research
Centre, London School of Economics, and at the CPB, The Hague are thanked for their constructive comments.
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from these landmark effects, as a landmark might allow firms to set higher prices, attract investors and
attract a talented workforce (see Klein and Leffler, 1981; Milgrom and Roberts, 1986).69 Third, it may be
that workers and visitors enjoy the view offered by tall buildings. If this is true, then it might be that
there is no building height effect, but only a floor height effect.70
Although the construction of tall buildings requires enormous investments and receives much
attention in the media, the economics of building height are underexposed. The literature heavily relies
on studies that theoretically investigate the development of skyscrapers and high-rise buildings (Arnott
and McKinnon, 1977; Grimaud, 1991; Sullivan, 1991; Liu and Chang, 2004; Bertaud and Brueckner,
2005; Helsley and Strange, 2008; Brueckner and Shridhar, 2012). Nevertheless, two empirical studies
by Barr (2010a, 2010b) confirm that height competition is a determinant of building height for the
tallest buildings, so for a small portion of the building stock. Empirical studies, such as Shilton and
Zaccaria (1994) and Colwell et al. (1998), find a positive effect of building height on office rents, but rely
on relatively small datasets. Eichholtz et al. (2010) find mixed evidence of the effect of tall buildings on
office rents in the United States.
In the current study, we aim to improve on the latter studies by estimating the willingness to pay
(WTP) for tall buildings in the commercial real estate market using an extensive dataset on office
transaction rents. In order to estimate the building height premium, we use a hedonic price framework
including area fixed effects at a very low level of aggregation, so we control for unobserved locational
endowments and spatial variation in rents that is due to variation in the demand for land as indicated
by the monocentric city model (Fujita, 1989). These fixed effects also control for agglomeration
economies that extend over the whole urban district, such as input sharing and access to specialised
labour markets. Importantly, we account for the potential endogeneity of building height using
instruments. More specifically, tall buildings are not randomly located over space, implying that
building height is likely correlated to unobservable factors. This may lead to a spurious correlation of
building height with rents. We take this into account by employing an instrumental variables approach,
where the height of nearby buildings that are constructed before World War II, so 1940, is used as an
instrument for building height. Another advantage of using this approach is that it deals with
unobserved building characteristics (if these are not perfectly collinear with the tallness of buildings). If
tall buildings would be attractive for firms because of unobserved building characteristics (e.g. higher
internal quality), one expects that buildings are taller and rents are higher, causing a spurious positive
correlation between rents and building height (Bayer and Timmins, 2007; Combes et al., 2008).
The main finding of the paper is that we are able to show the presence of a building height premium,
which is economically significant: the results show that firms are willing to pay about 4 percent per
square meter more to locate in a building that is 10 meters taller. In addition, it appears that the
willingness to pay for building height is highly nonlinearly related to rents. Employing a semiparametric

69

In their study of green buildings, Eichholtz et al. (2010) show that such intangible assets may be very important
determinants of office rents.
70 In addition, it may be argued that tall buildings are used for local advertising by placing logos and corporate
symbols on the facade. This argument does not hold in our dataset where almost all tall buildings are multi-tenant
buildings, which seldom host firm logos.
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control function approach, it appears that up to 90 metres the building height effect on rents is concave,
but it is convex for building heights over 90 metres.
The interpretation of the building height premium is less clear-cut. One needs additional
assumptions to distinguish between within-building agglomeration effects and a combined landmark
and view effect. The finding that the rent function is concave up to a building height of 90 meters is
consistent with the assumption that the marginal benefit of within-building agglomeration economies is
diminishing in height. This assumption is often made in theoretical literature on agglomeration
economies, where agglomeration enters in a Cobb-Douglas production function (see e.g. Lucas, 2001;
Lucas and Rossi-Hansberg, 2002, Rossi-Hansberg, 2005). We will assume that this assumption holds for
the whole range of building heights. The finding that the rent function is convex for tall buildings then
suggests the presence of a combined landmark and view effect. We are able to put a maximum and
minimum bound on the sum of the landmark and view effect: the combined landmark/view effect is 2.85.5 percent for a building that is five times the average height. We show that it is unlikely that this effect
is fully due to stunning views.
This paper continues as follows. In Section 4.2, we discuss the estimation procedure. Section 4.3
elaborates on the regional context, data and identification strategy. In Section 4.4 we present and
discuss the results, including a robustness analysis. Section 4.5 concludes and derives some policy
implications.
4.2
A.

Estimation procedure
Parametric estimation procedure

A standard procedure to investigate the impact of building height on commercial property values is to

regress the floor space rent per square meter ℓ of rental property  at location ℓ in year  on building

height ℎℓ and a wide range of control variables ℓ , including the log of size of the rental property,
assuming a specific functional form. To control for location, one should include location fixed effects
and year fixed effects
(4.1)

where , ,

ℓ

and



 . We start assuming a standard loglinear functional form:

log ℓ = ℎℓ + ℓ +

ℓ

+



ℓ

+ ℓ ,

are parameters to be estimated and ℓ denotes the property’s attributes that are

not observed by the econometrician. We assume that ℓ enters as an additive term. Equation (4.1) may

be estimated using ordinary least squares (OLS) or instrumental variables (IV), where the latter
addresses the issue that ℎℓ might be correlated with ℓ (e.g. due to unobserved building
characteristics; we come back to this issue in Section 4.3.C in more detail).

Note that ℎℓ is time-invariant, so that  is not identified if one would include property or building

fixed effects (so

ℓ

which implies that

=
ℓ

 ).

Preferably, one would therefore compare adjacent buildings to estimate ,

is a fixed effect at a very low level of spatial aggregation. However, our dataset

does not contain many observations for adjacent buildings, so we cannot identify an effect of a building
attribute with reasonable precision. Given this,

ℓ

is therefore a fixed effect at the neighbourhood level.

It is shown that the results are, however, robust for lower levels of spatial aggregation, including fixed
effects at the street level.
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B.

Semiparametric estimation procedure

The relationship between the logarithm of rent and building height is not necessarily linear. So, it is
preferred to use a nonparametric model rather than (4.1). Because the rent of the rental property is a
function of numerous attributes, including many area fixed effects, it would be infeasible to estimate a
fully nonparametric hedonic price function. We therefore choose a partially linear specification in which

only ℎℓ is nonparametrically related to the rental price:
(4.2)
log ℓ = Ωℎℓ  + ℓ +

ℓ

+



+ ℓ ,

where Ω ∙  is some function of building height. As equation (4.2) is partially linear, we employ the

Robinson procedure. First, we regress log ℓ , ℓ , location and year fixed effects

on ℎℓ

nonparametrically. Then, we regress the residuals of log ℓ on the residuals of ℓ , location and year

fixed effects. This leads to √-consistent estimates for , ℓ and  . Robinson (1988) showed that the
coefficients are estimated at parametric rates of convergence, despite the presence of a nonparametric
part. The last step is to regress log ℓ −  ℓ − ℓ −  nonparametrically on ℎℓ to get an estimate of

Ω ∙ .

