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Abstract. Popularity of infill development is increasing because of the environmental benefits and cost saving potential it
provides, which relate to the possibility to use existing infrastructure and services. However, the impact of infill develop-
ment on value of existing properties has not been studied to a sufficient extent. Therefore, the aim of our study is to ana-
lyse whether infill development affects the prices of existing apartments. We carried out statistical analysis based on data
from seven case neighbourhoods, and prices of more than 6000 housing transactions from one decade. The results of our
analysis do not support the hypothesis of infill development affecting positively existing housing prices, but neither did the
study show a significant negative effect. Both amenity effect and negative externalities may provide explanations as to why

property values do not change due to infill development.
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Introduction

Because of the challenges posed by growing cities more
focus today is put on developing existing neighbourhoods
with infill development (for example Ooi & Le, 2013; Haa-
land & Bosch, 2015). Several studies have shown the envi-
ronmental benefits of infill construction or transit orient-
ed development, such as decreasing energy consumption
and related smaller carbon footprint from transport (for
example Clark, 2013; Nahlik & Chester, 2014; Glaeser &
Kahn, 2010). Another observed benefit of infill develop-
ment is the cost-effectiveness, as the already existing in-
frastructure allows developing a neighbourhood with only
moderate investment (Nykénen et al., 2012; Biddle, Ber-
toia, Greaves, & Stopher, 2006).

Even if a large number of economic and environmen-
tal benefits of infill development have been proven, and
promoting infill development has been presented as one
of the targets of the housing policy of the national gov-
ernment of Finland (Ministry of the Environment, 2016),
new housing development is often, however, opposed by
residents of the neighbourhood. Resistance to infill devel-

opment might occur when residents fear that the com-
munity does not benefit from the development or, even
worse, the new development might have a negative impact
by worsening the amenities of the neighbourhood or by
resulting in negative value development of existing dwell-
ings (for example Matthews, Bramley, & Hastings, 2015).
Even if fear of decreasing property values is a common
reason behind the claims in planning practice, the impact
of new development on existing housing has not been suf-
ficiently studied (Seppild, 2013).

Qur contribution to this research field is to examine,
by using case studies, whether new housing developments
affect the value of existing apartments in Finnish neigh-
bourhoods. Earlier studies, which are presented in sec-
tion 1, mainly focus on different type of real estate mar-
ket (metropolitan cities in the U.S. and Asia) or different
housing types (such as single-family houses) and therefore
our research is among the first ones to study the impact of
infill development on value of dwellings in Nordic urban
neighbourhoods.
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1. Literature review

1.1. Residential property market

Before studying the impact of infill development on prop-
erty value, it is important to understand the specific char-
acteristics of real estate as a commodity and the basics of
property valuation theories. The specific nature of residen-
tial real estate market derives from the fact that housing
as a commodity differs greatly from other commodities:
First, the decision to buy housing is not only based on
rational choice but also on emotions, and therefore dif-
ficult to measure in monetary terms. Second, apartments
are indispensable commodities, and therefore always de-
manded. And third, apartments are heterogenic and they
always differ from each other in terms of location and
other characteristics. Housing as a good is called a differ-
entiated good. This category of goods consists of a diversity
of products that differ in characteristics in various ways
but are so closely related in consumers’ minds that they
are considered as one good (Day, 2001). Other charac-
teristics of the real estate market, worth mentioning, are
the significantly high transaction costs and asymmetric
information.

Basic theories on real estate valuation build on the
theory of Von Thiinen explaining the farmland value al-
ready in 1860s, and on Alonso’s (1964), Muth’s (1969) and
Mill’s (1967) monocentric city model theory. The underly-
ing idea of the monocentric city model is that real estate
prices are developed based on a bidding process which
pushes prices up in attractive locations. Central business
districts are often considered as attractive locations, but
improved transport infrastructure makes it more attrac-
tive to live close to stations (Fejarang, 1994) or highways
(Baum-Snow, 2007). Hence, because of increasing mobil-
ity and income, densities in central districts have not only
been continuously growing, but instead, emerging sub-
centres have given rise to the development of polycentric
cities (for example Bertaud, 2004).

The hedonic pricing methodology introduced by
Rosen in the 1970s enable an easier way to understand the
theory of property value formation. According to Rosen
(1974), the price of a differentiated good is determined
by the combination of the implicit prices of the different
characteristics. When applying this theory to real estate
it is suggested that the price of a real estate will differ
from the price of another based on the additional unit
of a characteristics existing in one real estate compared
to the other.

