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Abstract 
Countries and cities alike have set carbon neutrality goals to the near future. In addition urban areas 
are experiencing an increased demand for housing. Buildings are responsible for one third of all 
urban greenhouse gas emissions, and the relative emission share of construction is increasing. 
Wooden structures have presented capabilities in substantially decreasing these emissions. For the 
construction industry to utilize wooden products the cost efficiency needs to be determined. Prior 
research does not present conclusive results regarding the costs of wooden construction.  

The aim of this thesis is to determine the economic feasibility of wood-based structures by conduct-
ing a hedonic regression analysis of Finnish dwelling prices. The regression analyses are calculated 
using a stepwise-approach - independent variables are excluded on a 95% -confidence interval. Key 
emphasis is set on how wood affects dwelling prices. No such prior research is found.  

Dwelling prices are analysed through transaction data provided by the Central Federation of Finnish 
Real Estate Agencies. The data represents occurred transactions in Finland between 1999-2018. 
However, this research allocates the data to three datasets based on their built year; dwellings con-
structed between 1) 1990-2020, 2) 2000-2020, and 3) 2010-2020. The regression analyses are con-
ducted separately for apartment building, semi-detached, and detached dwellings for six of the larg-
est cities in Finland. These cities are Helsinki, Espoo, Vantaa, Turku, Tampere, and Oulu. This thesis 
discovers that a wooden structure has a statistically significant positive effect on apartment building 
dwelling prices in Helsinki (~8,4%). The effect is consistently insignificant when determining apart-
ment building dwelling prices in all other locations. This thesis further presents that a wooden struc-
ture has a statistically significant negative effect (~7,3%) on detached dwelling prices in all cities 
but Tampere. Wood conveys no statistical significance for semi-detached dwellings in any city. 

The results for apartment building dwellings in Helsinki suggest a direct financial benefit for both 
the city and developers to increase the use of wood in construction. On the other hand, the results 
indicating no price difference should encourage cities to promote the use of wood in construction 
due to the material’s established environmental properties. The results for detached dwellings are 
not surprising. They derive from a standardized production line of single-family homes which, in 
Finland, are more frequently constructed of wood. The implications of this study may provoke an 
increased demand for wood in construction. Therefore, further research should be conducted to an-
alyse the impact an increased demand of wood will have on the Finnish economy and the environ-
ment. Furthermore, to make wood more customary in construction this research suggests educational 
facilities to increase knowledge on the material’s capabilities in e.g. mitigating climate change. 
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Tiivistelmä 
Valtiot ja kaupungit ovat asettaneet hiilineutraaliustavoitteet lähitulevaisuuteen. Aiempi tutkimus-
tieto osoittaa ettei näitä tavoitteita voida saavuttaa, jos rakentamisen päästöihin ei puututa. Puura-
kentaminen on osoittautunut keinoksi, jolla näitä päästöjä voidaan vähentää puolella. Jotta puuta 
voidaan hyödyntää suuremmissa määrin on sen kustannustehokkuutta tutkittava. Kirjallisuus ei esitä 
selkeitä johtopäätöksiä rakennuskustannusten suhteen, mutta osoittaa puurakentamisen olevan huo-
mattavasti nopeampaa. 

Työssä tutkitaan puurakenteen taloudellista kannattavuutta asuntorakentamisessa. Erityisesti selvi-
tetään puurakenteen vaikutusta asuinkerros-, rivi-, ja pientalojen myyntihintoihin Suomen kuudessa 
suurimmassa kaupungissa. Tämä suoritetaan hedonisen regressioanalyysin avulla. Regressio-
analyysi seuraa alaspäin askeltavaa mallinvalintatestiä, jossa käytetään 95% -luottamusväliä. Vas-
taavanlaista tutkimusta ei ole tehty. 

Asuntojen kauppahinta -aineisto, jota käytetään tutkimuksessa on Kiinteistönvälitysalan Keskuslii-
ton ylläpitämä. Aineisto kuvaa tapahtuneita asuntokauppoja Suomessa vuosien 1999 ja 2018 välillä. 
Tässä tutkimuksessa aineisto rajataan rakennusvuoden mukaan kolmeen erilliseen aineistoon; asun-
not rakennettu välillä 1) 1990-2020, 2) 2000-2020, ja 3) 2010-2020.  Lisäksi tutkimuksen aineisto 
rajataan kuuden suurimman kaupungin mukaan; Helsinki, Espoo, Vantaa, Turku, Tampere ja Oulu. 
Tulokset osoittavat, että puurakenteella on noin 8%:n tilastollisesti merkitsevä positiivinen vaikutus 
kerrostaloasuntojen myyntihintoihin Helsingissä. Puulla ei huomata olevan merkitsevää vaikutusta 
muiden kaupunkien kerrostaloasuntojen myyntihintaan. Tulokset osoittavat, että puulla ei ole joh-
donmukaista tilastollista merkitsevyyttä rivitalojen myyntihintojen osalta. Pientalojen osalta puulla 
havaitaan systemaattinen negatiivinen vaikutus myyntihintoihin kaikkialla paitsi Tampereella 

Hintapreemio Helsingin kerrostaloasunnoille osoittaa suoran taloudellisen kannustimen hyödyntää 
puuta rakentamisessa. Taloudellisen edun lisäksi puu mahdollistaa ympäristöystävällisempää raken-
tamista. Puun negatiivinen hintavaikutus pientalojen myyntihintaan ei ole yllättävä, sillä pientaloja 
rakennetaan Suomessa useammin puusta. Tämä viittaa standardoituun prosessiin, joka puolestaan 
alempaan rakennushintaan. Tutkimuksesta käy ilmi, että suurimmalla osalla asuntoryhmistä ei to-
deta tilastollisesti merkitsevää hintaeroa. Merkityksetön hintaero asettaa rakennusmateriaalit talou-
dellisesta näkökulmasta samalle lähtöruudulle, jolloin puun ympäristöystävällisyys tulee nähdä 
etuna kaupungeissa. Tämän tutkimuksen nojalla on mahdollista nähdä puun kysynnän kasvavan ra-
kennushankkeissa. Tämän johdosta olisi kannattavaa tutkia kasvavan kysynnän vaikutusta Suomen 
talouteen sekä ympäristöön. Tutkimus kannustaa koulutusjärjestelmiä lisäämään tietoisuutta puura-
kentamisen mahdollisuuksista mm. ilmastonmuutoksen hillitsemisessä. 

Avainsanat  Puurakentaminen, hiilineutraalius, hintapreemio, asuinrakennukset, kauppahinta 
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1 Introduction 
 
1.1 Thesis topic 
In recent years there has been an increasing interest in wood-based construction as a tool to 
enable carbon neutrality for cities. The interest derives from global ambitions to achieve 
carbon free futures. To achieve this future, wood can support construction to be more sus-
tainable. Wood, as a construction material, has indicated to have much greater environmental 
performance levels in general. It produces less greenhouse gas emissions than traditional 
materials (Buchanan and Levine, 1999; Nykänen et al., 2017; Häkkinen and Vares, 2018). 
Additionally, academics argue wood to stimulate higher levels of well-being due to its aes-
thetic properties (Jones et al., 2016; Nykänen et al. 2017) and the ambience it provides (Hoss-
aini et al., 2014). Wood construction has additionally shown better performance levels in 
construction times (Svaljenka et al., 2017; Cazemier, 2017). The effects of lower construc-
tion times are many fold which can range from cost savings to less negative externalities e.g. 
noise pollution (Svaljenka et al., 2017). Furthermore, wood-based construction is considered 
to have a good reputation and even receives political support in Europe (Nykänen et al. 
2017).  

Even though wood construction presents high performance levels regarding the environ-
ment, human well-being, and financing, why is there an obvious shortage in the use of wood 
in current developments? According to a survey study by Nykänen et al. (2017), there are 
significant barriers that establish a polarized view of wood construction among construction 
professionals. Regulatory issues create uncertainties among construction professionals 
which is one of the core barriers that works against wood-based construction (ibid; Djokoto 
et al., 2014; Espizona et al., 2016). The uncertainties, however, may derive from a lack of 
knowledge among construction professionals. This perception is globally backed up by re-
search (e.g. Nykänen et al., 2017; Djokoto et al., 2014; Espizona et al., 2016). Furthermore, 
the construction industry has indicated low ambitions to pursue wood as a viable alternative 
due to their current conservative path-dependencies (Jones et al., 2016; Nykänen et al., 
2017). The path-dependency can derive from a business-oriented mentality where unneces-
sary risks are minimized. Additionally, popular misperceptions are present within the con-
struction industry regarding the cost efficiency of wood. This induces an additional barrier 
in approaching wood as an alternative material (Thomas and Ding, 2018; Nykänen et al. 
2017; Djokoto et al., 2014). The construction industry’s reluctance to re-educate themselves 
has prompted research needs to indicate the economic feasibility of wood-based structures 
(Peterson and Solberg, 2005).  

Currently in Europe, political pressure is simultaneously setting emphasis for more environ-
mental and cost-efficient construction projects. These two create a paradox since environ-
mental construction drives for higher prices (Bartlett and Howard, 2000). Additionally, the 
construction industry’s belief that wood is a less cost efficient material does not assist the 
cause. 

Globally, there are a plethora of case studies that compare the construction costs of wood to 
traditional building materials (Hossaini et al., 2014, Svaljenka et al., 2017, Cazemier, 2017). 
The research provides inconsistencies in the costs; some showcase wood-based products to 
be more cost efficient and others the opposite. However, no definitive conclusions can be 
drawn since both construction methods and material usage can be fundamentally different 
between cases. Even though research indicates high environmental performance levels in 
wood-construction, Peterson and Solberg (2005) imply that wood-based construction can 
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only be taken into wider use to tackle climate change once there are certainties of its true 
costs. Therefore a research need is recognized to evaluate the cost-efficiency of wood-based 
construction on a large scale (Peterson and Solberg, 2005; Espizona et al., 2016; Cazemier, 
2017). Moreover, no prior research is found which analyses the effect of wood on dwelling 
prices.  

According to Bostic et al. (2007) dwelling prices are not determined by any single feature. 
They define dwellings as a bundled good by elaborating that dwelling prices are rather de-
termined through a plethora of intertwined variables e.g. size, age, condition, and location 
of apartment. Additionally, neighbourhood characteristics like education or unemployment 
rates can play a significant role in determining a dwelling’s price. Even though dwellings 
are a bundled good, the effect size of one single variable can be estimated through a hedonic 
regression analysis.  

The research need evolves from the false belief of cities (e.g. Helsinki) who claim most 
carbon emissions derive from a building’s life cycle’s Use -phase. Säynäjoki et al. (2012) 
indicate how over half of the emissions are emitted during construction. Wood has the capa-
bility to decrease emissions related to construction by half (Amiri et al., 2020).  

 
1.2 Thesis aim & research questions 
The research aims to determine the economic feasibility of wood-based structures as a tool 
to enable carbon neutrality for cities. To determine the economic feasibility, this thesis esti-
mates dwelling prices in the six largest cities in Finland based on dwelling type. The calcu-
lations specifically pinpoint the effect of wood in comparison to alternative materials. The 
research approaches this task by analysing current knowledge through literature, as well as 
mathematically modelling Finnish dwelling prices through quantitative methods. To model 
dwelling prices, a hedonic regression analysis is conducted by using dwelling transaction 
data from Finland.  

Prior to estimating dwelling prices and the effect of wood, this thesis approaches literature 
by analysing construction costs. The two can be connected through DiPasquale & Wheaton 
(1992) four-quadrant model. The model implies that when construction costs are higher due 
to, e.g. material costs, dwelling prices are higher, and vice versa. The cost comparison be-
tween wood and alternative materials can provide information regarding the cost-efficiency 
of wood. The results can thus be directed to municipalities and the construction industry to 
assist in future developments. 

Since the research aim is to determine the economic feasibility of wood-based products 
through literature and statistical methods, the research questions are the following; 

RQ1: Is wood a more cost-efficient building material compared to alternative materials ac-
cording to literature?  

RQ2: Do wooden dwellings have a price premium over dwellings constructed of alternative 
materials in the six largest cities of Finland?  

 
1.3 Thesis scope and limitations 
In this thesis the main data represents occurred dwelling transactions in the Finnish real es-
tate market between 1999 and 2018. It is provided by the Central Federation of Finnish Real 
Estate Agencies. However, the research reminds that the data does not represent all occurred 
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transactions. In this thesis, the dwelling transaction data is supplemented by locational at-
tributes provided by Statistics Finland as well as calculations conducted in QGIS.  

From this dataset, only three residential dwelling groups from the six largest cities of Finland 
are analysed. The dwelling groups are defined followingly; detached dwellings, semi-de-
tached dwellings, and apartment building dwellings. These three groups are analysed in the 
following six cities; Helsinki, Espoo, Vantaa, Turku, Tampere, and Oulu (see Map 1). Hel-
sinki, Espoo, and Vantaa combined are referred to as the Helsinki metropolitan area – the 
largest metropolitan area in Finland with over 1,1 million residents.  

 

 
Map 1 Location of six of the largest cities in Finland 
 
The research confines the data into three separate datasets based on the construction year of 
a dwelling. This provides an indication on the construction technique of a wooden dwelling. 
The three datasets are the following; 1) Dwellings constructed between 1990-2020, 2) 
Dwellings constructed between 2000-2020, and 3) Dwellings constructed between 2010-
2020. The last dataset is used only to analyse apartment building dwellings due to its smaller 
sample size. The methodology and approach will be elaborated in Chapter 3.  

Furthermore, the research emphasises the effect of wood on a dwelling’s price. The research 
details wooden dwellings as one group. Therefore, it does not detail what wooden material 
is used. Furthermore, to determine whether wood is more feasible than alternative materials, 
the alternative materials are considered as one bundle. These materials are concrete, brick, 
steel, and other materials. 

Data limitations are always present when determining dwelling prices through quantitative 
methods. The thesis argues that dwelling prices can only be estimated to a certain extent 
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since dwelling purchases contain a level of human emotion. This emotion cannot be quanti-
fied, and therefore poses an inevitable limitation to the analysis. 

 
1.4 Thesis structure 
The thesis is structured as follows; 

Chapter 1 introduces the reader to the research field. Section 1.1 provides general back-
ground information on the construction industry as well as the potential of wood in combat-
ting climate change. Section 1.2 discusses the thesis aim and main research questions.  Sec-
tion 1.3 outlines the thesis scope and limitations. Section 1.4 summarizes the thesis structure.  

In order to determine the economic feasibility of wood-based structures to lower the carbon 
emissions of cities, Chapter 2 reviews the literature regarding wood-based structures’ envi-
ronmental and economic capabilities. Section 2.1 identifies factors affecting carbon neutral-
ity and elaborates on the carbon neutrality goals set by the six largest cities in Finland. Sec-
tion 2.2 presents the environmental benefits provided by wood-based structures in tackling 
climate change. Section 2.3 introduces the current wood construction market and barriers 
hindering the adoption of wood. Section 2.4 responds to the first research question. Finally, 
Section 2.5 describes the Finnish housing market.  

Chapter 3 defines the methods used in this research. Section 3.1 discusses the main principles 
of hedonic regression analyses and elaborates on the variable selection method. Section 3.2  
describes the delimitations of the methodology. Section 3.3 describes the process in which 
the data was managed. Additionally, the section provides an overview of the distribution of 
variables in the data. Section 3.4 presents the hedonic regression model used in this thesis.  

Chapter 4 presents the results of the hedonic regression analyses and responds to the second 
research question. Section 4.1 details results for the city of Helsinki. Section 4.2 showcases 
the results for the city of Espoo, and Section 4.3 for the city of Vantaa. Section 4.4 on the 
other hand presents results for the Helsinki metropolitan area. Furthermore, Section 4.5 de-
tails results for the city of Turku, Section 4.6 for the city of Tampere, and Section 4.7 for the 
city of Oulu. Finally, Section 4.8 conveys a brief summary of the results for each dataset 
used in the analysis.  

Chapter 5 discusses and evaluates the research methods. Additionally, it compares the results 
presented in Chapter 4 to the findings of earlier research presented in Chapter 2. 

Chapter 6, Conclusion, presents the main findings of the research and further elaborates on 
potential future research needs. Additionally, the findings can provide assisting information 
to the construction industry, and policy makers in Finland.  
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2 Wood-based structures to enable carbon neutrality in 
cities 

 
This chapter presents the theoretical background of wood-based structures and their capabil-
ity of assisting nations and cities to achieve carbon neutrality. The chapter elaborates on the 
properties of wood as a construction material, and more importantly if wooden structures 
can be determined as a cost efficient tool in mitigating climate change. Section 2.1 presents 
general knowledge regarding carbon neutrality. Section 2.2 covers a broad analysis of the 
environmental benefits of wooden structures. Section 2.3, on the other hand, presents the 
barriers which hinder the adoption of wood in construction. Section 2.4 presents prior re-
search regarding the economic feasibility of wood in construction. Finally, Section 2.5 in-
troduces the Finnish housing market and deconstructs dwelling prices.  

 
2.1 Carbon neutrality 
Climate change can severely harm both natural and human systems (IPCC, 2018). It can 
therefore make our globe more prone to increasingly extreme weather conditions e.g. land-
slides, heat waves, and floods among other  environmental repercussions (IPCC, 2018; Eu-
ropean Union, 2019). In order to mitigate these potential threats the Intergovernmental Panel 
for Climate Change (IPCC) (2018) has suggested that global warming should be limited to 
1,5 Celsius degrees. The goal is in line with the Paris Agreement (United Nations, 2015). 
The Paris Agreement enforces countries to keep the global average temperature below 2 
Celsius degrees, however, aims to keep the level below 1,5 degrees. The overall aim of the 
agreement is to decrease global greenhouse gas emissions as soon as possible. The Paris 
Agreement is supported by the Kyoto Protocol (United Nations, 1998) which is, for the 
countries who signed it, the first legally obligating document to limit greenhouse gas emis-
sions. To limit global warming, global greenhouse gas emissions need to be addressed – to 
achieve climate goals, carbon neutrality is incremental (Finnish Ministry of Environment, 
2020).  

Carbon neutrality is a concept in which a product, system or actor aims to sequester as much 
carbon as it emits in its production or actions (European Union, 2019). In other words, at-
tempting to achieve a balance between carbon emissions and carbon sequestration. Carbon 
sequestration is commonly known as absorbing carbon from the atmosphere and storing it 
in carbon sinks. Carbon sinks, on the other hand, refer to ecosystems that naturally “absorb 
carbon, thereby removing it from the atmosphere and offsetting CO2 emissions”, e.g. forests 
or oceans (EEA Glossary, 2020). The European Union attempts to achieve carbon neutrality 
by 2050 (European Union, 2019). Furthermore, some European countries, e.g. Finland, are 
attempting to progress the climate goals by sequestering more carbon than emitting, thus 
becoming a carbon negative country. 

The Paris Agreement as well as the Kyoto Protocol provide countries with guidelines to 
achieve carbon neutrality. In the latter, guidelines are provided to present how much carbon 
emissions one country can emit. Additionally, it provides countries with flexibility mecha-
nisms to cost-effectively offset carbon emissions. The flexibility mechanisms consist of 
three tools; 1) Joint implementation, 2) Clean Development Mechanism, and 3) International 
Emission Trading. The Finnish Ministry of Environment (2020) describes each flexible 
mechanism followingly;  
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1) “Joint Implementation (JI) allows an industrial country to fund projects to reduce 
emissions or increase carbon sinks in another industrial country. 
 

2) Clean Development Mechanism (CDM) allows an industrial country to fund projects 
to reduce emissions or to increase carbon sinks that follow the principles of sustain-
able development in developing countries and transfer the emission reductions 
gained for its own use. 

 
3) International Emissions Trading (IET) allows countries that exceed their permitted 

emission levels to buy emission units from countries whose emissions stay below the 
permitted levels.” 

 
The flexibility mechanisms presented in the Kyoto Protocol essentially provides cost-effi-
cient opportunities for countries to compensate for surplus carbon emissions. Countries that 
have not signed the agreement cannot use these mechanisms. However, it does not deem that 
these countries could not pursue low-carbon actions. 

 
2.1.1 Carbon neutrality in Finland 
Carbon neutrality is a national goal in Finland. According to the Finnish Climate Change 
Act (609/2015), a fundamental piece of Finnish climate policy, carbon emissions should be 
reduced by 80% compared to the level of 1990. According to current climate legislation the 
goal will be achieved by 2050. However, the Finnish government hastened the process in 
2018, and set the carbon emission reduction goals to be achieved by 2035. Current legislation 
is being updated and will thus legally bind Finland to achieve national carbon neutrality by 
2035.  

Finland’s strategy includes two main policy plans; a medium-term and a long-term climate 
change policy plan. According to the Finnish Climate Change Act (609/2015) the medium-
term climate change policy plan requires policy interventions to reduce carbon emissions by 
using other means than the International Emissions Trading -flexibility mechanism. On the 
other hand, the long-term policy plan intends to seek large scale policy interventions to re-
duce carbon emissions both with and without the International Emission Trading -mecha-
nism.  

Finnish cities have incorporated the international and national carbon neutrality schemes to 
a municipal level. For example, each of the six largest cities in Finland have set carbon 
neutrality goals. The capital city, Helsinki (2018), set its goal to 2035 which is in line with 
the national goal. The two neighbouring cities of Helsinki, Espoo (2020) and Vantaa (2019) 
both set their carbon neutrality goals to 2030 respectively. Furthermore, the city of Turku 
(2019) set carbon neutrality goals for 2029, and the city of Tampere for 2030 (2018). Lastly, 
the city of Oulu (2019) committed to achieve carbon neutrality by 2040 (See Map 1 for city 
locations). Each city has set ambitious goals to the near future, however, how do the cities 
aim to offset their surplus greenhouse gas emission?  

Carbon offsetting refers to an action which compensates for emitted carbon e.g. investing in 
renewable energy sources or reforestation. Each of the six largest cities in Finland have lo-
cation specific strategies to compensate for their carbon emissions. For example, the city of 
Helsinki aims to offset their emissions by two main mechanisms. First, by ensuring that 
emissions are not only compensated through monetary means, and secondly by ensuring the 
permanence of green infrastructure investments. The city of Helsinki presents how 
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reforesting wasteland within city boundaries can ensure both. However, the city presents 
critique towards the offsetting mechanism since there are preservation difficulties due to the 
risk of forest fires. The criticism derives from a scenario in which if a forest burns it will 
emit all its stored carbon into the atmosphere, and thus nullify the carbon offsetting mecha-
nism. 

Nevertheless, each city sees potential in decreasing carbon emissions in construction by us-
ing wood as the main material in construction. Säynäjoki et al. (2012) showcase how over 
half of a building’s life cycle emissions derive from construction. They refer to the excessive 
emissions as a ‘carbon spike’. Säynäjoki et al. (2012) further convey how greenhouse gas 
emissions are more harmful today than they are tomorrow. In other words, a large quantity 
emitted at once is more harmful for the environment than emitting the same quantity over a 
long period of time. Amiri et al. (2020) indicates that wood as a construction material can 
increase a city’s carbon storage capabilities and substantially decrease greenhouse gas emis-
sions deriving from construction. Wood can thus be considered to be an incremental tool in 
reducing carbon emissions in construction and assist in achieving carbon neutral futures.  

 
2.2 Wood-based structures can assist in achieving carbon neu-

trality 
Currently the construction industry is a resource heavy industry (Jones et al., 2016; Švajlenka 
et al., 2017) and subsequently produces considerable greenhouse gas emissions (GHG) glob-
ally (Worrell et al., 2011). Buildings specifically can be held accountable for nearly half of 
global emissions, and the entire construction phase is considered to be responsible for 10% 
of those emissions (Heinonen et al., 2011; Säynäjoki et al. 2012). However, Säynäjoki et al. 
(2012) present that the relative share of GHG emissions related to the construction of a build-
ing is increasing due to increasingly advancing energy systems. These systems enable 
smaller energy consumption rates during the use of a building. Säynäjoki et al. (2012) pre-
sent that half of a building’s life cycle emissions are related to the construction of a building. 
In order to decrease greenhouse gas emissions related to construction addressing current 
construction techniques is crucial (Säynäjoki et al., 2012; Švajlenka et al., 2017; Thomas 
and Ding, 2018; Amiri et al., 2020). New developments in Europe are currently legally 
bound to be nearly zero-energy buildings (nZEBs) which leaves little to no room to reduce 
emissions deriving from the energy consumption of construction. Therefore, alternative 
manners, e.g. construction material change, is required in order to reduce greenhouse gas 
emissions deriving from construction (Laine et al., 2020). 