We estimate Ω ∙  using local linear regression techniques, so we may write Ωℎℓ  =  ℎℓ, where

 is the property-specific effect of building height.71 This technique is the most popular nonparametric
approach to analyse spatial data (McMillen and Redfearn, 2010). So, one estimates for each observation
a weighted regression based on a kernel. We employ a Gaussian kernel where the weight variable is
defined as the difference between building height of two observations  and :
(4.3)

 =

1

3
) ,-ℓ (,./
2
( +
*
01
$
e
,

"#$ √2&
where  is the kernel weight of  at location  in the local regression of , " is the bandwidth and #$ is

the sample standard deviation of building height. This kernel function implies that the weight of  in the
local regression of  is higher when ℎ 4 is closer to ℎℓ. This implies that if ℎℓ = ℎ 4 , the local coefficient

 =  = , . A lower bandwidth " leads to a lower mean-squared error, but to a higher variance of the

estimator. A larger bandwidth may create a larger bias when the underlying function is nonlinear (Fan
and Gijbels, 1996). Our bandwidth is using the plug-in bandwidth rule proposed by Silverman, and

which is given by " = 1.06#$ ⁄)⁄8 (Silverman, 1986; for example used in Duranton and Overman,
2005).
The estimation procedure is not standard because building height may be endogenous. Given the use
of a nonlinear model, an approach that plugs in first-stage fitted values of ℎ:ℓ is incorrect (Blundell and
Powell, 2003). To account for endogeneity, we employ a control function approach (see Holly and
Sargan, 1982; Blundel and Powell, 2003; Yatchew, 2003). So, we assume that there are instruments ;ℓ

that are uncorrelated with ℓ but correlated with ℎℓ. In the first stage, we regress building height
on ;ℓ and ℓ , semiparametrically, conditional on location and year fixed effects, denoted by <ℓ and = :
(4.4)
ℎℓ = Φ;ℓ  + ?ℓ + <ℓ + = + @ℓ ,

We prefer estimating Ω ∙  by local methods. They have a lower asymptotic bias than the Nadaraya-Watson
estimator and a lower asymptotic variance than the Gasser-Müller estimator (Bajari and Kahn, 2005).
Furthermore, interpretation of local coefficients is straightforward, as the marginal effect A log ℓ ⁄Aℎℓ =  .

71
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where Φ ∙  is a function of the instruments and ?, <ℓ and = are parameters to be estimated. Equation

(4.4) is, again, estimated using the Robinson (1988) procedure. We then insert the residuals @ℓ as a
control function into (4.2) (see Blundel and Powell, 2003; Yatchew, 2003):
(4.5)
log ℓ = Ωℎℓ  + ℓ + ℓ +  + Ξ@  + ℓ ,

where Ξ∙ denotes a control function of @ℓ . The control function is estimated using a fifth-order

polynomial.
4.3

Regional context, data and instruments
A.

Regional context

Our analysis is based on information for three major Dutch cities: Amsterdam (the capital), Rotterdam
(a major port city) and Utrecht, which are respectively the largest, the second and fourth largest city in
the Netherlands. These three cities combined have 1.7 million inhabitants, about 10 percent of the
Dutch population, but their combined share in the office market is about 25 percent (Bak, 2009). All
cities are part of the Randstad. Detailed maps of the study area and the selected cities can be found in
Appendix 4.A.
Both Amsterdam and Utrecht have protected historic city centres, which puts strong restrictions on
the construction of new (tall) buildings. Indeed, in Figure 4.A1, it is observed that tall buildings are
usually located on the urban fringe or outside the historic city centres. The city centre of Rotterdam was
bombed in World War II leading to a complete redevelopment of this area. Nowadays it is the only
Dutch city with an American-style central business district with high-rise commercial (and residential)
buildings (see Figure 4.A1, Appendix 4.A) (see also Koster et al., 2012). We investigate the relationship

Building height (in m)

between building height and distance to the city centre using a kernel regression of building height

17
16
15
14
13
12
11
10
9
8
7

Amsterdam
Rotterdam
Utrecht

0.0

1.0
2.0
3.0
4.0
Distance to the city centre (in km)

5.0

FIGURE 4.1 ― BUILDING HEIGHT AND DISTANCE TO THE CITY CENTRE

Notes: This is a (Nadaraya-Watson) kernel regression of building height ℎ of all buildings in the
so
ℎℓ = ΛCℓ  + Dℓ .
ΛCℓ  =
three
cities
on
distance
to
centre
Cℓ ,
∑FG) ΚCℓ , "ℎℓ ⁄∑FG) ΚCℓ , ", where Κ ∙  is a standard normal kernel function of Cℓ and "
denotes the bandwidth. We use the Silverman’s plug-in bandwidth.
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TABLE 4.1 ― 10 TALLEST OFFICE BUILDINGS IN THE NETHERLANDS
1
2
3
4
5
6
7
8
9
10

Name
Height (in m)
Maas Tower
164.75
Delftse Poort
151.35
Hof Tower
141.86
Rembrandt Tower
135.00
Millennium Tower
131.00
World Port Centre
123.00
Mondriaan Tower
123.00
Carlton
120.00
Achmea Tower
115.00
Erasmus MC
114.27

Constr. Year
2009
1991
2003
1995
2000
2001
2002
2009
2002
1969

Floors
44
41
29
35
34
32
32
31
24
27

City
Rotterdam
Rotterdam
The Hague
Amsterdam
Rotterdam
Rotterdam
Amsterdam
Almere
Leeuwarden
Rotterdam

on distance to the city centre. Figure 4.1 shows that building height tends to be decreasing in distance to
the

city

centre.72

As

it

is

observed

that

Rotterdam

only

has

a

slightly

higher

average height of buildings in the centre, the tall buildings that are located in the city centre of
Rotterdam seem to have a limited impact on the average height of buildings. We also observe that
buildings are on average much lower in Utrecht.
‘Skyscrapers’ only recently became a feature of European cities. In the Netherlands, there are 20
commercial office buildings taller than 100 meter (see Table 4.1), of which 18 are constructed after
1990, so the construction of skyscrapers is booming, as suggested by Helsley and Strange (2007). 7 of
the 20 tall buildings are located in Rotterdam, 6 in Amsterdam and only one in Utrecht. The tallest
building in the Netherlands has only been recently constructed and is 165 meters tall. It appears that
tall buildings are almost always multi-tenant buildings occupied by e.g. multinational high-end business
services. Firms such as Merril Lynch, Google, Axa, ING and Lazard reside in the tallest buildings in the
Netherlands. For these firms, it may be expected that landmark effects are more important than for
small domestic firms: locating in tall buildings might allow them to attract a talented workforce, attract
globally oriented investors and makes them easy to find.
A.