Property valuation theories present that attributes that
have an impact on property prices can be divided into
two groups: structural and location-specific attributes (Ki
& Jayantha, 2010). Structural characteristics describe the
physical characteristics of a property comprising attributes
such as age of the building, floor space, floor level, size of
the property, number of bedrooms, and types of property
ownership (Tse & Love, 2000; Camagni & Capello, 2008).
In general, size of the dwelling and floor level have a posi-
tive impact on property prices due to increased utility and

better view, whereas building age has the opposite effect
(Tse & Love, 2000). Good condition of the building and
availability of an elevator are also supposed to increase
housing prices significantly (Hiilagii, Kizilkaya, Ozbekler,
& Tunar, 2015).

Location-specific attributes are related to the sur-
rounding neighbourhood and environment of the prop-
erty. According to Lonnqvist (2015) these location related
attributes can be grouped as public goods, externalities and
amenities. A public good is a freely available good, such as
nature or public park The consumption of this good does
not decrease the possibility of others to consume it. Exter-
nalities can be either positive (such as high-quality archi-
tecture) or negative (such aspollution or congestion due to
improved traffic infrastructure), and the effect is caused to
a third, external party. The third group, amenities, com-
prises a large variety of attributes of the neighbourhood,
such as features of the environment and services available
in the area. A large number of studies examine the impact
of different location-specific characteristics on property
values. A summary of the impact of neighbourhood char-
acteristics, which are also relevant for infill development,
are presented in the section below.

According to Krause and Bitter (2012), people are will-
ing to pay a price premium for elements related to “com-
pact” development, which seems plausible in the light of
the following findings: Vicinity of public transport has
been identified as an important attribute positively affect-
ing property values (Debrezion, Pels, & Rietveld, 2007;
Gibbons & Machin, 2005; McMillen & McDonald, 2004;
Kay, Noland, & DiPetrillo, 2014; Zhang, Meng, Wang, &
Xu, 2014), although some studies indicate an insignifi-
cant correlation (Thamrongsrisook, 2011; Forrest, Glen,
& Ward, 1996; Zhang, Meng, Wang, & Xu, 2014; Jun,
2012). Similarly, proximity and accessibility of services
have been pointed out as amenities increasing the willing-
ness to pay for housing (Litman, 2014; Cortright, 2009).
Shops, schools and railway stations often have a positive
impact on housing prices (Brennan, Olaru, & Smith, 2014;
Wen, Zhang, & Zhang, 2014; Kong, Yin, & Nakagoshi,
2007; Des Rosiers, Lagana, & Thériault, 2001). However,
the impact of some amenities, such as airports and open
air shopping centre, might be seen as more contradictory
because of their negative externalities (Kholdy, Muhtaseb,
& Yu, 2014; Espey & Lopez, 2000). Also the high impor-
tance of landscape factors has been discovered in several
studies: factors which have been identified as positive are
vicinity of green areas (Tyrvdinen, 1999; Kong, Yin, & Na-
kagoshi, 2007; Kovacs, 2012) and pleasant view (Damigos
& Anyfantis, 2011), whereas close vicinity of high voltage
overhead transmission lines might have a strongly nega-
tive impact (Han & Elliot, 2013).

Finally, regarding the apartment ownership, the Finn-
ish residential property market differs from the real es-
tate market in other countries to some extent. Owning
an apartment is organised through indirect ownership,
a limited company (called housing company), giving
the shareholders the right to possess a specified flat. The
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shareholders make the decisions about the property, and
in case of infill development, they decide about the provi-
sion of land for developers (Falkenbach & Nuuja, 2007).
This is also the reason why the focus of our study is on
privately owned apartments; the shareholders are the ones
benefiting from the potential value increase and they are
also the ones making the decision about selling permitted
building volume to developers.

1.2. Impact of infill development at the
neighbourhood and city level

In this section we give a short summary on impact that
infill development can have on a neighbourhood or a city
according to earlier research. Starting with the city level
benefits, it is often mentioned that infill development
provides agglomeration benefits to a city (Rosenthal &
Strange, 2004; Laakso, 2012). Agglomeration benefits
are based on the idea, presented by several studies and
economic theories, suggesting that tight location of both
population and the economy yields efficiency, and hence
brings about production and income benefits (Piekkola
& Susiluoto, 2012; Ciccione, 2002). Infill development
can provide also other economic benefits to a city: Dye
and McMillen (2007) present that redevelopment may
increase the tax revenue of a city if old buildings are
replaced by new expensive homes. Other suggested city
level benefits of infill development are prevention of ur-
ban sprawl (Dye & McMillen, 2007), improvements in
the functionality of the city structure and reinforced so-
cial stability (Kyt6, Kral-Leszczynska, Tuorila, & Kiuru,
2014).

