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Abstract:

The value of a property tends to decrease over time as it ages, resulting in a reduced
ability to generate the same value. Property depreciation is a multifaceted concept that
encompasses both technical and economic aspects. The economic life of a property is
used to determine its effective age. This study aims to determine the effective age of a
selected property by analysing various data related to its condition, including
information on maintenance and reinvestment operations. Additionally, the research
seeks to investigate whether the year of construction or price level has an impact on
the property's effective age. We collected specific data from property owners on the
frequency of various maintenance and reinvestment operations, both internal and
external, such as the roof, foundation, heating, and kitchen. Our database consists of
nearly 10,000 houses in Sweden sold between the beginning of 2021 and 2022 that are
over 30 years old. Our findings demonstrate that even for older properties, there can
be a significant decline in value due to ageing. We also observe that property owners'
actions, such as maintenance and reinvestments, can affect age-related value decline.
By implementing appropriate measures to reduce the property's effective age, the
decline in value due to ageing can be mitigated. Hence, policymakers could consider
developing policies and incentives to encourage property owners to invest in
maintenance and reinvestment measures that can mitigate the effects of ageing on
property value.
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1. Introduction

The ability of a building to be productive, whether it is an office, home, or any other type, decreases
with age, and as a result, the property will lose value over time. This age-related decrease in value can
be caused by physical wear and tear of the property or by the fact that over time it will lack critical
technical solutions, or the property or the area where it is located becomes unattractive relative to other
areas (Baum, 1993). Although maintenance and reinvestment are measures that can reduce the first
group of causes of depreciation over time, changing preferences regarding property attributes and areas
can be more challenging to remedy for the individual property owner. There is relatively extensive
literature estimating the depreciation factor and how it varies depending on the type of property, its
quality, its price level, and inter- and intraregional factors (Wilhelmsson, 2008; Grébel, 2018). The
literature has also emphasised the importance of maintenance (Wilhelmsson, 2008; Manganelli, 2013).
The property's depreciation rate is known to be highest in the first years after construction (Shilling et
al., 1991), making it challenging to value older properties where maintenance and reinvestments can
vary significantly. However, to the best of our knowledge, no research has focused on older properties

and their depreciation.

Therefore, the following research project aims to analyse age-related depreciation for older properties
caused by the property's wear and tear over time. Understanding depreciation is essential for many
reasons, such as valuation purposes at the time of transactions, collateral for housing loans, and real
estate taxation. It is also important that property owners make correct investment decisions about

maintenance.

We start by calculating the property's effective age, which is essentially a mixture of the property's
technical and economic age. We initially estimate the age effect using the year of construction and the
year of reconstruction or a combination of these as a value year. Next, we use unique data from property
owners on measures taken over the years and when they were taken, which can refer to the exterior
(facade and roof) and interior (kitchen and bathroom) investments, for example. Then, we estimate the
age-related impact using the hedonic price methodology (Rosen, 1974), a well-established estimation
method used in many studies on real estate depreciation. Thus, our empirical analysis investigates the
relationship between property value and age. Specifically, the objective is to analyse the effective age
and determine whether additional information from the owner can improve the predictive ability of the
property value. The primary purpose is not to estimate a depreciation factor but to enhance the ability

to predict the property's value by leveraging information about maintenance.

Our research project has several contributions compared to the previous literature in the field. First, we
use unique data that includes information on when investments have been implemented or the quality
of the investments. A contribution that we have made compared to previous research on depreciation

and maintenance is that we break down maintenance into more than ten underlying maintenance factors.
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Second, we focus specifically on older properties, which have not been done before in this manner.
Third, our sample size is large and includes properties from different regions of Sweden. Finally, we
have combined the hedonic methodology with the principal component analysis, providing a more

comprehensive and accurate analysis.

The paper is structured as follows. Section 2 provides a brief overview of the scientific literature on the
subject, describing the concept of depreciation, age-related depreciation, and empirical research on the
effect of reinvestment and maintenance. Section 3 discusses the modelling approach, presenting the
hedonic methodology, factor analysis, and, to some extent, spatial econometrics. Section 4 presents the
data, including descriptive statistics, and Section 5 presents the results of the empirical analysis. Finally,
the report concludes with Section 6, which discusses our findings and offers conclusions.

2. The theoretical approach and literature review

The section begins with a brief overview of the theoretical foundation of the study. It then reviews
empirical studies that have estimated the depreciation rate and analysed the relationship between

depreciation and maintenance. Finally, the section concludes with a discussion of the cohort effects.
Theoretical starting point

The concept of depreciation, which refers to the age-related decrease in value due to physical wear and
tear, is based on the user cost of housing. In equilibrium between homeownership and the rental housing
market, the value of housing is equal to the rent from the rental market divided by the cost of ownership.
The cost of ownership can be broken down into several components, including the cost of capital,
operational costs, selling costs, taxes, inflation, and depreciation minus real price appreciation for
properties of the same quality over time. Higher operating costs and depreciation result in lower prices
in the free-hold market. This equilibrium can be expressed using the following equation:

HR
r+c+s+d-m

HP(r+c+s+d—mn)=HR — HP = (1)

Where HP equals housing price, HR equals housing rents, r refers to the real interest rate, c is equal to
operating costs such as maintenance costs, heating, water, and sewage, s is equal to taxes and sales
overhead, d is equal to the depreciation rate and is equal to the real price in the ownership market for
comparable properties. The main issue here is to examine the depreciation factor (d) and its relationship
to operating costs (s). Increased maintenance costs (part of operating costs) will decrease the
depreciation rate; that is, there is a trade-off between maintenance and depreciation, as one decreases as
the other increases. Maintenance and reinvestment can counteract depreciation (Knight and Sirmans,

1996); therefore, the depreciation rate will be determined endogenously (Margolis, 1982).



The balance between depreciation and maintenance depends on how depreciation appears over the
property's life cycle and the maintenance cost. Dildine and Massey (1974) further developed Lowry's
theoretical model (Lowry, 1960) on the property owner's decision to renovate their property. The model
is based on an investment decision in which the expected benefit (the net return) is maximised. The
article aims to understand the housing market's filtering mechanism by analysing housing stock in
increasingly poor conditions. The decision to renovate is influenced by the costs of renovation, physical
wear and tear, and the price and rental levels. Lower prices mean maintenance is reduced, which worsens
the property's depreciation. Margolis' (1982) model shows that if the depreciation rate is constant and
the marginal cost of maintenance increases, properties will not decrease in quality over time, and the
property's filtering will not reduce in quality according to Margolis' terminology. However, if the
marginal cost of maintenance decreases, the quality of the property will be filtered. If physical
depreciation increases over the life of the property, there will be a deterioration in quality regardless of

the cost function for maintenance.

In the literature, many studies have been aimed at estimating the depreciation factor and its relation to
property maintenance. However, it is essential to note that depreciation not only refers to physical wear
and tear of the property, but also affects the attractiveness of the residential area and technical
development (Wilhelmsson, 2008; Shultz, 2018). This means that the value-related decrease in value
can be due to physical wear and tear of the property, but also due to the property becoming outdated in
terms of its interior or exterior. In other words, operating and maintenance costs cannot increase, so the

depreciation rate is eliminated.
Age-related depreciation

Several articles analyse the depreciation rate using the hedonic methodology, such as Malpezzi et al.
(1987). It is not the only way to estimate the depreciation rate, but it has become the most common
method. However, there are alternative methods, such as macro methods based on national accounts

(Leigh, 1980) and micro methods based on expert knowledge of real estate appraisers (Shultz, 2018).

