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Abstract
In this article, we measure changes in the synchronization of housing price cycles
across Spanish cities over time. We rely on a regime-switching framework that iden-
tifies the housing price cycles of pairs of cities and simultaneously infers the evolving
relation between those cycles. These bilateral relationships are then summarized into
an aggregate index of city-level housing cycle synchronization. The estimates suggest
that Spanish housing prices have followed a convergence pattern that reached a peak
in 2009 and decreased slightly afterward. We also identify the cities that have been the
main contributors to this convergence process. Moreover, we show that differences in
population growth and economic structure are key factors in explaining the evolution
of housing price synchronization among Spanish cities.
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1 Introduction

The housing market has played a fundamental role in the Spanish economy in recent
decades. In particular, housing prices at the national level have exhibited remarkable
swings over time. For instance, Martín et al. (2021) show that the housing boom
in Spain affected the rest of the economy by increasing the net worth of banks and
expanding the credit supply. Yet, the evolving heterogeneity in housing prices at the
city level is a key feature that has remained somewhat overlooked.

This issue is important from a policy perspective because strong housing price
synchronization across cities in a country provides grounds for the possibility that
local shocks to housing prices affect the entire domestic real estate market and, thus,
the real economy of the country (He et al. 2018). This can in turn increase the risk of
periods of low economic activity, especially if coupled with buoyant credit markets.
For instance, the last US housing boom was generated by spatial spillovers of local
shocks from one real estatemarket to another, i.e., the synchronization of local markets
over the 1995–2006 period (DeFusco et al. 2018; Ferreira and Gyourko 2022). In this
respect, macroprudential policies can be effective tools tomanage real estate dynamics
and associated risks to the real economy and financial stability.

In Fig. 1, we show the evolution of the dispersion of housing prices for 50 major
cities in Spain. While the cross-sectional distribution of housing prices in levels seems
to have widened with time, the distribution of growth rates appears to have shrunk
slightly. Based on this evidence, it is not easy to assess whether the cycles exhibited in
Spanish city-level housing prices have evolved in a converging or a diverging pattern
over time.

This paper aims to fill this gap by measuring changes in the synchronization of
housing price cycles across Spanish cities over time. Our analysis is based on the
multivariate regime-switching framework proposed in Leiva-León (2017), which is
employed to identify the housing price cycles of pairs of cities and simultaneously
infer the evolving relation between those cycles. We then summarize these pairwise
relationships in an aggregate index of housing cycle synchronization at the city level.
Our results show that Spanish housing prices converged over time. The convergence
reached a maximum in 2009 and slightly decreased afterward. In addition, we identify
the cities that were the main drivers of the convergence process. To do this, we com-
pute the steady-state, or “average,” probability of being in a given regime (e.g., low
price-growth regime). We then use this metric to classify cities with similar housing
cycle dynamics. This allows us to distinguish between cities that exhibit strong price
synchronization and cities that show low price synchronization in the period consid-
ered. Accordingly, the latter cities are those that are most related to the convergence
process.

In a final exercise, we explore which factors might explain the synchronization
pattern of city-level housing prices in Spain. We rely on a gravity-model type of equa-
tion, as in Funke et al. (2019), and consider economic and structural factors that have
been shown to affect housing prices as candidates for explaining the synchronization
metric. Our results provide suggestive evidence in favor of the hypothesis that the
distance between cities, as well as differences in terms of population growth and the
sectoral composition of the local economy, are relevant factors to explain the evolu-
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Fig. 1 Housing prices dispersion across Spanish cities. Note. The black line plots the median housing price
dispersion (in level and annualized growth, respectively) across fifty major cities in Spain. The red area
corresponds to the cross-sectional distribution over time, with probability mass between the 5th and 95th
percentiles

tion of housing price synchronization among Spanish cities. The major caveat of this
exercise is that wemeasure the dependent variable at the city level while the regressors
are observed at the provincial level, due to data limitations. Hence, the explanatory
variables may not accurately represent the city they refer to if they include information
related to suburbs or metropolitan areas around the city. This may distort our results.
However, in a sensitivity analysis we show that our findings are robust to the exclusion
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of the largest cities in the country, Barcelona and Madrid (see column (2) of Table 1),
thereby reassuring us that this issue is not problematic in our case.

