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Abstract

This paper investigates the international spillovers of housing demand shocks on real economic
activity. The global economy is modelled using a Global VAR, with a novel house price data set
for both advanced and emerging economies. The impulse responses to an identified US housing
demand shock confirm the existence of strong international spillovers to advanced economies.
In contrast, the response of some major emerging economies is not significantly different from
zero. The paper also shows that synchronized housing demand shocks in advanced economies
reinforce each other and have a deep and long-lasting impact on economic activity.

JEL Classification: C32, E44, F44.
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1 Introduction

The recent global financial crisis and ensuing recession led many to look at the housing market as a possible
source of macroeconomic fluctuations. Moreover, the sluggish pace of the recovery among industrialized
countries highlighted the crucial role played by emerging market economies as a source of world growth.

Many theoretical models stress the important linkage between the price of assets, such as stocks or
house prices, and real economic activity (among many others, see Bernanke, Gertler, and Gilchrist, 1999,
Iacoviello, 2005, lacoviello and Neri, 2010). Also, many empirical studies show that house prices are
subject to frequent boom-and-bust cycles and that housing busts can be very costly in terms of output loss
(e.g., Bordo and Jeanne, 2002). Moreover, the surprisingly high synchronization of the housing downturn,
as observed during the global financial crisis, is likely to have exacerbated such episodes (e.g., Claessens,
Kose, and Terrones, 2010).

The similarity of the house price pattern within the major advanced economies during the last two
decades has raised a number of questions concerning the existence of common international factors affecting
house prices, perhaps due to global macroeconomic developments. While much of the debate has focused
on advanced economies, it is surprising that housing markets in emerging market economies and their links

with overall macroeconomic conditions have not yet been systematically researched.

Figure 1: Real House Price Indices
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Note. Real house price indices. The global index is computed as the median across all series in the dataset (described
below); advanced economies (AEs) and emerging economies (EMESs) indices are computed as the median across all
countries belonging to each group. The sample period is 1990:1-2009:4

Figure 1(a) displays the behavior of a global house price index and two group-specific indices, for
advanced economies (AEs) and emerging market economies (EMEs), respectively. Both the global and the
group-specific indices clearly show the pronounced boom-and-bust cycle of the last decade. However, AEs
(dashed thick line) and EMEs (dashed thin line) also display significant differences. In fact, while the group-
specific indices closely comove from the beginning of the 2000s, the cycle in EME:s is clearly disconnected
from the cycle in AEs during all of the 1990s. Figure 1(b) compares the global house price index with the
country-specific index for the United States (dashed thick line) and China (dashed thin line). House prices
in the United States have been in free fall since the fourth quarter of 2006, excluding an uptick in early



2009 propelled by the first-time home buyer credit provision. In contrast, house prices in China dropped for
only two quarters, namely 2008:2 and 2008:3, and then started growing again, partly because of the massive
fiscal stimulus adopted by the Chinese government in the aftermath of the financial crisis.

Motivated by this evidence, many interesting questions arise. Are international housing prices really
correlated across countries? Is there a common factor driving a global housing cycle? How are house price
shocks transmitted to the real economy? Does the coincidence of asset price movements across countries
lead to magnified outcomes in the real economy? Across these questions, which is the difference, if any,
between advanced economies and emerging economies?

This paper takes a global perspective and aims to provide a joint assessment of the linkages between
general macroeconomic conditions and the housing market, as well as to investigate the effects of housing
demand shocks on real economic activity. Exploiting a novel multi-country data set of real and financial
variables, a Global Vector Autoregression (GVAR) model, originally proposed by Pesaran, Schuermann,
and Weiner (2004), is used to investigate the international transmission of housing shocks. Specifically,
three types of shocks are identified and investigated: i) housing demand shocks originating in the United
States; ii) housing demand shocks simultaneously originatingd in all AEs; and iii) equity price shocks
simultaneously originating in all AEs. The focus on the US housing demand shock reflects an interest in
better understanding the recent US housing bust and how such a country-specific shock could propagate to
the rest of the world, triggering the global financial crisis. In contrast, the focus on housing demand and
equity price shock simultaneously originating in all AEs reflects an interest in understanding the impact of
”common” shocks on international macroeconomic fluctuations.

The global financial crisis has highlighted the existence of an important knowledge gap. Rein-
hart and Rogoff (2009) show that financial crises are usually associated with deep recessions and house
price declines stretching over long periods of time. Claessens, Kose, and Terrones (2010) find that globally
synchronized asset price downturns tend to have large and long-lasting effects on real GDP. Despite the
importance of these stylized facts, together with the evidence of the increasing synchronization of interna-
tional housing cycles, it is surprising that very few studies have analyzed the interaction between housing
and business cycle fluctuations with a global perspective.

This paper aims to fill this gap, contributing to the existing literature along two dimensions. The
main contribution lies in the investigation of the transmission of housing demand shocks with a global
perspective, an issue whose scarce assessment is due to the technical challenges involved in dealing with
high-dimension multi-country models and to the lack of a comprehensive house prices data set for EMEs.
Secondly, this paper offers a methodological contribution to the GVAR literature by providing a methodol-
ogy to identify country-specific and synchronized housing demand shocks. With few exceptions, the GVAR
literature has so far relied on generalized impulse response functions to non-identified disturbances for the
dynamic analysis of the transmission of shocks. I will demonstrate that, while this modelling choice can be
justified for a class of applications, a meaningful analysis of the transmission of financial shocks requires a
structural economic interpretation of the shocks under investigation.

The paper puts forth two sets of results, one stemming from the descriptive analysis of the novel
house price data set and another from the structural GVAR analysis, respectively. Empirical evidence, based

on simple dynamic correlations and principal component analysis, shows that real international house price



returns can be highly correlated across countries and that this correlation varies significantly over time. The
documented synchronization, however, is larger when considering AEs and EMEs separately.

Against this background, a GVAR model is estimated with data on 33 major AEs and EMEs cov-
ering more than 90 percent of world GDP. The data set is quarterly, from 1983:1 to 2009:4, thus including
both the 2008-09 global recession and the first few quarters of the global recovery. In addition to house
prices, the data set includes a set of macroeconomic and financial variables, namely real GDP, consumer
price inflation, equity prices, exchange rates, short-term and long-term interest rates, and the price of oil.
The results of the GVAR analysis are threefold. First, and consistently with the literature, US housing de-
mand shocks are quickly transmitted to the domestic real economy, leading to a short-term expansion of real
GDP and increase in consumer prices. Second, shocks originating in the US housing market are also quickly
transmitted to foreign real activity, even though the transmission is different across groups. While almost all
AE:s are affected by a US housing demand shock in a significant fashion, EMEs’ response is heterogeneous.
In particular, the effect of a US housing demand shock on the real GDP of four large EMEs (namely China,
India, Brazil, and Turkey) is not significantly different from zero. Third, and finally, regional house price
shocks, defined as a synchronized increase in house prices in all AEs, have a larger impact on real GDP than
synchronized equity price shocks.

These results speak in favor of the recent “regionalization hypothesis” advanced by Hirata, Kose,
and Otrok (2011), according to which, in the past two decades, while the relative importance of the global
factor was declining, there has been some convergence of business cycle fluctuations within AEs and EMEs
separately. Consistently with this view, some EMEs have also become somewhat resilient to shocks origi-
nating in AEs.

Literature. The analysis performed in this paper draws on a broad empirical literature on the inter-
national transmission of financial shocks and, more specifically, on house price shocks.! An early study by
Renaud (1995) provides a comprehensive descriptive analysis of the international housing cycle in AEs be-
tween 1985 and 1994, concluding that the synchronized episode was a consequence of unique events follow-
ing the widespread liberalization of financial markets in the late 1980s. Case, Goetzmann, and Rouwenhorst
(2000) use 11 years of commercial property returns from both industrialized and emerging economies to
show that the comovement between property price returns decreases noticeably after controlling for global
GDP, concluding that real estate markets are largely correlated through common movements of economic
activity.

Some recent papers add a more structural flavor to the analysis. IMF (2004) and Otrok and Ter-
rones (2005) document the surprisingly high synchronization of real house price returns in AEs and show,
in a FAVAR framework, how both global interest rates and global economic activity help to explain the
comovement of house prices. With a similar approach, Beltratti and Morana (2010) study the existence of
a common factor driving international house prices for five large AEs and find that comovement of inter-

national house prices is due to both global and housing factors, mainly driven by the United States. The

1Anothelr relevant strand of literature for this paper concerns the role of housing within dynamic stochastic general equilibrium
(DSGE) models. Nevertheless, such literature is vast and its exhaustive analysis is beyond the scope of the brief review presented
in this section. It is important to notice, however, that this literature is closely related to the collateral constraints d /la Kiyotaki and
Moore (1997) and the financial accelerator literature pioneered by Bernanke, Gertler, and Gilchrist (1999). After the seminal work
of lacoviello (2005), many others augmented fairly standard New Keynesian frameworks with a housing sector (see, for example,
lacoviello and Neri, 2010). These models were then further developed by the introduction of frictions in the banking sector as in
Gerali, Neri, Sessa, and Signoretti (2010) and Iacoviello (2011).



analysis, however, does not take into account the EMEs. Vansteenkiste and Hiebert (2009) empirically as-
sess the spillover effects of non-identified house price shocks within the euro area with a small-scale GVAR
model for 10 countries of the monetary union. Finally, in a recent contribution, probably the closest to
this paper, Bagliano and Morana (2012) investigate the transmission of different types of real and financial
shocks in a large-scale FAVAR framework and find that US housing and stock prices have real effects on
both AEs and EME:s.

The implications of this paper are also related to a series of studies by Claessens, Kose, and Terrones
(2009, 2010, 2011). Their descriptive analysis (based on a large data set on house prices, land price, credit,
and equity prices) documents the long duration and deep impact of recessions associated with financial dis-
ruption episodes, notably house price busts. The authors also show that synchronized asset price downturns
result in longer and deeper recessions relative to country-specific or asset-specific downturns. Notice, how-
ever, that these empirical regularities are based on an unconditional analysis: this paper is complementary
to their work in that it corroborates some of their results within a structural multi-country framework.

The rest of the paper is organized as follows. Section 2 provides preliminary empirical evidence
on the existence of global and group-specific housing cycles, and Section 3 describes the GVAR model
and discusses its estimation. Section 4 discusses the identification strategy. Section 5 reports the analysis
of structural shocks and the main results of the paper. Section 6 concludes. Three appendices report the
technical details of the identification strategy, a full set of estimation results for the GVAR model, and a

description of the housing data set.

2 Are International House Prices Really Correlated? Some Stylized Facts

Given its location fixity and its heterogeneity, housing is considered the quintessential non-tradable asset,
implying that housing cycles ought not to be very correlated across countries. However, a well-known styl-
ized fact is the similarity of the pattern of house prices for the major AEs. A common explanation for such
stylized fact is that comovement in international house prices may arise in response to common movements
in housing fundamentals, concurrent changes in housing-related borrowing conditions, and correlation of
housing risk premia across borders.

Before analyzing the international comovement of house prices, it is worthwhile to look at a few
interesting features of the house price data.? Table 1 reports the summary statistics of annual growth rates
of house prices and real GDP computed as the average of all series within AEs and EMEs, over the common
sample 1990:1-2009:4.

