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ABSTRACT

This paper examines how housing affordability has changed across the Danish regions over time and
what these developments may indicate for future homeowners. To answer this, regional housing data
was combined with national macroeconomic variables and analyzed through the use of local
projections to estimate impulse response functions. The model made it possible to study how shocks
to key variables such as effective mortgage rates, wages, core inflation, and housing sales affect

housing prices for both apartments and one-family homes across each region.

The analysis found that effective mortgage rates had the strongest and most consistent relationship
with housing prices. A two-phase pattern was observed, where an initial short-term positive response
was followed by a longer negative adjustment, reflecting behavioral reactions such as loss aversion
and later correction to higher borrowing costs. Inflation shocks showed similar delayed negative effects
on prices, mainly through the transmission of higher interest rates, while wage shocks were limited in
their impact as wage growth in many regions had already outpaced price increases. Sales shocks
indicated stronger demand-driven effects for one-family homes, while apartments responded more

slowly, likely due to larger supply and market stability.

When comparing regions, the findings showed clear differences in both timing and magnitude of the
price responses. The Capital Region proved to be the most sensitive to both rate and inflation shocks,
reflecting higher price levels, stronger demand, and tighter supply. Regions such as North Jutland and
Lolland showed much weaker reactions, highlighting how local market structure and geography shape

price behavior.

Overall, the results show that affordability in Denmark has not developed equally across regions.
Wages have improved affordability in smaller counties, while larger cities and the Capital Region
remain challenging for new buyers due to higher price levels and stronger demand. The findings

therefore indicate that future affordability will continue to depend heavily on location, with smaller
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regions maintaining more stable and accessible housing markets, while the Capital Region faces

continued affordability pressure.
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INTRODUCTION

Ever since the global financial crisis of 2008, the housing market has been regarded as one of the most

important areas to monitor in any economy. The crash revealed just how deeply housing market
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fluctuations can impact both national and global financial stability, and since then, affordability and
regulation have remained key discussion points among policymakers and economists. In Denmark, the
housing market has also experienced significant fluctuations over the past two decades, shaped by
periods of rapid price growth, falling interest rates, and later, strong economic recovery. With the
introduction of the new housing tax reform in 2024, and a period of rising interest rates not seen in
over a decade, the Danish housing market is once again facing structural changes that could reshape

affordability and regional price levels in the years to come.

These developments raise several important questions about the dynamics of the Danish housing
market. As inflation has increased and mortgage rates have risen sharply since 2022, affordability has
become a central issue for both existing homeowners and new entrants to the market. At the same time,
regional differences have become more visible, as certain areas such as the Capital Region have
experienced much higher prices and stronger demand compared to smaller regions such as North
Jutland or Lolland. This uneven development has raised concerns about how regional housing markets
react differently to macroeconomic changes and whether affordability has become more divided across

the country.

To understand these dynamics, this paper will focus on how different shocks affect regional housing
prices and what these results indicate for affordability and future homeownership. By applying an
econometric model based on Local Projections, the analysis will estimate impulse response functions
to capture how shocks to key variables — such as effective mortgage rates, wages, core inflation, and
housing sales — influence housing prices for both apartments and one-family homes across Denmark’s

regions.
The central problem statement of this paper is as follows:

How has affordability changed across the Danish regions over time and what does this indicate for the

future?
To answer this question, the paper will investigate:
1. How the chosen variables affect the regional housing prices.
2. In what ways regional differences influence each region’s response to economic changes.

3. How changes in affordability might affect future homebuyers and the overall housing market.
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Aim of the Project

The aim of this thesis is to analyze the evolution of housing affordability across the Danish regions,
with a focus on how economic shocks and regional differences shape housing market reactions. By
utilizing Local Projection models, the analysis will capture how regional housing prices respond to
changes in variables that directly or indirectly affect affordability. These variables include effective

mortgage rates, wages, core inflation, and housing sales.

This approach makes it possible to observe both short-term and long-term adjustments in prices
following shocks, allowing for a deeper understanding of how affordability evolves under different
economic conditions. A central part of this project is therefore to understand not only the direct
relationship between housing prices and income but also how macroeconomic changes such as interest

rate increases or inflation pass through to regional housing markets over time.

All empirical data used in this analysis is sourced from Statistics Denmark, Finans Danmark, and
Danmarks Nationalbank, ensuring consistent and reliable data across all regions. The project also
combines empirical analysis with theoretical frameworks such as supply and demand dynamics, price
elasticity, and consumer behavior — particularly loss aversion and expectations — to explain the

reactions observed in the results.

By linking the theoretical and empirical perspectives, the study aims to contribute to a better
understanding of how regional housing markets differ in their response to national economic
conditions and how these differences shape affordability. The findings will help highlight which
regions are most vulnerable to rising rates and inflation, and which continue to offer better affordability

for future homeowners.

Overall, the aim is to provide a detailed and regionally nuanced view of the Danish housing market —
explaining how affordability has changed, what drives these changes, and what this might mean for

the future of homeownership in Denmark.

Examining the Danish housing market

This section delves into the Danish housing market, narrowing the scope of the paper and going over
events related to the topic of discussion. Firstly, various types of housing and their financing will be
examined. Hereafter, the key regional differences between the major regions in Denmark will be

explained, and the central bank’s utilization of the interest rate throughout the years will be examined.
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In addition to this, recent economic events will briefly be presented with a focus on their impact on
the housing market. Lastly, this section will delve into related research for future comparison in the

later sections.

An overview of the Danish housing market

Like any other market the Danish housing market is full of various types of housing, each serving different
needs and market segments. Some of these are; rental properties, owner-occupied homes, cooperative housing,

as well as elder homes, part time/summer houses and many others (Bolig Portalen, 2025).

However, the three main housing types are one-family homes, Apartments and summer houses. In addition to
this each of these types of housing exist on two different sides of the housing market: The ownership side and
the rental side. Conversely, while summer houses are a large part of the overall housing market in Denmark,

they deviate from the rest in a crucial way (Dagens Byggeri, 2025).

As demand continuously increases for summer houses, many are not eligible to live in these houses all year
round. This is because in Denmark summer houses are, as a rule, only allowed to be used for residency through
the summer half of the year, with the exception for pensioners. Consequently, summer houses will in general
behave differently when included in a broader analysis. This is partly due to them being a luxury good, like a
seasonally secondary home. Therefore, in order to narrow the scope of this paper and to better capture the effects
on primary residential homes later in the analysis, summer houses will be excluded (Erhvervsstyrelsen Boligejer,

2025).

As previously mentioned, the remaining two types of housing, being apartments and one-family homes, are
present on both the ownership side and the rental side of the market. While these two sides differ in terms of
market segmentation and how they are financed, it is indicative that the prices of both sides are influenced by
largely similar factors. The simple reason behind this is that rentals are priced to reflect the actual value of the
property (lejeloven, 2022) (Boligportalen, 2025). Thus, keeping focus mainly on the ownership side of the

market, we will be able to conduct a thorough analysis that can yield conclusions for the overall market.

Since this paper focuses on the ownership side, it is important to
note a key distinction between rental and owner-occupied
properties, which is that the financial burden is largely upfront,
rather than spread over time. Because of this, a brief overview of e -
the Danish mortgage system is necessary to understand how it - b
influences both housing demand and the overall cost of ownership. gk
When acquiring the money for a home purchase a mortgage is >

> installments and
needed. A mortgage differs from a usual loan as it has a direct link capighution
between the loan and the obligations that back the loan. This makes e E%;ﬁ?t e

mortgage loans transparent as the terms are defined objectively figure 1.1 Source: Finans Danmark
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based on the market interest rates and bond prices. A unique thing to note here is that in Denmark a loan taker
or borrower can repay their loan at any time before maturity on market terms. The dynamics of this loan are
illustrated as figure 1.1 or described as follows. Consisting of three parties, the borrower, the mortgage
institution and the investor. The institution extends a loan to the borrower. Thereafter, the loan is split into bonds
that are then sold to investors. The borrower will then pay off the loan by installments, interest and contribution.
With the installments and interest going to the investor, and the contribution being a fee for facilitating the loan

given to the institution (FinansDanmark, 2025).

To summarize, the market rates have a direct influence on whether a loan will be accessible or not as it
determines the cost of the loan. Coincidentally, this then directly influences the housing prices, through the
demand. As high rates can lead to a decline or stagnation of market prices for housing, likewise, this also works
in the opposite direction. It is therefore crucial to understand how these rates are set and how they are adjusted.
As the mortgage rate has a tight relationship with the interest rate, this will be covered in the later subsection

regarding the role of the central bank.

Examining regional differences

As the previous section defined the types of housing this paper will be focused on, this section will
delve into the regional differences. This will be done by going into the regional market, examining the

key differences between the five regions of Denmark and how this affects the market across regions.

The five main regions of Denmark are: The region of- North Jutland, Mid Jutland, South Denmark,
Zealand and the Capital region. With the regions differing in many ways with the most important
distinctions being the types of housing available, and the price of housing. Both of these factors are in
large parts controlled by the demand for housing as well as the available space for new housing.
Therefore, we will first be examining the population density of the regions to pinpoint how this affects
the availability of housing as well as what housing types are more favored in certain region, illustrated

below on figure 1.2.
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Region Northjutland
Population: 592.768
Areal: 7.884 km?
Population pr. km?:75

Region Midjutland
Population: 1.373.799
Areal: 13.012 km?
Population pr. km?:104

Capital Region
Population: 1.930.793
Areal: 2.563 km?
Population pr. km#:738

Region South Denmark
Population: 1.240.472
Areal: 12.266 km?

Region Zealand
Population pr. km?:100

Population: 854.902
Areal: 7.227 km?
Population pr. km?:117

Figl.2

When examining the differences between the regions, we can see a clear distinction in the population
density. With the main outlier being the capital region, with a population density of 738 people per
square kilometer. In contrast to this, the lowest density can be seen in north Jutland, at 75 people per
square kilometer. With the regions of Mid Jutland, South Denmark and Zealand being 104, 100 and
117 respectively. Moreover, this clearly helps us understand the general differences between each

region in terms of which types of housing are more common.

With the two types of housing that we mainly focus on being one-family homes and owner-occupied
apartments, we can get a good idea of how these are distributed in the regions. The reasoning behind
this is that one-family homes take up more space per individual when compared to apartments which
can be scaled to fit more people in the same sized area. This is why larger cities tend to have a larger
supply of apartments compared to smaller cities where one-family homes are much more common as

more space is available.

As each region has larger cities, where apartments will be more frequent and smaller cities where one-
family homes will be more common, indicating a varied market in most regions, which favor one-
family homes. In contrast to this, the Capital Region governs, mostly, larger and more dense cities
which will tend to favor apartments, when new supply is added to the market. On the other hand, we
can expect that the opposite is true for the other regions, with much more space available, one-family

homes would be favored, when examining the supply of housing. Additionally, this suggests that new
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accommodation is harder to find in the denser regions, which makes the availability of housing scarcer
as supply will struggle to follow the demand (National banken). This will be further explained in the

later section regarding data and methodology.