The literature on the evolution of housing price heterogeneity is scarce. Some
studies have investigated the development of housing price synchronization across
countries (e.g., Hirata et al. 2013; Katagiri and Raddatz 2018; He et al. 2018) by
means of factor models, but few papers have focused on heterogeneity in housing
prices at the city level.1 For instance, Miao et al. (2011) estimate a dynamic spatial
equilibrium model and show that house price contagion in US cities can be explained
by migration spillovers between cities. Schubert (2021) analyzes spatial dependencies
in housing prices across a number of US cities and shows that volatility linkages are
more intensive during a real estate boom. In the same line, Ferreira andGyourko (2022)
and DeFusco et al. (2018) study the last US housing boom, looking at the evolution of
real estate prices at the neighborhood level, and show that the latter was generated by
a series of local booms that propagated from one local market to another, resulting in
the 2007 boom that affected the entire country. This paper contributes to this literature
by providing evidence on the evolving heterogeneity of city-level housing prices in
Spain and investigating price synchronization patterns across Spanish cities.

The bulk of the literature on Spanish housing prices focuses on the period leading
up to Great Recession, and mostly on specific aspects related to the price bubble that
characterized Spain until 2007. For instance, Gimeno and Martínez-Carrascal (2010)
study the links between home loans and house prices in the Spanish economy and show
that while these two dimensions are interdependent, there is evidence of causality from
home loans to house prices. By modeling potential disequilibria in both markets at the
same time, they show that disequilibria in house prices can result in a false sense of
no over-indebtedness, and vice versa. In addition, Gonzalez and Ortega (2013) study
the impact of immigration on house prices and construction activity in Spain over the
2000–2010 period. According to their analysis, immigration resulted in an important
increase in the working-age population and was responsible for one quarter of the
increase in prices and about half of construction activity over the decade. Moreover,
Rodriguez and Bustillo (2010) study the determinants of foreign real estate investment
in Spain. This has grown considerably since 2000, and the bulk of these flows involves
the investment of foreign tourists in real properties. Finally, Arrazola et al. (2015)
estimate housing supply and demand elasticities for the 1975–2009 period in Spain
and find that demand is highly sensitive to the labor market situation, as opposed to
prices. In contrast, supply shows great sensitivity to variation in prices and interest
rates. The authors argue that this different behavior of supply and demand with respect
to prices makes the Spanish real estate market particularly prone to property bubbles.

In contrast, the most recent literature on Spanish housing prices generally describes
the evolution of housing prices since the recovery in 2014, both at the aggregate level
and at the city level. Alves and Urtasun (2019) describe the recovery of the Spanish
real estate sector since 2014 and argue that increasing trends in both quantity and
price-based indicators reflect positive labor market developments and the low cost of
borrowing. López-Rodríguez and de los Llanos Matea (2019) study the Spanish rental

1 Katagiri and Raddatz (2018) also use city-level datasets to corroborate their findings based on roughly
30 cities in China and 8 cities in France.
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housing market, which has gained weight since 2014, and discuss the main factors
that have contributed to the recent increase in demand for residential rentals in Spain,
such as high unemployment, precarious new employment contracts, a reduction in
the average loan-to-value ratios of new mortgages, and the concentration of economic
activity in geographical areas with a rigid supply of residential housing (in particular,
Madrid and Barcelona).

The contribution of this paper to this recent literature is twofold: (i) the construc-
tion of a metric to measure changes in the synchronization of housing price cycles
across Spanish cities over time; (ii) an investigation of the convergence process of
city-level housing prices by looking at which cities contributed the most to price con-
vergence and which factors explain the evolution of Spanish city-level housing price
synchronization.

The paper is structured as follows. Section2.1 presents the methodology used to
measure changes in housing cycle synchronization, while in Sect. 2.2 we discuss the
results and describe the convergence process of city-level housing cycles. In Sect. 3, we
study the factors that explain the evolution of city-level housing price synchronization
in Spain. Finally, Sect. 4 offers some concluding remarks.

2 Changes in housing cycles synchronization

2.1 Methodology

This section describes the methodology used to measure changes in the degree of
synchronization between city-level housing price cycles. We rely on the approach
proposed in Leiva-León (2017), for two main reasons. First, rolling window proce-
dures are not needed to obtain time-varying measures of synchronization. Second,
this method takes into account the nonlinear nature of the dynamics of housing price
cycles. In sum, the framework consists of a bivariate regime-switching model that
provides inferences on the cycles associated with each of the two underlying series
and simultaneously evaluates the evolving degree of interdependence between these
cycles.