Data

We use three datasets. The first dataset is gathered by Strabo, a consultancy firm that gathers and
analyses commercial property data. It consists of transactions of commercial office properties, provided
by real estate agents between 1990 and 2010. We focus on rented properties.73 The property dataset
contains information on the transacted/effective rent, rental property attributes, such as address, size
(gross floor area in square meters), and whether the building is newly constructed or renovated. The
dataset also provides information on the rental contract, such as whether the rent is all inclusive or
turnkey, which are properties in a ready-to-use condition, including furniture etc. For a limited number
of observations, we also have information on the lease term and whether the tenant has the right to
sublet. Including these variables in the analysis does not change the results in any way. The data also
72 Figure 4.A1 (Appendix 4.A1) presents detailed maps. Amsterdam has a somewhat dispersed urban structure,
although businesses are concentrated in the city centre. In Rotterdam, most businesses are concentrated in the
centre. Utrecht has one business centre with few high-rise buildings.
73 The number of observations on sales price transactions is limited (only 436), because most offices are rented
and firms that occupy their own buildings are less mobile.
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provides information on the particular real estate agent that is involved in the transaction.74 The second
dataset provides information on the exact location, construction year and building height (obtained
from the Department of Infrastructure and Environment) for all buildings in Amsterdam, Rotterdam
and Utrecht (see Koomen et al., 2008 for more details on how building heights are retrieved). The third
dataset, the Rijksmonumentenregister (Listed Building Register) provides information whether
buildings are listed.
Our analysis is based on 4,792 transactions, about a half for Amsterdam and 25 percent for both
Rotterdam and Utrecht.75 Almost all transactions refer to multi-tenant buildings (more than 95
percent).76 In the analysis, we control for a range of locational attributes. First, we add 145 postcode 4digit (PC4) fixed effects, so we have on average 33 observations per postcode (postcode areas are
comparable to US census tracts). These postcodes are coherent neighbourhoods defined by Statistics
Netherlands and often used in spatial analyses. The average distance of a building to the centroid of the
neighbourhood is only 517 meters. In Section 4.4.B we experiment with including more and less refined
area fixed effects. In addition to these area fixed effects, we include dummy indicators whether a
property is within 150 meters of a highway, rail line, park or water and within 250 meters of the
nearest railway station. We also control for the number of listed structures within 150 meters of the
rental property. Furthermore, we account for the average construction year of nearby buildings, as well
as nearby building volume (the height of buildings multiplied by their surface area), both measured
within 250 meters.77 To include the latter is potentially important, as a tall building may be a proxy for a
dense part of the neighbourhood (as we condition on PC4 fixed effects), where agglomeration
economies are expected to be higher. In our analysis we will include dummies for the 10 largest real
estate agents to control for differences in service levels and specialisation of real estate agents in
specific types of offices.
Descriptive statistics are presented in Table 4.A1 of Appendix 4.A. The yearly rent per square meter
is on average € 143. The average building height is 29 meters. The building-weighted average height of
buildings in our sample is lower and equal to 21 meters (where the weights are inversely proportional
to the number of observations per building). About 40 percent of rental properties are in buildings
lower than 20 meters, but most, 43 percent, are in buildings between 20 and 40 meters. About 4 percent
of the observations are in buildings taller than 80 meters and 1 percent are in buildings taller than 100
meters.
The average floor size of rental properties is 1,130 square meters (about ten times the average size
of residential properties). The correlation between rental size and building height is 0.11, so rather low.
74 One may argue that we have a measurement error in the rent because rental contracts may be very
heterogeneous, including (unobserved) lease free periods and other contractual arrangements. Let’s assume that
Hℓ denotes a measurement error that is proportional to ℓ . We then may write: log ℓ + log Hℓ = ℎℓ +
ℓ + ℓ +  + ℓ . It is unlikely that measurement error is strongly correlated with ℎℓ , especially when we use
instruments, so that we still obtain a consistent estimate of  in the presence of a measurement error.
75 We exclude transactions with missing height data, yearly rents per square meter lower than € 50 or higher than
€ 500 and properties that are less than 50 or more than 25,000 square meters.
76 So, in our dataset renting firms do not have the opportunity to put logos on top of these buildings, which might
be a reason that firms pay more for higher buildings.
77 We do not have information on whether nearby buildings are residential, commercial or mixed.
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So, it is not true that tall buildings are occupied by larger firms (in terms of rental size). The average
construction year of offices is 1933, so, on average, buildings are quite old in these three cities. This is
due to the presence of many historic buildings in city centres of Amsterdam and Utrecht (but not in
Rotterdam). However, at the same time, about 43 percent of the rental properties are rather new and in
buildings that are constructed after 1980.
B.

Instruments

A positive effect of building height on rents is non-causal when unobserved location and building
characteristics are correlated with building height. Given that we include area fixed effects, unobserved
characteristics must be very local and may include trendy restaurants or cafés which are popular
socialising spots, but also characteristics related to the quality of the building (see Arzaghi and
Henderson, 2008).78 We therefore need instruments that are correlated with building height but
uncorrelated with these unobserved factors.
We start with an analysis using two instruments. The first is a dummy variable indicating whether
there are buildings constructed before World War II, which started in 1940, within 250 meters of the
rental property.79 Like in other European countries, the Netherlands has tight conservation regulations,
especially in historic city centres. When there are pre-war buildings in vicinity, the height of new
buildings is lower, because new construction is not allowed to damage the pleasing character of the
neighbourhood (see for example Bertaud and Brueckner, 2005; Brueckner and Sridhar, 2012).80 This
holds in particular for the historic city centres of Amsterdam and Utrecht, but also for a large number of
other neighbourhoods. For example, in Utrecht, developers are not allowed to construct buildings that
are taller than twice the height of existing buildings in the neighbourhood (Municipality Utrecht, 2005).
In general, however, constraints in new neighbourhoods are less binding and it is possible to obtain
permits to construct tall buildings under certain circumstances. The instrument’s validity rests on the
assumption that tenants cannot influence the regulatory process, and the assumption that the presence
of pre-war buildings is unrelated to current demand for location and building endowments, conditional
on the building volume in the neighbourhood, the number of listed structures in vicinity, the average
building construction year in the neighbourhood and area fixed effects that control for local quality
differences (see, similarly, Ciccone and Hall, 1996; Arzaghi and Henderson, 2008). We believe that the
latter assumption is plausible, as offices are mainly used by business services. The main input of
business services is labour and not natural resources or capital, so it is likely that endowments that
were important at least 50 years ago are substantially different from the current unobserved

78 For example, we do not control for the presence of building vacancies, which may reduce prices, e.g. because of a
loss in within-building agglomeration economies. This is likely not a problem in the current context because
building height and vacancies are hardly correlated (the correlation is 0.126 in Amsterdam; the only city for which
we have this information). Nevertheless, our IV approach addresses this issue.
79 We select all pre-war buildings instead of pre-war office buildings, because we often cannot distinguish between
office and other buildings. We test for different distance cut-offs in Section 4.4.D.
80 One may argue that land use planning also may impact office space prices (see Ihlanfeldt, 2007). However, most
of these restrictions are to increase developers’ costs leading to lower land prices, but unlikely to have a large
impact on office rents (see for a similar argument Glaeser and Ward, 2009).
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endowments.81 The second instrument is the average building height of pre-war buildings in vicinity.
Conditional on the presence of pre-war buildings, the height of these buildings is positively correlated
with current height, but it is very unlikely that the height of historic buildings nearby directly impact
rents.
One may argue that the presence of pre-war buildings may have a direct impact on rents because of
amenities (despite the many control variables that should pick up this amenity effect). We come back to
this issue in Section 4.4.B, where we only use building height of pre-war buildings as an instrument and
control for the presence of pre-war buildings. In the sensitivity analysis, we also will use other
instruments (population density in 1830 and distance to station in 1870), to demonstrate that our
results are robust to the choice of instruments.
4.4
A.