Both positive and negative impacts of infill devel-
opment on a neighbourhood have been recognised in
earlier studies (for example McConnell & Wiley, 2010).
These impacts are often related to public transport access,
landscape value or changes in service provision. Essential
regarding our study is the concepts of “spillover effect” or
“neighbourhood effect”, which suggest that change in land
may affect the land value of the neighbouring property
on which there have been no improvements or changes
(Zahirovich-Herbert & Gibler, 2014). The same phenom-
enon can be called amenity effect, which, according to Ooi
and Le (2013), occurs when a new development refresh-
es the neighbourhood making also the existing housing
more desirable. If the new development brings along ser-
vices because of the increased purchasing power (Seppals,
2013) or improves the access to public transportation,
the neighbourhood attractiveness might increase, which
might lead into rising property prices. On the other hand,
if the new development causes negative externalities, for
example by deteriorating the landscape or decreasing the
green areas, the value of the nearby properties might suf-
fer. Also, Ooi and Le (2013) present that a “supply effect”
might occur if new extensive supply of houses increases
the housing stock in the area and creates downward pres-
sure on the value of existing properties. These amenities
and dis-amenities are essential when people assess the at-

tractiveness of a neighbourhood and, hence, these charac-
teristics also influence the price that a household is willing
to pay for an apartment (as was presented in section 1.1).

Finally, in addition to the improved neighbourhood
characteristics that infill development may provide, also
some direct benefits have been observed. As some Finnish
studies suggest, infill development can help housing com-
panies facing future renovations, because selling building
permit for infill development provides income which can
be used to cover renovation costs (Nykdnen et al., 2012;
Seppild, 2013). Hence infill development could provide a
solution to the challenges caused by the growing renova-
tion need that Finnish buildings built between the 1960s
and 1980s are facing.

1.3. Earlier studies on impact of infill development
on housing prices

In this section we present a summary of findings from
previous research examining the impact of infill devel-
opment on housing prices. The focus is on the spillover
effect of infill development, which according to Ooi and
Le (2013) can be estimated by comparing the change in
prices of the properties nearby before and after the new
development, to the price changes for properties in the
control group during the same period of time.

A theoretical study by Nykénen et al. (2013) found that
in case that infill development would be 20% of the size
of existing housing stock, the impact on existing hous-
ing prices would range from +5 to +9%. In case of a 50%
infill development, the impact would vary between +10
and +17%. According to the study, infill development is
most profitable in neighbourhoods with lowest housing
prices, whereas in central areas with high property prices
the potential for price increase has already been used to
a large extent.

Only few studies however have empirically proven a
significant positive price impact of infill development. Ooi
and Le (2013) studied the changes in the wealth of existing
homeowners in a neighbourhood with new housing con-
struction in Singapore, and found that infill development
has a positive and persistent impact on existing housing
prices. While the height of the building imposes negative
externalities on the surrounding properties, infill devel-
opment taking place on a teardown site provides positive
externalities. According to the study, a positive spillover
effect can also be related to the signals of future ameni-
ties in the area. Mathur and Ferrell (2013) studied the im-
pact of sub-urban transit-oriented development (TOD)
on single-family home prices in California, the U.S., and
present that the positive impact of the TOD is statistically
significant. Prices of houses within 1/8 mile of the TOD
were 18,5% higher than of those located more than 1/8
mile from the TOD.

A few studies have examined the impact of govern-
ment aided revitalisation and other infill projects on de-
teriorating neighbourhoods. Ryan and Weber (2007) stud-
ied the impact of urban development on housing values in
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a low-income neighbourhood in Chicago and found that
infill development is more valued than traditional neigh-
bourhood development or enclaves. The suggested reason
for this result is that residents value housing which is in-
tegrated into its urban context. Ellen, Susin, Schwartz,
and Schill (2001) studied the impact of two New York
City homeownership programs on the value of surround-
ing properties. The programs subsidised the construction
of affordable owner-occupied homes in distressed neigh-
bourhoods. The study shows that the prices of properties
in the vicinity of development projects have risen during
two decades and it is suggested that part of this rise is
due to the homeownership programs. Suggested potential
reasons for the positive externalities are the nicer appear-
ance of the buildings, new higher-income residents and
the higher rate of homeownership leading into greater
neighbourhood stability and community activism, and
better upkeep of the surroundings.