As evidenced by the average growth rate, the long—term trend in real house prices over the period
under consideration is comparable across AEs and EMEs: real house prices have grown at an average rate of
2.1 and 2 percent per year in AEs and in EMs, respectively. Notice however that, while the average growth
of house prices in AEs is broadly similar to the growth of real GDP, real GDP in EMEs has grown at much
faster pace than house prices during the past 25 years. This fact underlies the exceptional buoyancy of the
housing boom in industrialized countries, which experienced house price increases relative to GDP twice as

big as in EMEs. Moreover, real house prices have fluctuated significantly over time. The standard deviation

2The house price data are described in Appendix C. Notice that house price series have very different starting dates. To fully take
advantage of the information contained in the data set, I shall proceed as follows. First, in this section, I analyze house prices using
the whole unbalanced panel, i.e., considering all available series in the data set. Then, I estimate a GVAR model augmented with
house prices from 1983:1 to 2009:4, therefore considering only the series covering that sample.



Table 1: Summary Statistics: Real House Prices and Real GDP

Real Real

House Price GDP
Statistic AEs EMEs AEs EMEs
Mean 2.1% 2.0% 2.1% 4.1%
Median 2.5% 1.9% 2.5% 5.2%
Max 14.0% 28.3% 6.2% 11.8%
Min -11.1% -28.9% -5.1% -11.5%
St. Dev. 5.7% 12.1% 2.3% 4.8%
Autocorr. 0.92 0.85 0.85 0.83
Skew. -0.10 -0.10 -1.08 -1.24
Kurt. 3.03 3.74 4.69 541

Note. Annual growth rates; the country—specific summary statistics are averaged across each group, namely advanced
economies (AEs) and emerging economies (EMEs) and are computed across the common sample 1990:1-2009:4.

of real house price annual returns is very high and averages around 6 and 12 percent in advanced economies
and emerging economies, respectively. Finally notice that the volatility of the annual growth rate of house
prices is almost three times larger than the volatility of real GDP, both in AEs and in EMEs.

As a preliminary analysis of the degree of international comovement of housing markets, I compute
the pair—wise cross country correlation of house prices and I compare it with the same statistic computed
for real GDP. The pair-wise correlation for country ¢ is the average correlation between country ¢ and
everybody else. To analyze the evolution over time of such synchronization measure, I compute a 5—years
moving version of the pair—wise correlations over the sample 1990:1-2009:4. The results are then averaged
across AEs and EMEs.?

Figure 2(a) displays the average moving pair-wise correlation of real GDP and house prices for
AEs. The following stylized facts stand out. Consistent with the international business cycle literature, the
average cross-country pair-wise correlation of real GDP is very high, averaging around 0.5 over the period
under consideration and displaying a large spike corresponding to the 2008—09 global recession. In contrast,
the average cross country pair-wise correlation of house prices is lower, averaging 0.25 over the period under
consideration. Moreover, the synchronization of house prices varies markedly over time: it was positive and
increasing in the late 1990s, decreased to zero in the 2000s, and spiked during the 2008—09 global recession,
attaining a level twice as big as the average over the whole period. Notice also that the house price pair-wise
correlation has very wide error bands, pointing to the fact that there are marked differences across countries.*
As a matter of fact, the United Kingdom, France, and Spain display an average pair-wise correlation of about
0.4 over the total sample, while Germany and Japan display an average pair-wise correlation of about —0.1.

The evolution of pair-wise correlation of real GDP in EME:s is very similar to AEs (see Figure 2(b)),
consistent with the evidence of a strong global factor driving world GDP growth, particularly in the last two

decades (Kose, Otrok, and Whiteman, 2003). In contrast, the average real house price synchronization in

3The sample standard deviation is adjusted to obtain consistent group mean estimate. Following Pesaran, Smith, and Im (1995), a
consistent estimate of the true crosspair-wise section variance can be obtained by taking the variance across countries and dividing
itby (N —1).

The country-specific results are not reported here for reasons of space but are available from the author under request.



Figure 2: International Synchronization of Real GDP and Real House Prices
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Note. Cross-country average of moving pair—wise correlation for real GDP and for real house prices with a five-year
rolling window (20 quarters) over the sample 1990:1 to 2009:4. The pair-wise correlation is computed as pp, =
(Z;.V:l COR(zi,zj) —1)/(N — 1) where z is the annual growth rate of the variable of interest and NN is equal to the
number of countries in each group—21 for advanced economies (AEs) and 19 for emerging economies (EMEs).

EME:s is not as high as in AEs and, also, did not increase as sharply in 2008-09 . As we shall see later, this
fact has an important ”labeling” implication: what has been referred to in the literature as a global housing
bust should be better defined as a AEs housing bust. The fact that some EMEs, in the aftermath of the global
financial crisis, recovered much faster than other countries has generated an upside pressure on house prices
and a lower comovement relative to AEs.

As a second piece of evidence on the existence of international comovement of house prices, Figure
3 displays the results from a principal component analysis performed on the entire data set, on AEs only,
and on EME:s only, respectively. Each bar of Figure 3 displays the share of total variability of house prices
explained by the corresponding principal component. When considering AEs and EMEs together (left-hand
panel of Figure 3), the first principal component explains a significant portion (around 30 percent) of the
total variability of annual house price inflation. This is quite impressive, given the non-tradable nature of
housing goods. But, even more interestingly, when considering AEs and EMEs separately, the share of
variation explained by the first principal component increases to more than 45 percent for AEs and slightly

more than 40 percent for EMEs (central and right-hand panel of Figure 3).



Figure 3: Principal Component Analysis on Real House Prices
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Note. Explained variance of the first three principal components computed on real house price annual growth rates
over the sample 1990:1 to 2009:4. The principal component analysis is performed on all countries in the dataset
(ALL), on advanced economies only (AEs), and on emerging market economies only (EMEs).

This approach is clearly silent as to the reasons why such common factors are able to explain a
substantial share of international house price variation. Much of the variance explained by first principal
components may, in fact, be accounted for by common factors in global real GDP or global interest rates
rather than common housing factors. It is possible that, once other variables or exogenous shocks are
factored in, conditional correlations might be different. This will be the focus of next sections.

However, this novel empirical evidence hints to the existence of a multi-factor structure driving
the behavior of house price in AEs and EMEs. These results are in line with the findings of Kose, Otrok,
and Prasad (2012) and Hirata, Kose, and Otrok (2011), who show that, while the global factor has become
less important for macroeconomic fluctuations during the last decades, the importance of regional factors
has increased markedly. The changes in the relative importance of global and regional factors in driving
national business cycles may be relevant for assessing the likely spillover effects of domestic shocks and,

therefore, provides a natural motivation for the next sections of the paper.
3 The GVAR Model

The GVAR model is a multi-country framework which allows the investigation of interdependencies among
countries and the analysis of the international propagation of shocks. It was first pioneered by Pesaran,
Schuermann, and Weiner (2004) and further developed by Dees, di Mauro, Pesaran, and Smith (2007),
Dees, Holly, Pesaran, and Smith (2007), and Dees, Pesaran, Smith, and Smith (2010), among others. The
empirical evidence provided in the previous section suggests that international housing cycles might be
correlated through exposure to common driving forces. Thus, the GVAR model, with its implicit factor
structure, looks like a well suited tool for the analysis of the spillover of housing demand shocks to the
global economy.

The GVAR modelling strategy consists of two main steps. First, each country is modeled indi-
vidually as a small open economy by estimating a country-specific vector error-correction model in which

domestic macroeconomic variables (x;;) are related to country-specific foreign variables (xJ;). Second, a



restricted reduced-form global model is built stacking the estimated country-specific models and linking
them by using a matrix of cross-country linkages. Consistent with previous GVAR modeling and the main
purpose of the application in this paper, the country-specific models are linked through trade linkages in the

form of a matrix of fixed trade weights.5

3.1 First Step: Country-Specific Models
Consider NV + 1 countries in the global economy, indexed by ¢ = 0, 1, 2, ... N. In the first step, each country

1 is represented by a vector autoregressive model for the vector x;; augmented by a set of weakly exogenous
variables x,. Specifically a VARX*(p;,q;) model, in which the (k; x 1) country-specific domestic variables
are related to the (k] x 1) foreign country-specific and (mg x 1) global variables, plus a constant and a

deterministic time trend is set up for each country :
®;(L,pi)xit = a0 + ant + Xi(L, qi)de + Ai(L, qi)x5; + i, (D

with ¢ = 1,..., T. Notice here that: ®;(L,p;) = I — > ", ®;L" is the matrix lag polynomial of the coeffi-
cients associated with the x;;; a;g is a k; x 1 vector of fixed intercepts; a;; is a k; x 1 vector of coefficients
of the deterministic time trend; X;(L,q;) = > Y, L is the matrix lag polynomial the coefficients as-
sociated with d¢; A;(L, ;) = Y% A, L’ is the matrix lag polynomial of the coefficients associated with
the x7,; u;; is a k; x 1 vector of country-specific shocks, which we assume serially uncorrelated, with zero
mean and a nonsingular covariance matrix, and ~ i.7.d.(0, X,,,). Notice also that for estimation purposes

®,(L,p;), Yi(L,q;),and A;(L, g;) can be treated as unrestricted and differ across countries.

The vector of foreign country-specific variables, x7;, plays a central role in the GVAR. At each time
t, this vector is defined as the weighted average across sections of all corresponding x;; in the model, with
1 # j, with fixed weights given by pre-determined (i.e., not estimated) linkages represented by the following

matrix, W;; of order k} x k;:
N

Xy = ZWinjt = W;x, ()

§=0
where x; = (X{y, X}y, ..., X))’ is @ k x 1 vector of the endogenous variables (k = XY k;) and W; =
(Wi0,Wi1, ..., W;n) is the k] x k of weights with W;; = 0. In this application, I employ fixed trade

weights corresponding to an average over three years. Therefore, equation (1) can be written as
Xit = Pixi -1 + AioWixs + Ay Wix—1 + ugs. 3)

where, for the sake of clarity and without any loss of generality, a VARX*(1,1) with no constant, trend, or
global variables has been considered.

Asin Dees, di Mauro, Pesaran, and Smith (2007), equation (3) can be consistently estimated treating
x;, as weakly exogenous with respect its long-run parameters. In practice, the weak exogeneity assumption
permits considering each country as a small open economy with respect to the rest of the world and therefore
allows for country-by-country estimation. Note here that the number of countries does not need to be large

for the GVAR to work. Nonetheless, when the number of countries is relatively small, the weak exogeneity

5 Notice that, in principle, the weights could be based on bilateral trade, or capital flows, or others. However, Pesaran (2006) shows
that when the number of countries, N, goes to infinite, the weighting scheme does not matter anymore.



assumption may not be satisfied for all countries. It is only when the number of countries tends to infinity,
and all countries have comparable size, that we can have a fully symmetric treatment of all the GVAR
models. For this reason, as we shall see below, consistent with previous GVAR work, the United States is
treated differently in the baseline GVAR specification.

Note also that, as shown in Dees, di Mauro, Pesaran, and Smith (2007), the country-specific VARX*
models as in equation (3) can be written in error-correction form, allowing for the possibility of cointegration
both within x;;, and between x;; and xJ;, and consequently across x;; and x;; for ¢ # j. The estimation
procedure for estimating error-correcting models with /(1) endogenous variables was first developed by
Johansen (1992). Nonetheless, here the x;; are treated as /(1) endogenous variables and the xJ, are treated
as exogenous /(1) variables. Harbo, Johansen, Nielsen, and Rahbek (1998) and Pesaran, Shin, and Smith
(2000) have developed appropriate methods for the estimation of such models, hereinafter VECMX models.