Results
Main results

The results for four specifications are presented in Table 4.2. In Specification (1), we use OLS. We
observe that building height is positively related to office rents, as expected. It is shown that a 10 meters
increase in building height leads to a 3 percent increase in rent per square meter, suggesting that the
building height premium is economically significant.82
In Specification (2), we categorise building height into four dummy variables. Now, we find that
buildings taller than 100 meters are 50 percent more expensive per square meter than buildings lower
than 20 meters (calculated as exp0.407 − 1. The building height effect is nonlinear, as the effect is

about the same for buildings between 40-60 and 60-80 meters, while it increases strongly above 100
metres. These results suggest that the function is concave up to 100 meters and convex for higher
heights.
In Specification (3) we use instrumental variables to account for unobserved factors that may be
correlated with building height. In Appendix 4.A, Table 4.A2, we present the first-stage results. The
instruments are strong (the F-test is 18) and have the expected effects: the presence of pre-war
buildings in the neighbourhood reduces current building height by about 11 meters (which is almost
one-third of the mean) and the height of these pre-war buildings has a positive effect on building height:
a 10 meters increase in the average height of pre-war buildings in the neighbourhood leads to an
increase in building height of 7 meters. The effect of building height is now somewhat larger than for the
OLS specification (4.2 rather than 3.0 percent). Our finding that the IV effect is somewhat larger than
the OLS effect suggests that firms cluster at locations that are unattractive for unobserved reasons (e.g.
due to zoning). However, we do not find evidence that building height is endogenous, such that the
effect obtained by OLS is biased. The value of a Hausman exogeneity test is 0.708, much less than the 5
percent critical value of 3.841. This suggests that, given the validity of the instruments, unobserved
locational or building endowments are not (strongly) correlated with building height.
81

For example, in Europe, cars became common after World War II. So, pre-war policies regarding the construction
of offices differed substantially from contemporary policies.
82 We find no correlation between building height and the rent per area, as captured by the area fixed effects (0.04), suggesting that control variables capture all area-specific unobserved heterogeneity related to building
height.
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TABLE 4.2 ― REGRESSION RESULTS OF THE EFFECT OF BUILDING HEIGHT ON OFFICE RENTS
(dependent variable: logarithm of rent per square meter)
(1)
OLS
0.030 (0.002) ***

(2)
OLS

(3)
(4)
IV
Control Function
0.042 (0.014) ***
Ω ∙ 

Building height (in 10m)
Building height 20-40m
0.052 (0.008) ***
Building height 40-60m
0.111 (0.014) ***
Building height 60-80m
0.126 (0.016) ***
Building height 80-100m
0.161 (0.022) ***
Building height >100m
0.407 (0.031) ***
Floor space (log)
-0.001 (0.003)
-0.001 (0.003)
-0.001 (0.003)
-0.001 (0.003)
New building
0.051 (0.010) *** 0.050 (0.010) *** 0.047 (0.011) *** 0.053 (0.010) ***
Renovated building
0.021 (0.012) *
0.017 (0.012)
0.020 (0.012) *
0.018 (0.012)
Listed building
0.019 (0.014)
0.017 (0.014)
0.018 (0.014)
0.018 (0.014)
Construction year 1951-1960
-0.015 (0.019)
-0.022 (0.019)
-0.013 (0.018)
-0.021 (0.019)
Construction year 1961-1970
-0.102 (0.016) *** -0.107 (0.016) *** -0.108 (0.017) *** -0.101 (0.016) ***
Construction year 1971-1980
-0.026 (0.013) ** -0.033 (0.013) ** -0.031 (0.013) ** -0.032 (0.013) **
Construction year 1981-1990
0.071 (0.012) *** 0.062 (0.012) *** 0.066 (0.013) *** 0.065 (0.012) ***
Construction year 1991-2000
0.118 (0.014) *** 0.115 (0.015) *** 0.105 (0.021) *** 0.105 (0.015) ***
Construction year 2001-2010
0.048 (0.028) *
0.042 (0.029) *
0.030 (0.034)
0.051 (0.030) *
Sale and lease back
-0.015 (0.093)
-0.013 (0.093)
-0.015 (0.090)
-0.022 (0.092)
Rent all inclusive
0.070 (0.014) *** 0.070 (0.014) *** 0.069 (0.014) *** 0.061 (0.014) ***
Turn key
0.164 (0.023) *** 0.159 (0.024) *** 0.174 (0.026) *** 0.177 (0.023) ***
Number of listed structures <150m 0.000 (0.000)
0.000 (0.000)
0.000 (0.000)
0.000 (0.000)
Highway <150m
0.016 (0.013)
0.020 (0.013)
0.008 (0.016)
0.027 (0.014) *
Railway <150m
0.034 (0.011) *** 0.045 (0.011) *** 0.026 (0.014)
0.032 (0.011) ***
Open space <150m
-0.016 (0.008) ** -0.023 (0.008) *** -0.010 (0.010)
-0.018 (0.008) **
Water <150m
0.006 (0.012)
0.012 (0.012)
-0.002 (0.015)
0.009 (0.012)
Station <250m
0.008 (0.013)
0.000 (0.013)
-0.011 (0.026)
-0.014 (0.014)
Building volume <250m (log)
0.010 (0.010)
0.016 (0.010)
-0.006 (0.022)
-0.004 (0.010)
Mean construction year <250m (4)
Yes
Yes
Yes
Yes
Real estate agents (10)
Yes
Yes
Yes
Yes
Year dummies (20)
Yes
Yes
Yes
Yes
PC4 fixed effects (145)
Yes
Yes
Yes
Yes
Number of observations
4,792
4,792
4,792
4,792
R²
0.702
0.700
F-test for weak instruments
18.032
Test for exogeneity
0.708
Notes: Instruments in Specifications (3) and (4) are the presence of pre-war buildings and their mean height. The
test for exogeneity is the robust χ²-score, with critical value 3.840. Robust standard errors are between
parentheses. For Specification (4), a control function approach to estimate the non-linear effect of building height
is employed.
*** Significant at the 1 percent level
** Significant at the 5 percent level
* Significant at the 10 percent level

In Specification (4) we employ a control function approach to estimate the nonlinear impact of
building height (see Section 4.2.B). In Table 4.2 it is shown that the coefficients of the control variables
are very similar to previous specifications. Figure 4.2 presents the total effect (upper panel) of taller
buildings and the marginal willingness to pay for an additional 10 meters in building height (lower
panel) for Specifications (3) and (4).83 The average marginal impact is very similar to the effect found in

83

In Figure 4.A2, Appendix 4.A, it is shown that our results are robust to the choice of bandwidth ".
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Specification (3). More specifically, a 10 meters increase in building height increases rents with on
average 4.8 percent, confirming the importance of a building height premium. It appears that buildings
of 70 meters are about 25 percent more expensive than buildings of 10 meters. The rent difference for a
building that is 140 meters and 10 meters is more than 50 percent. These results are very similar to the
results of Specification (2).
Although the total effect is almost linear in building height, the marginal WTP is clearly non-linear:
the lower panel of Figure 4.2 indicates that the marginal effect is positive but non-monotonic. According
to Specification (4), the marginal WTP is slightly diminishing or constant for buildings shorter than 25
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(B) MARGINAL EFFECT OF BUILDING HEIGHT
FIGURE 4.2 ― EFFECT OF BUILDING HEIGHT ON COMMERCIAL RENTS
,