Unlike previous studies, Malpezzi et al. (1987) analyse whether the depreciation rate varies regionally.
They find that this is the case and that the difference can be significant. On average, their yearly
depreciation rate is around 1% for a new property, while it drops to 0.4% for a 10-year-old property.

Furthermore, it varies between 1-2% depending on the housing market.

The difference in the depreciation rate between different lease forms has also been analysed (Shilling et
al., 1991). They estimate the depreciation factor using the hedonic methodology and 360 observations
in the USA in the late 1980s. Their results indicate that the depreciation rate is higher in properties rented
compared to properties where the owner lives. In other words, age-related wear and tear are higher in

rental properties. Shilling et al. (1991) also notice that the depreciation rate is higher in the first years
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and then drops. For owner-occupied property, the depreciation rate amounts to just under 2% in year
one and then drops to approximately 1% in year ten. The depreciation rate on the rented stock amounts
to 2.5% and 1.7%, respectively. Recently, Lopez and Yoshida (2022) analysed the rental market in the
USA and found that depreciation is almost twice as high in multifamily houses (1.5% per year) than in
single-family houses (0.9%). They also found that the rental depreciation is lower in older and smaller
properties than in new and large properties. The regional variation is also high.

A recent article shows that depreciation is particularly prominent in the first years of the building's life
(Suzuki and Asami, 2022). Their calculation suggests that the depreciation is as high as 50% in the first
ten years. Other research confirms Japan's significantly higher depreciation factor and the depreciation
factor in Japan compared to the United States (Yoshida, 2020). According to the empirical results, the
depreciation factor in Japan is around 6%, whereas in the United States it is only 1%.

Maintenance and depreciation

Excluding repairs and maintenance for goods where they are significant, such as housing, can result in
inaccurate estimates of the depreciation rate (Chinloy, 1980). Some early articles on depreciation and
maintenance include Dildine and Massey (1974), Chinloy (1979), Arnott et al. (1983), Shilling et al.
(1991), and Knight and Sirmans (1996).

Knight and Sirmans (1996) analysed data on detached house transactions. In addition to the sale price,
they included variables such as living space, bathroom space, number of bathrooms, property age, and
squared property age and pool. Their survey covered a county in the United States from 1985 to 1993.
They collected 775 transactions and additional information on the condition of the building, classified
as poorly maintained, average maintenance, above average maintenance and excellently maintained.
They tested the impact of building maintenance on depreciation by creating interaction variables
between age and maintenance level. Their results show a decrease in value due to time, but maintenance
has a statistically significant effect on the magnitude of depreciation. The depreciation for an average
property is approximately 2% per year, and a poorly maintained property has a depreciation factor of
approximately 3% per year. However, it is not as clear that a well-maintained property has a significantly

lower depreciation factor than 2%.

Several recent articles analyse the relationship between age-related decline in value and maintenance.
Examples include Harding et al. (2007) and Wilhelmsson (2008). Harding et al. (2007) analysed the
American housing market between 1983 and 2001. They used the repeated sales method, allowing them
to use properties sold multiple times and information on maintenance over a more extended period. In

total, they analysed approximately 10,000 recurring pairwise sales.



One of the advantages of this method is that it can keep the other value-affecting properties of the
property constant in a better way. The repeated sales method enables observed price changes between
different transactions of the same property to be more directly linked to the time between sales. This
method also addresses the problem of endogeneity, which arises from the bidirectional relationship
between the price of the property and the maintenance measures. Expensive properties are more likely
to be better maintained than cheaper ones. The authors control for this by using other value-affecting
characteristics as instrument variables for the property's maintenance. However, the property's age is
one of the characteristics influencing the value, which poses a challenge as it perfectly correlates with
the time between sales, and including it in the model requires additional assumptions.

The authors found that in the absence of maintenance, the depreciation rate is relatively high (around
3% per year), indicating that a property loses almost 75% of its value in 50 years. However, with
maintenance, this depreciation rate decreases to around 1% per year, and a 50-year-old property
decreases by approximately 60% relative to a newly built property.

Wilhelmsson (2008) used the case of the Swedish housing market. Here, the depreciation factor is
analysed to determine whether renovations have occurred indoors or outdoors. The difference in the
age-related decrease in value is significant, where well-maintained properties built in the 1960s show a
10% decline in value, while an unmaintained property shows a decline of as much as 23%. The results

also indicate that a lack of external maintenance affects depreciation more than internal maintenance.
Vintage effect

Margolis (1982) points out an age-related decrease and increase in value (known as the vintage effect)
and that it is important to distinguish between these effects when estimating the depreciation factor.
Smith (2004) defines the vintage effect for buildings built before 1929 in the USA, and his results
indicate a relatively high vintage effect of up to 11%. A recent article by Rolheiser et al. (2020) also
analysed the vintage effect. They defined vintage as a year-specific effect where buildings have a
particular architecture, choice of materials, and quality. Their analysis concerns Holland during the
period 2000-2017. They compared the appreciation of buildings before the twentieth century and
between 1900 and 1945 with those after this period. Their results indicate a capitalisation effect, as older

properties have increased more in price than more recently built properties over the current period.

Recently, Dambon et al. (2022) analysed the vintage effect using a spatial model to allow the vintage
effect to vary in space. Their results also suggest that this is the case and thus confirm the results of, for

example, Malpezzi et al. (1987).

Another important conclusion drawn by Shilling et al. (1991) and Malpezzi et al. (1987) is that they

estimated the depreciation rate for properties built in the 1960s—-1980s (one cohort) to ensure that
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economic depreciation is measured and not depreciation resulting from inferior building construction or
materials. The cohort effect could be explained by the fact that different vintages have been built with
different qualities, such as the choice of materials and construction technology, which can affect the
technical life expectancy and the year-related price decline. Research using data from Singapore shows
that properties of higher quality in terms of craftsmanship, for example, have increased in price more
than properties of lower quality (Ooi et al., 2014). In Spain, equivalent results can also be seen in the
analysis by Armengot et al. (2019). They concluded that the relationship between age-related decline in
value and the need for renovation is not linear but depends on the quality of different eras.

In a study in Holland, depreciation is estimated and controlled for cohort effects using the hedonic
imputation approach (Syed and De Haan, 2017). Their results indicate that a property loses
approximately 20% in value in the first 40 years (an average of 0.5% per year). Approximately 15% of
the decrease in value occurs in the first 20 years, i.e. a significantly lower depreciation in the next 20
years. There has also been research on distinguishing the cohort and age effects (Yiu, 2009) using data
from Hong Kong. This is empirically difficult as there is a perfect relationship between the variables
that measure time (year of construction, effective age, and year of sale). This has been done in you
(2009) by using purchase contracts for newly built homes but with occupancy in the future (forward
contracts). Their results indicate that the age effect amounts to 2.4% per year, while the cohort effect

amounts to 3.6% per year.

