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Abstract: This paper investigates the presence of speculative bubbles in the Scandinavian countries
namely Denmark, Finland, Norway, and Sweden over the period from 1980Q1 to 2018Q4 and
searches for evidence of bubble migration among those countries. First, we apply the GSADF test
developed by Phillips et al. (2015) on quarterly housing price-to-rent ratios to test for exuberance and
episodic bubbles. Subsequently, we examine bubble migration between these markets using the non-
parametric model with time-varying coefficients (NPM-TVC) developed by Greenaway-McGrevy
and Phillips (2016). We find evidence of episodic bubbles in all the Scandinavian real estate markets
for the period 1980 to 2018. Our results also indicate that housing bubbles are contagious between
these markets during several periods, and the market connection is stronger for geographically
neighboring countries.
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1. Introduction

Real estate bubble detection is a topic of ongoing research among economists. The
empirical literature has investigated the presence and migration of real estate bubbles in
different countries, including the United States [1–3], Japan [4], Australia [1], China [5],
New Zealand [6,7], Israel [8], Canada [9,10] and the OECD countries [11–15].

Recently, there have been recurrent warnings about potentially exuberant house prices
in the Scandinavian housing markets. In fact, the 2019 Bloomberg report on the world’s
housing bubbles ranked Sweden and Norway as the 3rd and 4th most overheated real estate
markets in the world in the first quarter of 2019 [16], while Iceland, Denmark, and Finland
rank 9th, 10th, and 18th, respectively. In addition, economic reports from the International
Monetary Fund [17], the Council of the European Union [18,19] and Opie et al., [20] also
indicate that Scandinavian real estate markets are experiencing a macroeconomic imbal-
ance. In particular, the reports consistently point out the rapid and persistent housing-price
growth above economic fundamentals, occurring since the mid-1990s. For example, from
2000 to 2018, the nominal housing price index increased by 109.9% in Denmark, 75.3%
in Finland, 193.8% in Norway, and 239.7% in Sweden. During the same period, rental
prices registered a much weaker increase of 52.7% in Denmark, 52.9% in Finland, 64.3%
in Norway, and 42.3% in Sweden [21]. While analysing the existence of bubbles, previous
studies such as Dermani et al., [22] and Maher [23] found mixed evidence on real estate
price exuberance in Sweden. Other studies [12,13,24,25] have also documented the presence
of real estate bubbles in Scandinavian countries, including Denmark, Sweden, and Nor-
way. However, none of these papers have investigated the contagion of bubbles between
these markets.
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The purpose of this paper is to fill this empirical gap, by addressing two main ques-
tions: Do Scandinavian real estate markets experience episodic bubbles? If so, to what
extent are these bubbles contagious between these markets? Our empirical strategy consists
of, first, investigating the presence of bubbles in the real estate markets of Denmark, Sweden,
Norway, and Finland by using the GSADF test developed by Phillips et al., [26]. Subse-
quently, we examine bubble migration between these markets using the non-parametric
model with time-varying coefficients (NPM-TVC) developed by Greenaway-McGrevy
and Phillips [7]. Our data were retrieved from OECD Statistics on real estate prices [21].
Following the literature on bubble detection [26,27] we focused on the price-to-rent ratios
(rather than real price) to control for economic fundamentals. Rent has been shown to be a
major indicator of real estate market sustainability [3,12,28]. Comparing six methods for
measuring real estate bubbles, Bourassa et al., [27] concluded that the price-to-rent ratio
measure is the most reliable method, both ex-post and in real-time, for identifying real
estate bubbles.

Our results suggest that the Scandinavian real estate markets experienced several
bubble episodes during the 1980 to 2018 period. For instance, we found that the Danish
real estate market experienced a bubble during the 2004Q2 to 2007Q2 period, with a peak
in 2005Q4. Norway also experienced episodic bubbles from 2004Q4 to 2007Q1. In Sweden,
bubble episodes occurred from 1987Q4 to 1989Q4, 1992Q4 to 1993Q4, 1999Q2 to 2001Q2,
2004Q3 to 2008Q1, and 2014Q3 to 2017Q4. In Finland, we found evidence of two major
bubbles from 1987Q3 to 1989Q2 and 2013Q4 to 2017Q1, with a peak in 2015Q4. Our results
also suggest that the Scandinavian real estate markets are interconnected, as the bubbles
appear to be contagious between these countries. On average, the results also suggest that
the housing market connection is stronger for geographically close countries.

The rest of the paper is organized as follows: Section 2 sets out the data used in
this paper. Section 3 presents our empirical model for detecting bubble episodes and
investigating bubble migration. Section 4 shows and discusses our empirical results.
Section 5 concludes the paper and suggests future research avenues.