Notes: In (A) the total effect of building height for height ℎℓ is calculated as MP -ℓ N, dℎ. In (B) we
display the marginal effect of a 10 meter increase in building height implied by Specifications (3)
and (4). The shaded area indicates an approximation of the landmark/view effect. The dashed
lines represent 95 percent confidence intervals related to Specification (4) based on a
bootstrapping procedure (250 replications).
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meters (about 60 percent of the observations) and diminishes for buildings up to 90 meters. The latter
is in line with the idea that the marginal effect of agglomeration economies is positive but diminishing in
taller buildings. However, for buildings taller than 90 meters, the marginal WTP is increasing. As there
are only about 25 office buildings in the Netherlands that are taller than 90 meters, these buildings
seem to offer additional amenities to tenants.
Economic theory implies that the functional form of a hedonic price function of any good depends on
both the individual demand and supply functions of this good (Ekeland et al., 2004; Heckman et al.,
2010), so a wide range of assumptions may explain the shape of the hedonic price function. We are
particularly interested which assumptions may identify a combined landmark and view effect. In
Appendix 4.B, we show numerically that the convexity for higher levels is consistent with the presence
of a landmark/view effect given the assumption that (i) the distribution of the property stock attributes
is exogenous, which seems a reasonable assumption for the rental market (see Glaeser and Gyourko,
2005) and that (ii) the effect of within-building agglomeration economies is non-increasing.84 Numerical
simulations also indicate that it is not necessary to make the assumption that tenants are perfectly
homogeneous in their preferences regarding building height, as the functional form does not change
much when mild forms of heterogeneity are introduced.
However, one has to reflect on alternative explanations for the sudden increase in the building
height premium for buildings taller than 90 meters. An alternative explanation is unobserved internal
quality. For example, one may argue that taller buildings are always of higher internal quality, so that
the instruments also capture quality effects. It is then important to distinguish between quality
differences that matter to owners but not to renters (e.g. a taller building may need stronger foundations
which increases the lifetime of the building) and quality differences that matter also to renters (e.g. the
use of aesthetic appealing materials). Owner unobserved internal quality capitalises into property
prices, but not into property rents, so unobserved internal quality for owners does not affect our results
that are based on rents. Arguably, renter unobserved internal quality is also not a severe problem,
because there is sufficient anecdotal evidence that tall buildings not always offer exceptional internal
quality to renters. Willis (1995) even argues the opposite: speculative developers that aim to construct
tall buildings (to capture landmark/reputation effects) may construct buildings of lower quality. In
addition, it is important to emphasise that we condition on construction year and dummies indicating
whether a building is new or renovated (which likely pick up most of the effects related to quality) and
postcode fixed effects and we use instrumental variables that take into account correlation with
unobserved building endowments.
The magnitude of the combined landmark and view effect cannot be determined precisely, as it
depends on the marginal effect of within-building agglomeration above 90 meters, which is unknown.
So, we aim to bound the landmark/view effect by making two opposite assumptions regarding the
marginal effect of within-building agglomeration. We make either the assumption that (i) the marginal
effect of agglomeration economies is constant after 90 meters or (ii) the marginal effect is diminishing
linearly, after 90 meters (and with the same slope as buildings between 60 and 90 meters, see Figure
84 Exogeneity of supply implies that the functional form of the hedonic price function is fully determined by the
tenant' preferences for property attributes (Heckman et al., 2010).
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4.2B). These assumptions provide us with respectively a lower and upper bound of the landmark/view
effect. We indicate the magnitude of this effect by the shaded area in Figure 4.2B. Assuming that there is
no landmark/view effect for buildings lower than 90 meters, the combined landmark and view effect for
a building of 140 meters (about 5 times the average height) is at least 2.8 and maximally 5.5 percent of
the rent. We interpret this as an economically significant effect. In Section 4.4.C, we aim to disentangle
the sum of these two effects into a separate landmark effect and a separate view effect.
Control variables have in general plausible signs. For example, rental properties in newly
constructed buildings are 5 percent more expensive. When the office is rented all inclusive, the rents are
about 7 percent higher. Turnkey offices have rents that are 17 percent higher. Buildings that are
constructed more recently are generally more expensive, but this effect is relatively weak (which makes
sense; one expects a stronger effect of building age on properties’ sales prices, which captures future
rent revenues, rather than on current rents). Buildings constructed between 1991 and 2000 are about
12 percent more expensive than those constructed just after the World War II. Buildings constructed
between 2001 and 2010 seem less expensive than buildings that are constructed in the previous
decade, conditional on a dummy indicating whether a building is new. One explanation for this finding is
that the office shortage before 2000 (Steinmaier, 2011), induced the construction of low quality
buildings completed after 2000. Another explanation is that the excess supply after 2000, reduced office
rents for new buildings that have to attract new renters. Due to the large number of postcode fixed
effects, we do not find that nearby building volume impacts office rents.85
B.

Identification revisited

Concerns may be raised with respect to the identification of the building height premium. First,
controlling for differences between areas by including postcode fixed effects may not be sufficient if
these areas are too large. Second, unobserved characteristics of buildings and locations may be
correlated with the unobserved characteristics of pre-war buildings in vicinity, or the presence of prewar buildings in vicinity may have a direct impact on rents. In these cases, the instruments are invalid.
We therefore discuss some potential issues with respect to the fixed effects, identification strategy and
validity of the instruments in more detail. Results are presented in Table 4.3.
Until now we have used postcode 4-digit effects, which may be inappropriate when these are too
large. For example, according to the monocentric city model, within a PC4 area, buildings closer to the
CBD may have slightly higher rents and may be slightly taller. Ideally, one would compare two adjacent
buildings: one that is tall and one that is not. However, because of data limitations, this is not possible.
We therefore include postcode 5-digit effects (PC5), which are about equal to a street. The average
distance to the centroid of a PC5 area is 190 meters, less than half of the distance to the centroid of a
PC4 area. Specification (5) then shows that the effect becomes stronger, although it is not statistically
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We ignore the presence of maximum building height restrictions. In Koster et al. (2011), we show that the
marginal purchase price of floor space exceeds its marginal construction costs, implying a regulatory tax on
building height (Glaeser et al., 2005; Cheshire and Hilber, 2008). More specifically, for a building of 90 meters the
tax is about 90 percent. For Rotterdam, where height restrictions are less tight, the tax is much smaller however
and likely absent for high buildings.
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TABLE 4.3 ― REGRESSION RESULTS, ALTERNATIVE SPECIFICATIONS
(Dependent variable: the logarithm of rent per square meter)
(5)
(6)
(7)
(8)
(9)
(10)
IV
IV
OLS
IV
IV
IV
Building height (in 10m)
0.079
0.057
0.029
0.065
0.049
0.045
(0.016) *** (0.007) *** (0.002) *** (0.016) *** (0.012) *** (0.009) ***
Buildings before 1940
0.006
0.051
(0.019)
(0.013) ***
Mean height buildings before 1940 (in 10m)
0.003
(0.001) **
Control variables (33)
Yes
Yes
Yes
Yes
Yes
Yes
Year dummies (20)
Yes
Yes
Yes
Yes
Yes
Yes
PC4 fixed effects (145)
Yes
Yes
Yes
Yes
Yes
Yes
PC5 fixed effects (352)
Yes
Yes
No
No
No
No
Number of observations
4,792
2,036
4,792
4,792
4,792
4,792
F-test for weak instruments
39.646
65.161
27.457
78.820
58.170
Test for exogeneity
16.805
17.493
5.776
2.744
2.964
Overidentification test
0.004
Notes: The critical value for the test for exogeneity and the overidentification test is 3.840. Instrument in
Specification (8) is Mean height buildings before 1940, in Specification (9) we include Distance to station
1870 and Population density 1830, and in Specification (10) we include all instruments. The
overidentification test is the χ²-score. See also Table 4.2.