The model can be briefly described as follows. Let yi,t and y j,t be the growth rate
of the housing price index associated with cities i and j , respectively, and assume that
they are interrelated through the following model:

[
yi,t
y j,t

]
=

[
μi,0 + μi,1si,t
μ j,0 + μ j,1s j,t

]
+

[
εi,t
ε j,t

]
, (1)

where si,t denotes a latent variable that can take two values. If si,t = 0, this implies
that the housing prices of city i are in a low-growth regime at time t , given by μi,0.
In contrast, if si,t = 1 this indicates that housing prices in city i are experiencing a
high-growth regime at time t , which takes the value ofμi,0+μi,1. The same definition
applies to the latent variable s j,t . Each latent variable follows a first-order Markovian
process with transition probabilities between the two states given by p00 and p11,
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respectively.2 The vector of disturbances εt = [εi,t , ε j,t ]′ is assumed to be normally
distributed, εt ∼ N (0,�).

To assess the time-varying relationship between the latent variables measuring the
housing price cycles, si,t and s j,t , we define

P(si,t = s j,t ) = P(vi j,t = 1) = δi j,t , (2)

where vi j,t denotes a latent variable that takes a value of one if si,t and s j,t are totally
dependent at time t , or a value of zero if they are independent. Therefore, the term δi j,t
provides information regarding the time-varying synchronization between the cycles
si,t and s j,t . Accordingly, the latent variable vi j,t is also assumed to follow a first-order
Markovian process with transition probabilities pi j,v .

The model in equations (1)–(2) is estimated with Bayesian methods due to the
nonlinear dynamics it entails. For more details about the model and the estimation
procedure, see Leiva-León (2017). This methodology has been previously employed
to study changes in business-cycle synchronization between US states (Leiva-León
2017; Camacho and Leiva-León 2019), European regions (Gadea-Rivas et al. 2019),
and different countries (Ductor and Leiva-León 2016).

2.2 Data and empirical results

This section provides a comprehensive evaluation of the changes in the synchronization
of housing cycles across Spanish cities. Our data come from ST Sociedad de Tasación,
which is one of the largest independent real estate valuation firms in Spain. It collects
real estate prices (Euros/square meter) at a biannual frequency from 1985S2 onwards
for 358 Spanish cities, including all provincial capitals, municipalities with more
than 50,000 inhabitants, and other smaller towns with relevant real estate activity.
This dataset only includes prices of non-protected new houses (on sell, either still
in construction or occupied for less than 5 years) that are considered representative.3

Prices are negotiated offer prices obtained through fieldwork in which SdT agents visit
or contact promotions pretending to be a buyer. All collected data is filtered for outliers
and aggregated through stratification to avoid compositional effects. Our sample spans
1985:S2 to 2018:S2 and we restrict our sample to 50 Spanish provincial capitals (all
provincial capitals except for Ceuta andMelilla), which are listed in Table 2 in Section
A of the Appendix.4 An alternative available source is the Ministry of Transportation,
which provides housing price data at the city and quarterly level from 1995 onwards.
Comparing the price series for a number of cities, we find that both sources provide
very similar information (see Fig. 4 in Section A of the Appendix). For this reason,
we opt for the source that provides us with the longest time span.

2 More specifically, the transition probabilities are defined as Pr(sι,t = 0|sι,t−1 = 0) = p00,ι and
Pr(sι,t = 1|sι,t−1 = 1) = p11,ι for city ι = {i, j}.
3 Details on the characteristics that define the sample can be found in the methodology note from ST
available at https://www.st-tasacion.es/es/metodologia-estudio-mercado-vivienda-nueva.html.
4 This choice is due to data limitations, given that the explanatory factors considered in the second part of
the paper are measured at the provincial level. Hence, restricting the analysis to provincial capitals seemed
to be the most reasonable choice, given that smaller cities cannot be included in the analysis.
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To illustrate how the empirical framework works in practice, we provide detailed
results associated with two selected pairs of cities that exhibited different synchro-
nization patterns. The first case focuses on measuring the synchronization of housing
cycles between Santander and Badajoz. The left-hand panels of Fig. 6 in Section B
of the Appendix show the output of the model that consists of (i) the probability
that housing prices in Badajoz are in a low-growth regime, (ii) the probability that
housing prices in Santander are in a low-growth regime, and (iii) the synchroniza-
tion between the cycles of Badajoz and Santander. The estimates show that between
the late 1980s and early 1990s, the housing markets of these two cities exhibited
different cyclical positions. This is reflected in the low values of the estimated syn-
chronization, δbadajoz,santander . However, from the mid-1990s both cycles engaged in
a synchronized phase that has remained until the present, as shown by the increase in
the synchronization measure. The second case focuses on the synchronization of the
housing cycles associated with Barcelona and Madrid. Analogously to the first case,
the right-hand panels of Fig. 6 show (i) the probability that housing prices in Barcelona
are in a low-growth regime, (ii) the probability that housing prices in Madrid are in
a low-growth regime, and (iii) the synchronization between the housing cycles of
Barcelona and Madrid, δbarcelona,madrid . Unlike the first case, the estimates suggest
that housing prices in these two cities have remained highly synchronized throughout
the entire sample period.