Wood is perceived as an environmentally friendly construction material when compared to 
conventional materials like concrete (e.g. Petersen and Solberg, 2005; Espizona et al., 2016). 
The cement industry is accountable for at least 5% of global CO2-equivalent emissions 
(Worrell et al. 2001; Kajaste and Hurme, 2016). Wood, on the other hand, is a renewable 
resource which can be systematically reproduced sans excess carbon emissions. Compared 
to concrete or other masonry building materials, the production of wooden construction ele-
ments produce significantly less carbon emissions (Buchanan and Levine, 1999; Häkkinen 
and Vares, 2018; Amiri et al., 2020). Therefore, material choices used in construction should 
be further addressed in construction (Petersen and Solberg, 2005).  

Thomas and Ding (2018) indicate that a tree, during its growth, can absorb and store more 
carbon than what the actual manufacturing process of wooden building materials emit. Their 
findings indicate that the production of wooden building materials can be carbon negative. 
Additionally, the total construction phase energy requirements are reduced almost by a fifth 
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when using wood as a construction material due to the rapid construction pace of wood com-
pared to alternative materials (Thomas and Ding, 2018). The construction speed when using 
wood is faster and is backed up by research (e.g. Nykänen et al., 2017; Jones et al., 2016; 
Švajlenka et al., 2017). These research findings indicate that the construction speed has an 
impact on construction costs and revenue streams as well which are presented in more detail 
in Section 2.4.4.  

 
2.2.1 Wood reduces greenhouse gas emissions 
In a report by Gaia Consulting Oy (Laine et al., 2020) greenhouse gas emissions can be 
significantly reduced by using different construction materials. The report conducted a liter-
ature review comparing the different emission levels of different construction materials. 
Conclusions indicated that the use of concrete as a building material emits 389 kilograms of 
carbon dioxide per square meter (kgCO2/m2). A steel building emits roughly the same 
amount (360 kgCO2/m2). Brick construction emits 264 kgCO2/m2. Wood-based construc-
tion emits 160 kgCO2/m2. Other building materials emitted 500 kgCO2/m2. The carbon 
emissions of a steel or concrete building is over twice as much when compared to a wooden 
building’s material emissions. Buchanan and Levine (1999) confirm this phenomena. They 
report similarly that wooden construction materials emit significantly less greenhouse gas 
emissions compared to alternative building materials.  

Buchanan and Levine (1999) additionally present results regarding the carbon sequestration 
potential of wood compared to alternative building materials. The energy required to produce 
the materials for a building made of concrete and steel emitted 94 kgCO2/m2 and the mate-
rials stored 9 kgCO2/m2 resulting in a positive emission sum. On the other hand, the energy 
required in producing the materials for a building mainly made of wood emitted 34 and 
stored 37 kilograms of carbon dioxide per square meter, resulting in a negative sum. The 
significant difference can be seen in the material manufacturing which indicates that wood 
can be a carbon negative construction material. This result is additionally in line with 
Thomas and Ding (2018) research as well as the Gaia Consulting Oy -report (Laine et al., 
2020) on carbon emission deriving from product manufacturing. Hurmekoski et al. (2020) 
further concur the carbon storing capabilities of wooden products. However, Buchanan and 
Levine (1999) conclude that the carbon storage proficiency of wooden structures is small in 
comparison to total emissions. Therefore, wooden structures cannot be considered as the 
only long-term solutions. Regardless, Buchanan and Levine (1999) further indicate that it is 
increasingly important to reduce carbon emissions from both manufacturing and construc-
tion - and wood can provide these opportunities. The remarks are supported by research (e.g. 
Säynäjoki et al., 2012; Amiri et al., 2020). Interestingly, Amiri et al. (2020) research implies 
that the most important factor, when attempting to reduce carbon emissions through wood 
construction, is the amount of wooden materials used in a building rather than the quantity 
of wooden buildings.  

An increased use of wooden materials in buildings can result in a significant reduction in 
fossil fuel energy usage as well as atmospheric carbon emissions (Buchanan and Levine, 
1999). Alas, until forests are sustainably managed wooden materials cannot be used en masse 
in construction (Buchanan and Levine, 1999). Amiri et al. (2020) presents similar realiza-
tions and emphasizes how inefficiently managed forests combined with the use of wooden 
materials can result in the disappearance of forests. This can result in a decrease of global 
carbon sinks which would directly contribute to climate change. On the other hand, Amiri et 
al. (2020) argues that the use of wood should be pursued from efficiently managed forests. 
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The argument is based on the fact that once a forest gets old it emits as much as it stores, 
becoming carbon neutral rather than a carbon sink. Eriksson et al. (2011) results convey that 
consuming wood in construction will result in minimal impacts on both forest management 
and forest carbon stock. Further arguments are provided for the use of wood in construction 
in Europe since forests produce more wood than is consumed (Nykänen et al., 2017; Amiri 
et al., 2020). Amiri et al. (2020) implies that wood can replace current construction materials 
in a cost-efficient manner. 

In total, Goverse et al. (2001) imply that carbon emissions in residential construction can 
reduced by 12% when using wood-based materials in construction. Hence, with knowledge 
regarding the environmental benefits, why is wood not more actively pursued in construc-
tion?  

Petersen and Solberg (2005) imply that wood will only be used once it can be truly cost 
effective. Other studies present detailed barriers within the construction industry (e.g. 
Nykänen et al. 2017, Djokoto et al., 2014, Espizona et al. 2016, Jones et al., 2016). The 
following section provides an outlook into the current construction market. It presents how 
wood is currently used globally and what the market share of wooden buildings are. Further-
more, it provides a perspective into the reasons behind the hindrance of adopting wood in 
construction.  

 
2.3 Wood construction market 
The bio-economy is a growing industry and the political pressure on environmental actions 
increases the opportunities for more low-carbon construction solutions (Nykänen et al. 2017; 
Toppinen et al., 2018). Wood can provide opportunities for the construction industry since 
it has good environmental properties (Buchanan and Levine, 1999; Petersen and Solberg, 
2005; Švajlenka et al. 2017; Amiri et al., 2020). In addition to its environmental capabilities 
and political support, it experiences increasing interest among European member countries 
(Nykänen et al., 2017). However, current developments in European countries do not repre-
sent this interest. 

Since the mid-1990s approximately 50 wooden multi-storey buildings have been built in 
Finland (Nykänen et al., 2017; Ruuska and Häkkinen, 2014). Furthermore, in Finland, the 
building regulations were changed in 2011 which subsequently increased the share of 
wooden multi-storey buildings. The regulatory changes allowed the use of wood in 8-storey 
buildings (Nykänen et al., 2017; Toppinen et al., 2018; Ruuska and Häkkinen, 2014). The 
regulatory changes in Finland boosted the market share of multi-storey wooden buildings by 
almost ten percent between 2010 and 2015. Even with the regulatory changes and an in-
creased interest toward wooden construction  the wooden building stock has remained rela-
tively small for the past 30 years. The small stock can potentially derive from a small demand 
for wood-based buildings. The inexistent demand on the other hand may be partially created 
by the underdeveloped manufacturing processes of wooden construction elements (Nykänen 
et al., 2017). More conventional methods are commonly emphasized. However, the long 
traditions of the construction industry may require a long systemic change in order to adopt 
new unconventional and creative methods (Hurmekoski et al. 2015; Kunttu et al., 2020).  

Regardless of potential systemic change, the wooden construction industry is currently heav-
ily reliant on the public sector in Finland (Ruuska and Häkkinen, 2014). For example, the 
city of Espoo organized a wood construction program between 2014-2020 (City of Espoo, 
2014), and the city of Helsinki has been constructing several public housing units from wood 
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in recent years (Ruuska and Häkkinen, 2014). These construction processes act as promoting 
endeavours to speak on the behalf of wood as a viable option. Increased use of wood can 
promote the material and subsequently increase its use (Nykänen et al., 2017). Jochem et al. 
(2016) imply that the use of wood in prior construction processes has a positive correlation 
with later developments in Germany. Alas, the same applied for concrete and steel.  

Despite policies and targets, the percentage of wooden buildings is currently minor in Europe 
(Hurmekoski et al., 2015). In a report by Gaia Consulting Oy (Laine et al., 2020) they ex-
amined a low-carbon construction industry in Finland for 2035. The report expressed how 
in 2018 nearly 8 million square meters of new floor space was built in Finland. Of these new 
square meters 45 % were residential buildings. The most common building material was 
concrete (50%) and wood followed with 36%. Steel was mostly used for industrial buildings. 
Even though concrete was the most common construction material, it was mainly used for 
the construction of office and public buildings. For residential buildings the most common 
building material was wood. However, there are no specifications on building typologies. 
This may be misleading since most single-family homes (85% (Nykänen et al., 2017)), and 
row-houses have wooden frames in Finland (Hurmekoski et al., 2015). Even though wood 
was used most for residential buildings the market share of multi-storey wood-framed build-
ings in Europe is low (Hurmekoski et al., 2015).  

Likewise as in Finland, wood construction is raising its head in other Nordic countries (e.g. 
Sweden (Brege et al., 2014; Lindblad et al., 2018)), the Alpine region (Hurmekoski et al., 
2015), and the United Kingdom (Mahapatra and Gustavsson, 2009a). Wood construction in 
these regions may spur from their respective local forest economies and prior knowledge 
deriving from cultural heritage. Regardless, the market share of multi-storey wooden build-
ings in each region is minor, and the regions’ total market share is insignificant compared to 
the entire building stock in Europe (Hurmekoski et al., 2015).  

Wood provides environmental benefits in the form of reduced greenhouse gas emissions, 
social benefits in the form of increased well-being (Jochem et al., 2016), and the increasing 
political interest of European countries present many reasons to adopt wood in construction. 
Thus, erecting the question why wood construction is not pursued en masse in Europe, or in 
countries with suitable conditions? The following chapter focuses on the barriers which hin-
der opportunities in wood construction. 

 
2.3.1 Barriers in wood construction 
Even though wood receives political support in Europe it simultaneously encounters re-
sistance within the construction industry globally (Tykkä et al., 2010; Wang et al. 2014; 
Djokoto et al., 2014; Espizona et al. 2016; Jones et al. 2016; Nykänen et al., 2017; Thomas 
and Ding, 2018; Lindblad et al., 2018). For the past decade research has focused on uncov-
ering reasons behind the hindrance of the adoption of wood in construction processes. 

Tykkä et al. (2010) analyse innovative firms in the wood construction industry from six 
countries. Their results indicate how policies in the European Union have given companies 
more reason to pursue research and development in timber construction. However, they have 
not necessarily bared fruit since Tykkä et al. (2010) further indicate that there are fundamen-
tal barriers in adopting timber in construction. The authors convey how the lack of 
knowledge and competency within the construction industry creates a significant barrier. 
The lack of knowledge and expertise in timber construction is confirmed by later research 
(e.g. Espizona et al., 2016; Jones et al., 2016; Nykänen et al., 2017). Furthermore, Wang et 
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al. (2014) imply that even while construction experts have sound knowledge on timber and 
its properties, the main hindrance evolves from end-users who showcase strong prejudice 
against timber construction. According to Wang et al. (2014), this attitude springs from a 
lack of knowledge.  

After the regulatory changes in timber construction in 2011 (e.g. Toppinen et al., 2018), the 
use of timber was allowed for 8-storey apartment buildings. This prompted a slight change 
in construction methods, however, studies (e.g. Nykänen et al., 2017; Espizona et al., 2016) 
conducted much after the regulatory change indicate that one of the largest barriers in adopt-
ing timber is related to the lack of specific building regulations. The lack of regulations im-
plies that the performance levels of wood in construction is, to some extent, unknown. This 
is contradictory to studies that convey how wood-based structures have good seismic per-
formance levels, and specifically engineered wood products like CLT (cross-laminated-tim-
ber) have excellent fire performance rates due to predictable burning mannerisms (Espizona 
et al., 2016; Thomas and Ding, 2018). However, seismic and fire performance levels are not 
the only concerns that are aired as regulatory barriers. These barriers evolve from timber’s 
lack of compatibility with current construction processes. Therefore, regulations need to be 
specified in order to integrate and make timber more accessible.  

Djokoto et al. (2014) discuss barriers in integrating timber in construction in Ghana. They 
present ten main barriers through expert interviews which include regulatory issues and a 
lack of knowledge within the construction industry. Additional barriers that are conveyed 
include the unwillingness of the construction industry to adopt new and unconventional ma-
terials and methods. Jones et al. (2016) further confirms the lack of cooperation and de-
scribes it through the construction industry’s long path dependent history. Path dependency 
is a sociological term that can be described followingly; historical decisions or actions that 
may be unrelated, and happen in sequence, will define and have an effect on future decision 
making (Mahoney, 2000). Thus, portraying a picture in which prior decisions, no matter the 
current alternative, make the most difference. The path dependence and unwillingness to 
cooperate in the construction industry can be further understood through the investment-
heavy machinery that revolves around contemporary (e.g. steel and concrete) construction 
methods. Pivoting to competing construction materials with limited knowledge can be per-
ceived as an unnecessary risk that can increase costs. The conservative path dependency of 
the construction industry is heavily revolved around decision making that is economically 
managed (Jones et al., 2016). Fortunately, Pässilä et al. (2015) describe an alternative for 
path dependence - path creation. They define path creation as a direction in which an actor, 
regardless of current practices, uses alternative methods based on technology and knowledge 
in the hope of gaining an advantage over competitors.  

Regardless, a barrier that was perceived in a plethora of studies was the perception of higher 
costs related to timber construction (e.g. Djokoto et al., 2014; Espizona et al., 2016; Jones et 
al., 2016; Nykänen et al., 2017). Jones et al. (2016) express how the perception of timber 
being less cost-efficient would immediately decrease revenue streams for construction com-
panies. It would subsequently decrease the commercial opportunities for timber adoption 
since the construction industry is after a quick and large return on investment (e.g. Jones et 
al., 2016). Nykänen et al. (2017) also present how there is a greater risk of higher costs 
related to the use of wood in construction, and may not yield any benefits for total life cycle 
costs. Furthermore, Jones et al. (2016) research presented a result in which stakeholders 
within the construction industry held cost management on a higher pedestal than environ-
mental aspects in decision making. This result presents incongruity with current political 
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schemes and national carbon neutrality goals. Additionally, the perception of higher costs 
has not been proven in any study which implies a potential misbelief within the industry. 
This should direct attention to more research regarding both the cost-efficiency of wood 
construction and wooden dwelling prices. However, it is good to note that certain wood-
based construction products, e.g. CLT (cross-laminated-timber), seem to be less cost-effi-
cient (e.g. Cazemier, 2017; Kopczynski, 2018). Therefore, the reasoning behind the percep-
tion can be granted, however, more research on the total costs need to be conducted for a 
more robust result. 

In total, there are a plethora of fundamental barriers related to the integration of wood in 
contemporary construction, ranging from a lack of knowledge to strict regulations. Research 
suggests that there are approachable manners to overturn these barriers into opportunities. 
Nykänen et al. (2017) presents a ‘strengths, weaknesses, opportunities, and threats’ (SWOT) 
-analysis of the use of timber in construction. For example, the analysis indicates how regu-
latory issues can be overcome due to the current political support wood construction re-
ceives. The support can subsequently give virtue for educational facilities to produce and 
provide necessary knowledge on the use of wood in construction. The analysis further pre-
sents how wood can provide unique opportunities for countries and assist in achieving low-
carbon futures. Alas, the threat Nykänen et al. (2017) uncovered is the unwillingness of con-
struction companies to change which was introduced by Jones et al. (2016). Finally, 
Nykänen et al. (2017) urges more research to increase knowledge on the use of wood in 
construction to potentially induce a change in current construction methods.  

Furthermore, a plethora of research implies a research need for wood-based structures. Jones 
et al. (2016) suggests that more research needs to be conducted on cross-laminated-timber 
(CLT) in order to increase awareness and alter the current mannerisms of the construction 
industry. Espizona et al. (2016) conveys similar research needs. To actualize a change in the 
current resource inefficiency of the construction industry, Peterson and Solberg (2005) direct 
discussion toward the economic path dependency of construction companies. They indicate 
that wood can only enter the market on a large scale once it has been deemed cost-efficient, 
or equally cost-efficient as contemporary methods. Peterson and Solberg (2005) further im-
ply that there is little to no research conducted on the economic capabilities of wood in con-
struction. Their findings, however, have received some acknowledgement in the form of 
either case or simulation studies around the globe (e.g. Hossaini et al. 2015; Švajlenka et al., 
2017; Richie and Stephan, 2018). Koppelhuber et al. (2017) also imply research gaps in 
wood construction from an economic perspective. The research gap can explain the nonex-
istence of research regarding the economic feasibility of wooden structures. 

On the basis of the presented research need, the following section will determine the current 
perceptions of the economic aspects of wood-based structures in residential apartment build-
ings. All costs related to material, construction, and construction time are thoroughly ana-
lysed.  

 
2.4 Economic efficiency and cost effectiveness of wood-based 

products 
A decision is considered to be economically efficient when the revenue streams are larger 
than the original investment sum (Ruegg and Marshall, 1990). Ruegg and Marshall (1990) 
further provide examples in which they explain the economic efficiency of building deci-
sions. 1) When an investor invests in a building which is more profitable and more profitable 
than other options, the decision can be considered more economically efficient for the 
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investor. 2) When the investment costs for a building are the same, and one location yields 
more profitability than the other, choosing the better location is considered to be more eco-
nomically efficient. 3) When a building design creates a higher level of productivity as an 
alternative, it can be considered to be more economically efficient. 4) When a building ma-
terial costs less and creates the same performance level as an alternative, it can be considered 
economically efficient. Ruegg and Marshall (1990) further describe the last example to be 
cost effective. A decision can be cost effective when e.g. a material choice lowers the entire 
life cycle costs of a building.  

This section will conduct a literature analyses of current construction cost comparisons of 
both wooden and alternative structures. The aim will be to determine whether wood in con-
struction can be cost efficient compared to alternative materials. Additional interest is set on 
analysing prior knowledge on the effect a construction material has on dwelling prices. In 
order to understand their relation, the four-quadrant model (DiPasquale and Wheaton, 1992) 
is utilized. The model provides a visualisation of the interaction between the space market 
and asset market. It portrays the long-run equilibrium, and is not suitable to analyse the short-
run. Figure 1 presents a scenario of how the market reacts when construction costs increase. 
When costs increase, due to e.g. material costs, the prices of dwellings increase. Subse-
quently, the rental level increases. Additionally, when construction costs increase the model 
indicates that the amount of construction decreases which consequently decreases the hous-
ing stock in the long run. Figure 1 also presents that the demand level stays stagnant regard-
less of construction costs in the long-run. 

The construction costs of wooden buildings have been compared to alternative buildings 
through life cycle cost assessments (e.g. Hossaini et al., 2015; Thomas and Ding, 2018) and 
comparative case studies (e.g. Cazemier, 2017; Richie and Stephan, 2018). Price elasticities 
of demand for both residential and non-residential multi-storey wood buildings was re-
searched by Jochem et al. (2016) in Germany. However, research has not been extensively 

Figure 1 Four quadrant model representing an increase in construction costs (adapted from 
DiPasquale & Wheaton, 1992) 
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conducted to fully determine the economic efficiency and cost effectiveness of wooden 
buildings. A significant knowledge gap was found; no large scale data analysis has been 
conducted to analyse and compare the prices of wooden and alternative dwellings. There-
fore, the research aims to bridge this gap. The following sections will analyse the economic 
efficiency of wooden buildings based on literature. 

 
2.4.1 Deconstructing construction costs 
To determine dwelling prices through construction costs it is crucial to identify what con-
struction costs consist of. Construction costs are calculated in Life Cycle Cost Assessments 
(LCCA) (e.g. Gervasio and Dimova, 2018). These LCCAs divide the life cycle of a building 
into three main phases; Before Use, Use, and After Use -phase. This analysis will only focus 
on the Before Use -phase costs. These costs are divided into three compartments (SFS-EN 
16627, 2015 presented in Arkhangelskaya, 2018; 16): 

 
“Pre-Construction Costs 
- prior land acquisition 
- related taxes and fees 
Product Manufacture Costs 
- raw material supply 
- transportation and manufacturing 
Construction Costs 
- ground works and landscaping 
- direct costs of equipment 
- transportation to and from site 
- construction-installation process 
- waste management 
- professional fees and handover costs etc.” 
 

Each of the three stages of the Before Use -phase consists of costs. Multiple studies indicate 
that a majority of total costs derive from this phase (e.g. Kaming, 2017; Bogenstatter, 2000). 
Stanford University (2005) further convey similar results. The University details that during 
a public building’s 30 year life cycle, over half of total costs are related to the Before Use -
phase. It is evident that the Before Use -phase consumes a majority of total costs, however, 
Bogenstatter (2000) indicates how better design processes can lower these costs. Regardless, 
McCarthy (2004) details how each construction process is different and thus can induce dif-
fering costs. Goverse et al. (2001) present a similar discussion by expressing how construc-
tion processes may use different methods and materials, contain varied levels of expertise, 
have differing construction times and machinery. These differences will lead to different 
construction processes and thus culminate in differing costs. To identify whether a wood 
building can be a cost-effective tool to limit greenhouse gas emissions, it is pivotal to analyse 
the factors that create a potential difference. 

When commencing construction for either wooden or alternative buildings, pre-construction 
costs can be considered through construction times. The basis of this derives from potential 
land rents and related taxes which vary depending on construction times (Cazemier, 2017). 
Product manufacturing costs for wood and conventional buildings are different since the 
construction materials, e.g. wood, concrete, steel, are fundamentally different both in terms 
of production and manufacturing. Finally, construction costs depend heavily on construction 
methods and technologies used. Additionally, these costs heavily depend on construction 
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times. For example, the shorter the construction time the lower the general costs, and vice 
versa. 

In Finland, a comprehensive method is followed when determining construction costs for a 
residential building. It is called the Haahtela-method. In Haahtela and Kiiras (2014), detailed 
construction costs are presented for typical multi-storey apartment buildings and row-houses 
in Finland. The costs are calculated based on a building block valuation method (finnish. 
Rakennusosa-arvio™) created by Haahtela, a Finnish construction company. The valuation 
method is presented in Figure 2. The figure details a division of all costs for constructing a 
five-storey concrete apartment building. Figure 2 presents that nearly half of the construction 
costs derive from the construction section. Haahtela & Kiiras (2014) dictate that the total 
construction costs are combined of the Construction section, Technological section, and Pro-
ject assignments. These three categories combine  nearly 90% of all costs. The Construction 
section represents costs related to construction preparations and building components. Tech-
nological section refers costs related to heating, ventilation and air conditioning among other 
technical features like piping. Project assignments include project, construction and design 
management. 

 

 

2.4.2 Wood-based products vs. Alternative materials 
Jochem et al. (2016) expresses how the material choice for buildings is usually an econom-
ically led process. Therefore, it is incremental to look into the costs related to wooden con-
struction. Alas, only a handful of research has been conducted on the costs related to the 
construction of wooden buildings (e.g. Hossaini et al., 2015; Thomas and Ding; 2018; 
Cazemier, 2017). 

Hossaini et al. (2015) conducted a study in which they compared the life cycle cost (LCC) 
of two typical 6-storey buildings in Vancouver, Canada. The two buildings were identical in 

Figure 2 Total project costs of a five storey residential concrete building 
(adapted from Haahtela & Kiiras, 2014) 
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structural form, however, the other building frame was constructed of timber and the other 
of concrete. The LCC presented results which were in favour for the wood-framed building. 
Both the manufacturing and construction costs for the wood-framed building were lower 
than the costs for the concrete frame building. Hossaini et al. (2015) based the construction 
costs on the major elements used in the process. Thomas and Ding (2018) similarly present 
that the construction of wooden structures is generally 6% cheaper than alternative buildings. 
They convey the results through a LCC analysis of ten similar wood and brick buildings. 
The structures’ designs varied. Thomas and Ding (2018) express how most costs for both 
building types derived from substructures, roofing, and wall installations.  