significantly different from Specification (3).86 In Figure 4.A3, Appendix 4.A, we provide a more
thorough sensitivity analysis on the use of fixed effects using different definitions of areas. We then
calculate for each area type the mean distance to the centroid of all rental properties. The mean distance
to the centroid for different area fixed effects is plotted against the coefficient related to the building
height premium. It is shown that the results are robust.
In Specification (3) and (4), we used the presence of pre-war buildings and their height as
instruments for building height. It may be argued that the rent of pre-war buildings in our sample is
directly influenced by the presence and height of pre-war buildings in the neighbourhood, so that the
exclusion restriction is violated. We therefore include only recently constructed buildings (after 1980)
and re-estimate the regression with PC5 fixed effects. It is shown in Specification (6) that a 10 meter
increase in building height leads to an increase in rents of 5.7 percent, so it is similar to previous results.
The results are almost identical if we use PC4 fixed effects or if we use all buildings constructed after
World War II.
Similar to Au and Henderson (2006) and Arzaghi and Henderson (2008), as a second informal test
for instrument validity, we include the instruments directly in an (artificial) ordinary least squares
regression of rent. When building height is correlated with unobserved endowments and the
instruments have a direct impact on height, the instruments will absorb some of the bias of the current
building height effect. If the instruments are invalid, the coefficient of building height should change. In
Specification (7), however, we find an identical coefficient for building height compared to Specification
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The Hausman t-test is given by QR = P − ) XST#QRU − #QRV W where subscript 0 is refers to the efficient

specification and 1 to the consistent (but less efficient) specification, and #QR denotes the standard error of  (see
Wooldridge, 2002, pp. 120). The test provides a t-value of -0.827, so the difference is statistically insignificant.
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(1), suggesting that our instruments are valid (or that building height is not endogenous). It also
appears that our instruments have an extremely small direct impact on the current office rents in this
artificial regression.
In Specification (8) we only include the mean height of pre-war buildings as instrument, while
controlling for the presence of pre-war buildings (addressing the argument that pre-war buildings may
have some direct impact on office rents since they offer historic amenities). It is shown that the
coefficient of building height is then slightly higher: rents increase with 6.5 percent for a 10 meter
increase in building height. At a 5 percent significance level (but not at the 1 percent level), we reject
exogeneity of building height. More importantly, the estimate is not statistically significantly different
from the estimates obtained when including two instruments (see Specification (3)).
As a third test, we use two alternative instruments (see Table 4.A2 for the first-stage results). As a
first alternative instrument we employ municipal population density in 1830 (municipalities at that
time were much smaller: we have 41 of those municipalities in our three city sample). The instrument’s
validity rests on the assumption that population density in 1830 is unrelated to current locational
endowments, but has a causal effect on the current building height (see, similarly, Ciccone and Hall,
1996; Combes et al., 2008). Concentrations of people in 1830 imply a current building stock that
contains more historic structures, leading to lower building heights because of conservation policies.
However, unobserved endowments of 1830 are likely unrelated to current unobserved endowments of
office buildings, which mainly host business services. We also include an instrument that captures the
distance to the nearest station in 1870 (while still controlling for the current distance to the nearest
station). Railway stations were then an important factor stimulating agglomeration of firms, so around
railway stations buildings should still be taller (see similarly Ciccone and Hall, 1996). Specification (9)
highlights that the choice of instruments hardly influences our results: the effect of a 10 meter increase
in building height leads to a slightly higher increase in rents of 4.9 percent. So, our initial estimates in
Table 4.2 are conservative. The alternative instruments estimates also suggest that the effect of building
height is exogenous (as the value of the exogeneity test (2.744) is still less than its critical value).
Because the alternative instruments have a very different nature, it is informative to apply an
overidentification test. This test does not indicate that these alternative instruments are invalid (the
value of the test (0.004) is substantially less than the critical value (3.840)).87 In Specification (10) we
include all four instruments and find, as expected, that the estimate is in between the estimated effects
of building height of Specifications (3) and (9). Although the standard error of building height is now
much smaller, so the power of the exogeneity test is increased, still we do not reject the exogeneity
assumption. So, we proceed on the basis that building height is exogenous.
C.

The view effect

One explanation for the effect of the strong increase in the marginal willingness to pay for building
height after 90 meters is the presence of (stunning) views that employees or visitors of the firm like to
87

Including the alternative instruments directly in an (artificial) OLS-specification generates an almost identical
coefficient of building height and the instruments do not have a statistically significant impact on rents. For firststage results, see Table 4.A2, Appendix 4.A.
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TABLE 4.4 ― REGRESSION RESULTS OF THE EFFECT OF A VIEW ON OFFICE RENTS
(Dependent variable: logarithm of rent per square meter)

Building height (in 10m)
Floor level
Floor level > 10

(11)
OLS
0.036
(0.015) ***
-0.006
(0.018)

(12)
(13)
(14)
OLS
OLS
OLS
0.032
0.032
(0.002) *** (0.002) ***
0.001
0.004
(0.002)
(0.002)
-0.029
(0.036)

(15)
OLS
0.037
(0.003) ***

Relative building height (log)

-0.036
(0.011) ***
Floor level missing included
Yes
Yes
Yes
Yes
No
Additional variables included
Yes
Yes
Yes
Yes
Yes
PC4 fixed effects (145)
Yes
Yes
Yes
Yes
Yes
Building fixed effects (1,551)
No
No
No
Yes
No
Number of observations
1,937
4,792
4,792
4,792
4,792
R²
0.707
0.703
0.703
0.908
0.702
Notes: Notes: See Table 4.2. The relative building height is the ratio of building height and average
building height within 250 meters.