To summarize, we can assume that the denser regions will have a larger share of the market being
occupied by apartments, as space for new housing is harder to find more compact housing is favored.
Vice versa, we can also assume that the less dense regions will have a much higher share of their
market being presented by houses, as space is in abundance favoring more individual housing. We can
also assume that the density of the regions directly corresponds to the demand for housing, much like

larger cities in less dense regions.

An overview of the evolution of the effective mortgage rates

Effective interest rate of mortgage loans incl. contribution
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Fig 1.3 (scource: Danish national bank

The figure above illustrates the effective interest rate on mortgage loans, including contributions.
These rates directly impact potential home buyers as this is the effective rate that the buyers will face
when taking a mortgage on any form of housing. The effective interest rate captures all costs of the
loan over its lifetime including the nominal rate, contribution margin, compound interest, and fees and
therefore provides the most accurate measure of the borrowing cost. The rate is given as a percentage
at the end of each month, starting in 2004 and continuing up until august 2025. Examining the graph,
an overall downward trend can be seen from the starting period up until mid-2022, with the exception

of the increase during the financial crack in 2008. During this period from 2005 up to 2009 the rate
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can be seen increasing up until the financial crisis where after quick decline to the previous trajectory
can be seen. The reasoning for the higher effective rate during the period before the financial crash
was a combination of a inflated market, while the central bank was increasing the nominal interest rate
in order to cool the inflation, as well as a high amount of high interest loans and a high demand for
housing during the lead up to the crash. With the opposite happening as the market crash, the central
bank lowered the interest rate and the demand for housing plummeted and many investors started
seeking safer mortgage bond options leading to downwards pressure on the effective interest rate on
the mortgage market. However, as we can observe from the figure, the graph continues downwards
after this period, going to slightly below 2% at its lowest point during 2021. This was therefore a period
in which the market would see a very high volume of transactions on the housing market. Because of
demand being high for housing and the effective interest rate being low, due to investors prioritizing
safer mortgage bonds and a low inflation keeping the central banks interest rates low, resulting in the
low costs on new loans and a active housing market. From 2022 and up until 2025 the effective interest
rate can be seen increasing once again. As the economic shocks following the sanctions on Russia had
led to higher inflation rates which ultimately resulted in the nominal interest rate to increase causing
the effective interest to rise as well as costs increased. A slight decline can however be seen towards
the end period, and with the interest slowly lowering further over time a lower effective interest rate
can be therefore expected to follow. In anticipation of rates lowering, economic activity on the housing

market would also start to experience more activity.

In summary, the effective interest rate shows the combined costs of a loan during its running time. Due
to the low rates of the nominal interest rate a decline in the effective interest rate has been apparent, as
well as investors prioritizing safer loans with lower interest since the financial crash in 2008, the
interest on the mortgage bonds sat by the market has declined and allowed for cheaper loans to be
acquired by potential home buyers, resulting in a very active market up until the economic shock from

the energy crisis in 2022.

Examining recent economic events

In order to understand how an economic shock would transmit through the economy, affecting
households and housing prices, recent economic events will be examined, with a focus on the
previously mentioned energy crisis. The focus on this event stems from its impact on inflation that
drove interest rates and raised mortgage rates, while also increasing the prices of many other items

making home purchases less attractive to buyers in the period.
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In the start of 2022, the conflict between Russia and Ukraine escalated, pushing EU members to apply
sanctions on Russia, which would in turn be met with price increases on the various forms of fuel that
Russia was exporting to the EU. Thereby, creating a massive increase in energy prices, as Russia was
the main source of both natural gases and coal. This would result in a shock to the headline inflation
across all EU countries, Denmark included and would lead the European Central Bank to take action.
And as the Danish krone is fixed to the euro, the Danish central bank would follow, repeatedly
increasing rates through 2022. Since then, other sources for energy have been created throughout
Europe as the economy still feels the effects of the shock, but with a declining interest rate allowing

for more economic freedom among the Danish economy.

During this period of crisis, many people in Denmark would see rapid rises in electricity and gasoline,
as well as higher food prices. In addition to this, when the interest rates were increased the payments
for mortgages and other loans would also increase unless rates were fixed. On the rental side, many
people also saw increases in rent prices the following year. These changes all resulted in housholds
having less money to spend, putting a dampener on the economy for a while, especially with bigger

purchases such as apartments and houses.

The results of the shock could be seen as the following:
Energy prices T — Headline inflation 1 — Policy rate 1 (to counter inflation) — Mortgage rates T —

Housing affordability |

In summary, an economic shock to the economy will affect many parts of the economy, and with
housing being a big part of many households income, rather it be by paying rent or installments on a
loan, a shock to the economy can have a significant impact on household budgets, through reactions
in the interest rate, higher prices on day-to-day goods and services and so on. Therefore, it is important
to understand how easily the housing market can be impacted through various indirect shocks when it

comes down to affordability.

DATA AND METHODOLOGY

With the previous section having gone over the empirical site of the market, the following section will
delve into the theoretical aspects of the analysis before applying the models onto empirical data. Firstly,
the supply and demand framework will be introduced with the focus on how it applies to the housing
market, here price elasticity will briefly be covered to gain a better understanding of the price dynamics
of the market. Hereafter, the section will delve into the choice of models, before explaining the chosen

model of local projections. Afterwards the data for the analysis will be presented, by examining the
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relevance of the chosen variables and thereafter examining how they have changed over time. These
variables will be split into two sections, one for the national variables, and another for the regional

variables.

Supply and demand

Supply and demand is a simple framework that works under the law of demand and the law of supply.
The framework is commonly used to explain and predict the equilibrium price and quantity for a given
good. When modeling the framework we have two curves, one for the supply side of the market and
the other for the demand side of the market. Along the supply curve, each point represents a given
quantity of goods that suppliers are willing to sell at each price point. Likewise, along the demand
curve, each point represents the quantity of goods that the buyers are willing to purchase at each price
point. The equilibrium is thereby found at the point at which the two curves intersect each other, giving
the equilibrium price and quantity. In the instance of the price differing from the equilibrium point, it
will result in an imbalance between the demand- and supply side, giving market participants incentive

to behave differently.

When working within the supply and demand framework, we are working under the assumption of a
competitive market. A competitive market or a market the exhibits perfect competition is commonly
described by economists as a market that fulfills the following criteria. (1) There must be a high number
of buyers and sellers, all of whom are relatively small in comparison to the market. (2) The goods sold
by the sellers must perfectly substitute each other. If these two criteria are met, the market is deemed
to be competitive. Additionally, when utilizing this framework, it is common to work with aggregated
supply and demand, as the model is typically used in a macro economic sense to examine a broader

market, with less emphasis on the underlying individuals.

In almost every case, the supply and demand will mirror each other, with the demand sloping
downwards and the supply sloping upwards. With the demand side showing a positive change in
quantity when prices are decreased, leading to consumers purchasing more goods, indicating an inverse
relationship between price and quantity for the demand side of the market. On the other hand, the
supply side shows a positive relationship between price and quantity, as suppliers on a competitive
market aim to maximize their profits and are therefore willing to produce a higher quantity if the price
increases. This displays how consumers are willing to purchase larger quantities of goods when the
price is lower than what they value the additional good. Likewise, as the prices decrease, more
consumers choose to purchase a positive quantity rather than none. When applying this framework to

the housing market, the latter becomes more important as consumers tend to either own one or zero
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homes, with only a small portion of the market demanding more than one at a given time. For the
majority of buyers on the housing market, a decrease or increase to the prices will directly impact their
decision of whether or not they can afford to purchase a home, rather than renting or living with their
families or others. Conversely on the supply side of the framework, as suppliers will be profit
maximizing, it is given that if costs of additional homes increase the supply will decrease. Additional
costs could be changes to the cost of construction, new regulations, bad weather, or increased price of

materials.

With the established relationship between price and quantity, elasticity can then be introduced into the
framework. When elasticity is introduced, we must look at how sensitive the relationship for supply
and demand when the price changes. The extend of the reactions will be determined by how elastic
each side of the market is and thereby significantly impact how the framework is applied, depending
on the elasticity of the market. When working with elasticity it is possible to have a market that is
completely elastic and completely in-elastic for either the supply or the demand. If the demand side is
elastic, the previous relationship will still apply, as an increase in price will lead to less demand with
the degree of elasticity determining the scale of the effect. As higher elasticity will therefore lead to
proportionally larger increases or decreases depending on which way the price changes. In contrast to
this, when the demand is in-elastic, a change in the price will lead to less change in the demand, with
the degree of elasticity determining how the demand will shift when price changes. On the supply side,
the same is true, with an elastic supply the changes in price will lead to greater change in the quantity
supplied, and an in-elastic supply will have less change in quantity when the price changes. Another
way to examine this would be to give E (elasticity) a value, if the value is greater than 1, then the
market is elastic and exhibiting greater reactions from price changes. If the value is then less than 1,
the market is in-elastic. With the extremes of infinity and 0 values, the market is either perfectly elastic
or perfectly in-elastic. Lastly if the value is 1 we see an exact percentage change in quantity compared

to the change in price. (Investopedia, 2025)

When applying this to the housing market it is important to understand how the supply and demand
look in the short-run and in the long-run. Starting with the demand side, whether it is an apartment or
a one-family house, most people ideally want to live in a place they own rather than one they rent. One
of the key factors behind this has for a long time been the investment side of homeownership, as this
has historically been a very attractive and reliable investment vehicle if it’s affordable. However, in
the short run many factors such as fluctuating interest rates and inflation rates can make the idea of

purchasing a home unrealistic for some people. As a result, demand from potential buyers tends to be
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more elastic in the short run, since changes in prices can lead them to postpone purchasing and remain
in their current living situation. In the long run, despite the short-term fluctuations in interest rates or
inflation may delay purchases, the fundamental need for housing remains. Therefore, most potential
buyers will eventually enter the market, meaning that the long-term demand is more in-elastic to
changes to prices or financing costs. In contrast to this the supply side is very different. In the short
run supply is completely in-elastic, as the construction and development of housing takes a significant
amount of time. Because of this, the supply is constrained and cannot change in the short run as a
response to changes in prices. However, in the long run the supply becomes more elastic, as suppliers
can respond to sustained price signals by constructing new homes. Additionally, space constraints can
also be addressed in the long run, focusing on more compact housing such as apartments in places

where space is scarcer.

When researching housing prices, our focus is primarily on the short run, as this is where current
policies and economic shocks have the most immediate impact. To illustrate how short-run supply and
demand interact, we can examine the supply of one-family homes across different regions, as shown

in Figure 2.1 and the supply of owner-occupied apartments across the same regions in Figure 2.2.

Apartment Supply by Region House Supply by Region

A — North Jutiand — North Jutiand
--- Southern Denmark | === Southern Denmark -

Central Jutiand
- | 1. -=--  Captal Region
ERY —— Region Zealand

Central Jutland e f\,"\

--- Capital Region B Ny W
-

_| = Region Zealand A EERY

10000
7
k]

Number of Houses for Sale
6000
1

Number of Apartments for Sale
2000 4000 6000 8000
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|

0

Figure 2.1 (housing supply for each housing type for each region)

From the illustrations, we can observe the total number of apartments and houses for sale in each
region on a monthly basis, with data provided at the end of each month by Finans Denmark. Examining
the supply of apartments, the Capital Region clearly has a much higher quantity compared to the other
regions. In contrast, the supply of houses is similar across North Jutland, Zealand, and the Capital
Region, while South Denmark and Mid Jutland have significantly more houses but roughly the same

number of apartments as the other regions (excluding the Capital Region).
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Several notable patterns can be observed. First, there is a large, sudden increase in apartments in the
Capital Region in 2008, reflecting an urbanization plan to create more compact housing to meet rising
demand. This increase was temporary, as the new apartments were quickly purchased, returning the
available supply to its previous levels. Second, much of the housing supply comes not only from new
construction but also from existing homeowners choosing to sell or move. New construction continues
to contribute to supply, but in high-demand areas it represents a smaller share of available homes, as

these homes are quickly absorbed by buyers and later re-enter the market when owners move or sell.