The bivariate model in equations (1)–(2) is estimated for all possible pairs of cities
listed in Table 2, and the synchronization measures associated with each pair, δi, j ∀
i �= j , are retained. In Fig. 2a, we plot the evolution of the cross-sectional distribution
associated with all estimated synchronization measures, along with its corresponding
mean and median.5 The figure shows a shrinking of the cross-sectional distribution
over time. This points to a remarkable convergence pattern of city-level housing price
cycles. More specifically, during the 1990s and early 2000s one group of cities under-
went a convergence in housing price cycles toward another group of cities that has
remained highly synchronized for the entire sample. Figure2 plots the mean and
median of the cross-sectional distribution. These statistics provide information about
the changing degree of synchronization of the Spanish housing market, suggesting
that it increased persistently until the housing bubble burst in 2008 and decreased
afterward.

The convergence of city-level housing cycles has been a gradual but persistent
process that started several decades ago. This is illustrated in Fig. 3, which plots the
kernel densities associated with the synchronization measures for three selected time
periods: (i) the beginning of the sample in 1989, (ii) the housing bubble in 2007, and
(iii) the end of the sample in 2018. Besides documenting this convergence pattern in
regional housing cycles, it is also crucial to identify the cities that have contributed
the most to this convergence.

In order to identify the cities that have acted as the main drivers of the convergence
process,we classify cities based on their cyclical commonalities. For each pair of cities,

5 Note that one of the main advantages of our measures of synchronization is that they are bounded
between zero and one, which facilitates the interpretation. Values closer to one (zero) imply high (low)
synchronization. Consequently, the aggregated measure, shown in Fig. 2a, inherits the same features and
interpretation.
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Fig. 2 Aggregate synchronization of city-level housing price cycles. Note: a plots the evolution of the
cross-sectional distribution of the estimated synchronization measure along with its mean (dotted blue line)
and median (solid black line). b shows the mean (dotted blue line) and median (solid black line) of the
cross-sectional distribution

we compute the steady-state, or “average,” probability of being in a given regime.6

Based on these steady-state probabilities, cities are classified into groups with similar
housing cycle dynamics, which are shown in Fig. 5 of Section B in the Appendix. The

6 The steady-state probability, δ̄i j , is computed using the estimated transition probabilities of the
latent variable vi j,t , which measures the synchronization between cities i and j . In particular, δ̄i j =

1−pi j,v=1
2−pi j,v=0−pi j,v=1

, where pi j ,v=ι is the transition probability of staying in regime ι = {0, 1}.
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Fig. 3 Distributions of housing cycles synchronization for selected periods. Note: The graph shows kernel
densities associatedwith pairwise synchronizationmeasures for three selected timeperiods: (i) the beginning
of the sample in 1989S1, (ii) the housing bubble in 2007S1, and (iii) the end of the sample in 2018S1

cluster tree, or dendrogram, suggests the existence of three salient groups of cities.
The height of each U-shaped line represents the cyclical dissimilarity between the
two cities being connected. We observe a large group of cities that exhibit relatively
low dissimilarity, or high synchronization (in blue). In addition, there is another large
group of cities (in red) that shows a relatively higher degree of dissimilarity, or lower
synchronization. Lastly, there is a small group composed of only three cities that
also exhibits a low degree of synchronization (in green). Based on this classification,
it can be inferred that since the groups in red and green exhibit a lower degree of
synchronization, the cities in these groups could be those most strongly linked to the
convergence process.

Since the convergence of city-level housing cycles has been a dynamic process,
it is important to evaluate cities’ cyclical affiliations in a time-varying fashion, so as
to provide an accurate assessment of the main contributors to this process. We thus
rely on multidimensional scaling analysis to provide a mental map of the associations
between cities over time, controlling for the importance of steady-state grouping pat-
terns. Figure7 of Section B in the Appendix plots the dynamic mapping of housing
price synchronization for selected periods, including the beginning and end of the
sample, and the middle of the housing bubble. Each point in the figures represents a
city, and the proximity of two points in the plane refers to their degree of synchronicity,
that is, the closer the points are, the greater their synchronization.7 The figure shows
that the synchronization between cities in the blue cluster has remained high and sta-
ble over time. Instead, cities in the red cluster have exhibited an increasing degree of
synchronization over time, while the cities in the green cluster have remained mostly
unsynchronized. This confirms that the cities in the red cluster have contributed the
most to the housing cycle convergence process since they engaged in a synchronized
phase with the cities in the blue cluster, yielding a decline in the cross-sectional het-
erogeneity of housing prices.