have and which are available to renters of the top floor levels of the building. To distinguish between
the landmark and the view effect, one needs information about the level of the floor rented within the
building, which was not presented in the dataset we received. We therefore have collected floor
information for rental properties (by telephoning current renters) for buildings taller than 50 meters
(for smaller buildings floor level is less relevant), so we know at which floor(s) a firm is. It turns out that
information about floor level is cumbersome, expensive and sometimes even impossible, to get
(particularly for transactions before 2000), and we end up with only 98 floor level observations for 34
buildings. The main results including this information are presented in Table 4.4.
In Specification (11) we examine whether the building height effect is still present for a subsample
when the floor level effect is unlikely to exist. We select all rental properties in buildings lower than 20
meters and transactions of rental properties in tall buildings that are on the first 6 floors. The floor level
effect is expected to be zero for these observations, as there is little variation in floor level in this
subsample. When building height is representing a floor level effect in previous estimates, the effect of
building height should disappear. However, it is shown that the coefficient of building height is even
slightly higher (whereas the floor level coefficient is insignificant, as expected). We find also the same
results if we exclude floor level. This suggests that floor level is not the main explanation for the
building height premium.
Our second approach is to investigate the effect of views is by re-estimating Specification (1), but
include floor level and a dummy indicating if floor level data is missing. It appears that floor level
positively impacts rents but not statistically significantly, see Specification (12). We emphasise that if
the effect of floor level on rents would be substantial, then even a small sample should have been
sufficient to obtain reasonably precise estimates. One interpretation is that there is no floor level effect.
Another interpretation is that the floor level effect is about 0.01 percent per floor. Although this
estimate is statistically insignificant, this suggests that for buildings that are respectively 90 and 140
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meters tall (about 23 and 35 floors), the floor level effect is respectively 3.2 and 5 percent of the rent.88
The difference between a 90 and 140 meter building is then 1.8 percent.
We emphasise that we cannot directly compare this floor effect estimate to estimates of Specification
(4) in Section 4.4.A. In order to interpret the estimated building height effect of (4) as a floor height
effect, we have to take into account that there is a standard measurement-in-variable error problem, as
we do not use information about the height of the floor (or, alternatively, floor level) that a tenant
occupies, but use building height instead. This measurement-in-variable error creates a strong bias
towards zero of the view effect in (4). Usually, the magnitude of the bias is unknown, but in the current
context it is known because building height is exactly twice the average height of the floor of the tenant.
In the case that building height is uncorrelated to other regressors, the bias is exactly 50 percent (as the
variance of the measurement error is exactly equal to the variance in floor level).89 So, we have to divide
the 1.8 percent (difference of floor level effect for buildings of 90 and 140 meters) by two, in order to
determine the portion of the landmark/view effect that is due to views in (4). The estimate of the floor
level effect is then maximally 32 percent of the landmark/view effect, given the lower bound estimate of
the landmark/view effect. If we underestimate the floor effect by two (which is possible given the 95
confidence interval), then the floor level effect explains maximally 64 percent of the landmark/view
effect.
Specification (13) analyses whether rental properties on high floors are more expensive. We
therefore include a dummy indicating whether the rental property is at the 10th floor or higher (37
observations). It appears that this dummy is statistically insignificant. Specification (14) includes
building fixed effects to focus on the floor level effect. The floor level effect is still statistically
insignificant at conventional significance levels.
Our last approach is to investigate whether the relative building height (the height relative to mean
height of buildings within 250 meters) has an effect on office rents, in order to attempt to disentangle
the effect of a view and within-building agglomeration. In Specification (13) we show that the relative
building height does not alter the overall building height effect and, surprisingly, the relative building
height effect is negative (the effect of a 10 meters increase in building height is then 2 percent for a
building of average height). When we include the building height relative to the height of the tallest
building within 250 meters, the effect is negative again, but not statistically significant. So, it may be that
a potential view effect is offset by a local landmark effect of high-rise districts.
All results presented in this subsection suggest that the effect of floor level, and therefore of having a
view, is unlikely to explain the full landmark/view effect.90 To show robustness of this conclusion to
alternative assumptions, let us suppose now that in addition to the view effect, for buildings above 90
88

We also re-estimate Specification (12) with building height dummies. It appears that the coefficients related to
building height are almost identical to those presented in Table 4.2.
89 We have also re-estimated Specification (1) employing an errors-in-variables regression that takes the
correlation between building height and other regressors into account. The coefficient of building height doubles
then to 0.059. So, when the building height effect is fully due to views, the rents increases 5.9 percent per 10
meters.
90 Another problem with the view explanation is that the views of buildings above 100 meters are rarely
obstructed by other buildings, suggesting that above 100 meters the marginal effect of building height through
improved views is diminishing, whereas we find that it is increasing (Figure 4.3).
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meters, the top floor (where high-quality executive meeting rooms may be located) is 20 percent more
expensive as the average floor. Does such an extreme alternative assumption change our conclusion?
The answer appears to be no, because in tall buildings the probability of sampling the top floor is small.
For example, for buildings above 90 meters, only one out of 30 to 40 rental properties would be the top
floor, so the presence of a large top floor effect in tall buildings would increase the estimated building
height effect of buildings above 90 meters by only 0.5 percent (the bias is likely even smaller, because
top floors used as restaurants are not included in our office database).
D.

Other robustness checks

In this subsection, we test some other specifications. Results are presented in Table 4.5. We have
excluded area fixed effects to test robustness. It appears that the effect of building height is very similar
and 3.1 percent per 10 meter (Specification (16)). Up to now we have ignored the effect of building
volume as we did not control for surface area. The implicit assumption was that a larger building in
terms of surface area does not imply higher marginal construction costs, so firms choose building
surface area given the same costs per square meter of surface area, and hence, there is no premium for
surface area (see similarly Glaeser, 2011, pp. 191). To test for this we have re- estimated the model
including building’s own surface area (see Specification (17)). The results are remarkably robust, as the
effect of building height is again 3.1 percent. Surface area has a slightly negative effect, confirming that
the constant returns to scale assumption approximately holds. It also corroborates the assumption that
building height, rather than building volume, is a proxy for within-building agglomeration economies.
Specification (18) investigates whether the building height premium varies between the three cities.
We note that we have too few observations to estimate the nonparametric regression for each city, so
we re-estimate Specification (1) but interact building height with city dummies. In Amsterdam, tall
buildings have the highest premium. This finding is not too surprising, as Amsterdam hosts a large
number of (multinational) firms that have a demand for tall buildings, whereas the number of high-rise
buildings is limited, so the landmark effect is more likely to exist. Especially for multinational firms,
within-building agglomeration effects as well as landmark effects are likely to be more important (Smith
and Coull, 1991; Barr, 2010b). In ‘skyscraper city’ Rotterdam, the effect is about half the effect of

TABLE 4.5 ― REGRESSION RESULTS OF COMMERCIAL OFFICE RENTS AND BUILDING HEIGHT
(dependent variable: logarithm of rent per square meter)
(16)
OLS
0.031 (0.002) ***

Building height (in 10m)
Building surface area (log)
Building height×Amsterdam (in 10m)
Building height×Rotterdam (in 10m)
Building height×Utrecht (in 10m)
Control variables (33)
Year dummies (20)
Postcode areas (145)
Number of observations
R²
Note: See Table 4.2

Yes
Yes
No
4,792
0.683

(17)
OLS
0.031 (0.002) ***
-0.009 (0.003) ***

Yes
Yes
Yes
4,792
0.700

(18)
OLS

0.038 (0.002) ***
0.017 (0.003) ***
0.025 (0.004) ***
Yes
Yes
Yes
4,792
0.702
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Amsterdam, which is consistent with the idea that a landmark effect is a relative effect that only applies
to the tallest buildings in a geographical market.
We also did some other robustness checks. For the instruments we use we have applied an arbitrary
distance cut-off (250 meters). In Figure 4.A4 in Appendix 4.A, we re-estimate Specification (3) for
different distance cut-off values and we show that the result is very robust to the choice of distance cutoff for a reasonable range. For values larger than 450 meters the coefficient becomes imprecise, because
of collinearity with the PC4 fixed effects. These results also hold if we use PC5 fixed effects. Finally, we
have tested whether the effect of building height is stable over the study period. We therefore have
interacted building height with year dummies. Figure 4.A5 in Appendix 4.A shows that the effect is
robust. Only in 2009 the effect is statistically insignificant, due to the lower number of observations in
that year.
4.5

Conclusions

This paper attempts to measure the economic benefits of tall buildings, beyond the reason provided by
standard economic theory, which states that tall buildings arise from economising on land rents. At least
theoretically, tall buildings are likely to induce landmark effects, view effects and facilitate withinbuilding agglomeration economies. Landmark effects relate to intangible benefits related to the innate
aesthetic beauty of tall buildings. It is argued that a landmark allows renters to set higher prices for
their products, attract investors and attract a talented workforce.
This study shows that firms are willing to pay about 4 percent more to locate in a building that is 10
meters taller, so there is a substantial building height premium. We interpret this as evidence for the
presence of within-building agglomeration benefits, view effects, as well as landmark effects. So, other
forces than economising on land rents appear to be important in explaining building height. Given the
assumption that the marginal effect of within-building agglomeration economies is non-increasing, an
estimate of the sum of the landmark and view effect is 2.8-5.5 percent for a building that is about five
times the average height. We show that it is unlikely that this effect is fully due to stunning views,
implying that there is a landmark effect.
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Appendix 4.A Descriptives and other results
LEGEND 3D MAPS
Building height
0-15 meter
15-30 meter
30-45 meter
45-60 meter
> 60 meter
Land
Water
Infrastructure

(A) GENERAL OVERVIEW MAP

(B) AMSTERDAM
FIGURE 4.A1 ― MAPS OF THE STUDY AREA

Is the sky the limit?