The purpose of our empirical analysis is not specifically to analyse the vintage effect, but we have taken
into account that the depreciation factor can differ depending on the age of the building. We have done
this partly by including a squared age variable in the hedonic model (see, for example, Goodman and
Kawai, 1984) and partly by calculating age-related depreciation in different cohorts; see, for example,
Smith, (2004) or Coulson and McMillen (2008). Moreover, our purpose has not been to analyse the
depreciation factor in the first years after construction, but our estimate refers to properties that are
already 30 years old. This means that we cannot compare our results directly with those reported above.

We hypothesise that our estimate of the depreciation factor will be lower than in previous studies.
3. Modelling Approach

In the forthcoming empirical analysis, we will establish a connection between property prices and the
included exogenous variables. This will be achieved by estimating the hedonic price equation through
multiple regression analysis. As highlighted in the literature review, this methodology is well
established. A seminal article by Rosen (1974) shows the theoretical suitability of the method. The
empirical analysis will relate the transaction price as the dependent variable with property-related,
location- and time variables as the underlying independent variables. The primary focus is to estimate

the age-related decrease in property value, commonly known as the depreciation factor.



The hedonic price model

Initially, we will estimate a baseline hedonic price model using multiple regression analysis. To explain
the price variation, the model will include living space, plot area, legal property class, quality, and age.
Additionally, binary monthly and municipal variables are included to account for time and location.
Since the properties are in urban areas, the distance to the centre can vary. Therefore, the model will
also include a variable that measures the distance from the centre in each municipality. The price

equation can be illustrated as follows:
Yi =i+ BiXij — ViEF; + & 2)

Here, the dependent variable Y represents the transaction price, and the independent variables in the
matrix X represent the properties of the property. The variable EF is of primary interest as it aims to
measure the property's effective age. The subscript i refers to the analysed observations, and j refers to
the number of value-affecting attributes included in the hedonic price equation. Subscript k refers to the
municipality or value area, and subscript | refers to the county. The parameter of primary interest to the
study is expected to have a negative sign, as we expect the price to be lower the higher the effective age.

Additionally, we have tested the hypothesis that the effect of effective age varies by region.

The analysis will use additional information from the property owner to create an extended model. A
metric of how well the model performs is necessary to evaluate the effectiveness of additional
information in valuing the property. Two alternative metrics have been chosen. The first metric evaluates
the degree of explanation in the model with and without additional information. This metric is intended
to evaluate the model based on the sample used in the model's estimation, referred to as an in-sample
test. Specifically, the analysis will focus on the degree of explanation measured as R? and the change in
R? between the model specifications. A higher R? indicates that the new additional information has a
predictive ability. The second metric evaluates the effectiveness of the new information based on its
predictive ability using a subsample that has not been included in the model's estimation, referred to as
an out-of-sample test. The metric used will be the Root Mean Square Error (RMSE). Lower RMSE
indicates that models with additional information have predictive ability. However, it should be noted
that RMSE is sensitive to outliers. Similar metrics have been used within real estate economics, as
described by Mayer et al. (2019).

Factor analysis

Many of the variables included in the model, such as age, quality, and maintenance, have high mutual
correlations, making it difficult to distinguish the effect of each variable individually. Factor analysis is
a statistical technique that helps to identify underlying structures among observable variables. It involves

analysing the correlations between variables to create new variables, known as factors, which are then
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used in the analysis instead of the original variables. This study uses factor analysis to analyse the
relationship between ten additional variables and the year of construction and renovation to understand
how they jointly affect property prices. This methodology has previously been used by Des Rosiers et
al. (2000), Mandell and Wilhelmsson (2011), and Bhattacharjee et al. (2012) to answer similar research

guestions.

The method helps us uncover the underlying structure of variables in an analysis based primarily on
their intercorrelations (see Hair et al., 2006). Variables that highly load on a factor are associated with
that factor, while the correlation between factors is typically zero. Factor analysis can be performed
using exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). The first is more
exploratory and seeks to identify the underlying factors and their structure, while the second is more
confirmatory and tests whether a hypothesised factor structure fits the data. In this study, we will use
EFA because the primary purpose is to reduce the number of variables and create new variables (factors).

By analysing the correlation between the variables, we can determine the underlying structure between
them. We will then group the variables into a factor based on their mutual correlation by analysing the
variance of each variable and how much of that variance is shared with other variables. The total
variance of a variable can be partitioned into three parts: the part shared with others, the part specific to
the variable, and the unexplained variance. The analysis can then be done on the total variance (factor
analysis) or the shared variance (principal component analysis) between the variables. The latter is more
suitable for reducing the number of variables and is usually used when the specific variance is relatively

small in relation to the total variance.

The first factor created is a linear combination of variables that explains most of the total variance of all
variables. Subsequent factors are created by linearly combining the variables so that they explain as
much of the remaining variance as possible. This process continues until we have created as many factors
as we have variables. The number of factors to retain is determined by a criterion based on the
explanation of the variance. Factors with an eigenvalue greater than one are considered significant, and
those with an eigenvalue less than one are considered nonsignificant. Significant factors will be used as

attributes in the hedonic price equation.
The stepwise regression approach

We have also estimated the so-called stepwise regressions as an alternative to factor analysis. It is a
method with a long tradition (Hocking, 1976), but relatively few people use it. Its purpose is to automate
the determination of which independent variables are statistically significant and, thus, which ones are
included in the final model. It does not say anything about the economic significance of which variables
to include in the model or its causality. We can start with a model without any independent variables

and then include the independent variable that explains the most variation in housing prices (stepwise
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regression). Then, we can include the following best variable and so on. No variable is excluded from
the model if it is statistically nonsignificant. The second approach is to include all independent variables
and then exclude the variables that are not statistically significant one at a time (backward stepwise

regression).

Quantile regression approach

Quantile regression is also recommended for estimating depreciation, as the depreciation rate varies
depending on the price level (Shultz, 2018). Ordinary OLS estimates the expected mean of the house
price given the independent variables, while quantile regression estimates the expected median (or other
guartiles) of the house price given the independent variables (Koenker, 2005). One advantage of quantile
regression is that it is more robust with respect to outliers. The method has been used in many scientific
disciplines (Cade and Noon, 2003), as well as in real estate economics (Brunes et al., 2020). The
literature review shows regional differences in annual depreciation (Malpezzi et al., 1987). Therefore,
we have supplemented this with analyses in which we estimate individual price models for each county

included in the data set.
4. The data and descriptive statistics

The empirical analysis will be based on single-family house property sales, with information on the
transaction price and various attributes that affect the value. The total number of transactions consists
of all sales regarding detached houses in 2021 and spring 2022. Only transactions in urban areas and
properties larger than 80 square metres and less than 250 square metres are included in the sample. We
have only included older properties, that is, those built at least 30 years ago. Our primary purpose has
been to analyse the effect of improvement measures on older properties, for which we currently have

significantly less information on their condition than for newer buildings.