Since supply remains relatively stable in the short run due to the constraint of construction time and
the limited turnover of existing homes, it is possible to see that demand mainly drives the prices.
Especially in places where demand is higher, such as the capital region, where increased demand can
lead to significantly higher prices. This can be reflected in the price pr. square meter, with the capital
region having a cost of 38.578kr which is the highest of the regions, with the second being the Zealand
region at 16.480kr pr. m? when it comes to one-family houses. In contrast to this the lowest is North
Jutland at 11.126kr pr. m2. On the apartment side this distinction is even more pronounced as the
capital region once again has the highest price at 52.764kr pr. m? with the second most expensive
being region Mid Jutland at 28.759kr pr. m?, with the lowest being the South Denmark region at
20.050kr pr. m?2. These prices are sourced from Finans Denmark and is the average cost per. m?
as of quarter 2 of 2025. From this we can gather that even when supply is roughly the same as
with available one-family homes, the demand will be the driving factor when determining the
price. With the higher demand region (the capital region) being around twice as expensive for
the same amount of space, underlining the relationship between supply and demand in the short

run.

To summarize, when examining the supply and demand framework for the housing market, we get a
strained supply in the short run leading to the demand being the main factor in price setting the cost of
housing. This can be seen through higher demand regions like the Capital region having a much higher

cost per. m? compared to the lower-demand regions, even when supply is similar.

Local projections theory

Impulse response functions over the years have become useful tools withing macroeconomic and
econometric modeling as they allow us to measure how variables react to changes in one another.
Impulse response functions are commonly used to analyze how an economy might react over time
when faced with an exogenous shock. Traditionally when implementing these impulse responses

economists would model these with the help of a Vector Auto-Regressive (VAR) model. However, for
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this paper we will be utilizing the local projections approach in order to model the impulse responses.
Therefore, the first part of this section will provide the reasoning behind this choice of approach, while
also explaining the differences between the 2 types of models. However, it is important to note that
despite these differences it is possible for both models to yield similar results, by either augmenting
the VAR model into a structural VAR or by imposing restrictions on either model. As previously stated,
VAR models have been the traditional standard model for impulse response analysis. This has been the
case ever since it was popularized by the well-regarded macroeconomist and econometrician
Christopher Sims in January of 1980, with the release of Sims’ working paper “Comparison of Interwar
and Postwar Cycles” (Sims, 1980). Throughout Sims working paper the effects of the Second World
War on the economy were analyzed by utilizing VAR models. In contrast to this, the Local projections
approach was not considered to be an appealing alternative to the VAR models until 25-years later, in
2005. This change was made by the well-regarded econometrician Oscar Jorda, as he popularized the
application of local projections for estimating impulse responses, with the publication of his pioneering
working paper “Estimation and Inference of impulse responses by Local Projections” (Jorda,
2005).Since the release of Jorda’s working paper, the use of Local Projections has become an appealing
alternative, reflected in the numerous amounts of times the publication has been cited, with over 1000
citations of Jorda’s paper by 2019. The previous VAR model has also been, much like any other popular

model, been heavily criticized for its drawbacks. Among these drawbacks are:

1. The dynamics which the model tries to impose on the economy.
2. The curse of dimensionality, referring to the ever-increasing number of dimensions.

3. The challenging application of nonlinearity

In contrast to this, when utilizing the local projections approach to analyze impulse responses, it allows
for a much simpler approach due to the model relying solely on simple linear regressions. Therefore,
allowing for point or joint wise interference to be conducted much more straightforward. Additionally,
when utilizing this approach when for estimation of the responses, the model will not suffer from the
same drawbacks as the VAR approach. This is due to the model not trying to impose specific dynamics
on the variables in the system, as well as not suffering from the curse of dimensionality which is
inherent to the VAR model due to its approach, in addition to the local projections approach also being
much easier to utilize with nonlinear data. Conversely, the local projections approach does consume
more data in comparison to the VAR approach, as it requires data from both the lead and the lag
dimensions and has a substantially higher variance when applied to longer reaching data. Despite the

higher variance, however, local projections provide much less bias. This creates a clear tradeoff
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between the amount of variance to bias. In order to better understand the local projections approach it

is important to understand how the model estimates its responses.

The way the local projections model estimates its variables is by running a series of Ordinary Least
Square (OLS) regression, where each regression captures the relationship between a variable of interest
and a chosen shock variable at each of the different horizons (h). An inherent advantage that comes
with this approach is that the model gives direct estimation for each forecasted horizon. The model
thereby calculates the relationships as a series of smaller intervals within a dataset, allowing the
relationship to vary over time and become more flexible. When the first OLS regression has been
calculated the model will then shift the dependent variable(s) ahead through multiple horizons to obtain

a set of forecasts. This may look like the following function used as an example:

Ve+h = Bna * Xe + Bna * Xe—1 + -+ Brj * Xe—p + Etan

In this example the Yt+h is the value of the chosen variable at the time of t+h, Xt, represents the shock
applied at time, t. ah is the intercept at horizon h and Bh,j represents the coefficients for the shock
variable and its lags. As the model is shifted further ahead the horizons go from 1 to h, giving an
impulse response for each of the forecasted horizons. The et+h represents the regressions error term.
The steps taken when producing the local projections model can be described as the following

approach:

Firstly, data is gathered and is made into time-series variables. These variables are then put through
various diagnostics tests as this is crucial since the OLS assumes non stationarity, no autocorrelation
or heteroscedasticity, while also assuming that the residuals are normally distributed. A benefit of
running these diagnostics tests is also that when applied it makes it easy to check for outliers,
cointegration and help give more robust findings as a result. When all the data has gone through the
diagnostics tests and been approved, they are then put into an OLS that forecast each horizon up until
the chosen horizon is reached, giving estimations that make up the impulse responses that can then be

plotted out.

Data collection

For carrying out a thorough analysis it is necessary to include empirical data that can be fitted into the
previously chosen model, of local projections. This section will serve to present the relevant variables
that will be used later in the analysis, as well as the process of diagnostics tests which they will be put
through. As we are examining the market at a regional level each region will have their own variables,

however, some variables will also extend across all regions. The variables will therefore be divided
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into two groups, national and regional variables. Firstly, the national variables will be presented, and
here after the regional variables. There is a total of 3 national variables, where one of them is the
previously examined effective mortgage rate, and the other are average wage adjustments and core
inflation rate. For each region there is a total of 4 regional variables, the prices and the sales of each

housing type for the respective region.

When discussing the affordability of housing it is crucial to include both houses and apartments in
order to get a better understanding of the whole market. As discussed previously these two types of
housing are the most prevalent types on the market and therefore provide a great indication for the
direction of the market. Additionally, it is important to bear in mind that while both apartments and
houses serve the same function of housing, they each satisfy different groups of people. Thereby
including both types gives greater insight into the inner workings of the market. As previously
discussed, demand drives a lot of the pricing in the housing market. Because of this the sales of each
housing type will be included as an indicator for the demand of housing in each region. These
indicators will therefore serve to illustrate the demand for each of the housing types in each region,
providing insight into some of the price differences across the regions. Additionally, the effective
mortgage rates are closely linked to the demand for housing. Because of this we include the effective
mortgage rates as they directly impact on the housing market. With the effective mortgage rates playing
a critical role in the access to money when purchasing housing. With higher rates it becomes
increasingly difficult to pay off a loan and makes purchases of housing less affordable. Likewise, when
the rates are low, it is simpler to attain a loan and therefore housing becomes more affordable. This
directly ties these rates to both the demand and by extension the prices as well as the affordability of

housing, making it a crucial variable to include in our analysis.

Another component to the analysis will be to include the core inflation and the wage variable. As
inflation measure price increases over time, it directly interacts with the prices of day to day items that
are necessary for households. Additionally, it also affects how the interest rate is set which indirectly
affects the mortgage rates. Thereby the inflation is able to affect the buyers significantly and is
therefore important to consider when analyzing the housing market. However, due to the volatile nature
of headline inflation and large due to the recent energy crisis that spiked headline inflation across
Europe, core inflation will be used instead. The core inflation will instead allow us t oconduct a more
accurate analysis as it is less affected by the previous crisis. Lastly, as we are focusing on the
affordability of housing, it is important to include the wage variable. As the variable will provide
insight into the affordability of housing as well as when utilized in the analysis will illustrate how

housing prices react to a change in wages.
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When sourcing data it is vital to any analysis to use credible sources. Therefore each of these variables
are extracted from datasets that have been sourced from either the Danish Statistics Bank, Finans
Denmark or the National Bank’s Statistics Bank. The datasets that have been used to extract these

variables are the following:

1. Housing prices for each type: EJEN77: Ejendomssalg efter omrade (region, landsdel),
ejendomskategori, nogletal og overdragelsesformer

2. Sales of each type of housing: BM020: Beveagelser pa boligmarkedet efter omréde,
ejendomskategori og bevagelsestype

3. Effective mortgage rate:

4. Core inflation: Forbrugerprisindeks (2015=100) efter varegruppe og enhed

5. Wage variable: SBLONI1: Standardberegnet lenindeks (2016=100) efter branche (DB07),

sektor og enhed

These variables will now be illustrated in the following subsection, in their time series form, to examine
how they have changed over time. For the regional variables a sub-title will note each shift in region.
Additionally, to avoid repetition each region will be presented in the following order of variables, first
the prices of both housing types will be presented with one-family homes being marked with a blue
line and the apartments as a red line in the same figure. Secondly, the sales of each housing type will

be presented in the same format.