Švajlenka et al. (2017) present a study in which they simulate construction costs of panel 
wood construction and traditional masonry construction in Slovakia through a mathematical 
model. They comprise construction costs for all buildings from four categories; Foundations, 
Vertical and horizontal structure, Roofing, and Indoor surfacing and completion. The results 
indicate 15% lower construction costs for wooden buildings. The lower costs derive from all 
construction categories. Švajlenka et al. (2017) imply that the costs of the foundations for 
masonry buildings are larger since they require larger foundations due to the weight differ-
ence of the buildings. Furthermore, the authors indicate that the vertical and horizontal struc-
tures are less cost effective for masonry buildings due to their specific construction system. 
Additionally, Švajlenka et al. (2017) imply that higher costs are also related to the Indoor 
surfacing and completion -category for a masonry building. They outline the reason deriving 
from the water and electricity supply being easier to install in wood-based buildings. Roof-
ing, on the other hand, was as cost effective for both building types. All in all, no category 
for a concrete cast-in-place construction was more cost effective, leaving Švajlenka et al. 
(2017) to the conclusion that wood-based structures were indeed more cost efficient.  

Kopczynski (2018) in a feasibility study compared structural costs of engineered wood prod-
ucts, Cross-Laminated-Timber (CLT), and cast-in-place concrete solutions around the 
United States. They present that the structural frame for a Cross-Laminated-Timber (CLT) 
building generally has a 16-29% higher price than a similar cast-in-place concrete option. 
On the other hand, Kopczynski (2018) implies that the costs may become more competitive 
in time once knowledge and competition among developers increases. However, Bartlett and 
Howard (2000) reminds that costs related to high performance environmental buildings are 
typically compared to basic concrete alternatives. This leads to poor comparisons and a po-
larization of building costs.   

Correspondingly, Cazemier (2017) presents that CLT buildings tend to have a higher price 
than that of conventional buildings. The author found that using CLT in construction in-
creases the costs by over 2,5%. Cazemier (2017) compared the development costs of two 
buildings in Australia, one that was under construction at the time of research and the other 
which was a theoretical building. In his research, the theoretical building is the wooden 
building. The wooden building had higher construction costs. Jones et al. (2016) on the other 
hand present that costs will not be greater when using CLT in construction. They do agree 
with Cazemier (2017) that per square meter CLT as a construction material is indeed more 
expensive (+35%) than conventional materials. However, Jones et al. (2016) argues that the 
cost difference will be offset through a different parameter: time. 

These researches all have different results related to the costs of wooden buildinga which 
further validates McCarthy (2004) and Goverse et al. (2001) findings who indicate that each 
construction process is different. Regardless, Cazemier (2017) further expresses how con-
struction costs are extremely relevant in making cost comparisons but similarly as Jones et 
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al. (2016) points out that it is only one element in the total cost comparison of a building’s 
development. Cazemier (2017), like Jones et al. (2016), directs conversation towards con-
struction times and the potential implications time may have on an investment’s profitability. 
This is backed up globally by research which indicates that the construction of wood-based 
structures is substantially faster than  alternative buildings (e.g. Švajlenka et al., 2017; 
Nykänen et al., 2017). 

By using wood-based products, Cazemier (2017) expresses how the total construction time 
could be reduced by 6 months. The quicker construction process resulted in a considerable 
increase in the Equity Internal Rate of Return (IRR), which provides an economic parameter 
of an investment’s profitability. The increase of an Equity IRR results in more rapid returns 
on investment. Cazemier (2017), however, points out that the total costs increased when 
constructing with CLT. Therefore, the results indicate that with greater Equity IRR it is better 
for developers to construct with CLT if there is a need for a quick return on investment. On 
the other hand, if there is no need for a quick return on investment developers will most 
likely opt for conventional, i.e. cheaper, methods. 

Švajlenka et al. (2017) state that the quicker construction times of wood-based products de-
rives from the weight of the material. The light weight of wooden materials enables trans-
portation vehicles to withstand more material at once which subsequently leads to less trips 
made. The decreased amount of trips made for transportation thus fastens the construction 
process. Additionally, the shorter construction periods of wood-based construction can be 
explained through the wooden materials capability to be prefabricated elsewhere which de-
creases the need to work on the materials on-site (Nykänen et al., 2017; Koppelhuber, 2016). 

Similar case studies have been conducted in Australia by Richie and Stephan (2018). They 
compared two 5-storey buildings – one of timber and the other of concrete. The study con-
ducted three simulations of these construction processes: one concrete superstructure, one 
timber superstructure, and one hybrid superstructure. Their findings indicate that a timber 
building is the quickest (50% faster than a concrete building) and cheapest (10% cheaper 
than concrete) to construct. Additional Australian research, conducted by Kramer and Richie 
(2018), imply that wood-based structures result in greater productivity through construction 
times and thus reduces total costs by 30% in comparison to a concrete building. The quicker 
construction period is again witnessed, and its effect seemingly reduces overall costs.  

Interestingly though, Jochem et al. (2016) implies through quantitative research that the price 
of wood only plays a minor role in determining the consumption of the material for residen-
tial buildings in Germany. Jochem et al. (2016; 11) research “determines the influence of the 
price on the building type share”. The focus is set on comparing wood-based products to 
alternative ones in dwellings and construction processes. The authors argue that soft factors 
like perceived safety, durability, and other non-quantifiable variables have the final impact 
on determining the price of a residential building. However, Jochem et al. (2016) imply that 
to further understand price-influences, more detailed data analysis is needed to assist in pol-
icy-making since wood has the required properties to assist and even enable carbon neutral-
ity goals for cities and nations alike. 

In Finland wooden construction has been increasing in popularity. However, Mäkimattila 
(2019) suggests that multi-storey wooden construction is around 5-10% more expensive in 
Finland. Moreover, the research implies that wood construction will become relatively more 
expensive in the future since concrete based products are becoming cheaper on a daily basis. 
On the other hand, Mäkimattila (2019) states that similar construction in Sweden is on 
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average 16% cheaper than concrete buildings. He suggests that Sweden has more effective 
wooden module manufacturing systems. Mäkimattila (2019) implies that these systems 
could be introduced to Finland to lower wood-based construction costs. However, Mäkimat-
tila (2019) states that procurement processes do not favour wood-based construction in Fin-
land. 

Figure 3 presents a summary of the literature findings. The figure showcases that prior re-
search conveys inconsistent results in regard to the construction costs of wood. The incon-
sistency implies for extensive research needs. On the other hand, Figure 3 pinpoints that 
construction with wood is faster in comparison to alternative materials. This implies a faster 
rate of return for a developer. Additionally, Figure 3 discovers that the same research which 
deems wood as a more expensive material today, suggests that wood will be cheaper in the 
future due to increasing knowledge in regard to the material. It may also derive from poten-
tial developments in material manufacturing through technological breakthroughs.  

Since the research poses clear inconsistencies regarding the costs of wood-based products in 
construction, as well as a significant knowledge gap in relation to dwelling prices, no defin-
itive conclusions can be drawn. On the other hand, literature does indicate that wood-based 
construction leads to faster construction times which may make wood a more profitable con-
struction material. Faster construction times increase profitability for investors, however, the 
capital costs invested into the materials determine the quantity of the profit. Therefore, fur-
ther conveying Cazemier’s (2017) research that material choice depends fully on what the 
developer is after – a quick return on investment or a larger return on investment. However, 
research indicates that these two are not mutually exclusive (e.g. Švajlenka et al., 2017; 
Richie and Stephan, 2018).  

This thesis attempts to quantitatively determine if there is a price premium for wooden dwell-
ings in Finland. The research attempts to bridge the knowledge gap presented in prior re-
search. To bridge the gap, it is crucial to analyse and understand the Finnish housing market. 
The following section will uncover details related to the distribution of housing in Finland 
and the features which determine dwelling prices. 

 

Figure 3 Competitiveness of wood-based products in comparison to alternative materials 

Authors Country/Region Concepts

Wood is cheaper Wood is not cheaper
Wood has faster 

construction time
Believes wood can be 

cheaper in future

1 Cazemier (2017) Australia x x x
2 Hossaini et al. (2015) Canada x N/A
3 Jones et al. (2016) United Kingdom x x x
4 Kopzcynski (2018) United States x N/A x
5 Koppelhuber et al. (2017) Germany / / x x
6 Kramer and Richie (2018) Australia x x
7 Nykänen et al. (2017) Europe x x x
8 Richie and Stephan (2018) Australia x x
9 Svaljenka et al. (2017) Slovakia x x

10 Thomas and Ding (2018) Australia x x
11 Mäkimattila (2019) Finland x x
12 Mäkimattila (2019) Sweden x x

N/A indicates that no information regarding the topic was found.
/ indicates that the costs may be lower/higher depending on the case and construction technique
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2.5 Finnish Housing Market 
Statistics Finland (2018) predicts that the population of Finland will grow until 2035 after 
which it will steadily decline. The population will peak at over 5,5 million residents. Inter-
estingly, Vuori and Kaasila (2018) predict that the population of the capital region will reach 
nearly 2 million by 2050. This indicates that the population of the Helsinki metropolitan area 
will grow substantially compared to other regions in Finland. Furthermore, the Association 
of Finnish Municipalities (2020) dictates that growth will concentrate only in cities and will 
subsequently reduce the population in smaller municipalities around the nation. This trend 
directs a majority of new developments toward larger cities.  

According to KTI Finland (2018), the Finnish housing market accounts for roughly 30% of 
all properties of which most are located in cities. Additionally, of all housing around 64% 
are owner-occupied whereas 32% are rented dwellings. KTI Finland (2018) implies that in 
larger cities the relative share of rented dwellings is greater. For example, the study indicates 
that there are more occupied rental dwellings in Helsinki compared to owner occupied dwell-
ings.  

In total there are over 2,5 million occupied dwellings, of which 40% are single family dwell-
ings and 45% are multi-family dwellings. Multi-family dwellings are considered as apart-
ment buildings. Nevertheless, Nykänen et al. (2017) indicate that nearly 85% of the single 
family dwellings are wood-based structures. Hurmekoski et al. (2015) further imply that only 
a minority of multi-family residential buildings are constructed of wood. This indicates that 
currently the residential property market in Finland is made up of structures that are mainly 
made of non-wooden materials.  

Since the increasing demand through population growth pressures cities to adapt, KTI Fin-
land (2018) presents that most residential developments currently are indeed located in cit-
ies. Figure 4 displays that after 2013 the development trend of single and multi-family build-
ings has generally drifted apart in Finland. The development of new single family dwellings 
has become stagnant at roughly 10 000 units per year, whereas the development rate of mul-
tifamily buildings has soared from 10 000 units in 2013 to over 30 000 units per year in 
2019. KTI Finland (2018) expresses how the trend derives from a growing demand of one 
bedroom flats and studio apartments specifically in cities. Additionally, KTI Finland implies 
that most of the new developments are planned for the Helsinki metropolitan area. It can be 
explained by the substantial population growth estimates compared to other regions.  

With high construction rates in cities and the emphasis set on multi-family buildings, where 
does it leave wood as a construction material? If the current trends continue with the high 
development rates of multifamily buildings and their typical construction materials, the rel-
ative share of wood will decrease in construction. Thus it is critical for carbon neutrality 
goals to adopt wood into the current construction processes. Literature (e.g. Nykänen et al., 
2017; Amiri et al., 2020) indicates that using wood in growing urban areas in forms of urban 
renewal and infill developments can assist in achieving carbon neutrality. Furthermore, 
Nykänen et al. (2017) states that due to wood’s light weight and fast construction times it 
can provide agile opportunities for urban densification. Quicker construction times would 
also reduce other negative externalities deriving from construction in the city e.g. noise pol-
lution, waste and dust (Švajlenka et al., 2017). Based on literature, cities in Finland should 
adopt wood into urban development processes to further assist sustainable development 
goals, as well as the climate goals of carbon neutrality. 
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2.5.1 Deconstructing dwelling prices 
KTI Finland (2018) implies that Finnish dwelling prices increased by nearly 1% in 2018. In 
the Helsinki metropolitan area prices increased by over 2% whereas the rest of the country 
the prices decreased by over half a percent. Other large cities in Finland witnessed a price 
increase as well. Dwelling prices in Turku and Tampere increased by 4,9% and 4,6% respec-
tively. The price increases can derive from the increased demand of land and housing in 
cities. KTI Finland (2018) estimates that dwelling prices will further increase in large Finn-
ish cities from the level of 2018 in 2020.  

Oikarinen (2014) presents that dwelling prices are strongly related to land values. Droes and 
van der Minne (2017) further express how dwelling prices are determined through produc-
tion costs as well as site specific land values. Furthermore, Bostic et al. (2007) discuss that 
dwellings are a bundled good, therefore, their prices cannot be determined by any single 
feature. They convey that any surge in dwelling prices will reflect on the relative determining 
weights of a dwelling’s components. Many methods are used in determining dwelling prices, 
e.g. construction costs (adapted from DiPasquale and Wheaton, 1992), capitalization rate or 
cap rate (Geltner et al., 2001), or a hedonic regression analysis (e.g. Sheppard, 1999; Fuerst 
et al, 2016). The analysis conducted in this thesis utilizes a hedonic regression analysis to 
determine dwelling prices. 

A hedonic regression analysis can estimate a dwelling price by determining the relative 
weight of specific factors. Rosen (1976) presents knowledge that dwelling attributes com-
prise a true dwelling and that each attribute has their own implicit market. Harjunen (2019) 
clarifies that price determining attributes are not sold separately – dwellings are sold as one 
bundled good. He implies that the value of each attribute combined creates the final price of 
a dwelling. Typically dwelling attributes in hedonic regression analysis are e.g. size, loca-
tion, age, and quality of the dwelling. Other attributes can also be used like the amount of 
bedrooms in the dwelling or having a lift in the building. Harjunen (2019) implies that the 
relative weights of the variables vary since households have different preferences. Addition-
ally, an issue that can derive from a hedonic regression analysis is that non-quantifiable fac-
tors are difficult to truly account for e.g. neighbourhood perceived safety. For example, 
Jochem et al. (2016) struggled in calculating wood’s effect on the price of residential 

Figure 4 All finished residential developments in Finland between 2000-2019 (Statistics 
Finland, 2020) 
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buildings since consumer purchasing decisions were determined by non-quantifiable fea-
tures like safety.  

This study aims to determine, through hedonic methods, whether there is a price premium 
present in wooden dwellings compared to alternative dwellings. Literature indicated a sig-
nificant knowledge gap regarding this topic. The hedonic regression analysis estimates of 
dwelling prices through typical dwelling attributes. Specific emphasis in the analysis is set 
on the materials used in construction. The reasoning behind the emphasis is to quantitatively 
determine whether wood-based materials in construction can be seen as an economically 
feasible tool to combat climate change.  

Academics argue that carbon neutrality goals set by nations cannot be achieved unless green-
house gas emissions deriving from construction are decreased (e.g. Heinonen et al., 2011; 
Säynäjoki et al., 2012; Amiri et al., 2020). Additionally, Hurmekoski et al. (2018) indicates 
that emission reduction goals by the construction industry are currently not attainable. They 
indicate that the industry needs to reconsider their approaches. As presented in Section 2.2.1, 
wood has proven capabilities to reduce construction emissions. Alas, the economic feasibil-
ity of the wood-based structures has not been widely defined in literature, which presents 
acute research needs in order to provide cities and the construction industry relevant 
knowledge. Wood-based structures may be key in achieving carbon neutrality.  
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3 Methodology 
 
Chapter three presents the research approach and methods used in this thesis. Section 3.1 
elaborates on the mathematics behind an ordinary least squared regression analysis. Addi-
tionally, the section presents how variables are selected into a regression model. Section 3.2 
denotes the research delimitations and how wooden buildings are distributed in cities. Fur-
thermore, Section 3.3 presents the data used in the analysis. This section further elaborates 
the data management process. Section 3.3.5 presents the variable distribution of the entire 
dataset. Finally, Section 3.4 showcases the regression model used in estimating dwelling 
prices.   

 
3.1 Hedonic regression analysis 
The following section uncovers fundamentals behind a regression analysis and the selection 
of variables for the most effective model. It presents the mathematical model which deter-
mines the dependent variable based on independent variables. Additionally, the section pre-
sents the statistical approach used to create the final regression model for each city and build-
ing type. Furthermore, this section elaborates on the elements presented in typical regression 
analysis. 

 
3.1.1 Regression equation 
The purpose of a hedonic regression analysis is to determine how different features affect 
dwelling prices (Rosen, 1974; Oikarinen, 2019). Analysing dwelling prices through multiple 
independent variables is crucial since dwellings characteristics are not sold separately but as 
a bundled good (Bostic et al., 2007; Oikarinen, 2019). Features determining physical dwell-
ing characteristics and the locational attributes create the framework in evaluating dwelling 
prices. Oikarinen (2019) specifies that people pay for the whole package rather than one 
specific attribute. A hedonic regression analysis helps to determine variable specific effects 
on the true price of a dwelling (Rosen, 1974; Sirmans et al., 2006; Oikarinen, 2019). There-
fore, the use of a hedonic regression analysis is crucial to determine the effect of a wooden 
structure on a dwelling price.  

A hedonic regression analysis is a typical linear regression analysis, however, it is called a 
hedonic regression analysis when determining house prices through housing characteristics 
(Oikarinen, 2019).  Based on prior research (e.g. Fuerst et al. 2016; Rosen 1974), this thesis 
uses dwelling characteristics as well as locational attributes as the two main explanatory 
variable groups.  Many studies that estimate dwelling prices have been conducted by using 
hedonic models (e.g. Rosen, 1974; Sheppard, 1999). The most typical regression analysis 
form is the ordinary least squared method (Sirmans et al., 2006; Fox 2019). The OLS regres-
sion equation is adapted to the purpose of this thesis: 

P(i) = ß0 + ß1*W(i) + ß2*X(i) + e(i)    (1) 

Where,  

à P denotes the dependent variable price of the ith dwelling, 
à ß0 denotes the regression constant, 
à W denotes an independent variable e.g. wooden dwelling, 
à X denotes a set of independent variables used to describe a dwelling 
à e(i) denotes the residual error term.  
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A regression analysis estimates the effect size (ß-value) for each independent variable used 
in determining the dependent variable p. As seen in Equation (1), depending on the signal of 
ß1 the effect of the independent variable W can be positive or negative. If the coefficient 
effect signal is negative it will lead to the independent variable having a negative impact on 
the selling price, and vice versa. 

Oikarinen (2019) presents that the purpose of a hedonic regression analysis is to determine 
coefficients’ effect sizes which minimizes the sum of squared residuals. Hence indicating 
that the most effective regression analysis is conducted once the sum of squared error terms 
is the smallest, i.e. a model which has the largest explanatory power. This is backed up by 
research (e.g. Sirmans et al., 2006; Brooks, 2008). Figure 5 presents an example of a basic 
ordinary least squared regression analysis. The red dots represent observations from an im-
aginary sample, e.g. dwelling transactions. They are scattered along the graph based on their 
values e.g. price compared to the size of an apartment. The blue line represents a regression 
line, which is estimated based on the location of the red dots. Figure 5 graphically presents 
the ordinary least squared method. An OLS regression estimation is most accurate when the 
observations are along or close to the regression line. This scenario would minimize the sum 
of squared residuals. A residual, i.e. error term, is the distance of a true observation to the 
estimated regression line.  

 
3.1.2 Variable selection 
Mellin (2006) describes how the typical difficulty in determining the ‘correct’ regression 
model is finding the correct independent variables to describe the dependent variable. To 
find the most efficient regression model there are a plethora of features to analyse. 

The most effective regression model should result in a high explanatory power, i.e. R-
squared -value. R-squared ranges from 0 to 100%. The explanatory power indicates how 
well the selected independent variables describe the dependent variable. A regression anal-
ysis with more variables leads to a more complex calculation of the explanatory power. 
Therefore, in typical regression analysis the emphasis is set on analysing the Adjusted R-

Figure 5 Graphic representation of OLS regression analysis squared residuals (adapted 
from Brooks, 2008) 
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squared -value. This value takes the amount of variables used in a regression analysis into 
account, and therefore provides a more truthful explanatory power.  

It is important to note that adding more independent variables to the regression model will 
increase, or at least not decrease, the R-squared -values (Mellin, 2006). For an effective re-
gression model the independent variables should all be statistically significant, however, 
Mellin (2006) indicates that any variable removal or addition will change the significance 
level of other variables. Therefore, it is crucial to select the correct variables in effective 
order to a regression model. The aim is to explain reality in an interpretable and truthful 
manner (Mellin, 2006).  

Additionally, it is crucial that the selected independent variables do not correlate with each 
other too strongly. High correlation between variables may lead to multicollinearity issues. 
High multicollinearity may complicate a regression analysis’ interpretation (Mellin, 2006). 
High multicollinearity makes a variable’s coefficient potentially unreliable. To avoid high 
multicollinearity, variables with correlation ]0,7; -0,7[ should be dismissed from the regres-
sion model. However, only analysing the variables correlation to each other may also lead 
to false interpretations. In a situation where a regression uses multiple independent variables, 
the variables together may cause multicollinearity issues. Therefore, it is crucial to examine 
the full regression model’s variation inflation factor (VIF). A rule of thumb for analysing 
multicollinearity is if the VIF is greater than 10 then there is substantial multicollinearity 
present in the regression. Mellin (2006) indicates, however, that using variables in the re-
gression that increase the VIF over ten can be justifiable if the variables are crucial for the 
analysis. In this thesis, postcode -dummies increase the VIF over 10 for many regression 
analyses. These high VIF levels are dismissed since many locational attribute -variables are 
inherently linked to the postal code area which naturally leads to high collinearity and sub-
sequently high multicollinearity.   

Mellin (2006) presents statistical methods in determining the correct regression analysis 
model – stepwise regression. The stepwise method follows a given confidence interval and 
eliminates variables from the equation depending on their p-value. Stepwise-regression fol-
lows a seven step formula (Mellin, 2006); 

 

1. Select all explanatory variables to the regression model. 
2. Determine 95% confidence interval -level variable selection [p-value < 0.05]. 
3. Estimate model with selected variables. 
4. Test model to determine p-value for all explanatory variables. 
5. If all explanatory variables are statistically significant on 95% -confidence interval 

the model is ready. 
6. If the model contains explanatory variables that exceed the threshold, exclude the 

one with the highest p-value. 
7. Return to Step 3.  

 

Depending on the exclusion process the model will result in differing outcomes. All regres-
sion analyses conducted in this thesis follow this methodology in variable selection. Each 
regression model will contain different variables due to this exclusion process.   
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The base set of variables for each regression analysis is the same. Housing characteristics 
contain variables presented in Section 3.3.1 and Section 3.3.2, and Neighbourhood charac-
teristics are presented in Section 3.3.3. 

 
3.2 Research delimitations 
The purpose of this research is to determine the effect of wood on the selling price of a 
dwelling. To research this topic a strict geographical constraint is set. Since, Nykänen et al. 
(2017) present that 85% of single-family dwellings are wood-based structures the emphasis 
in this thesis needs to be set on large cities in Finland for a more heterogeneous sample. 
Cities typically accommodate a broader range of building material typologies.  

In this thesis the cities analysed are the six largest cities in Finland (see Map 1); Helsinki, 
Espoo, Vantaa, Turku, Tampere, and Oulu. The first three combine the Helsinki metropoli-
tan area (HMA). It is the largest metropolitan area in Finland. However, each city is analysed 
separately since the governing municipalities are different which may lead to differing policy 
implications in the future e.g. in new residential construction. HMA is located on the south-
ern coast of Finland. Turku is located on the south-western coast of Finland. Oulu on the 
north-western coast of Finland. Tampere on the other hand is located inland between two 
large lakes. 