3.2 Second Step: Combining the Country-Specific Models in a Global Model

The country-specific models can now be combined and solved to form the global model. First define a k; x k
selection matrix S; such that

Xit = Sixt'

Then rewrite equation (3) in terms of the vector x; = (X(, X, .., Xy)’

Six; = ®;Sixs—1 +AoWixs + Ayt Wixe_1 + uyy,
Gix; = Hixi—1 + uy, 4)
where
G, = Si— AW, )
H, = ®S;,—-AaW, (6)

Finally, stacking (4) forz = 0,1, ..., N we get the global model,
Gx; = Hx; 1 + wy, (7

where G = (G6’ Gll’ Tt GIN)/’ H= (H6’ Hll? () HEV)/’ and uy = (u6t7 ulltv aS) u/Nt)/'
Notice that the error covariance matrix of the GVAR model can be computed as the sample moment

matrix directly from u;, and will have the following representation,

EUO 2“0“1 2]u(]uN
Euluo Zul 2uluN
Eu == ’
EuNuo EuNul T 2uN

where ¥, is the covariance matrix of the reduced form residuals of country ¢ and EUiuj is the covariance

matrix of the reduced form residuals of country ¢ and country j.
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3.3 Specification and Estimation of a GVAR Model with House Prices

The GVAR model that I specify includes 33 country-specific VECMXs models, including all major AEs
and EMEs in the world accounting for about 90 percent of world GDP. The models are estimated over the
period 1983:1-2009:4, thus including both the 2008—09 global recession and the first few quarters of the
global recovery.®

With the exception of the U.S. model, all country models include the same set of variables, when the
required data are available. The variables included in each country model are real GDP, y;; = In(GDP;;/CPIy);
the rate of inflation, m;; = In(CPI;;/CPI;_1); the real exchange rate, defined as e;; — piy = In(Ey) —
In(CPI); and, when available, real equity prices, ¢;; = In(EQ;;/CP1I;;); real house prices, In(H Py /C Pl;);
a short rate of interest, p5, = 0.25-In(1+ R5/100); and a long rate of interest, p~ = 0.25-In(1+ R%/100).
In turn, GD P;; is Nominal Gross Domestic Product of country ¢ at time ¢, in domestic currency; C Pl is
the Consumer Price Index in country ¢ at time ¢; E(Q);; is a Nominal Equity Price Index; H P;; the nominal
House Price Index; Ej; is the nominal Exchange rate of country ¢ at time ¢ in terms of U.S. dollars; Rf; is
the Short rate of interest in percent per annum (typically a three-month rate); RiLt is a Long rate of interest
per annum, in percent per year (typically a 10-year rate). With the exception of the US model, all country
models also include the log of nominal oil prices (p?) as a weakly exogenous variable.

In the case of the US model, the oil price is included as an endogenous variable. In addition,
given the importance of US financial variables in the global economy, the US-specific foreign financial
variables, qr7g ;, p*U%,t’ and p*ULSJ, are not included in the US model as they are not likely to be long-run
forcing for the US domestic variables. On the contrary, foreign house prices (hpy;g,) turn out to satisfy
the weak exogeneity assumption and are thus included in the US model. Finally, note also that the value
of the US dollar, by construction, is determined outside the US model. The US-specific real exchange is
implicitly defined as (e, St~ Pirs) and is included as a weakly exogenous variable in the US model. Table

2 summarizes the specification for the country-specific models.

Table 2: Variables Specification of Country-Specific VARX* Models

Non-US Models US Model
Domestic Foreign Domestic Foreign

Yi yi Yyus Yirs

5 m TUS Trg

i q; qus -
hp; hp; hpus hpirs
p;z pi Pirs -

Pi Pi Pus -

(e —p)i - - (e=p)is

— po po —

Note. In the non-US models the inclusion of all the listed variables depends on data availability.

O All series in the country-specific models need to have the same number of observations. Therefore, the choice of the starting date
for the estimation, namely 1983:1, reflects a trade-off between series availability and precision of the estimation.
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While all the model variables have quarterly frequency, trade data for the construction of the fixed
trade weights in the first stage of the analysis have annual frequency. In this application, a three-year average
of trade weights in years from 2007 to 2009 is used.

Detailed empirical evidence on the estimation of the GVAR model for 33 countries is reported in
Appendix B. This includes evidence on the degree of integration of all individual time series, the lag-length
and the cointegration rank for all country models, test statistics on the weak exogeneity assumptions made
and evidence on the stability of the GVAR model (persistence profiles and eigenvalues), as well as a full

description of contemporaneous effects of foreign variables on their domestic counterparts.

4 Identification of Housing Demand Shocks in the GVAR
The GVAR literature has largely relied on Generalized Impulse Response Functions (GIRF) of Koop, Pe-

saran, and Potter (1996) and Pesaran and Shin (1998) to non-identified disturbances for the dynamic analysis
of the international transmission of shocks.” While this modelling choice can be justified for a class of GVAR
applications, I will show how this is not suitable for the analysis of financial shocks, and I will provide an
alternative approach to identify housing demand shocks.

GIRFs consider shocks to individual errors and integrate their effects using the observed distribution
of all the shocks without any orthogonalization. Hence, and differently from more traditional orthogonalized
impulse responses (Sims, 1980), GIRFs do not depend on the ordering of the variables. This is seen as a
desirable feature in a multi-country framework like the GVAR, where a suitable ordering of the variables is
unlikely to be derived from theoretical considerations. The fact that GIRFs are completely silent as to the
structural nature of the shocks, however, is not necessary a problem, at least for a certain class of GVAR
applications. If the researcher is not interested in the identification of the disturbances hitting the economy,
GIRFs can in fact be used to quantify the dynamics of the transmission of shocks from one country to
another.

However, the main focus of this paper is on the international transmission of identified “housing
demand shocks.” Economic theory suggests that asset prices are forward-looking variables, meaning that
investors determine stock prices and house prices in anticipation of future economic events. A change in
the price of an asset should therefore reflect future changes in economic fundamentals, such as changes
in expected income, inflation, or interest rates. Consistently, the literature has defined a housing demand
shock as an increase in the price of housing that leads to a rise in residential investment over time and is not
associated with a fall in the nominal short-term interest rate, in order to rule out an expansionary monetary
policy shock. Moreover, housing demand shocks are often assumed to have no contemporaneous effect on
real GDP or consumption, so as to rule out a more fundamental type of shocks such as a positive technology
shock (see Jarocinski and Smets (2008), Iacoviello and Neri (2010), and Musso, Neri, and Stracca (2011)).

Note here that, in a standard VAR framework, generalized and orthogonalized impulse responses are
equivalent when the shocked variable is ordered first in the VAR. It is evident that, if GIRFs were to be used,
the above assumptions would be violated, with house prices potentially having a contemporaneous impact
on all other variables in the system. Non-orthogonalized innovations to forward-looking asset prices would

most likely represent the combination of many underlying economic shocks (such as productivity shocks,

7The few exceptions are Dees, di Mauro, Pesaran, and Smith (2007), Chudik and Fidora (2011), Chudik and Fratzscher (2011),
and Eickmeier and Ng (2011).
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monetary shocks, credit shocks, risk shocks,...) which would be impossible to disentangle. For a meaningful
analysis of the transmission of financial shocks in the GVAR framework, it is therefore necessary to achieve
identification and provide some structural economic interpretation of the shocks under investigation.

This paper offers a methodological contribution to the GVAR literature, suggesting an approach
to identify both country-specific and synchronized housing demand shocks. The procedure is general and
can be applied to derive structural shocks in any country in the GVAR. However, for the sake of clarity
of exposition, let us consider a housing demand shock in the United States, whose model is connoted by
subscript ¢ = 0.

Operationally, the identification is achieved with a Cholesky decomposition of the covariance matrix
of the reduced form residuals in the US model.® In selecting the ordering of the variables I closely follow

the literature. The vector of the country-specific endogenous variables is divided as
1 2
Xor = (Xot 7ot Xor) ®)

where x{, is a group of slow-moving macroeconomic variables predetermined when monetary policy deci-
sions are taken, ro; is a relevant monetary policy interest rate, and th contains the variables contempora-
neously affected by monetary policy decisions. As is customary in the VAR literature, the vector of slow-
moving macroeconomic variables includes real GDP and inflation, x(l)t = (y(;, mp,)"; the monetary policy
interest rate is the short term-interest rate, r;; and the vector of fast-moving variables includes real house
prices, the long-term interest rate, equity prices, and the oil price (in this order), x3, = (hp{,, r&/, b, p°)".

Note here that, on a theoretical basis, correlation between the residuals of the GVAR model may
arise both within countries (among variables of a country-specific model), and across countries (among
variables in different countries). While the within-country correlation is addressed through the Cholesky
orthogonalization, the residuals associated with different countries may be contemporaneously correlated
across countries, creating concerns about reverse spillover effects from one country to another. This concern,
however, is addressed by a particular strength of the GVAR model, namely the conditioning of domestic
endogenous variables on foreign variables. Once x;; is conditioned on x,, the cross-country dependence of
the residuals becomes null or of second-order importance, as supported by Tables B.7 and B.8 in Appendix
B. Hence, the shocks can be safely considered country-specific (for a discussion see also Eickmeier and Ng
(2011)).

The above assumptions can be summarized as follows. After ordering the variables as in equation

(8), the GVAR model in equation (7) can be rewritten as

Gx; = Hx;—1 + P{/vy, ©9)

8Notice that, while it is relatively common to use a Cholesky decomposition to identify housing shocks (see Bagliano and Morana
(2012), Aspachs-Bracons and Rabanal (2011), Musso, Neri, and Stracca (2011), Beltratti and Morana (2010)), alternative iden-
tification schemes have also been used in the literature, such as sign restrictions (see Andre, Gupta, and Kanda (2011), Buch,
Eickmeier, and Prieto (2010), Cardarelli, Monacelli, Rebucci, and Sala (2010), Jarocinski and Smets (2008)) or a combination of
zero contemporaneous and long-run restrictions (see Bjrnland and Jacobsen (2010)).
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where

PO 0 0 Evo 21}0714 2UOuN
e T -
0 0 IkN Equo EuNul e 2uNt

vy = (POG)_1 u; is the global vector of semi-structural residuals; P is the lower Cholesky factor of the
covariance matrix of the US reduced form residuals; 3,) = P 1Eu0 (Pa 1)’ =TIand Evouj =P, IZuOu]..

Finally, assuming then that G is non-singular we have
x; = Fx;_1 + G'P{vy, (10)

where F = G~ 'H. The impact of unanticipated housing demand shocks can be evaluated directly from
the GVAR in (10). In fact, once the structural residuals for country O are obtained through the Cholesky
orthogonalization, equation (10) can be solved recursively and used for impulse response analysis in the
usual manner. The technical details on the identification strategy and on the computation of the impulse

responses are provided in Appendix A.
S Analysis of Structural Shocks

5.1 A Positive Housing Demand Shock in the United States

This section focuses on a US housing demand shock and analyzes its effects on both the United States and
the world economy. I look at a US house price shock because it is of particular interest for understand the
recent global financial crisis; but also because it provides a natural benchmark against which to contrast
the results for the synchronized shocks in the next sections. Since the main objective of this study is on
the international transmission of house price shocks to real GDP at business cycle frequencies, I shall focus

only on the first four years following the shock.

5.1.1 Transmission to the US Economy

The US housing demand shock is equivalent to a 1 standard deviation increase in the house prices structural
residuals, which corresponds to an increase of real house prices, on impact, of about 0.5 percent (see Figure
4). The shock builds up over time, generating an increase in the level of house prices of about 1.5 percent
after four years.