Other studies suggest that the impact of infill develop-
ment on existing housing prices is minor or insignificant.
Zahirovich-Herbert and Gibler (2014), who examined the
impact of new construction on existing housing prices in
Louisiana, U.S., found that construction of new houses
has a positive, but insignificant influence on prices of ex-
isting housing. The authors suggest that this is because
new houses increase competition and therefore prices of
existing houses suffer when new similar sized houses are
constructed nearby (also called “supply effect” by Ooi and
Le, 2013). However, if the new houses are larger than the
existing ones, the prices of old houses are positively in-
fluenced because of the location close to these “superior”
houses. Another study from the U.S., by Blanchard Clegg,
and Martin (2008), found no evidence that infill develop-
ment would lower the value of surrounding properties,
based on the analysis of 12 case neighbourhoods in Ida-
ho. The authors pointed out the difficulties of attributing
the price changes directly to infill development, as also
many other factors affect the value. Also, insignificant im-
pact were found by Pollakowski, Ritchay, and Weinrobe
(2005) who studied the relationship between large-scale,
high-density, mixed-income rental developments and
single-family home values with case studies from seven
towns in the U.S.

Contrary results have been presented also regarding
revitalisation projects: a study by Newell (2010) examined
the revitalisation possibilities of a Self Help project for a
neighbourhood in North Carolina and concluded that
residential investment within the neighbourhood cre-
ates negative externalities for surrounding properties. The
suggested reason is that small scale investment does not
create enough positive externalities and hence increasing
the housing stock in a neighbourhood with low demand
might have a negative impact on the prices of existing
housing. The authors also suggest that higher desirabil-
ity of new construction over old housing stock leads into
lower value of older homes.

2. Methodology and data

The aim of our study was to analyse whether infill develop-
ment affects the prices of existing apartments in the chosen
case neighbourhoods. To examine the price impact, we car-
ried out statistical analysis based on sale price data from
seven case neighbourhoods and appointed reference neigh-
bourhoods in Finnish urban areas located in the capital re-
gion. We used difference-in-difference (DD) methodology,
applied via a hedonic regression model, to capture the effect
of infill development on the price changes in the case neigh-
bourhoods (compared to the reference neighbourhoods).

Data for the study was obtained from a housing trans-
action database which contains information about actual
sale prices of apartments along with information on other
attributes, such as size of the apartment, age, number of
rooms, condition, floor level and lot ownership and size.
These data are voluntarily collected by a consortium of
Finnish real estate brokers, and it is maintained by the
VTT Technical Research Centre of Finland. The data con-
sists of about 900 000 individual transactions from Fin-
land, since 1970, and it represents a comprehensive sample
of the total transaction volume. Our study is based on an
analysis of more than 6000 transactions, which have tak-
en place in the selected seven case neighbourhoods and
the related reference neighbourhoods during the years
1998-2012 (Table 1). The data was geocoded, and by us-
ing coordinates, the data was supplemented with a few
environmental attributes.

2.1. Selection criteria for the case neighbourhoods

To study whether infill development has an impact on the
prices of existing apartments, seven case neighbourhoods
were selected. The areas were limited by the use of postal
codes. The selection of these case neighbourhoods was
based on the following criteria:

1. The majority of buildings in the neighbourhood are
built between the 1960s and 1980s. This criterion was
chosen to maximise the homogeneity of the existing
buildings in the neighbourhood and also to facilitate
finding a reference neighbourhood with similar type
of housing stock. In Finland, a large number of apart-
ment buildings were built during those decades and
therefore this time frame seemed reasonable;

2. The neighbourhood has a sufficient number of
new developments either in the centre or in the
outskirt of the neighbourhood. Here we defined
infill development as two or more new apartment
buildings built in the neighbourhood. As the defi-
nitions for infill development are usually rather
broad (for example “infill development takes place
on an unconstructed site which takes place in an
already constructed area” or “infill development is
used to improve the environment and structure of
the neighbourhood” (Santaoja, 2004)), the research
group decided that two or more apartment build-
ings are needed to provide any impact;
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3. The neighbourhood has a sufficient number of
buildings owned by housing companies (other than
companies for social housing/rental apartments)
which is a typical way to own flats in Finland (Falk-
enbach & Nuuja, 2007);

4. Infill development has taken place between 2000 and
2009. This time frame was chosen for the analysis in
order to minimise the effects of other events which
might affect the price development (such as the eco-
nomic depression of the 1990s) and to be able to
observe the potential effects on housing prices.

2.2. Selection of the control neighbourhoods

Reference neighbourhoods were chosen for each case
neighbourhood. The selection criteria for the reference
neighbourhoods were as follows: 1) the reference neigh-
bourhood should be located in the vicinity of the case
neighbourhood, 2) the reference neighbourhood should
be similar to the case neighbourhood regarding the type of
housing stock, accessibility and level of service availability,
and 3) no infill development has taken place in the refer-
ence neighbourhood during the last decade.