To analyse how wood affects dwelling prices a clear distinction between housing needs to 
be made. Pricing between multi-family homes and single-family homes can be huge. There-
fore, a clear separation needs to be done between building types. In this research buildings 
are divided into three separate groups; 1) Apartment building dwellings, 2) Semi-detached 
dwellings, and 3) Detached dwellings. Each group consists of two or more building types 
which are elaborated in more detail in Section 3.3.1. 

Finally, the research is confined to determine wood’s effect on housing prices. No other 
material’s effect is determined, however, the regression analysis provides an indication on 
how wood compares to other materials depending on the coefficient’s signal. The material 
wood is defined in more detail in Section 3.3.2. 

Map 2-4 present the distribution of wooden and non-wooden dwellings in the Helsinki met-
ropolitan area, i.e. Helsinki, Espoo, and Vantaa. Map 2 presents the distribution of apartment 
building dwelling transactions in the metropolitan area. The data contains dwellings that are 
sold from the same building. These observations have the same coordinates, subsequently 
leading to matching dots on the map. Therefore, Map 2 may not present all observations 
perfectly. Map 3 presents the distribution of semi-detached dwellings, and Map 4 the distri-
bution of detached dwellings. Wooden dwellings are presented as green dots on the maps 
whereas non-wooden dwellings as white dots. The maps showcase, no wooden buildings are 
located in the central area of Helsinki. Most wooden buildings are located on the outskirts 
of the metropolitan area. The same distributions for Turku, Tampere, and Oulu can be found 
in the Appendix 1.  



36 

 

 

Map 2 Distribution of apartment building dwelling transactions in Helsinki Metropolitan 
area ©OpenStreetMap Contributors 

Map 3 Distribution of semi-detached dwelling transactions in Helsinki Metropolitan area 
©OpenStreetMap Contributors 
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3.3 Data management and description 
The following section will provide details on how the analysis is conducted. How the delim-
itations are taken into account and with what measures. The data used in this thesis is pro-
vided by the Central Federation of Finnish Real Estate Agencies (2018) and Statistics Fin-
land (2000-2018). Additional map information was obtained from OpenStreetMaps (OSM 
Contributors, 2020) and National Land Survey Finland (2020). The Central Federation of 
Finnish Real Estate Agencies provided dwelling transaction data, Statistics Finland provided 
socio-economic attribute data, and OpenStreetMaps was utilized for additional locational 
information. Map data is gathered from National Land Survey Finland.  

 
3.3.1 Dwelling transaction data 
Data is provided by the Central Federation of Finnish Real Estate Agencies (fin. Ki-
inteistönvälitysalan keskusliitto, KVKL). It consists of occurred dwelling transactions in 
Finland between the timespan of 1999 to 2018. KVKL is an umbrella organization hosting 
several real estate brokerage companies e.g. Aktia Kiinteistönvälitys and Kiinteistömaailma 
etc. The data is managed by the federation. However, the federation details that the data does 
not include all occurred transactions (KVKL, 2020). For old dwellings the data consists of 
around 75% of occurred transactions, and for new dwellings only 30-40% (KVKL, 2020). 
Moreover, the data is input by hand by realtors and construction companies.  This can create 
problems in the data since human error is involved. At worst, it may lead to incorrect infor-
mation. Incorrect and suspicious information is attempted to be filtered out in this analysis. 

Map 4 Distribution of detached dwelling transactions in Helsinki metropolitan area  
©OpenStreetMap Contributors 
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KVKL Dwelling transaction data describes the following information; 

à Street address    
à Postcode   Re-coded: Dummy variable 
à Municipality   Re-coded: Dummy variable 
à District   [x] 
à Building type   Re-coded: Dummy variable 
à New development   Dummy variable 
à Real estate condition  Re-coded: Dummy variable 
à Residence type   Re-coded: Dummy variable 
à Rooms   Re-coded: Dummy variable 
à Living area   Continuous variable 
à Total area    [x] 
à Built year   Continuous variable 
à Built year description  [x] 
à Building material   Re-coded: Dummy variable 
à Floor number    [x] 
à Floors    [x] 
à Lift    Dummy variable 
à Sauna    [x] 
à Balcony    [x] 
à Liabilities    [x] 
à Sale price    [x] 
à Unencumbered price  Continuous variable 
à Maintenance charge   [x] 
à Sale date   Re-coded: Dummy variable 
à Sales start date    [x] 
à Rented    [x] 
à Lot ownership   Re-coded: Dummy variable 
à Lot area value    [x] 
à Lot area unit    [x] 
à Building rights    [x] 
à Shore    [x] 
à Shore description    [x] 
à Energy class    [x] 
à Heat source    [x] 
à Auction    [x] 
à Coordinate: Longitude   
à Coordinate: Latitude    

 

The variables with the mark ‘[x]’ are left out of the analysis since they provide insufficient 
data, containing either A) plethora of missing observations, or B) incorrect information – 
seemingly typing errors. All other variables are used in the analysis. Variables that are la-
belled as ‘Dummy variables’ contain either True or False commands. These are coded into 
binary form receiving either a value 1 or 0. For example, if an apartment has a lift, the ob-
servation will receive the binary value 1. Variables that are labelled as ‘Recoded: Dummy 
variables’ denote variables that have been converted into multiple dummy variables. For 
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example, Building Material is re-coded into five different dummy variables: Concrete, 
Wood, Steel, Brick, and Other. Specifications on how wood is defined is described in Section 
3.3.2, and further details concerning other re-coded variables is provided in Section 3.3.5.  

In this thesis, the data is limited based on a dwelling’s built year. The data was divided into 
three separate data sets based on the built year. Buildings built between 1) 1990-2020, 2) 
2000-2020, and 3) 2010-2020. The data division is done since wooden construction is cur-
rently undergoing a strong period of growth. Therefore, this thesis attempts to uncover if the 
market is experiencing changes in newer dwellings based on this trend. The following de-
scriptions will only detail steps taken with the data concerning buildings built between 1990-
2020 since the steps taken for all data sets are the same. Information regarding the other 
datasets can be found in Appendix 2. 

Since the delimitations confine the research to the six largest cities, the data is filtered to 
only consider Helsinki, Espoo, Turku, Tampere, and Oulu. Furthermore, the delimitations 
restricts the research to only analyse three different dwelling types; 1) Apartment building 
dwellings, 2) Semi-detached dwellings, and 3) Detached dwellings. These dwelling types 
are defined and distributed in the data followingly: 

1) Apartment building dwellings 
à Apartment buildings 
à Small apartment buildings 
à Balcony access buildings 

2) Semi-detached dwellings 
à Semi-detached 
à Row houses 

3) Detached dwellings 
à Detached 
à Single family houses 

All other building types are filtered out of the data since they were not relevant to the study 
or did not specify the building type. 

The following steps identify potential outliers from the data. This is conducted by analysing 
the unencumbered selling price of a dwelling and the size (m2) of the apartment. The varia-
bles are used to calculate a new variable: price per square meter. This is done in order to 
create a more generalized view of the transaction prices. All observations that equate to a 
null result for price per square meter, i.e. no square meter information or price detailed in 
data, are deleted. Observation outliers are detected by using statistical methods. The standard 
deviation of the variable price per square meter is calculated for each city separately. Sepa-
rate calculations are conducted since each city has different housing markets. For each city, 
values that have a distance of 3,29 standard deviations from the mean are excluded. The 
distance indicates that 99,9% of observations are still within in the analysis. The outlier de-
tection method can be scrutinized for only relying on a statistical method. Moreover, setting 
a standard deviation threshold [3,29; -3,29] may skew the data incorrectly since standard 
deviations are directly linked to the mean value of all observations. For example, if an ob-
served value is large the overall mean value is subsequently greater. This inherently affects 
the standard deviation of all values. This method, however, enables the research to remove 
the all extreme values. 

The following section will provide more detail on how wood is defined in this analysis.  
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3.3.2 Defining wooden building materials 
The most crucial part in this thesis is understanding how to uncover a wooden structure, or 
a building with a wooden frame from the data. In KVKL’s dwelling transaction data there is 
a column dedicated for building material. From this column the structure’s core elements 
can be depicted. However, since the data is input by hand there are inconsistencies in the 
typing of building materials. For example, a concrete building may be input as ‘Betoni’ or 
‘betoni’ (eng. ‘Concrete’ or ‘concrete’). Moreover, the data is insufficient and over-simpli-
fied when determining the materials used in the dwelling’s construction. For example, the 
data describes a dwelling’s building material as ‘tiiliverhoiltu’ (eng. Brick facade). There-
fore, some of the wooden buildings accounted for in the analysis may actually not be wooden 
buildings, and some wooden buildings are not accounted for. For example, some brick build-
ings may in fact accommodate a wooden frame. However, these descriptions still provide 
sufficient enough information regarding the main material used in construction. 

The dwelling transaction data is in Finnish. Hence the descriptions are also in Finnish. The 
data does not have one clear manner in determining a building material. Therefore, the build-
ing materials are presented in multiple different ways in the data. To determine the variable 
‘Wood’, this research finds 81 different building material descriptions that are considered as 
wood. The following definitions are five of the most frequently observed representations of 
a wooden building material; 

1. puu     (observation count: 17 839) 
2. Puu     (observation count: 4 877) 
3. Rakennukset toteutetaan massiivipuurakenteisina, pääjulkisivumateriaalina puu. 

Runkorakenteena kotimainen CLT-levy  (observation count: 21) 
4. PUU     (observation count: 19) 
5. Puurunko, tiiliverhous   (observation count: 9) 

 

The other wooden building materials are described in Appendix 3. Each definition is fol-
lowed by the observation count of the specific definition. Based on this definition of a 
wooden building, the total count is 22 866 observations (27%).  

Figure 6 presents the distribution of dwelling transactions for cities and building types be-
tween years 1990 and 2020. The share of apartment building transactions imply dwellings 
sold from buildings, not the amount of buildings sold. Additionally, Figure 6 presents the 
share of wooden dwelling transactions in each city and dwelling type. In total, Helsinki ac-
counted for 14896 apartment building dwelling transactions  of which 177 were wooden 
(1,19%). For apartment building dwellings in Espoo, Vantaa, Turku, and Tampere around 
1-5% of transactions were constructed of wood. However in Oulu, 695 transactions of a total 
of 7389 (~ 9%) were wooden apartment building dwellings. For semi-detached dwellings 
nearly half of the transactions are wooden in Helsinki, Espoo, and Tampere. On the other 
hand in Turku, Oulu, and Vantaa over half of semi-detached dwellings are wooden. Finally, 
Figure 6 indicates that the share of wood in detached dwellings is substantially more than 
half in each city. This is in line with Nykänen et al. (2017) statement that nearly 85% of 
single-family homes in Finland are constructed of wood. 
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3.3.3 Socio-economic data 
The data regarding socio-economic characteristics in Finland is provided by Statistics Fin-
land. The data is referred to as Grid database (fin. Ruututietokanta). Socio-economic data 
provides a more holistic view on determining the attractivity of a neighbourhood, and more 
importantly a dwelling. 

The Grid database -data is managed by Statistics Finland. It is spatially bound to specific 
grid locations in Finland. Grid dimensions vary from 250m x 250m to 5km x 5km. This 
thesis used grid size 250m x 250m in order to utilize more specific data. The smaller the 
grids, the more specific the information. Due to the small grid sizes, the data may single out 
certain areas which are not densely populated, which may raise privacy issues. Statistics 
Finland (2018) has registered data protection for grids which have a population less than 3 
or 10 depending on the data group. Protected grid cells are marked with the value -1. These 
values were removed from the data in QGIS with the Select by Expression -tool.   

In total the Grid Database -data consists of the following socioeconomic attributes (Statistics 
Finland, 2018); 

à Population structure  HE 
à Educational structure  KO 
à Inhabitants’ disposable monetary income HR 
à Size and stage in life of households TE 
à Households’ disposable monetary income TR  
à Buildings and housing  RA 
à Workplace structure  TP 
à Main type of activity  PT 
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Figure 6 Distribution of dwelling transactions based on material and building type 
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Each group is followed by the group’s abbreviation which are referred to later in this section. 
For this thesis only 9 variables are selected from the entire Grid database;  

1) Average income of inhabitants  (€) 
2) Average floor area of dwellings  (m2) 
3) Residential buildings  (pcs.) 
4) Inhabitants   (pcs.) 
5) Households with children  (%) 
6) Homeownership rate  (%) 
7) Unemployment rate  (%) 
8) Pension rate   (%) 
9) University education rate  (%) 

 
These 9 variables are selected based on prior research (e.g. Fuerst et al., 2016). Variables 1-
4 were readily available in the data. Variables 5-9 are separately calculated in QGIS with the 
Field Calculator -tool. The new variables were calculated in the following manner based on 
the variable names presented in the original data by Statistics Finland; 

i. Households with children (%)  = te_laps / te_taly 
ii. Home-ownership rate (%)  =  te_omis_as / te_taly 

iii. Unemployment rate (%) =  pt_tyott / pt_vakiy 
iv. Pension rate (%)   = pt_elak / pt_vakiy 
v. University education rate (%)  = (ko_yl_kork + ko_al_kork) / ko_koul 

 
Where,  

à te_laps denotes the amount of households with children in a grid cell 
à te_taly denotes all households in a grid cell 
à te_omis_as denotes all residents residing in owner-occupied dwellings in a grid cell 
à pt_tyott denotes all unemployed residents in a grid cell 
à pt_elak denotes all pensioners in a grid cell 
à pt_vakiy denotes all residents in a grid cell 
à ko_yl_kork denotes all residents with higher level university education in a grid cell 
à ko_al_kork denotes all residents with lower level university education in a grid cell 
à ko_koul denotes all residents with higher education in a grid cell. 

Once the data is managed into the required format it is joined to the housing data based on 
coordinate systems. The Grid Database -data is in the EUREF-FIN coordinate system 
whereas the Dwelling transaction data is in the WGS-84 coordinate system. The latter is 
adjusted to reference the same coordinate system as the former by using the QGIS Set Project 
CRS from Layer -tool. This enables the datasets to match on the same coordinate system. 
Once joined, Variables 1-9 are added to the dwelling data in QGIS with the Join Attributes 
by Location -tool.  

In this thesis, Grid Database -data is used from years 2000, 2005, 2010-2016, and 2018. 
Since the dwelling data represents transactions that occurred between 1999 and 2018, the 
Grid Database -data needs to be distributed selectively. The Grid database -data is joined to 
the dwelling data based on the transaction year. The purpose is to describe a neighbourhood’s 
socio-economic characteristics during a certain transaction year. Therefore, the Grid data-
base -data which is nearest to the transaction year will be joined. The data is distributed 
according to transaction year followingly; 
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à Grid database 2000 = Transaction year {1999, 2000, 2001, 2002} 
à Grid database 2005 = Transaction year {2003, 2004, 2005, 2006, 2007} 
à Grid database 2010 = Transaction year {2008, 2009, 2010} 
à Grid database 2011 = Transaction year {2011} 
à Grid database 2012 = Transaction year {2012} 
à Grid database 2013 = Transaction year {2013} 
à Grid database 2014 = Transaction year {2014} 
à Grid database 2015 = Transaction year {2015} 
à Grid database 2016 = Transaction year {2016} 
à Grid database 2018 = Transaction year {2017, 2018} 

 

Alas, Statistics Finland (2019) reminds that each Grid database file has a statistical reference 
point of time that may differ from the year the data was published. Typically, the reference 
point of time is the previous year’s last day (i.e. 31.12). However, there are exceptions. Grid 
database 2018 utilizes information for ‘HE’, ‘KO’, ‘TE’, and ‘RA’ from year 2017, and 
‘HR’, ‘TR’, ‘TP’, and ‘PT’ from year 2016. Moreover, Statistics Finland (2019) indicates 
that Grid database 2000 information regarding ‘Size and stage in life of households’ may 
have insufficient data. 

The research notes these inconsistencies. However, justifications to use Grid database 2018 
are based on the unavailability of more current data. Furthermore, justifications to use Grid 
database 2000 are based on the data still containing relevant information for other neigh-
bourhood characteristics during that time span. 

 
3.3.4 Other data 
In this thesis, OpenStreetMap -data is used in QGIS for locational referencing. Open-
StreetMap -data is raster data licensed under the Open Data Commons Open Database Li-
cense by the OpenStreetMap Foundation (OpenStreetMap Contributors, 2020). The data is 
open source and available on 3.0 QGIS or newer under XYZ -tiles.  

Locational referencing in this thesis is used to determine whether the Dwelling transaction 
data is correctly mapped. Additionally, the OpenStreetMap assists in adjusting the coordi-
nate systems correctly between different datasets.  

Furthermore, OpenStreetMap -data is used to pinpoint each city’s center. These pinpoints 
were used to measure each dwelling’s Euclidean distance to their respective city center. A 
monocentric city model (e.g. Brueckner, 2011; Geltner et al., 2007) implies that land is more 
valuable the closer it is to the city center. This translates directly to dwelling prices. There-
fore, the metric Euclidean distance to the city center is used as an additional variable to 
describe a dwelling’s locational attributes. The distance is calculated in QGIS with Distance 
to nearest Hub (Points) -tool. 

For Helsinki metropolitan area, which consists of Helsinki, Espoo, and Vantaa, the center is 
marked to Kaivokatu 1, 00100 Helsinki – Helsinki central railway station. For the city of 
Tampere, the center is marked to Keskustori 10, 33210 Tampere – Raatihuone. For the city 
of Turku, the center is marked to Eerikinkatu, 20100 Turku – Kauppatori. For the city of 
Oulu the center is marked to Rautatienkatu 11 A, 90100 Oulu – Oulu railway station.  
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Additional data, regarding spatial features, is gathered from the National Land Survey of 
Finland. These features include waterbodies and municipal boarders. Presenting this data 
makes the maps more interpretable.  

 
3.3.5 Data description  
The data used in this analysis is delimited based on the age, location, and building type of a 
dwelling. Figure 7 presents the distribution of all these observations. The table identifies the 
share of wooden buildings with the brown bars. Figure 7 indicates three construction spikes. 
In the beginning of the 1990’s, mid 2000’s, and early 2010’s. For wooden construction the 
largest spike can be noticed in 1990 when nearly two-thousand wooden dwellings were con-
structed.  

Figure 8 presents the total distribution of all variables used to analyse prices of dwelling that 
were constructed between 1990 and 2020. The right side of the table presents the distribution 
of variables specifically for wooden buildings. The sample size for all variables is 83 623. 
Of the total sample size, wood amounts to 22 866 observations. Figure 8 specifies the meas-
urement units of each variable. Unencumbered price, unencumbered price/sqm, and average 
income are presented in euros (€). Size and Average size of dwelling are presented in square 
meters (m2). Distance to CBD is presented in meters (m). Permanent residents and buildings 
are presented in full numeric values (N). Other socioeconomic characteristics, e.g. Univer-
sity education and Families with children, are presented as percentage values (%) with values 
ranging from 0 to 1, representing a scale 0-100%. All other values are marked as D. They 
represent dummy variables. Dummy variables assist in presenting true or false statements in 
numeric fashion and thus make variables quantifiable. These variables are typically pre-
sented in binary form, either having a value 1 or 0. For example, if a building is built of 
wood it will be represented as a 1 in the data, and vice versa. 

Figure 7 Distribution of dwelling transactions based on construction year 
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Variables that are re-coded as dummy variables are Real estate condition, rooms, building 
type, lot ownership, and sale year. In the original data, condition is presented by the realtor 
as excellent, new, good, decent, poor, or other. Each of these are re-coded into separate 
dummy variables. Rooms are separated into the following dummy variables: 1 bedroom, 2 
bedrooms, 3 bedrooms, or 4 or more bedrooms. Building type is re-coded the following 
dummy variables: apartment building, semi-detached, or detached dwellings. Lot ownership 
is re-coded into lot owned, lot rented, or lot ownership type other.  The sale year is divided 
into dwellings sold prior to or during and after 2011. This division is based on the renewed 
policy for wood building construction in 2011 (e.g. Nykänen et al., 2017). 

 
Figure 8 presents that on average a dwelling’s unencumbered selling price is 235 100 €. The 
average price for a wooden dwelling is greater, however, the table presents that on average 
wooden dwellings have a lower selling price per square meter than other dwellings. A higher 
price and lower price per square meter can suggest that wooden dwellings are more often 
detached or semi-detached dwellings. Additionally, wooden dwellings are on average further 
away from the city center than other dwellings. This is backed up by Maps 2-4 (and 

All dwellings Wooden dwellings
Variable Units Mean Min Max Mean Min Max

Price € 235099,50 10000 2862911 247452,00 21000 1750000
Price / m2 € 3123,24 600 12501,18 2567,83 600 7140

Apartment building Dummy 0,60 0 1 0,08 0 1
Semi-detached Dummy 0,30 0 1 0,65 0 1
Detached Dummy 0,10 0 1 0,27 0 1

Wood Dummy 0,27 0 1 - - -
Size m2 78,12 10 550 98,29 13 520,60
Built year - 2003,93 1990 2020 2002,91 1990 2019
1 bedroom Dummy 0,08 0 1 0,02 0 1
2 bedroom Dummy 0,32 0 1 0,13 0 1
3 bedroom Dummy 0,28 0 1 0,27 0 1
Condition excellent Dummy 0,02 0 1 0,01 0 1
Condition new Dummy 0,06 0 1 0,05 0 1
Condition decent Dummy 0,05 0 1 0,05 0 1
Condition poor Dummy 0,00 0 1 0,00 0 1
Condition other Dummy 0,07 0 1 0,07 0 1
New development Dummy 0,35 0 1 0,23 0 1
Lift Dummy 0,46 0 1 0,01 0 1
Lot own Dummy 0,68 0,00 1,00 0,68 0 1
Lot other Dummy 0,01 0 1 0,02 0 1

Residents N 341,19 11 2736 169,23 11 1303
Average income € 25066,78 7011 328614 26949,42 10012 167449
Buildings N 18,18 0 82 26,93 2 82
Average size m2 75,42 0 239 94,33 0 238,50
University education % 0,31 0,00 1,00 0,44 0 1
Families with children % 0,17 0,00 1 0,16 0 1
Home ownership % 0,13 0,00 1,00 0,17 0 1
Unemployment % 0,48 0 1 0,59 0 1
Pension % 0,33 0 1 0,32 0 1

1
Distance to CBD meter 8704,83 147 43212 11365,03 151,32 31763,11
Sold during or after 2011 Dummy 0,54 0,00 1,00 0,56 0 1

Figure 8 Descriptive statistics of dwellings constructed detween 1990-2020 
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Appendix 1) which presents the locational distribution of wooden dwellings in each city. 
Wooden dwellings, especially detached and semi-detached, tend to be located on the out-
skirts of cities in Finland. The locational distribution and price differences suggest similar 
features.  

Figure 8 indicates that the share of wood in both semi-detached and detached buildings is 
much greater when compared to apartment buildings. Figure 8 presents that nearly 60% of 
all observations are apartment buildings when taking the entire dataset into consideration. 
However, the share of wooden apartment building dwellings represents only under 8% of all 
apartment buildings. The remaining 92% of wooden dwellings consists of detached and 
semi-detached dwellings. More specific distribution of wooden buildings in cities is pre-
sented in Figure 6. 

Furthermore, Figure 8 presents the average dwelling size to be ~ 78 square meters which 
accommodates 2 bedrooms in good condition. The average age of a dwelling is 13 years old. 
In comparison all dwellings, the average wooden dwelling is the same age and in good con-
dition, however, is 98 square meters in size. Alas, only 2% of wooden dwellings are equipped 
with a lift. However, the wooden buildings are more frequently equipped with 4 or more 
bedrooms. This trend further implies that wooden buildings are more recurrently detached 
or semi-detached buildings. 

The variable 4 or more bedrooms was left out of the final model as a control variable due to 
high correlation with the Size-variable. Regardless, more often than not the dwelling trans-
actions observed in this analysis are sold during or after 2011. 