A stratified sample has been drawn, in which 72 municipalities have been selected. The stratification of
the sample was done to obtain variation in the size of the urban area and the price of housing. The survey
has been sent to all property owners who have purchased a property, with the number of surveys limited
to a maximum of 15,000. Lantméteriet collected data on transactions and associated housing attributes
that affect values. The authority also created the questionnaire, sent it to the respondents, received it,
and registered the responses. A total of 9,509 survey responses have been received and registered. The
selection of municipalities is shown in Map 1. We are analysing transactions in urban areas in Sweden's
most populated areas with the highest population density. We excluded the city of Stockholm (the largest

municipality in Sweden) due to the limited number of surveys to include in the sample.
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Map 1. Included transactions distributed across Sweden.
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The included housing attributes are living area, other area and total area, as well as lot size and year of
construction. In addition, a quality variable, the quality index, is included, with its various sub-
components. The sub-components include information on the facade, roof, electricity, windows,

bathroom, kitchen, and fireplace. The quality index can range from a maximum of 59 points to a
12



minimum of 6 points, and some of the sub-components relate to the assessment of maintenance and
reconstruction done on the property. To test the robustness of our estimates, we have estimated the
model with the quality index and an adjusted quality index, where we have excluded components

measuring the assessment of maintenance.

The primary aim of the current study is to analyse whether effective age with more information can have
a better predictive ability. Effective age is initially measured using the years of construction and
reconstruction. Additionally, we also have location information consisting of the municipality and

geographic coordinates. The descriptive statistics on the included variables are presented in Table 1.

Table 1. Descriptive statistics regarding transaction price and value-affecting attributes

(Number, mean, standard deviation).

Variable Number Average Standard
deviation
Transaction price (SEK) 9509 3,969,116 2,711,460
Living area (square meter) 9509 130.18 33.05
Other area (square meters) 7669 68.56 40.77
Total area (square meters) 9509 140.33 33.44
Lot size (square meters) 9509 1351.71 1536.32
Quality index (index) 9509 32.82 5.76
Adjusted quality index (index) 9509 30.08 3.34
Construction (year) 9509 1956 25
Reconstruction (year) 2248 1994 17
Effective age (year) 9509 1962 33

Note. The table shows descriptive statistics regarding the dependent variable transaction price (krona) and the
independent variables living area (square metre), secondary area (square meter) and value area (square meter).
Value area refers to living space plus 20% of living space if it can be accessed through the living space. The plot
area (area) is also included. In addition, the standard score variable (Skatteverket 2020:4) is also included, an
index variable consisting of various subcomponents. The subcomponents consist of information about the
property's building materials and equipment. The exterior components consist of facade cladding, garage and
carport, and maintenance and remodelling standards. The energy management group's subcomponents consist of
electricity, windows and heating, and maintenance and remodelling standards. The kitchen refers to equipment
and maintenance and remodelling standards. The area of sanitation refers to water, baths, showers and water-
flushed toilets, space for washing and clothing care, and maintenance and remodelling standards. Finally, we
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have other interior attributes such as fireplace and family room. The maximum standard score is 59 points. We
also produced an adjusted standard score where the points related to maintenance and rebuilding standards have
been excluded. The year of construction referred to when the building was built, and the year of reconstruction
refers to when the building has been rebuilt or built into a change to the building's living space. The year of value
will equal the year of construction if the building has not been extended or rebuilt.

The sample includes a total of 9,509 observations. Most of these consist of properties with free-hold
land, while some have a leasehold (189). We have information on the transaction price, living area, year
of construction and reconstruction, and quality index. Information is missing from many properties for
the year of reconstruction and other areas. This may be because some properties lack other areas and
have never been reconstructed, or there is no information about any other area and the year of

reconstruction.

The average price for a property in the sample is just under SEK 4 million (3,969 KKR), but the variation
around the average value is high. The standard deviation is a total of 2.7 million SEK. The variation is
due to the properties being in different regions, significantly impacting the price. The average living
area size is approximately 130 square metres, with a standard deviation of 30 square metres. Thus, the
variation in living space is significantly less than that of the transaction price. The average total area is
larger (approximately 140 square metres) than the living area since 20% of the other area is counted as
the total area. The average quality index is almost 33 points, with a standard deviation of just under 6
points. Here, too, the variation around the mean value is relatively limited. On average, the properties
were built in 1956, varying approximately 25 years. However, we can also note that the effective age

year is slightly higher (1962). The effective average age would be approximately 59 years.

Additional variables obtained through the survey include the roof, facade, windows, foundation, heating,
electricity, drainage, bath, kitchen, and surface layer. For each variable, respondents were asked when
it was last addressed and to provide a subjective assessment of its condition, either very good or bad.
Property owners could respond with information about when the renovation was done or their subjective
assessment of the condition, even if they did not have the information. Since the properties were recently
purchased, respondents are not expected to have done the renovations themselves, but rather that
information was obtained from previous owners or the broker's description. The goal was to obtain an
assessment of the property's condition at the time of sale. Descriptive statistics for the included variables

are presented in Tables 2 (for the assessed year) and 3 (for the assessed condition).

The analysis reveals two notable observations. First, only a small proportion of the respondents provided
information on the timing of the measures implemented, indicating that they did not have access to this
information. For example, only 1615 respondents indicated when the facade was last rebuilt. On the
contrary, more respondents could provide information on the dates of heating, bath, and kitchen
renovations, but this only accounted for less than half of the total survey respondents. Second, the
distribution of the responses was skewed, with a higher number of respondents indicating time intervals
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closer to the purchase date. As the time interval between the renovation and the response to the survey

increased, the number of respondents providing information decreased.
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Table 2a. Supplementary variables and respondent’s information when the measure was introduced

(Number of respondents).

Roof Facade Window Foundation Heating Electricity Drainage

2020-2021 328 139 289 162 524 437 306
2011-2019 1386 560 1497 618 1809 852 654
2004-2010 875 316 807 498 1547 407 323
1995-2003 485 204 327 364 693 199 171
1988-1994 184 104 109 133 75 66 88
1981-1987 123 102 93 71 56 67 55
1971-1980 124 190 97 135 53 122 114
Totalt 3505 1615 3219 1981 4757 2150 1711

Table 2b. Supplementary variables and respondent's information when the measure was introduced

(Number of respondents).

Bath Kitchen

2019-2021 829 832
2017-2018 498 487
2014-2016 715 735
2009-2013 824 872
2005-2009 829 790
2000-2004 517 442
1991-1999 376 316
Totalt 4591 4474

Note. The table is divided into two parts (a and b) depending on whether the respondents have had to take a position
at different periods regarding the property's roof, facade, windows, foundation, heating, electricity and drainage,
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and the property's bathroom and kitchen. The table shows how many respondents responded when various
measures were implemented. The table shows the age ranges; most variables have equivalent age ranges (Table
2a). Exceptions are bath and kitchen renovations (table 2b), which are assumed to have a shorter technical and
economic lifespan; thus, the age intervals are shorter.

In relation to the roof, facade, foundation, and heating, less than half of the respondents state that
renovation or replacement work has been carried out in the last five years. On the other hand, for
windows, electricity, and drainage, more than half of the respondents state that renovation or
replacement work has been carried out in the last five years. Across all types of properties, relatively
few property owners indicate that the property in question dates back to the last century, with less than

10% of respondents indicating that the property was rebuilt in whole or in part before 2003.

Table 3 presents the assessment of the property condition by the property owners at the time of purchase.
Respondents unaware of when maintenance and reconstruction had been carried out were asked to assess
the condition on a six-point scale, ranging from much better than normal to much worse. The results are

presented in Table 3.