The idea behind the used selection criteria for the ref-
erence neighbourhoods was that if the main locational
attributes such as distance from the centre of the city,
accessibility, type of housing stock and level of services
are similar in the two neighbourhoods, the price level of
apartments should equal, and if not, it is due to a change
or an event which is taking place in only one of the neigh-
bourhoods (in this case: infill development).

2.3. Measures used in the study

We applied difference-in-difference methodology (Angrist
& Pischke, 2008; Votsis & Perrels, 2016; Card & Krue-
ger, 1994) combined with linear regression analysis in our

study. First, we formed two group variables: We named
the case neighbourhoods (the ones in which infill devel-
opment has taken place) as treatment neighbourhoods,
and reference neighbourhoods (those with no infill de-
velopment) as control neighbourhoods. We also created
a dummy variable for the time before and after infill de-
velopment. It is essential for the difference-in-difference
method to compare two groups which are similar to each
other. Hence, the underlying assumption is that as the
treatment neighbourhoods and related control neighbour-
hoods are located close to each other, and they are identi-
cal by attributes listed in section 1.2. Also the structure of
the housing market and the housing price trends are rath-
er similar in the treatment and control neighbourhoods.
Furthermore, we used hedonic pricing methodol-
ogy which is the most commonly used method in hous-
ing studies. The hedonic pricing method assumes that the
price of housing derives from the prices and quantities of its
characteristics (Lonnqvist, 2015). We introduced a number
of structural variables into the model. These variables de-
scribe the physical characteristic of the building/dwelling,
(e.g. dwelling condition, floor number/total floors, elevator
etc.) and they are typically included in regression models
in housing price studies. Additionally, we introduced three
environmental variables: distance to CBD (central railway
station of Helsinki), distance to sea cost and distance to
green areas (including parks and woods). These are all at-
tributes which, according to earlier research, might have a
significant impact on housing prices.
The estimated regression equation takes the following

form:

P = o + B,(CONDITION) + B,(ELEVATOR) +

B3(ROOMS) + B4(FLOOR) + B5(SEA) + B(CBD)

+ B,(GREEN) + Bg(TREAT) + Bo(AFTER) +

B,o(TREAT*AFTER) + ¢ (1)

Table 1. Case/treatment neighbourhoods, reference/control neighbourhoods, the period of infill development and
number of transactions considered in the study

No. of the Name of the neighbourhood | Neighbourhood group Period of infill Number of .transactions
case development considered
1 Karakallio Treatment 2007-2008 161
Viherlaakso Control 167
2 Yliskyla Treatment 2004, 2009 338
Roihuvuori Control 174
3 Tapulikaupunki Treatment 2000-2001 146
Siltamaki Control 130
4 Pihlajisto-Viikinméki Treatment 2001, 2004 92
Pihlajamaki Control 217
5 Lauttasaari Treatment 2000-2010 183
Pohjois-Lauttasaari Control 345
6 Keski-Vuosaari Treatment 2002, 2006, 2010 374
Vartioharju Control 72
7 Mikkola Treatment 2003-2008 152
Havukoski Control 211
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where the dependent variable P is sales price (1000€) per
m®. The independent variables are explained in Table 2.
Epsilon (g) stands for normally distributed error term.

The analysis was carried out separately for the seven
cases. The studied point in time varied, depending on the
timing of the infill development: we used transactions up
to five years before and after infill development. A long
enough time period before and after was chosen to ensure
that 1) the expectations due to new developments would
not yet have affected the prices in the “before” groups and
2) the potential effects could be observed in the “after”
groups. As the number of transactions per year remained
rather small, in most cases we used transactions from a
two-year period (in few cases it was necessary to study a
three-year period). The sale prices were adjusted for infla-
tion using the Consumer Price Index, and with 2012 as
the base year.

3. Result

Price development of both case neighbourhoods and ref-
erence neighbourhoods was analysed by examining the
average sale prices before and after infill development. Av-
erage sale prices and average duration of apartments being
on sale are shown in Table 3. A general price increase can
be observed in all treatment and control groups indicating
that both groups follow the rising price trend of housing
transactions in the capital area of Finland. Also, changes
in on-sale times give indication on the development of the
housing market in each treatment and control neighbour-
hood. Longer on-sale time might lead into larger discount
and hence, lower sale price. However, as the prices are
consistently higher in the “after” cases but on-sale times
vary largely (taking both larger and smaller values than in
the “before” cases), no consistent logic between the sale
prices and on-sale time can be observed.