For socio-economic characteristics, wooden dwellings accommodate a greater share of uni-
versity educated residents as well as unemployed residents. Furthermore, wooden buildings 
on average host fewer permanent residents. This is in line with the distribution of building 
types among wooden buildings – most wooden buildings are semi-detached buildings.  

Postcode distribution was left out of the data description to save space. They were used in 
the regression model as dummy variables.  

 
3.4 Hedonic regression model 
The final regression model is constructed of the housing and neighbourhood characteristics, 
as well as distance to the central business district. The regression model uses logarithmic 
and linear functional forms. The logarithmic functional form indicates that continuous vari-
ables are readjusted into logarithmic values. The dependent variable price is calculated into 
logarithmic form to create a more linear distribution of the variable. Other continuous vari-
ables were calculated into logarithmic form to generate the variables into a more linear form, 
Additionally, the conversions were made to increase the explanatory power of the regression. 
The linear functional form was kept for dummy variables. Oikarinen (2019) implies that 
using both logarithmic and linear values is the most typical approach in a regression analysis. 
Socio-economic characteristics that represent a percentage value are not converted to loga-
rithmic form since they would provide no additional assistance.   

The final regression equation is adapted from Fuerst et al. (2016); 

 ln(P(i,j)) = ß0 + ß1*W(i,j) + ß2*X(i,j) + y(i,j) + e(i,j)  (1) 
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Where, 

P(i,j)  = Price of the ith dwelling in jth neighbourhood  
W(i,j)  = building material (wood) 
X(i,j)  = vector for housing and neighbourhood characteristics 
y(i,j)  = postal code fixed effects 
e(i,j)  = error term of the regression. 

The ß-values represent the coefficients’ effect size on the dependent variable. This thesis 
specifically emphasizes the analysis on determining ß1, the effect size of wood. Based on 
the final regression equation, the base for each regression model in thesis is the following: 

ln(UnencumberedPrice) = ß0 + ß1*D(Material_Wood) + ß2*ln(Size) + ß3*ln(Age) + 
ß4*D(Condition_excellent) + … + ß8*D(Condition_other) + ß9*D(New_Development) + 
ß10*D(Lift) + ß11*D(Lot_own) + ß12*D(Lot_other) + ß13*D(Bedroom_1) + … + 
ß15*D(Bedroom_3) + ß16*ln(Residents) + ß17*ln(Average_income) + ß18*ln(Buildings) 
+ ß19*ln(Average_size) + ß20*University_education + ß21*Families_with_children + 
ß22*Home-ownership + ß23*Unemployment + ß24*Pension + ß25*ln(DistanceCBD) + 
ß26*D(SaleYear_2011) + ß27*D(Postcodes) + e 

This regression model is used to analyse each building type within each city. Since six of 
the largest cities and three different building types are analysed, this sums to a total of 18 
regression models per dataset. The data is filtered accordingly for each regression analysis 
based on the city and building type in question. Therefore, neither cities nor building types 
are presented as variables in the regression model.  

To avoid perfect collinearity between variables, some variables are left out of the equation 
as control variables. ‘Condition good’, ‘Lot rented’, and ‘4 or more bedrooms’ are these 
kinds of control variables. Additionally, all other building materials are controlling for wood. 
In other words, wood is compared to all other building materials.  

For each city’s postcode the following areas are left out as control variables to avoid perfect 
collinearity; Helsinki apartment building dwellings (00100), Helsinki semi-detached 
(00120), Helsinki detached (00320), Espoo apartment (02100), Espoo semi-detached 
(02100), Espoo detached (02120), Vantaa apartment (01200), Vantaa semi-detached 
(01200), Vantaa detached (01200), Turku apartment (20100), Turku semi-detached (20100), 
Turku detached (20100), Tampere apartment (33100), Tampere semi-detached (33100), 
Tampere detached (33100), Oulu apartment (90100), Oulu semi-detached (90100), Oulu de-
tached (90100).  

In this thesis the emphasis is set on determining a wooden structures effect on dwelling 
prices. Therefore, the ß-value of the dummy variable ‘Wood’ is most important. If the coef-
ficient is statistically significant and the effect size is positive, then wood has a positive effect 
on dwelling prices. On the other hand, if the coefficient wood is statistically significant and 
has a negative effect size, then wood has a negative effect on dwelling prices. However, in 
a circumstance where the coefficient is not statistically significant it indicates that the con-
struction material does not play a difference when determining dwelling prices.  

The following chapter will present the variables selected when analysing each city and build-
ing type. Additionally, it details the direct effect of wood on dwelling prices. 
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4 Results 
 
Chapter 4 presents the regression results of dwelling prices for the six largest cities in Fin-
land. The chapter specifically details the effect of a wooden structure on a dwelling’s price. 
Section 4.1 through Section 4.6 presents the results for each city and building type. Section 
4.1 introduces results of the city of Helsinki. Section 4.2 presents the results of the city of 
Espoo, Section 4.3 Vantaa, Section 4.4 Turku, Section 4.5 Tampere, and finally Section 4.6 
Oulu. Each section conveys the results separately for apartment building, semi-detached, and 
detached dwellings. The results are revisited and summarized in Section 4.7. 

  
The figures presented in Sections 4.1 through 4.6 follow the same criteria as presented in 
Figure 9. The figure presents the key findings of regression analyses. The analyses are di-
vided by columns. Figure 9 details the division by numbering the columns 1, 2, and 3. The 
first column (1) presents the regression results of dwellings constructed between 1990 and 
2020. The second column (2) introduces the results for dwellings constructed between 2000 
and 2020. Finally, the third column (3) conveys results for dwellings constructed between 
2010-2020. The first horizontal row presents the results that are most crucial for this thesis. 
It showcases the ß -values of the coefficient wood. In other words, the effect size of the 
coefficient wood. Wood is a dummy variable. Since the regression analysis’ dependent var-
iable price is in logarithmic form the true effect of a dummy variable’s ß-value is calculated 
followingly: 

 
 True effect (%) = e^(ß-value) – 1   (3) 

 

Stars (e.g. ***, **, *) are used to indicate the statistical significance of a ß -value. If the ß-
value contains no stars it conveys that the value has no statistical significance (p-value > 
0,05). In other words, all regressions are conducted on a 95% -confidence interval. Further-
more, Figure 9 showcases the standard error for each ß-value. The standard error indicates 
how accurate the estimate is for the variable.  

Figure 9 additionally presents the explanatory power of a regression through R-squared and 
Adj. R-squared. Since multiple variables are used in the regression, the analysis focuses on 
adjusted r-squared values. In Figure 9, N introduces the sample size of a regression analysis. 
Additionally, Housing characteristics, CBD Euclidean distance, Neighbourhood 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020
Wood x*** y** z
Std. err. [a] [b] [c]

R-squared Explanatory power of regression
Adj R-squared Explanatory power of regression

N Sample size Sample size Sample size

Clusters by postcode Amount of postcodes in regression

* p < 0,05, ** p < 0,01, *** p < 0,001
1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020
3. Dwellings constructed 2010-2020

Figure 9 Format of regression results presented through Section 1.4 to Section 6.4 
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characteristics, and Postcode fixed effects represent all other independent variables used in 
the regression. Clusters by postcode signify the amount of postcodes in which the observa-
tions are in. The clustering implies that a regression analysis is conducted separately within 
each postcode to gain a more robust result. 

All three datasets are used to analyse apartment building dwellings. However, data regarding 
dwellings constructed during 2010-2020 is not sufficient enough to analyse semi-detached 
or detached dwellings due to a small sample size. Therefore, the data is not utilized to analyse 
semi-detached or detached dwellings. 

 
4.1 Helsinki 
The following section describes the regression results of apartment building dwelling prices 
in Helsinki. Helsinki is the capital of Finland. The data used to describe transaction prices in 
Helsinki is of dwellings constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 
2010-2020. 1) consists of 19303 observations. Apartment building dwellings comprise 
14896 observations of which nearly 1,2% are wooden dwellings. Semi-detached dwellings 
round up to 3442 observations of which nearly half are wooden dwellings. Detached dwell-
ings consist of the final 965 observations of which 63,52% are wooden dwellings. The dis-
tribution of 2) and 3) are presented in Appendix 2. 

 
4.1.1 Apartment building dwellings 

 
Figure 10 presents three regression analyses conducted to calculate the price of apartment 
building dwellings in Helsinki. The regression analysis conveying dwellings constructed be-
tween 1990 and 2020 is presented in the first column. It presents that a wooden structure has 
a positive effect (ß-value = 0,085) on a dwelling’s price. Additionally, the effect is statisti-
cally significant on a 95%-confidence interval (p-value = 0,000). The ß-value translates to a 
+8,87% higher price for a wooden apartment building dwelling in Helsinki. In a situation 
where a non-wooden apartment building dwelling costs 200 000 € in Helsinki, the equivalent 
wooden dwellings would cost 217 000€. 
 
The regression analysis’ sample size is 14 867 and has an adjusted r-squared value of 0,909. 
This means that the regression model conveys reality nearly 91% of the time. Furthermore, 
the regression is clustered by 79 postcodes. The variables used in regression are all 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020
Wood 0,085*** 0,072** 0,081**
Std. err. [0,020] [0,022] [0,029]

R-squared 0,91 0,907 0,936
Adj R-squared 0,909 0,907 0,935

N 14867 12201 3900

Clusters by postcode 79 77 55

* p < 0,05, ** p < 0,01, *** p < 0,001
1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020
3. Dwellings constructed 2010-2020

Figure 10 Effect of wood on apartment building dwelling prices in Helsinki 
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statistically significant. Other than wood, the variables used in the model are; Size (log), Age 
(log), Condition new, Condition decent, Condition poor, New Development, Lot Own, Bed-
room 1, Bedroom 3, Residents (log), Average income (log), University education, Families 
with children, Home-ownership, Unemployment, Sold during or after 2011, and Postal 
codes. The regression analysis does not indicate any problems of multicollinearity (VIF < 
10). The total regression results are presented in Appendix 4. 

For more specific analysis, this thesis conducted a residual check for the regression analysis 
regarding dwellings constructed between 1990 and 2020. A residual is the true price sub-
tracted by the predicted price of a dwelling. The predicted price is calculated through the 
regression analysis. The residual receives a positive value if the model has underestimated 
the price. The residual receives a negative value if the model has overestimated the price. 
Figure 11 presents the residuals of the regression of Helsinki apartment building dwellings. 
In Figure 11, the red line conveys reality and the black dots the residuals of the analysis. The 
closer a black dot is to the red line the more accurate the prediction. In other words, Figure 
11 assists in determining how well the model predicts dwelling prices. Since not all obser-
vations are on the red line, the figure indicates that the regression analysis does not account 
for all explanatory variables. Since the regression is clustered by postcodes the residual anal-
ysis to detect heteroscedasticity is redundant. As seen in Figure 11, no clear patterns can be 
observed.  

Figure 11 Graphical representation of regression residuals in respect to size of apart-
ment (1. dwell. 1990-2020) 
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To better understand the residuals and potentially missing variables, the first and tenth decile 
of the residuals are presented in Map 5. The map assists in determining spatial features that 
may be potential missing variables when determining the final regression model for Helsinki 
apartment building dwellings. Map 5 presents the first decile as blue dots and tenth decile in 
red dots. The map indicates that the apartment building dwellings that are located near water 
bodies seem to be underestimated. This indicates that the vicinity of the sea can be a missing 
variable. Furthermore, the southern downtown districts of Punavuori and Eira are underesti-
mated. Map 5 singles out Ruoholahti as a neighbourhood which the model has overesti-
mated. No other clear conclusions can be drawn. Since purchasing a dwelling is based on 
human action a missing variable may be human emotion when deciding on buying a dwell-
ing. There may be no quantifiable variables to determine human emotion when purchasing 
a dwelling. Positively, the adjusted r-squared is so high for each regression that there is no 
need to add additional variables. 

 
In any case, the second column in Figure 10 conveys data regarding dwellings constructed 
between 2000 and 2020. It presents that wood has a positive effect (ß-value = 0,072) on 
dwelling prices. Additionally, it is statistically significant on a 95% -confidence interval (p-
value = 0,002). The ß-value equals a +7,47% price premium over apartment buildings that 
are constructed of other materials. The adjusted r-squared value is 0,907, and sample size of 
this regression is 12 201. Additionally, the regression is clustered by 77 postcodes. The re-
gression analysis does not indicate any problems of multicollinearity (VIF < 10). The total 
regression results are presented in Appendix 5. 

Map 5 Spatial distribution of first and tenth decile of residuals (1. dwell. 1990-2020) ©Open-
StreetMap Contributors 
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The third column in Figure 10 conveys dwellings constructed during 2010 and 2020. Wood 
has a positive effect (ß-value = 0,081) on dwelling prices. Furthermore, the effect is statisti-
cally significant on a 95% -confidence interval (p-value = 0,008). The ß-value equals a 
+8,44% premium over alternative apartment building dwellings in Helsinki. The adjusted r-
squared value is 0,935 and sample size 3900. The regression analysis does not indicate any 
problems of multicollinearity (VIF < 10). The total regression results are presented in Ap-
pendix 6. 

Apartment building dwellings constructed of wood have a price premium over alternative 
apartment building dwellings in Helsinki. 

 
4.1.2 Semi-detached dwellings 
  

Figure 12 presents the regression results of semi-detached dwelling prices in Helsinki. The 
first column uncovers that wood has a positive effect (ß-value = 0,009) on dwelling prices, 
however, is not statistically significant on a 95% -confidence interval (p-value = 0,243). The 
standard error is additionally very large in respect to the ß-value. The model’s adjusted r-
squared is 0,856 which dictates that the model explains reality 85,6% of the time. The sample 
size is 3442. Additionally, the regression analysis is clustered by 55 postcodes. 

The variables which are selected into the model alongside wood are; Size (log), Age (log), 
Condition new, Condition decent, Condition other, Lift, Lot own, Bedroom 1, Bedroom 2, 
Bedroom 3, Average income (log), Buildings (log), University education rate, Families with 
children, Home-ownership rate, Unemployment rate, Sold during or after 2011, and Post-
codes. The variation inflation factor receives values over 10, however, it is disregarded since 
the multicollinearity occurs for postal codes. All neighbourhood characteristics are spatially 
bound, therefore, it is understandable for postal codes to have high VIF values since they 
represent similar aspects as neighbourhood characteristics. The total regression results are 
presented in Appendix 4. 

The second column in Figure 12 presents the regression results for dwellings constructed 
during 2000-2020. The effect of wood is negative (ß-value = -0,007), however, is not statis-
tically significant on  a 95%-confidence interval (p-value = 0,445). The sample size is 2292 
and the adjusted r-squared is 0,859. The variation inflation factor for the second regression 
receives values over 10 for postal codes. However, this disregarded based on the same reason 
as in the first regression. The total regression results are presented in Appendix 5. 

1. dwell. 1990-2020 2. dwell. 2000-2020
Wood 0,009 -0,007
Std. err. [0,007] [0,009]

R-squared 0,86 0,862
Adj R-squared 0,856 0,859

N 3442 2292

Clusters by postcode 55 52

* p < 0,05, ** p < 0,01, *** p < 0,001
1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 12 Effect of wood on semi-detached dwelling prices in Helsinki 
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A wooden structure does not impact a semi-detached dwelling’s price in a statistically sig-
nificant manner in Helsinki. 

 
4.1.3 Detached dwellings 

Figure 13 presents the regression results for detached dwellings in Helsinki. The first column 
shows that wood has a negative effect (ß-value) and is statistically significant on a 95% -
confidence interval (p-value = 0,000). The negative ß-value equals a -5,73% discount for a 
wooden detached dwelling. The model’s adjusted r-squared is 0,733 and the sample size is 
965. Additionally the regression is clustered by 45 postcodes.  

The variables selected into the model alongside wood are the following: Size (log), Age 
(log), Condition excellent, Condition new, Condition poor, Condition other, New develop-
ment, Lot own, Bedroom 2, Bedroom 3, Average income (log), Distance to the center (log), 
Sold during of after 2011, and Postal codes. The regression analysis does not indicate any 
problems of multicollinearity (VIF < 10).  The total regression results are presented in Ap-
pendix 4. 

The second column in Figure 13 presents that wood has a negative effect on dwelling prices 
(ß-value = -0,059). Additionally, the effect is statistically significant on a 95% -confidence 
interval (p-value = 0,018). The ß-value equals a -5,73% negative impact on a detached dwell-
ing’s price. The adjusted r-squared for the regression is 0,769 and the sample size is 649. 
The regression is clustered by 43 postcodes. Additionally, the regression analysis does not 
indicate any problems of multicollinearity (VIF < 10). The total regression results are pre-
sented in Appendix 5. 

The regression results indicate that a wooden structure has a negative effect on a detached 
dwelling’s price in Helsinki 

 
4.2 Espoo 
The following section presents the effect of wood on dwelling prices in Espoo. Espoo is the 
neighboring city of Helsinki, to the west. The data used to describe transaction prices in 
Espoo is of dwellings constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 2010-
2020. 1) consist of 14 628 observations. Apartment buildings accommodate 7 423 dwellings 
of which nearly 2% are wooden. Semi-detached buildings host 5161 dwellings of which 
nearly half are wooden. Detached dwellings round up the total by representing 2044 

1. dwell. 1990-2020 2. dwell. 2000-2020
Wood -0,059*** -0,059*
Std. err. [0,015] [0,024]

R-squared 0,748 0,786
Adj R-squared 0,733 0,769

N 965 649

Clusters by postcode 45 43

* p < 0,05, ** p < 0,01, *** p < 0,001
1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 13 Effect of wood on detached dwelling prices in Helsinki 
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observations. Nearly 65% of these observations are wooden. The distribution of 2) and 3) 
are presented in Appendix 2. 

 
4.2.1 Apartment building dwellings 

Figure 14 presents the key regression results of apartment building dwelling prices in Espoo. 
A wooden structure has a positive effect (ß-value = 0,029) on dwelling prices. However, the 
effect is not statistically significant (p-value = 0,443). The model has an adjusted r-squared 
value of 0,890. The sample size is 7422 and is clustered by 33 postcodes. 

The variables that are included in the first model are the following; Size (log), Age (log), 
Condition new, Condition decent, New development, Lot own, Bedroom 1, Average income 
(log), Buildings (log), Distance to center (log), Sold during or after 2011, and Postcodes. 
The regression analysis does not indicate any problems of multicollinearity (VIF < 10). The 
total regression results are presented in Appendix 4. 

The second column of Figure 14 further details that wood has a positive effect (ß-value = 
0,038) on dwelling prices. However, the effect is not statistically significant on a 95% -
confidence interval (p-value = 0,579). The regression model conveys reality 89,6% of the 
time, indicating that the analysis has strong explanatory power. The sample size contains 
6170 observations and is clustered by 31 postcodes. The regression analysis does not indicate 
any problems of multicollinearity. The total regression results are presented in Appendix 5. 

The third column in Figure 14 details similar results for dwellings constructed during 2010-
2020. However, the effect of wood is much greater at 0,089. The value, however, is not 
statistically significant (p-value = 0,278). The regression analysis conveyed in the third col-
umn consists of 1664 observations and has an adjusted r-squared value of 0,929. It is clus-
tered by 26 postcodes. Additionally, the regression analysis does not indicate any problems 
of multicollinearity. The total regression results are presented in Appendix 6. 

A wooden structure does not have a statistically significant effect on apartment building 
dwelling prices in Espoo. 

Figure 14 Effect of wood on apartment building dwelling prices in Espoo 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020

Wood 0,029 0,038 0,089
Std. err. [0,037] [0,068] [0,08]

R-squared 0,891 0,897 0,931
Adj R-squared 0,89 0,896 0,929

N 7422 6170 1664

Clusters by postcode 33 31 26

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020
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4.2.2 Semi-detached dwellings 

 
Figure 15 presents the regression results for semi-detached dwelling prices in Espoo. The 
first column depicts the regression result of dwellings constructed during 1990-2020. A 
wooden structure has a negative effect (ß-value = -0,004). Furthermore, it is not statistically 
significant on a 95% -confidence interval (p-value = 0,590). The adjusted r-squared for the 
regression is 0,842. The sample size is 5161 and it is clustered by 40 postcodes.  

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition other, Lot own, Lot other, Residents (log), Av-
erage income (log), University education, Unemployment, Distance to center (log), Sold 
during or after 2011, and Postcodes. The regression analysis does not indicate any problems 
of multicollinearity (VIF < 10). The total regression results values are presented in Appendix 
4. 

Figure 15 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a negative effect on a dwelling’s price 
(ß-value = - 0,020) and it is not statistically significant on a 95%-confidence interval (p-
value = 0,052). The adjusted r-squared value is 0,864 and has a sample size of 3296. The 
regression analysis is clustered by 40 postcodes. Additionally, the regression analysis does 
not indicate any problems of multicollinearity. The total regression results are presented in 
Appendix 5. 

Even though the overall effect of wood is negative, it does not affect semi-detached dwelling 
prices in a statistically significant manner in Espoo. 

 
4.2.3 Detached dwellings 
Figure 16 presents regression results for detached dwelling prices in Espoo. The first column 
depicts results for dwellings constructed between 1990-2020. Figure X7 showcases that 
wood has a negative effect (ß-value = -0,042). Furthermore, the effect is statistically signif-
icant on a 95% -confidence interval (p-value = 0,006). Wood thus affects dwelling prices 
negatively by 4,11%. The adjusted r-squared is 0,691 and the sample size is 2042. The re-
gression analysis is clustered by 41 postcodes.  

Figure 15 Effect of wood on semi-detached dwelling prices in Espoo 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,004 -0,020
Std. err. [0,008] [0,0101]

R-squared 0,843 0,866
Adj R-squared 0,842 0,864

N 5161 3296

Clusters by postcode 40 40

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020
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The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition poor, Condition other, New development, Lift, 
Lot own, Lot other, Bedroom 1, Average income (log), Families with children, Sold during 
or after 2011, and Postcodes. The regression analysis does not indicate any problems of 
multicollinearity. The total regression results are presented in Appendix 4. 

Figure 16 additionally presents the regression results for detached dwellings constructed be-
tween 2000-2020. Wood has a negative effect (ß-value = -0,061) on detached dwelling prices 
in Espoo on a 95% -confidence interval (p-value = 0,002). The adjusted r-squared value is 
0,68 and sample size 1450. The regression is clustered by 40 postcodes. The regression anal-
ysis does not indicate any problems of multicollinearity. The total regression results are pre-
sented in Appendix 5. 

Wood has a statistically significant negative effect on detached dwelling prices in Espoo. 
Alas, the adjusted r-squared values for neither regression is strong. This indicates that the 
model may be lacking explanatory variables. 

 
4.3 Vantaa 
The following section uncovers wood’s effect on dwelling prices in Vantaa. Vantaa is the 
neighboring city of Helsinki to the north. The data used to describe transaction prices in 
Vantaa is of dwellings constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 
2010-2020. 1) consist of 12 815 observations. Apartment buildings accommodate 5 665 
dwellings of which over 5% are wooden. Semi-detached buildings host 5 296 dwellings of 
which over half are wooden (65,79%). Detached dwellings round up the total by representing 
1854 observations. A majority (75,89%) of these observations are wooden. The distribution 
of 2) and 3) are presented in Appendix 2. 

 
4.3.1 Apartment building dwellings 
Figure 17 presents the regression results for apartment building dwelling prices in Vantaa. 
The first column presents the regression results of dwellings constructed between 1990-
2020. The original regression indicated problems of multicollinearity with the variable Dis-
tance to center. Additionally, the variable presented illogical results implying that the further 
away from a center a dwelling is the more valuable it is. Therefore, the variable is excluded 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,042** -0,061**
Std. err. [0,014] [0,018]

R-squared 0,698 0,69
Adj R-squared 0,691 0,68

N 2042 1450

Clusters by postcode 41 40

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 16 Effect of wood on detached dwelling prices in Espoo 
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from the regression model. This led to no problems of multicollinearity in the regression 
analysis. Regardless, the first column in Figure 17  indicates that wood has a negative effect 
(ß-value = -0,011) on dwelling prices. The effect, however, is not statistically significant on 
a 95% -confidence interval (p-value = 0,613). Furthermore, the model has an adjusted r-
squared value of 0,875. The sample size is 5665 and is clustered by 25 postcodes.  
 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition poor, Lot own, Bedroom 2, Bedroom 3, Aver-
age income (log), Average size (log), Families with children, Unemployment rate, Sold dur-
ing or after 2011, and Postcodes. Detailed results of the regression are presented in Appendix 
4.  