2. Data and Descriptive Statistics

The data used in this paper were obtained from OECD.Stat [21] Our database contains
two housing price indicators: (i) The real house price, which is the ratio of nominal price to
the consumers’ expenditure deflator, both seasonally adjusted, from the OECD national
accounts database. According to the OECD database, the nominal house price covers
the sale of newly-built and existing dwellings, following the recommendations from the
Handbook of Residential Property Prices Indices; and (ii) The price-to-rent ratio, which is
the nominal house price divided by the rent price. This measure is considered an indicator
of the profitability of house ownership. This indicator is an index with 2015 as the base year.
In order to test for real estate bubbles and bubbles contagion in Denmark, Finland, Norway,
and Sweden, we used the quarterly real estate price-to-rent ratio from 1980Q1 to 2018Q4.
The evolution of the price-to-rent ratios and the real prices, with a base of 2015Q1, for each
country are presented in Figure 1. Real prices and price-to-rent ratios display an increasing
trend for the Scandinavian countries during the period, with short-term fluctuations. There
was a substantial increase in each of the price-to-rent ratio and real prices during the period.

Table 1 presents the statistical results. Interestingly, the results indicate that Denmark
had the highest price-to-rent ratio. In fact, the Danish price-to-rent ratio ranged between
50.5 and 130.25, with an average of 81.35. Finland displayed the second-highest price-to-
rent ratio, ranging between 48.97 and 110.84, with an average of 77.36. Finally, the average
price-to-rent ratios were 64.9 and 63.01 in Sweden and Norway, respectively.
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Figure 1. Real house price and price-to-rent ratios from 1980 to 2018.

Table 1. Descriptive statistics.

Min Max Mean SE Kurtosis Skewness

Denmark 50,050 130,250 81,347 18,782 −0.079 0.687
Finland 48,966 110,841 77,363 20,150 −1.480 0.135
Norway 32,211 109,393 63,014 23,986 −1.174 0.491
Sweden 35,687 115,136 64,895 20,877 −0.278 0.655

Unit root and stationary tests are presented in Table 2. We use three stationary tests
(ADF, KPSS, and PP). The null hypothesis of ADF and PP is the presence of the unit root,
and the null hypothesis of KPSS is the absence of the unit root. All the results consistently
indicate that the price-to-ratio series contains the unit root for all the Scandinavian countries
at a 5% threshold.

Table 2. Unit root and stationary test.

ADF PP KPSS
Statistic p-Value Statistic p-Value Statistic p-Value

Denmark −0.336 0.9115 −2.098 0.535 0.817 0.01
Finland −0.812 0.754 −2.451 0.387 1.173 0.01
Norway 0.056 0.959 −1.729 0.689 1.094 0.01
Sweden −0.447 0.889 −2.015 0.570 0.690 0.01

3. Methodology
3.1. Identifying Bubble Episodes

Following Phillips et al., [26], this paper uses the right tail unit root tests of Phillips
et al., [26], to analyze the explosive behavior of stock prices in South Africa. The procedure
of Phillips et al., [26], estimates the following auto-regressive specification:

∆yt = α + βyt−1 +
K

∑
i=1

γi∆yt−1 + εt (1)
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where yt is the property price indicator at period t, α is the intercept, K is the optimal lag
order, and εc, t is the error term. The null hypothesis of the GSADF test (H0: β = 0) is the
absence of a bubble. The alternative hypothesis is (H1: β > 0) which implies an explosive
behavior for the time series. If the GSADF test rejects the null hypothesis, then there is
evidence of at least one bubble in the market.

In the GSADF procedure, the estimation of Equation (1) is repeated on sub-samples of
data in a recursive fashion and is based on global backward supremum ADF statistics of
the form:

GSADF(r0) = sup
r2∈[r0,1]r1∈[0,r2−r0]

ADFr2
r1 (2)

where r0 is the minimum window size; r1 is the starting point, which varies from 0 to
r2 − r0, and r2 is the ending point, which varies from r0 to 1. The minimum window size
r0 is determined according to the formula 0.01 + 1.8√

T
proposed by Phillips et al., [26].

3.2. Model of Bubble Contagion

We rely on the non-parametric model with time-varying coefficients (NPM-TVC)
developed by Greenaway-McGrevy and Phillips [7]. This method is designed to capture
the lead-lag relationship between the time series dynamics of the price-to-rent ratios. Let
us consider two markets, A and B. The non-parametric regression specified by Greenaway
McGrevy and Phillips [7] is:

β̃B,t = δt,T β̃A,t−d + εt (3)

where β̃k,t = β̂k,t − 1
T−ω+1 ∑T

t=ω β̂k,t
The time-varying coefficient δ is estimated by local kernel regression such that

δ̂(r; h, d) =
∑T

j=ω+d Khj(r)β̃B,j β̃A,j−d

∑T
j=ω+d Khj(r)β̃2

A,j−d

(4)

where Khj(r) = 1
h K
(

j/T−r
h

)
, K(.) = (2π) −1/2e−

1
2 (.) is a Gaussian kernel, h is the band-

width, r is the fraction date, and d is the lag.