Table 2. Independent variables and mean values for the neighborhoods

Variable Description (Nl\ileza ;1 62) Min Max SD
CONDITION Condition of the dwelling (0 = bad, 1 = average, 1.754 0 3 1.13
3 = good)
ELEVATOR Dummy for the elevator (0 = no, 1 = yes) 0.485 0 1 0.499
ROOMS Number of rooms, excl. kitchen 2.373 1 6 0.962
FLOOR Floor number/ number of total floors 0.645 0.1 1 0.281
SEA Distance to the sea cost (m) 3120 22 11 340 3718
CBD Distance to the city centre (railway station) (m) 9 881 2 951 21124 4894
GREEN Distance to parks or green areas (m) 174.5 0 609 142
TREAT Dummy for the treatment group (0 = control group, 1 = treatment group)
AFTER Dummy for the “after infill development” cases (0 = before, 1 = after)
Table 3. Mean values of prices and on-sale days for treatment and control groups
PRICE/m? (thousand €) On-sale time N
Before After Before After Before After
Case 1 Treatment 1.919 2.384 59.4 62.8 61 100
Control 1.879 2.430 68.8 70.8 58 109
Case 2 Treatment 2.104 2.940 43.2 53.2 117 221
Control 2.027 2.910 39.1 44.5 54 120
Case 3 Treatment 1.631 2.260 47.6 41.3 79 67
Control 1.835 2.296 35.9 69.9 40 70
Case 4 Treatment 1.612 2.396 66.2 35.8 51 41
Control 1.741 2.605 47.2 46.9 149 68
Case 5 Treatment 2.802 4.436 30.6 72.3 45 138
Control 2.747 4.676 33.0 42.0 115 230
Case 6 Treatment 1.674 2.593 47.5 47.9 146 228
Control 2.140 2.949 44.7 43.7 28 44
Case 7 Treatment 1.184 1.758 45.6 59.3 36 116
Control 1.250 2.076 73.0 41.9 117 94
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Figure 1 illustrates the development of average non-de-
flated sale prices in case neighbourhood 1 (Karakallio), in
the corresponding reference neighbourhood (Viherlaakso)
and the sale prices of new apartments in the case neigh-
bourhood. For comparison, also the price index of a larger
surrounding area is presented. The graph illustrates how the
price development in the case and the reference neighbour-
hood is very similar during the whole studied time frame,
and the development of prices in both neighbourhoods also
follow the development of the price index of the wider area.
Similar graphs for the seven case neighbourhoods are pre-
sented in the Supplementary Appendix 1.
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The results from the difference-in-difference hedonic
regression are reported in Table 4. The following obser-
vations can be drawn from the regression results: Being
located in a neighbourhood in which infill development
takes place (TREAT) does not seem to provide higher
prices compared to the control neighbourhood. In most
cases the effect is insignificant, and in one of the cases with
significant effect, the effect is the opposite, and the prices
are higher in the control neighbourhood. Furthermore, as
was observed also in Table 3, prices are constantly higher
after infill development (AFTER) which is in line with the
price trend of the whole capital area. The most interesting

Case 1 (Karakallio - Espoo)

== Karakallio (CN) ==€=New apartments (CN) === Viherlaakso (RN)
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Figure 1. Case 1: Mean values of sale prices (by m?) of old apartments in the case
neighbourhood (CN), the reference neighbourhood (RN), new apartments in the
case neighbourhood and the price index in the area

Table 4. Results of the difference-in-difference hedonic regression analyses of the seven cases