In Figure 17, the second column presents the regression conducted for dwellings constructed 
between 2000 and 2020. The regression analysis indicated similar problems of multicollin-
earity as the previous one with the variable Distance to center. The variable was excluded 
from the analysis on the same basis. For dwellings constructed between 2000 and 2020, 
wood has a negative effect (ß-value = -0,033) on an apartment building dwelling’s price. 
The coefficient, however, is not statistically significant on a 95% -confidence interval (p-
value = 0,118). The regression has an adjusted r-squared value of 0,87. Additionally, the 
sample size is 4 694 and is clustered by 26 postcodes. The total regression results are pre-
sented in Appendix 5. 

Furthermore, the third column presented in Figure 17 depicts the regression results of dwell-
ings constructed between 2010 and 2020. The original regression model resulted in problems 
of multicollinearity with variables bedroom1 and bedroom2. The latter was excluded from 
the analysis due to a higher VIF-value and illogical ß-value. The exclusion resulted in no 
problems of multicollinearity, and the model did not change substantially because of it. Re-
gardless, the regression analysis presents that the effect of wood is negative (ß-value = -
0,032) and is statistically significant on a 95% -confidence interval (p-value = 0,009). The 
adjusted r-squared is 0,904 and sample size 2203. Additionally, the regression is clustered 
by 25 postcodes. The total regression results are presented in Appendix 6. 

Figure 17 Effect of wood on apartment building dwelling prices in Vantaa 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020

Wood -0,011 -0,033 -0,032**
Std. err. [0,022] [0,020] [0,012]

R-squared 0,876 0,871 0,905
Adj R-squared 0,875 0,87 0,904

N 5665 4694 2203

Clusters by postcode 25 26 25

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020
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Wood has a negative effect on apartment building dwelling prices in Vantaa. However, the 
effect is only statistically significant for dwellings constructed between 2010 and 2020. The 
effect decreases in significance when the development timespan is increased.  

 
4.3.2 Semi-detached dwellings 

 
Figure 18 presents the regression results for semi-detached dwelling prices. The first column 
depicts that a wooden structure has a positive effect (ß-value = 0,018). Additionally, the 
effect is statistically significant on a 95% -confidence interval (p-value = 0,006). The ß-value 
equals a +1,71% price premium for semi-detached wooden dwellings over alternative mate-
rials. The adjusted r-squared for the regression is 0,840. The sample size is 5161 and it is 
clustered by 32 postcodes.  

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition new, Condition decent, Lot own, Bedroom 1, Bedroom 2, Bedroom 3, Average 
income (log), Buildings (log), University education, Pensioners, Sold during or after 2011, 
and Postcodes. The regression analysis does not indicate any problems of multicollinearity. 
The total regression results values are presented in Appendix 4. 

Figure 18 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a positive effect (ß-value = 0,012) on a 
dwelling’s price. However, it is not statistically significant on a 95%-confidence interval (p-
value = 0,208). The adjusted r-squared value is 0,816 and has a sample size of 3780. The 
regression analysis is clustered by 32 postcodes. Additionally, the regression analysis does 
not indicate any problems of multicollinearity. The total regression results are presented in 
Appendix 5. 

Even though the overall effect of wood on semi-detached dwelling prices is positive in Van-
taa. The overall timespan of 30 years (1990-2020) presents statistical significance for this 
effect. However, the significance diminishes the newer the development is. 

 

Figure 18 Effect of wood on semi-detached dwelling prices in Vantaa 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood 0,018** 0,012
Std. err. [0,006] [0,009]

R-squared 0,842 0,818
Adj R-squared 0,84 0,816

N 5296 3780

Clusters by postcode 32 32

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020
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4.3.3 Detached dwellings 

Figure 19 presents regression results for detached dwelling prices in Vantaa. The first col-
umn depicts results for dwellings constructed between 1990-2020. Figure 19 showcases that 
wood has a negative effect (ß-value = -0,046) and is statistically significant on a 95% -con-
fidence interval (p-value = 0,002). Wood thus affects dwelling prices negatively by 4,50%. 
The adjusted r-squared is 0,7 and the sample size is 1854. The regression analysis is clustered 
by 30 postcodes. 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition excellent, Condition new, Condition decent, Condition poor, New development, 
Lift, Lot own, Lot other, Bedroom 1, Bedroom 3, Average income (log), Families with chil-
dren, Sold during or after 2011, and Postcodes. The regression analysis does not indicate any 
problems of multicollinearity. The total regression results are presented in Appendix 4. 

Figure 19 additionally presents the regression results for detached dwellings constructed be-
tween 2000-2020. Wood has a negative effect (ß-value = -0,066) on detached dwelling 
prices. Additionally, the effect is statistically significant on a 95% -confidence interval (p-
value = 0,002). The negative effect equals a discount of 6,39% for wooden dwellings. The 
adjusted r-squared value is 0,727 and sample size 1450. Additionally, the regression is clus-
tered by 40 postcodes. Furthermore, the regression analysis does not indicate any problems 
of multicollinearity. The total regression results are presented in Appendix 5. 

Wood has a statistically significant negative effect on detached dwelling prices in Vantaa. 

 
4.4 Helsinki metropolitan area 
The Helsinki metropolitan area consists of three cities: Helsinki, Espoo and Vantaa. It is the 
largest metropolitan area in Finland. Since the cities are adjacent to each other and housing 
policies are tightly linked to each other, separate regression analyses are conducted for the 
Helsinki metropolitan area.  
 

Figure 19 Effect of wood on detached dwelling prices in Vantaa 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,046** -0,066***
Std. err. [0,014] [0,015]

R-squared 0,707 0,735
Adj R-squared 0,7 0,727

N 1854 1406

Clusters by postcode 30 30

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020
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4.4.1 Apartment building dwellings 

 
Figure 20 presents the key regression results for apartment building dwelling prices in the 
Helsinki metropolitan area. For dwellings constructed between 1990 and 2020, a wooden 
structure has a positive effect on prices (ß-value = 0,017). However, the effect is not statis-
tically significant on a 95% -confidence interval (p-value = 0,498). The model has an ad-
justed r-squared value of 0,906. The sample size is 27 954 and is clustered by 137 postcodes. 

The variables that are included in the first model are the following; Size (log), Age (log), 
Condition new, Condition decent, Condition poor, New development, Lot own, Bedroom 1, 
Bedroom 3, Average income (log), Average size (log), Families with children, Unemploy-
ment, Sold during or after 2011, and Postcodes. The regression analysis does not indicate 
any problems of multicollinearity (VIF < 10). The total regression results are presented in 
Appendix 4. 

The second column in Figure 20 further details that wood has a positive effect (ß-value = 
0,006) on the prices of dwellings constructed between 2000 and 2020. However, the effect 
is not statistically significant on a 95% -confidence interval (p-value = 0,854). The regres-
sion model has an adjusted r-squared value of 0,906, indicating strong explanatory power. 
The sample size contains 23 065 observations and is clustered by 132 postcodes. The regres-
sion analysis does not indicate any problems of multicollinearity. The total regression results 
are presented in Appendix 5. 

The third column in Figure 20 details results for dwellings constructed during 2010-2020. A 
wooden structure has a negative effect (ß-value = -0,031). However, the effect is not statis-
tically significant (p-value =0,227). The analysis consists of 7767 observations and has an 
adjusted r-squared value of 0,943. It is clustered by 104 postcodes. Additionally, the regres-
sion analysis does not indicate any problems of multicollinearity. The total regression results 
are presented in Appendix 6. 

A wooden structure does not affect apartment building dwelling prices in the Helsinki met-
ropolitan area.  

 

Figure 20 Effect of wood on apartment building dwellings in Helsinki metropolitan area 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020

Wood 0,017 0,006 -0,031
Std. err. [0,025] [0,031] [0,026]

R-squared 0,907 0,907 0,944
Adj R-squared 0,906 0,906 0,943

N 27954 23065 7767

Clusters by postcode 137 132 104

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020
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4.4.2 Semi-detached dwellings 
 

Figure 21 presents the regression results for semi-detached dwelling prices in the Helsinki 
metropolitan area. The first column depicts that a wooden structure has a positive effect (ß-
value = 0,007), however, is not statistically significant on a 95% -confidence interval (p-
value = 0,179). The adjusted r-squared for the regression analysis is 0,858. The sample size 
is 13 899 and it is clustered by 127 postcodes.   

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition poor, Lift, Lot own, Lot other, Bedroom 1, 
Bedroom 2, Bedroom 3, Residents (log), Average income (log), University education, Fam-
ilies with children, Unemployment, Distance to CBD, Sold during or after 2011, and Post-
codes. The regression analysis indicates problems of multicollinearity with the Distance to 
CBD -variable. The high VIF is noticed and disregarded since it is a crucial variable in de-
termining dwelling prices. Additionally, by excluding the adjusted r-squared value does not 
change significantly. The total regression results values are presented in Appendix 4. 

Figure 21 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a negative effect (ß-value = -0,005) on a 
dwelling’s price. However, it is not statistically significant on a 95%-confidence interval (p-
value = 0,457). The adjusted r-squared value is 0,863 and has a sample size of 9368. The 
regression analysis is clustered by 122 postcodes. Alas, the regression analysis indicates 
problems of multicollinearity with postcode dummy variables. The high VIF is noticed and 
disregarded since the variables represent similar features as neighbourhood characteristic 
variables. The total regression results are presented in Appendix 5. 

The regression analyses indicate that wood does not have a statistically significant effect on 
semi-detached dwelling prices in the Helsinki metropolitan area. 

 
4.4.3 Detached dwellings 
Figure 22 presents regression results for detached dwelling prices in Tampere. The first col-
umn depicts results for dwellings constructed between 1990-2020. Figure 22 showcases that 
wood has a negative effect (ß-value = -0,042). Additionally, the effect is statistically signif-
icant on a 95% -confidence interval (p-value = 0,000). The regression analysis’ adjusted r-

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood 0,007 -0,005
Std. err. [0,005] [0,006]

R-squared 0,86 0,865
Adj R-squared 0,858 0,863

N 13899 9368

Clusters by postcode 127 122

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 21 Effect of wood on semi-detached dwellings in Helsinki metropolitan area 
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squared is 0,739 and the sample size is 4 861. The regression analysis is clustered by 115 
postcodes. 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition excellent, Condition new, Condition decent, Condition poor, Condition other, 
New development, Lot own, Lot other, Bedroom 2, Bedroom 3, Residents (log), Average 
income (log), University education, Families with children, Sold during or after 2011, and 
Postcodes. The regression analysis does not indicate any problems of multicollinearity. The 
total regression results values are presented in Appendix 4. 

Additionally, Figure 22 presents the regression results for detached dwellings constructed 
between 2000-2020. Wood has a statistically significant negative effect (ß-value = -0,058) 
on detached dwelling prices on a 95% -confidence interval (p-value = 0,000). The adjusted 
r-squared value is 0,746 and sample size 3505. Additionally, the regression is clustered by 
112 postcodes. The regression analysis indicates no problems of multicollinearity. The total 
regression results are presented in Appendix 5. 

A wooden frame has a statistically significant negative effect on detached dwelling prices in 
the Helsinki metropolitan area. 

 
4.5 Turku 
The following section presents wood’s effect on dwelling prices in Turku. Turku is the 6th 
largest city in Finland. The data used to describe transaction prices in Turku is of dwellings 
constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 2010-2020. 1) consist of 5 
721 observations. Apartment buildings accommodate 3905 dwellings of which 1,13% are 
wooden. Semi-detached buildings host 1372 dwellings of which over half are wooden 
(59,26%). Detached dwellings round up the total by representing 444 observations. A ma-
jority (78,60%) of these observations are wooden. The distribution of 2) and 3) are presented 
in Appendix 2. 

 
4.5.1 Apartment building dwellings 
Figure 23 presents the key regression results of apartment building dwelling prices in Turku. 
A wooden structure has a positive effect (ß-value = 0,065). However, the effect is not 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,042*** -0,058***
Std. err. [0,009] [0,012]

R-squared 0,745 0,755
Adj R-squared 0,739 0,746

N 4861 3505

Clusters by postcode 115 112

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 22 Effect of wood on detached dwelling prices in Helsinki metropolitan area 
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statistically significant on a 95% -confidence interval (p-value = 0,180). The model has an 
adjusted r-squared value of 0,858. The sample size is 3905 and is clustered by 20 postcodes. 
The variables that are included in the first model are the following; Size (log), Age (log), 
Condition new, Condition decent, Condition poor, New development, Residents (log), Av-
erage income (log), Buildings (log), Average size (log), Home-ownership, Distance to center 
(log), Sold during or after 2011, and Postcodes. The regression analysis does not indicate 
any problems of multicollinearity (VIF < 10). The total regression results are presented in 
Appendix 4. 

The second column of Figure 23 further details that for dwellings constructed between 2000-
2020, wood has a negative effect (ß-value = -0,090) on prices. The effect is statistically 
significant on a 95% -confidence interval (p-value = 0,038). Furthermore, the regression 
model has an adjusted r-squared value of 0,885, indicating that the model has strong explan-
atory power. The sample size contains 2876 observations and is clustered by 15 postcodes. 
The regression analysis does not indicate any problems of multicollinearity (VIF < 10). The 
total regression results are presented in Appendix 5. 

The third column in Figure 23 details results for dwellings constructed during 2010-2020. 
The original regression model indicates problems of multicollinearity with variables Bed-
room 1 and Bedroom 2. The former has a greater VIF value and an illogical ß-value. There-
fore the variable Bedroom 1 is excluded from the analysis. This leads to no problems of 
multicollinearity. Additionally, neither the model’s adjusted r-squared nor wood’s beta-
value change significantly due to the exclusion. With the new model, the effect of wood on 
dwelling prices is positive (ß-value = 0,054). Additionally, the effect is statistically signifi-
cant on a 95%-confidence interval (p-value = 0,003). The ß-value equals a +5,55% price 
premium for wooden dwellings. The regression analysis conveyed in the third column con-
sists of 1026 observations and has an adjusted r-squared value of 0,924. It is clustered by 11 
postcodes. The total regression results are presented in Appendix 6. 

A wooden structure has differing results depending on the timespan of the construction. For 
the most recent developments, 2010 to 2020, the regression indicates that a wooden structure 
has a statistically significant positive effect on a dwelling’s price. On the other hand, if the 

1. dwell. 1990-2020 2. dwell. 2000-2020 3.dwell.2010-2020

Wood 0,065 -0,090* 0,054**
Std. err. [0,047] [0,039] [0,014]

R-squared 0,858 0,886 0,926
Adj R-squared 0,858 0,885 0,924

N 3905 2867 1026

Clusters by postcode 20 15 11

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020

Figure 23 Effect of wood on apartment building dwelling prices in Turku 
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timespan is extended by ten years, 2000-2020, dwelling prices are affected negatively if the 
development is constructed of wood. This suggests that dwellings constructed during 2000-
2010 are affected more negatively with respect to dwellings constructed between 2010-2020. 
Therefore resulting in a negative effect for the 20 year timespan. This can be further analysed 
through the p-values of the two regressions. The significance is weaker for dwellings con-
structed between 2000 and 2020. Regardless, if the timespan is extended by another 10 years, 
1990 to 2020, dwelling prices are not affected in a statistically significant manner by a 
wooden frame. This suggests that dwellings constructed during 1990-2000 nullify the sig-
nificance of the negative effect for dwellings constructed between 2000-2020. This may re-
sult from either a larger sample size which spreads the effect or dwellings constructed during 
1990-2000 are affected positively by a wooden frame which counters the negative effect of 
later years.  

 
4.5.2 Semi-detached dwellings 

Figure 24 presents the regression results for semi-detached dwelling prices in Turku. The 
first column depicts that a wooden structure has a negative effect on dwelling prices (ß-value 
= -0,012), and is not statistically significant on a 95% -confidence interval (p-value = 0,129). 
The adjusted r-squared for the regression is 0,836. The sample size is 1368 and the regression 
is clustered by 21 postcodes.  

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition excellent, Condition decent, Condition poor, Lift, Bedroom 1, Bedroom 2, Bed-
room 3, Average income (log), Average size (log), Pensioners, Distance to center (log), Sold 
during or after 2011, and Postcodes. The regression analysis does not indicate any problems 
of multicollinearity. The total regression results values are presented in Appendix 4. 

Figure 24 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a negative effect (ß-value = -0,039) on a 
dwelling’s price. The effect is statistically significant on a 95%-confidence interval (p-value 
= 0,000). The effect equals a -3,82% discount on semi-detached wooden dwellings. The 
model’s adjusted r-squared value is 0,813 and has a sample size of 711. The regression 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,012 -0,039***
Std. err. [0,008] [0,005]

R-squared 0,839 0,819
Adj R-squared 0,836 0,813

N 1368 711

Clusters by postcode 21 16

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 24 Effect of wood on semi-detached dwellings in Turku 
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analysis is clustered by 16 postcodes. Additionally, the regression analysis does not indicate 
any problems of multicollinearity. The total regression results are presented in Appendix 5. 

The overall effect of wood is negative for semi-detached dwellings in Turku. However, the 
effect is only statistically significant for dwellings constructed between 2000 and 2020. The 
effect is statistically insignificant if observations from 1990-2000 are included.  

 
4.5.3 Detached dwellings 

Figure 25 presents regression results for detached dwelling prices in Turku. The first column 
depicts results for dwellings constructed between 1990-2020. Figure 25 showcases that 
wood has a negative effect (ß-value = -0,118) on dwelling prices. Additionally, the effect is 
statistically significant on a 95% -confidence interval (p-value = 0,000). A wooden structure 
thus affects detached dwelling prices negatively by 11,13%. The adjusted r-squared is 0,756 
and the sample size is 444. The regression analysis is clustered by 22 postcodes. 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition excellent, Condition new, Condition decent, Condition poor, New development, 
Lift, Lot own, Lot other, Bedroom 1, Bedroom 3, Average income (log), Families with chil-
dren, Sold during or after 2011, and Postcodes. The regression analysis indicates problems 
of multicollinearity. However, the high VIF values are due to postcodes representing similar 
data as neighbourhood characteristic variables. Therefore the high VIF values are ignored. 
The total regression results are presented in Appendix 4. 

Figure 25 additionally presents the regression results for detached dwellings constructed be-
tween 2000-2020. Wood has a negative effect (ß-value = -0,167) on detached dwelling prices 
on a 95% -confidence interval (p-value = 0,000). The negative effect equals a discount of 
15,38% for wooden dwellings. The adjusted r-squared value is 0,760 and sample size 277. 
Additionally, the regression is clustered by 40 postcodes. Furthermore, the regression anal-
ysis does not indicate any problems of multicollinearity. The total regression results are pre-
sented in Appendix 5. 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,118*** -0,167***
Std. err. [0,027] [0,041]

R-squared 0,772 0,778
Adj R-squared 0,756 0,76

N 444 277

Clusters by postcode 22 20

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 25 Effect of wood on detached dwelling prices in Turku 
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Wood has a statistically significant negative effect on detached dwelling prices in Turku. 
The sample size is small. Therefore, the results should only be interpreted as indicating the 
ß-value sign.  

 
4.6 Tampere 
The following section presents wood’s effect on dwelling prices in Tampere. Tampere is the 
3rd largest city in Finland. The data used to describe transaction prices in Turku is of dwell-
ings constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 2010-2020. 1) consist 
of 16 070 observations. Apartment buildings accommodate 10 623 dwellings of which 
4,32% are wooden. Semi-detached buildings host 4 576 dwellings of which over half are 
wooden (51,01%). Detached dwellings round up the total by representing 871 observations. 
A majority (68,77%) of these observations are wooden. The distribution of 2) and 3) are 
presented in Appendix 2. 

 
4.6.1 Apartment building dwellings 

Figure 26 presents the key regression results of apartment building dwelling prices in Tam-
pere. A wooden structure has a negative effect on dwelling prices (ß-value = -0,020). How-
ever, is not statistically significant on a 95% -confidence interval (p-value = 0,202). The 
model has an adjusted r-squared value of 0,889. The sample size is 10 506 and is clustered 
by 33 postcodes. 

The variables that are included in the first model are the following; Size (log), Age (log), 
Condition new, Condition decent, New development, Lot own, Lot other, Average income 
(log), Average size (log), Families with children, Unemployment, Distance to center (log), 
Sold during or after 2011, and Postcodes. The regression analysis does not indicate any prob-
lems of multicollinearity (VIF < 10). The total regression results are presented in Appendix 
4. 

The second column of Figure 26 further details that wood has a negative effect (ß-value = -
0,021), however, is not statistically significant on a 95% -confidence interval (p-value = 
0,307). The regression model has an adjusted r-squared value of 0,902, indicating strong 
explanatory power. The sample size contains 8123 observations and is clustered by 29 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell.2010-2020

Wood -0,02 -0,021 -0,004
Std. err. [0,015] [0,02] [0,04]

R-squared 0,889 0,902 0,92
Adj R-squared 0,889 0,902 0,919

N 10506 8123 3107

Clusters by postcode 31 29 25

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020

Figure 26 Effect of wood on apartment building dwelling prices in Tampere 
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postcodes. The regression analysis does not indicate any problems of multicollinearity. The 
total regression results are presented in Appendix 5. 

The third column in Figure 26 details similar results for dwellings constructed during 2010-
2020. A wooden structure has a negative effect (ß-value = -0,004) and is not statistically 
significant (p-value =0,922). The standard error is substantially larger than the coefficient’s 
ß-value. The analysis consists of 3107 observations and has an adjusted r-squared value of 
0,919. It is clustered by 25 postcodes. Additionally, the regression analysis does not indicate 
any problems of multicollinearity. The total regression results are presented in Appendix 6. 

A wooden structure does not have a statistically significant effect on apartment building 
dwelling prices in Tampere.  

 
4.6.2 Semi-detached dwellings 

Figure 27 presents the regression results for semi-detached dwelling prices in Tampere. The 
first column depicts that a wooden structure has a negative effect (ß-value = -0,008), how-
ever, is not statistically significant on a 95% -confidence interval (p-value = 0,357). The 
adjusted r-squared for the regression analysis is 0,873. The sample size is 4576 and it is 
clustered by 29 postcodes.   

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition poor, Lift, Lot other, Average income (log), 
Average size (log), University education, Families with children, Unemployment, Distance 
to center (log), Sold during or after 2011, and Postcodes. The regression analysis does not 
indicate any problems of multicollinearity. The total regression results values are presented 
in Appendix 4. 

Figure 27 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a negative effect (ß-value = -0,013) on a 
dwelling’s price. However, it is not statistically significant on a 95%-confidence interval (p-
value = 0,250). The adjusted r-squared value is 0,845 and has a sample size of 2724. The 
regression analysis is clustered by 27 postcodes. Additionally, the regression analysis does 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,008 -0,013
Std. err. [0,009] [0,011]

R-squared 0,874 0,847
Adj R-squared 0,873 0,845

N 4576 2724

Clusters by postcode 29 27

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 27 Effect of wood on semi-detached dwelling prices in Tampere 
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not indicate any problems of multicollinearity. The total regression results are presented in 
Appendix 5. 

The regression analyses indicate that wood does not have a statistically significant effect on 
semi-detached dwelling prices in Tampere. 

 
4.6.3 Detached dwellings 

Figure 28 presents regression results for detached dwelling prices in Tampere. The first col-
umn depicts results for dwellings constructed between 1990-2020. Figure 28 showcases that 
wood has a negative effect (ß-value = -0,016), however, is not statistically significant on a 
95% -confidence interval (p-value = 0,164). The regression analysis’ adjusted r-squared is 
0,816 and the sample size is 871. The regression analysis is clustered by 29 postcodes. 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition excellent, Condition new, Condition decent, Condition poor, Condition other, 
Lift, Lot own, Lot other, Bedroom 2, Residents (log), Average income (log), Buildings (log), 
University education, Sold during or after 2011, and Postcodes. The regression analysis does 
not indicate any problems of multicollinearity. The total regression results values are pre-
sented in Appendix 4. 