On theoretical grounds, house prices and economic activity are tightly linked through three main
channels. First, according to the life-cycle model, changes in house prices may affect the real economy
through wealth effects on consumption: a permanent increase in housing wealth leads, in fact, to an increase
in spending and borrowing by homeowners, as they try to smooth consumption over their life cycle. A sec-
ond channel of transmission can be expected through Tobin’s Q effects on residential investment, a volatile
component of GDP which can make a sizeable contribution to economic growth (see Leamer, 2007). A third,
indirect, channel of transmission is represented by the credit market. In fact, house prices may influence
credit conditions through both demand and supply factors. On the demand side, booming house prices lead
to an increase in the value of collateral that households and firms can post, enhancing their borrowing ability
(see Bernanke, Gertler, and Gilchrist, 1999, Kiyotaki and Moore, 1997); on the supply side, booming house
prices lead to a strengthening of financial institutions’ balance sheets, prompting lenders to loosen credit
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Figure 4: US House Price Shock: Transmission to the US Economy
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Note. Cumulative impulse responses to a one standard deviation increase in US house price residuals. Bootstrap
median estimates with 90% error bands.

standards (see Adrian, Moench, and Shin, 2010). Financial accelerator and debt-deflation mechanisms may
finally exacerbate the amplitude of boom-and-bust cycles and amplify the above effects, fuelling a feedback
loop between house prices, balance sheets, and credit, with potentially deep consequences for real economic
activity (see Fisher, 1933).

Consistently with these channels, the shock is quickly transmitted to the real economy, with GDP
reacting with one lag and increasing over time in a significant fashion from the second quarter for one year
and a half, according to the 90 percent error bands.” The maximum response of GDP is attained after the four
years under consideration at a level of 0.5 percent, implying a long-run elasticity of real GDP with respect
to house price changes of about 0.3. This value is broadly consistent with the values found in the literature:
in a DSGE model with a housing sector, lacoviello and Neri (2010) estimate the response of US GDP to a 1
percent increase in house prices to be around 0.2 percent; using an identified Bayesian VAR, Jarocinski and
Smets (2008) find that a housing demand shock that pushes house prices up by 1 percent leads to an increase
in real GDP of 0.13 percent after four quarters. Notice that the elasticity of GDP to the housing demand
shock implied by the impulse response is slightly higher relative to the values found in the literature. This
difference most likely arises because of the global nature of the GVAR model and emphasizes the value
added of the second step of the GVAR modeling strategy. In fact, both papers mentioned above consider the
United States as a closed economy, ignoring possible second-round effects generated by the rest of world in
response to the shock originatingd in the United States.

Inflation displays a quick pick-up in response to the housing demand shock, although with reduced
statistical significance. After the first year and a half, inflation stabilizes at a level of about 0.75 percent.

Equity prices also respond to the shock, with a very high elasticity of around 2 after one year, which slowly

9Notice that GIRFs’ error bands are obtained using the same bootstrap procedure used to test the model for parameter stability,
which is described in detail in the Appendix of Dees, di Mauro, Pesaran, and Smith (2007).
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decreases over time. The response of equity prices, however, is not significantly different from zero over the
horizon considered for the impulse response. Finally, the short-term and long-term interest rates, display a
gradual, significant increase of around 10 and 2 basis points, respectively.

The overall pattern of impulse responses in Figure 4 suggests that the above estimated house price
shock behaves as an identified housing demand shock: the increase in the real house price leads to a rise
in GDP over time and is not associated with a fall in the nominal short-term interest rate, ruling out an
expansionary monetary policy shock. On the contrary, the short-term interest rate displays a positive and
significant response, consistent with an inflation-targeting monetary authority which reacts to increasing
output, consumer prices, and asset prices. Notice, moreover, that the identification assumptions made in the
previous section allow us to disentangle the housing demand shock from an aggregate demand shock; given
that GDP is not allowed to respond to house prices within a quarter, their relation should not be spuriously

determined by a common unobserved shock driving both variables.

5.1.2  Transmission to the World Economy

In theory, the transmission of house price shocks from one country to another one can happen through the
following channels. First, house price shocks in a country may have important signaling effects in other
countries’ housing markets, as suggested by the strong cross-country linkages in business and consumer
confidence often found to be relevant in the international business cycle literature. Second, residual move-
ments in house prices not explained by standard housing demand fundamentals, such as income and interest
rates, might reflect disturbances to the housing risk premia (a proxy for the desirability of this asset class)
which, with tightly integrated capital markets, can rapidly propagate across borders (see IMF, 2007). Fi-
nally, given the positive impact of the US housing demand shock on US real GDP, spillover effects may
be expected through international trade linkages. Trade linkages play an important role in the transmission
of shocks across country borders and for international business cycle synchronization, as documented by
Forbes and Chinn (2004), Imbs (2004), Baxter and Kouparitsas (2005) and Kose and Yi (2006).

The US housing demand shock is, in fact, quickly transmitted to the world economy, as shown by the
responses in Figure 5. The following mechanism could be at work. First, the house price shock originating
in the United States boosts domestic real GDP, as analyzed in Figure 4. Second, booming house prices and
increasing activity in the United States affect foreign housing markets and foreign GDP through the channels
discussed above.!9 It is worth mentioning here that the US housing shock has no contemporaneous effect
on foreign GDP or on foreign house prices. This result not only suggests that the GVAR model does a good
job in filtering the residuals’ cross-sectional dependence, but that it also corroborates the goodness of the
identification assumptions, removing any concern over the reverse causality of the housing shock. Third,
and finally, foreign GDP and foreign house prices generate second-round effects on US GDP and US house
prices, reinforcing the loop and fostering a world expansion. This is a key feature of the GVAR: in addition to
the dynamics implied by the vector autoregression, foreign-specific variables can have a contemporaneous
effects on their domestic counterparts, introducing a feedback between each country and the rest of the

world.

lOFor reasons of space the impulse response to international house prices is not reported in the paper. A full set of impulse responses
is available upon request.
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Figure 5: US House Price Shock — Transmission to the world economy
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As a matter of fact, the median response of GDP is, at least in the first few quarters, positive in
all countries considered, with a dynamic which seems to lag by one or two quarters the response of US
GDP. Also, the elasticity of foreign GDP four years after a US housing demand shock is, on average across
both AEs and EME:s, of about 0.3 percentage points, confirming the existence of strong spillover effects.
However, these long-run elasticities vary considerably across countries, and they are somehow clustered
across regions. In particular, Malaysia and Thailand display the highest elasticities, at a level of about 0.7;
European and North American countries have elasticities ranging from 0.6 to 0.3; Indonesia, Korea, and
Philippines from 0.4 to 0.2; Australia and New Zealand at 0.15; and finally the remaining EMEs (namely,
Latin American countries, China, India, and Turkey) display the lowest elasticities, ranging from 0.15 to
zero (or even negative values).

Turning to the significance of the impulse responses, the error bands of AEs show that the US
housing demand shock has a significant effect on GDP generally for the first four to 12 quarters. Concerning
EME:s, however, there is mixed evidence on the spillover effects of the US house price shock on real activity.
In particular, for four large EMEs, namely China, India, Brazil, and Turkey, the response of real GDP to
a US housing demand shock is not significantly different from zero. In contrast, Malaysia, Mexico, and
Indonesia are all significantly affected by the US house price shock for the first two years.

The intuition behind this set of results lies in the volume, direction, and nature of international
trade and financial flows over the past decades. World trade has more than tripled as a share of world GDP
since the 1960s, and international financial flows have increased at even faster pace. Intuitively, this should
generate both demand and supply-side spillovers across countries, thus making the impulse responses of
Figure 5 puzzling at first glance.!!

However, as highlighted by the work of Hirata, Kose, and Otrok (2011) and Lane and Milesi-Ferretti
(2011), intra—regional linkages contributed significantly to this unprecedented increase in the volume of
trade and financial flows during the last 25 years (namely, the sample period considered in this paper).
Instead of decoupling from the world economy, many EMEs shifted their loading from the US and the euro
zone into other EMEs. This is consistent with recent evidence of the decreased importance of US shocks in
the global economy (Cesa-Bianchi, Pesaran, Rebucci, and Xu, 2012, Yeyati and Williams, 2012); and it also
stresses how the resilience of some EMEs to shocks originating in AEs is likely to have played an important

role in the unfolding of the recent global financial crisis and, more importantly, in the recovery.

5.2 A Positive Synchronized Shock to AEs’ House and Equity Prices

This section evaluates the effects of house price and equity price shocks and their impact on real GDP in
both AEs and EME:s in the case that all AEs simultaneously experience a housing or an equity boom. An
important reason for focusing on this type of shocks is that it is possible to investigate the effects and the
dynamics of group-specific (alias “regional”) shocks; to provide a comparison between different episodes
of financial disruption, such as equity and house price busts; and, finally, to investigate whether there are

mechanisms of amplification due to the cross-country synchronization of shocks.

HNote here that economic theory does not provide definitive guidance concerning the impact of increased trade and financial
linkages on the degree of global business cycle synchronization. However it is a well-known empirical regularity that countries
with tight trade linkages experience higher business cycle comovement (see Frankel and Rose (1998), Calderon, Chong, and Stein
(2007)).
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Figure 6: AEs’ House Price and Equity Price Shock: Transmission to the World Economy
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Note. Cumulative impulse responses to a one standard deviation increase in US house price residuals and equity price
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That comparison is motivated by the recent findings of Claessens, Kose, and Terrones (2010, 2011),
who provide a comprehensive empirical overview of boom-and-bust cycles in credit, house prices, and eq-
uity prices (i.e., “financial cycles”) in terms of amplitude, duration, and synchronization. Their analysis
sets forth that business cycles often display a high degree of within—country synchronization with financial
cycles; and that recessions associated with house price busts tend to be longer and deeper than other re-
cessions. Moreover, they study the implications of the coincidence of financial cycles across countries and
show that globally synchronized financial downturns result in longer and deeper recessions. This finding is
especially true for credit and equity cycles and, to a smaller extent, for house prices.

The GVAR looks particularly suitable for the analysis of synchronized shocks to different asset
classes and their implications for economic activity. The regional shock in AEs is defined as a simultaneous
standard deviation shock to the structural residuals in the equations of the variables of interest, namely
house prices and equity prices in all AEs (the identification procedure is described in Appendix A). Notice
also that the regional shock is constructed as a weighted average of all shocks in AEs, meaning that each
country-specific impulse is weighted by its corresponding PPP-GDP weight.

In AEs, the regional house price shock is equivalent, on average, to an increase of house prices
of about 0.1 percent on impact and of 1 percent after four years; the regional equity price shock is instead
equivalent to an average increase of equity prices of about 1.5 percent on impact, rapidly increasing to almost
2.5 percent after one year and then slowly decreasing to 1.6 percent after four years. Figure 6 displays the
effects on GDP of both the regional house price shock (solid line) and the regional equity price shock (dashed
line) with the bootstrapped 90 percent confidence bands.