National Timeseries data

Firstly the national variables will be presented by first covering the Core inflation rate, hereafter the
wage adjustment variable will be examined, and lastly a brief examination of the effect mortgage rate

will be carried out.
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Core Inflation
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The core inflation is comprised of Consumer Price Index, taking the average inflation across all the
products in the index, except for energy and food items. The rate of inflation is then calculated by
comparing the average of each month to the same month the year prior, giving a percentage change. It
can be observed from the first observation up until the beginning of 2022 the core inflation in Denmark
have resided around the 1 percent mark. Fluctuating slightly above and below it, most noticeably in
2017 when the inflation almost hit 0 and promptly after going up to slightly below 2 percent. However,
for the most part through the observed period the fluctuations have been less dramatic. In 2022, despite
taking away the energy prices and the food, the core inflation can still see to spike, amidst the energy
crisis surrounding the Ukraine-Russia conflict. The increased inflation in this period was present across
all of Europe as well as many other countries. The peak of the inflation can be seen around the start of
2023, being just below 7 percent. However, it is important to note that despite the graph showing the
rate going down again in the period of 2023 up until May of 2024, prices have remained increasing,
as the rate never goes into negative percentages. This does however indicate that following 2023 the

prices have been able to stabilize in this period, once again showing a rate of slightly below 2 percent.
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Average Wage Adjustments
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As can be observed on the graph the wages do follow a noticeable upwards trend, with some months
showing higher and lower increases, however, none of the observed values fall below the 0 line,
showing a constant increase which is to be expected. The observed period goes from October 2013 up
until September 2024. With the lowest point in this period being in January of 2014, having an increase
of just above 1 percent compared to the same month last year. Conversely, the peak increase in wages
can be seen towards the end of the observation period, in May of 2024 with an increase of just over 5
percent. In addition to this a decline can be observed following this spike, this is to be expected as
many wage negotiations take place during the fall to early summer, however these changes from
workplace to workplace, it is a common practice that can be reflected in the national wage adjustments
that we see above. It should also be noted that though the wages are seen following a trend, it can still
be seen how troublesome times of early 2020 put a damper on the wages. Here a slightly lesser increase
can be seen for the period in which the economy was in lockdown. However, the data indicates that

once the economy opened again in 2021 the wages have adjusted accordingly
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Effective Mortgage Rate
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As the effective interest rate of mortgage loans have been covered previously, this section will simply
give a brief overview of the changes in the time period that will be used in the analysis. Having an
observation period from October 2013 up until September 2024, the effective interest rate is the
combined cost of borrowing. Including contribution margins, fees, the nominal interest rate, as well as
compound interest, giving a clear indication for the true cost of borrowing. During the observed period,
the effective rate declined steadily from 2013 to 2022 where the effective rate was around 2%.
Hereafter the effective rate would increase, as the interest rate would increase, causing the cost of
borrowing to increase and therefore also the effective rate would increase. From 2022 to 2024 the

effective interest rate of mortgage loans was just below 4%, almost doubling within a year.

Regional Timeseries data

With the national variables having been examined, the regional variables can now also be examined
with the knowledge of the previous variables changes in mind, the prices and sales of each housing

type will now briefly be covered for each region.
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North Jutland Region
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Examining the data from the North Jutland region we can observe a noticeable upwards trend through
the observation period. Both apartments and one-family homes exhibit significant positive changes
with slight dips in prices, reaching their respective peaks at the beginning of 2022 and the beginning
of 2021. With apartments reaching a peak at around 1.9 million DKK, and one-family homes being
just above 1.8 million DKK. When examining the tendencies of both housing types, it is clear that
while one-family homes do experience variation in their prices, they remain much more stable in
comparison to apartments which exhibit more volatile variation. Conversely, both housing types
experience positive and negative spikes in similar periods with the magnitude of the spikes being the
main difference as otherwise the prices of the two types align quite close with each other. When
focusing on the starting period, it can clearly be observed that apartments starts at a lesser price point,
being sold at an average price of 1.1 million DKK, while one-family homes are shown to be 1.4 million
DKK. From the start of October 2013 up until around 2017 this gap is slowly closed however, as after
this point the prices of both types can be seen being relative to each other. As stated, after this point
and up until the end period of observations, the two housing types remain close together with slight

variations.
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When examining the sales of the region there is a clear favor towards one-family homes compared to
apartments. Referring back to figure 2.1, the supply of housing can be an easy explanation for this
discrepancy as the supply of apartments is significantly lower than one-family homes. Therefore, we
are left with the following graph, with a low and stable number of apartment sales each month, and a
significantly higher volume of one-family homes being sold each month with a larger amount of
variance going throughout the observation period. Regardless, both types of housing see similar
periods with increases and decreases, showing a cyclical trend within the market, leaning towards more
sales in the summer and less in the winter period of each year. In addition to this, both graphs exhibit
a peak number of sales in summer of 2021, with around 400 apartments being sold and around 1600
one-family homes being sold as well. In contrast, both housing types see a steady decline in sales up
until the end of 2022, with the number of one-family homes being sold decreasing significantly to
about 750 units, being the lowest amount since 2014. From 2023 and onwards, both graphs indicate a

steady increase, returning to their former levels.
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Mid Jutland Region
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Much like the previous region, when examining the prices for Mid Jutland, the apartment side exhibits
more volatility while the one-family homes remain quite stable throughout the observation period.
Unlike the previous region, however, the price levels of apartments are consistently lower than the
one-family homes, only closing the gap around 2020, and in the periods with higher spikes during the
summer of the previous years. With the prices being similar from 2021 and onwards, there is once
again a steep decline in prices in the start of 2022. This decline can be attributed to the events following
the conflict in Ukraine and Russia, with rapid inflation, the impact of the economy shock can clearly
be seen in the prices of housing across the entire country. During the starting period, one-family homes
can be observed to be around 1.7 million DKK, while apartments are slightly above 1.5 million DKK.
Both seeing significant positive trends up until 2022. With the price of one-family homes peaking in
the summer of 2024 at around 2.5 million DKK and apartments exhibiting a peak in the summer of
2023 with a price of around 2.4 million DKK. Overall showing a quick recovery from the decline in

2022 with both types of housing showing a decrease towards the end, following their cyclical nature.
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When examining the sales, once again there is a lot lower number of apartments on the market, and
therefore the sales mainly vary 500 units throughout the observation period. However, the sales of
apartments do exhibit many of the same cyclical patterns as the one-family homes, with a lower
variation. Focusing on the one-family homes, much like the previous region, we can observe a cyclical
pattern as the sales show clear seasonality, with more sales in the summer half of the year. Despite this,
we can also observe a positive trend through 2014 to 2021, where the the peak number of sales can be
observed at just around 3500 units sold. Following 2021, a sharp decline in sales can be observed
slightly stabilizing in the start of 2022 before declining to around 1500 units, being the lowest point
since the first observed period in October of 2013. However, much like the prices, a recovery towards

previous levels can be observed, as sales return to the same levels as before 2021.
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Region of South Denmark
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When examining the prices of the Region of South Denmark, it can be observed that like the previous
regions the prices of apartments are considerably lower in the beginning periods. In contrast to the
other regions however, the prices of apartments only for a brief period, in the summer half year of
2022, exhibits levels that are on par with the one-family homes. Both types of housing show a
significantly positive trend throughout the observation period with both graphs being quite stable
compared to the prior regions. With the apartment side, showing slightly more volatility, while
exhibiting similar tendencies in price changes compared to the one-family homes, although at a lower
level. For the region we can observe a starting price in the first period of 1.1 million DKK for
apartments and just below 1.4 million DKK for one-family homes. With apartments showing a peak
in the middle of 2022 around 1.8 million DKK. On the other hand, one-family homes exhibit three
different points being roughly around the same level of 1.9 million DKK. These periods are summer
of 2021, the beginning of 2022 and the summer of 2024. Like the previous regions the prices do

experience a decline in 2022, however seemingly recovering at a smoother rate.
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When examining the sales, the same seasonal patterns can be seen. In the first period in October 2013,
we can see that the number of sales for one-family homes was about 1500, meanwhile the sales for
apartments were just below 300. With the Region of South Denmark being a large area of Denmark,
the number of apartments are still higher than that of the smaller regions like North Jutland, however,
with the increased space many smaller cities with many more houses than apartments make this
number seem a lot smaller in comparison when examining the sales. Like the previous regions we can
see sharp decline beginning in 2021, were after the sales return to their former levels. For the
apartments and the one-family homes we can observe a peak in sales, in 2021, with around 500

apartments sold and around 3500 units of one-family homes.

Side | 29



Region Zealand
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When examining the prices for the Region of Zealand, we can observe that like the other regions, the
prices of one-family homes are higher than that of apartments, this is despite the Region of Zealand
including the county of Loland. Loland is one of Denmark’s cheapest places to buy homes, with fewer
apartments it would’ve been expected to negatively impact the average housing prices and narrow the
gap, however, the gap remains significant. Both housing types show a considerable upwards trend,
remaining positive overall despite the decline in 2021. At the first observation the price of housing is
slightly below 1.6 million DKK for a one-family home, and around 1.2 million DKK for an apartment.
Like the other regions we can observe a higher amount of variance in the apartment side, as it exhibits
a higher level of volatility. From the first observation and up until mid-2021, however, we can observe
a steady increase in the prices of both housing types. The sharp decline in mid-2021 can be seen quickly
recovering as prices for apartments reach higher levels after the decline than had experienced before.
On the other hand, one-family homes seem to reach the same level as they had experienced beforehand.
With a respective peak price of around 1.9 million for apartments and just below 2.4 million for one-

family homes, in mid-2024 and the beginning of 2024 respectively.
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When focusing on the sales of housing in the region, a higher volume of one-family homes can be
observed. Like the previous regions, a seasonal pattern can be observed, and a sharp decline following
the heights of 2021, despite the market’s quick recovery in terms of prices. The volume of housing
sold in this region is also significantly lower than that of any of the other regions, with just below 400
one-family homes being sold in the first period, and around 50 apartments being sold in the same
period. In comparison to this the peak of sales can be observed in 2021, around 1000 units of one-
family homes being sold, while the number of apartments being around 50 throughout the observation
period. This lower sales in housing can be attributed to the region having low supply compared to the
other regions, less work opportunities and many other factors, however a steady volume of housing is

shown to be sold each at each period.
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Capital Region
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When examining the Capital Region, a few notable differences are immediately apparent. The biggest
difference from the other regions comes from the apartment side. When examining the prices of the
apartments we can observe a much less volatile evolution in pricing compared to many of the other
regions. One of the reasons for this could easily be the higher number of apartments on the market,
making it more comparable to the one-family homes as the supply of each housing type is relatively
high, as can be seen on figure 2.1. Meanwhile, another notable difference is the similarity between the
price swings, with many of the same spikes being observable although at slightly different periods,
showing a close connection between the two housing types, particularly in the capital region where the
supply of each type is relative to each other. Additionally, the price levels are also significantly higher
for both types of housing when compared to the other regions. As mentioned previously the cost of
housing in the capital region compared to any other region, when measuring in square kilometers, is
on average around double the price of any other region. Large parts of this can be attributed to the high
demand for housing in this region, which is thereby reflected in the housing prices. When examining
the first observed period in October of 2013 we can see a price level of around 3 million DKK for a
one-family home, and around 2.2 million DKK for an apartment. From this point up until 2020 prices
remain steadily rising, before seeing considerable increase in the period from 2020 to mid-2021.
Unlike the other regions, the housing prices don’t as steep of a decline but rather slightly negative
bumps before recovering once again, with one-family homes reaching a peak in 2024, and apartments
stabilizing but at a lower level than before. The highest prices that can be observed for one-family
homes would be the peak in 2024 at around 4.9 million DKK, with apartments experiencing a peak at

the beginning of 2022 at around 3.7 million DKK.
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When examining the sales of the region, we can clearly see the difference between this region and the
other regions in terms of sales, with apartments and one-family homes largely following one another.
Unlike the other regions with considerably lower sales of apartments, the capital region exhibits sales
on par with one-family homes and with certain periods experiencing slightly higher volumes. Like the
other regions however, we can see a clear seasonal pattern throughout the observed period, and a sharp
decline in sales following 2021. The sales of the Capital region have a peak volume in the beginning
of 2021, with apartments being sold at a volume of just below 3500 units, and one-family homes being
sold at a volume of 3100. Conversely the lowest number of sales at any period is seen at the end of
2022, with both apartments and one-family homes at around 1300. Overall, the number of sales in the
capital region of both apartments and one-family homes clearly indicates a high amount of demand,
and a more diversified supply of housing as apartments are more readily available compared to other

regions.