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
CONDITION 0.0991*** 0.120%** 0.0750** 0.050** 0.1360*** 0.0541** 0.0758***
(0.0149) (0.0181) (0.0236) (0.0187) (0.0187) (0.0180) (0.0011)
ELEVATOR 0.0695 0.0079 0.1287 0.0161 -0.1336** -0.0249 0.0253
(0.0401) (0.0422) (0.1104) (0.0446) (0.0492) (0.0436) (0.0256)
ROOMS -0.2708*** -0.2565*** -0.2929*** -0.2427* —0.091+** —0.2384*** -0.2798***
0.0161 (0.0189) (0.0250) (0.0216) (0.0019) (0.0187) (0.0157)
FLOOR -0.0617 0.1484* 0.0852 0.0438 0.2984*** -0.0107 0.1189*%*
(0.05654) (0.0633) (0.0709) (0.0657) (0.0074) (0.0675) (0.0399)
SEA -0.00031 —-0.00070*** 0.0017** -0.00019 -0.00076*** -0.0003** 4.677e-5
(0.00075) (0.00019) (0.005519 (0.00021) (0.00019) (-0.00010) (8.573e-5)
CBD 0.00051 0.000132* -0.0016** 0.00023 0.00017** 0.00010 -0.0002**
(0.00069) (0.000629) | (0.0005349) (0.0002) (6.175e-5) (9.64e-5) (7.082e-5)
GREEN 0.00049*** -0.000495** 1.089%¢e-6 0.00004 -0.00018 7.77e-5 —5.349e-5
(0.00012) (0.000185) (0.6365e-3) (0.00016) (0.00023) (0.0001) (0.00015)
TREAT 0.2943** 0.1873 0.7863* -0.0244 0.2010* -0.7073** 0.4244*
(0.1074) (0.1094) (0.3022) (0.1102) (0.100) (0.2201) (0.1981)
AFTER 0.5759%** 0.756*** 0.4324%%* 0.8114%%* 1.8474%* 0.8183%** 0.8264%**
0.0508 (0.0751) (0.0757) (0.0504) (0.0574) (0.1171) (0.0321)
TREAT*AFTER -0.0953 -0.0298 0.0641 -0.1545 -0.2703** 0.1426 -0.1597*
(0.0692) (0.0905) (0.0852) (0.0857) (0.1018) (0.1310) (0.0770)
Multiple R2 0.6885 0.6012 0.7302 0.7499 0.7855 0.664 0.8112

The dependent variable is price (thousand €) per m?. The significance levels are ***<0.001, **<0.01, *<0.05. The standard errors of coefficients are

reported in brackets.
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information is provided by the variable TREAT*AFTER.
This variable shows the effect of being located in both the
treatment group and the “after” group. However, the ef-
fect remains insignificant in most cases. Only in case 5,
the variable shows a more significant effect, but the effect
is opposite to our assumption, suggesting lower prices for
apartments being located in the treatment neighbourhood
(after treatment). The specific nature of the case 5 neigh-
bourhoods however suggests that the results do not neces-
sarily indicate a negative price effect of infill development;
In case 5, the treatment and control neighbourhoods are
located on an island, which implies that attributes such as
location close to the sea and high floor number are highly
valued by the residents (as is also shown by the results
of the regression analysis). Even more importantly, the
on-going construction of a new metro line with a metro
station in the central area of the island (which is also the
location of the control neighbourhood) has supposedly,
already since several years, provided a price premium for
apartments located nearby.

Regarding other independent variables of our model,
the impact of structural characteristics of the apartments/
buildings seems as expected: Larger room number leads to
lower prices per m? and the good condition of the apart-
ment provides a significant price premium. Higher floor
number in relation to total floor number has a positive
significant effect on prices in a few cases but not in all.
Also surprisingly, access to elevator does not have a signif-
icant effect implying that apartments in low-rise buildings
might be more preferred than apartments in tall buildings.

The effect shown by the environmental variables are
somewhat as expected. Decreasing distance to sea has a
significant positive effect on prices in those neighbour-
hoods which are located close to the coastline, whereas in
others the impact is insignificant. Distance to CBD has a
similar effect in two cases but the opposite effect in one
case (case 5). In case 5 this abnormality can be explained
by the specific characteristics of the neighbourhood (al-
ready explained earlier), which are likely to affect prices
more than distance to CBD. Although earlier research has
suggested a positive price impact of parks and green ar-
eas, our analysis does not show a price premium provided
by easy access to green areas. In case 1, the effect is even
against the assumption suggesting that prices are higher
in locations with longer distances to green areas. This can
however be explained by the geography of the area; as the
whole area is surrounded by woods, it is not surprising
that a location closer to the centre of the area, and closer
to services (and also further away from the woods), might
be more preferable.

Conclusions and discussion

Only a rather limited number of studies have examined
whether infill development affects the prices of existing
housing. These studies differ from each other regarding
the type of buildings considered (single-family houses or
apartments), and most of the studies focus on the U.S.

housing market covering a rather limited geographic area.
Thus our study sheds light on a geographic area and a type
of housing market which has so far been rather undiscov-
ered, regarding the impact that infill development has on
existing properties. All the selected case neighbourhoods
are typical urban areas in the capital region of Finland,
with a large number of residential apartment buildings
built in the 60s, 70s and 80s. Even though our study is
based on individual cases, we however do cover the capi-
tal area fairly well with case neighbourhoods spread over
three cities (Helsinki, Espoo and Vantaa). During those
years, a similar construction boom took place also in oth-
er European countries, and these buildings are currently
facing challenges because of increasing renovation need,
some also being in need of a “facelift” It has been sug-
gested that infill development can have a crucial role re-
garding these issues, both by contributing to the upgrade
of the neighbourhood as well as providing housing com-
panies with a solution to finance their renovation. Hence,
the results of our study are undoubtedly of interest to a
number of different actors, who might be involved with
processes related to infill development, ranging from in-
dividual apartment owners to city planners.