Few interesting results stem from the analysis of these impulse responses. First, both the regional
house price shock and the regional equity price shock have a significant impact on real GDP in AEs. How-
ever, and contrary to the findings of Claessens, Kose, and Terrones (2010), the long-run effect of a synchro-
nized house price boom has a larger effect on most AEs than a synchronized equity price boom: the regional
house price shock builds up much quicker and for a longer horizon. For the countries analyzed in Figure 6,
the long-run impacts of the regional house price shock on real GDP range from 1.5 to 2.5 times larger than
the regional equity price shock. The countries with the highest elasticities (in relative terms with respect to
the boom in equity prices) are the countries belonging to the euro area (in particular France, Germany and
Spain) and Canada. In contrast, the median responses of Switzerland, Norway, Australia, and New Zealand
to a synchronized housing demand shock and equity price shock do not display substantial differences.

The effect of regional house and equity price shocks originating in AEs is, again, heterogeneous in
EME:s. Let us first consider China, India, Brazil, and Turkey. Despite the large impact on AEs’ real GDP,
the AEs’ house price shock does not have any significant effect on these four large EMEs, as evidenced
by low median responses and by wide error bands. To a certain extent, this finding is consistent with the
observed behavior of those countries during the global financial crisis and recovery. Turning to the effects
of the AEs’ equity price shock, notice that most of the bootstrapped distribution of the impulse response is
positive in the case of Brazil and, to a lesser extent, in the case of China, while it is clearly not significantly
different from zero in the case of India and Turkey.

The remaining EMEs display significant and positive response to both shocks, the impact of the
house price shock being generally larger than the equity price shock. In particular, the long-run impacts of

regional house price shocks range from 1.5 to 3 times larger than the impacts of regional equity shocks. All
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together, these results stress the importance of the nexus between macroeconomy and the housing sector,

whose dynamics are a key element in determining the severity and duration of booms and recessions.

5.3 Robustness Issues

The impulse responses presented above hinge on two main assumptions: the ordering of the variables in the
country-specific models and the weak cross-sectional dependence of the residuals across all countries in the
GVAR. In order to assess the robustness of the main results to these assumptions, two alternative exercises
are considered. While this section reports only the main insights from the robustness analysis, a full set of
impulse responses under the alternative assumptions are reported in Appendix B.

First, the robustness to the within-country identification assumption is checked by estimating a hous-
ing demand shock with a different ordering of the variables in the US country-specific model. In particular,
as in Tacoviello (2005) and Giuliodori (2005), the interest rate is ordered last, namely z;; = (z}/, 2%, r})".
This alternative ordering implies that the short-term interest rate is allowed to contemporaneously react to
all shocks in the US model, whereas house prices are sluggish and do not respond contemporaneously to
movements in the interest rate. As shown in Figure B.2, only minor differences arise between the two
specifications, reassuring us on the robustness of the identification strategy.

The second robustness check concerns the assumptions made for the international transmission of
shocks. As already mentioned, residuals in the GVAR may be correlated across countries, raising concerns
about the origin of the shocks. For example, consider the case in which the residuals of the US house
price equation are correlated with the residuals of the China GDP equation. If that would be the case, an
increase in US house prices might arise because of a housing demand shock in the US, because of a positive
aggregate shock to the Chinese economy, or because of a mix of the two. To address the concern about
the possible reverse causality of house price shocks, I follow Bagliano and Morana (2012) and assume
cross-sectional orthogonality of the GVAR residuals. This can be achieved by imposing a block-diagonal
covariance in the reduced form GVAR matrix for the computation of the impulse responses. That assumption
can be interpreted as an additional contemporaneous restriction: a shock to US house prices cannot have
contemporaneous spillover effects on any foreign variable. The impulse responses to a US housing demand
shock obtained with the sample covariance matrix and the block—iagonal covariance matrix are compared
in Figure B.3: the difference between the two approaches, if any, is not substantial and statistically not

discernible.

6 Conclusions

Exploiting a novel multi-country house price data set, this paper investigates the international transmission of
housing demand shocks and their spillover effects on real economic activity in both advanced and emerging
economies.

Empirical evidence, based on unconditional dynamic correlations and principal component anal-
ysis, shows that real house price returns can be highly correlated across countries: such synchronization
varies significantly over time and can be particularly high during the bust part of the cycle, as evidenced
by the ongoing housing downturn. The documented synchronization, however, is larger when considering
advanced and emerging economies separately, suggesting the existence of group-specific (alias regional)

common factors.
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A GVAR model is estimated with data for 33 major advanced and emerging economies, covering
more than 90 percent of world GDP. The data set is quarterly, from 1983:1 to 2009:4, thus including both the
2008-09 global recession and the first few quarters of the global recovery. The focus of the analysis is on
three different shocks, namely a country-specific housing demand shock in the US and a “regional” shock
to house prices and equity prices simultaneously originating in all advanced economies.

The results of the GVAR analysis are threefold. First, and consistently with the literature, US hous-
ing demand shocks are quickly transmitted to the domestic real economy, leading to a short-term expansion
of real GDP and consumer prices. Second, shocks originated in the US housing market are also quickly
transmitted to foreign real activity, even though the transmission is different across groups. While almost all
advanced economies are affected by a US housing demand shock in a significant fashion, emerging market
economies response is heterogeneous. In particular, the effect of a US housing demand shock on the real
GDP of four large emerging economies (namely China, India, Brazil, and Turkey) is not significantly dif-
ferent from zero. Third, and finally, regional housing demand shocks, defined as a synchronized increase in
house prices in all advanced economies, have a greater impact on real GDP than synchronized equity price
shocks.

These results speak in favor of the recent “regionalization hypothesis” advanced by Hirata, Kose,
and Otrok (2011), according to which, in the past two decades, there has been some convergence of busi-
ness cycle fluctuations within advanced economies and emerging economies separately, while the relative
importance of the global factor has declined. Consistently with this view, some emerging economies have
also become somewhat resilient to shocks originating in advanced economies.

These findings also have important policy implications, in particular regarding the current policy
debate on the need for and the design of macro-prudential approaches. Given the deep economic impact
that shocks to the housing sector can have on the real economy, the results of this paper suggest that a
close monitoring of housing cycles should be of interest for policymakers. Moreover, since both business
and financial cycles are often synchronized internationally, it is important to consider the global nature of

housing cycles.

22



References

ADRIAN, T., E. MOENCH, AND H. S. SHIN (2010): “Financial intermediation, asset prices, and macroeconomic dynamics,” Staff
Reports 422, Federal Reserve Bank of New York.

ANDRE, C., R. GUPTA, AND P. T. KANDA (2011): “Do House Prices Impact Consumption and Interest Rate? Evidence from
OECD Countries using an Agnostic Identification Procedure,” Working Papers 201118, University of Pretoria, Depart-
ment of Economics.

ASPACHS-BRACONS, O., AND P. RABANAL (2011): “The Effects of Housing Prices and Monetary Policy in a Currency Union,”
International Journal of Central Banking, 7(1), 225-274.

BAGLIANO, F. C., AND C. MORANA (2012): “The Great Recession: US dynamics and spillovers to the world economy,” Journal
of Banking & Finance, 36(1), 1-13.

BAXTER, M., AND M. A. KOUPARITSAS (2005): “Determinants of business cycle comovement: a robust analysis,” Journal of
Monetary Economics, 52(1), 113-157.

BELTRATTI, A., AND C. MORANA (2010): “International house prices and macroeconomic fluctuations,” Journal of Banking &
Finance, 34(3), 533-545.

BERNANKE, B. S., M. GERTLER, AND S. GILCHRIST (1999): “The financial accelerator in a quantitative business cycle frame-
work,” in Handbook of Macroeconomics, ed. by J. B. Taylor, and M. Woodford, vol. 1, chap. 21, pp. 1341-1393. Elsevier.

BIRNLAND, H. C., AND D. H. JACOBSEN (2010): “The role of house prices in the monetary policy transmission mechanism in
small open economies,” Journal of Financial Stability, 6(4), 218-229.

BORDO, M. D., AND O. JEANNE (2002): “Boom-Busts in Asset Prices, Economic Instability, and Monetary Policy,” NBER
Working Papers 8966, National Bureau of Economic Research, Inc.

BucH, C. M., S. EICKMEIER, AND E. PRIETO (2010): “Macroeconomic Factors and Micro-Level Bank Risk,” CESifo Working
Paper Series 3194, CESifo Group Munich.

CALDERON, C., A. CHONG, AND E. STEIN (2007): “Trade intensity and business cycle synchronization: Are developing coun-
tries any different?,” Journal of International Economics, 71(1), 2-21.

CARDARELLI, R., T. MONACELLI, A. REBUCCI, AND L. SALA (2010): “Housing Finance, Housing Shocks, and the Business
Cycle: VAR Evidence from OECD Countries,” Unpublished manuscript.

CASE, B., W. N. GOETZMANN, AND K. G. ROUWENHORST (2000): “Global Real Estate Markets - Cycles and Fundamentals,”
NBER Working Papers 7566, National Bureau of Economic Research, Inc.

CESA-BIANCHI, A., M. H. PESARAN, A. REBuCCI, AND T. XU (2012): “China’s Emergence in the World Economy and
Business Cycles in Latin America,” Economa (forthcoming), Spring 2012.

CHUDIK, A., AND M. FIDORA (2011): “Using the global dimension to identify shocks with sign restrictions,” Working Paper
Series 1318, European Central Bank.

CHUDIK, A., AND M. FRATZSCHER (2011): “Identifying the global transmission of the 2007-2009 financial crisis in a GVAR
model,” European Economic Review, 55(3), 325-339.

CLAESSENS, S., M. A. KOSE, AND M. E. TERRONES (2009): “What happens during recessions, crunches and busts?,” Economic

Policy, 24, 653-700.
(2010): “Financial Cycles: What? How? When?,” in NBER International Seminar on Macroeconomics 2010, NBER
Chapters, pp. 303-343. National Bureau of Economic Research, Inc.

(2011): “How Do Business and Financial Cycles Interact?,” CEPR Discussion Papers 8396, C.E.P.R. Discussion Papers.

DEES, S., F. b1 MAURO, M. H. PESARAN, AND L. V. SMITH (2007): “Exploring the international linkages of the euro area: a
global VAR analysis,” Journal of Applied Econometrics, 22(1), 1-38.

DEES, S., S. HOLLY, M. H. PESARAN, AND L. V. SMITH (2007): “Long Run Macroeconomic Relations in the Global Economy,”
Economics - The Open-Access, Open-Assessment E-Journal, 1(3), 1-20.

DEES, S., M. H. PESARAN, L. V. SMITH, AND R. P. SMITH (2010): “Supply, Demand and Monetary Policy Shocks in a
Multi-Country New Keynesian Model,” CESifo Working Paper Series 3081, CESifo Group Munich.

EICKMEIER, S., AND T. NG (2011): “How Do Credit Supply Shocks Propagate Internationally? A GVAR approach,” CEPR
Discussion Papers 8720, C.E.P.R. Discussion Papers.

FISHER, I. (1933): “The debt-deflation theory of great depressions,” Econometrica, 1(4), 337-357.

FORBES, K. J., AND M. D. CHINN (2004): “A Decomposition of Global Linkages in Financial Markets Over Time,” The Review
of Economics and Statistics, 86(3), 705-722.

FRANKEL, J. A., AND A. K. ROSE (1998): “The Endogeneity of the Optimum Currency Area Criteria,” Economic Journal,
108(449), 1009-25.

FULLER, W., AND H. PARK (1995): “Alternative Estimators and Unit Root Tests for the Autoregressive Process,” Journal of Time
Series Analysis, 16, 415-429.

GERALI A., S. NERI, L. SESSA, AND F. M. SIGNORETTI (2010): “Credit and Banking in a DSGE Model of the Euro Area,”
Journal of Money, Credit and Banking, 42(s1), 107-141.