To summarize the evolution of the regional variables, while most regions have a considerable favor
towards one-family homes in comparison to apartments, both in terms of prices but also in terms of
supply, making the sales of apartments significantly lower, the Capital Region experiences a much
more diverse supply of housing with is observable in the sales figures. At the same time regions such
as the Zealand region host some of the counties with low demand and much lower sales volumes
despite being closer to the capital region. Overall, the housing market across all regions have
experienced an upwards trend with prices rising overall despite the decline of sales and prices that was

seen in 2021-2022, with many of the regions showing rapid recovery and even higher prices than
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before the decline within two years. Lastly both the supply and the demand for housing in each region

remain very similar, with the capital region being the obvious exception.

Diagnostics

As previously mentioned, when working with the Local projections approach, the model requires
certain assumptions to be fulfilled, therefore the previously presented time series data will now be put
through a series of diagnostics tests before, if necessary, any data manipulation is put in place. Since
most of the data is sourced from the Danish statistics bank they have already seasonally been adjusted,
however, as not every dataset has been adjusted we will test for seasonality. Additionally, the data will
also be detrended, and thereafter the first test will be to check for seasonality. This is done by
implementing an autocorrelation function used to create a plot for examination. After this the variables
that show seasonality will be adjusted and retested before moving on. The next step here is to test if
the variables are non-stationary, as the variables have been detrended at this point, it would be expected
to not see any stationarity however, the variables will still be tested. This will be done with the help of
an Augmented Dickey-Fuller test (ADF test) and checking the p value given by the test, if the null
hypothesis can be rejected, that means that our variables are stationary. Hereafter each variable is put
through a white noise test to check whether the model can capture the underlying patterns in the data.
Additionally, the time series were examined for autocorrelation and partial autocorrelation with the
help of an ACF and a PACF plot. Lastly the time series were combined into a simple VAR model in
order to run at granger causality test. Hereafter the variables were collected into a data frame for each

region, where a local projection model could be run on each region separately.

ANALYSIS

The impulse responses for each region will be presented one region at a time. For clarity, a subtitle
will mark each regional section. To avoid unnecessary repetition, each region will follow the same
structure, with the one-family home variables displayed on the right and the apartment variables on
the left. The order of shocks will first cover the national variables, followed by the regional variables.
For each shock, the corresponding responses of both housing types will be presented along with a brief
examination of the responses. The order of variables will remain consistent with the presentation in
the previous section. After examining the regional responses, the section will conclude with a broader

comparative analysis and a discussion of the main findings.
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Impulse response analysis

The shocks are applied to the independent variables beginning with core inflation, followed by wages,
the effective mortgage rate, and finally housing sales. The corresponding impulse responses are
observed for the prices of each housing type. It should be noted that both the price and sales variables
are expressed in logarithmic form. Therefore, while the numerical magnitudes of the responses may
appear small, they in fact represent larger proportional changes in real terms due to the log

transformation of sales and housing prices.

North Jutland

core_infistion on prics_spartment core_inflation on price_house.

Examining the significance of the apartment prices’ response first, the graph exhibits no statistical
significance for the first 6 periods. However, during the 7™ and 8" periods the response is shown to be
statistically significant. With the 11" and 12% period also being statistically significant, with a negative
respond. 13 and 14™ period shows no statistical significance however, the 15™ period shows a positive
and significant response. Following this slightly positive respond a higher magnitude of the statistically
significant responses can be seen in the 17" and 18" period and again at the 22" period throughout
the 24" period, with the highest response being in the 23™ period with a peak negative response at
around -0.03. On the other hand, one-family homes show slightly significant response at the second
period just above the 0 line. With the periods up until the 5" period showing no significance, with the
6 and 7™ showing a statistically significant response that is negative. With a longer span of significant
responses from the 11™ to the 16™ period all show stasticically significant negative responses at a
higher magnitude reaching a peak response at around -0.02. Hereafter the graphs shows brief responses
with no significance before a positive response in the 18" and 19™ period both showing significant
responses just slightly above 0. In addition to this we see a significant negative response in the 21 and
22" period and a last significant but positive respond in the 24 period. When comparing the responses
of the two housing types, it is clear that the apartments show less frequent significant responses in

comparison the responses of the one-family homes. Additionally, while the apartments show a peak
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response being higher than that of one-family homes, it should also be noted that the responses that

show significance on the side of one-family homes have a higher magnitude in most of the responses.

Examining the responses from the apartment side, the first 6 periods exhibit no statistically significant

responses. However, the 7" to 11"

period all show statistically significant negative responses, with the
9h period showing a peak response with a magnitude of around -0.22. Following this is a brief period
from the 12 to the 15" period with no statistical significance. Hereafter, a short period of positive
responses can be observed in the 17" and 18" period, with both periods showing responses of around
0.1. The model hereafter experiences a shift, showing a larger negative response through the 21 to
24 period with all four periods showing significant responses. This could indicate a correction of the
brief positive response as the market regulates itself, this will be explored further as the responses of

the following region are examined.

Shifting over to response function of the one-family homes, a temporary positive significant response
can be observed in the 2™ period. Following this, the model exhibits no statistically significant
responses up until 11" period, with the 11" and 12 period both showing a statistically significant
negative response. Hereafter, the responses exhibit no significance for the seven periods up until the
20" period. From the 20™ period and onwards the model exhibits statistically significant and positive
responses, with a peak response at just above 0.1. Due to higher volumes of one-family homes on the
North Jutland market, this could be a factor in difference in responses and will be explored further as

the responses of the other regions are examined.

Comparing the two types of housing, we can see a clearly higher frequency of significant responses in
the apartment side. In addition to this, the responses that do exhibit significance can also be seen to
have a greater magnitude in comparison to the one-family homes’ responses. Conversely the apartment
side experiences a peak response, that is negative, while the one-family homes experience a peak

response which is positive.

Side | 36
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When examining the responses from a shock to the effective mortgage rates, the apartment side does
not exhibit statistically significant responses before the 7" period. From the 7" period up until the 14™
period, a significant positive response from the apartment prices can be observed, with the highest
positive respond at 0.25. Following this the 16" and 17" period both exhibit significant responses,
which are negative. Hereafter, the 19" period show a positive significant response, before the 21% to
23" period where a negative significant response can be observed again, with a peak negative response
being just larger than -0.25. The swing from positive to negative could indicate a short-term response,
with strong demand and increased expectations of rising prices during periods of inflation, with the
eventual negative response coming from the increased borrowing costs reflecting a lower housing

demand as a result.

Shifting to the one-family homes, the model exhibits a quick period of significant positive responses
in the 4™ period up to the 8" period, with a peak positive respond of around 0.15. Following this, the
periods 11 to 14 all show a smaller, yet, significant response of just above 0. Conversely, in the 18
period a shift to negative responses can be seen with the period showing a significant negative
response. Following this from the 21 period and onwards the model exhibits significant negative
responses, with a peak negative response in the 24 period of just less than -0.25. Showing a similar
trend to the of apartments in the shift from positive significant responses to negative towards the later

half.

When comparing the two housing types it is clear that both follow similar patterns in their response to
the shock to effective mortgage rates, with the apartment side being slightly higher in magnitude when
it comes to the peak responses of both positive and negative. Additionally, the apartment side also

exhibits a higher frequency of statistically significant responses in comparison to one-family homes.
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sales_apartment on price_spartment sales_house on price_house

Observing the response from a shock to the log of sales for the apartments, the model only exhibits a
significant response in the 5 period, up until the 19" period. With 18 periods of responses exhibiting
no significant responses. Through the 19™ to 215 period, the model exhibits significant negative
responses, with a peak response of around -0.18. Following this the 22"9,23™ and 24" period all
exhibits a significant positive respond, with a peak positive response at around 0.5. This would indicate
a delayed adjustment to prices, following a shock to sales, which may reflect the slow transmission of
a sales shock to the prices as expectations and financing adjust over time. Additionally, the lower
number of apartments on the market may also play a role in the longer period of responses with no

significance.

Shifting over to one-family homes, the response starts off as significant, with the 1 to 8" period
showing positive and significant responses, reaching a peak response at just below 0.6. Following this
is a brief period with no significant responses, where after 13" and 14" period both exhibit a significant
negative response, around -0.1. However, from the 16" period and onwards the models exhibit
statistically significant response throughout the reaming periods, all giving positive responses. The
largely positive and persistent response for one-family homes suggests that sales shocks in this segment

are more closely tied to sustained demand and improved market conditions.

Comparing the two housing types one-family homes exhibit a higher frequency of significant

responses as well as responses of a higher magnitude.
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Mid Jutland

Examining the response of apartment prices to a shock to the core inflation, the responses exhibit
significance at the 3™ period, and throughout the 7% period. From the 8" to the 10" period the response
remains without statistical significance. Following this, the 11" to 15" period all exhibit significant
negative responses with a peak response at around -0.05. In contrast to this the 17%, 18" and 19" period
exhibit a slightly positive significant response, before shifting to negative responses again at the 21
period and onwards with these periods showing significant responses. One way to look at this would
be that an increase in the core inflation would lead to increases in the nominal interest rates which in
turn affect the effective mortgage rates, increasing the borrowing costs and dampening the demand,

which leads to the negative response in the prices.

Shifting to the one-family homes, the responses show significance from the 5 period up to the 17
period, with all of the responses from these periods being significant and negative, peaking at a
negative response of -0.027. Following this the 18" to 20" period shows no statistically significant
responses, however, from the 21% period and onwards the responses exhibit significance and are
negative. As with the apartments, this negative response can be attributed to the changes it would cause

to the borrowing cost, leading to a negative impact on the prices.

Comparing the two housing types, the one-family homes show a more consistent pattern of negative
responses, however, the frequency of significant responses from both housing types a relatively similar.
The apartment side overall exhibits a higher magnitude at peak response periods, and has a slight

positive response, whereas the overall effects remain negative to the prices of both types.
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Examining the response of apartments to a shock to the wage adjustment variable, the model exhibits
no significance before the 5 period. With the 5™ to 8" period, exhibiting significant negative
responses, followed by a longer period with responses exhibiting no significance up until the 15%
period. The 15" period exhibits a significant positive response with a magnitude of just below 0.1.
Hereafter the response shifts as the periods of 18 to 23 exhibit consistent significant responses with a

peak response of around -0.2 in the 19" period.

Shifting over to one-family homes the first responses exhibit no significance up until the 5 period.
From the 5" period to the 8" period, where the responses remain significant and slightly negative.
Following this a long period without statistically significant responses ranging from the 9™ period to
the 17" period can be observed. In contrast to this, the periods from the 18" period and onwards exhibit
statistically significant responses, all which are negative responses. Within this period the model

experiences a peak negative response at the 18™ period, with a magnitude of around -0.17.