7 For more details on how the multidimensional scaling maps are constructed, see Leiva-León (2017).
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3 Relevant housingmarket characteristics

3.1 Model

This section proposes an empirical explanation for the documented synchronization
patterns of Spanish city-level housing prices.We do this by estimating gravity models,
which is standard procedure in the empirical international trade literature to explain
trade patterns. In a nutshell, gravity models study the volume of spatial interactions
between places (e.g., cities, regions, or countries), finding that places of similar eco-
nomic size are attractive to one another in terms of trade, while a greater distance
betweenplacesweakens their attractiveness.Researchers haveborrowed this economic
framework to explain other types of interactions, such as stock market correlations
(Flavin et al. 2002) or housing price synchronization (Funke et al. 2019). We investi-
gate the sources of housing price synchronization by adapting a typical gravity model
from the trade literature to capture housing price co-movements between cities.8 The
variables that are allowed to influence housing price synchronization are the standard
geographical distance between two cities (the closer the cities, the more synchronized
the housing prices) and relevant demographic and economic determinants of real estate
prices identified in past studies, which are described below.9

First, migration patterns and population growth are expected to affect demand for
housing and, hence, housing prices. The population that is most relevant for housing
markets is individuals 25–35 years of age, given that this age group generally faces
the choice between buying or renting a home. To account for this, we control for the
growth rate of the population aged 25–35 years of age (POP).10

Another relevant factor to explain housing price dynamics is disposable income.
The wealthier the households, the higher the demand for housing and the greater the
pressure on prices. We use the rate of employment growth (ER) at the provincial level
as a proxy for the local economic situation.11

8 Note, this exercise is only suggestive of empirical relationships between factors and does not aim to make
any causal statements. The main limitation is omitted variable bias, which arises despite controlling for a
large number of fixed effects.
9 See Belke and Keil (2018) for a very recent analysis of real estate price determinants in Germany. A
recent contribution for Spain is Arrazola et al. (2015).
10 Note, population is expected to be particularly relevant for Spain, due to the following demographic
trends. First, the population grew sharply at the end of the 1990s, primarily due to an increase in immigration;
second, people have moved from small villages toward main cities; and third, people have migrated toward
Madrid and Barcelona. Since our sample contains all major cities (of each province) in Spain, population
growth captures the first two demographic trends. To check that the third trend does not affect our results,
we estimate our model excluding Madrid and Barcelona. Overall, the results are robust to the exclusion of
these cities in the sample.
11 Unfortunately, more direct measures of disposable income (i.e., disposable income and GDP per capita)
at the provincial level are available only yearly and for a short time span, i.e., from 2000 onwards. The
correlation between yearly per capita GDP and the employment rate at the provincial level is 0.3, with
maximum values for cities like Sevilla (0.85), Cordoba (0.7), and Asturias (0.8). Note that although GDP
and employment are quite different concepts, employment is regularly used in GDP forecasting (Stock
and Watson 1989). Moreover, nowcasting GDP works extremely for Spain (i.e., see Camacho and Quiros
(2011)). Hence, using the employment rate as a proxy for economic prospects seems reasonable in the
Spanish case, although it has obvious limitations.
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In addition, we consider the economic structure at the provincial level. Intuitively,
cities with a similar local economy sectoral composition are likely to be more syn-
chronized. For instance, local economies that are mostly driven by the services sector
are likely to face greater demand for housing and, hence, higher housing prices, as
opposed to cities in which other sectors predominate. To account for this, we com-
pute the weight of the main sectors in the local economy (e.g., agriculture, services,
construction, and industry) and define the fraction of employees working in a given
sector in each province as the city-level proxy for the weight of the sector in the local
economy.12

Overall, we expect the divergence in housing prices between two cities to be asso-
ciated with greater geographical distance and differences in terms of the sectoral
composition of the local economy, as well as population growth and local economic
conditions.