GIULIODORI, M. (2005): “Monetary Policy Shocks and the Role of House Prices Across European Countries,” Scottish Journal of
Political Economy, 52(4), 519-543.

HARBO, I., S. JOHANSEN, B. NIELSEN, AND A. RAHBEK (1998): “Asymptotic Inference on Cointegrating Rank in Partial
Systems,” Journal of Business & Economic Statistics, 16(4), 388-99.

HIRATA, H., M. A. KOSE, AND C. OTROK (2011): “Regionalization vs. Globalization,” Unpublished manuscript.

23



IACOVIELLO, M. (2005): “House Prices, Borrowing Constraints, and Monetary Policy in the Business Cycle,” American Economic
Review, 95(3), 739-764.
(2011): “Financial Business Cycles,” Unpublished manuscript.
IACOVIELLO, M., AND S. NERI (2010): “Housing Market Spillovers: Evidence from an Estimated DSGE Model,” American
Economic Journal: Macroeconomics, 2(2), 125-64.
IMBS, J. (2004): “Trade, Finance, Specialization, and Synchronization,” The Review of Economics and Statistics, 86(3), 723-734.
IMF (2004): “The Global House Price Boom,” in World Economic Outlook, September 2004, world economic outlook 2, pp. 71-89.
Washington: International Monetary Fund.
(2007): “Decoupling the Train? Spillovers and Cycles in the Global Economy,” in World Economic Outlook, April 2007,
world economic outlook 4, pp. 121-160. Washington: International Monetary Fund.
JAROCINSKI, M., AND F. R. SMETS (2008): “House prices and the stance of monetary policy,” Review Federal Reserve Bank of
St. Louis, 1(Jul), 339-366.
JOHANSEN, S. (1992): “Cointegration in partial systems and the efficiency of single-equation analysis,” Journal of Econometrics,
52(3), 389-402.
KI1YOTAKI, N., AND J. MOORE (1997): “Credit Cycles,” Journal of Political Economy, 105(2), 211-48.
Koopr, G., M. H. PESARAN, AND S. M. POTTER (1996): “Impulse response analysis in nonlinear multivariate models,” Journal
of Econometrics, 74(1), 119-147.
KOSE, M. A., C. OTROK, AND E. PRASAD (2012): “Global Business Cycles: Convergence Or Decoupling?,” International
Economic Review, 53(2), 511-538.
KOSE, M. A., C. OTROK, AND C. H. WHITEMAN (2003): “International Business Cycles: World, Region, and Country-Specific
Factors,” American Economic Review, 93(4), 1216-1239.
KOSE, M. A., AND K.-M. Y1 (2006): “Can the standard international business cycle model explain the relation between trade and
comovement?,” Journal of International Economics, 68(2), 267-295.
LANE, P. R., AND G. M. MILESI-FERRETTI (2011): “The Cross-Country Incidence of the Global Crisis,” IMF Economic Review,
59(1), 77-110.
LEAMER, E. E. (2007): “Housing is the business cycle,” Proceedings, Federal Reserve Bank of Kansas City, (-), 149-233.
MACKINNON, J. G. (1991): “Critical values for cointegration tests,” in Long-Run Economic Relationships: Readings in Cointe-
gration, ed. by R. F. Engle, and C. W. J. Granger, vol. 1 of Oxford, chap. 13. Oxford University Press.
Musso, A., S. NERI, AND L. STRACCA (2011): “Housing, consumption and monetary policy: How different are the US and the
euro area?,” Journal of Banking & Finance, 35(11), 3019-3041.
OTROK, C., AND M. E. TERRONES (2005): “House Prices, Interest Rates and Macroeconomic Fluctuations: International Evi-
dence,” Unpublished manuscript.
PESARAN, M. H. (2006): “Estimation and Inference in Large Heterogeneous Panels with a Multifactor Error Structure,” Econo-
metrica, 74(4), 967-1012.
PESARAN, M. H., T. SCHUERMANN, AND S. M. WEINER (2004): “Modeling Regional Interdependencies Using a Global Error-
Correcting Macroeconometric Model,” Journal of Business & Economic Statistics, 22, 129-162.
PESARAN, M. H., AND Y. SHIN (1998): “Generalized impulse response analysis in linear multivariate models,” Economics
Letters, 58(1), 17-29.
PESARAN, M. H., Y. SHIN, AND R. J. SMITH (2000): “Structural analysis of vector error correction models with exogenous I(1)
variables,” Journal of Econometrics, 97(2), 293-343.
PESARAN, M. H., R. SMITH, AND K. IM (1995): “Dynamic Linear Models for Heterogeneous Panels,” Cambridge Working
Papers in Economics 9503, Faculty of Economics, University of Cambridge.
REINHART, C. M., AND K. S. ROGOFF (2009): “The Aftermath of Financial Crises,” American Economic Review, 99(2), 466-72.
RENAUD, B. (1995): “The 1985-94 global real estate cycle : its casues and consequences,” Policy Research Working Paper Series
1452, The World Bank.
SiMs, C. A. (1980): “Macroeconomics and Reality,” Econometrica, 48(1), 1-48.
SMITH, L. V., AND A. GALESI (2011): “GVAR Toolbox 1.1,” www.cfap.jbs.cam.ac.uk/research/gvartoolbox.
VANSTEENKISTE, 1., AND P. HIEBERT (2009): “Do house price developments spill over across euro area countries? Evidence
from a Global VAR,” Working Paper Series 1026, European Central Bank.
YEYATL, E. L., AND T. WILLIAMS (2012): “Emerging economies in the 2000s : real decoupling and financial recoupling,” Policy
Research Working Paper Series 5961, The World Bank.

24



A Appendix: Identification in the GVAR

This appendix explains how to identify both country-specific and group-specific (i.e., synchronized) housing
demand shocks using a standard recursive scheme within the GVAR framework (as suggested by Dees,
di Mauro, Pesaran, and Smith (2007) and Smith and Galesi (2011)). The identification procedure consists of
two steps. First, the structural shocks in the countries of interest are derived following Sims (1980); second,
the identified shocks are coherently introduced in the GVAR model.

A.1 Step 1: Within-Country Identification

Consider a reduced-form VARX (1, 1) for the generic country ¢,

Xit = ®ixi 1 + NioXyy + A g + Wi, (A.1)

with ¥,,, = COV(u;) being the sample variance-covariance matrix of the reduced—form residuals. Let us
assume that the structural form of the above is given by

-1 -1 -1 * -1 * -1
Pz’ Xit = PZ- (I)ixi,t—l + Pz’ AiOXit + Pz’ Aﬂxi,t,l + PZ- u;s,

where PZ-_1 is a k; x k; matrix of coefficients to be identified. Moreover, let v;; be the structural shocks
given by

-1
vig =P, Tuy

The identification conditions using the triangular approach of Sims (1980) require 3,, = COV(v;;) to be
an identity matrix and P;l to be lower triangular. Let Q; to be the upper Cholesky factor of X, so that
3., = Q.Q;. Given that

3y, = P;lzui(P;l)/v
and imposing 3., = I, we get

S, =PiP; = QQ;,
which implies that P; = Q).
A.2  Step 2: GVAR Identification

For sake of clarity of exposition, suppose we want to identify a structural shock in the first country—specific
model of the GVAR (connoted by subscript 2 = 0). Notice, however, that the procedure is general and can
be applied to derive structural shocks in any country.

First, construct the following matrix

Py 0 0
po_ |0 In 0
0 0 I,

Then, pre-multiply the GVAR model in (7) by (PG) o get
(P9 Gx, = (P9) " Hx, 1 + (PY) ',
/

. -1
and, noticing that v, = (P%) ™ u; = (v{y, u},, ..., u}y,),

Gx; = Hx;_1 + P%v,. (A.2)
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The covariance matrix of the innovations in the structural GVAR is

21)0 2vou1 T 2UOUN
3, = COV(Vt) _ U.IUO Uit . U‘luN ’
Equo EUNul T 2uNt

where 3, = PO_IEUO (Pal)’ =Tland ¥y, = Po_lEuouj. It is clear in fact that the structural shock vy
(for variable £ in country 0) is uncorrelated with other shocks within country 0; but it may be correlated with
shocks to other variables across countries. However, as displayed in Tables B.7 and B.8, after conditioning
on foreign variables, the cross-country dependence of residuals is close to zero for most countries. This
suggests that we should not be concerned about reverse causality of shocks.

Finally, the structural reduced-form GVAR model in (A.2) can be written as

x; = Fx;_1 + G 'P%,,

and the impulse responses to the identified shock v, are given by

_ —-1pG _
{Jﬂ%fr"n—G PCY, e forn=0 (A3)

IRF,, = FIRF,_1 forn >1

where ¢/ is a k x 1 selection impulse vector with unity as the £*" variable in country 0 and 7 is the number
of steps of the impulse response.

Finally, synchronized shocks can be identified by applying the first step to the countries of interest
and by constructing accordingly the matrix P. For example, a “global housing demand shock” can be
identified by constructing the following matrix

P, 0 0 O
bG_ 0 P, 0 0
0 0 0|’
0 0 0 Py

where P, is the lower Cholesky factor of the residuals’ covariance matrix in country ¢. The impulse responses
to the global shock can then be computed directly from equation (A.3), with the only difference that the
selection vector, ¢;, would have PPP-GDP weights that sum to one corresponding to the selected shocks of
each of the NV + 1 countries, and zeros elsewhere.

B Appendix: Specification of the GVAR Model

In this appendix, I present the details of the GVAR model specification used in the paper and describe
technical details such as integration properties of the series, lag-length selection and cointegration rank,
weak exogeneity of foreign variables, and stability of the GVAR. In addition, I provide some of the main
estimation results, such as impact elasticities, the pair-wise cross-section correlation of all variables and
associated residuals, and the robustness exercises.

Our GVAR model uses data for 33 countries. The core economies included in the model are China,
Japan, the United Kingdom, and the United States; Latin American is composed by Argentina, Brazil, Chile,
Peru, and Mexico; the euro area block is made up of the eight largest economies, namely Austria, Belgium,
Finland, France, Germany, Italy, Netherlands, and Spain. Other developed and European economies in the
model are Australia, Canada, New Zealand, Norway, Sweden and Switzerland. For emerging Asia, we have
Indonesia, Korea, Malaysia, the Philippines, Singapore, and Thailand. Finally, the model also considers
India, South Africa, South Arabia, and Turkey.
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B.1 Unit Root Tests

The GVAR model can be specified in terms of either stationary or integrated variables. Following Dees,
di Mauro, Pesaran, and Smith (2007), I assume that the variables included in the country-specific models
are integrated of order one (or /(1)) and I distinguish between short-run and long-run relations. To examine
the integration properties of both the domestic and foreign variables, given the recognized poor performance
of ADF tests in small samples, I consider unit root t-statistics based on weighted symmetric estimation of
ADF type regressions introduced by Fuller and Park (1995) (WS henceforth). The lag length employed
in the WS unit root tests is selected by the Akaike Information Criterion (AIC) based on standard ADF
regressions.

Results of the WS statistics for the level, first differences and second differences of the country-
specific domestic and foreign variables are reported in Tables B.1 and B.2. This battery of tests generally
support the unit root hypothesis with only a few exceptions, as evidenced in Cesa-Bianchi, Pesaran, Rebucci,
and Xu (2012). For house prices, the unit root tests generally reject the null hypothesis of unit root for house
price log-differences. There are three exceptions though: house price returns in France, Italy, and US are
still I(1) after first differencing. However, the values of the statistics imply that those are borderline cases.