Comparing the responses of the two housing types, apartments exhibit a higher frequency of significant
responses, as well as also experiencing a higher magnitude in the significant responses compared to
the response of one-family homes. With the overall effect on both types of housing being negative,
which in part can be attributed to the fact that wages tend to follow inflation, which could indicate a
higher amount of inflation which would lead to higher cost of borrowing and would lead to negative

responses from the prices.
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Examining the response of apartment prices to a shock to the effective mortgage rate the model shows
no significant responses during the first few periods up until the 6™ period. From around the 6th period,
the model exhibits significant positive responses, reaching a peak at approximately 0.2 around the 8th
period. Following this, the response shifts downward as the periods from 10th to 19th period exhibits
significant negative responses, experiencing a peak response at the 14™ period at around 0.45. From
the 20" period and onwards the model exhibits no significant responses. This pattern indicates in the
short run, that the rising mortgage rates coincide with stronger expectations, possible driven by
inflation and higher deamand, meanwhile the increase to borrowing costs are transmitted to prices over
time as affordable decreases and prices adjust downwards, leading to the initial positive response
followed be a series of negative responses.

Shifting over to one-family homes the initial periods show a similar short-term positive response, as

the first period is significant and remains significant up until the 11%

period, with the exception of the
7" period which does no exhibit statistical significance. The peak positive response is experienced in
the 10" period with a response around 0.12. Following this the 13% to 18" period exhibits significant
negative responses. In the 23™ and 24" period the model again exhibits significant responses,

remaining negative and reaching a peak response around -0.25.

Comparing the two housing types, it is clear that both follow a similar pattern of an initial positive
response followed by a more consistent negative response. With one-family homes showing a higher
frequency in significant responses, they also show a more gradual adjustment from positive to
negative, whereas the response from the apartment are much more pronounced in the shift from

positive to negative.

Side | 41



Examining the response of a shock to the log of sales, the apartment side shows few periods of

1™ period showing a

statistical significance. The first period to exhibit a significant response is the 1
slight positive response. Following this the 17%, 18" and 19" period all show statistically significant

negative responses with a peak response at around -0.4.

Shifting focus to one-family homes, an immediate significant response can be seen in the first period,
with the model exhibiting consistent significant and positive responses throughout from the starting
period up until the 15" period. Showcasing positive response that ranges for over half of the periods
with a peak positive response at 0.5. Following this in the 19" period the response shifts to a negative
significant response, remaining negative and significant through the 21* period, with a peak negative
response at around -0.3 in the 20" period. With the 22" and 23" periods both exhibiting no

significance, the final period exhibits a slight negative response in the 24" period.

Comparing the two housing types, there is a clear difference between them, with apartments showing
only a slight positive response in two periods, while the one-family homes exhibit consistent positive
responses for more than half of the total periods. Regardless of this, both showcase a shift towards a
negative response towards later periods, with the magnitude of the significant negative responses being
close to each other. Whereas with the positive responses the one-family homes exhibit a higher

magnitude in responses than that of the apartments.

Region of south Denmark
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Starting with the apartments, a clear overall negative response can be observed on the graph, with the
first period of significance being the 6 period, exhibiting a negative response. Likewise, the 8" and
9h periods also exhibit a similar negative response. Following this the 12% period can be observed to
exhibit a slightly positive and significant response. From the 14" period onwards, however, responses
remain significant and negative, reaching a peak negative response in the 19" period at around -0.045.
Like the previous regions this negative response can be attributed to the effects increasing inflation
has on the rest of the market, leading to increase costs of borrowing, higher prices for households on

necessities and thereby a lower demand for home purchases.

Focusing on the one-family homes, a similar significant and negative response can be observed in the
4™ to 8" period. However, unlike the apartments, this is not followed by a positive response as the
responses from the 9™ to 15 periods exhibit no statistical significance. From the 16™ period and
onwards however, the remaining periods all exhibit significant negative responses with a peak negative

response at the 20" periods at around -0.03.

Comparing the two housing types, it is apparent that the shock has a stronger response from the
apartments, as the magnitude of the significant responses remain higher than those of the one-family
homes. In addition to this, it is clear that both housing types follow a similar pattern in response to the

shock, with the apartment side exhibiting a higher frequency of significant responses.

wages on price_spartment wages on price_house

When examining the shock wage adjustments on the apartment prices an initial negative effect can be
observed as the 3" period to the 8" period exhibit significant negative responses, with a peak negative
response at around -0.1. Following this the 11" period also exhibits statistical significance, however,
shifting to a positive response. Likewise, from the 16 period to the 20" period, the prices responses
exhibit a significant positive response, with a peak response at just below 0.6. Following this the 23™

period is the last period to exhibit significance with a negative response. This overall positive response
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could be indicating as shift in the wages, usually follows inflation, thereby shifting the demand for
housing, with potential buyers looking to apartments as they are cheaper compared to one-family

homes which then in turn leads to higher prices.

Shifting focus to one-family homes, a similar negative response can be observed in the short run, with
the 4", 5% and 6™ period being statistically significant and exhibiting a peak negative response at
around -0.04. Following this from the 7" period up until the 16" period the responses exhibit no
significance, however, in the 17" and 18" periods the model exhibits a positive and significant
response around 0.02. The last significant response we can observe in our model is the 22" period.

Here the model exhibits a significant negative response.

Comparing the two housing types we can see a clear difference, while both experience an initial
negative response to the shock, the apartment side exhibits a much greater magnitude in positive
responses in later periods. On the other hand, for one-family homes the brief period with significant
positive responses is much closer in magnitude to the negative responses in the short term. This could
indicate as wages somewhat follow inflation, a shock in inflation would also indicate a rise in inflation
which could increase the effective mortgage rates causing the cost of borrowing to increase, shifting
demand from the more expensive, one-family homes to apartments over time, showing a positive

response in the later periods.

When examining the response to a shock to the mortgage rates, the initial couple of periods up until
the 5™ period exhibit no significant responses. For the 6™ period and 7™ period a positive significant
response can be observed, following a brief period without any significant responses. From the 12"

period to the 17" period a series significant and positive responses can be observed with a peak positive
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response in the 12% period at around 0.17. For the remaining periods two periods exhibit significant
responses with the 22" period experiencing a positive response, and the 24" period experiencing a
negative response, at around -0.1. This would be contrary to what could be observed from the previous
regions as the increased effective mortgage rate overall shows a positive response from the apartments

in the South Denmark Region

Shifting focus to the one-family homes of the South Denmark Region, an initial significant positive
response can be observed. As from the first period up until the 12 period exhibit consistent significant
and positive responses with a peak response of around 0.1. Unlike the apartments for this regios, the
one-family homes shift to a negative response following the 18" period. With the model exhibiting
significant negative responses from the 18" period to the 24™ period, with a peak negative response at
around -0.2. This would follow the same pattern which has been seen in the previous regions, as an
increase in the effective mortgage rates in the short term would attribute higher inflation, demand and
expectations for the market, whereas in the long term the increased cost of borrowing results in

negative responses from the prices.

Comparing the two types of housing, there is a clear distinction in the long term however both exhibit
positive responses in the short term. With the apartments becoming less frequent in significant
responses in the long-term rather than experiencing negative responses, except for the final period.
This could in part be due to the lower levels of apartments available in the region, or the lower cost of
apartments in the region which could somewhat negate the negative adjustments we see in the long-

term for one-family homes.

Examining the response to a shock in the sales of apartments an initial positive response can be
observed as the 3™ to the 8™ period show statistically significant positive responses, with a peak
response around 0.3. Likewise in the 13" period to the 18" period the prices once again exhibit

significant positive responses with a similar magnitude. Lastly a single period of significant negative
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response can be observed in the 21% period. The response from the apartment prices indicate a overall

positive response from a shock in sales, with a few periods exhibiting no significance.

Shifting focus to the one-family homes, the opposite response can be seen, as the initial responses does
not exhibit statistical significance up until the 16™ period. In contrast to the apartments a significant
negative response can be observed from the one-family homes from the 17 period to the 23", with a
peak negative response at around -0.4 at the 19" period. This could an indication that for housing a
higher amount of sales could come from increased supply, leading to more sales but downwards

pressure on the prices in the long term.

Comparing the two housing types we can observe a mirrored effect on the prices, as the response from
the apartment side remain overall positive, meanwhile the response from the one-family homes shows

a negative effect at greater magnitude than the responses from apartments.
Region Zealand
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Starting with the apartment side, we can observe a clear negative response from the shock to the core
inflation. As described previously this is likely due to the increase in inflation it would lead to higher
nominal interest rates and thereby a higher effective mortgage rate, resulting in higher borrowing costs,
leading to a decrease in demand and thereby negatively impacting the prices. Examining the responses
from the 7™ period to the 14 period, the responses remain significant and negative. With a brief period
with no statistical significance from the 15" to 17" period, whereafter the response again exhibit
significance from the 18™ period onwards, with the responses of the last period being negative. A peak
negative response can also at the 19" period with a response around -0.06, with the majority of the

period experiencing a negative and significant respond.

Focusing on the one-family homes an overall negative response can be observed with an initial positive
response in first five periods, reaching a peak positive response in the 4" period at around 0.01.

Hereafter, the prices exhibit a shift to negative responses as the 8", 9" and 10" period all show
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significant negative responses, with a peak negative response around -0.025. Following this the 14" to

20" period also shows a consistent significant and negative response, as well as the final 24" period.

Comparing the two types of housing, the responses remain quite similar with the exception of the
initial response being significant and positive for one-family homes while not showing significance
for apartments in those first periods. In addition to this the frequency of significant responses also
remains similar between the two, with the apartments having a higher magnitude when comparing the

responses.

weges on price_speriment weges on price_house

0.504

Examining the responses from the apartments, the initial response shows no significance, however,
from the 6 to the 8" period the prices exhibit a significant positive response. Following this we can
observe a larger response in magnitude from the 11" to the 15™ period, with a peak positive response
around 0.3. In contrast to this the following 18™ and 19™ period show a significant negative response,
with a magnitude of -0.25. Lastly the 22™ shifts the response back to a significant positive response.
When compared to the other regions wages have indicated negative response, which can be attributed
to multiple factors depending on the region, however, for the Zealand region we see an overall positive
response from the shock. As the magnitude of the positive and negative spikes are around the same

with multiple additional periods of significant positive responses.

Likewise, when focusing on the one-family homes, a clear positive response can be observed with an
initial response from the 1% period to the 5™ period being significant and positive. This is then followed
by a higher magnitude of responses, remaining positive, from the 9" to the 13™ period, reaching a peak
response at around 0.2. From the 14™ period to the 22" only two periods are shown to exhibit
significance, that being the 15" period and the 20™ period, showing slightly negative responses. Lastly,
the 23™ and 24™ period both show a significant and positive response to the shock. Overall a clear

positive response can be seen from the prices, this could be because of the already lower prices
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compared to other regions, leading to the demand not shifting, despite the increase in costs, and thereby

resulting in a positive response instead.

When comparing the two types of housing, while they both have a overall positive response to the
shock, the apartment side exhibits higher magnitude of significant negative shocks. Meanwhile, the
one-family homes exhibit only slight negative shocks and with an overall less frequent number of

significant responses.