Table 3. Auxiliary variables and the respondent's subjective assessment (number of respondents).

Much
better
than

normal

Better
than

Normal

Normal

Somewhat
worse
than

normal

Worse
than

normal

Much

worse

Roof

64

161

1845

1063

1705

1004

Facade Window Foundation

70

297

4245

1409

1137

552

100

276

2155

1201

1487

936

65

222

4235

1267

942

620

Heating Electricity Drainage

82

240

2136

598

704

838

17

61

155

3499

1323

1162

934

52

125

4524

1355

934

621

Bath Kitchen

65

169

1346

604

1204

1398

92

236

1644

684

1200

1034

Surface

240

745

4428

2091

1291

541



than

normal
Total 5842 7710 6155 7351 4598 7134 7601 4786 4890 9336

Note. The questions regarding the respective property were first referred to when the action was carried out within
a time interval. If the respondent has not had the information, they have been asked to give a subjective assessment
regarding the roof, facade, windows, foundation, heating, electricity, drainage, bath, kitchen, and surface layer.
The respondent has assessed the property on six levels: (1) The property had several defects and is assessed as
very poor. Replacement in the property probably needs to be done soon (04 years), (2) the property had some
shortcomings, and the condition is considered worse than normal. A replacement in the property probably needs
to be done within 5-10 years, (3) the property was acceptable, and the condition is assessed to be somewhat worse
than normal. A change of property is judged to be farther away than ten years away in time, (4) the property was
good, and the condition is judged to be better than normal, (5) the property was very good, and the condition is
judged to be better than normal, and (6) the property was excellent, and the condition is rated as much better than
normal. The table shows the number of people who have answered the respective question and judgment and the
total.

Based on the results of the survey, it can be concluded that only a small percentage of property owners
know when maintenance and investments have been made on their property. Most respondents have
instead provided subjective assessments of the property's condition, which may vary depending on the
individual's perception of normality. However, despite subjectivity, information on the condition is still
considered valuable. It is worth noting that in a market with many transactions, the consensus on the

condition of individual properties tends to converge towards what the market considers normal.

The survey results also suggest that it is relatively easier for property owners to indicate the year when
work has been done on the kitchen and bathroom, while it is more challenging to indicate when work
has been done on the facade, foundation, electricity, and drainage. In particular, less than 10% of
respondents indicate that their property was replaced in whole or part before 2003, suggesting that most

properties are relatively new.

In terms of these characteristics, it can be observed that approximately 80% of the respondents have
provided an assessment rather than specifying a period. Furthermore, it can be noted that for these
characteristics, most respondents have indicated that the condition is average in terms of the number of
responses and, in comparison, the total number of assessments made. Few respondents have indicated
that the condition is much better or better than normal, with less than 10% indicating this, while 20-30%

have indicated that the condition is worse or worse than average.

Regarding the features that property owners believe will require maintenance in the next 10 years, it can
be seen that the facade, foundation, heating, electricity, drainage, and surface layer are characteristics
that most people believe require relatively little attention. On the other hand, more than half of the
respondents believe that maintenance will be needed for the windows, roof, bath and kitchen, which
may be because these characteristics are easier to assess. On the contrary, assessing the condition of the

foundation, electricity, heating, and drainage is much more challenging.
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To enable comparison of the answers (age range or subjective assessment), we have "translated" the
subjective assessment to a year where the normal standard indicates a year of 30 years. If the property
is much worse than normal, we have set the value to 50 years; if it is much better than normal, we have
set the value to 10 years. With regard to the age range, we have used the middle value, i.e. the age group
1971-1980 has a number of years equivalent to 45 years. Through this procedure, we have analysed the
various subcomponents regardless of whether the respondent has answered with an age range or made
a subjective assessment. The new effective age was then calculated as an average value of all
subcomponents with equal weight.

The variables included in the analysis have high mutual correlation, particularly those that measure age
and quality, such as the year of construction, the year of reconstruction, the quality index, and the
additional variables related to the roof, facade, windows, foundation, heating, electricity, drainage, bath,
kitchen, and surface layer.

Table 4 presents the correlations between the new additional variables. The correlation matrix reveals a
strong positive correlation between the additional variables, indicating that if one variable is in good
condition, the others are also likely to be in good condition, such as the roof (T) and the facade (FA).
The strongest positive correlation is observed between the effective age of wastewater (A) and electricity
(E), suggesting that if the effective age of drainage is high, the effective age of electricity is also likely
to be high. This connection between sewer/electricity is also stronger compared to the kitchen (K) and
bath (B), which are highly correlated with the surface layer (Y), which is reasonable. In contrast, we
observe the lowest correlation between the effective age of the roof, the kitchen, and the surface layer.
All variables have a positive and statistically significant correlation, indicating that they partly measure
the same underlying construct. On the basis of the correlation matrix, we expect it to be possible to

reduce the number of factors we have done in the factor analysis.

Table 4. Correlation matrix
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FA- 0.342
FO- 0.297 0.360

G- 0.274 0.352 0.308

V- 0.239 0.258 0.282 0.256

E [0.263 0.366 0.333 0.343 0.342
A- [0.230 0.327 0.282 0.347 0.318.
B- 0.246 0.318 0.313 0.291 0.295 0.419 0.424
K- 0.293 0.308 0.274 0.291 0.420 0.373 0.458

Y 0.335 0.297 0.307 0.259 0.395 0.335 0.376 0.441

T
T FA FO G V E A B K

Note. The table shows the correlation between the independent variables. The correlation coefficient is from -1 to
+1 (from a perfect negative to positive relationship). The blue cell indicates a lower correlation between the
variables, and the red cell shows a higher correlation. The variables refer to the roof (T), facade (FA), window
(FO), foundation (G), heating (V), energy (E), drainage (A), bathroom (B), kitchen (K) and general surface layer

(Y).

The factor analysis was conducted using a principal component analysis with ten supplementary
variables that indicate when measures have been carried out or the property's condition. The variable
effective age, based on the difference between the year of sale and the year of construction or
reconstruction, was also included in the factor analysis. According to the literature, a sample size of at
least 10:1 is recommended for factor analysis (Hair et al., 2006), although a ratio of 20:1 is also observed.
Our dataset is large enough to perform factor analysis. Table 5 presents the results of the analysis of the

main components.

Table 5. Principal component analysis

Component Eigenvalue Share Cumulative
F1 3,984 0,3622 0,3622
F2 1,04942 0,0954 0,4576
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F3 0,951292 0,0865 0,5441

F4 0,755571 0,0687 0,6128
F5 0,738376 0,0671 0,6799
F6 0,689016 0,0626 0,7425
F7 0,651691 0,0592 0,8018
F8 0,614181 0,0558 0,8576
F9 0,570467 0,0519 0,9095
F10 0,513602 0,0467 0,9561
F11 0,482382 0,0439 1,000

Note. The table reproduces the eigenvalues for each factor (F1-F11) estimated using the principal component
analysis. Proportion refers to how much each factor explains the total variation (variance) in the data material
concerning the investigated variables. Cumulative refers to the cumulative summation of the shares, and all factors
explain 100% of the total variation.