4. Empirical Results
4.1. Bubble Detection

We report the results of the GSADF test for bubble episodes in Table 3 and Figure 2.
Table 3 indicates that, overall, Scandinavian real estate markets were overheated during
the period investigated in the present study. We find evidence of exuberant behavior in
all these markets, since the GSADF statistics are significant at 1%, for Denmark, Finland,
Norway, and Sweden (See Table 3).

Table 3. GSADF test for exuberance detection.

Country Period Optimal Lags GSADF Interpretation

Denmark 1980Q1–2018Q4 2 12,977 *** Presence of bubble
Finland 1980Q1–2018Q4 1 6.841 *** Presence of bubble
Norway 1980Q1–2018Q4 2 3.938 *** Presence of bubble
Sweden 1980Q1–2018Q4 1 4.888 *** Presence of bubble

Note: Significance level: *** p < 0.01.
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Figure 2. Real estate bubble detection using GSADF.

Bubble episodes, identified from the recursive calculation of the BSADF statistics, are
presented in Figure 2a for Denmark, Figure 2b for Finland, Figure 2c for Norway, and
Figure 2d for Sweden. Recall that Phillips et al.’s [26] test indicates an explosive price
behavior when the BSADF statistic is superior to the critical value. Figure 2a shows that
Denmark experienced a bubble for the period of 2004Q2 to 2007Q2 with a peak in 2005Q4.
However, the Danish real estate market has remained cool since 2007Q3. In Finland
(Figure 2b), the real estate market experienced two major bubbles during the periods from
1987Q3 to 1989Q2, with a peak in 1988Q4, and 2013Q4 to 2017Q1, with a peak in 2015Q4.
The Norwegian real estate market (See Figure 2c) also experienced episodic bubbles. The
most important bubble in Norway occurred from 2004Q4 to 2007Q1. In Figure 2d, we
observed that Sweden experienced several bubble episodes during the periods from 1987Q4
to 1989Q4, 1992Q4 to 1993Q4, 1999Q2 to 2001Q2, 2004Q3 to 2008Q1, and 2014Q3 to 2017Q4.
Overall, we found evidence of several bubble episodes in Scandinavian real estate markets
from 1980Q1 to 2018Q4. However, since 2018Q1, our findings suggest that all of the studied
markets are in a no-bubble period.

4.2. Bubble Contagion

Figure 3 presents the time-varying coefficients, estimated from the model of Greenaway-
McGrevy and Phillips [7]. Figure 3b,d indicate that the markets of Denmark-Norway and
Sweden-Finland have been connected throughout the 1980–2018 period since the estimated
coefficients are positive. This result indicates that real estate prices have migrated between
these markets. Moreover, the pairing of Denmark and Sweden (Figure 3b), Norway and
Finland (Figure 3c), and Norway and Sweden (Figure 3e) have been in place since 1995Q3,
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1996Q2, and 1999Q1, respectively. The weakest connection is observed for Denmark and
Finland (Figure 3a), where price migration is observed only between 1998Q3 and 2011Q1
with a low intensity. Overall, these results confirm the existence of bubbles contagion
between the Scandinavian real estate markets.

1 
 

 

 

1 
 

 

 

Figure 3. Housing prices contagion between pairs of countries.

5. Conclusions

In this paper, we tested for the explosive behavior of real estate prices in Denmark,
Norway, Sweden, and Finland using Phillips et al.’s [26] GSADF test. We provide further
evidence that the Scandinavian real estate markets are exuberant and contained several
episodic bubbles from 1980 to 2018.
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This result is consistent with Maher [23] who found that the Swedish real estate market
is overheated. More importantly, based on the non-parametric model with time-varying
coefficients estimated by Greenaway-McGrevy and Phillips [7], we provide evidence that
bubbles migrate between the Scandinavian real estate markets. This result is consistent
with Vitek [29] and Mircheva and Muir [30], who indicated that Denmark, Finland, Norway,
and Sweden form a tightly integrated region and such a connection between these real
estate markets increases the risk of a regional house bubble since a bubble can migrate from
one market to another.

Taken together, our results suggest that Scandinavian policymakers should pay at-
tention to the contagion effect of housing prices run-up between countries and should
undertake coordinated housing policies to cool their respective real estate markets. Finally,
future research may focus on: (i) the effect of mortgage regulation on the occurrence and
the migration of bubbles in the Scandinavian real estate markets; (ii) the impact of foreign
buyers on housing price exuberance.
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