When examining the effects of the shock to the effective mortgage rate, an overall negative effect can
be seen on the prices of both housing types. Starting with the apartments, an initial positive response
can be observed as the first period to the 4™ period, exhibiting a slight positive and statistically
significant response. Following this, the response shifts to a negative response at the 6™ period,
remaining significant throughout the 8" period. In addition to this a larger magnitude of responses can
be observed, also being negative and significant, from the 11" period to the 15™ period. After a brief
period of no responses exhibiting significance, the prices again show a significant negative response
from the 17" period to the 22" with a peak response in the 19" period at around -0.6. When observing
the responses a clear pattern can be seen in response to the shock, with a negative response, followed
by periods with no significance before similar negative response of higher magnitude, showing a

persistent effect on the apartment prices following the shock.

When examining the responses of the one-family homes, a different pattern appears, exhibiting an
overall negative response throughout the periods, with few slight positive responses in comparison the
negative responses. The initial response can be seen as significant and negative from the 3™ to the 9™
period. Followed by a brief period of positive significant responses in the 12", 13 and 14™ period,
reaching a peak positive response at around 0.025. In contrast to this the from the 16 period and
onwards the remaining responses exhibit statistical significance and can be observed to be negative,

with a peak negative response at around -0.17.
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Comparing the two types of housing, it is clear that while both are seeing an overall negative response
to the shock, the pattern of responses is quite different. Additionally, the responses from the apartment
side are also considerably larger in magnitude, with a similar frequency of significant responses to

one-family homes.

Examining the effects of a shock to the sales of each housing type, starting with apartments. It is clear
that most of the observed periods remain, not statistically significant, however, an initial significant
and positive response can be observed. With the significant periods being from the 3™ to the 8" period,
reaching a peak response around 0.1 in the 6™ period. Overall, this would indicate that for the Zealand
region a shock to the sales would not have much of an effect on the apartment prices, other than a

initial response in the first couple of periods.

Focusing on the one-family homes instead, we can observe a much more reactive response from the
prices to a shock in sales. An initial positive response can be seen, followed by a later negative response
of lesser magnitude. From the first period up to the 13" period a clear positive and significant response
can be seen across the periods, with a peak response in the 11" period at almost a value of 1, which
would be quite a significant response as we are working with the logarithm of the prices. Through the
20" to the 24" period a significant negative response can be observed, with a peak negative response
at around -0.25. This would indicate a shock in the sales of one-family homes have a strong and direct
effect on the initial response within the first 12 periods, whereas a later negative response would

indicate a correction or less demand following the higher prices.

Comparing the two types of housing, it is clear that for the region a shock to sales is much more
impactful to the prices of one-family homes, whereas apartments only see an initial response. As
apartments also don’t see followed up negative effect, it would also indicate that while the shock does
have a certain amount of impact on the prices the apartments don’t over adjust to the increase in sales,

unlike the one-family homes, which can be seen having a negative effect following the peak response.

Side | 49



Capital region

Starting with the apartment response, we can observe from the model that the initial responses does
not exhibit statistical significance up until the 10 period. From the 11" to 13™ period the prices a
significant positive response can be observed with a peak positive response at around 0.013. Following
this, the only other points at which the model exhibit significance is at the 23™ and 24" period, with a

significant negative response with a peak negative response at around -0.016.

Focusing on the one-family homes, we can observe an initial response, which is both significant and
negative, in the through the first to the 4" period. Following the initial negative response in the 7
period the prices exhibit a significant positive effect, with the 8" period remaining positive and
significant as well. In addition to this the prices also exhibit positive significant responses in the 11"
to the 14" period. Hereafter in the 18™ and 19" period, the prices shift to a significant negative
response, with a slight positive response in the 23™ period. With a peak negative response in the 18%

period at around -0.007. and for the positive response peak being in the 13 period at around 0.007.

Comparing the two types of housing, both positive and negative responses can be seen from the shock,
with the one-family homes seeing a slightly higher frequency of significant responses. Meanwhile, the

magnitude of the responses is slightly higher for the apartment side.

weges on price_spartment weges on price_house
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Briefly going over the apartment side, only a few periods are showing to exhibit significance. This
being the 5™ and 22" period. With a peak in the 22" period at around -0.05. As previously mentioned,
wages often follow inflation and therefore increases, the increased inflation should therefore impact
on the prices negatively, as seen in the previous regions, however, as seen in the prior shock to inflation,
prices are not as reactive to inflation changes in the region. This could therefore explain why we see

so little significance in the responses, while still seeing a slight negative response in the 22" period.

Focusing on the one-family homes, a stark contrast can be observed at almost all of the responses
exhibiting significance, with varying magnitudes in the response of each period. Initially, the prices
are seen responding significantly negatively to the shock, from the first period to the 20" period the
response remains significant and negative. These negative responses experience a peak response in the
9% period, at a magnitude around -0.13. From the 22" period through the 24" period, the responses

shift to a significant positive, with a peak positive response at around 0.08 in the 24" period.

Comparing the two housing types, it is clear that one-family homes are much more reactive to a shock
in the wage adjustment variable, with a considerably higher frequency of significant responses as well

as a higher magnitude for the responses.

When examining the response to a shock in the effective mortgage rate, it is notable that both housing
types respond quite similarly. Starting with the apartment price response, an initial significant and
positive respond can be observed from the first period up to the 11™ period reaching a peak positive
response at the 8" period at around 0.25. Following this is a shift to negative responses as from the
15" period and onwards the response of the prices remain significant and negative, reaching a peak
negative respond at the 23™ period. Likewise when focusing on the one-family homes, the initial
positive and significant response can be seen persisting from the first period to the 12" period, with a
peak positive responds in the 10" period at around 0.18. Hereafter the response from one-family homes

can also be see shifting to a negative response, with the responses being significantly negative from
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the 14™ period and onwards. Throughout the second half of the responses a peak negative response
can be observed at the 17% period at around -0.2. As the effective mortgage rates cover the real cost of
borrowing, it can be assumed that the initial positive reaction from both housing types can be seen as
the market needing time to properly adjust to the changes, with a higher cost of borrowing and thereby

a lower demand allowing the prices to adjust in the later periods.

Comparing the two responses, the apartment side shows a higher magnitude in response to the shock
compared to one-family homes. Conversely, the one-family homes shows a higher frequency of
significant responses, with the two housing types showing a relatively similar response to the shock

overall.
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Lastly, the shock to sales can be seen being quite different when viewing the two models. Starting with
the apartment side, the first period with a significant response is the 4" period showing a positive
response, which continues to the 6 period, with a positive peak at around 0.2. Hereafter the 7™ to
the14th period the responses show no significance, however, in the 15" period the response shifts to a
significant negative response, with a peak negative response at around -0.5. These negative and

significant responses continue to the 22" period, with a slight positive response in the 24" period.

Shifting focus to the one-family homes, it can be seen that a shock to the sales has a persistent
positively significant response, with the first period being significant and continuing through all
periods. Through the responses a peak response can be observed ta the 6™ period at around 0.5.

Showing a large impact on the prices when the log of sales receives a shock.

Comparing the two types of housing, the one-family homes have a higher frequence of significant
responses as well as similar magnitude to that of the apartments. The difference in reaction despite the
sales having been shown to be similar to each other previously, could be attributed to the fact that there

are more apartments on the market, and a shock to the sales could be seen as an increase in supply
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where as new one-family homes in the Capital region is less likely, and could therefore be interpreted

as an actual rise in demand.

Results and Findings

When examining the results across the regions and housing types, clear differences can be observed in
how the housing markets react to the various shocks. While the general direction of the responses
remains somewhat consistent, the timing, persistence, and magnitude of the reactions differ between
both housing types and regions. The following section goes through the main shocks one by one,

highlighting the most noticeable patterns and differences between the regions.

Core Inflation Shocks

Across all regions, the responses to a shock in core inflation show an overall negative effect on prices.
This reflects the expected outcome, as rising inflation leads to higher nominal interest rates, which
increases the cost of borrowing and lowers the demand for housing. In the Capital Region, the
responses appear earlier and remain significant for longer, suggesting that this market reacts faster to
changing financial conditions. Both apartments and one-family homes show clear negative responses,
though the effects are of a slightly larger magnitude for apartments. In contrast, the regions in Jutland
react slower, with responses appearing later and persisting for shorter periods, showing a more gradual
adjustment to inflation shocks. Zealand, on the other hand, shows the weakest response overall, with

few significant periods and only small changes in prices.

The difference between the regions suggests that the Capital market is more sensitive to financial
conditions due to higher leverage and faster price adjustments. The Jutland regions are less reactive,
while Zealand’s more stable market structure and lower price levels likely dampen the immediate

impact of inflation shocks.

Wage Adjustment Shocks

When looking at the wage shocks, the responses vary much more between the regions. The Capital
Region mainly shows negative responses. This is likely because wage increases here often move
together with inflation, meaning that higher wages are offset by higher costs, leaving little real
improvement in affordability. In Jutland, the responses appears later and with a few positive responses,
possibly reflecting that wage growth here is less connected to inflation and may improve affordability

for some time. In contrast, Zealand shows an overall positive response to the wage shocks. This
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suggests that moderate wage increases can raise demand where prices are already lower, which

increases the ability to buy without immediately creating pressure from inflation or interest rates.

Across all regions, apartments show stronger late positive responses, while one-family homes tend to
react more slowly. This can be explained by shifts in demand, as higher wages and prices make smaller

and cheaper housing types more attractive compared to larger homes.

Effective Mortgage Rate Shocks

The shocks to the effective mortgage rate show a clear pattern across all regions. In the short term, the
responses are positive, before turning negative in the later periods. This pattern can be explained by
how the market reacts to higher borrowing costs. First, a rise in mortgage rates often occurs during
periods of strong economic activity or rising inflation expectations. Buyers may therefore move
quicker to purchases before further rate increases, causing prices to rise briefly. Over time, however,
the higher cost of borrowing reduces affordability and slows down demand, leading to a fall in prices

in the later periods.

This pattern is seen clearly in both the Capital Region and Zealand, where prices first react strongly
upwards but then correct themselves quickly downwards. The Jutland regions show the same tendency
but more gradually, indicating that these markets adjust slower to financial changes. Apartments again
react more sharply and over shorter periods, while one-family homes show smoother but longer-lasting

adjustments.

Sales Shocks

The responses to a shock in sales differ the most between housing types. For apartments, the responses
are generally weaker and short-lived. In some regions, a small positive effect appears in the short term,
but these quickly fade, showing that changes in apartment sales volumes do not translate strongly into
price changes over time. For one-family homes, the opposite can be observed. A clear positive and
significant response appears in the early periods, often followed by a later correction as prices adjust
downward. This indicates that an increase in sales is first seen as stronger demand, pushing prices up,

but later settles down as the market corrects and supply reacts.

Regionally, the Capital shows the fastest and strongest response to sales shocks. This reflects the
limited supply and higher turnover in this market. The Jutland regions and Zealand show more gradual

responses, with slower adjustments and less volatility.

Comparing the two housing types, apartments show shorter and less persistent responses, while one-

family homes react over longer periods with clearer patterns. This likely reflects the difference in
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market structure, where apartments are more liquid and influenced by short-term dynamics, while one-

family homes react to broader and slower changes in demand and supply.