The first principal component has the highest eigenvalue and explains the largest proportion of total
variation among the 11 variables. It accounts for approximately 36% of the total variation; the second
component explains almost 10%, and the third component explains just under 9%. The first three
components combined explain approximately 54% of the variation. The relationship between the
number of components and the eigenvalue is illustrated in Figure Al (in the appendix). As the number
of components increases, the intrinsic value decreases. Earlier, we mentioned that the criterion for
determining the number of components to analyse further is one. In this case, the first two components
are above one, while the third is borderline. We also calculated the Kaiser-Meyer-Olkin measure to
assess the suitability of the sample (sampling adequacy). Our estimate is 0.9042, higher than 0.5,

indicating that our data are suitable for the chosen method.

Table 6 presents the eigenvector, which shows the degree to which the different variables are associated
with the various components. The weights in the eigenvector represent the coefficients in the linear

combination of the constituent variables included in each component.

Table 6. The components (eigenvector)
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F1 F2 F3

Roof 0,2527 -0,3828 0,4678
Facade 0,3171 -0,1330 0,3492
Window 0,3026 -0,1104 0,2981
Foundation 0,2994 -0,0471 0,2628
Heating 0,2814 -0,1196 -0,0834
Electricity 0,3597 0,0140 -0,2135
Drainage 0,3358 -0,0176 -0,2859
Bath 0,3395 0,1416 -0,2345
Kitchen 0,3345 0,2220 -0,2866
Surface 0,3236 0,2148 -0,1308
Age 0,0350 0,8313 0,4615

Note. The table shows how the factors/components have been defined. Only the first three components are
reproduced in the table (those with an eigenvalue approximately equal to 1). The values in the table refer to the
weight of the respective variable in the factors/components created. The weights can be negative or positive. The
correlation between F1-F3 is, by definition, equal to zero (0).

The analysis suggests that there are at least three distinct components. Component 1 includes the
supplementary variables, with relatively equal weighting between them, although the roofs have a
slightly lower weight. Component 2 includes the initial effective age, as well as kitchens, baths, and
finishes. Roofs have a negative impact on component 2. Component 3 primarily includes roofs, facades,
windows, and foundations, representing external maintenance/condition. The internal condition has a
negative impact on this component. In summary, component 1 includes additional information,
component 2 includes existing information on initial effective age, and component 3 includes external

condition information.

5. Econometric analysis
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The empirical analysis will be conducted in several stages. In Step 1, a base model will be estimated
using only available information, and in Step 2, a variable will be included in the extended model based
on the supplementary variables (variable name: new effective age). In the third model, components of
the factor analysis will be included in the model. As an alternative, two types of stepwise models will
be estimated in Step 3, where included variables are selected based on their statistical significance.
Finally, two models will be estimated to test the heterogeneity of the parameter estimates for the new
effective age. This will be done through a cohort model, testing whether the estimates vary across
different cohorts, and a quartile model, testing whether the estimates vary across the price distributions.

The hedonic regression model

In Tables 7 and 8, we present the results of the basic model, the extended model and the factor model,
while in Table 9, we present the results from stepwise regressions, and in Tables 10 and 11, the results
from the heterogeneity models. We will focus on the individual parameter estimates regarding the
variables relating to effective age, the model's degree of explanation (in-sample) and the model's

predictive ability (out-of-sample).

Table 7. Hedonic price models

1) (2) 3)
Initial effective age -0.00179™ -0.00423™
(-3.49) (-8.32)
Initial effective age squared ~ 0.00000289  0.0000241™"
(0.68) (5.64)
Lot size 0.00000952  0.00000935 0.0000104"
(1.91) (1.87) (2.13)
Living area 0.00376™" 0.00345™ 0.00363™
(33.64) (29.93) (32.17)
Quiality index 0.0121™
(18.94)
Adjusted quality index 0.0221™ 0.0211™
(18.38) (18.16)
New effective age 0.00773™
(4.24)
New effective age squared -0.000303™
(-8.44)
R? 0.815 0.815 0.820
Adjusted R? 0.798 0.798 0.804
RMSE (insample) 0.276 0.276 0.272
RMSE (out-of-sample) 0.270 0.267 0.264
Observations 7187 7187 7187

Note. The table reproduces the results of five regressions where we have added information on the condition.
Model (1) refers to the base model where the new variables are not included. In addition to the independent
variables, plot area, value area, standard score, fixed area and time effects, and age squared are also included. The
age is defined based on the year of construction or reconstruction. Model (2) refers to the same model but where
information about the condition in the standard score has been excluded. Model (3) includes information regarding

the added variables of condition and squared. The variable (Average) refers to an unweighted average of the
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variable estimated effective age. The table shows the respective variable's coefficient estimate and t-value in
parentheses. The models also include fixed-area and time effects. Each coefficient estimate also provides an
indication depending on its significance with * p <0.05, ** p <0.01, *** p <0.001. The model's explanatory power
is indicated by R2, adjusted R2 and its predictive power by RMSE (in-sample) and RMSE (out-of-sample). In
addition, the number of observations is reproduced.

The degree of explanation (R?) is 0.815, indicating that independent variables can explain 81.5% of the
price variation. Adjusted R? is slightly lower at 79.8%. This level of explanation is relatively good and
can be found in many hedonic studies. However, the predictive ability of the model is relatively poor,
with an RMSE of 0.276. Since the dependent variable is the transaction price in logarithmic form, this

value can be interpreted as the average prediction error corresponding to 27.6%.

The estimate of the initial effective age in column 1 is statistically significant and negative, indicating
that older properties have lower prices. Initial effective age is calculated as the year of the sale minus
the highest value of the year of construction or reconstruction. However, the squared effective age is not
statistically significant. The parameter estimate of the initial effective age is relatively low, only 0.18%
per year. The results in column 2 use the same initial effective age but use the adjusted quality index as
an independent variable.

The probable explanation for the relatively low parameter estimate concerning initial effective age in
the base model is two-fold. First, we are analysing properties with a construction year older than 30
years, which means that a substantial part of the year-related decrease in value has already occurred in
the first 30 years. Second, we do not account for the condition of the property in the model; although
the quality index variable is included, it measures more the occurrence of various attributes than the

property's condition.

The second model (column 2), which includes an adjusted quality index instead of a standard score,
shows similar results in terms of predictive ability as the first model. However, the estimated
depreciation factor in the second model differs from that of the first model. The reason for this is that
the second model considers the property's condition through the adjusted standard score, whereas the
first model does not. If we do not control for the condition, the estimated depreciation factor will be
significantly higher. This finding is consistent with previous studies that demonstrate the impact of a

property's condition on the estimated depreciation factor.

The extended model (column 3) includes the average effective age (also squared) based on the ten
additional questions and the effective age. The model shows a slightly higher degree of explanation
(from 79.8 to 80.5%). The average prediction error decreases slightly, indicating that information from
the supplementary questions moderately impacts the model's predictive ability. However, it should be

noted that the individual coefficient estimates are statistically significant.
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Surprisingly, the estimate for the effective age based on the supplementary questions is positive,
indicating an increase in value of 1% per year. However, the squared term is statistically significant and
negative, suggesting a decrease in value over time, but initially, there is an increase in value. The
correlation between the variables may partially explain the unexpected results. The assumption of equal
weights in the average effective age regarding the supplementary questions may not be appropriate due
to multicollinearity between the variables that measure effective age, each based on the year of
construction or the supplementary questions. Therefore, it may be necessary to perform a factor analysis
to explore further the relationships between the variables and their impact on the model's performance.