Additionally, Figure 28 presents the regression results for detached dwellings constructed 
between 2000-2020. Wood has a negative effect (ß-value = -0,077) on detached dwelling 
prices on a 95% -confidence interval (p-value = 0,001). The negative effect equals a discount 
of 7,41% for wooden dwellings. The adjusted r-squared value is 0,801 and sample size 420. 
Additionally, the regression is clustered by 26 postcodes. The regression analysis indicates 
problems of multicollinearity, however, it affects only postcodes. Since postcode -dummy 
variables are inherently linked to neighbourhood characteristics, the multicollinearity is dis-
regarded. The total regression results are presented in Appendix 5. 

A wooden frame has a negative effect on detached dwelling prices in Tampere. However, 
the effect is only statistically significant for dwellings constructed between 2000-2020. The 
effect is insignificant when the construction timespan is extended by ten years, 1990-2020. 

 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,016 -0,077**
Std. err. [0,011] [0,021]

R-squared 0,825 0,818
Adj R-squared 0,816 0,801

N 871 420

Clusters by postcode 29 26

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 28 Effect of wood on detached dwelling prices in Tampere 
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4.7 Oulu 
The following section presents wood’s effect on dwelling prices in Oulu. Oulu is the 5th 
largest city in Finland. The data used to describe transaction prices in Turku is of dwellings 
constructed between 1) 1990 and 2020, 2) 2000 and 2020, and 3) 2010-2020. 1) consist of 
15 086 observations. Apartment buildings accommodate 7389 dwellings of which 9,41% are 
wooden. Semi-detached buildings host 5 407 dwellings of which a majority are wooden 
(73,72%). Detached dwellings round up the total by representing 2 290 observations. A ma-
jority (75,89%) of these observations are wooden. The distribution of 2) and 3) are presented 
in Appendix 2. 

 
4.7.1 Apartment building dwellings 

Figure 29 presents the key regression results of apartment building dwelling prices in Oulu. 
A wooden structure has a negative effect (ß-value = -0,010), however, is not statistically 
significant on a 95% -confidence interval (p-value = 0,536). The model has an adjusted r-
squared value of 0,856. The sample size is 7 389 and is clustered by 34 postcodes. 

The variables that are included in the first model are the following; Size (log), Age (log), 
Condition decent, Condition poor, Condition other, Lift, Bedroom 2, Bedroom 3, Average 
income (log), Average size (log), Distance to center (log), and Postcodes. The regression 
analysis does not indicate any problems of multicollinearity (VIF < 10). The total regression 
results are presented in Appendix 4. 

The second column of Figure 29 details that wood has a negative effect (ß-value = -0,044) 
and is statistically significant on a 95% -confidence interval (p-value = 0,042). The effect 
translates to a 4,30% discount for wooden apartment building dwellings in Oulu. The regres-
sion model has an adjusted r-squared value of 0,854, indicating that the analysis has strong 
explanatory power. The sample size contains 5 779 observations and is clustered by 33 post-
codes. The regression analysis does not indicate any problems of multicollinearity. The total 
regression results are presented in Appendix 5. 

The third column in Figure 29 details results for dwellings constructed during 2010-2020. A 
wooden frame has a negative effect (ß-value = -0,041), however, is not statistically signifi-
cant (p-value = 0,072). The regression analysis consists of 1664 observations and has an 

1. dwell. 1990-2020 2. dwell. 2000-2020 3. dwell. 2010-2020

Wood -0,01 -0,044* -0,041
Std. err. [0,016] [0,021] [0,022]

R-squared 0,856 0,855 0,883
Adj R-squared 0,856 0,854 0,854

N 7389 5779 2313

Clusters by postcode 34 33 24

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

3. Dwellings constructed 2010-2020

Figure 29 Effect of wood on apartment building dwelling prices in Oulu 
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adjusted r-squared value of 0,854. It is clustered by 24 postcodes. Additionally, the regres-
sion analysis does not indicate any problems of multicollinearity. The total regression results 
are presented in Appendix 6. 

A wooden structure has a negative effect on apartment building dwelling prices in Oulu. 
However, the effect is not significant for dwellings constructed during 1990-2020, or 2010-
2020. The exception relies on dwellings constructed between 2000-2020 for which the neg-
ative effect is statistically significant. This implies that a wooden frame has a strong negative 
effect for dwellings constructed between 2000 and 2010 in comparison to 2010-2020. 

 
4.7.2 Semi-detached dwellings 

 

Figure 30 presents the regression results for semi-detached dwelling prices in Oulu. The first 
column depicts that a wooden structure has a positive effect (ß-value = 0,008), however, is 
not statistically significant on a 95% -confidence interval (p-value = 0,238). The adjusted r-
squared for the regression analysis is 0,897. The sample size is 5 407 and it is clustered by 
37 postcodes. 

The variables selected into the regression model are the following: Size (log), Age (log), 
Condition new, Condition decent, Condition poor, Lot own, Lot other, Bedroom 1, Bedroom 
2, Average income (log), University education, Families with children, Pensioners, Sold 
during or after 2011, and Postcodes. The regression analysis indicates problems of multicol-
linearity for postcodes. The high VIF values, however, are dismissed since postcodes repre-
sent similar features as neighbourhood characteristic variables. The total regression results 
values are presented in Appendix 4. 

Figure 30 further presents the regression results of semi-detached dwellings constructed be-
tween 2000-2020 in the second column. Wood has a negative effect (ß-value = -0,004) on a 
dwelling’s price. However, it is not statistically significant on a 95%-confidence interval (p-
value = 0,700). The adjusted r-squared value is 0,899 and has a sample size of 3 365. The 
regression analysis is clustered by 36 postcodes. The regression analysis indicates problems 
of multicollinearity for postcodes. The high VIF values, however, are dismissed since post-
codes represent similar features as neighbourhood characteristic variables. The total regres-
sion results are presented in Appendix 5. 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood 0,008 -0,004
Std. err. [0,007] [0,01]

R-squared 0,898 0,9
Adj R-squared 0,897 0,899

N 5407 3365

Clusters by postcode 37 36

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 30 Effect of wood on semi-detached dwelling prices in Oulu 
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The regression analyses indicate that wood does not have a statistically significant effect on 
semi-detached dwelling prices in Oulu. 

 
4.7.3 Detached dwellings 

Figure 31 presents regression results for detached dwelling prices in Oulu. The first column 
depicts, for dwellings constructed between 1990-2020, that wood has a negative effect (ß-
value = -0,052) and is statistically significant on a 95% -confidence interval (p-value = 
0,000). Wood thus affects dwelling prices negatively by 5,07%. The adjusted r-squared is 
0,772 and the sample size is 2283. The regression analysis is clustered by 32 postcodes. 

The variables selected into the regression equation are the following: Size (log), Age (log), 
Condition excellent, Condition new, Condition decent, New development, Lot own, Lot 
other, Bedroom 1, Bedroom 2, Bedroom 3, Average income (log), Buildings (log), Univer-
sity education, Pensioners, Sold during or after 2011, and Postcodes. The regression analysis 
indicates problems of multicollinearity for postcodes. The high VIF values, however, are 
dismissed since postcodes represent similar features as neighbourhood characteristics. The 
total regression results values are presented in Appendix 4. 

Figure 31 additionally presents the regression results for detached dwellings constructed be-
tween 2000-2020. Wood has a negative effect (ß-value = -0,093) on detached dwelling prices 
on a 95% -confidence interval (p-value = 0,000). The negative effect equals a discount of 
8,88% for dwellings constructed of wood. The adjusted r-squared value is 0,775 and sample 
size 1570. Additionally, the regression is clustered by 31 postcodes. The regression analysis 
indicates problems of multicollinearity for postcodes. The high VIF values, however, are 
dismissed since postcodes represent similar features as neighbourhood characteristic varia-
bles. The total regression results are presented in Appendix 5. 

Wood has a statistically significant negative effect on detached dwelling prices in Oulu. 

 
4.8 Summary 
The results for the effect of wood on dwelling prices are summarized in Figure 32, Figure 
33, and Figure 34. The figures are divided into three compartments which indicate the sta-
tistical significance and effect of the coefficient wood. The compartments are; 1) statistically 

1. dwell. 1990-2020 2. dwell. 2000-2020

Wood -0,052*** -0,093***
Std. err. [0,011] [0,014]

R-squared 0,777 0,781
Adj R-squared 0,772 0,775

N 2283 1570

Clusters by postcode 32 31

* p < 0,05, ** p < 0,01, *** p < 0,001

1. Dwellings constucted 1990-2020; 2. Dwellings constructed 2000-2020

Figure 31 Effect of wood on detached dwelling prices in Oulu 
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significant positive effect, 2) no statistically significant difference, and 3) statistically sig-
nificant negative effect.  

 
4.8.1 Dwellings constructed between 1990-2020 
Wood has a statistically significant positive effect for apartment building dwellings located 
in Helsinki (Figure 32). The price premium for wooden apartment building dwellings is 
+8,87%. Furthermore, wood has a statistically significant positive effect on semi-detached 
dwellings in Vantaa. The price premium for wooden semi-detached dwellings is +1,71%. 

In Figure 32, a wooden frame presents no statistically significant difference for apartment 
building dwelling prices in Espoo, Vantaa, Turku, Tampere, nor Oulu. Neither does a 
wooden frame affect semi-detached dwellings in Helsinki, Espoo, Turku, Tampere, or Oulu. 
Furthermore, Figure 32 presents that detached dwelling prices in Tampere are not affected 
either by a wooden structure.  

However, a wooden frame has a statistically significant negative effect on detached dwell-
ings in Helsinki, Espoo, Vantaa, Turku, and Oulu (Figure 32). The discount for a dwelling 
constructed of wood in Turku is -11,13%. In the other cities, the discount is around 4-6%.  

 
4.8.2 Dwellings constructed between 2000-2020 
Wood has a statistically significant positive effect for apartment building dwellings located 
in Helsinki (Figure 33). The price premium for wooden apartment building dwellings is 
+7,47%. 

In Figure 33, a wooden frame presents no statistically significant difference for apartment 
building dwelling prices in Espoo, Vantaa, and Tampere. Neither does a wooden frame affect 
semi-detached dwellings in Helsinki, Espoo, Vantaa, Tampere, nor Oulu. 

However, a wooden frame has a statistically significant negative effect on apartment build-
ing dwellings in Turku and Oulu. Wooden structures present a -8,61% discount for apartment 
building dwelling prices in Turku, and -4,30% discount in Oulu. Semi-detached dwellings 
in Turku are affected negatively if they are constructed of wood (-3,82%). Finally, wood has 
a statistically significant negative effect on detached dwellings in all six cities. The discount 
for a dwelling constructed of wood in Turku is -15,38%. In the other cities, the discount is 
from 5 to 9%. 

 
4.8.3 Dwellings constructed between 2010-2020 
Data regarding dwellings constructed between 2010 and 2020 is only used to analyse apart-
ment building dwelling prices due to a lack of observations for semi-detached and detached 
dwellings.  

Wood has a statistically significant positive effect for apartment building dwellings located 
in Helsinki (Figure 34). The price premium for wooden apartment building dwellings is 
+8,87%. Furthermore, wood has a statistically significant positive effect on apartment build-
ing dwelling prices in Turku. The price premium for wooden dwellings is +5,55%. 

In Figure 34, a wooden frame presents no statistically significant difference for apartment 
building dwelling prices in Espoo, Tampere, or Oulu. 
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However, a wooden frame has a statistically significant negative effect on apartment build-
ing dwelling prices in Vantaa. The discount for a wooden dwelling is -4,69%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* p < 0,05, ** p < 0,01, *** p < 0,001

Helsinki apartment (+8,87%) ***
Vantaa semi-detached (+1,71%) **

Helsinki semi-detached
Espoo: apartment and semi-detached
Vantaa apartment
Turku: apartment and semi-detached
Tampere: apartment, semi-detached, detached
Oulu: apartment and semi-detached

Helsinki detached (-5,73%) ***
Espoo detached (-4,11%) ***
Vantaa detached (-4,50%) **
Turku detached (-11,13%) ***
Oulu detached  (-5,07%) ***

Effect of wood on sales prices of residential apartment, semi-detached, and detached buildings in 
Finland’s six largest cities. Data is limited to observations built between years 1990 and 2020.

Statistically significant 
positive effect

No statistically 
significant difference

Statistically significant 
negative effect

Figure 32 Summary of results for dwellings constructed between 1990-2020 
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Effect of wood on sales prices of residential apartment, semi-detached, and detached buildings in 
Finland’s six largest cities. Data is limited to observations built between years 2000 and 2020.

Helsinki apartment (+7,47%) **

Helsinki semi-detached
Espoo: apartment and semi-detached
Vantaa: apartment and semi-detached
Tampere: apartment and semi-detached
Oulu semi-detached

Helsinki detached  (-5,73%) *
Espoo detached  (-5,92%) **
Vantaa detached  (-6,39%) ***
Turku apartment (-8,61%) *
Turku semi-detached  (-3,82%) ***
Turku detached  (-15,38%) ***
Tampere detached  (-7,41%) ** 
Oulu apartment  (-4,30%) *
Oulu detached  (-8,88%) ***

Statistically significant 
positive effect

No statistically 
significant difference

Statistically significant 
negative effect

* p < 0,05, ** p < 0,01, *** p < 0,001

Figure 33 Summary of results for dwellings constructed between 2000-2020 
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* p < 0,05, ** p < 0,01, *** p < 0,001

Helsinki apartment (+8,84%) **
Turku apartment (+5,55%) **

Espoo apartment buildings
Tampere apartment buildings
Oulu aparment buildings

Vantaa apartment (-4,69%) **

Effect of wood on sales prices of residential apartment buildings in Finland’s six largest cities. 
Data is limited to observations built between years 2010 and 2020.

Statistically significant 
positive effect

No statistically 
significant difference

Statistically significant 
negative effect

Figure 34 Summary of results for dwellings constructed between 2010-2020 
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5 Discussion and conclusions 
 
This chapter provides an overview of the main findings and presents a discussion of potential 
implications of the results. Section 5.1 discusses the limitations of the data and methodology 
used in the research. Section 5.2 responds to the research questions. Section 5.3 presents 
detailed analysis of selected regression analyses to better understand the interpretation of the 
regressions. Additionally, Section 5.3 presents an alternative approach to present the effect 
of wood through adding variables step by step to a regression model. Section 5.4 compares 
the results to prior research and presents potential implications in regard to the results. Fi-
nally, Section 5.5 concludes the thesis by presenting future research needs. 
 
5.1 Research limitations 
The following section provides discussion of the methods and approach used in the research. 
Additionally, it presents the limitations the research encountered and elaborates on alterna-
tive methods for data management.  

To determine how any single feature affects dwelling prices, the most important factor is to 
understand how dwelling prices are formed. In order to estimate dwelling prices, the research 
primarily utilizes dwelling transaction data provided by the Central Federation of Finnish 
Real Estate Agencies (KVKL). The data is supplemented by a plethora of neighbourhood 
characteristics which are either provided by Statistics Finland or calculated through QGIS. 
The additional data is connected to the dwelling transaction data by locational features i.e. 
coordinates.  

The main focus in this thesis is to determine the effect of a wooden structure on a dwelling 
price. However, the research encountered limitations on how a wooden structure is defined 
in the data. Alas, the data only provides simplistic material descriptions. Moreover, the data 
does not elaborate on all the materials used to construct a dwelling. This may lead to misin-
terpretations of a dwelling’s true building material. Furthermore, the dwelling transaction 
data is input by realtors from KVKL which implies that the building material definitions are 
also described by the realtors. This scenario may lead to false interpretations of main build-
ing materials. However, the sample size is so large that the research has confidence that the 
data provides a sufficient portrayal of wooden dwellings. Additionally, since the data is de-
limited to dwellings that are built during or after the year 1990 it provides enough indication 
of what wooden material and technique was used in a dwelling construction. However, from 
a climate change perspective, the wooden material used does not necessarily matter. Amiri 
et al. (2020) imply that only the quantity of wood used in construction matters in decreasing 
emissions. 

Similar research (e.g. Fuerst et al., 2016) has used variables such as amount of floors in a 
building and floor number of dwelling located in an apartment building. These variables can 
affect the estimation of apartment building dwelling prices significantly. Alas, the data pro-
vided by KVKL indicated a significant amount of incorrect values for these variables – 
seemingly typing error. Therefore, they were not included in this analysis. However, these 
values do not affect either semi-detached or detached dwelling prices in all likelihood. 

Regardless, the data presents further limitations regarding neighbourhood characteristics 
provided by Statistics Finland. They are not accurate in describing all dwelling transactions. 
Neighbourhood characteristics -data are from years 2000, 2005, 2010-2016, and 2018 
whereas the dwelling transaction data on the other hand is from 1999-2018. Consequently, 
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the neighbourhood characteristics do not match the transaction timeframe in all cases. For 
example, a dwelling sold in 2002 is matched with neighbourhood characteristics from 2000. 
This creates limitations in describing true neighbourhood characteristics of the dwellings. 
The research notes the limitation, however, cannot respond to it since no data is available 
for the missing years. 

Additionally, the research utilizes an abundance of neighbourhood characteristics alongside 
postcode dummy variables. The two groups may portray similar features which consequently 
leads to a potentially greater the level of multicollinearity. However, the neighbourhood 
characteristics and postcode -variables are crucial in describing dwelling characteristics, and 
therefore left in the analysis. 

Furthermore, this research uses an Euclidean distance to measure the distance of a dwelling 
to a city’s center. Prior research (e.g. Fuerst et al., 2016) utilizes true road distance and time 
travelled from a dwelling to the center of a city. This measurement method is more accurate 
and informative, however, no time travel data was available for Turku, Tampere, or Oulu. 
Due to the data limitation, this research opted to use similar variables for each regression 
analysis to gain more cohesive results for each city. Therefore, the distance was opted to be 
measured based on urban economics theories (e.g. Brueckner, 2011). 

The research conducts each regression analysis with logarithmic values for variables Age 
and Size. Prior research (e.g. Fuerst et al., 2016) conducts analyses with variables e.g. Size 
squared or even Size cubed as coefficients for more accurate results. In this research similar 
variables are added into the regression. However, they did not alter any regression model’s 
explanatory power significantly. Regardless, neither age nor size were not the main focus of 
the research. Therefore, the additional alterations of these variables were not included in the 
final regression analyses.  

This research finds that the potentially greatest limitation lies in the outlier detection method. 
Outliers are detected through price per square meter for each city respectively. The analysis 
defines an outlier if it is located 3,29 standard deviations from the mean value. Price per 
square meter is used to standardize the price in comparison to the size of the dwelling in 
each city. Since regression analyses are clustered by postcode and not by city, an argument 
to calculate the standard deviation based on postcode is valid. Clustering by postcode means 
that a regression analysis is calculated separately within postcode. The clustering standard-
izes the error terms of a regression model and leaves less to no room for heteroskedasticity. 

Regardless, the final limitation the research possesses is a potential lack in explanatory var-
iables. Multiple variables could have been added to the regression analysis including dis-
tance to local amenities or architectural value of the building. However, a dwelling purchase 
can be explained through quantifiable variables only to an extent. The research argues that 
human emotion cannot be quantified and therefore is difficult to truly estimate a dwelling 
price correctly. However, a close estimation based on the quantifiable features can be con-
ducted. The variables used in the regression analyses provide sufficient indication on deter-
mining demand levels by determining dwelling prices. 

 
5.2 Response to research questions 
This section presents responses to the research questions posed in Section 1.3. To summa-
rize, the aim of this thesis is to determine how a wooden structure effects dwelling prices in 
the six largest cities in Finland. Prior to this research, no significant research has been con-
ducted about the effect. Due to a significant knowledge gap in literature, this thesis attempts 
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to analyse dwelling prices through construction costs. To bridge the knowledge gap, this 
research approaches two research questions.  

RQ1: Is wood a more cost-efficient building material compared to alternative materials ac-
cording to literature?  

 
In regard to the first research question, no consistent understanding can be identified. Ten 
research articles and one developer’s analysis were used to compare the construction costs 
between wood and alternative materials. The sample size comprised of case studies that 
compared costs of two or more identical residential apartment buildings. Literature suggests 
that costs differ case by case and further indicate that costs are case dependent. However, 
the literature provides indication that constructing with wood is substantially faster com-
pared to e.g. concrete. Prior research presents that faster construction leads to a faster return 
on investment and decreases construction costs in general. Furthermore, prior literature sug-
gests a consistent future for the cost-efficiency of wood in construction. The research, that 
suggests costs are greater today, implies that technological development will decrease the 
total costs of wood in construction to a lower level than alternative materials. Subsequently, 
wood will be a more cost-efficient construction material in the future. 

To compare construction costs to dwelling prices, this research uses the four quadrant model 
to derive an indicatory reflection of dwelling prices based on construction costs, and vice 
versa. However, prior to the comparison between costs and prices, the second research ques-
tion is addressed. 

RQ2: Do wooden dwellings have a price premium over dwellings constructed of alternative 
materials in the six largest cities of Finland?  
 
The research analyses the dwelling prices of 6 cities; Helsinki, Espoo, Vantaa, Turku, Tam-
pere, and Oulu. Each city comprises of three building types; apartment building dwelling, 
semi-detached dwelling, and detached dwelling. The main focus is to pinpoint the effect of 
wood on the price of each dwelling type.  

Apartment building dwellings 

Wooden apartment building dwellings experience a price premium over alternative apart-
ment building dwellings in Helsinki. In Espoo and Tampere, apartment building dwelling 
prices are not affected by a wooden structure in a statistically significant manner. For Vantaa, 
Turku and Oulu, no consistent findings are discovered for apartment building dwellings.  

Semi-detached dwellings 

The research finds that wood has a consistent insignificant effect on semi-detached dwelling 
prices in Helsinki, Espoo, Tampere, and Oulu. On the other hand, semi-detached wooden 
dwellings in Vantaa showcase a premium for dwellings constructed between 1990-2020. 
Alas, the significance decreases when the construction timespan is shortened to 2000-2020.  

Detached dwellings 

The research present that detached dwelling prices are affected negatively by a wooden 
structure in Helsinki, Espoo, Vantaa, Turku and Oulu. The negative effect for detached 
dwelling prices in Tampere is only found for dwellings constructed between 2000-2020. 
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In conclusion, wooden apartment building dwellings in Helsinki have a price premium. No 
other consistent price premium is discovered. 

 
5.3 Further interpretation of regression results 
Since consistent findings are presented only for Helsinki apartment building dwellings and 
detached dwellings in general, this section interprets the inconsistent effects wood presents 
for e.g. Vantaa semi-detached dwellings. Additionally, this section analyses dwellings in the 
Helsinki metropolitan area (HMA) in respect to Helsinki, Espoo and Vantaa. Furthermore, 
the section presents an alternative regression approach to showcase the progression of 
wood’s effect on dwelling prices. 
 
To begin with, semi-detached dwellings constructed between 1990 and 2020 in Vantaa have 
a ~2% price premium for wooden dwellings. However, the significance of the effect on the 
price disappears for dwellings constructed between 2000 and 2020. To compare and contrast, 
the two regression analyses have relatively similar models. They only differ by a few varia-
bles. Additionally, the sample size is 1500 smaller in the latter regression model and the %-
share of wood is nearly the same for the two regression models. However, the effect size is 
greater and statistically significant in the regression for dwellings constructed between 1990-
2020. Therefore, this research directs the attention towards semi-detached in Vantaa which 
are constructed between 1990 and 2000. The ten year additional timeframe stimulates a 
greater and statistically significant effect implying that wooden dwellings may be appreci-
ated more in that timeframe. An additional theory can suggest that the variation may be due 
to the sample size. The dwelling transaction data provided by the Central Federation of Finn-
ish Real Estate Agencies (KVKL) only contains roughly 40% of new sold developments, 
implying that data regarding newer developments may be skewed. Therefore, when analys-
ing the more recent developments there is a greater probability of the data producing sys-
tematic inaccuracies. Based on this discussion, the results regarding the dwellings con-
structed between 1990 and 2020 are considered more reliable. Additionally, the regression 
analysis with the larger sample size results in a greater explanatory power for semi-detached 
dwellings in Vantaa.  These results indicate a ~2% price premium for semi-detached wooden 
dwellings in Vantaa.  
  