B.2 Selecting Lag-Length and Cointegration Rank

We select the order of the individual country VARX*(p;,q;) models according to the Akaike information cri-
terion under the constraints imposed by data limitations. Accordingly, the lag order of the foreign variables,
i, 1s set equal to one in all countries; for the same reason, we constraint p; < 2. Notice that, in prelimi-
nary analysis of the GIRFs, we observed very ragged responses for Argentina, Belgium, Brazil, Malaysia,
Netherlands, New Zealand, Norway, Philippines, and Singapore. Therefore, and consistently with Cesa-
Bianchi, Pesaran, Rebucci, and Xu (2012), we changed the orders of the VARX* models for these countries
from VARX(2,1) to VARX(1,1).

We then proceed with the cointegration analysis. The rank of the cointegrating space for each
country was tested using Johansen’s trace and maximal eigenvalue statistics, as set out in Pesaran, Shin, and
Smith (2000) for models with weakly exogenous I(1) regressors, in the case where unrestricted constants
and restricted trend coefficients are included in the individual country error correction models. Table B.3
reports the trace test statistics and the 95 percent critical values for all the country-specific VARX* models,
respectively. The critical values are taken from MacKinnon (1991). We chose the trace test, because it has
better small sample properties compared to the maximal eigenvalue test.

To address the issue of possible overstatement of the number of cointegration relationships based on
asymptotic critical values, and to assure the stability of the global model, we reduced the number of coin-
tegration relations. Specifically, the following ad hoc adjustments in the number of cointegration relations
have been made from the results implied by the statistical tests: Argentina from 3 to 1, Australia from 4 to
1, Austria from 5 to 1, Belgium from 3 to 1, Brazil from 2 to 1, Canada from 5 to 1, China from 2 to 1,
France from 4 to 1, Germany from 3 to 1, Indonesia from 3 to 1, Italy from 2 to 1, Japan from 3 to 1, Korea
from 3 to 1, Malaysia from 2 to 1, Netherlands from 4 to 1, Norway from 4 to 1, New Zealand from 4 to
2, Peru from 3 to 1, Philippines from 2 to 1, South Africa from 2 to 1, Saudi Arabia from 2 to 1, Singapore
from 3 to 1, Spain from 3 to 2, Sweden from 4 to 1, Switzerland from 4 to 1, Thailand from 2 to 1, United
Kingdom from 2 to 1, and United States from 3 to 2.

Finally, the country-specific models were estimated subject to reduced rank restrictions (Johansen,
1992). The order of the VARX* models, as well as the number of cointegration relations, are presented in
Table B.4.

B.3 Testing Weak Exogeneity

The weak exogeneity of foreign variables is the key assumption for the whole GVAR modeling approach.
After having estimated each country VECMX model individually, it is necessary to verify the validity of the
hypothesis of weak exogeneity for both the country-specific foreign variables and the oil price in each of
these country-specific models.
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We employ the weak exogeneity test proposed by Johansen (1992) and Harbo, Johansen, Nielsen,
and Rahbek (1998), that is a test on the joint significance of the estimated error correction terms in auxil-
iary equations for the country-specific foreign variables, x7,. In particular, for each I*" element of x;; the
following regression is estimated:

T4 Si Uz
ATy =g+ Y Vi BOM,_ + ) oy iAxig i+ > Dim g ATy + it (B.1)
=1 k=1 m=1

where ECMij +—1»J = 1, 2,..., r; are the estimated error correction terms corresponding to the r; cointe-

grating relations found for the i*" country model, and Az}, = [Az}F, A(el, —pl), Apf]'.!? The test consists
in verifying by means of an F’ test the joint hypothesis that v;;, =i foreach j =1, 2,..., r;.

Results in Table B.5 suggest that most of the weak exogeneity assumptions are not rejected by the
data: only 14 out of the 264 exogeneity tests reject the weak exogeneity assumption made. Notice that,
concerning house prices, the weak exogeneity assumption does not hold for Chile and Korea, but holds for
the United States.

B.4 Stability of the GVAR

The eigenvalues of the GVAR model are 386 in total. In fact, the GVAR contains 193 endogenous variables
with a maximum lag order of 2, which give rise to a companion V AR(1) model with 386 variables. From
the individual country models and the theorem in Pesaran, Schuermann, and Weiner (2004) we do not expect
the rank of the cointegrating matrix in the global model to exceed 52 (namely the number of cointegrating
relations in all the individual country models). Hence, the global system should have at least 141 eigenvalues
(i.e., 193 - 52), that fall on the unit circle. The GVAR satisfies these properties and, indeed, has 141
eigenvalues equal to unity, with the remaining 245 eigenvalues having moduli all less than unity. After
the unit roots, the two largest eigenvalues (in modulus) are 0.931 and 0.847, implying a reasonable rate of
convergence of the model after a shock to its long-run equilibrium. Given the unit eigenvalues of the system,
some shocks will have permanent effects on the levels of the endogenous variables.

Moreover, the stability of the system is analyzed through the persistence profiles, i.e., the time
profiles of the effects of system or variable-specific shocks on the cointegration relations in the GVAR
model. If the vector under consideration is a valid cointegrating vector, the persistence profiles should return
to equilibrium at an acceptable rate (normally less than 40 periods). Figure B.1 displays the persistence
profiles of all cointegration relations in the GVAR model.

B.5 Contemporaneous Effects of Foreign Variables on Their Domestic Counterparts

The estimation of the cointegrating VECMX models permits to examine the impact of foreign-specific
variables on their domestic counterparts. As explained in the main text, these estimates are generally viewed
as impact elasticities, which measure the contemporaneous variation of a domestic variable due to a 1 percent
change in its corresponding foreign-specific counterpart.

Table B.6 reports these impact elasticities, for all countries and variables. Statistical significance
is computed with the corresponding t-ratios based on the White’s heteroskedasticity-consistent variance
estimator. As in earlier exercises by Pesaran, Schuermann, and Weiner (2004) and Dees, di Mauro, Pesaran,
and Smith (2007), there is substantial comovement between the major advanced economies’ real GDP and
their specific foreign counterparts. The same result holds, with larger magnitudes, for most of the East Asian
countries in the sample. Inflation transmission in the above-mentioned economies is smaller but still positive
and significant. Contemporaneous elasticity between real equity prices is remarkably close to unity in the
case of the euro area countries and Canada, reflecting their high degree of financial integration.

For the house price series considered in the current GVAR specification, the impact elasticities
between foreign and domestic variables are generally positive and significant. The cross-country average of

12Note that in the case of the United States the term A(ej; — pi;) is implicitly included in Azj;.
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the coefficients is equal to about 0.5, implying that a 1 percent change in foreign real house price leads to an
average increase of 0.5 percent in domestic house prices. Nonetheless, these coefficients vary considerably
across countries. Countries with very active and volatile housing markets, such as Spain and Sweden, have
coefficients ranging above one. In contrast, impact elasticities can be very low (e.g., Germany and Japan) or
even negative (e.g., Switzerland), underlying the different historical behavior of the housing sector in such
countries relative to other industrialized economies.

Finally, the high and positive coefficients of impact elasticities between foreign and domestic real
GDP imply strong comovement of output across countries, a standard result in the international business
cycle literature as well as in the GVAR literature.

B.6 Pair-Wise Cross Country Correlation

One of the basic assumption underlying the GVAR model is that the cross-dependence of the variable-
specific innovations must be sufficiently small, so that

S Oijis

N —1as N — oo Vi,l,s (B.2)

where 0;1s = cov(usy, ujs) is the covariance of the variable [ in country 7 with the variable s in country
7. This means that the country-specific shocks are cross-sectionally weakly correlated. We check this
requirement by following Dees, Holly, Pesaran, and Smith (2007): we calculate the pair-wise cross-section
correlations of all the variables in the GVAR, both in levels and in differences, and of all the corresponding
residuals, obtained both from each country-VECM and from country-VECMX model estimation. The main
rationale is that foreign variables could be considered as common global factors for each country considered
in the GVAR model. Thus, the estimation of each country-specific model by conditioning on the foreign
variables can clean” the common component among countries, in order to obtain simultaneously weakly
correlated residuals.

Tables B.7 and B.8 report the pair-wise cross section correlations for the domestic variables and
the residuals of the VECMX models (column labeled ResX) and the auxiliary unrestricted VECM models
(column labeled Res). Although, these results do not constitute a formal statistical test of the importance
of the foreign variables in the GVAR model, they do provide an important indication of their usefulness in
modeling global interdependencies. As illustrated by the differences between the two columns ResX and
Res, the results show that once country-specific models are formulated conditional on foreign variables, the
degree of correlations across the shocks from different countries is sharply reduced.

B.7 Robustness Issues

As discussed in the main text of the paper, to check the validity of the identification strategy, two robustness
exercises are considered. Figure B.2 displays the impulse responses to a US housing demand shock identi-
fied with the following ordering, z;+ = (z},z%,7})’, as in lacoviello (2005) and Giuliodori (2005). Figure
B.3 displays the impulse responses to a US housing demand shock computed assuming cross-sectional or-
thogonality of the GVAR residuals.
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Table B.3: Cointegration Rank Statistics (Trace Test)

# End. # For. r=20 r=1 r=2 r=3 r=4 r=>5 r=206

ARGENTINA 5 7 289.66  108.28 63.25 24.89  20.72 - -
AUSTRALIA 7 7 102.74 89.46 7228 4333 3798 2666 21.64
AUSTRIA 6 7 132.50 62.36 59.18 4697  41.45 19.13 -
BELGIUM 7 7 83.70 67.42 6295 4092  29.58 19.06 17.47
BRAZIL 4 7 23842 5742 3450  24.69 - - -
CANADA 7 7 123.83 76.79 58.91 50.21 4410  32.30 19.62
CHINA 4 7 72.49 52.61 28.71 2241 - - -
CHILE 5 7 106.64 54.06 37.57  20.50 18.19 - -
FINLAND 6 7 87.92 73.99 46.88  31.80  26.77 19.20 -
FRANCE 7 7 95.18 85.29 80.43  51.85 3494 30.11 2293
GERMANY 7 7 90.51 73.21 58.12 5295  40.00 20.21 14.14
INDIA 5 7 67.24 52.28 42.42 18.87 11.14 - -
INDONESIA 4 7 66.15 55.29 40.04  20.24 - - -
ITALY 7 7 117.26 90.39 53.46 42,67 29.09 2438 10.57
JAPAN 7 7 96.40 68.97 56.57 4397 3038 27.84 16.35
KOREA 6 7 98.00 77.10 51.37  40.12 3094 17.16 -
MALAYSIA 5 7 71.85 53.43 41.71 22.96 16.04 - -
MEXICO 4 7 97.94 49.28 40.75 17.70 - - -
NETHERLANDS 7 7 124.09 88.79 7222 4842 4026 25091 16.56
NORWAY 7 7 13452 110.05 99.76  86.13 3992  19.83 18.24
NEW ZEALAND 7 7 15270 140.66  103.18  88.13 3472 2730  20.12
PERU 4 7 91.36 50.92 40.70  26.58 - - -
PHILIPPINES 5 7 119.62 64.43 4786  24.66 12.02 - -
SOUTH AFRICA 7 7 71.41 63.87 4833 4048  37.11 23.69 14.38
SAUDI ARABIA 3 7 68.79 50.87 29.33 - - - -
SINGAPORE 6 7 110.10 82.89 68.77 4039 2652 1592 -
SPAIN 7 7 120.79  100.00 5771  51.13 3191 29.40  14.65
SWEDEN 7 7 92.13 83.21 59.88 5241 35.01 22.86 18.87
SWITZERLAND 7 7 119.34 95.55 8340 6143 3638  30.73 17.47
THAILAND 5 7 70.79 56.63 29.68  26.78 19.06 - -
TURKEY 4 7 52.86 48.52 28.89 10.53 - - -
UNITED KINGDOM 7 7 12393 64.57 5398 3830 3220 21.24  18.23
UNITED STATES 7 4 87.96 58.29 4393 3897  26.04 19.05 13.81