The comparison between columns (1) and (3) in Table 7 and the visualisation of the age effect in Figure
1 reveal a significant difference in the age-related decrease in value for properties over 30 years old.
The base model, which does not consider reinvestments and conditions, shows a relatively constant
depreciation rate for properties older than 30 years. However, using the effective age instead of the age
in the model yields a different depreciation pattern. At around 30 years, both models' depreciation rates
are the same. However, after 30 years, the depreciation rate increases significantly when age is measured
with effective age. For a property built more than 30 years ago with an effective age of 1 year, its value
will increase over a few years and decrease around an effective age of 15. At an effective age of 30, the
depreciation factor is less than 0.1% per year, which increases to 0.2% at an effective age of 40 and
approximately 0.6% per year at 60 years. It should be noted that there is considerable uncertainty in the

estimates for effective ages over 50 years.

Figure 1. Age depreciation without (base model) and with consideration of condition (effective age).
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Note. Figure 2 graphically reproduces the effect of age on housing value. The graph is based on the coefficient
estimates in table 7 regarding the variables Age and Age squared (base model) and the average effective age and
Average effective age squared (Effective age).

Previous studies have estimated the depreciation rate for properties of different ages and conditions. For
instance, Shilling, Sirmans, and Dombrow (1991) estimate the depreciation factor at around 1% for a
10-year-old property, while Malpezzi, Ozanne, and Thibodeau (1987) estimate the factor at only 0.4%.
Wilhelmsson (2008) estimates the depreciation factor for well-maintained and less-maintained
properties at 20 and 40 years, respectively. The depreciation factor for well-maintained properties is
around 0.3% at 20 years, while at 40 years, there is an appreciation effect of 0.1% per year. The
corresponding values for less-maintained properties are 0.7% and 0.2% per year. Therefore, considering
that we are analysing older properties, the estimates in the base model are consistent with previous

studies.
The factor regression model

The results of the factor model in Table 8 reveal that the model has explanatory power as the extended
and base models, with only a slight improvement. However, this difference is not statistically significant.

Table 8. Hedonic factor models

1) (2) 3)
Lot size 0.00000981" 0.0000139™ 0.0000145™
(2.02) (2.85) (2.98)
Total living area 0.00364™" 0.00357" 0.00357"
(32.20) (31.65) (31.70)
Adjusted quality index 0.0217" 0.0201™ 0.0198™
(18.76) (17.14) (16.91)
Scores for component 1 -0.0293™ -0.0296™" -0.0297™
(-17.13) (-17.39) (-17.47)
Scores for component 2 -0.0289™" -0.0294™
(-8.11) (-8.28)
Scores for component 3 -0.0171™
(-5.01)
R? 0.819 0.821 0.822
Adjusted R? 0.802 0.804 0.805
RMSE (insample) 0.273 0.272 0.271
RMSE (out-of-sample) 0.264 0.264 0.263
Observations 7187 7187 7187

Note. The table reproduces the results of three regressions where we have added information on the condition, in
addition to the independent variables, plot area, value area, standard score, fixed area, and time effects. The
effective age and effective age squared variables are not included in the models as they are included in the factor
analysis. Model (1) refers to a model in which factor 1 (F1) is included, model 2 includes F1 and F3, and finally,
all factors (F1-F3) are included in model 3. The table shows the respective variable's coefficient estimate and t-
value in parentheses. The models also include fixed-area and time effects. Each coefficient estimate also provides
an indication depending on its significance with * p <0.05, ** p <0.01, *** p <0.001. The model's explanatory
power is indicated by R?, adjusted R? and its predictive power by RMSE (in-sample) and RMSE (out-of-sample).
In addition, the number of observations is reproduced.
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All three components or factors exhibit statistically significant parameter estimates with the anticipated
direction of influence. This means that if the component increases in value, it has a negative impact on
the property's value. F1 has the highest statistical significance, followed by F2 and F3. However, F2 has
the most substantial impact on value, with a predicted decrease of 3% for a unit increase in the
component. Interpreting these results in economic terms can be challenging, which is a common problem
with incorporating components from factor analysis into the hedonic price equation. We assess that
factor analysis shows that all subcomponents have the same weight and that using an average effective
age with equal weights can be a reasonable way to go.

The stepwise regression models

The hedonic price equation was estimated using two stepwise regression variants to better understand

the individual variables within the components.

Table 9. Stepwise hedonic price models

1) (2)
Age -0.00339™ -0.00329""
(-6.84) (-6.71)
Age squared 0.0000184™ 0.0000178™
(4.43) (4.32)
Lot size 0.0000126™ 0.0000101"
(2.60) (2.15)
Total living area 0.00358™" 0.00355™"
(32.09) (32.05)
Adjusted quality index 0.0206™ 0.0205™
(17.58) (17.57)
Window -0.000666™ -0.000609"
(-2.75) (-2.52)
Facade -0.00233™ -0.00218™
(-7.11) (-6.67)
Facade 0.000514 0.000539
(1.65) (1.72)
Kitchen -0.00186™" -0.00180""
(-4.00) (-3.88)
General surface -0.000779 -0.000730
(-1.78) (-1.66)
Bath -0.00263™" -0.00255™"
(-5.93) (-5.77)
Roof -0.000451" -0.000476"
(-1.97) (-2.09)
Foundation -0.000527
(-1.71)
R? 0.822 0.821

Adjusted R? 0.807 0.808
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RMSE (insample) 0.269 0.269

Observations 7187 7187
Note. Table 9 presents the results from two stepwise regressions where column (1) reproduces the results from a
model where we include all variables and remove those with the worst statistical significance, and column (2)
shows the results from a model where we first include that variable which exhibits the highest statistical
significance. The t-values show the statistical significance in parentheses. Absolute values above 1.96 mean the
parameter estimate is statistically significant at a 5% significance level. Significance is also given by: * p < 0.05,
**p < 0.01, *** p < 0.001. The models include fixed area effects and time effects. The model also includes
effective age based on the year of construction or remodelling. R?, adjusted R? and RMSE indicate the explanatory
power of the model. In addition, the number of observations is reproduced.

The results are presented in Table 9. Column 1 involves starting with a model where all variables are
included and removing variables if their parameter estimates are statistically insignificant. Column 2
involves starting with a model that includes an independent variable based on its statistical significance

and then adding variables if their parameter estimates are statistically significant.

Based on the results of the stepwise regressions, it appears that each variable contributes to explaining
the price variation, with 7-8 out of the 10 variables showing statistically significant parameter estimates.
In addition, the expected sign of the effect is observed for all variables (except drainage), indicating that
a worse condition has a negative impact on the price. Furthermore, variables such as time since
investment and assessed condition have an expected negative effect on the price, indicating that a long
time since investment or a worse assessed condition will result in a lower price. However, the parameter

estimates are relatively low, suggesting that the impact of each variable is relatively marginal.
Parameter heterogeneity models

We are testing parameter heterogeneity in two different ways. First, we estimate quantile regression
models to analyse the impact of new effective age in the price distribution; second, we estimate the
impact of new effective age in different cohorts. Table 10 presents the results of the quantile regression
model, where we have estimated the effect of depreciation at the 10th, 25th, 50th, 75th, and 90th

percentile.