We borrow the econometric framework of Funke et al. (2019), who carried out the
same analysis for China. We consider 50 Spanish provincial capitals for the 1989S1–
2018S1 period.13 We estimate the following equation, where the unit of observation
is a pair of cities {i, j}:

(1 − δi j,τ ) = α +
∑
n

βn
∣∣Xn,i,τ−1 − Xn, j,τ−1

∣∣
+ fi + f j + ft + γ log(distancei j ) + vi j,τ, (3)

Sub-indexes i and j define the city pair, and sub-index n refers to the number of
time-varying control variables included in the specification. δi j is the city-pair-level
price synchronization metric, such that the dependent variable represents the degree of
divergence in price between two cities.14 The right-hand side of the equation includes
a constant, the log of the distance between two cities in a pair, and a set of time-
varying explanatory variables (X ).15 The latter are defined at the city-pair level and are
transformed as absolute differences between city i and city j . Time-varying regressors
are observed every 6 months and lagged by one period to minimize endogeneity
concerns.16 In addition, the specification includes city-i and city- j fixed effects ( fi
and f j ) to control for all constant city-specific characteristics affecting housing price
synchronization patterns between cities, as well as year fixed effects ( ft ) to control
for common trends affecting the price cycles of all city pairs. This is in line with
the estimation of gravity models in the empirical international trade literature (Baltagi
et al. 2014; Feenstra 2015). The equation is estimated using the OLSmethod. Standard

12 Note, the variables reflect the weight of each sector in the provincial economy, measured in terms of the
proportion of employed in each sector in each province. That is, at the provincial level and at each point
in time, all weights sum to 100. However, since we include differences in these weights between pairs of
cities in the regression, we can estimate coefficients for all 4 sectors.
13 These comprise all Spanish provincial capitals except Ceuta and Melilla.
14 This transformation is applied to ease the interpretation of the results.
15 Table 3 of Section A in the Appendix reports the definition and source of all regressors used in the
analysis.
16 Note that simultaneity bias cannot be completely ruled out (Reed 2015). Therefore, our results should
be read as empirical evidence suggestive of causal links rather than direct causal assessments.
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errors are two-way cluster-robust with clustering on city i and city j , which relaxes
the i.i.d. assumption of independent errors, allowing for arbitrary correlation between
errors within clusters of observations (see Cameron et al. 2011).

3.2 Results

Results are reported in Table 1. The following comments are worth noting.
First, the geographical distance between cities shows a positive and significant

estimate: The closer the cities, the more synchronized the housing prices, since the
demand for housing may overlap. This result is robust across specifications and con-
firms that distance matters for housing markets, in line with what has been found by
the international trade literature regarding goods markets (e.g., Ortega and Peri 2014).

Second, and as expected, the coefficients associated with the growth rate of the
population aged 25–35 years are statistically significant and show a positive sign
across all models. This suggests that differences in population growth between two
cities are associated with housing price divergence.17

Third, differences in terms of the local employment rate also show a positive coeffi-
cient, although it is not statistically significant. This result provides onlyweak evidence
in favor of the working hypothesis that housing prices in cities with similar economic
conditions tend to move together, while the housing markets of cities with different
employment prospects tend to be less synchronized.18

Fourth, sectoral composition is associated with the housing price synchronization
metric, with the expected (positive) sign, suggesting that cities with a similar economic
structure show greater synchronization in housing prices. These results are quite robust
across all specifications and refer mostly to the agricultural and services sector.19

The other columns in the table report the results of a number of robustness exercises.
The first relates to the fact that, in Spain, most of the economic activity and jobs
revolves around twomajor cities,Madrid and Barcelona. These two cities are also very
different with respect to all other cities in terms of dimensions. Hence, the housing
price dynamics inMadrid andBarcelonamay be peculiar and could distort the analysis.
Therefore, we estimate themodels excludingMadrid and Barcelona (see column (2) of
Table 1). Finally, column (3) of Table 1 shows the results from estimating the models
excluding the cities in the green cluster (Teruel, Avila, and Vitoria/Gasteiz), since
the synchronization cycles of these cities follow independent patterns, as shown in
Sect. 2.2. These additional exercises confirm our baseline results.

Finally, another factor that may help explain housing price co-movements between
cities is tourism. To control for this, we add a dummy equal to one when city i lies

17 The results are robust to considering the growth rate of the total population instead of focusing on the
growth of the share of the population aged 25–35.
18 Note, population growth is strongly correlated with employment dynamics, since migrants tend to move
to areas where jobs are available. This makes it difficult to disentangle employment from population effects
in our specification. However, recall that our exercise is only suggestive of causal links and does not aim to
be a causal assessment.
19 Differences in industry and construction sectors do not seem to be associated with the synchronization
metric, although thismay be due to insufficient variation in the data, since the specificationwe are estimating
is very demanding.
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Table 1 Variables associated with housing prices divergence between Spanish cities