Note. Tests are conducted using the trace statistic at the 5for models including weakly exogenous variables are obtained from
MacKinnon (1991); ”# End.” corresponds to the number of domestic variables in each model; “# For.” corresponds to the number

29,99

of foreign (star) variables; ”r” is the number of cointergrating relation to be tested.
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Table B.4: Lag Specification of the Country-specific VARX* Models and Number of Cointegrating Rela-

tions

Pi gi cv Pi gi Ccv
ARGENTINA 1 1 1 MEXICO 1 1 2
AUSTRALIA 2 1 1 NETHERLANDS 1 1 1
AUSTRIA 1 1 1 NORWAY 1 1 1
BELGIUM 1 1 1 NEW ZEALAND 1 1 2
BRAZIL 1 1 1 PERU 2 1 1
CANADA 1 1 1 PHILIPPINES 1 1 1
CHINA 1 1 1 SOUTH AFRICA 2 1 1
CHILE 2 1 2 SAUDI ARABIA 2 1 1
FINLAND 2 1 2 SINGAPORE 1 1 1
FRANCE 2 1 1 SPAIN 2 1 2
GERMANY 2 1 1 SWEDEN 2 1 1
INDIA 2 1 1 SWITZERLAND 2 1 1
INDONESIA 2 1 1 THAILAND 2 1 1
ITALY 2 1 1 TURKEY 2 1 1
JAPAN 2 1 1 UNITED KINGDOM 2 1 1
KOREA 2 1 1 UNITED STATES 2 1 2
MALAYSIA 1 1 1

Note. The lag orders of the VARX ™ models are selected by AIC. Countries that showed very ragged responses in the GIRFs were
changed from VARX(2,1) to VARX(1,1), as marked in bold. The number of cointegration relationships are based on trace statistics
with MacKinnon’s asymptotic critical values. To resolve the issues of potential overestimation of cointegration relationships
with asymptotic critical values, the number of cointegration relationships for 29 countries are reduced, as marked in bold, to be
consistent to economic theory and to maintain the stability in the global model.
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Table B.5: F-Statistics for Testing the Weak Exogeneity of the Country-Specific Foreign Variables and Oil
Prices

y* * pS* hp* pL* (6* _ p*) q* po
ARGENTINA F(1,82) 0.03  0.30 0.02 0.50 0.34 - 247 0.69
AUSTRALIA F(1,73) 025 277 0.07 0.02 0.00 - 0.00 0.18
AUSTRIA F(1,81) 0.35 1.86 0.00 2.54 0.73 - 2.39 1.12
BELGIUM F(1,80) 0.37  0.03 0.17 5497 0.00 - 0.32 0.99
BRAZIL F(1,83) 0.01 0.17 0.73 0.09 0.01 - 0.07  4.86
CANADA F(1,80) 040 0.15 0.91 0.17 2.29 - 0.00 0.49
CHINA F(1,83) 1.37  0.03 0.00 0.09 2.68 - 0.00 2.35
CHILE F(2,76) 0.80 1.02 0.74  3.18T 0.92 - 1.16 1.62
FINLAND F(2,74) 047  0.67 3.201 0.27 0.11 - 0.69 0.41
FRANCE F(1,73) 0.31 0.52 0.03 3.61 1.62 - 1.63 4377
GERMANY F(1,73) 128 0.73 0.00 0.00 0.34 - 0.03 0.63
INDIA F(1,77) 0.41 0.50 0.77 0.02 0.47 - 0.58 0.10
INDONESIA F(1,79) 1.57 0.02 0.04 0.31 0.04 - 0.12 0.56
ITALY F(1,73) 273 256 1.05 0.68 0.27 - 7241 0.05
JAPAN F(1,73) 003 042 8.26f 0.02  5.84f - 0.11 4.891
KOREA F(1,75) 0.05 1.45 0.29 1.43 1.42 - 0.02 0.19
MALAYSIA F(1,82) 0.79 0.86 0.19 0.70 0.29 - 1.82 0.69
MEXICO F(2,82) 0.03 1.73 3.391 0.87 0.82 - 1.73 0.30
NETHERLANDS F(1,80) 1.41 0.12 0.01 2.21 0.00 - 0.01 0.07
NORWAY F(1,80) 0.96 0.02 0.90 1.57 0.06 - 0.09 0.56
NEW ZEALAND F(2,79) 1.49 2.51 1.49 1.07 1.25 - 0.78 0.05
PERU F(1,79) 097  2.01 0.01 1.99 0.05 - 0.84 0.49
PHILIPPINES F(1,82) 1.29  2.07 0.20 0.97 0.00 - 1.90 2.64
SOUTH AFRICA F(1,73) 0.22 0.60 0.00 0.03 1.46 - 0.02 0.36
SAUDI ARABIA F(1,81) 0.78  0.31 243 0.17 0.69 - 423 2.77
SINGAPORE F(1,81) 1.12 0.21 1.47 0.00 0.64 - 0.76 1.40
SPAIN F(2,72) 0.51 0.51 0.82 2.89 0.83 - 1.29 0.88
SWEDEN F(1,73) 0.68 1.20 0.00 0.48 1.19 - 638 1.88
SWITZERLAND F(1,73) 0.06 0.04 0.03 0.03 0.53 - 1.96 0.35
THAILAND F(1,77) 0.01 0.29 0.00 0.30 0.08 - 0.60 0.59
TURKEY F(1,79) 6.43" 2.85 3.31 7.98 5.477 - 0.78 2.72
UNITED KINGDOM  F(1,73) 1.40 0.22 0.03 2.94 0.59 - 0.11 0.00
UNITED STATES F(2,80) 0.09 0.04 - 0.02 - 0.18 - -

Note. The F-statistics test zero restrictions on the coefficients of the error correction terms in the error-correction regression for
the country-specific foreign variables. T denotes statistical significance at the 5
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Figure B.1: Persistence Profiles of the GVAR Model
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Note. Time profiles of the effects of system or variable specific shocks on the cointegration relations in the GVAR model. Note
that the value of these profiles is unity on impact, while it sh0131§ tend to zero as the horizon of the persistence profiles tends to
infinity.



Table B.6: Contemporaneous Effect of Foreign Variables on Domestic Counterparts

y* 71'* pS* hp* pL* q*
ARGENTINA 0.20f 0.587 1.387 - - 1.21
AUSTRALIA 0.36 0.60 0.29 0.18% 0.94 0.86
AUSTRIA 0.94 0.14f 0.44 - 0.88 1.01
BELGIUM 0.68 0.86 0.25 0.56 0.94 1.04
BRAZIL 0.35% 1.39 0.51f - - -
CANADA 0.54 0.78 0.39 0.91 0.85 0.92
CHINA 0.65 0.53f 0.00f - - -
CHILE 0.70 -0.111 0.20 - - 0.51
FINLAND 1.25 0.30 0.20 0.90 - 0.92
FRANCE 0.62 0.52 0.19 0.71 0.93 0.99
GERMANY 1.65 0.54 0.031 0.05F 0.90 0.96
INDIA -0.15% 0.69 -0.077 - - 0.67
INDONESIA 0.58f 0.877 0.247 - - -
ITALY 0.73 0.177 0.16 0.59 1.00 0.91
JAPAN 0.68 -0.081 0.01f 0.16 0.55 0.69
KOREA 0.00% 0.291 -0.14% - 0.56 0.93
MALAYSIA 1.30 0.87 -0.02f - - 1.00
MEXICO 0.69 -0.27t 0.117 - - -
NETHERLANDS 0.67 0.36 0.14 0.47t 0.91 1.01
NORWAY 1.07 0.64 0.12f 0.44% 0.76 1.23
NEW ZEALAND 0.54 0.62 0.27f 0.38f 0.69 0.81
PERU 0.281 2.56f 0.80f - - -
PHILIPPINES -0.07t -0.10f 0.607 - - 1.18
SOUTH AFRICA 0.16" 0.42 0.07 0.34 0.45F 0.93
SAUDI ARABIA 0.47t 0.167 - - - -
SINGAPORE 1.22 0.16f 0.04f 0.95 - 1.23
SPAIN 0.17 0.54 0.15 1.05 1.15 1.09
SWEDEN 1.22 1.00 0.47 1.05 1.15 1.09
SWITZERLAND 0.47 0.23f 0.08f -0.41% 0.54 0.94
THAILAND 0.68% 0.49f 0.08f - - 1.08
TURKEY 2.16 0.317 2.09 - - -
UNITED KINGDOM 0.54 0.52 0.19 0.48" 0.80 0.86
UNITED STATES 0.40 0.12 - 0.08% - -

Note. Contemporaneous effect of foreign variables on domestic counterparts can be interpreted as impact elasticities between
domestic and foreign variables. T-ratios are computed using Newey-West’s Adjusted standard errors. Non-significant values are
denoted with 7.
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Figure B.2: US House Price Shock: Alternative Orderings of US Variables
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Note. Cumulative impulse responses to a one standard deviation increase in US house price residuals. The solid
line is the baseline (as in the main text). The dashed line has been computed assuming a an alternative ordering
for the variables in the US model, namely xo; = (x¢,, Xg;, 76:)’. Bootstrap median estimates with 90% error

bands.
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Figure B.3: US House Price Shock: Sample VS Block Diagonal Covariance Matrix
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Note. Cumulative impulse responses to a one standard deviation increase in US house price residuals. The solid
line is computed as in the main text. The dashed line has been computed assuming a block diagonal covariance
matrix for the reduced form residuals of the GVAR. Bootstrap median estimates with 90
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C Appendix: Data Source

The data used for the estimation of the GVAR model is the same as in Cesa-Bianchi, Pesaran, Rebucci, and
Xu (2012) augmented with a novel data set which contains 40 house price series, 21 for advanced economies
and 19 for emerging economies. AEs’ data are mostly from OECD Analytical Database, while EMs’ data
are from central banks, national statistical institutes, or private entities. Even if in the aftermath of the US
housing bust and the ensuing financial crisis house prices have gotten a lot of (deserved) attention by both
policymakers and market participants, house price indices availability varies greatly across countries. In
fact, the development of such indices is a complex issue, mostly because of the extreme heterogeneity of
housing goods and the infrequency of sales.

All house price series, their start dates, and sources are described in Table C.1. The OECD Nominal
House Price (Subject: HP.Index. Measure: Index) was collected for the following countries: Australia,
Belgium, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Korea, Netherlands, New
Zealand, Norway, Spain, Sweden, Switzerland, United Kingdom, and United States. For the countries for
which OECD data was not available, nominal House Price indices were collected from national sources.

Seasonal adjustments were applied to the house price series for the following countries: Austria,
China, Colombia, Hungary, Lithuania, and Malaysia. Seasonal adjustment was performed using Eviews,
applying the National Bureau’s X12 program on the log difference of house prices using the additive option.
The nominal seasonally adjusted indices were then deflated with the CPI, an exception being Peru, for which
only a real index is available.
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