Table 10. Quantile regression model

Percentile  Coefficient  t-value R?

0.10 -0.0073288 -8.80 0.6484
0.25 -0.0067942 -11.96 0.6290
0.50 -0.0068528 -13.65 0.6164
0.75 -0.0067118 -15.06 0.6173
0.90 -0.0068439 -12.01 0.6280

Note. The table shows the results from the quantile regression model. The table only shows estimated parameters
regarding effective age, but the model also includes the other independent variables that have been used previously

28



but not the regional fixed effects. The percentiles refer to 0.1, 0.25, 0.5, 0.75 and 0.9. The t-value and the degree
of explanation (R?) are also displayed alongside the coefficient. The t-values show the statistical significance in
parentheses. Absolute values above 1.96 mean the parameter estimate is statistically significant at a 5%
significance level.

The results do not show significant differences across the price distribution. Specifically, the
depreciation rate is neither higher nor lower for properties with a lower price than for those with a higher
value. In conclusion, we have also estimated the effect of depreciation within different cohorts with

respect to the year of construction. The result is presented in Table 11.
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Table 11. Cohort analysis

1) (2) 3) (4)

-1939 1940-1964 1965-1974 1975-
Lot size 0.0000209" 0.0000289" 0.0000106 0.0000260™

(2.32) (2.15) (0.62) (2.58)
Total loving area 0.00385™" 0.00364™ 0.00317" 0.00290™"

(15.19) (15.62) (12.79) (12.16)
Adjusted quality 0.0242™ 0.0214™ 0.0190™ 0.0131™
index

(7.89) (9.42) (8.28) (4.95)
Average new 0.0192™ 0.00563 0.00310 0.00505
effective age

(3.95) (1.59) (0.90) (1.41)
Average new -0.000532" -0.000266™" -0.000207™ -0.000234™
effective age
squared

(-5.65) (-3.78) (-3.05) (-3.33)
R? 0.852 0.871 0.867 0.868
Adjusted R? 0.798 0.833 0.824 0.825
RMSE (insample) 0.315 0.266 0.232 0.221
Observations 1694 1993 1736 1764

Note. The table shows the results from our cohort analyses. We divided the material by year of construction and
created four cohorts. The first refers to buildings built before 1940; the second refers to buildings built between
1940 and 1965; the third refers to buildings built between 1965 and 1975; and the last cohort refers to buildings
built after 1975 (but before 1992). The model includes lot size, total living area, adjusted quality index and new
effective age with equal weights. The t-values show the statistical significance in parentheses. Absolute values
above 1.96 mean the parameter estimate is statistically significant at a 5% significance level. Significance is also
given by: * p <0.05, ** p < 0.01, *** p < 0.001. The models include fixed area effects and time effects. The model
also includes effective age based on the year of construction or remodelling. R2, adjusted R2 and RMSE indicate
the explanatory power of the model. In addition, the number of observations is reproduced.

The cohorts used in this study are as follows: before 1939, 1940-1964, 1965-1974, and 1975 and later.
The division was carried out to ensure equal sample sizes in each cohort. The variables of interest are
the variable new effective age. The effect differs between cohorts. For buildings built before 1940, the
value initially increases if the effective age increases by one year and then decreases. However, we do
not observe a corresponding positive price effect in the other cohorts. One possible interpretation is that
there is a positive vintage effect for older buildings but not for those built after 1940. However, the
negative coefficient estimates regarding the effective age squared suggest that the decrease in value due

to poorer conditions is more significant for the oldest properties. This effect is reflected in Figure 2.
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Figure 2. Depreciation rate within different cohorts.
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Note. We divided the material into four different age groups (cohorts). Buildings built before 1940, between 1940-
1965, 1965-1975 and 1975. The figure is based on the estimates in Table 11 (columns 1-4). On the vertical axis,
we have the rate of depreciation per year measured in percentage, and on the horizontal axis, we have the effective
age.

6. Conclusions and policy implications

From the literature review, we can state that many articles from different countries have analysed the
issue of age-related depreciation and the importance of maintenance and renovations. Several methods
have been used in these studies to estimate the degree of depreciation, but the hedonic methodology is
the most used. These studies show that the depreciation rate varies depending on many factors, including

how well the property owner has taken care of the property.

The empirical literature shows an average decrease in value of 1-2% per year, depending on the housing
market. There is also support in the empirical literature that a well-maintained property has a
depreciation factor of less than 1%, while a property in worse condition can have a depreciation factor
of more than 3%. We can also note in the literature that the age-related decrease in value is most evident
in the first years after a building; the decrease in value is not linear over time. There are indications that
the depreciation differs between properties depending on the construction period (so-called cohort
effects).
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In our empirical analysis, a hedonic regression model was estimated to examine the impact of effective
age on property prices. The results indicate that the effective age has a statistically significant negative
impact on property prices, estimated at only 0.18% per year. However, the squared effective age is not
statistically significant. The low-parameter estimate of effective age can be explained by the fact that
the properties analysed are already over 30 years old, and a substantial part of the year-related decrease
in value has already occurred. Furthermore, the model does not account for the condition of the property.
The degree of explanation of the model is relatively good, but the predictive ability is relatively poor.

An extended model was also estimated, which included a new effective age based on ten additional
guestions, showing a slightly higher degree of explanation and a moderate impact on the model's
predictive ability. However, the individual coefficient estimates of the model were statistically
significant, and the estimate for the new effective age was positive, indicating an increase in value of
1% per year. The factor model, which included components of factor analysis, showed similar results to
the extended model. The model that considered the condition through the adjusted standard score

showed a lower estimated depreciation factor, consistent with previous studies.

The results of this empirical analysis could have several policy implications. First, the finding that older
properties have lower prices could be helpful for policymakers in the housing sector, particularly those
interested in urban renewal and regeneration. It suggests that measures to stimulate the renovation and
renovation of older properties could effectively increase their value and potentially revitalise urban
areas. Second, the results suggest that the condition of a property is an essential factor in determining
its value, which could be relevant for policymakers concerned with building codes and regulations.
Policies that aim to improve the maintenance and upkeep of properties could help increase their value
and improve overall housing quality. Third, we find that the model's explanatory power is relatively
high but its predictive ability is relatively poor, suggesting that some unmeasured attributes influencing
the housing market are not considered in the model. Policymakers may need to consider additional
variables or conduct further research to better understand these factors and their impact on the housing

market.

Hence, based on the study's findings, policymakers could consider developing policies and incentives
to encourage property owners to invest in maintenance and reinvestment measures that can mitigate the
effects of ageing on property value. This could include tax incentives or subsidies for property owners
who perform certain types of maintenance or repairs that can extend the technical and economic life of
the property and reduce its effective age. Additionally, policymakers could consider developing
regulations or standards for property maintenance and requiring property owners to adhere to these
standards to ensure that all properties are maintained to a certain level. This could help prevent a decline
in property values over time, which can negatively affect individual property owners and the broader
economy.
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