(C) ROTTERDAM

(D) UTRECHT
FIGURE 4.A1 CONTINUED
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TABLE 4.A1 ― DESCRIPTIVE STATISTICS OF THE COMMERCIAL PROPERTY DATASET
Mean
Rent per m² (in €)
143.320
Building height (in m)
28.866
Building height <20m
0.395
Building height 20-40m
0.431
Building height 40-60m
0.087
Building height 60-80m
0.046
Building height 80-100m
0.029
Building height >100m
0.012
Size (in m²)
1,131.855
New building
0.074
Renovated building
0.056
Listed building
0.095
Construction year
1932.738
Sale and lease back
0.002
Rent all inclusive
0.025
Turn key
0.009
Transaction year
1999.540
Building surface area
2,775.554
Number of listed structures <150m
11.260
Highway <150m
0.072
Railway <150m
0.161
Open space <150m
0.435
Water <150m
0.140
Station <250m
0.070
Building volume <250m (in m³)
558,365.200
Mean construction year <250m
1931.123
Buildings before 1940
0.665
Mean height buildings bef. 1940 (in m)
13.502
Distance to station 1870 (in km)
2.586
Population density 1830 (per km²)
3,416.326
Floor level
8.569
Floor level missing
0.980
Note: The number of observations is 4,792.

Std.Dev.
51.119
21.371

Min
50.000
3.000

Max
450.000
150.000

1,791.571

50.000

22,000.000

120.896

1200.000

2010.000

5.536
7,384.551
30.813

1990.000
19.649
0.000

2010.000
66,694.650
224.000

354,423.800 99,325.000 1,799,650.000
80.100
1647.444
1999.833
5.156
1.633
5,023.820
5.772

1.000
0.049
23.102
1.000

32.000
11.077
13,707.420
24.000

TABLE 4.A2 ― FIRST STAGE REGRESSION RESULTS
(dependent variable: building height in 10 meters)
(3)
IV
-1.245
(0.208) ***
0.071
(0.014) ***

(5)
(6)
(8)
IV
IV
IV
-1.422
-2.442
-1.245
(0.247) *** (0.259) *** (0.208) ***
0.092
0.174
0.071
(0.017) *** (0.016) *** (0.014) ***

(9)
IV

(10)
IV
Buildings before 1940
-1.317
(0.201) ***
Mean height buildings before 1940
0.071
(0.013) ***
Distance to station 1870
-0.747
-0.799
(0.080) *** (0.079) ***
Population density 1830 (log)
-0.216
-0.203
(0.025) *** (0.024) ***
Control variables (33)
Yes
Yes
Yes
Yes
Yes
Yes
Year dummies (20)
Yes
Yes
Yes
Yes
Yes
Yes
PC4 fixed effects (145)
Yes
Yes
Yes
Yes
Yes
Yes
PC5 fixed effects (352)
No
Yes
Yes
No
No
No
Number of observations
4,792
4,792
2,036
4,792
4,792
4,792
R²
0.544
0.772
0.853
0.544
0.558
0.565
Notes: The first stages of Specification (3) and (8) are identical, but that we include only Mean height
buildings before 1940 as in instrument in Specification (8). See also Table 4.2.
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Building height effect, α

Building height effect, α

FIGURE 4.A2 ― MARGINAL EFFECT OF BUILDING HEIGHT ON RENTS FOR DIFFERENT BANDWIDTHS "

0.04
0.03
0.02
0.01
0.00
0

PC4

1
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Mean distance to centroid (in km)

(A) OLS

0.10
0.08
0.06
0.04
0.02
0.00
0

PC4

1
2
3
Mean distance to centroid (in km)

(B) IV

FIGURE 4.A3 ― SENSITIVITY ANALYSIS WITH RESPECT TO FIXED EFFECTS
Notes: We re-estimate Specification (1) with different types of area fixed effects. These fixed
effects are based on different area definitions used by Statistics Netherlands. For each area type
we calculate the mean distance of all rental properties to the centroid of the area and plot that
against the building height effect. The dashed lines indicate local 95 percent confidence bands.
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Building height effect, α
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0.025
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Distance cut-off for instruments (in meters)

0

500

FIGURE 4.A4 ― BUILDING HEIGHT EFFECT FOR DIFFERENT DISTANCE CUT-OFFS
Note: The dashed line indicates the local 95 confidence interval for each distance cut-off used.

Building height effect, αt
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FIGURE 4.A5 ― THE STABILITY OF  OVER THE STUDY PERIOD

Notes: We interact building height with year dummies to obtain a year-specific building height
effect  . The dashed lines indicate local 95 percent confidence bands.

Appendix 4.B The functional form of the hedonic price function
We assume that tenants are identical and that a tenant’s output Y ∙  is a concave function of building
height due to within-building agglomeration economies. The profit function of locating in building  is
given by & = Yℎ  + @ℎ  −  , where ℎ is the height of building  (in meters),  represents the rent

for floor space and @ ∙  is a landmark (including view) premium which depends on the height of the
building. Given a perfectly competitive market (so & = 0), the bid rent in building  is  = Yℎ  + @ℎ .
\

We now assume that Y = ℎZ and @ = T0.1ℎ − ℎ[ W ]ℎ > ℎ[ , where = = 0.5, ` = 3 and ℎ[ = 100

(these values are arbitrary). So, it is assumed that @ is a convex function of building height when

building height exceeds height ℎ[ . The effect of building height is then concave up to ℎ[ and then

becomes convex, so the parameter  that we estimate in the empirical application both captures = and

`. The shaded area in the upper panel of Figure 4.B1 indicates the sum of the landmark and view effect.
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The homogeneity assumption regarding the tenants' profit for building height is rather restrictive in
this context (Epple, 1987). We allow for heterogeneity in the premium of otherwise identical tenants by
drawing observations for = from a normal distribution (with mean 0.5 and standard deviation 0.05).

This generates a sample of values for = that vary between 0.325 and 0.678. Given heterogeneity in =,

tenants sort themselves over different buildings: the tenant with the highest value for = will locate in

the tallest building, the tenant with the second highest value will locate in the second tallest building,

and so forth. Using the observed buildings height distribution and given the values of =, we calculate the
marginal willingness to pay and the rent. It appears, as shown in the lower panel of Figure 4.B1, that the
price function has still about the same shape as before.
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(A) HOMOGENEOUS TENANTS
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(B) HETEROGENEOUS TENANTS,  = b0.5,0.05

FIGURE 4.B1 ― PREDICTED TOTAL AND MARGINAL EFFECT OF BUILDING HEIGHT ON RENTS

Notes: The grey lines indicate the effect of building height when c ∙  = 0 and the shaded areas
indicate the landmark (including view) effect.