Summary

To summarize the key takeaways from the analysis:
1. The Capital Region reacts faster and with stronger effects to most shocks.
2. The Jutland regions show slower and more gradual adjustments.
3. Zealand reacts weaker overall, showing a more stable and balanced market.
4. Apartments respond faster and with sharper fluctuations.
5. One-family homes react slower but with more persistence in their responses.

Overall, these findings indicate that the Danish housing markets react differently depending on both
the regional and structural conditions. More urban regions respond faster and are more sensitive to
financial shocks, while regional markets that are less urbanized adjust more gradually. Apartments
show quicker reactions to short-term dynamics, while one-family homes are more affected by longer-

term affordability and demand adjustments.

Discussion

As the analysis has now been conducted with chosen model being utilized to create impulse response
functions to better understand the reactions of the different regional markets, this section will serve to
discuss the differences and the reasons why certain regions act differently. This section will therefore
also serve to discuss the theoretical framework, results of the analysis and the empirical data in respect
to the problem statement and reflect some perspective on the findings. This will be done by, firstly
discussing the findings of the analysis in relation to the main questions of the thesis. Hereafter the
regional differences will be discussed, to bring some more perspective to the key findings of the
analysis. Lastly the changes in affordability seen on the different regional markets will be discussed

with focus on how this may affect potential home buyers in future.

When examining how the chosen variables affect the housing prices across the different regional
markets, we are able to determine clear patterns that align well with the previous theory, as well as the
changes over time in the variables, with some nuance between the regions. The impulse response
functions revealed how shocks to key variables such as the effective mortgage rates, wages, core

inflation and sales influence price dynamics for both apartments and one-family homes alike. One of
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the strongest relationships between the variables and the prices was the effective mortgage rate. With
the effective mortgage rates capturing the most accurate cost of borrowing when it comes to purchasing
a home, this aligns well with previous intuition and theory alike as it directly ties to the affordability
of purchasing (Larson, 2022). In the analysis, our model found a two-phased pattern for a shock to the
effective mortgage rate, showing a clear increase in the beginning — which could indicate that more
people rushed to buy before rates increased further, buying into the market faster than they otherwise
would, and thereafter the prices could be seen negatively affected by the increased rates, as prices in
the long run would decrease in our findings. This is further supported by the fact that people in the
market have seen a very low effective mortgage rate for a long period of time, leading many to believe
that the increase is drastic when in reality it is simply because we are now coming from a lower rate
going up, rather than a higher rate going down. Because of this, transactions could be seen slowing
down after rates had risen over time, but in anticipation of it people would buy into the market earlier,
leading to a record high year of sales across the regions in 2021 (Jyskebank, 2023). This is further
supported when considering consumer psychology, particularly in terms of loss aversion. Many people
adjust expectations of future increases and therefore make quicker and more rash decisions when
anticipating a risk of further increases in order to avoid potential losses in the future, which once again
can be seen in the data when comparing the effective mortgage rate with the sales of each region
(Daniel Kahneman, 1979). In contrast to this however, the analysis also found that one-family homes
were more persistent in the effects and less volatile in their responses compared apartments, which
were able to react faster. However, while the strongest relationship was between the effective mortgage
rates and the prices, the other variables also showed quite significant relationships with the prices.
With inflation having a significant impact on prices across most regions — as it directly influences
central bank policy rates, which in turn affect the effective mortgage rates. This is by far one of the
reasons why the effective mortgage rate had such a strong relationship with the prices, as many other
variables affect the housing market indirectly through it. For inflation, however, an interesting finding
was the effects on apartments in the Capital region, as the prices saw quite a significant response in a
positive direction with very little later correction as we had seen with the other regions. With this being
one of the many nuances for the various regions it is notable that this could easily be because higher
inflation could cause more people to seek less expensive housing — such as apartments — rather than
typical one-family homes. On the other hand, many of the other regions would see increasing prices
followed by a later correction which could be attributed to slow transmission of the adjustments in the
market, where higher inflation overall leads to downwards pressure on the price (National Banken,
2024). When it comes to wage variable, wages usually follow inflation to a certain extent, and this can

clearly be seen in the data, however over the last couple of years, wages have outpaced the housing
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market in terms of growth, therefore the market would already be saturated and the effects of a shock
would be limited, with a short increase in prices before an eventual correction downwards. This could
be seen throughout the analysis with a few exceptions in smaller regions allowing for a close
relationship between both wages and housing prices but due to the recent development of wages
compared to prices the effects of further increases remains limited for both apartments and one-family
homes across the regions (Spar Nord, 2024). The last variable that was chosen to test against the prices
was the sales variable. Being an indicator for demand we would expect that higher demand would lead
to higher prices, where empirically speaking this can easily be seen when looking at the prices across
the regions. With the Capital Region being more expensive than any other place, due to the closeness
to Copenhagen as it is the central place for work opportunities and the largest city in the country
(Danmarks Nationalbank Monetary Review, 2016). The combination of which has caused high demand
for housing in the city itself and the nearby county area. Because of this, prices can be seen increasing
the closer you get to the Capital (International Monetary Fund). Overall the demand clearly had a direct
connection to the prices both empirically when comes to the Capital region for example but also in our

analysis.

By testing the variables on each region and their respective regional prices, we were able to better
understand how certain places are affect differently across the regions. However, while it is great to be
able to understand the affects each variable has on the regions in the test, it is also important to
understand some of the bigger regional differences that directly affect the response of shocks. For
example, earlier when examining the supply for each housing type across the regions it was very clear
that a big portion of all the apartments in Denmark’s housing market was in the capital region. This is
in large to the continues urbanization of the capital region, with many bigger projects such as abstract
apartment complexes which has led to a much denser city allowing people to live much closer to the
center of the region without compromising on dwellings (Faktalink). Because of this, a larger number
of apartment sales and a greater supply were already present in the Capital Region, with this being one
of the reasons as to why the shocks to the Capital Region gained different responses to the other
regions. Another regional difference that made for variety in some of the shock in the analysis was the
less expensive counties such as Loland. With Lolland being among the cheapest housing areas in
Denmark. Because of this, the effects on the overall region of Zealand were slightly different with
most notably the effects of apartment sales being quite insignificant when tested on the prices (Lolland
Komune, 2025). Because of differences like these, the various regions in Denmark have handled the

2022 economic shock in vastly different ways and this can also be seen in the findings of the analysis,
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as both the job opportunities in certain places and geographical circumstances have been able to shift

how each region reacts to the various shocks.

With the wages in most counties out pacing the housing costs, even with the increasing interest rates
and inflation, the affordability in most places in Denmark has been doing quite well as wages have
been increasing faster than the price of housing in over half the counties across the board (Spar Nord,
2024). With the cost of one square meter of space from 2019Q4 to 2024Q4 for one-family homes has
seen steady increase by about 26% across the country, whereas in places like North Jutland prices have
only increased with about 10%. Additionally, the Capital region increased in the same time, by 33.4%,
marking a obvious difference between the regions. When looking to apartments the same thing can be
seen with the capital region reaching 31.2% while the prices went slightly down in North Jutland
(Finans Danmark, 2025). This marks a clear difference in affordability depending on the region and
the city, as many larger cities see quite high prices compared to smaller neighboring cities. When we
are then talking about future prospects for homeownership, it is apparent that affordability is definitely
challenging in certain areas and regions but overall, many smaller towns outside the major cities
already offer much more affordable housing. Likewise, with some of the bigger cities outside the
Capital region, such as Aarhus still being fairly affordable, and the neighboring cities in the larger area
is still very affordable. So, when looking at future homeowners, we might see less affordability in the
capital region, and in certain larger cities but over all the affordability for housing remains optimistic,

especially in smaller counties.

Conclusion

As we have now concluded the discussion and the analysis, this section will serve to conclude the

thesis and present the conclusions of our findings and answer the main problem statement.

it is clear that housing affordability across the Danish regions has developed unevenly over time,
shaped by both macroeconomic changes and regional market structures. The impulse response
functions show how key variables interact with prices of both apartments and one-family homes,

showing patterns that align closely with theory but differ in magnitude and timing between the regions.

Starting with the effective mortgage rates, the findings show that changes in borrowing costs have had
the strongest and most direct effect on housing prices across all regions. The two-phased pattern found
in the responses with an initial short-term positive reaction followed by a longer negative adjustment
supports the idea that buyers often react quickly to expected increases in rates. This reaction can be

linked to loss aversion, where buyers move faster under the assumed risk to avoid future affordability
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losses. Over time, however, as higher borrowing costs feed into the market, prices adjust downward.
The effect was particularly strong in regions with higher activity, such as the Capital Region, where
the cost of borrowing plays a greater role due to higher price levels. Inflation shocks were also found
to affect prices negatively in the long run. This effect stems from inflation, increasing nominal interest
rates and in turn, effective mortgage rates. However, in regions such as the Capital Region, apartments
showed temporary positive reactions likely reflecting the shift in demand toward smaller and cheaper
dwellings during times of higher living costs. This supports the idea that market structure and the
composition of housing types influence how shocks transmit to prices. When it comes to wages, the
results show only a limited and short-lived effect on housing prices. This is consistent with the recent
wage developments in Denmark, where wages have already outpaced housing prices in many counties
across the regions. The market has therefore already absorbed much of the effect of rising wages,
resulting in only smaller yet still positive responses overall but in many cases with a slight adjustment
in later periods. Sales shocks were used as a proxy for housing demand, which was shown to have
varying effects across regions and housing types. One-family homes generally exhibited stronger and
more consistent positive responses to demand shocks, suggesting that this market segment reacts faster
to changes in transaction levels. Apartments, in contrast, showed weaker responses, which could reflect
the supply in certain regions and greater availability in urban areas. These findings highlight that
demand-driven price effects are more pronounced in housing segments with lower supply flexibility.
When comparing the regions, the analysis confirms that structural and geographical differences
strongly affect how shocks translate into price levels. The Capital Region shows higher sensitivity to
both mortgage rate and inflation shocks, a pattern driven by higher price levels, denser housing supply,
and stronger demand pressure. In contrast, regions like North Jutland show responses of lesser
magnitude, reflecting lower price levels, smaller populations, and less market volatility. Urbanization,
proximity to job centers, and local growth policies all play an essential role in shaping these
differences. In relation to affordability, the findings indicate that the gap between regions has widened.
While wages have increased faster than prices in many smaller counties, improving affordability, the
Capital Region and larger cities have seen price growth continue to outpace wage developments in the
long run. This reinforces the growing divide between urban and rural housing markets. Regardless, the
analysis suggests that affordability across much of Denmark remains stable, supported by higher wages
and slower price growth outside the major cities. In terms of future home buyers, the results point to a
housing market that remains regionally divided. For future homeowners, affordability will likely
continue to depend heavily on location. Larger cities and the Capital Region will remain challenging
for first-time buyers, especially if interest rates stay elevated and supply remains constrained. Smaller

cities and less urban regions, however, are expected to remain relatively affordable, providing
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opportunities for households willing to move away from the larger cities. Overall, the findings support
the view that affordability in Denmark has not deteriorated uniformly but rather adjusted to reflect
regional differences in demand, supply, and income growth. The results emphasize that national
housing policy and interest rate changes cannot be fully understood without accounting for the strong

regional dynamics that shape how affordability develops across the country.
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