(1) (2) (3)
All No MAD-BAR No Green Cluster

∣∣ERi − ER j
∣∣ 0.046 0.038 0.070

(0.049) (0.048) (0.053)∣∣POPi − POPj
∣∣ 0.856* 0.774 0.542

(0.461) (0.476) (0.367)∣∣AGRIi − AGRI j
∣∣ 0.187*** 0.196*** 0.192***

(0.064) (0.065) (0.054)∣∣SERVi − SERVj
∣∣ 0.102** 0.067 0.090*

(0.044) (0.040) (0.050)∣∣CONi − CON j
∣∣ 0.034 −0.010 0.042

(0.082) (0.079) (0.080)∣∣I N DUi − I N DU j
∣∣ −0.079 −0.067 −0.097*

(0.061) (0.054) (0.055)

Log (distancei, j ) 0.018*** 0.020*** 0.014***

(0.005) (0.006) (0.005)

Constant 0.055 0.050 0.061*

(0.033) (0.035) (0.031)

Observations 69,825 64,296 61,617

R-squared 0.433 0.434 0.302

year FE x x x

City i FE & city j FE x x x

Cluster city i & j city i & j city i & j

∗ ∗ ∗, ∗∗, and ∗ indicate significance at the 1%, 5%, and 10% level, respectively. Standard errors are shown
in parenthesis beneath the coefficient estimates. Standard errors are two-way cluster-robust with clustering
on city i and city j . All specifications include city i , city j , and year fixed effects. Column (1) considers
the full sample (all possible pairs of cities); column (2) excludes all pairs referring to Madrid or Barcelona,
while column (3) excludes all pairs referring to cities in the green clusters

on the coast and zero otherwise. Since the regressors in the gravity model are the
differences across city pairs (in absolute value), the coast dummy becomes 1 if one
city in a pair is on the coast and the other is not and zero if both or neither cities are
on the coast. Unfortunately, the coefficient associated with this variable is very small
and not significant (see Table 4 of Section C in the Appendix).20

4 Conclusions

This paper provides a metric to measure the synchronization of housing price cycles
across Spanish cities and studies changes in city-level price synchronization over time.

20 We also use the number of overnight stays at the provincial level (as a proportion of the total population
of the province) as an alternative factor representing tourism, but the results are not significant. Note that
including this means losing a lot of temporal variation since this series is only available from the Spanish
Statistical Office (INE) website from 1998 onwards.
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We focus on the period from the first semester of 1989 to the first semester of 2018. To
measure synchronization, we first use a regime-switching framework that identifies the
housing price cycles of pairs of cities and simultaneously infers the evolving relation
between those cycles. Then, we aggregate these bilateral relationships into an overall
indexof city-level housing cycle synchronization.The evolutionof this aggregate index
suggests that Spanish city-level housing prices converged in the period considered,
with synchronization reaching a peak in 2009 and decreasing slightly afterward. In
addition, we identify the cities that contributed the most to price convergence and
explore whether economic and structural factors affecting housing prices contribute
to explaining housing price synchronization dynamics. According to our results, the
distance between cities, as well as differences in terms of population growth and the
sectoral composition of the local economy, are relevant to explaining the evolution of
housing price synchronization among Spanish cities.

Note that due todata limitations, our analysis is subject to amajor caveat: the fact that
wemeasure the dependent variable at the city level while the regressors are observed at
the provincial level.21 Hence, the explanatory variables may not accurately represent
the city they refer to if they include information related to suburbs or metropolitan
areas around the city. However, the fact that our results are robust to the exclusion of
the largest cities in Spain reassures us that, in our setting, this issue is not problematic.
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Appendix

A Data

See Tables 2, 3, and Figs. 4.

Table 2 List of cities and their corresponding IDs

City ID City ID

VITORIA/GASTEIZ VIT LOGROÑO LOG

ALBACETE ALB LUGO LUG

ALICANTE ALI MADRID MAD

ALMERIA ALM MALAGA MAL

AVILA AVI MURCIA MUR

BADAJOZ BAD PAMPLONA PAM

PALMA DE MALLORCA PMA OURENSE OUR

BARCELONA BAR OVIEDO OVI

BURGOS BUR PALENCIA PAL

CACERES CAC PALMAS DE GRAN CANARIA (LAS) PGR

CADIZ CAD PONTEVEDRA PON

CASTELLON DE LA PLANA CAS SALAMANCA SAL

CIUDAD REAL CIU SANTA CRUZ DE TENERIFE TEN

CORDOBA CRD SANTANDER SAN

CORUÑA (A) CRU SEGOVIA SEG

CUENCA CUE SEVILLA SEV

GIRONA GIR SORIA SOR

GRANADA GRA TARRAGONA TAR

GUADALAJARA GUA TERUEL TER

SAN SEBASTIAN/DONOSTIA SEB TOLEDO TOL

HUELVA HUL VALENCIA VAL

HUESCA HUE VALLADOLID VLL

JAEN JAE BILBAO BIL

LEON LEO ZAMORA ZAM

LLEIDA LLE ZARAGOZA ZAR
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Fig. 4 Housing prices data.
Note: The figures show a
comparison between the housing
price data obtained from
Sociedad de Tasación and those
available from the Ministry of
Transportation website. Each
figure compares the growth in
price for specific cities at a
biannual frequency. As an
example, we consider
Barcelona, Madrid, and Sevilla