Even though a price premium is found for wooden semi-detached dwellings in Vantaa, the 
effect of wood on semi-detached dwelling prices is insignificant when analysing the entire 
metropolitan area. By Espoo and Helsinki to the equation, the price variance is grows. This 
subsequently makes the effect of wood less significant than it would be in just Vantaa. The 
same effect happens when comparing the effect of wood on Helsinki apartment building 
dwellings and the entire metropolitan area. However, a continuation of wood’s statistically 
significant effect is found for detached dwellings. For each city respectively, wood has a 
negative effect. Furthermore, the results present that the negative effect for detached dwell-
ing prices is also valid for the entire metropolitan area. 
 
Regardless, to gain a more gradual understanding of the effect of wood on dwelling prices 
for each city respectively, the thesis constructed additional regression models. These models 
are presented in Appendix 7. The appendix elaborates on wood’s effect on dwelling prices 
through five regression analyses. The calculations are conducted by adding variable-groups 
one by one to a regression analysis. A similar approach is used by Fuerst et al. (2016). This 
thesis, however, still incorporates the stepwise regression approach (Section 3.1.2) in these 
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regressions. The first regression analysis in Appendix 7 estimates dwelling prices by only 
the construction material wood. The second supplements size and age as additional explan-
atory variables. The third regression includes the rest of the housing characteristics as well 
as the distance to center -variable. The fourth regression is enhanced by neighbourhood char-
acteristics, and the final regression models are the same as presented in Chapter 4. 
 
The approach presented in Appendix 7 can be argued to be misleading since the first four 
regressions experience omitted-variable bias. The bias refers to a regression analysis which 
lacks explanatory variables. The scenario leads to a smaller adjusted r-squared and subse-
quently to misinterpretations of a variable’s significance and effect size. However, the ap-
proach presents how dwelling prices are not determined by any single feature. Additionally, 
it seeks to resolve a general prejudice of wood not being economically feasible. 
 
For apartment building dwellings in Helsinki the regression approach provides a noteworthy 
result. The first regression indicates that wood has a negative effect on apartment building 
dwellings. When more variables are added to estimate a dwelling’s price the adjusted r-
squared increases which is in line with Mellin (2006). Interestingly, when adding more ex-
planatory power the effect of wood changes from negative to positive. This conversion may 
represent the potential misconceptions of wood in dwelling construction. By analysing only 
the material, construction companies can express that the use of the material is not econom-
ically feasible. However, this would lead to a false judgement. As presented in Bostic et al. 
(2006), dwellings are a bundled good, i.e. dwelling prices are determined by multiple fea-
tures. Therefore to determine the true effect of wood, the best linear unbiased estimation of 
a dwelling is essential. In the case of Helsinki apartment building dwellings, when determin-
ing a dwelling price by only wood, the effect is negative. Once the best linear unbiased 
estimation is attained, wood presents a positive effect. 
 
Similar effect fluctuations are discovered for e.g. apartment building dwellings in HMA and 
Oulu, semi-detached dwellings in HMA and Tampere, as well as detached dwellings in Tam-
pere. For these dwelling groups’ prices, the effect of wood deviates from a statistically sig-
nificant negative effect to no statistical significance. This implies that when all practical 
dwelling attributes are used the effect of wood decreases.  
 
In Appendix 7, the effect wood has on detached dwelling prices is negative. The effect of 
wood decreases when more variables are included into the regression model. However, this 
is a standard trend for regression analysis in general. 
 

5.4 Future orientation 
This section compares the regression results to a four quadrant model (DiPasquale & 
Wheaton, 1992) to gain an understanding of construction costs regarding wooden dwellings. 
The 4Q-model implies that high construction costs lead to a more expensive dwelling, and 
vice versa. Additionally, the section presents three scenarios for policy makers depending 
on the results presented in Chapter 4. 
  
A wooden residential apartment building dwelling in Helsinki experiences a price premium 
of over 8% compared to an identical concrete dwelling. Based on the 4Q-model the con-
struction costs are therefore higher in the long run for the wooden residential building in 
Helsinki. No continuous price difference is noticed for other cities’ apartment building 
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dwellings. Thus, the 4Q-model suggests that in the long run construction costs for wood and 
other materials are identical in Espoo, Vantaa, Turku, Tampere, and Oulu.  

Vantaa presents a price premium for wooden dwellings constructed between 1990-2020. 
Based on the 4Q-model, these dwellings are more expensive to construct in the long run. In 
general though, semi-detached dwelling prices are not affected significantly by a wooden 
structure. Thus, implying that the construction costs of identical semi-detached dwelling, 
regardless of material, are equal.  

Detached dwellings of wood have lower construction costs compared to alternative materi-
als. Nykänen et al. (2017) present that nearly 85% of detached dwellings are wooden in 
Finland. Since a majority of detached dwellings are wooden, the lower costs may derive 
from a standardized production line for single-family homes. However, construction cost 
assumptions based on the 4Q model are theoretical. Therefore, the estimations are not purely 
reliable. The model, however, does provide indication on how construction costs are related 
to the eventual price of a dwelling.  

Additionally, no estimations of the actual construction process can be conducted by using 
the 4Q model. This leaves the research to consider why construction costs are higher for 
wooden apartment buildings specifically in Helsinki and not in other cities analysed in this 
thesis. The research enquires whether a stronger demand is present for wooden apartment 
building dwellings over alternative apartment building dwellings in Helsinki. Environmental 
benefits deriving from wooden structures have only recently been widely recognized, there-
fore, this research suggests that further research should be conducted to determine whether 
a green signalling effect is present among consumers regarding wooden dwellings. 

The environmental benefits of wooden construction are supported by multiple research (Bu-
chanan & Levine, 1999; Amiri et al., 2020). In addition to reduced emissions, wood has the 
capability to store carbon making cities carbon sinks rather than carbon emitters. Further-
more, literature implies that current carbon neutrality goals set by governments and cities 
cannot be achieved if emissions related to building construction are not addressed. Amiri et 
al. (2020) suggest that these emissions can be decreased, by a wide margin (~50%), through 
the use of wood in construction.  

This research finds multiple arguments to increase the use of wood in construction. However, 
it is fundamentally crucial to comprehend that a potential overconsumption of wood may 
lead to a disappearance of forests. Consequently, the overconsumption would be detrimental 
to carbon neutrality goals, and would make the use of wood in construction more harmful 
than current practices from an environmental perspective (Amiri et al., 2020). If forests are 
managed correctly the consumption can be guaranteed. From an economic perspective, the 
findings presented in this research advocate for further use of wood, especially for apartment 
building dwellings in Helsinki. 

Since the results presented in Chapter 4 present three possible outcomes for the price effect 
wood has, this thesis presents three scenarios how municipalities and policy-makers should 
react. Even though the environmental benefits are undisputable, the current political climate 
requires economic justification to change current practices. This research presents three sce-
narios in regard to the economic feasibility through dwelling prices; 1) A wooden structure 
has a positive effect, 2) A wooden structure has no significant effect, and 3) A wooden struc-
ture has a negative effect on a dwelling’s price.  
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The first scenario represents wood’s effect on apartment building dwelling prices in Hel-
sinki. The scenario suggests that when a dwelling’s price is affected positively by a wooden 
structure, consumers are willing to pay more for a wooden dwelling. Consequently in this 
scenario, the use of wood is by virtue more economically feasible than alternative materials. 
Thus indicating that wood provides cities with opportunities to achieve a more environmen-
tally sustainable future in construction through cost-efficient methods.  Therefore, this thesis 
suggests that the city of Helsinki has no reason not to pursue a more aggressive approach for 
using wood in residential apartment building construction.   

Furthermore, the second scenario represents a situation where a wooden structure has no 
significant effect on dwelling prices. This is relevant in a plethora of cases presented in 
Chapter 4 e.g. Espoo semi-detached dwellings. The scenario i.e. suggests that construction 
materials do not effect a dwelling’s price. In this scenario, the thesis recommends munici-
palities to use wood over alternative materials. The argument is based on environmental 
features. Particularly since municipalities are aiming at carbon neutrality, and research (e.g. 
Säynäjoki et al., 2012) indicates that it can only be achieved by decreasing construction 
emissions, the use of wood presents significant advantages. Especially when construction 
costs are not significantly affected by a material. However, if municipalities opt for other 
materials in construction, the research questions the true motifs of municipalities in respect 
to carbon neutrality. For developments where the material does not affect the price, the re-
search advocates for increased consumption of wood in residential. 

Finally, if a wooden structure affects a dwelling’s price negatively it implies that wood is 
not a more economically feasible option. However, the results presented in Chapter 4 indi-
cate consistently that wood only has a negative effect on detached dwelling prices. In Fin-
land, the majority of detached dwellings are wooden (Nykänen et al., 2017) which may in-
dicate that the construction processes are more standardized for the dwelling group. The 
common processes would lead to lower construction prices which would lead to a generally 
lower transaction price. 

However, the same argument can be used for apartment building dwellings that are affected 
positively by wood. In this thesis wooden apartment buildings represented roughly below 
5% of all materials. Thus implying that there is an over representation of alternative materi-
als. Additionally, the construction process for e.g. concrete apartment buildings is more 
standardized and could thus lead to lower dwelling prices. However, the difference here lies 
in the total outcome of the regression analysis. Detached dwellings are consistently affected 
negatively by a wooden frame, whereas apartment building dwellings positively only in Hel-
sinki.  

Additionally, if a wooden structure has a statistically significant negative impact on dwelling 
prices (e.g. Oulu apartment building dwellings constructed between 2010-2020) the research 
proposes alternative solutions to make the use of wood more practical, and economically 
feasible, for municipalities. Currently, Finnish municipalities are investing into renewable 
energy sources and reforesting to decrease carbon emissions (City of Helsinki, 2018; City of 
Espoo, 2020; City of Vantaa, 2019; City of Turku, 2018; City of Tampere, 2018; City of 
Oulu, 2019). Governments on the other hand are conducting emission trading to offset ex-
cess carbon. In other words, the officials are using carbon offsetting mechanisms presented 
in the Kyoto protocol (1998). This research, however, presents an alternative manner to off-
set carbon by using wood. The government could provide municipalities subsidies to con-
sume wood in construction rather than pay for more rights to emit carbon. The subsidies 
could potentially make wood a more economically feasible option for all dwelling types 
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which would lead to an increased consumption of wood. Consequently, leading to lower 
emission rates.   

Providing incentives for municipalities and private construction companies to construct 
wooden dwellings would assist in enabling carbon neutrality for cities. Carbon emissions 
trading has received a lot of criticism, e.g. companies may be more prone to consume carbon 
offsets rather than actually reducing emissions or changing their operating mechanisms. 
Therefore, by funding wooden construction can be a win-win -scenario for all parties – lower 
emissions and more economically feasible construction. However, the research notes that if 
wood is to be consumed in increased quantities forests need to be managed sustainably. 

Additionally, if a wooden dwelling is less expensive than alternative dwellings, municipali-
ties and governments could assist in providing more affordable housing for cities through 
wood-based structures. However, affordable housing schemes are aimed at rental dwellings 
and therefore cannot be linked to this thesis. 

 
5.5 Conclusion 
Decreasing carbon from the atmosphere is increasingly important. Nations and municipali-
ties alike have set carbon neutrality goals to the near future. The schedule of the goals in 
itself showcase the severity of the climate crisis – and the schedule may not be fast enough.  

Research has presented that construction emissions can be cut in half by using wood-based 
structures. Additionally, literature implies that the carbon neutrality goals cannot be attained 
if emissions regarding construction are not addressed. Wood presents a cost-effective, prac-
tical, and feasible solution for municipalities and developers. This thesis encourages educa-
tional systems, developers, and policy makers to increase knowledge regarding the potential 
of wood in urban planning and mitigating climate change. Collaboration with construction 
companies that specialize in wood can propel knowledge of the material and subsequently 
lead to an increased demand for wooden dwellings due to its environmental capabilities. 

Based on the results presented in this thesis, the potential implications may cause the market 
to react with an increased demand for wood-based structures. To gain a more comprehensive 
understanding, this thesis suggests more research to be conducted regarding the costs of 
wooden materials in construction. Additional research should be directed to analyse how 
dwelling prices are affected by a wooden structure in different market areas. Since potential 
implications may increase demand levels, this thesis suggests that further research should be 
conducted on how an increased demand will affect the Finnish economy and environment in 
the long run. Specifically, how increased consumption will affect forests, biodiversity, and 
soil.  

This research only estimates the effect of wood in the six largest cities in Finland. Therefore, 
the results should not be adapted to use in other locations. Additionally, the results within 
each city should not be compared to other locations since each city has its own real estate 
market. 
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Appendix 1.1 Turku apartment building distribution 

Appendix 1.2  Turku semi-detached dwelling distribution 



 

 

 
 
 
 
 
  

Appendix 1.3 Turku detached dwelling distribution 

Appendix 1.4 Tampere apartment building distribution 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Appendix 1.5 Tampere semi-detached dwelling distribution 

Appendix 1.6 Tampere detached dwelling distribution 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Appendix 1.7 Oulu apartment building dwelling distribution 

Appendix 1.8 Oulu semi-detached dwelling distribution 



 

 

 
  

Appendix 1.9 Oulu detached dwelling distribution 



 

 

Appendix 2: Distribution matrices of dwellings constructed between 2000-
2020 and 2010-2020 
 

 
Appendix 2.1 Distribution of wood across dwelling types and cities (dwellings constructed 
between 2000-2020) 

 

 

 

 

 

 

  

Dataset 2. Dwelling transactions of dwellings built between 2000-2020

Building type: City:
Apartment building Helsinki Espoo Vantaa Turku Tampere Oulu
Wood 160 104 228 26 197 485
All 12222 6179 4694 2867 8223 5779
% of wood 1,31 % 1,68 % 4,86 % 0,91 % 2,40 % 8,39 %

Semi-Detached
Wood 1134 1610 2605 455 1159 2697
All 2292 3296 3780 711 2724 3365
% of wood 49,48 % 48,85 % 68,92 % 63,99 % 42,55 % 80,15 %

Detached
Wood 421 960 1118 230 285 1437
All 649 1450 1406 277 420 1576
% of wood 64,87 % 66,21 % 79,52 % 83,03 % 67,86 % 91,18 %

Dataset 2. Dwelling transactions of dwellings built between 2000-2020

All dwellings Wooden dwellings
Variable Units Mean Min Max Mean Min Max

Price € 248882,40 10000,00 2862911,00 266082,70 30000,00 1220000,00
Price / m2 € 3368,26 723,35 12501,18 2722,88 723,35 7140,00

Apartment building Dummy 0,65 0,00 1,00 0,08 0,00 1,00
Semi-detached Dummy 0,26 0,00 1,00 0,63 0,00 1,00
Detached Dummy 0,09 0,00 1,00 0,29 0,00 1,00

Wood Dummy 0,25 0 1 - - -
Size m2 76,89 10,00 550,00 100,61 13,00 320,30
Built year - 2007,57 2000,00 2020,00 2007,43 2000,00 2019,00
1 bedroom Dummy 0,09 0 1 0,02 0 1
2 bedroom Dummy 0,32 0 1 0,10 0 1
3 bedroom Dummy 0,28 0 1 0,25 0 1
Condition excellent Dummy 0,02 0 1 0,01 0 1
Condition new Dummy 0,08 0 1 0,08 0 1
Condition decent Dummy 0,01 0 1 0,01 0 1
Condition poor Dummy 0,00 0 1 0,00 0 1
Condition other Dummy 0,06 0 1 0,07 0 1
New development Dummy 0,47 0 1 0,33 0 1
Lift Dummy 0,53 0 1 0,01 0 1
Lot own Dummy 0,68 0 1 0,66 0 1
Lot other Dummy 0,01 0 1 0,01 0 1

Residents N 353,23 11,00 2736,00 170,54 11,00 1111,00
Average income € 25572,88 9314,00 328614,00 27849,14 10012,00 159296,00
Buildings N 16,79 0,00 82,00 26,51 2,00 82,00
Average size m2 74,32 0,00 227,10 96,39 0,00 218,50
University education % 0,30 0,00 1,00 0,46 0,00 1,00
Families with children % 0,17 0,00 1,00 0,16 0,00 1,00
Home ownership % 0,13 0,00 1,00 0,18 0,00 1,00
Unemployment % 0,46 0,00 1,00 0,58 0,00 1,00
Pension % 0,33 0,00 1,00 0,33 0,00 1,00

Distance to CBD meter 8624,59 187,33 31763,11 11819,19 306,73 31763,11
Sold during or after 2011 Dummy 0,57 0 1 0,63 0 1

Total sample size: 61 910

Appendix 2.2 Variable distribution for dwellings constructed between 2000-2020 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 
 
  

Dataset 3. Dwelling transactions of dwellings built between 2010-2020

Building type: City:
Apartment building Helsinki Espoo Vantaa Turku Tampere Oulu
Wood 53 37 200 6 75 117
Total 3900 1673 2203 1026 3129 2313
% of wood 1,36 % 2,21 % 9,08 % 0,58 % 2,40 % 5,06 %

Semi-Detached
Wood 418 431 1191 180 451 766
Total 664 723 1398 224 867 808
% of wood 62,95 % 59,61 % 85,19 % 80,36 % 52,02 % 94,80 %

Detached
Wood 122 202 290 43 82 410
Total 173 311 329 60 117 434
% of wood 70,52 % 64,95 % 88,15 % 71,67 % 70,09 % 94,47 %

Dataset 3. Dwelling transactions of dwellings built between 2000-2020

All dwellings Wooden dwellings
Variable Units Mean Min Max Mean Min Max

Price € 263138,00 10000,00 2836000,00 275371,00 30000,00 1220000,00
Price / m2 € 4101,75 800,00 12346,19 3218,29 915,00 7140,00

Apartment building Dummy 0,70 0 1 0,10 0 1
Semi-detached Dummy 0,23 0 1 0,68 0 1
Detached Dummy 0,07 0 1 0,23 0 1

Wood Dummy 0,25 0 1 - - -
Size m2 66,81 10,00 550,00 89,32 13,00 312,00
Built year - 2013,99 2010,00 2020,00 2013,54 2010,00 2019,00
1 bedroom Dummy 0,17 0 1 0,04 0 1
2 bedroom Dummy 0,33 0 1 0,14 0 1
3 bedroom Dummy 0,27 0 1 0,31 0 1
Condition excellent Dummy 0,06 0 1 0,02 0 1
Condition new Dummy 0,23 0 1 0,23 0 1
Condition decent Dummy 0,00 0 1 0,00 0 1
Condition poor Dummy 0,00 0 1 - - -
Condition other Dummy 0,03 0 1 0,03 0 1
New development Dummy 0,67 0 1 0,55 0 1
Lift Dummy 0,54 0 1 0,01 0 1
Lot own Dummy 0,57 0 1 0,56 0 1
Lot other Dummy 0,00 0 1 0,00 0 1

Residents N 331,22 14,00 2096,00 167,30 15,00 1111,00
Average income € 26755,88 11297,00 248410,00 29339,60 13020,00 159296,00
Buildings N 15,59 2,00 73,00 26,91 2,00 73,00
Average size m2 71,13 29,00 178,80 95,40 34,60 178,80
University education % 0,31 0,00 1,00 0,46 0,04 1,00
Families with children % 0,18 0,00 1,00 0,21 0,00 1,00
Home ownership % 0,20 0,00 1,00 0,29 0,00 1,00
Unemployment % 0,33 0,00 1,00 0,45 0,00 1,00
Pension % 0,30 0,00 1,00 0,29 0,00 1,00

Distance to CBD meter 8394,10 187,33 25323,51 12154,66 697,16 25323,51
Sold during or after 2011 Dummy 0,92 0 1 0,93 0 1

Total sample size: 20 352

Appendix 2.3 Distribution of wood across building type and cities (dwellings con-
structed between 2010-2020) 

Appendix 2.4 Variable distribution for dwellings constructed between 2010-2020 



 

 

Appendix 3: Definition of wood in data 
 
Material Count 
puu 17839 
Puu 4877 
Rakennukset toteutetaan massiivipuurakenteisina, pääjulki-
sivumateriaalina puu. Runkorakenteena kotimainen CLT-
levy. 

21 

PUU 19 
Puurunko, tiiliverhous 9 
Teräsbetoniperustus, puurunko, tiili/paneeliverhous 8 
Puu, rapattu julkisivu 6 
Hirsi 5 
Puurunko, lautaverhous 5 
Puuelementti 4 
Puu, tiili. Puurunko, tiiliverhous. 3 
Puurunko, tiiliverhoilu 3 
Ulkoseinät ovat puurakenteisia puuver.. 3 
Ulkoseinät, huoneistojen väliset sein.. 3 
Puu, lautaverhoilu 2 
puurunko ja lautaverhous 2 
puurunko tiiliverhous 2 
Puurunko, puuverhous 2 
puurunko, tiiliverhous 2 
Alakerta: puuelementti. Yläkerta: puu, rankarakenne 1 
betoni kellarikrs, 1.-2. puu 1 
CLT-massiivipuuelementti 1 
ekohirsi 1 
Hirsi, puu 1 
puu (elementti. Plania) 1 
Puu (elementtirakenne) /tiiliverhoilu 1 
Puu, 1 
Puu, elementti. Jukka talo. 1 
puu, lautaverhous 1 
puu, matalaenergiarakenne (paksumpi eristys) 1 
puu, Omatalo -elementtitalo 1 
Puu, paikalle rakennettu 1 
puu, tiiliverhoiltu 1 
Puu. 1 
puu/lauta 1 



 

 

puu/lauta, vaaleansininen 1 
Puuelementit 1 
Puuelementti, tiiliverhous 1 
puuelemetti 1 
Puulelementti 1 
Puurakenne, tiiliverhoilu 1 
Puurakenteinen, tiiliverhottu 1 
puurakenteinen,tiiliverhoilu 1 
Puurakenteinen. 1 
Puurunko 1 
Puurunko ja tiiliverhoilu 1 
puurunko keltatiiliverhous 1 
puurunko lautaverh. 1 
puurunko lautaverhous 1 
Puurunko, harkkopinnoitettu 1 
Puurunko, harkkopinnoitettu julkisivu 1 
puurunko, julkisivu Knauf-ulkoseinälevy, rappaus 1 
puurunko, lauta/tiiliverhous 1 
puurunko, lautaverhous 1 
Puurunko, mineraalivilla 250mm, tehos.. 1 
Puurunko, osin tiiliverhous 1 
puurunko, rapattu 1 
puurunko, tiiliverhous, vaalea 1 
puurunko, tiiliverhous/lautaverhous 1 
puurunko/ tiiliverhoilu 1 
Puurunko/lautaverhous. 1 
Puurunko/tiiliverhoilu 1 
Puurunko/tiiliverhous 1 
Puurunkoinen 1 
Puurunkoinen, osittain rapattu harkkovuoraus osittais lauta-
vuoraus 

1 

Puurunkoinen, tiiliverhoiltu, teräsbetonilaatta 1 
puurunkoisia suurelementtejä 1 
rivitalot puurunkoisia, pienkerrostalot teräsbetonirunkoisia 1 
Tiili, puurunko 1 
tiili/puurunko,välipohja ontelolaatta,kahitiiliverhous, kosteati-
lan ja kantavat väliseinät muurattu kahitiilestä, osa välisei-
nistä puurunko/kipsilevy. 
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Appendix 4: Regression analysis of dwellings constructed between 1990-
2020. 
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Appendix 5: Regression analysis of dwellings constructed between 2000-
2020. 
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Appendix 6: Regression analysis of apartment building dwellings con-
structed between 2010-2020. 
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Appendix 7: Additional regression analysis of dwellings constructed be-
tween 1990-2020. 
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