Our study examined the effect of infill development on
the prices of existing apartments by using difference-in-
difference hedonic regression. We carried out the analysis
for seven case neighbourhoods and appointed reference
neighbourhoods and analysed whether prices before infill
development were statistically different from prices after
in the two neighbourhood groups. Overall, the results
showed no significant difference in price development.
Hence the results of our analysis indicate that infill de-
velopment has no significant impact on prices of existing
apartments. Only in one case a more significant effect of
being located in the treatment group was observed, but
in this case the regression analysis suggested a negative
impact. However, given the specific nature of this neigh-
bourhood (being located on an island and the new metro
line being built in the control neighbourhood), this result
should not be considered as indication of a negative price
effect of infill development.

Our results are in line with most of the previous studies
which also did not find strong or any correlation between
infill development and changes in housing prices (Blan-
chard et al., 2008; Zahirovich-Herbert & Gibler, 2014; Pol-
lakowski et al., 2005). Only two studies are contradicting
with our results suggesting a significant impact (Ooi &
Le, 2013; Mathur & Ferrell, 2013) but these studies differ
greatly from our research by the location of the studies
(Singapore and California) and by the type of housing
studied (single-family houses in the study by Mathur &
Ferrell, 2013).

To find explanations for the results, it is important to
understand the specific nature of the property market.
Attributes such as purchasing power, size and features of
the neighbourhood affect the value of residential prop-
erties. Also, the general economic situation and develop-
ment (such as economic recession or depression) affect the
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housing market as well as availability and cost of money.
Earlier studies suggest that price development depends
on a great number of characteristics and hence it is not
surprising that infill development alone does not explain
much of the price change.

The concepts of amenity effect (Ooi & Le, 2013) and
negative externalities are useful when reflecting the results.
Even if infill development might create benefits for the
residents of the neighbourhood by bringing along better
services and improved access to public transportation,
also negative externalities such as increasing density and
deterioration of green areas may impose a negative im-
pact on housing prices. Also, normally infill development
is rather small scale and perhaps therefore cannot cause
either amenity effect nor negative externalities, and this
might be the reason for a modest price impact found in
our case neighbourhoods.

A plausible explanation for our results may also be
found from the perceptions that residents of Finnish
neighbourhoods have about infill development. Arvola
and Pennanen (2014) conducted a wide survey to study
the attitudes and beliefs of Finnish urban residents re-
garding infill development, and found that residents have
strongly negative beliefs about the effects that infill devel-
opment will have on their neighbourhood. The common
belief was that aspects related to neighbourhood identity,
nature, traffic and safety will degenerate, whereas only ser-
vices and transportation were expected to improve. Effect
on property value was expected to be either neutral or
slightly negative. As the market price of housing depends
on the valuation and expectations of both seller and buy-
er, the negative attitudes and beliefs of one party indicate
downward pressure to the sale price. Therefore, if residents
have low expectations for neighbourhood improvements
and housing price development after infill development,
naturally these negative expectations are also reflected in
the prices of sold properties. This is probably not the case
in the neighbourhoods of our study as no significant nega-
tive effect of infill development was shown. However, the
attitudes that Finnish residents have towards infill devel-
opment might partly explain why infill development did
not have any significant positive impact in the studied
neighbourhoods.

Limitations of the study

A few limitations were recognised during the length of
our study. A major limitation was that in some of the case
neighbourhoods, the number of transactions was rather
low although we used data provided by a Finnish transac-
tion database in its entirety. This database is, however, the
most comprehensive database for housing transactions in
Finland and it is widely used in housing market studies.
Thus we do recognise that a larger number of transactions
might have led to more significant results but given the
excellence of the database we think that the concise sam-
ple did not create an insurmountable limitation. Also, the
volume of transactions could only have been enlarged by

expanding the studied areas, but as the development areas
in Finland are rather small, the impact would however
have remained minor.

Also selecting the case neighbourhoods could have
been done by using a more established method, such as
propensity score matching. However, our research group
is very familiar with the capital region where the case
neighbourhoods are located, and therefore we decided to
use our local knowledge for finding the cases. Also, the
number of potential neighbourhoods was very limited and
hence we do not think that any other selection method
would have led to a better result.
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