(a) Barcelona

(b) Madrid

(c) Sevilla
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B Housing prices dispersion: Figures

See Figs. 5, 6 and 7.

0.1 0.2 0.3 0.4 0.5 0.6

ALMERIA
ZARAGOZA
VALENCIA

BILBAO
ALICANTE

JAEN
CORDOBA

MURCIA
LEON

VALLADOLID
ZAMORA
GIRONA

GUADALAJARA
TOLEDO
HUESCA
MALAGA
SEVILLA

LUGO
ALBACETE
CACERES

CADIZ
CUENCA
BADAJOZ
VITORIA

AVILA
TERUEL

PALMADEMALLORCA
BARCELONA

MADRID
CASTELLONDELAPLANA

CIUDADREAL
GRANADA
HUELVA

TARRAGONA
LOGROÑO

LLEIDA
SALAMANCA
PAMPLONA

SANTANDER
SEGOVIA
BURGOS

OURENSE
PALENCIA

PONTEVEDRA
SORIA

CORUÑA
SANSEBASTIAN

OVIEDO
SANTACRUZDETENERIFE
PALMASDEGRANCANARIA

Fig. 5 Clustering pattern of housing cycles across 50 major Spanish cities. Note: The figure shows a
dendrogram based on the stationary (or time-invariant) synchronization between housing prices across 50
major cities in Spain, which, for each city, is measured by the steady-state probability of being in a given
regime (δ̄i, j )
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Fig. 6 Selected examples of housing cycles synchronization. Note: The top andmiddle panels show housing
prices in a city (dotted black line) against the probability that housing prices in that city are in a low-growth
regime (solid blue line). The bottom panels show housing prices in city i (solid blue line) and j (dotted
black line) against the synchronization measure between the cycles of city i and j (solid red line)
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Fig. 7 Dynamic synchronizationmapping between housing prices in Spanish cities. Note: Each panel shows
a multidimensional scaling map based on housing price synchronization for the corresponding time period
and the 50 major Spanish cities. The closer the cities are on the map, the stronger their synchronization
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C Gravity model: additional results

See Table 4.

Table 4 Variables associated with housing prices divergence between Spanish cities

(1) (2) (3)
All No MAD-BAR No Green Cluster

∣∣ERi − ER j
∣∣ 0.046 0.037 0.070

(0.048) (0.048) (0.053)∣∣POPi − POPj
∣∣ 0.860* 0.778 0.548

(0.462) (0.476) (0.367)∣∣AGRIi − AGRI j
∣∣ 0.188*** 0.196*** 0.194***

(0.064) (0.065) (0.054)∣∣SERVi − SERVj
∣∣ 0.102** 0.067* 0.090*

(0.044) (0.040) (0.049)∣∣CONi − CON j
∣∣ 0.033 −0.011 0.041

(0.082) (0.079) (0.080)∣∣I N DUi − I N DU j
∣∣ −0.081 −0.069 −0.099*

(0.061) (0.055) (0.054)

Log (distancei, j ) 0.018*** 0.020*** 0.014***

(0.005) (0.006) (0.005)∣∣Coasti − Coast j
∣∣ −0.004 −0.003 −0.007*

(0.004) (0.005) (0.004)

Constant 0.054 0.049 0.060*

(0.033) (0.035) (0.032)

Observations 69,825 64,296 61,617

R-squared 0.433 0.434 0.303

year FE x x x

City i FE & city j FE x x x

Cluster city i & j city i & j city i & j

∗ ∗ ∗, ∗∗, and ∗ indicate significance at the 1%, 5%, and 10% level, respectively. Standard errors are shown
in parentheses beneath the coefficient estimates. Standard errors are two-way cluster-robust with clustering
on city i and city j . All specifications include city i , city j , and year fixed effects. Column (1) considers
the full sample (all possible pairs of cities); column (2) excludes all pairs referring to Madrid or Barcelona,
while column (3) excludes all pairs referring to cities in the green cluster
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